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Foreword

2017(E)

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.

T

degcribed in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeed
diffferent types of ISO documents should be noted. This document was drafted in accordanc
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pressions related to conformity assessment, as well:as information about ISO's adherence to the
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Thiis first edition of ISO/TR 10093 cancels and replaces ISO 10093:1998, which has been t

rey

The main changes compared to,the previous edition are as follows:

;

procedures used to develop this document and those intended for its further mainte

torial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ention is drawn to the possibility that some of the elements of this document’may be the
fent rights. ISO shall not be held responsible for identifying any or all sugh patent rights.
y patent rights identified during the development of the document will’be'in the Introducti
the ISO list of patent declarations received (see www.iso.org/patents))

1stitute an endorsement.

an explanation on the voluntary nature of standards, the meaning of ISO specific t

rld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the
L: www.iso.org/iso/foreword.html.

e committee responsible for this document isTechnical Committee ISO/TC 61, Plastics, Subd
4, Burning behaviour.

rised.

the document has been updated and converted from an International Standard to a Technig

several additional ignition sources have been added, including some that originate in stan
have not been issued by ISO or IEC;

no details ofwood crib and paper bag ignition sources are included;
Annex A-and Annex B have been deleted;

the'information that used to be in Annex A on confirmatory procedure for evaluating tes
described in IEC 60695-11 and in ASTM D5207;

hance are
ed for the
b with the

subject of
Details of
on and/or

y trade name used in this document is information given for the convenience of users andl does not

erms and
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ommittee
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the bibliography formerly contained in Annex B has been extended.
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Introduction

Fires are caused by a wide range of possible ignition sources. Statistical analysis of fires has identified
the main 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;

-heating appliances;

b) space
c) electy
d) other
e) cigare

f) matches and smokers' gas lighters;

g) blow-
h) rubbi
i) candl
The abov

involved
sources (¢
actsasas

When an
materials

1) What
2) What
3) Wher
4) To wHh

The folloy
been shoy
over actu:
alaboratd

These lab

ic wiring, connectors and terminations;
electrical appliances (such as washing machines, bedwarmers, televisions, water hedters);

pttes;

lamps, blow-torches and welding torches;
h burning; and
bS,

b list covers the major primary ignition sources for aceidental fires. Other sources can
n fires raised maliciously. Research into causes of fires has shown that primary ignit
.g. glowing cigarettes or dropped flaming matches)-can set fire to waste paper, which th
econdary ignition source of greater intensity.

hlysing and evaluating the various ignition\ sources for applications involving plast
it is important to answer the following questions on the basis of detailed fire statistics.

is the significance of the individual ignition sources in various fire risk situations?
proportion is attributable to seconddry ignition sources?

e does particular attention have to be paid to secondary ignition sources?

at extent are different ignition sources responsible for fatal fire accidents?

ving laboratory ignition sources are intended to simulate actual ignition sources that hg
n to be the causé.of real fires involving plastics. Laboratory ignition sources are prefery
1] ignition sources‘due to their consistency, which results in greater data repeatability wit]
ry and greatekreproducibility between laboratories.

bratory-ignition sources can be used to develop new test procedures.

be
on
en

ics

Ve
ed

Vi
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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

po
Dif
an

of
do

impingement. They are suitable for use to simulate the initial thermal abuse to whichp
fentially exposed in certain actual fire risk scenarios.

ferent standards developing organizations have issued many standard test methods, spe
 regulations to assess fire properties of plastics or of products containing pldstic mater

Fument describes the ignition sources and references the associated standard.

T

solirce is described and is likely not to be a fully comprehensive list of-ignition sources.

Thiis document does not address detailed test procedures.

2

Thie following documents are referred to in the text in"such a way that some or all of the

co
un

IS(

Fo
IS(

3.1
aft

p
3.2

[}

is compilation of ignition sources does not discuss the application of the standard where th

Normative references

1stitutes requirements of this document. For dated references, only the edition cited af
dated references, the latest edition of the referenced document (including any amendment

13943, Fire safety — Vocabulary

Terms and definitions

" the purposes of this document, the terms and definitions given in ISO 13943 and the follow

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

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

erflame
Fsistericerof flaming of a material after the ignition source has been removed

astics are

rifications
als. Many

those standards contain ignition sources associated with flaming and non-flaming ignition. This

e ignition

ir content
plies. For

5) applies.

ring apply.

and [EC maintain terminological databases for use in standardization at the following addiresses:

af
du

erfiametime
ration of flame

length of time for which a material continues to flame, under specified test conditions, after the ignition
source has been removed

3.3

afterglow
persistence of glowing of a material after cessation of flaming or, if no flaming occurs, after the ignition
source has been removed

©lI
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3.4

afterglow time
length of time for which a material continues to glow, under specified test conditions, after the ignition
source has been removed and/or cessation of flaming

3.5

combustion
exothermic reaction of a substance with an oxidizer, generally accompanied by flames and/or glowing
and/or emission of smoke

3.6

ease of ignition

ease with

3.7

exposed

which a material can be ignited under specified test conditions

surface

surface sybjected to the heating conditions of the test

3.8
flame

rapid, self-sustaining, sub-sonic propagation of combustion (3.5) in a gaséeus medium, usually w|

emission

3.9
flame

to produc

3.10

f light

e flame (3.8)

flaming debris
material §eparating from the specimen during the test'procedure and falling below the initial low
edge of the specimen and continuing to flame (3.9) as'it falls

3.11

glowing dombustion
combustidn (3.5) of a material in the solid phase without flame (3.8) but with emission of light from {
combustign zone

3.12

ignitability
measure ¢f the ease with which-d specimen can be ignited (3.13) due to the influence of an external h
source unfder specified testconditions

3.13

ignite, trgnsitive verb
initiate combustion\(¢3.5)

3.14

ith

yer

he

pat

ignite, infransitive verb
catch fire with or without the application of an external heat source

3.15
ignition

initiation of combustion (3.5)

3.16

ignition source
applied source of heat which is used to ignite (3.13) combustible materials or products

© ISO 2017 - All rights reserved
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3.17

ignition temperature

minimum temperature of a material at which sustained combustion (3.5) can be initiated under
specified test conditions

3.18

irradiance

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

3.19

minimum ignition time
minimum time of exposure of a material to an ignition source (3.16) to obtain sustained cpmbustion
(345) under specified test conditions

3.20
primary ignition source
firgt applied ignition source (3.16)

3.21
punking
propagation of a smouldering combustion (3.5) front after removal‘of the ignition source (3.16])

3.22
segcondary ignition source
heft source which is activated following ignition (3.15) frrem a primary source

3.23

suftained flaming
flame (3.8), on or over the surface of a test;specimen, which persists for longer than fp defined
period of time

3.24
trgnsitory flaming
flame (3.8), on or over the surface 6f atest specimen, which persists for a defined short period of time

Note 1 to entry: Compare with theterm sustained flaming (3.23).

4 | Ignition processes

4.1 When plasfics”are exposed to thermal energy, flammable vapours are often generfted from
their surface, Under suitable conditions (especially high temperatures), it is possible that a critical
concentrationof flammable vapour will form and spontaneous ignition will result. If a flame fis present
as|the solesénergy source, or as a supplementary source, the ignition process will be assfsted; 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.

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 that secondary
ignition will occur and the fire will 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.

© IS0 2017 - All rights reserved 3
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5 Characteristics of ignition sources

5.1 The following factors are the main characteristics describing ignition sources and their 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) durat
d) prese
e) orien
f) ventil
NOTE

5.2 Seve
considere

forrof exposure of thespecimemramd-whettrer it s comtimuous or itermmittent;

htation of the ignition source to the specimen and whether or not it impinges;

ation of the specimen in relation to the ignition source;

ation conditions in the vicinity of the ignition source and exposed surface of the specimen;

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

bral of the ignition sources provide a range of intensities and afeas of impingement to
 for use in fire tests of plastics.

6 Gengral principles

6.1 Fla

611 D

To form 4

ming ignition sources

iffusion flame ignition source

diffusion flame ignition source, a gas fusually propane, methane or butane) flows throy

be

gh

metallic thibes without ingress of air prior to the base of the flame. These flames simulate natural flanpes

well but t
towards t

6.1.2 P

To form a
air inlet p
than difful

hey often fluctuate and are not corvenient to direct if any angular presentation is requiy
he specimen.

"emixed flame source

premixed flame source,a gas burner (usually using propane, methane or butane) fitted w|
prts or an air intake-manifold is used. Premixed flame sources are typically more directio
sion flame sources‘and are generally hotter than diffusion flame sources.

6.2 Issues associated with flaming ignition sources

Gas burng
checks of

brs are always set up to conform to precise gas flow rates and/or flame heights. Perio

flame temperature or heat flux precede the setup, but criteria on these parameters are 1

necessari

ed

ith
hal

dic
not
y-ah essential part of the laboratory procedure. After setting up the burner for a particuflar

test (i.e. often at an acute angle to the test specimen), it is desirable to leave the burner in this orientation
throughout a series of experiments. This objective is conveniently satisfied if the operator only has to
maintain 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 pre

ssure, 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 is used inside the controlled

© ISO 2017 - All rights reserved
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environment (15 °C to 30 °C) to ensure that the gas equilibrates to the appropriate temperature before
flow measurement.

NOTE

tube immersed in water maintained at 25 °C.

One way to facilitate this equilibration is to pass the gas (before flow measurement) through a metal

[tis important to exercise great care with the measurement and setting of the flow rate of the gas and to
check direct-reading flowmeters, even those obtained with a direct calibration for the gas used initially,
at regular intervals during testing, with a method capable of measuring accurately the absolute gas
flow at the burner tube.

NOTE

One way of doing this is to connect the burner tube with a short length of tubing (about 7 njm internal
digmeter) to a soap bubble flowmeter. Passage of a soap film meniscus in a glass tube (e.g. a calibrat

bd burette)

ovér a known period of time gives an absolute measurement of the flow. Also, fine-control valves‘that ¢an each be

prg-set to one of the desired gas flow rates, with simple means for switching from one to the other, h

following clauses/subclauses describe ignition sources as follows (see Table 1):

helpful.
6.3 Non-flaming ignition sources
T
Clquse 7: smouldering (cigarette)
Clguse 8: Non-flaming electrical ignition sources
8.1 Glow-wire ignition
8.2 Hot-wire ignition
Clquse 9: Radiant ignition sources
9.1 Conical radiant ignition
9.2 Other radiant ignition
Clquse 10: Infrared heating ignition
Clguse 11: Diffusion flame ignitien
11.1 Needle flame ignition
11.2 Burning match
11.3 Burnersgerierating 50 W or 500 W flames
Clguse 12: Premixed flame ignition

12.1.Premixed burner for 1 kW flame

¥2.2 Vertical cable tray burners

hve proved

12.3 Burners for large scale horizontal tests

12.4 Burners for room corner tests

12.5 Burners for individual product heat release tests

Clause 13: Other ignition sources

13.1 Wood cribs

13.2 Paper bags

© IS0 2017 - All rights reserved
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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 7
Non flaming electrical ignition sources 8
Glow-wire ignition IEC 60695-2-10, IEC 60695-2-11, 8.1
ASTM D6194

Hot-wire ignition IEC/TS 60695-2-20, ASTM D3874 8.2

Radiant ignition sources 9

Conical radiant ignition ISO 5657, 1S0O 5659-2, IS0 5660-1, 9.1
ASTM E1354, ASTM E1995, NFPA 270

Other radjant ignition [SO 871, ASTM D1929, ASTM E906, 9'2
ASTM E1321

Infrared hleating ignition sources ASTM E2058, NFPA 287 10

+

Diffusion flame ignition sources 11

Needle flajme ignition IEC 60695-11-5 111

Burning njatch [SO 8191-2,1S0 11925-2 11.2

Burners ggnerating 50 W or 500 W flames  |IEC/TS 60695-11-3, IEC/TS 60695-11-4, 11.3
ASTM D635, ASTM D5025, UL94

Premixed [flame ignition sources 12

Premixed purner for 1 kW flame IEC 60695-11-2, IEC 60332-1-2, 12.1
[EC 60332-2-1

Vertical cgble tray burners IEC 60332-3-10,5ASTM D5424, ASTM D5537, 12.2
UL 1666, UL 1685, UL 2556

Burners fqr large scale horizontal tests ASTM E84,\NFPA 262 12.3

Burners fgr room corner tests ISO 9705,-21 ASTM E2257, NFPA 265, 12.4
NFPA-286

Burners for individual product heatrelease tests (ASTM E1537, ASTM E1590, ASTM E1822, 12.5
NFPA 289

Other ignifion sources 13

Wood cribls 13.1

Paper bagp 13.2

7 Smopnldering (cigarette) ignition sources

7.1 Traditionalcigarettes

7.1.1 Thissource is typical of a common commercial cigarette, which is known to cause many fifes

involving i i i i = i i 2d)

cigarette meets the following:

— length: (70 £ 4) mm

— diameter: (8,0 £ 0,5) mm

— mass: (1,0x0,1) g

— smouldering rate: (12,0/50 * 3,0/50) min/mm

6 © IS0 2017 - All rights reserved
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7.1.2 The smouldering rate is verified on one specimen from each batch of 10 cigarettes used as
follows:

a)

b)
‘)

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) %;

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

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)

e)

7.1
to

cig
be
de

sofirce than the traditional non-RIP cigarettes.

7.1
St4

those cigarettes that were in commercial use in the United States before the development of

or
thd
thd

pa
NE

8
8.
8.1

ag
eq

impale the cigarette in draught-free air on a horizontal wire spike, inserting not moreth
of the spike into the unlit end of the cigarette; and

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

.3 In many countries, including in the European Union and the United States,regulations
commercial cigarettes mean that they meet the characteristics of reduced ignition proper
arettes, by being tested in accordance with ISO 12863 or ASTM E2187./Thus, such RIP cigar
rome replacement commercial cigarettes for the commercial cigarettes available when I1SO 8
beloped. The new commercial RIP cigarettes are less likely to provide a severe smoulderir

p

Non-reduced ignition propensity cigarettes

ndard reference material cigarettes (SRM 1196) werge)designed to simulate the ignition s

ASTM E2187. They have been identified as having'a strong ignition potential and do not c
b specifications of RIP cigarettes. The cigarettes are described as NIST SRM 11961 cigay
by are cigarettes without filter tips, madefrfom natural tobacco (83 * 2) mm long with

PA 260 and NFPA 261.

Non-flaming electrical ignition sources

|  Glow-wire ignition

.1 Thisignitionsource is referenced in IEC 60695-2-10, IEC 60695-2-11 and ASTM D6194.
low-wire. This-souirce simulates overheating of electrical wiring, particularly within electr
lipment by heating the glow-wire to one of the following temperatures:

(550 £40) °C
(650°% 10) °C

an 13 mm

that apply
sity (RIP)
ettes have
191-1 was
g ignition

trength of
S0 12863
pnform to
ettes and
a tobacco

cking density of (0,270 + 0,020) g/cm3 and a total weight of (1,1 £ 0,1) g. These cigarettes ajre used in

Itis called
btechnical

fahWeVal
U C

<P
i N

o
/7IOU L

(850 + 15) °C
(960 + 15) °C

8.1.2 The glow-wire apparatus and ignition source are shown in Figure 1. The glow-wire itself consists
of aloop of nickel/chromium (80/20) wire 4 mm in nominal diameter.

1) Available from the US National Institute of Standards and Technology (NIST), http://www.nist.gov/srm/index.
cfm.

©lI
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8.1.3 The temperature of the glow-wire is 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 is constructed of a metal that will allow the thermocouple
to perform its function in air at sheath temperatures of at least 1 050 °C. The thermocouple is 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 is 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 is used. It is important
that the supply circuit be capable of supplying up to 150 A at 2,1 V, with smooth continuous adjustment
of voltage to provide the appropriate current to maintain the desired glow-wire tip temperature.

814 Tk
(1,0 £0,2)
the specir
against it

le test apparatus positions the glow-wire in a horizontal plane while applying a force| of

N to the specimen. This force is maintained when the glow-wire is moved horizontally towards

s mechanically limited to 7 mm.

||nl.).

~

\

nhen or vice versa. The movement of the tip of the glow-wire into the specimen when presged

 — 57
\ 10
R ettt 2 ety L -
i = i r =
Cla T <=o —
X ~i{Lh -O n==='|
le:::i ________ ___—Z‘k
- b '{“““‘]‘T_‘___T '\
| =
- Lill /. lIIlIJIIIlIIIIEIIHI
6/ 8
Key
1 positioning clamp 6 stop
2 carriage 7  scale to measure height of flame
3 tensioning cord 8  scale for penetration
4  baseplate 9 glow-wire
5 weight 10 cut-out in base plate for particles falling from

specimen

Figure 1 — Glow-wire ignition source
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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 is 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 (0/m and has a
length-to-mass ratio of 580 m/kg. The wire length for each test is approximately 250 mm and has been
previously calibrated. Before testing, each straight length of wire is annealed by energizing the wire to
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cinnata N 2L AL [0 £1 otk f, uOnt,\1')n4-nunl

8.2
ad
wi
of
Vo

po

8.2
lox
dia
res
are

1 an o iauadntarinal izl oo co
Jll.luLL/ V, =T VY / I Ul lL/llsLll Il 'U'O U 144 0O LU TUIIUVU ITILUTI TIIALI VVITC OlI'C oo,

ontinuous linear 50 Hz to 60 Hz power density of at least 0,31 W/mm over the length of
e at or near unity power factor. When the supply circuit operates at a currentef60 A with
1,5 V, this results in an approximate power density of 0,3 W/mm. Essential devices include
tage adjustment and power measurement (within +2 %), an easily actuated on-off switch f
iver, and timers to record the duration of the application of test power.

.4 Hot-wire ignition tests are carried out on bar-shaped speciméens, of dimensions (121
g, (13,0 £0,3) mm wide and (3,0 + 0,1) mm thick. Specimens are wrapped with five turns
meter nickel/chromium (80/20) wire of approximate length 250 mm and with a nor
istance of 5,28 1/m, spaced (6,35 * 0,5) mm between tufng. The test apparatus and ignit
shown in Figure 2.

.5 The specimen is tested in a horizontal position by heating the wire electrically so thaf
herated per millimetre length of wire, and the wite has a temperature of approximately 930

Dimensions in

.3 The supply circuit used to electrically energize the heater wire has sufficient capaeity t¢ maintain

the heater
a voltage
those for
br the test

*5) mm
of 0,5 mm
hinal cold
on source

0,26 Wis
°C.

millimetres

Ke
1
2
3

©lI

test fixture
test specimen
hot-wire (five turns with 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 below.

Table 2 — Details of radiant ignition sources with conical radiators

Heat flux range | Specimen size Pilot Specimen
Standard s - <
kW/mz2 cm2 ignition source orientation
ISO 5657 10 to 50 154 Propane flame Horizontdl
ISO 5659-2,
ASTM E1995, 10 to 50 56 Propane flame Horizontal
NFPA 270
I1SO 5660-|, Horizontal
10 to at least 75 100 Spark igniter

ASTM E1354 or vertical

9.1.2 Céne calorimeter ignition source

9.1.21 [

his ignition source is described in ISO 5660-1 and:xin' ASTM E1354. The ignition sourcq is

composed of the following major components: a conical radiant electric heater (able to be used in the

horizonta
spark plug
(100 x 10p

schematid of the apparatus is shown in Figure 3 and one for the conical heater is shown in Figure 4.

or vertical orientations), a temperature controller, a radiation shield, an electric ignitjon
and a test specimen holder (which dependsion the test orientation). The test specimern is
) mm and the heat flux range is from 0 kWyimn?2 to at least 75 kW/mZ2. There is no pilot flamg. A

10
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1
2
3
14
/ v
5 o
6
T
I I
7 3 D
I I
I
159 l
10 | | >S12
I I
| |
13
Key
1 | pressure ports 8 sparkplug
2 | orifice plate 9  optional screens
3 | thermocouple (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 Sour¢e=1S0 5660-1:2015, Figure 1.
Figure 3 — Cone calorimeter apparatus schematic
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Dimensions in millimetres

- 1100,5 _
90:05
_80:0,5
] ) '

|.r'\~

P

i+ LN

Fl <

2 \
i T3] L
(=)
5 6 &
177£0,5 -
B 197£0,5 .
Key
1 inner $hell
2 refractory fibre packing
3 thermpcouple
4 outer fhell
5 space plock
6  heating element
NOTE Source: ISO 5660-1:2015, Figure 2.
Figure 4 — Cone calorimeter conical heater schematic

9.1.2.2 The active element(ofthe conical heater consists of an electrical heater rod, rated at 5 000 W
at 240 V, [tightly wound intethe shape of a truncated cone (Figure 4). The heater is encased on the
outside wjth a double-wal) stainless steel cone, packed with a refractory fibre material of approximately
100 kg/mP density. Tlie heater is hinged so that it can be swung into either a horizontal or a vertical
orientation. The irxradiance is uniform within the central (50 x 50) mm area of the test specimen| to

irradiancq frem(the heater is able to be held at a pre-set level by means of a temperature controller
he

within +#2|% in_the horizontal orientation and to within £10 % in the vertical orientation. The hee'1§er

and three|type K stainless steel sheathed thermocouples, symmetrical around the heater element.
thermocouples are of equal Iength and wired in parallel to the temperature controller.

9.1.2.3 Theheateris controlled by a temperature controller capable of holding the element temperature
steady to within +2 °C. A suitable system is 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 is 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 is monitored by a meter capable of being read to +2 °C
or better, which is often incorporated into the temperature controller.
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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 is made of non-combustible material with a total thickness not to exceed 12 mm. The

shield is either

a)

a water-cooled shield coated with a durable matte black finish of surface emissivity e = 0,95 + 0,05, or

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 is equipped with a handle or other suitable means for quick insertion and removal. The cone

he
qu

9.1
13

ter base plate is equipped with the means for holding the shield in position and allowing it

easy and

ck removal.

.2.5 The actual ignition is accomplished by a 10 kV discharge across a 3 mm_spark g3
mm above the centre of the test specimen (when used for the horizontal location)»Fhe spar

solirce is either a transformer designed for spark-ignition use or a spark generater)The spark

op
su
kn

se

brates continuously at 50 Hz to 60 Hz until sustained flaming is achieved. The‘igniter is remd
tained flaming is achieved. The sensitivity of the timing device for meaSuring time to ign

ond and is accurate to within 1 s in 1 h. In the case of testing in thevertical orientation, the

is located in the test specimen face plane and 5 mm above the top of the’specimen holder.

9.1
de
bo
teq
Sp
bl3
thd
bld
ret
he

9.1

9.1
Th
are
Sp
teg
an
Fig

9.1
at

.2.6 The horizontal test specimen holder has its bottomdined with a layer of low-density
hsity 65 kg/m3) refractory fibre blanket with a thickness‘ef at least 13 mm. The distance be
ftom surface of the cone heater and the top of the test Specimen is adjusted to be 25 mm. T}
t specimen holder includes a small drip tray to contain a limited amount of molten matel
ecimen is installed in the vertical test specimen-holder by backing it with a layer of refrag
nket (nominal density 65 kg/m3), the thickngss”of which depends on test specimen thic

blanket is at least 13 mm thick. A layer ofrigid, ceramic fibre millboard is placed behinc
nket layer. The millboard thickness is such-that the entire assembly is rigidly bound togethe
aining spring clip is inserted behind thé.millboard. When testing in the vertical orientation
hter height is set so the centre lines up:with the test specimen centre.

.3 Smoke chamber conical heater

.3.1 This ignition soufce’is described in ISO 5659-2 as well as in ASTM E1995 and in |
e ignition source is similar to that in the cone calorimeter (See 9.1.2) but is smaller. The

specified in thesé standards as the essential components: a conical radiant electric hed
ecimen holder, alradiation shield, a pilot burner and a spark igniter to reignite the pilot b
t specimen is{75 x 75) mm and the heat flux range is 25 kW/m?2 or 50 kW/m?2, either with
external pilot flame. Schematics of the conical heater and the arrangement are found in Fig
ure 6.

.3:2\.' The active element of the conical heater consists of an electrical heater rod, rated

p located
ker power
discharge
ved when
tion (also

pwn as time to sustained flaming) is such that it is capable of recording*elapsed time to the nearest

spark gap

(nominal
tween the
he vertical
rial. A test
tory fibre
kness, but
| the fibre
r once the
, the cone

NFPA 270.
following
ter, a test
irner. The
r without
ure 5 and

at 450 W

40V, tightly wound into the shape of a truncated cone. The heater is encased on the outs

ide with a

double-wall stainless steel cone, packed with a refractory fibre material of approximately 100 kg/m3
density. The heater provides irradiances on the surface of the test specimen of 10 kW/m?2 to 50 kW/m?2, as
measured at the centre of the surface of the test specimen. The irradiance is also determined at positions
of (25 £ 2) mm to each side of the test specimen centre, and the irradiance at these two positions is
not less than 85 %, and not more than 115 % of the irradiance at the centre of the test specimen. The
heater irradiance is 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 is secured from the vertical rods of the
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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.

/ 4
4
‘ 3 ®
"
&
!
5
4
L4
5
o
2
4
L
i
1
i
I
/ 6
1
q
H
H
4
1
4
!
5
v va A A A i i > =y

Key

1  thermpcouple

2 radiatpr cone

3  specinmpen holder

4 radiatpr shield

5 heat flux meter

6  spark fgnition housing

Figure $ — Typical arrangement of ISO 5659-2 radiator cone ignition source specimen holddr
and radiator shield (side view)
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Key

1 | sparkignition housing

2 | specimen holder

3 | pilot burner and ignition electrode
4 | propane and air

Higure 6 — Typical arrangement 0f ISO 5659-2 radiator cone ignition source specimen holder
and radiator shield (front view)

9.1.3.3 The heater temperature controller is capable of holding the element temperature|steady to
within +2 °C. A suitable system is a three-term controller (proportional, integral, and derivatjive) and a
thyristor unit capable-of switching currents up to 25 A at 240 V. The controller has a temperafure input
ranpge of 0 °C to X 000 °C, a set scale capable of being read to 2 °C or better, and automatic cold junction
compensation. The cone heater temperature is monitored by a meter capable of being read t¢ +2 °C, or
befter, whieltjs often incorporated into the temperature controller.

9.1.34. * The cone heater is provided with a removable radiation shield to protect the test specmen from
th¢ ifradiance prior to the start of the test. The radiation shield is made of a non-combustiblp material
with a 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 is 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 is aligned with the edge of the test
specimen.

9.1.3.6 A small spark ignition device is 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.

© IS0 2017 - All rights reserved 15


https://standardsiso.com/api/?name=8ec3a4088de8fa561a50d8e1118adbf0

ISO/TR 10093:2017(E)

9.1.4 Periodic flaming ignition test

9.1.4.1 Thisignition 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 is applied at
regular intervals to a position 10 mm above the centre of each specimen to ignite any volatile gases given

off. The t
shown in

9.1.4.2
tightly wo|
stainless
distributi

a) thev
mask

b) thev
mask

The surfa
with a cal

9.1.4.3
stainless s
propane f]
flow rates

9.1.4.4

outside aﬁd above the cone heater [at a-height of (10 + 1) mm above the underside of the mask
i

plate] to

the cone 4
horizonta
of the moj

height. The mechanism is Such that the pilot flame moves every 4 s (+0,4 - 0 s) from the “off” position

the “test”
no more t

t specimen is (165 x 165) mm and the heat flux range is 10 kW/m2 to 50 KW /mZ. Details
igure 7.

he active element of the heater consists of an electrical heater rod, rated at 3 000, W at 24
nd into the shape of a truncated cone. The heater is encased on the outside with-a double-w
teel cone, packed with a refractory fibre material of approximately 100 kg/m3 density. T
n of the irradiance provided by the heater at the reference plane is such.that

hiriation of the irradiance within a circle of 50 mm diameter, drawn from the centre of {
ng plate aperture, is not more than +3 % of that at the centre, and

hriation of the irradiance within a circle of 100 mm diametér, drawn from the centre of {
ng plate aperture, is not more than +5 % of that at the centre.

ce area of the specimen exposed to this thermal radiatien is 154 cm2. The heat flux is checK
brated radiometer prior to testing.

[he apparatus is provided with a pilot flame and a secondary ignition source. The pilot fla
teel nozzle tube is fed with a mixture of prépane and air which is achieved by regulating 1
ow rate to 19 mL/min to 20 mL/min and the airflow rate to 160 mL/min to 180 mL/min. T
are fed directly into the pilot flame from'the flowmeters.

[he apparatus has a mechanism_tapable of bringing the pilot flame from its “off” posit
s “test” position within the‘cone (at a distance of 10 mm above the test specimen), throy

ly over the centre point of the aperture in the masking plate and perpendicular to the pla
rement of the pilot@ym, with the centre of the orifice in the nozzle positioned at the indicaf

bosition in no;more than 0,5 s, then stays there for 1 s (+0,1 - 0 s) and then returns in a time
nan 0,5 s.
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9.1.4.5 The secondary ignition source is 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 is continuous until ignition of the test specimen.

secondary ignition source

radiator cone
masking plate heater cable

pressing plate

0 N o vl

1
2
3 | support framework
4

pilot flame source sliding counterweight

NOTE Source: ISO 10093:1998, Figure 9.

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.

9.2.1.2 It consists of a radiant heat source for generating a heat flux of up to 100 kW/m2 and uses
four silicon carbide elements, Type LL, (508 £ 3) mm x (16 = 1) mm, with a nominal resistance of 1,6 V.

© IS0 2017 - All rights reserved 17


https://standardsiso.com/api/?name=8ec3a4088de8fa561a50d8e1118adbf0

ISO/TR 10093:2017(E)

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, is 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 outside diameter, a nominally 0,8 mm wall, and stainless-steel tubing, is used in all
tests and is fed with an air/gas fuel mixture. The gas is methane or natural gas having 90 % or more
methane. The fuel mixture is a methane-air mixture (120 cm3/min gas, and 850 cm3/min air). An u

consists of a straight length of nominally 6,3 mm outside diameter, nominally 0,8 mm wall, and stainlgss
ing nominally 360 mm long. At a heat flux above that producing a combustible gas-mixture oyer
the surfacg of the sample there is a choice of piloted or unpiloted ignition. In addition to pileted and n¢n-
piloted mpdes of operation, it is possible to accomplish pilot ignition of a test specimen-by locating the
pilot flamg at different positions relative to the sample surface in such a fashion thdt.the flame will oply
impinge OIE the test specimen surface when necessary, with the location chosen dépending on the natyire
of the ignition to be simulated by the test.

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

9.2.2.1 This ignition source is described in ASTM E1321 and“consists of a main frame, tpst
specimen [holders, a stack, a radiant panel and a pilot igniter. A<series of test specimens [of dimensjon
(155 x 155) mm] are exposed to a nearly uniform heat flux and the time to flame attachment, using
piloted igmition, is determined.

9.2.2.2 The main frame consists of two separate sections, the radiant-panel support frame and the test
specimen [support frame. The two frame sections.are joined so as to allow adjustments in the relatjve
position of the radiant panel to the test specimen‘to be made easily.

9.2.2.3 The radiant panel consists of a radjation surface of porous refractory tiles mounted at the front
of a stainlg¢ss-steel plenum chamber to provide a flat radiating surface of approximately (280 x 483) mm.
The plenum chamber includes baffle-plates and diffusers to distribute the gas/air mixture evenly oyer
the radiation surface. The gas/aif miixture enters the plenum chamber at one of the short sides|to
facilitate gasy connection whenthe panel is mounted from the frame. A reverberatory screen is provided
immediately in front of the adiating surface to enhance the combustion efficiency and increase the
radiant oytput.

9.2.2.4 T[he appropriate air and fuel flow-metering devices, gas control valves, pressure reducer gnd
trols to'support combustion at the radiant panel are all mounted on the panel support fraipe.
The air supply is,specified to 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 diop
amounts i i i
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 is either natural gas
or methane. A constant supply pressure is maintained by means of a pressure regulator. Gas is 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 is specified to be roughly 0,26
to (1,03 x 10-3) m3/s at a pressure sufficient to overcome line pressure losses.

9.2.3 Setchkin ignition

9.2.3.1 The Setchkin apparatus furnace is described in ISO 871 and in ASTM D1929.
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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 is a vertical tube with an inside
diameter of (100 = 5) mm and a length of (230 + 20) mm, made of a ceramic that will 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 is 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 is placed inside the furnace tube and
positioned (20 + 2) mm above the furnace floor on three small spacer blocks. The top is covered by a disk
of heat-resistant material with a (25 * 2) mm diameter opening in the centre that is used for observation
and passage of smoke and gases. The pilot flame is located immediately above the opening. An electrical
heating unit, contained within a mineral fibre sleeve and constructed of 50 turns of (1,3 * 0,1) mm

Ni¢hrome V alloy wire, is wound around the furnace tube and embedded In heat-resistay]
Thiermal insulation consists of a layer of mineral fibre, approximately 60 mm thick andrcoy
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top surface of the disk cover. The pilot flame is adjusted to {20+ 2) mm in length and centred
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tal jacket. The equipment is shown in Figure 8 (ISO 871:2006, Figure 1). Ignition iscondud
th or without a pilot igniter.

.3.3 An outside air source is used to supply clean air near the top of the ahnular spact
ceramic tubes through a copper tube at a steady and controllable rate,Air is heated and
the space between the two tubes and enters the inner furnace tube at the bottom. Air is me
ameter or other suitable device.

.3.4 The pilot igniter consists of a nominal (1,8 + 0,3) mn{inside diameter (ID) copy
ached to a gas supply of 94 % minimum purity propane and-placed horizontally (5 + 1) mm

Pning in the disk cover.

.3.5 The test specimen is placed inside a pan that consists of a metal container of appr
mm thick steel measuring (40 * 2) mm in diameter by (15 * 2) mm in depth. It is held iJ
broximately 2,0 mm diameter stainless steel welding rod. The ring is welded to a length o
be of rod extending through the cover of thefurnace. The bottom of the test specimen pan
5+ 5) mm down from the top of the inner furnace tube.

.3.6 Three thermocouples, 0,5. mm in diameter, either Chromel-Alumel (Type K)
hstantan (Type ]), are used fof temperature measurement. They are connected to a

ording instrument with a tolerance not exceeding *2 °C. Thermocouple TCj is used to még
hperature of the test specimen and is located as close as possible to the centre of the upp
the test specimen when-the test specimen is in place within the furnace. The thermocouy
ached to the test specimeéen support rod. Thermocouple TC; is used to indicate the temp
b air travelling pastthe'test specimen. It is located (10 + 2) mm below the centre of the test
h. The thermocouple’wire is attached to the test specimen support rod. Thermocouple TC3
asure the temperature of the heating coil. It is located adjacent to the furnace heating coi
a reference for temperature adjustment purposes because of its faster response. Heating
nducted by, means of a variable transformer or an automatic controller connected in serie
hting ceils’
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15 50 turns of no. 16 Nichrome wire in heat-resistant

16 three refractory blocks to space inner tube and
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10 Infrared heating system

2017(E)

10.1 This ignition source is used in the fire propagation test apparatus developed by FM Global and it is
described in 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 is 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 12
pro

anfl anchored at the horizontal end of a 50 mm long, 6,35 mm Quter diameter, 4,70 mm inner
stdinless steel tube. The horizontal section of the tube contains a four-hole ceramic insert to
stgble flame and prevent flashback. The pilot flame tube is\able to be rotated and elevated to p
horizontal flame at specified locations near the specimen.

10L5 An ignition timer to assess time to ignition (also known as time to sustained flaming) is
reqording elapsed time to the nearest 0,1 s and has an accuracy of better than 1 sin 1 h.

11 Diffusion flame ignition
11.1 Needle flame ignition

11
pr
fla
of
of
co
be
With the axis’of the needle burner in the vertical position, the gas supply is adjusted so that th
the flame'is (12 + 1) mm. See Figure 9.

vides a low-intensity, low-area diffusion flame. This source is intended to simulate the effe
mes resulting from fault conditions within electrical equipment. The needle burner consists
stainless-steel hypodermic tubing with the tapered end cut off. The burner has a minim
35 mm with a’bore of (0,5 + 0,1) mm and an outer diameter not exceeding 0,9 mm. The
nected withftexible tubing to a cylinder containing butane or propane. The gas purity is s}

0 Vinput,

duces 190 kW/m?2 of radiant flux in front of the quartz window that covers the lamps. The emitter

nm outer-
produce a

y despite
| to match
orporates
r and the

nm length
diameter,
produce a
sition the

capable of

12.1 This ignition sourcej which is described in IEC 60695-11-5, consists of a needle flame which

rt of small
of a piece
im length
burner is
becified to

of at least\95 %. Butane gas is the typical standard reference gas, but propane gas is also alcceptable.

e length of
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(2,0+0,2)
Under the
exposed s

Dimensions in millimetres

12

—-5—2

e diameter: 0,9 mm max.; bore diameter: (0,5 = 0,1 mm)
pply from regulated flowmeter

Source: ISO 10093:1998, Figure 3.

Figure 9 — Needle flame ignition source schematic

ning match

lis ignition source is described in ISO 8191-1 and is a diffusion flame with a calorific outj
hting to that of a burning match. A flame exposure time of (15 * 2,0) s is approximat]
L to the burning of one match:

le burner barrel consists of a stainless-steel tube with an outside diameter of (8,0 = 0,1) n]
| diameter of (6,5 #-0,1) mm and a length of (200 + 5) mm.

le burner tub@is’connected with flexible tubing to a cylinder containing propane and the flexi
f'ween the flowmeter and the burner tube has an internal diameter of 8 mm and a length

above-conditions, the flame height is approximately 40 mm. The area of impingement on {
urface of a specimen is (7,5 £+ 0,2) cm? and the heat flux is (40 + 2) kW/mZ. Butane gas is {

typical st

m. The'flowmeter is calibrated to supply a propane gas flow rate, at 25 °C, of (45 + 2) mL/n{

hut
ely

ble
of
in.
he
he

ndard reference gas but propane gas g also nrr‘ppmhlp

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

22

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=8ec3a4088de8fa561a50d8e1118adbf0

ISO/TR 10093:2017(E)

11.2.6 The gas flow rate used in this ignition source is (25 # 1) mL/min at 25 °C. The area of impingement
on the exposed surface of a specimen is (4,2 + 0,3) cm?2 and the heat flux is (37 £ 2) kW/mZ2.

S
S

Dimensions in millimetres

a) Burner assembly
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c) Burner tube
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d) Flame stabilizer

- s |

PN

e) Burner and adjustment valve

Key

gas jet
burner tube

flame ptabilizer

chokeftube

notch fitted in during assembly
gas mixing zone

accelefation section

condufting section

O© 00 N O U1 »H» W N -

outlet

NOTE Source: ISO 11925-2:2010; Figure 2.

Figure 10 — Diffusion burner

11.3 Bujiners gernierating 50 W or 500 W flames

11.3.1 Thisignition source is a laboratory burner described in IEC/TS 60695-11-3 for a 50 W flame gnd
in IEC/TS 60695-11-4 for a 500 W flame, as well as in ASTM 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 is 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 is (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
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the base and the lock nut in place, the standards stipulate that it is essential that the air-inlet openings be
completely closed.

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 is 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 is provided for adjustment of the valve. The
needle valve is 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. The standards specify that it is essential for the flame
to remain vertical. If the flame slants, possible reasons include, but are not limited to, thedrifice being
offfcentre or the needle being worn. It is important to confirm the alignment periodically and to take
appropriate actions to ensure that the flame remains vertical. The base of the burner i§|providled with a
sefrated fitting for connection to the gas supply. The burner is also (optionally) provided with|a lock nut
thgt threads onto the base. This allows the barrel to be tightened securely againstthe lock nu when the

particular test flames are associated with such positioning of the barrel that the’air-inlet openings are
paftially or fully open.

© IS0 2017 - All rights reserved 25
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Dimensions in millimetres

100410

Key

1 internpl diameter: (9,5%,0;3) mm

2 needlq valve adjusnient

Figure 11 — Burner for 50 W or 500 W flames

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
26 © IS0 2017 - All rights reserved
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Gas composition Gas flow rate Area of impingement Minimum gas purity
(mL/min) (cm2) (%)
500 W: 125 mm high flame with 40 mm inner blue cone
Methane 965 18 98
Propane 380 18 98
Butane 300 18 95
1113.5 Information for the calibration of these gas diffusion burners is found in [EC 60695111 and in
AS['M D5207.
12 Premixed burners
12.1 Premixed burner for 1 kW flame
1211.1 This ignition source is described in IEC 60695-11-2 and is alsp“used in IEC 60332-1-2 and in

its

12/1.2 The burner (see Figure 12) consists of a brass barrel tube of the following dimensions
oufside diameter, 12,0 mm internal diameter and 110, mm length. The burner barrel is fitted
injector and flame stabilizer which are removable for'cleaning purposes. Both air [oil-free labd
tered at (10 * 0,5) L/min, at 23°C, 101 kPa] and propane [of purity greater than 98 % and at a flow

me
ratj
ba

early stages.

e equivalent to (650 + 30) mL/min, at 23 °C, #01 kPa] are metered separately to the base of {
rel. The area of impingement on the exposed surface of a test specimen is approximately 2(

IEC 60332-2-1. It provides a high-intensity premixed flame of uniformflux. It is intended to si(:tlllllate the
effect on materials of a secondary source arising from other flamingitems in the vicinity, or fr

a fire in

: 17,0 mm

with a gas

ratory air,

he burner
cm2,
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10
Key
1 diamefer of holes: 1,5 mm 6  gas injector
2 flame ptabilizer 7  diameter of holes: 6 mm
3 burnef tube 8 gasinlet
4  airinl¢t tube 9 gasinlet housing
5 airinlet 10 burner basing

NOTE Source: ISO 10093:1998, Figure 8.

Figure 12 — Premixed flame burner for 1 kW flame

12.2 Burnners for vertical cable tray tests

12.2.1 Venturi burners for 20 kW vertical cable tray tests

12.2.1.1 This ignition source is described in IEC 60332-3-10 and is also used in ASTM D5424,
ASTM D5537, UL 1685 and UL 2556. It consists of a gas burner, with a Venturi mixer, which allows
vertically oriented test specimens to be exposed to a large-area premixed flame (Figure 13). This ignition
source is used in some test methods to expose test specimens with the burner oriented perpendicularly
to the vertical tray and in some other test methods with the burner oriented at an angle of 20°. The
latter exposure, while providing the same heat input, is more severe. Normal test duration is an exposure
period of 20 min.
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Dimensions in millimetres
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propane gas entry
Venturi air-gas mixer

242 round holes, 1,32 mm in diameter, on 3,2 mm centres, staggefed in three rows of 81, 80 an
centred on the face of the burner

TE Source: ISO 10093:1998, Figure 4 a).

Figure 13 — Venturi burner for-20 kW vertical cable tray tests

hturi mixer. The flame-producing surfade)of the burner consists of a flat metal plate that i

t the leading edge of the burher face is located quickly and accurately (76 + 5) mm horizon|

frgm the nearest surface of theycables during the burn period of the test.

12
thd
of

im
ou

12

flow rates of these gases during the test. Flow rates are measured with a propane flowmet
measuring at least 230 cm3/s and an air flowmeter capable of measuring at least 1 330 ¢

[puts are permitted alternatives.

air

isfiltered sufficiently so as to eliminate any contaminants that might affect the test resul

d 81 holes,

12.1.2 The ignition source is a 254 mm -strip or ribbon-type propane gas burner with gn air/gas

5 341 mm

g and 30 mm wide. The plate has an afray of 242 holes drilled in it. The holes are 1,35 mm inf diameter,
3,2 mm centres in three staggered-tows of 81, 80 and 81 holes each, to form an array imeasuring
b7 x 5) mm. The array of holes js‘eentred on the plate. A guide is attached to the burner or ytand such

[tally away

12.1.3 A flowmeter-is_inserted in both the propane and the air lines feeding the burner t¢ measure

b1 capable
m3/s. It is

portant thatflew rate measurements be accurate to within 3 %. Mass flow controllers with fecordable

12.1.4¢ Compressed air is supplied to the burner, either bottled or from a compressed air system. The

[s. The air

dew point is not greater than U °C, as measured by a dew point measuring device. The air flow rate is
(1 280 £ 80) cm3/s, when corrected to standard temperature and pressure (20 °C and 101 kPa). The
propane used is CP grade propane (99 % pure), having a heat content of approximately 50,8 M]/kg
(93,0 MJ/m3 at 20 °C, 101 kPa) for the burner. The propane flow rate is (220 + 8) cm3/s when corrected
to standard temperature and pressure (20 °C, 101 kPa). This propane flow provides a theoretical heat
output of 20 kW. The actual heat output is less due to incomplete combustion of the propane at the burner.

12.2.1.5 This ignition source can also be used for higher heat inputs and it has been used for inputs as
high as 60 kW.

©lI
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12.2.1.6 Under some circumstances, two Venturi burners (of similar characteristics) are used. When
two burners are used, they are mounted side by side as shown in Figure 14.

682

i
[ 84

Key
1  compfessed-air entry
2 propahe gas entry

3 Ventufi air-gas mixer

NOTE Source: ISO 10093:1998, Figure 4 b).

Figure 14 — Double Venturi burner for Vertical cable tray tests

12.2.2 Bpurner for vertical riser cable tests

12.2.2.1 [his ignition source is described in UL-1666. It is a gas burner which allows vertically oriented
test specimens to be exposed to a large-area premixed flame and to assess whether test specimgns
spread flajne from one floor to another. It.is‘more severe than the ignition source in 12.2.1 and is used for
assessing whether electric cables spread.fire from one floor to the floor above.

12.2.2.2 The burner consists of piping plus a steel diffuser plate. The fuel is commercial grade propdne
of approxjmately 83,1 MJ/m3-heat content. The test flame is to produce approximately 154,5 kW. The
burner flame is ignited witha.pilot and the burner flame is increased to (1 657 + 86) cm3 to start the t¢st.
The test flame is normallyapplied to the cable for 30 min.

12.3 Burner fordarge scale horizontal tests

12.3.1 This-ignition source is described in ASTM E84 (where it is used for building products) and is
also simil i ' it i gh
fire performing products. Note that the test specimen exposure conditions and other test apparatus
considerations are different between ASTM E84 and NFPA 262.

12.3.2 One end of the test chamber (designated as the “fire end”) is provided with two gas burners
delivering flames upward against the surface of the test sample. The burners are spaced (292 + 6) mm
from the fire end (or air-inlet end) of the test chamber and (191 + 6) mm below the removable top cover.
The burner is located (1 320 = 51) mm downstream of the air-inlet shutter, as measured from the burner
centreline to the outside surface of the shutter. Gas to the burners is provided through a single inlet pipe
distributed to each port burner through a tee-section. The outlet is a nominal 19 mm elbow. The plane of
the ports is parallel to the furnace floor, such that the gas is directed upward toward the test specimen.
Each port is positioned with its centreline (102 + 6) mm on each side of the centreline of the furnace so
that the burner flame is distributed evenly over the width of the exposed test specimen surface.
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