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Foreword

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.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documéntmay be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techtiical Barriers to Trade (TBT), see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Comniittee ISO/TC 61, Plastics, Subcommittee SC 4, Burning
behayiour.

This|third edition cancels and replaces;the second edition (ISO/TR 10093:2018), whi¢h has been
technically revised.

The main changes compared to the.previous edition are as follows:
— 1nandatory informationhave been added throughout the document;

— 1eferenced standards have been deleted from the bibliography and moved to th¢ normative
feferences clauséfsee Clause 2).

Any feedback or questions on this document should be directed to the user’s national standprds body. A
complete listing‘of these bodies can be found at www.iso.org/members.html.
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Introdu

:2020(E)

ction

Fires are caused by a wide range of possible ignition sources. Statistical analysis of fires has identified
the major primary and secondary sources, especially for fires in buildings. The most frequent sources
of fires have been found to be as follows:

a) cooking appliances;

b) space-heating appliances;

c) electric wiring, connectors and terminations;

d) other electrical appliances (such as washing machines, bedwarmers, televisions, water heater
e) cigaretfes;

f) matche$ and smokers' gas lighters;

g) blow-lamps, blow-torches and welding torches;

h) rubbish/burning; and

i) candles

This list coy
in fires raif

(e.g. glowin
secondary i

When analj
materials, it]

1) Whatis
2) Whatpj
3)

4) To what

The laborat
sources thal
sources are
data repeat

These labor

Vi

Where dloes particular attention hdve to be paid to secondary ignition sources?

ers the major primary ignition sources for accidental fires. Other sources can be inv

b cigarettes or dropped flaming matches) can set fire to waste paper, which then actg
pnition source of greater intensity.

sing and evaluating the various ignitiew;sources for applications involving pld
is important to answer the following questions on the basis of detailed fire statistics.

the significance of the individual ignition sources in various fire risk situations?

oportion is attributable to secondary ignition sources?

extent are different ignition sources responsible for fatal fire accidents?

bry ignition sourceS/described in this document are intended to simulate actual ign
t have been shown to be the cause of real fires involving plastics. Laboratory ign
preferred overvactual ignition sources due to their consistency, which results in gr
bility within-a laboratory and greater reproducibility between laboratories.

htory.ignition sources can be used to develop new test procedures.

lved

ed maliciously. Research into causes of fires has(shown that primary ignition soyirces

as a

stics

ition
ition
bater
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Plastics — Fire tests — Standard ignition sources

1 Scope

This document describes and classifies a range of laboratory ignition sources for use in fire tests on
plastics and products consisting substantially of plastics. These sources vary in intensity and area
of impingement. They are suitable for use to simulate the initial thermal abuse to which plastics are
potentially exposed in certain actual fire risk scenarios.

This

stan
regu

The 1

This

This
spec

compilation of standard ignition sources describes the ignition sources cused
lards development organizations and contained in standard test methods,-Speci
ations used to assess the fire properties or plastics and of products containing plast

document describes the relevant ignition sources and references the-associated stand

compilation of ignition sources does not discuss the application of the standard refers
fic clause in which the ignition source is described, and this compilation is likely not

by different
Fications, or
¢ materials.

gnition sources described in this document are associated with flaming‘and non-flamling ignition.

hrd.

enced in any
to be a fully

comprehensive list of ignition sources.

This|document does not address detailed test procedures.

2 Normative references

The following documents are referred to in thestext in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited |applies. For
unddted references, the latest edition of the«feferenced document (including any amendmenpts) applies.
ISO §71, Plastics — Determination of ighition temperature using a hot-air furnace

[SO 3657, Reaction to fire tests — Ignitability of building products using a radiant heat source

[SO §3658-2, Reaction to fire tests — Spread of flame — Part 2: Lateral spread on building apd transport
prodicts in vertical configuration

ISO §659-2, Plastics —.Smoke generation — Part 2: Determination of optical density by a single-chamber test
ISO $660-1, Reaction-to-fire tests — Heat release, smoke production and mass loss rate — |Part 1: Heat
reledlse rate (cone-calorimeter method) and smoke production rate (dynamic measurement)

ISO §191-1,Furniture — Assessment of the ignitability of upholstered furniture — Part 1: Ignition source:
smoyldering cigarette

[SO 81512, Furmiture —Assessment of tgmnitubitity of uphotstered furmiture — PurtZ—{gmition source:

match-flame equivalent

ISO 9705-1, Reaction to fire tests — Room corner test for wall and ceiling lining products — Part 1: Test
method for a small room configuration

ISO 11925-2, Reaction to fire tests — Ignitability of products subjected to direct impingement of flame —
Part 2: Single-flame source test

[SO 12136, Reaction to fire tests — Measurement of material properties using a fire propagation apparatus
ISO 12863, Standard test method for assessing the ignition propensity of cigarettes

ISO 12949, Standard test method for measuring the heat release rate of low flammability mattresses and
mattress sets
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[SO 13943, Fire safety — Vocabulary

[EC 60332-1-1, Tests on electric and optical fibre cables under fire conditions — Part 1-1 Test for vertical
flame propagation for a single insulated wire or cable — Apparatus

IEC 60332-1-2, Tests on electric and optical fibre cables under fire conditions — Part 1-2: Test for vertical
flame propagation for a single insulated wire or cable — Procedure for 1 kW pre-mixed flame

IEC 60332-3-10, Tests on electric and optical fibre cables under fire conditions — Part 3-10: Test for vertical
flame spread of vertically-mounted bunched wires or cables — Apparatus

IEC 60695-1-21, Fire hazard testing — Part 1-21: Guidance for assessing the fire hazard of electrotechnical

products - Ignitability — Summary and relevance of test methods

IEC 60695-}
apparatus a

IEC 60695-}
flammability

IEC 60695-]
flammability

IEC 60695-}
Ignition tem

IEC/TS 606
ignition test

IEC/TS 606
confirmator]

IEC 60695-
confirmatiof

IEC 60695-
confirmatiof

IEC 60695-1
confirmator]

IEC 60695-1

test method§

[EC 60695-1

ASTM D635
Horizontal H

-10, Fire hazard testing — Part 2-10: Glowing/hot-wire based test methods —= Glow
hd common test procedure

-11, Fire hazard testing — Part 2-11: Glowing/hot-wire based test methods — Glow|
test method for end-products (GWEPT)

-12, Fire hazard testing — Part 2-12: Glowing/hot-wire based test’)methods — Glow|
index (GWFI) test method for materials

b-13, Fire hazard testing — Part 2-13: Glowing/hot-wire based test methods — Glow|
berature (GWIT) test method for materials

D5-2-20, Fire hazard testing — Part 2-20: Glowing/hot-wire based test methods — Hot]
— Apparatus, confirmatory test arrangement and gtidance (withdrawn)

D5-11-2, Fire hazard testing — Part 11-2: Testflames — 1 kW pre-mixed flame — Appal
 test arrangement and guidance

| 1-3, Fire hazard testing — Part 11-3+~"Test flames — 500 W flames — Apparatus
pal test methods

[ 1-4, Fire hazard testing — Part 11-4: Test flames — 50 W flame — Apparatus
hal test method

1-5, Fire hazard testing'— Part 11-4: Test flames — Needle-flame test method — Appar
 test arrangement and guidance

1-10, Fire hazardtesting — Part 11-10: Test flames — 50 W horizontal and vertical f

1-20, Fire hazard testing — Part 11-20: Test flames — 500 W flame test method

Standard Test Method for Rate of Burning and/or Extent and Time of Burning of Plastic
osition

twire

twire

twire

twire

wire

atus,

and

and

atus,

lame

5 ina

ASTM D1929, Standard Test Method for Determining Ignition Temperature of Plastics

ASTM D3874, Standard Test Method for Ignition of Materials by Hot Wire Sources

ASTM D5025, Standard specification for a laboratory burner used for small-scale burning tests on plastic

materials

ASTM D5424, Standard Test Method for Smoke Obscuration of Insulating Materials Contained in Electrical

or Optical Fi

ber Cables When Burning in a Vertical Cable Tray Configuration

ASTM D5537, Standard Test Method for Heat Release, Flame Spread, Smoke Obscuration, and Mass Loss
Testing of Insulating Materials Contained in Electrical or Optical Fiber Cables When Burning in a Vertical
Cable Tray Configuration

© IS0 2020 - All rights reserved
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ASTM D6194, Standard Test Method for Glow-Wire Ignition of Materials

ASTM EB84, Standard Test Method for Surface Burning Characteristics of Building Materials

ASTM E136, Standard Test Method for Behavior of Materials in a Vertical Tube Furnace at 750 °C
ASTM E662, Standard Test Method for Specific Optical Density of Smoke Generated by Solid Materials

ASTM E906/E906M, Standard Test Method for Heat and Visible Smoke Release Rates for Materials and
Products Using a Thermopile Method

ASTM E1321, Standard Test Method for Determining Material Ignition and Flame Spread Properties

ASTM E1354Standard Test Method for Heat and Visible Smoke Release Rates for Materials.dnd Products
Using an Oxygen Consumption Calorimeter

ASTM E1537, Standard Test Method for Fire Testing of Upholstered Furniture
ASTM E1590, Standard Test Method for Fire Testing of Mattresses
ASTM E1822, Standard Test Method for Fire Testing of Stacked Chairs

ASTM E1995, Standard Test Method for Measurement of Smoke Obscunation Using a Conical Rddiant Source
in a §ingle Closed Chamber, With the Test Specimen Oriented Horizoiutally

ASTM E2058, Standard Test Methods for Measurement of Mate¥ial Flammability Using a Fire |Propagation
Appdratus (FPA)

ASTM E2187, Standard Test Method for Measuring thegnition Strength of Cigarettes
ASTM E2257, Standard Test Method for Room Fire Test of Wall and Ceiling Materials and Assemblies
ASTM E2574/E2574M, Standard Test Method (or Fire Testing of School Bus Seat Assemblies

NFPA 260, Standard Methods of Tests.@and Classification System for Cigarette Ignition Resistance of
Components of Upholstered Furniture

NFPA 261, Standard Method of Test for Determining Resistance of Mock-Up Upholstered Furniture Material
Asseinblies to Ignition by Smoldering Cigarettes

NFPA 262, Standard Method of Test for Flame Travel and Smoke of Wires and Cables for Use in Air-
Handling Spaces

NFPA 265, Standard/Methods of Fire Tests for Evaluating Room Fire Growth Contribution of Textile or
Expanded Vinyl Wall Coverings on Full Height Panels and Walls

int Source in

Fior Finish to

NFPA 287, Standard Test Methods for Measurement of Flammability of Materials in Cleanrooms Using a
Fire Propagation Apparatus (FPA)

NFPA 289, Standard Method of Fire Test for Individual Fuel Packages

UL 1666, Standard for Test for Flame Propagation Height of Electrical and Optical-Fibre Cables Installed
Vertically in Shafts

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 13943 and the following apply.

© IS0 2020 - All rights reserved 3
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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/

3.1
afterflame

flame (3.8) that persists after the ignition source has been removed

[SOURCE: IS

0 13943:2017, 3.11]

3.2
afterflame
length of tin

[SOURCE: I§

3.3
afterglow
persistence
flaming com

[SOURCE: IS

3.4
afterglow t
length of tin

[SOURCE: IS
3.5

combustion

exothermic
[SOURCE: IS
3.6

time
ne for which an afterflame (3.1) persists under specified conditions

0 13943:2017, 3.12]

of glowing combustion after both removal of the ignition sourcednd the cessation o
bustion

0 13943:2017, 3.13]

jme
e for which an afterglow (3.3) persists under specified conditions

0 13943:2017, 3.14]

Feaction of a substance with an oxidizing agent

0 13943:2017, 3.55, modified — note has been omitted.]

ease of ignition

measure of {

[SOURCE: IS

he ease with which 4 test specimen can be ignited, under specified conditions

0 13943:2017, 3(212]

3.7
exposed su

face

surface of a [rest specimen subjected to the heating conditions of a fire test

[SOURCE: 1§0-13943:2017, 3.106]

ff any

3.8

flame, noun
rapid, self-sustaining, sub-sonic propagation of combustion (3.5) in a gaseous medium, usually with
emission of light

[SOURCE: IS

3.9
flame, verb

0 13943:2017, 3.159]

produce flame (3.8)

[SOURCE: IS

0 13943:2017, 3.160]
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ing debris

burning material separating from a burning item and continuing to flame (3.9) on the floor, during a fire
or fire test

Note 1 to entry: Alternatively, flaming debris can be burning material, other than drops, which has detached

from
Note

[SOU

a test specimen during a fire or fire test and continues to burn.
2 to entry: Compare with the terms flaming droplets (3.11).

RCE: ISO 13943:2017, 3.176]

3.11
fla

flam
conti

Note
[SOU

3.12
glow
comh
coml

[SOU
3.13
ignit
mea

[SOU
3.14

ing droplets
ng molten or flaming liquefied drops which fall from the test specimen during-the {
nue to burn on the floor

1 to entry: Compare with the term flaming debris (3.10).

RCE: ISO 13943:2017, 3.177]

ing combustion
ustion (3.5) of a material in the solid phase without flame{3:8) but with emission of li
ustion zone

RCE: I1SO 13943:2017, 3.197]
ability
ure of the ease with which a specimen can\be ignited (3.14), under specified condition

RCE: ISO 13943:2017, 3.212]

ignite, transitive verb

initia
[SOU|
3.15

te combustion (3.5)

RCE: ISO 13943:2017, 31215]

ignite, intransitive verb

catch
[SOU

3.16
ignit

fire with opwithout the application of an external heat source

RCE: [SO(18943:2017, 3.214]

ire test and

bht from the

T

ion

initiatiomrof combustion {3-53

[SOU
3.17

RCE: ISO 13943:2017, 3.217]

ignition source
source of energy that initiates combustion (3.5)

[SOU

© ISO

RCE: ISO 13943:2017, 3.219]
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ignition time
duration of exposure of a test specimen to a defined ignition source (3.17) required for the initiation of
sustained combustion (3.5) under specified conditions

[SOURCE: IS

3.19
irradiance

0 13943:2017, 3.220]

ratio of the radiant flux incident on a small but measurable element of surface containing the point, by
the area of that element

[SOURCE: IS

3.20

minimum i
minimum t
specified tej

[SOURCE: IS

3.21
primary ig}
first applied

3.22
punking
propagation

3.23
secondary
heat source

3.24

sustained f]
flame (3.8)
period of til

Note 1 to ent
[SOURCE: I

3.25
transitory
flame (3.8),

Note 1 to ent

0 13943:2017, 3.236]

pnition temperature
pmperature of a material at which sustained combustion (3.5) can beinitiated y
t conditions

0 13943:2017, 3.327]

nition source
ignition source (3.17)

of a smouldering combustion (3.5) front after removal of the ignition source (3.17)

gnition source
which is activated following ignition (3:16) from a primary source

laming
on or over the surface of'a test specimen, which persists for longer than a de
ne

Fy: Compare with the term transitory flaming (3.25).

0 13943:2017, 3:380]

[laming
bn or ovelvthe surface of a test specimen, which persists for a defined short period of t

Fy‘Campare with the term sustained flaming (3.24).

[SOURCE: IS

0 13943:2017, 3.408]

4 Ignition processes

nder

ined

me

4.1 When plastics are exposed to thermal energy, flammable vapours are often generated from their
surface. Under suitable conditions (especially high temperatures), itis possible for a critical concentration
of flammable vapour to form and spontaneous ignition to result. If a flame is present as the sole energy
source, or as a supplementary source, the ignition process is then assisted; this mechanism is sometimes
known as piloted ignition.

4.2 A specimen of plastic is regarded as ignited when flames appear on the surface of the plastic or
when glowing combustion is evident.

6
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4.3 Afterignition has occurred, some burning plastics create additional fire hazards by forming flaming
debris or drips. If this flaming debris falls on to combustible material, it is possible for a secondary
ignition to occur and for the fire to spread more rapidly.

4.4 The localized application of a heat source to some plastics results in glowing combustion. With
some thermoplastic foams and foams from thermosetting materials, the localized application of a heat
source results in punking which produces a carbonaceous char.

5 Characteristics of ignition sources

5.1 | The following factors are the main characteristics describing ignition sources and thejr relation to
the test specimen:

a) intensity of the ignition source, which is a measure of the thermal load on the)specimen resulting
from the combined conduction, convection and radiation effects caused by‘the ignition|source;

b) area of impingement of the ignition source on the specimen;

c) duration of exposure of the specimen and whether it is continuous'or intermittent;
d) presentation of the ignition source to the specimen and whether or not it impinges;
e) orientation of the specimen in relation to the ignition source;

f) ventilation conditions in the vicinity of the ignition source and exposed surface of the §pecimen.

NOTH Factors c) to f) are often a function of the specific fire test conditions.

5.2 | Several of the ignition sources provide-a range of intensities and areas of impingg¢ment to be
consldered for use in fire tests of plastics.

5.3 | IEC60695-1-21 provides guidance on ignition sources relevant to the fire testing of eledtrotechnical
products.

6 General principles
6.1 | Flaming ignitien sources

6.1.1 Diffusion-flame ignition sources

To fgrm a. diffusion flame ignition source, a gas (usually propane, methane or butane) flaws through
metdllie‘tubes without ingress of air prior to the base of the flame. These flames simullate natural
flamgswell, but they often fluctuate and are not convenient to direct if it is necessary {o point any
angular presentation toward the specimen.

6.1.2 Premixed flame sources

To form a premixed flame source, a gas burner (usually using propane, methane or butane) fitted with
air inlet ports or an air intake manifold is used. Premixed flame sources are typically more directional
than diffusion flame sources and are generally hotter than diffusion flame sources.

6.1.3 Issues associated with flaming ignition sources

Gas burners are always set up to conform to precise gas flow rates and/or flame heights. Periodic checks
of flame temperature or heat flux precede the setup, but criteria on these parameters are not necessarily
an essential part of the laboratory procedure. After setting up the burner for a particular test (i.e. often

© IS0 2020 - All rights reserved 7
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at an acute angle to the test specimen), the burner shall be left in this orientation throughout a series
of experiments. This objective is conveniently satisfied if the operator simply maintains the gas flow
constant to the burner.

The gas burners are connected to the gas supply by flexible tubing via a cylinder regulator providing an
outlet pressure, on-off valve, fine-control valve and flowmeter.

Difficulties sometimes occur with the supply and measurement of butane or propane when the cylinders
have been stored in an environment cooler than the defined test conditions and/or some distance from
the test rig. When difficulties occur, a sufficient length of tubing shall be used inside the controlled
environment (15 °C to 30 °C) to ensure that the gas equilibrates to the appropriate temperature before

flow measu

NOTE1 O
tube immers

It is essentid
check direct
at regular i
flow at the h

NOTE 2
diameter) to

» i
CIIICIIL,.

l

e way to facilitate this equilibration is to pass the gas (before flow measurement) through-a
bd in water maintained at 25 °C.

1 to exercise great care with the measurement and setting of the flow rate-efthe gas a
-reading flowmeters, even those obtained with a direct calibration for the gas used init
tervals during testing, with a method capable of measuring accurately the absolut
urner tube.

A soap bubble flowmeter. Passage of a soap film meniscus in a glass tube (e.g. a calibrated bu

over a know

period of time gives an absolute measurement of the flow. Also/fine-control valves that can

be pre-set toIone of the desired gas flow rates, with simple means for switching from one to the other, have

proven helpf
6.2 Non-

6.2.1 Non
(cigarettes;

required by
Clause 10). ]

—_—

laming and flaming ignition sources

Lflaming ignition sources shall be classified in the following categories: smould
as required by Clause 7), glow-wire \ignition (as required by 8.1), hot-wire ignitio
8.2), radiant ignition (as required by Elause 9) and infrared heating ignition (as requir
['he details shall be as described jin\Table 1.

6.2.2 Flanping ignition sources shall be.as classified in the following categories: diffusion flame ign

(as required
(wood cribs

The ignition

by Clause 11), premixed-flame ignition (as required by Clause 12) and other ignition so
and paper bags, as required by Clause 13). The details shall be as described in Table 1.

sources shall be.asdefined in Table 1.

metal

nd to
ially,
b gas

One way of doing this is to connect the burner tube with a short length©f tubing (about 7 mm intlernal

rette)
each
been

bring
h (as
ed by

ition
irces
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Table 1 — Classification of ignition sources

Type of ignition source Standard(s) using ignition source Clause/subclause
Smouldering (cigarette) ISO 8191-1, NFPA 260, NFPA 261 Clause 7
Non-flaming electrical ignition sources Clause 8
Glow-wire ignition IEC 60695-2-10, IEC 60695-2-11, IEC 8.1

60695-2-12, 1EC 60695-2-13, ASTM D6194
Hot-wire ignition IEC/TS 60695-2-20, ASTM D3874 8.2
Radipnt ignition sources Clause p
Conifal radiant ignition ISO 5657,1S0 5659-2, IS0 5660-1, 9
ASTM E1354, ASTM E1995, NFPA 270
Othgr radiant ignition ISO 871, ASTM D1929, ASTM E906, 9.2
[SO 5658-2, ASTM E1321
Infrgred heating ignition sources ISO 12136, ASTM E2058, NFPA 287 Clause [LO
+
Diffysion flame ignition sources Clause 11
Needle flame ignition IEC 60695-11-5 111
Burrling match [SO 8191-2, ISO 1192532 11.2
Burrers generating 50 W or 500 W flames |IEC 60695-11-3, IEC 60695-11-4, 11.
ASTM D635, ASTM D5025, UL 94
Prenixed flame ignition sources Clause 12
Prenllixed burner for 1 kW flame IEC 60695-11-2, IEC 60332-1-1, 121
IEC 60832-1-2
Vertjcal cable tray burners IE€60332-3-10, ASTM D5424, ASTM D5537,(12.2
ULr1666, UL 1685, UL 2556
Burrjers for large scale horizontal tests ASTM E84, NFPA 262 12.3
Burrners for room corner tests [SO 9705,-1 ASTM E2257, NFPA 265, 12.4
NFPA 286
Burners for individual product heatrelease tests | ASTM E1537, ASTM E1590, ASTM E1822, 12.5
NFPA 289
Othdr ignition sources Clause 13
Wood cribs 131
Papqr bags 13.2
7 S$mouldering (cigarette) ignition sources
7.1 LTaditional cigarettes

7.1.1 This source is typical of a common commercial cigarette, which is known to cause many fires
involving upholstered furniture and bedding as discussed in ISO 8191-1. The untipped (unfiltered)
cigarette shall comply with the following requirements:

— length: (70 * 4) mm;
diameter: (8,0 £ 0,5) mm;

mass: (1,0 £0,1) g;

© IS0 2020 - All rights reserved
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7.1.2 The smouldering rate shall be verified on one specimen from each batch of 10 cigarettes used as

follows:

a)

condition the cigarette before the test for 72 h in indoor ambient conditions and then for at least

16 h in an atmosphere having a temperature of (20 + 5) °C and a relative humidity of (50 + 20) %);

b) mark the cigarette at 5 mm and 55 mm from the end to be lit;

c) light the cigarette and draw air through it until the tip glows brightly; do not consume more than
3 mm of the cigarette in this operation;

d) impale the cigarette in draught-free air on a horizontal wire spike, inserting not more than 13 mm
of the spike into the unlit end of the cigarette;

e) record the time taken to smoulder from the 5 mm to the 55 mm mark.

7.1.3 In njany countries, including in the European Union and the United States, regulations that apply

to commerc
cigarettes, b
become rep]
developed. ]
source than

7.2 Non-J

Standard re
those cigarsg
or ASTM EZ
to the speci
SRM 11961
long with a
cigarettes a

8 Non-fl
8.1 Glow

8.1.1 Thig
IEC 60695-2
wiring, part
range of 55(

8.1.2 The

jal cigarettes mean that they meet the characteristics of reduced ignitien‘propensity
y being tested in accordance with ISO 12863 or ASTM E2187. Thus, such RIP cigarettes

'he new commercial RIP cigarettes are less likely to provide a severe smouldering igr
the traditional non-RIP cigarettes.

reduced ignition propensity cigarettes

ference material cigarettes (SRM 1196) were designed to simulate the ignition streng
ttes that were in commercial use in the United States before the development of ISO 1

fications of “reduced ignition propensity cigarettes”. The cigarettes are described as
Cigarettes and they are cigarettes without filter tips, made from natural tobacco (83 + 2
tobacco packing density of (0,270 + 0,020) g/cm3 and a total weight of (1,1 £ 0,1) g. T
Fe used in NFPA 260 and NFPA 261,

aming electrical ignition sources
rwire ignition

ignition source”is referenced in IEC 60695-2-10, IEC 60695-2-11, IEC 60695-
-13 and ASTM ' D6194. It is called a glow-wire. This source simulates overheating of elec

cularly within electrotechnical equipment by heating the glow-wire to temperatures i
°C (+ 10°€) to 950 °C (= 15 °C) or 960 °C (% 15 °C).

slow-wire apparatus and ignition source are shown in Figure 1. The glow-wire itself cor

acement commercial cigarettes for the commercial cigarettes available when ISO 8191-1

[RIP)
have
was
ition

th of
2863

187. They have been identified as having a strong ignition potential and do not confform

INIST
mm
hese

P-12,
trical
h the

1Sists

ofa loop of mir‘]zn]/r‘hrnminm (inl')ﬂ) wire 4 mm innominal diameter

8.1.3 The temperature of the glow-wire shall be measured by the use of a sheathed fine-wire Type K
thermocouple [Nickel-Chromium (NiCr) or Nickel-Aluminium (NiAl)] having a nominal overall diameter
of 0,5 mm or 1,0 mm. The thermocouple sheath shall be constructed of a metal with properties such
that the thermocouple is able to perform its function in air at sheath temperatures of at least 1 050 °C.
The thermocouple shall be arranged in a pocket hole, drilled in the tip of the glow-wire. The thermal
contact between the walls of the bored hole in the glow-wire shall be maintained by pinning the sheathed
thermocouple in place. The thermocouple follows the movement of the tip of the glow-wire resulting
from elongation caused by thermal heating. A temperature indicator for Type K thermocouples capable
of reading up to 1 000 °C shall be used. The supply circuit shall be capable of supplying up to 150 A at

1) Available from the US National Institute of Standards and Technology (NIST), https://www.nist.gov/srm/index
.cfm.
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2,1V, with smooth continuous adjustment of voltage to provide the appropriate current to maintain the
required glow-wire tip temperature.

8.1.4 The test apparatus positions the glow-wire in a horizontal plane while applying a force of
(1,0 £ 0,2) N to the specimen. This force shall be maintained when the glow-wire is moved horizontally
towards the specimen or vice versa. The movement of the tip of the glow-wire into the specimen when
pressed against it shall be mechanically limited to 7 mm.

7

\

N

% 1]

-+

Nain
(10|
h

[

1 /. lIIIIIIIIlIIIIIIIH!

6 8
Key
1 positioning clamip 6 stop
2 darriage 7  scale to measure height of flame
3 tensioning cord 8  scale for penetration
4  baseplate 9 glow-wire
5 weight t0——cut-out—imbase plate—for particles falling from

specimen

Figure 1 — Glow-wire ignition source

8.2 Hot-wire ignition

8.2.1 This ignition source is referenced in IEC/TS 60695-2-20 and in ASTM D3874. It is an electrically
heated hot-wire that simulates the overloading of a live part in direct contact with a test specimen.

8.2.2 The heater wire shall be a loop of iron-free nickel/chromium wire (80 % nickel and 20 %
chromium, iron-free), 0,05 mm in nominal diameter. The wire has a nominal cold resistance of 5,28 (1/m

© IS0 2020 - All rights reserved 11
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and has a length-to-mass ratio of 580 m/kg. The wire length for each test shall be approximately 250 mm
and it shall have been previously calibrated. Before testing, each straight length of wire shall be annealed
by energizing the wire to dissipate 0,26 W/mm of length for 8 s to 12 s to relieve internal wire stress.

8.2.3 The supply circuit used to electrically energize the heater wire shall have sufficient capacity to
maintain a continuous linear 50 Hz to 60 Hz power density of at least 0,31 W/mm over the length of the
heater wire at or near unity power factor. When the supply circuit operates at a current of 60 A with a
voltage of 1,5V, this results in an approximate power density of 0,3 W/mm. Essential devices include
those for voltage adjustment and power measurement (within +2 %), an easily actuated on-off switch for
the test power, and timers to record the duration of the application of test power.

8.2.4 Hot{wire ignition tests are carried out on bar-shaped specimens, of dimensions (125 4\5] mm
long, (13,0 4 0,3) mm wide and (3,0 + 0,1) mm thick. Specimens are wrapped with five turns‘of‘0,3 mm
diameter nickel/chromium (80/20) wire of approximate length 250 mm and with a-nominal| cold
resistance O‘E 5,28 1/m, spaced (6,35 = 0,5) mm between turns. The test apparatus anddgnition s¢urce
are shown in Figure 2.

8.2.5 Theppecimen shall be tested in a horizontal position by heating the wire eleetrically so that 0,6 W
is generated|per millimetre length of wire, and the wire has a temperature of approximately 930 °C.

Dimensions in millimetres

2

Key
1 test fixture

2 testspedimen

3 hot-wire|(five turnswith 6,35 mm * 0,5 mm between turns)

Figure 2 — Hot-wire ignition source
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9 Radiant ignition sources

9.1 Conical radiant ignition sources

9.1.1 General

Table 2 compares the three conical ignition sources described in 9.1.2 to 9.1.4.

ISO 1009

Table 2 — Details of radiant ignition sources with conical radiators

3:2020(E)

Heat flux range | Specimen size Pilot Specimen
Standard Lo - -
kW/m?2 cm2 ignition source orientation
ISO 3657 10 to 50 154 Propane flame Horizontdl
ISO 3659-2,
ASTM E1995, 10 to 50 56 Propane flame Horizontal
NFPA 270
ISO 3660-1, ;
10 to at least 75 100 Spark igniter Hor lponta :
ASTM E1354 orvertica

9.1.2

9.1.2.1 This ignition source is described in 1S0,;5660-1 and in ASTM E1354. The igniti

Cone calorimeter ignition source

bn source is

composed of the following major components:a conical radiant electric heater (able to bg used in the
horizontal or vertical orientations), a temperature controller, a radiation shield, an elegtric ignition

spark plug and a test specimen holder (which depends on the test orientation). The test sp

bcimen shall

be (100 x 100) mm and the heat flux-range shall be from 0 kW/m? to at least 75 kW/m2) There is no
pilot{flame. A schematic of the apparatus is shown in Figure 3 and one for the conical heater is shown in

Figure 4.

© IS0 2020 - All rights reserved
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14
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/ 4
ll J
5 °
6
:I \\@ |
I I
7 88— lms e——9
I I
I
11 |
10 } | >N12
I I
| |
13
Key
1 pressureports 8  spark plug
2 orifice plate 9  optional screens
3 thermocpuple (located on stack centreline) 10 blower motor
4 hood 11 retainer frame and specimen
5 blower 12 specimen holder
6  heater 13 weighing device
7  gas sampling ring probe 14 smoke measurement section
NOTE Squrce: 1ISO/5660-1:2015, Figure 1.
Figure 3 — Cone calorimeter apparatus schematic
14 © IS0 2020 - All rights reserved
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Dimensions in millimetres

- 110 £0,5 _
90 +0,5 o
_ 80 +0,5 —;
y
< i =
LN o 5 e
; )\ -::;:.I t
[ . s b
T — v
J LN
al
+l
5 6 o
171 +0,5
B 197 £0,5
Key
1 Tner shell
2 efractory fibre packing
3 thermocouple
4 guter shell
5 dpace block
6  heating element
NOTH Source: ISO 5660-1:2015, Figure 2.
Figure 4 — Cone calorimeter conical heater schematic
9.1.2.2 The active element-of the conical heater consists of an electrical heater rod, rated at 5 000 W

at 240 V, tightly wound into_the shape of a truncated cone (Figure 4). The heater shall be enfased on the
outside with a double-wall-stainless steel cone, packed with a refractory fibre material of agproximately
100 kg/m3 density. Thelieater shall be hinged so that it can be swung into either a horizontallor a vertical
orientation. The irradiance shall be uniform within the central (50 x 50) mm area of the tdst specimen
to within +2 % ifthe horizontal orientation and to within +10 % in the vertical orientation). The heater
irradiance fromthe heater shall be able to be held at a pre-set level by means of a temperature controller
and three type’K stainless steel sheathed thermocouples, symmetrical around the heater dlement. The
thermocouples shall be of equal length and wired in parallel to the temperature controller.

9.1.2.3 The heater shall be controlled by a temperature controller capable of holding the element
temperature steady to within +2 °C. A suitable system shall be a three-term controller (proportional,
integral and derivative) and a thyristor unit capable of switching currents up to 25 A at 240 V. The
temperature input range of the controller shall be up to 1 000 °C, with a scale capable of being read to
2 °C or better and automatic cold junction compensation. The heater temperature shall be monitored
by a meter capable of being read to +2 °C or better, which is often incorporated into the temperature
controller.

9.1.2.4 A removable radiation shield protects the test specimen from the heat flux prior to the start of
a test. The shield shall be made of non-combustible material with a total thickness not to exceed 12 mm.
The shield shall be either:

a) awater-cooled shield coated with a durable matte black finish of surface emissivity e = 0,95 * 0,05; or

© IS0 2020 - All rights reserved 15
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b) a shield that is not water-cooled but is provided with either a metallic reflective top surface or a
ceramic non-metallic top surface, in order to minimize radiation transfer.

The shield shall be equipped with a handle or other suitable means for quick insertion and removal. The
cone heater base plate shall be equipped with the means for holding the shield in position and allowing
its easy and quick removal.

9.1.2.5 The actual ignition is accomplished by a 10 kV discharge across a 3 mm spark gap located
13 mm above the centre of the test specimen (when used for the horizontal location). The spark igniter
power source shall be either a transformer designed for spark-ignition use or a spark generator. The

spark discharge operates continuously at 50 Hz to 60 Hz until sustained flaming is achieved. The i

niter

shall be re
time to the

orientation,
specimen hd

9.1.2.6 Th

density 65 Kg/m3) refractory fibre blanket with a thickness of at least 13 mm..Fhe distance betwee

bottom surf
vertical test
test specimg
fibre blanke
the blanket

the fibre bl4
together on
orientation,

9.1.3 Smaoke chamber conical heater

9.1.3.1 Th
The ignition
are specifie
specimen h
test specimg
or without §

Figure 5 and

9.1.3.2 Th
240V, tightl
a double-w3
density. The
as measure(

i

time to ignitlion (also known as time to sustained flaming) is such that it is capable of recording|elq

oved when sustained flaming is achieved. The sensitivity of the timing device for meas

nearest second and is accurate to within 1 s in 1 h. In the case of testing incthe ve
the spark gap shall be located in the test specimen face plane and 5 mm aboy¢the top
lder.

iring
psed
rtical
fthe

e horizontal test specimen holder has its bottom lined with a layer df low-density (nogninal

hce of the cone heater and the top of the test specimen shall be-adjusted to be 25 mm|
specimen holder includes a small drip tray to contain a limited amount of molten mater
n shall be installed in the vertical test specimen holder by backing it with a layer of refra
' (nominal density 65 kg/m3), the thickness of which deperds on test specimen thicknes
shall be at least 13 mm thick. A layer of rigid, ceramig.fibre millboard shall be placed bg
nket layer. The millboard thickness shall be such that the entire assembly is rigidly b
Ce the retaining spring clip is inserted behind the millboard. When testing in the ve
the cone heater height shall be set so the centrellines up with the test specimen centre.

is ignition source is described in\SO 5659-2 as well as in ASTM E1995 and in NFPA
source is similar to that in the‘eone calorimeter (see 9.1.3) but is smaller. The follo
l in these standards as the_essential components: a conical radiant electric heater, 4
lder, a radiation shield, a‘pilot burner and a spark igniter to reignite the pilot burner
n shall be (75 x 75) mm{and the heat flux range shall be 25 kW/m? or 50 kW /m?, eithen]
in external pilot flanie))Schematics of the conical heater and the arrangement are fou

Figure 6.

e active element of the conical heater consists of an electrical heater rod, rated at 450
y wound, into the shape of a truncated cone. The heater shall be encased on the outside

1l stainless steel cone, packed with a refractory fibre material of approximately 100 kg

heatérprovides irradiances on the surface of the test specimen of 10 kW/m? to 50 kW

n the
L The
ial. A
ctory
5, but
hind
pund
rtical

270.
wing
test
The
with
nd in

at positions

positions shall be not less than 85

| at.the centre of the surface of the test specimen. The irradiance shall also be deter

3 —3 acha 2 ¢ two
%, and not more than 115 % of the irradiance at the centre of the

test

specimen. The heater irradiance shall be capable of being held at a pre-set level (25 kW/m?2 and 50 kW/
m?2) by means of a temperature controller and three type K stainless steel sheathed thermocouples,
symmetrically disposed and in contact with but not welded to the heater element. The thermocouples
are of equal length and wired in parallel to the temperature controller. The cone heater shall be secured
from the vertical rods of the support framework and located so that the lower rim of the cone heater is
(25 + 1) mm above the upper surface of the test specimen.
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4
q
5 6
z P
!
5
4
/
Key
1 thermocouple
2 1tadiator cone
3  dpecimen holder
4  1adiator shield
5 heat flux meter
6  gparkignition housing

Figure 5 — Typical arrangement of ISO 5659-2 radiator cone ignition source specinjen holder
and radiator shield (side view)
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Key

1 sparkigpition housing

2 specimef holder

3 pilot burpner and ignition electrode
4  propanefand air

Figure 6 - Typical arrangement of ISO 5659-2 radiator cone ignition source specimen holder
and radiatoer shield (front view)

9.1.3.3 The heater temperature controller shall be capable of holding the element temperature steady
to within +2|°C. A suitable systemyis athree-term controller (proportional, integral, and derivative) and a
thyristor unjt capable of switching’currents up to 25 A at 240 V. The controller has a temperature Jnput
range of 0 °C to 1 000 °C, a s€t,scale capable of being read to 2 °C or better, and automatic cold junction
compensatign. The cone heater temperature shall be monitored by a meter capable of being read to
+2 °C, or beﬂ)ter, which is_often incorporated into the temperature controller.

9.1.3.4 The coneheater shall be provided with a removable radiation shield to protect the test specimen
from the irradiance prior to the start of the test. The radiation shield shall be made of a non-combustible

material witha’total thickness not to exceed 12 mm, and conforms to the same specifications as that of

the cone calorimeter radiation shield (see 9.1.2.4).

9.1.3.5 The actual ignition is caused by a pilot burner. The flame from the single-flame burner has a
length of (30 + 5) mm and shall be positioned horizontally (10 + 1) mm above the top face of the test
specimen. The colour of the flame is blue with a yellow tip. The tip of the burner shall be aligned with the
edge of the test specimen.

9.1.3.6 A small spark ignition device shall be placed next to the outlet tube of the burner to cause
reignition of the flame without the need to open the chamber door. A suitable system is a spark plug with
a 3 mm gap, powered from a 10 kV transformer. A suitable electrode length and spark plug location is
such that the spark gap is located 13 mm above the test specimen, close to the pilot burner.

18 © IS0 2020 - All rights reserved
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9.1.4 Ignition source from periodic flaming ignition test

9.1.4.1 This ignition source is used in ISO 5657. It is a conical radiant heater, somewhat similar to
those described in 9.1.2 and in 9.1.3 but with different characteristics. It differs from other radiant
heaters in terms of the heater itself, the characteristics of the igniter and the test specimen. It is a
radiant cone heater which allows specimens to be exposed to thermal radiation on their upper surfaces
at selected levels of constant heat flux within the range 10 kW/m?2 to 50 kW/m?, at the aperture of a
masking plate and in a reference plane coinciding with the underside of the masking plate. It represents
a non-contacting thermal radiant exposure from a primary fire at those heat fluxes. A pilot flame shall be
applied at regular intervals to a position 10 mm above the centre of each specimen to ignite any volatile

gases givpn off The test specimen shall he (1 A5 x 16';) mm and the heat flux range shall bhe

0 kW/m? to

50 kY

9.14
tight
wall

distr

a)

b) t

The 1
be cH

9.14
flamg
regu
1801

9.14

outside and above the cone heater [at a height of (10 + 1) mm above the underside of

plate
the c
horiz
of th

height. The mechafism shall be such that the pilot flame moves every 4 s (+0,4 - 0 s) fr

posi
inat

masking plate aperture, is not more than +3 % of that at the centre; and

masking plate aperture, is not more than +5 % of that at the centre.

IV/m2. Details are shown in Figure 7.

.2 The active element of the heater consists of an electrical heater rod, rated,at'3 000
y wound into the shape of a truncated cone. The heater shall be encased on th&gutside wj
stainless steel cone, packed with a refractory fibre material of approximately-100 kg/m3

he variation of the irradiance within a circle of 50 mm diameter_drawn from the d
he variation of the irradiance within a circle of 100 mmdiameter, drawn from the d

urface area of the specimen exposed to this thermal®adiation shall be 154 cm2. The hg
ecked with a calibrated radiometer prior to testing:

.3 The apparatus shall be provided with-aipilot flame and a secondary ignition sour
e stainless steel nozzle tube shall be fed with a mixture of propane and air which is
ating the propane flow rate to 19 ml/min to 20 ml/min and the airflow rate to 16
ml/min. The flow rates are fed directlyinto the pilot flame from the flowmeters.

4 The apparatus has a mechanism capable of bringing the pilot flame from its “

| to its “test” position within the cone (at a distance of 10 mm above the test specim
pne and through the aperture in the masking plate. When the flame is in the “off” posit
ontally over the centre point of the aperture in the masking plate and perpendicular
e movement of the, pilot arm, with the centre of the orifice in the nozzle positioned at 4

ion to the “test” position in no more than 0,5 s, then stays there for 1 s (+0,1 - 0 s) and
ime of ne more than 0,5 s.

bution of the irradiance provided by the heater at the reference plane shall be such that]:

Wat 240V,
ith a double-
density. The

entre of the

entre of the

bat flux shall

ce. The pilot
achieved by
) ml/min to

ff” position
the masking
bn), through
jon, it issues
to the plane
he indicated
bm the “off”
then returns
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9.1.4.5 The secondary ignition source shall be one of the following: a propane gas flame 15 mm long
from a nozzle with an internal diameter of 1 mm to 2 mm (50 W in heat output) and a hot-wire or a spark
igniter. The dipping of the pilot flame shall be continuous until ignition of the test specimen.

5 4

M)

SN
)

)
\ A0

2
7
/\\-—l
. 3
>
3 7

A

~'ll
8
Key
1 radiatoricone 5 secondary ignition source
2 masking|plate 6  heater cable
3 support framework 7  pressing plate
4  pilot flahe souree 8 sliding counterweight

NOTE SqurcerIEC 60695-11-5:2016, Figure 1.

Figure 7 — Conical heater from periodic flaming ignition test schematic

9.2 Other radiant ignition sources
9.2.1 Glowbars ignition source

9.2.1.1 The ignition source described as the radiant heater from the Ohio State University rate of heat
release apparatus is described in ASTM E906. A very similar version is used by the aviation authorities
for assessing the ignitability and flammability of materials.
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9.2.1.2 It consists of a radiant heat source for generating a heat flux of up to 100 kW/m?2 and uses four
silicon carbide elements, Type LL, (508 = 3) mm x (16 + 1) mm, with a nominal resistance of 1,6 V. The
silicon carbide elements are mounted in the stainless-steel panel box by inserting them through 15,9 mm
holes in 0,8 mm thick ceramic fibre. A diamond-shaped mask, constructed of 24-gauge stainless steel,
shall be added to provide uniform heat flux over the area occupied by a (150 x 150) mm vertical sample.
The power supply provides 16,5 kVA, adjustable from 0 V to 270 V. The normal orientation of the test
specimen is vertical.

9.2.1.3 The radiant source described in 9.2.1.2 has two pilot burners. The lower pilot burner, with
nominally 11,3 mm out51de dlameter a nomlnally 0,8 mm wall, and stainless-steel tubing, shall be used
in al A al gas having 90 %
or mpre methane The fuel mixture shall be a methane —air mixture (120 cm3/m1n gas, and'g50 cm3/min
air). An upper pilot burner (which is used without air) shall be used when an impinging flame is used
to oHtain information at a heat flux below which the pyrolysis rate of the test specimen cap maintain a
combustible gas phase. It consists of a straight length of nominally 6,3 mm outside_diametdr, nominally
0,8 mm wall, and stainless-steel tubing nominally 360 mm long. At a heat flux.above that |producing a
combustible gas mixture over the surface of the sample there is a choice of piloted or unpildted ignition.

In ad
a tes
a fas
chos

9.2.2

9.2.2
fram
dimd
flamg

dition to piloted and non-piloted modes of operation, it is possible fojyaccomplish pila
L specimen by locating the pilot flame at different positions relativé)to the sample suf
hion that the flame only impinges on the test specimen surface-when necessary, with
bn depending on the nature of the ignition to be simulated bythetest.

Lateral ignition and flame spread test (LIFT) radiant panel heater.

b, test specimen holders, a stack, a radiant panelvand a pilot igniter. A series of test sj
nsion (155 x 155) mm] are exposed in ASTME1321 to a nearly uniform heat flux ang
e attachment, using piloted ignition, is determined. The same ignition source is used in

and in ASTM E1321 to assess flame spread, using a test specimen of dimensions 155 mm x §

9.2.2
spec

.2 The main frame consists of twe'separate sections, the radiant-panel support frame
men support frame. The two frame sections are joined so as to allow adjustments in|

positiion of the radiant panel to the test specimen to be made easily.

9.2.2
ofagd
The

the 1
facili
prov
ther

.3 The radiant panehlconsists of a radiation surface of porous refractory tiles mountec
tainless-steel plenumi-chamber to provide a flat radiating surface of approximately (280
blenum chamberZinicludes baffle plates and diffusers to distribute the gas/air mixture
adiation surfdce. The gas/air mixture enters the plenum chamber at one of the sh
tate easy contiection when the panel is mounted from the frame. A reverberatory scr
ded immediately in front of the radiating surface to enhance the combustion efficiency
hdiantoutput.

.1 This ignition source is described in ISO 565872 and ASTM E1321 and it consist

t ignition of
face in such
the location

s of a main
ecimens [of
the time to
ISO 5658-2
00 mm.

and the test
the relative

| at the front
x 483) mm.
evenly over
ort sides to
een shall be
hnd increase

9.2.2

A The appropriate air and fuel flow-metering devices, gas control valves, press

ure reducer

and safety controls to support combustion at the radiant panel are all mounted on the panel support
frame. The air supply shall be of approximately (8,33 x 10-3) m3/s at a pressure sufficient to overcome
the friction loss through the line, metering device and radiant panel. The radiant-panel pressure drop
amounts to approximately 20 Pa to 30 Pa. Flow rates are measured with a flowmeter suitable for
indicating airflow over the range of 2 to (15 x 10-3) m3/s and with a flowmeter suitable for indicating
methane flow rates over the range of 0,1 to (1,1 x 10~3) m3/s. The fuel gas used shall be either natural gas
or methane. A constant supply pressure shall be maintained by means of a pressure regulator. Gas shall
be either controlled by a manually adjusted needle valve or by a Venturi mixer. The Venturi mixer allows
control of the flux level of the panel by adjusting only the air valve. The fuel gas-flow shall be roughly 0,26
to (1,03 x 10~3) m3/s at a pressure sufficient to overcome line pressure losses.
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9.2.3 Setchkin ignition

9.2.3.1

ISO 871 and ASTM D1929 shall use as an ignition source the Setchkin apparatus furnace.

9.2.3.2 The equipment consists primarily of an electrical heating unit and a test specimen holder. The
furnace has a furnace tube and an inner ceramic tube. The furnace tube shall be a vertical tube with
an inside diameter of (100 + 5) mm and a length of (230 + 20) mm, made of a ceramic that is able to
withstand at least 750 °C. The vertical tube stands on the furnace floor, fitted with a plug for the removal
of accumulated residue. The ceramic tube shall be built to withstand at least 750 °C, with an inside
diameter of (75 + 5) mm, a length of (230 + 20) mm, and a thickness of approximately 3 mm. It shall

be placed ir
spacer bloch
opening in t
be located i
sleeve and d
furnace tubq
fibre, appro
(ISO 871:20

9.2.3.3 An
between thd
and circulat
shall be met

9.2.3.4 TH
attached to
top surface
the opening

9.2.3.5 Th
0,5 mm thic
of approxim
same type o
be located (

9.2.3.6 Th
(Type]), are
with a toler
the test spe
specimen w
to the test sj
travelling p3

ff rod extending through the'cover of the furnace. The bottom of the test specimen pan

stde-threfurmacetubeandposttioned{20—+2 ) mmrabove-thefurmace ftooromrthree
s. The top shall be covered by a disk of heat-resistant material with a (25 + 2) mm dian
he centre that is used for observation and passage of smoke and gases. The pilot.flame
mmediately above the opening. An electrical heating unit, contained within aymineral
onstructed of 50 turns of (1,3 + 0,1) mm Nichrome V alloy wire, shall be wdiuind aroun
e and embedded in heat-resistant cement. Thermal insulation consists of a-layer of mi
ximately 60 mm thick and covered by a metal jacket. The equipment is*shown in Fig}
D6, Figure 1). Ignition is conducted either with or without a pilot igniter.

outside air source shall be used to supply clean air near,the top of the annular 5
ceramic tubes through a copper tube at a steady and controllable rate. Air shall be h¢
bd in the space between the two tubes and enters the infier“furnace tube at the botton
ered by a rotameter or other suitable device.

W gas supply of 94 % minimum purity propane.and placed horizontally (5 # 1) mm abov
fthe disk cover. The pilot flame shall be adjusted to (20 = 2) mm in length and centred 4
in the disk cover.

e test specimen shall be placed insidé€ a'pan that consists of a metal container of approxim
k steel measuring (40 + 2) mm i diameter by (15 * 2) mm in depth. It shall be held in §
ptely 2,0 mm diameter stainless$ steel welding rod. The ring shall be welded to a length ¢

| 85 + 5) mm down fromthe’top of the inner furnace tube.

ree thermocouples;-0,5 mm in diameter, either Chromel-Alumel (Type K) or Iron-Constz
used for temperature measurement. They are connected to a calibrated recording instru
hnce not exceeding +2 °C. Thermocouple TC; shall be used to measure the temperaty
rfimen and shall be located as close as possible to the centre of the upper surface of thg
nen the test specimen is in place within the furnace. The thermocouple wire shall be attg
pecimen support rod. Thermocouple TC, shall be used to indicate the temperature of t
st.the test specimen. It shall be located (10 + 2) mm below the centre of the test spec

small
heter
shall
fibre
d the
neral
ire 8

pace
bated
h. Air

e pilot igniter consists of a nominal (1,8 * 0,3)°mm inside diameter (ID) copper tubing

e the
bove

ately
ring
fthe
shall

ntan
ment
re of
b test
ched
le air
imen

pan. The the

rmocouple wire shall be attached to the test specimen support rod. Thermocouple TC,

shall

be used to measure the temperature of the heating coil. It shall be located adjacent to the furnace heating
coil and used as a reference for temperature adjustment purposes because of its faster response. Heating
control shall be conducted by means of a variable transformer or an automatic controller connected in
series with the heating coils.
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Dimensions in millimetres

9
X
T 11
o |BEE
S (ks 12
o |
Il 13
=
15
fhist “~—16
S —17
A 18
A 975 £2
" $100 +5
250
Key
1 thermocouple TC, 10 metal fasteners
2 qupportrod 11 air-flow meter (not part of furnace)
3 fefractory disc cover 12  air flow tangential to cylinder
4 thermocouple TC; 13 specimen pan
5 dasket 14 mineral fibre wool
6  thermocouple TC; 15 50 turns of no. 16 Nichrome wire in heat-resistant
7 eater terminals 16 three refractory blocks to space inner tube andl
8 ilot flame 17 inspection plug (removable)
9  gir supply 18 thermal insulation (removable)
NOTH Source: ISO 871:2006, Figure 1.

10 Infrared heating system

10.1 This ignition source is used in the fire propagation test apparatus developed by FM Global and it
is described in ISO 12136, ASTM E2058 and in NFPA 287. The ignition source consists of the following
components: an infrared heating system, a power controller, an ignition pilot flame and an ignition timer.

10.2 The ignition source shall be an infrared heating system. Each of four 241 mm long infrared heaters
contains six tungsten-filament tubular quartz lamps in a compact reflector body that, for a 120 V input,
produces 190 kW/m? of radiant flux in front of the quartz window that covers the lamps. The emitter of
each lamp shall be a 127 mm long tungsten filament in an argon atmosphere enclosed in a 9,5 mm outer-
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diameter clear quartz tube. The emitter operates at a minimum of 2 475 K for a 120 V input to produce a
spectral energy peak at 1,15 pm.

10.3 A power controller maintains the appropriate output voltage for the heater array despite variations
in the line voltage and load impedance through the use of phase angle power control to match the hot/
cold resistance characteristics of the tungsten-quartz lamps. The controller also incorporates average
voltage feedback to linearize the relationship between the voltage set by the operator and the output
voltage to the lamps.

10.4 A pilot ignition consists of an ethylene-air (60-40 by volume) flame adjusted for a 10 mm length

and anchore
stainless ste
a stable flan
position the

10.5 An igpition timer to assess time to ignition (also known as time to sustained flaming) shd

capable of ¢

11 Diffus

11.1 Need

This ignitio
a low-inteng
resulting fr
stainless-stg
35 mm with
connected v
least 95 %.

With the ax
length of thg

el tube. The horizontal section of the tube contains a four-hole ceramic insert toprg
ne and prevent flashback. The pilot flame tube shall be able to be rotated and.-élevat
horizontal flame at specified locations near the specimen.

pcording elapsed time to the nearest 0,1 s and has an accuracy of betterthan 1 sin 1 h.

on flame ignition

le flame ignition

h source, which is described in IEC 60695-11-5, consists of a needle flame which pro
ity, low-area diffusion flame. This source is intended to simulate the effect of small fl
bm fault conditions within electrical equipment:yThe needle burner consists of a pie
be]l hypodermic tubing with the tapered end cut off. The burner has a minimum leng
a bore of (0,5 + 0,1) mm and an outer diatheter not exceeding 0,9 mm. The burner sh:
Fith flexible tubing to a cylinder containing butane or propane. The gas purity shall be]
Butane gas shall be the typical standard reference gas, but propane gas is also accept
s of the needle burner in the vertical position, the gas supply shall be adjusted so thd
 flame is (12 £ 1) mm. See Figure9.
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Dimensions in millimetres

12 #1

e 1

-

1  qutside diameter: 0,9 mm maximum; bore diameter: (0,5 + 0,1 mm)

Key

2 das supply from regulated flowmeter

NOTH Source: IEC 60695-11-5:2016, Figure 1.

Figure 9 — Needle flame ignition source schematic

11.2 Burning match

11.2{1 This ignition source is describedin-ISO 8191-1 and is a diffusion flame with a calgrific output
apprpximating to that of a burning match. A flame exposure time of (15 * 2,0) s is agproximately
equiyalent to the burning of one match:

11.2{2 The burner barrel conSists of a stainless-steel tube with an outside diameter of (8,0 * 0,1) mm,
an internal diameter of (6,5 #-0,1) mm and a length of (200 * 5) mm.

11.2{3 The burner tube shall be connected with flexible tubing to a cylinder containing propane and
the flexible tubing hetween the flowmeter and the burner tube has an internal diameter ¢f 8 mm and
a length of (2,0.£'0,2) m. The flowmeter shall be calibrated to supply a propane gas flow rate, at 25 °C,
of (4p * 2) ml/min. Under the above conditions, the flame height is approximately 40 mm] The area of
impihgementon the exposed surface of a specimen is (7,5 + 0,2) cm?2 and the heat flux is (40 f 2) kW /mZ.
Butahe gas’shall be the typical standard reference gas, but propane gas is also acceptable.

11.2.4 An alternate burner with a similarly low intensity is described in ISO 11925-2. This ignition
source is a laboratory burner constructed as shown in Figure 10 and designed so that it can be used
vertically or tilted at 45° with respect to the vertical axis. The burner shall be fitted with a fine-adjustment
valve to ensure accurate control of the flame height and provides a stable and directable flame.

11.2.5 The burner shall be connected with flexible tubing to a cylinder containing propane (95 %
minimum purity). The burner shall be brought into a vertical position and the flame adjusted by means
of a needle valve to a height of (20 + 1) mm.

11.2.6 The gas flow rate used in this ignition source shall be (25 + 1) ml/min at 25 °C. The area of
impingement on the exposed surface of a specimen shall be (4,2 + 0,3) cm? and the heat flux shall be
(37 £ 2) kW/m?.
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Dimensions in millimetres
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10

d) Flame stabilizer

e

€) Burner and adjustment valve

Key
das jet

Burner tube

flame stabilizer

¢hoke tube

notch fitted in during assembly
gas mixing zone

dcceleration section

¢onducting section

O 0 N O U1 A W N -

qutlet

NOTH Source: ISO 11925-2:2010, Figure 2.

Figure 10 — Diffusion burner

11.3 Burnetrsgenerating 50 W or 500 W flames

11.3{1-This ignition source is a laboratory burner described in IEC 60695-11-4 and [EC 60695-11-10 _for
a 50 M flame andin [EC 60695-11-3 and IEC 60695-11-20 for 2 500 W ﬂ:\mp’ aswell asin T™ D5025,
for both types of flames. The burner consists of a barrel threading onto a one-piece base and gas inlet.
The components are constructed of metal, typically of brass or aluminium. This burner is also suitable
for use in the horizontal orientation, for example as used in ASTM D635 or in UL 94, or for testing at an
angle of 60°, as used by aviation authorities (see Figure 11).

11.3.2 The burner barrel consists of a mixing tube and threaded air-inlet adapter. The mixing tube shall
be of seamless construction, with an inside diameter of (9,5 + 0,3) mm. The length of the barrel from the
top of the air-inlet openings to the top of the mixing tube shall be (100 + 10) mm. The top of the mixing
tube is not equipped with end attachments, such as stabilizers. The air-inlet adapter, located at the bottom
of the mixing tube, is approximately 25 mm high and 20 mm in overall diameter. The minimum area of the
air-inlet openings is 225 mm? distributed equidistant around the adapter. With the barrel fully screwed
into the base and the lock nut in place, it is essential that the air-inlet openings be completely closed.
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11.3.3 The minimum area of the air-inlet openings has commonly been obtained by using three
openings, approximately (6,5 x 12,5) mm. The base of the burner shall be equipped with an orifice of
(0,90 £ 0,03) mm in diameter and (1,60 = 0,05) mm in length and with a machined needle valve to restrict
the orifice opening and regulate gas velocity through the burner. A knurled knob shall be provided for
adjustment of the valve. The needle valve shall be machined with a conical point using an angle of 40°
with a maximum flat top of 0,4 mm. The needle aligns with the orifice in the valve seat. Alignment can
be confirmed by removing the barrel and igniting the fuel gas directly at the orifice. It is essential for the
flame to remain vertical. If the flame slants, possible reasons include, but are not limited to, the orifice
being off-centre or the needle being worn. The alignment shall be confirmed periodically, and appropriate
actions shall be taken to ensure that the flame remains vertical. The base of the burner shall be provided
with a serrated fitting for connection to the gas supply. The burner is also (optionally) provided with
a lock nut that threads onto the base. This allows the barrel to be tightened securely against the lock
nut when the particular test flames are associated with such positioning of the barrel that thé airtinlet
openings ar¢ partially or fully open.

Dimensions in millinjetres

1

-

100 10

7=

Key
1 internal diameter: (9,5 * 0,3) mm

2 needle valve adjustment

Figure 11 — Burner for 50 W or 500 W flames
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11.3.4 The characteristics of burners for a 50 W and a 500 W flame, including their associated
dimensions, are given in Table 3.

Table 3 — Characteristics of 50 W and 500 W flame burners

Gas composition Gas flow rate Area of impingement Minimum gas purity
(ml/min) (cm?) (%)
50 W: 20 mm high flame
Methane 105 1,8 98
Propane 42 1,8 98
Butane 33 1,8 95
500 W: 125 mm high flame with 40 mm inner blue cone
Methane 965 18 98
Propane 380 18 98
Butane 300 18 95
11.3{5 Information for the calibration of these gas diffusion burners‘is-found in IEC 60695-11 and in

AST

12

12.1 Premixed burner for 1 kW flame

12.1

IEC

effec

12.1
outside diameter, 12,0 mm interhal diameter and 110 mm length. The burner barrel is fitt
injector and flame stabilizer which are removable for cleaning purposes. Both air [oil-free la

met
rate

barr¢l. The area of impingement on the exposed surface of a test specimen is approximately
flow

©IS

N D5207.

Premixed burners

1 This ignition source is described in IEC _60695-11-2 and is also used in IEC 6033
6§0332-1-2. It provides a high-intensity premixed flame of uniform flux. It is intended to

dred at (10 = 0,5) L/min,.at 23 °C, 101 kPa] and propane [of purity not less than 95 % 4
pquivalent to (650 #:30) ml/min, at 23 °C, 101 kPa] are metered separately to the base d

rates are for the preferred Method A.
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P-1-1 and in
simulate the
[ on materials of a secondary source arising from other flaming items in the vicinity, or from a fire in
its egrly stages.

2 The burner (see Figure 12) consists of a brass barrel tube of the following dimensi({s: 17,0 mm
d with a gas

oratory air,
nd at a flow
f the burner
20 cm?. The
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