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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.
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Introduction

Fire in an operating room is the most dangerous situation for patient and staff. Besides electrosurgical
devices and endoscopic light sources, even surgical lasers can be ignition sources for drapes, gowns
and tracheal tubes. This risk was identified very early and several ISO standards for laser proof
materials have been published. The medical beam delivery system itself, however, was out of focus.
Due to the increasing market on the one hand and necessity for cost reduction in health care on the
other hand fibres have come into the market with a risk of self-ignition of the core or cladding material.
Furthermore with reinvention of fibre-applicator-systems for contact application or integrated diffusor
systems they have an increased risk for self-ignition due to high absorption. This document elaborates
repr@ducible Test parameters for medical beam delivery systems.

© IS0 2020 - All rights reserved v
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Lasers and laser-related equipment — Test methods
for laser-induced damage threshold — Classification of
medical beam delivery systems

1 Scope
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document specifies a method of testing the laser-induced ignition and damage of(m
ery systems to allow checking of suitable products according to the classification-syst

1  Take care when interpreting these results, since the direct applicability of the result
pd to the clinical situation has not been fully established.

2 Users of products tested by this method are cautioned that the laser willlbe wavelength
1 at the wavelength for which it is intended to be used. If tested using other\wavelengths, the p
hodes of beam delivery need to be explicitly stated.

ION — This test method can involve hazardous materials, operations and equ
ment provides advice on minimizing some of the risks associated with its use
ort to address all such risks. It is the responsibility of the user of this document
opriate safety and health practices and to determine the applicability of
ations prior to use.

pdical beam
bm.

s of this test

sensitive and
bwer settings

ment. This

i
lﬂ’ut does not

Lo establish
regulatory

heir content
applies. For
hts) applies.

- laser beam

(I associated

99 and the

ddresses:

2 Normative references

The following documents are referred to in{the text in such a way that some or all of t
constitutes requirements of this document. For dated references, only the edition cited
unddted references, the latest edition of\the referenced document (including any amendme
ISO 13694, Optics and photonics — Lasers and laser-related equipment — Test methods fo
powdr (energy) density distribution

ISO/IEC Guide 99, Interngtional vocabulary of metrology — Basic and general concepts an
termg (VIM)

3 Terms and definitions

For the purpeses of this document, the terms and definitions given in ISO/IEC Guide
following apply.

ISO gndJEC maintain terminological databases for use in standardization at the following z
— ISO Online browsing platform: available at https://www.iso.org/obp

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

3.1

afterflame

persistence of flaming of a material, under specified test conditions, after the ignition source has
been removed

[SOURCE: ISO 11810:2015, 3.1]
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3.2

afterflame time
length of time for which a material continues to flame, under specified test conditions, after the ignition

source has b

een removed

[SOURCE: ISO 11810:2015, 3.2]

3.3
afterglow

persistence of glowing of a material, under specified test conditions, after cessation of flaming or, if no
flaming occurs, after the ignition source has been removed

[SOURCE: IS0 11810:2015, 3.3]

3.4

afterglow time
time during which a material continues to glow, under specified test conditions, afiter cessati
flaming or, if no flaming occurs, after the ignition source has been removed

[SOURCE: IS0 11810:2015, 3.4]

3.5

beam diamjeter

d95

diameter of p circular aperture in a plane perpendicular to the beam axis that contains 95 % of the

beam powel

[SOURCE: I

(energy)
0 11145:2018, 3.3.1, modified — Value of contained total beam power set to 95 %

Note 1 to enftry removed.]

3.6

beam cross-sectional area

Ags

smallest corppletely filled area containing 95-%-of the total beam power (energy)

[SOURCE: 10 11145:2018, 3.6.1, modified — Value of contained total beam power set to 95 %
Note 1 to entry removed.]

3.7
combustio

any continl:Eng burning proeess that occurs in or on the specimen caused by a chemical proce
oxidation wjth the liberation of heat

EXAMPLE

Flame,smouldering, rapid evolution of smoke.

[SOURCE: IS0 11810:2015, 3.7]

3.8

bn of

total

and

and

ss of

destruction

damage of the system during laser radiation transmission due to absorption rather than ignition
(crumbling, melting, disconnecting, breaking) with or without loss of parts of the system

3.9
flammable

subject to ignition and flaming combustion

[SOURCE: ISO 11810:2015, 3.9]
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3.10

ignition

creation of combustion induced by the beam delivery of laser power

[SOURCE: ISO 11810:2015, 3.10, modified — "laser" was included before "power"]
3.10.1

irradiation ignition

ignition of a specimen by laser irradiation of the specimen from outside

3.10.2

transmission ignifinn
ignitjon of a specimen by a laser beam transmission through the specimen

3.11
laser resistance
meagure of the ability of a material to withstand laser power without ignition 6y damage

[SOURCE: ISO 11810:2015, 3.11]

3.12
medjcal beam delivery system
product intended to transmit the laser beam from the source to the treatment site directly ¢r by the use
of additional applicators

EXANMPLE Articulated arms, hollow waveguides, optical fibres.
Note [l to entry: Directly means direct application either witli‘bare fibres, shaped fibres or internal mparked fibres.

3.1211
appljcator
attadhment to the medical beam delivery system at the treatment site

EXANPLE Focussing handpiece, micromanipulators, scanners, endoscopes, shaped tips like gapphire tips,
cerarhic/metal tips, radial tips, focussing lenses or diffusor tips.

3.13
melting behaviour
softgning of a material underthe influence of heat (including shrinking, dripping and burnihg of molten
matgrial, etc.)

[SOURCE: ISO 11810:2015, 3.12]

3.14
thermal resistance
ability of a material to resist conduction of heat

[SOURGE:1SO 11810:2015, 3.20]

3.15
product
finished medical device (samples)

3.16
reusable product
product intended to be prepared and re-sterilized for multiple use

[SOURCE: ISO 11810:2015, 3.16]
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single use

:2020(E)

product intended to be used once and then discarded

[SOURCE: IS

011810:2015, 3.18]

4 Principle

WARNING — This test method can result in a rocket-like fire. Such a fire can produce intense
heat and light and toxic gases.

To simulate

an environment up to 98 % + 2 % oxygen.

5 Significance and use of the test

5.1 A meq
treatment a
radiation to
or endoscof
tips, focussi
fibres, shapg

5.2 Thisd
ignition, flar]
have been fi
different tyq

5.3 Alarg
the outcomd
test method

NOTE
scope of this
might affect {

5.4 Since

or unintenti
and 98 % +

5.5 The pj

This method can be applied to-study the effect of changing the test conditions, but this is outsig

worst-case conditions, the material is exposed to laser power of known characterist

lical beam delivery system is intended to transmit the laser beam ffom the source t
rea. This can be articulated arms, hollow waveguides or optical fibres. It can delive
the target by connected applicators like focussing handpiece, micromanipulators, scar
es or fix mounted applicators as shaped tips like sapphire tips; ceramic/metal tips, 1
ng lenses or diffusor tips. Another technical solution is the dirgct application either with|
d fibres or internal marked fibres.

ocument describes a uniform and repeatable test method for measuring the laser-ind
he spread and damage of medical beam delivery'systems. Variables involved in laser ign
xed in order to establish a basis for comparison. This test method can be used to conf
es and designs.

e number and range of variables are«involved in ignition. A change in one variable can §
of the test. Caution should be observed, since the direct applicability of the results o
to the clinical situation has not beén fully established.

Hocument. For example, variation of the breathing-gas flow rate or different breathing-gas mixj
he laser ignition.

hn oxygen-enricied atmosphere is often present in the clinical situation, either intentig
bnally, the testis/performed under ambient air conditions and an environment of 60 %
P 06 oxygenyrespectively.

eparation of the specimen shall be in accordance with the manufacturer's instructions fo

cs in

b the
I the
Iners
adial
bare

uced
ition
pare

hffect
f this

e the
tures

nally
2%

[ use.

6 Apparatus

6.1 General

The test apparatus shall consist of a draught-resistant ventilated containment box, specimen holder,
specimen rack, laser energy source and associated parts (see Figures 1 and 2).
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Key
edical beam delivery system 6  flashback arrestor
;Eedical beam delivery system support using two clamps 7  oxygen flow meter and controller
lpser source for irradiation 8  pressure regulator with inlef and outlet
gauges
4  dontainment box (lateral view) 9  quick-action inert gas valve
5 ¢nclosure cover (may be multi-piece) 10 opening for laser access

11 liquid for cooling/cleaning

Figure’l — Apparatus for irradiation ignition testing
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Key

6.2

medical peam delivery system 6  flashback arrestor
medical peam delivery system support using two-elamps 7  oxygen flow meter and controller

laser soyrce for transmission 8 pressure regulator with inlet and ¢utlet
gauges

containnmient box (lateral view) 9  quick-action inert gas valve

enclosurg cover (may be multi-piece) 10 opening for laser access

11 liquid for cooling / cleaning

Figure2 — Apparatus for transmission ignition testing

Containmentbox

The containjment box controls the environment around the specimen while allowing the laser begm to

be directed ontothespecinren:

The containment box shall

a)
b)

<)

d)

be rectangular in shape and have dimensions of approximately 46 cm x 46 cm x 46 cm,
be fire-proof and easily cleaned of soot and residue from burned specimens,

allow the mounting of the test specimen for the irradiation of the specimen (Figure 1) and
transmitted irradiation (Figure 2),

allow access to the specimen,

allow direct access of the laser beam to the specimen (Figure 1),

© IS0 2020 - All rights reserved
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f) allow observation with video cameras on the top and on all sides of the box; a minimum of three
video cameras (one camera positioned above the containment box and two cameras positioned at
two of the sides of the containment box) is needed for recording purposes,

g) exhaust the gas and any products of combustion to a safe area,

h) allow cleaning of the box, and cleaning of the covers and/or windows themselves,

i) be capable of maintaining an environment of 60 % * 2% and 98 % * 2% respectively oxygen around
the specimen,

j) allow to be rapidly flooded with nitrogen or another gas to extinguish any fire inside the box, and

k) lIlave internal surfaces that are non-reflective to protect the specimen from reflections

Othefr configurations may be used, as long as the requirements of the test method as defineld herein are

not affected.

6.3
The

medical beam delivery system. The specimen shall be positioned within the specimen hold

way

3 cm)|

6.4

WAR
fireg
shou
bein|
cont

6.4.1
rang
proc

6.4.2
proc

Specimen holder

q

pecimen holder shall consist of suitable material and constructionnwhich allows the p4g

that the end of the fibre, specifically the connection between(fibre and end piece, is a
away from the specimen holder.

Lasers and beam delivery systems

NING — Surgical lasers emit radiation of sufficient power to damage living tiss
directly or by reflection of radiation. In addition to other precautions, test
Id be trained in the use of lasers and take proper safety measures based on the t

rolled access to the test area.

Various laser types emitting radiation of wavelengths in the ultraviolet, visible 4
bs are used during surgery. Any of these lasers that meets the requirements listed
pdure is suitable for use jr this test.

pdure. The system-shall provide an appropriate beam diameter, dgs, at the surface of t

1ssage of the
ler in such a
minimum of

1e or ignite
personnel
ype of laser

g used. These precautions should .include laser-safety eyewear, protective clothing and

ind infrared
in this test

The laser radiation-shall be applied with the same optical quality as is typically used for a surgical

e specimen

b a suitable

meagured in accordance with ISO 13694.

6.5 | Power‘meter

6.5.1 ~For measuring the power of the laser radiation, power meters which providg
neassenentranue andanuncertainbv ol less than 5 W shall be used.

6.5.2 The power of radiation transmitted by these systems shall be verified as accurate as +10 %. This
can be accomplished by use of an external power meter or internal calibration systems.

6.6

Gas supply system

6.6.1 The gas supply system shall provide oxygen to the medical beam delivery system at a controllable
flow rate. Also, the system shall be capable of rapidly flooding the containment box with nitrogen or
other inert gas or stopping oxygen flow, or both, to extinguish any burning material. An oxygen flow
meter and controller and a quick-action inert gas valve shall be part of this system (see Figure 1). The
nitrogen or inert gas supplied shall be at a higher pressure and allow a flow rate of at least an order of

mag

nitude greater than that of the oxygen supplied to the medical beam delivery system.
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6.6.2 Other arrangements, such as an oxygen flood valve for rapidly purging the containment box or
an inert gas flooding system for rapid extinguishment of burning material, may be used as long as the
requirements of the test method as defined herein are not affected.

6.6.3 Oxygen analyser, any device that can measure the concentration of gaseous oxygen with a
repeatability of atleast 1 % of full scale and a calibrated accuracy of at least 1 % of full scale is satisfactory.
The oxygen sensor shall be positioned so as to minimize the chance of its ignition by any fire in the
containment box.

6.6.4 Cooling systems, if the manufacturer does not provide specific requirements for any cooling or

cleaning gag
can alter thd
the accordin

6.7 Envir

6.7.1 Am

The tests ul
20% +2 %

6.7.2 Oxygen enriched atmospheres

The tests |
60% 2%

The oxygen
proportiond

6.8 SmoK

WARNING
hydrogen (
hazardous

6.9.1 A dg
burning spe
Placing the ¢

6.9.2 The

)

resistance or extinguish nascent fires. If the manufacturer provides specific requirem
g instructions shall be followed.

onment

bient air conditions

nder ambient air conditions shall be performed at room température of 20 °C + 3 °(
relative humidity.

hnd 98 % + 2 %.

concentration within the containment box shall be established at the desired rat
| mixing of nitrogen and oxygen by suitable means.

e evacuation device

hloride and hydrogen cyanide. Also, the smoke produced in such fires cont
particles of carbon, silica,;unburned matter and other materials.

bvice shall be attached to the containment box to safely remove smoke resulting fr
cimen but shall be désigned to eliminate the chance of drawing fire into the exhaust sy
ontainment beox)in a fume hood that exhausts to a safe location satisfies this requireme

smoke evaguation device shall not interfere with maintaining the oxygen environment w

the containi
pull gas fro

initiation of {combustion.

the ‘opening for laser access. The smoke evacuation shall not be activated until afte

ions
ents,

and

inder oxygen-enriched atmosphere shall be performed at oxygen concentrations of

o by

— Combustion of most materials produces toxic gases such as carbon monokide,

ains

pbm a
stem.
nt.

ithin

hent box-"For example, the flow of a fume hood shall not create draughts that would enter or

r the

7 Reagents and materials

7.1 Oxygen, 98 % * 2 % (volume fraction) pure.

7.2 Nitrogen or other gas (i.e. non-oxidizing, non-flammable), 98 % * 2 % (volume fraction) pure.

7.3 Absorber materials as phantoms.

7.3.1 Sterile wood mouth spatula, EAN-code 4049500304924 for pre blackening.

© IS0 2020 - All rights reserved
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7.3.2 Agar E406, as carrier substance for:

7.3.2.1 Intralipid, 20% as liquid diffuser.

7.3.2.2 Eosin-methylene blue solution, according to MAY-GRUNWALD?Y for specific absorption in
visible wavelength range (VIS).

7.3.2.3 ICG indocyanine green, for specific absorption in near infrared wavelength range (NIR).

8 Preparatiomroftestspecimens

8.1 | Sampling

The test specimen shall be any material, device or system used as medical beam delivery system.

8.1.1 Single use products

Single use products shall be obtained directly from the packaging in which the products arg sold.

8.1.2 Reusable products

Reusjable products shall be tested new and after reprocessing to the point when their rat{ng changes.
Reprjocessing shall include cleaning, decontaminating and, if necessary, sterilization in|accordance
with|the manufacturer’s recommendations. The pointatiwhich the product rating degraded shall be the
maximum allowed number of uses.

8.2 | Five test specimens shall be used.

8.3 | Materials requiring special treatment or preparation shall be conditioned according to the
man;tfacturer’s instructions for use. Any'special treatment or preparation shall be stated when reporting
resulfts.

8.4 | The test specimens shdll be free from any extraneous materials, as such materials can [significantly
alter|the laser ignition.

EXANPLE Char, ash;soot, blood, mucous, lubricants and other materials, beside the absorler materials
descifibed in 7.3.

8.5 | Speciméns shall be conditioned for 24 h at 20 °C + 3 °C and 20 % * 2 % relative humidjity.

9 Preparation of apparatus

9.1 Ensure that the containment box is clean (i.e. free of contaminants) by visual inspection.

NOTE

Contamination can interfere with the performance of the test or evaluation of the results.

9.2 Ensure that the laser is in working order, that its operation is understood, and that personal
protection is in place.

9.3 Ensure that there is adequate oxygen for the test and nitrogen or other gas for extinguishing any
resulting fire.

1y

© ISO
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9.4 Have other means of fire extinguishment (e.g. a carbon dioxide fire extinguisher) at hand. Water
is not recommended, as it will not extinguish some materials burning in oxygen and, if used, will cause
considerable soiling of the containment box and will interfere with interpretation of the results of laser
interaction with the specimen. Water is not recommended for use on a fire involving energized electrical
equipment.

10 Test methods

10.1 General conditions

10.1.1 Perfprm the testat 20 °C * 3 °C.
10.1.2 Insert the specimen in the containment box. Connect the gas supply systems to the:apparatus.

10.1.3 Ensuyre that the opening for laser access is as small as possible, in order to maintain the oxygen-
enriched atrhosphere but still allow laser access to the specimen.

10.1.4 Ensuyre that the gas flush is working properly.

10.1.5 Ensyre that the smoke evacuation system is working properly and will not affect the gas
concentratign in the containment box during the test.

10.1.6 Flow oxygen into the containment box at a rate and”time period sufficient to establigh an
environmenft of 60 % + 2 % and 98 % + 2 % oxygen, respectively. This oxygen level shall be verifi¢d by
use of an oxygen analyser (6.6.3) measuring the environment.

10.2 Testing during laser irradiation

10.2.1 Principle
Position the|laser so that
— the lasef beam is perpendicularto the surface of the test specimen (see Figure 1);

— the beam diameter, dys, measured in accordance with ISO 13694, shall be the smallest diameter of
the medical beam delivery system (e.g. fibre core diameter or diameter of the hollow waveguide) at
the surface of the tesp.specimen (the beam cross-sectional area, Ag;, is a critical dimension).

Lateral mot{on of thélaser spot shall be minimized by some form of stabilization.

10.2.2 Verifythat the following standardized test parameters are correct during performance of thq test:

a) exact positioning of the laser beam;

b) The sequence of testing shall be: (21 + 2) % O, (ambient air), (60 + 2) % O O, then atleast (98 + 2) %
0,. Refer to Figure 3 regarding the procedure;

c) temperature (20  3) °C;
d) the smallest diameter of the medical beam delivery system dg;;

e) mode of laser operation shall match the specification given by the manufacturer of the specimen.

10.2.3 Starting with 10 % of the maximum power specified manufacturer's of the specimen, apply the
laser beam to the test specimen for a specified duration of 1 s up to 10 s maximum, using the mode

10 © IS0 2020 - All rights reserved
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of laser operation specified by the specimens manufacturer. Stop the laser beam if direct ignition, or
damage occurs. These data shall be reported in addition to data collected at 10 s.

10.2.4 Increase the laser power in reasonable steps. Repeat the application of the laser beam for each
new power level or until ignition or damage occurs as described in 10.2.3. This shall necessitate the use
of a new specimen. Once the maximum power setting has been determined, verify the maximum power
setting by beginning the testing procedure with the five specimens.

10.3 Testing during laser transmission

10.3{1 Principle

Conrlect the medical beam delivery system with the laser source according to the)mapufacturer’s
instrjuctions. Position the medical beam delivery system end according to thecintended use of the
systdm (see also Figure 2).

10.3{2 Check the following standardized test parameters for each specimen;

10.3}2.1 Kind of applicator:

a) Ibare fibre:

1) blank;

2) shaped fibre;

3) end cap;

b) ¢ombined delivery system:
1) internally marked fibre;

2) connected end piece;

10.3{2.2 Kind of cooling:

a) If) cooling;
b) integrated cooling-system;
c) e¢xternal copling system;

d) gas or lighid cooling.

10.3{2:3, Kind of application modus:

a) non-contact device;

b) contact device

10.3.2.4 Kind of intended tissue reaction:
a) cutting;

b) coagulation;

c¢) non thermalirradiation.
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10.3.3 Starting with 10 % of the maximum manufacturer's specified power, apply the laser beam to
the test specimen, for a specified duration of 1 s up to 10 s maximum, using the mode of laser operation
specified by the specimens manufacturer. Stop the laser beam if transmission-ignition, or damage occurs.
These data shall be reported in addition to data collected at 10 s.

10.3.4 Increase the laser power in reasonable steps. Repeat the application of the laser beam for each
new power level or until ignition or damage occurs as described in 10.3.3. This shall necessitate the use
of a new specimen. Once the maximum power setting has been determined, verify the maximum power
setting by beginning the testing procedure with the five specimens.

10.3.5 Test
10.3.5.1 Cl¢

10.3.5.2 Clg
cooling.

10.3.5.3 Cl¢

10.3.5.4 Cl4
solution acq
specific absg

10.3.6 Cool

10.3.6.1 W

If the manu
without suc

10.3.6.2 W

. 3 - 1 1 . .
1115 UUT LG IdSTT UTAlll tl dlISIITISSIUIL.

ban fresh prepared fibre end or applicator in non-contact mode with and withoutceolinfg.

ban fresh prepared fibre end or applicator in contact to wood spatula, with and wit

ban fresh prepared fibre end or applicator in contact with intralipid $élution.

ban fresh prepared fibre end or applicator in contact with-dgar with eosin-methylene
ording MAY-GRUNWALD? for specific absorption in ViS“and ICG indocyanine gree
rption in NIR.

ling systems.

thout cooling/cleaning.

facturer has not given specific requirement for any cooling or cleaning gases/liquids,
h a system.

th Cooling or cleaning system,

If the manuffacturer has given specific/requirements for cooling, start with testing according t

manufactur
cooling. Inc
be given a W

10.3.6.3 An
resistance U
conditions.

ers' instruction. If no_ignition/destruction appears, repeat the same procedure wit
ase that under these condition ignition and/or destruction happens the manufacturer
arning that use without cooling or cleaning is not recommended.

y test specimeén that experiences ignition as defined in 3.10 is considered to have
p to the miaximum power at which the ignition did not occur under the specified

10.3.6.4 An

hout

blue
n for

start

b the
hout
shall

laser
test

y damage (see 3.8) to the test specimen (e.g. melting) shall be described in the test re

port,

together with the laser settings that caused such change(s).

11 Classification

11.1 General

11.1.1 Ifall

specimens belong to the same class, the tested product belongs to this class.

2)  MAY-GRUNWALD coloration is an example of a suitable product available commercially. This information is
given for the convenience of users of this document and does not constitute an endorsement by ISO of this product.

12
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11.1.2 If two or more of the five specimens belong to a higher (less safe) class, then the tested product
shall be assigned to that class.

11.1.3 If one of the specimens belongs to the higher (less safe) class, a new test series with five new
specimens shall be performed. If one or more specimens of the new series belong to the higher (less safe)
class, the tested product shall be assigned to that class.

11.2 Irradiation ignition testing (I)

For 1rrad1at10n 1gn1t10n testlng (see Flgure ) each speCImen shall be graded/claSSIfled w1th the symbol
i h 3 eates the used

oxygen concentratlon (see also Table 1)

— (lass I1 indicates that the product did not ignite with the oxygen concentrations of P1 % + 2 %
ambient), 60 % * 2 % and/or at 98 % * 2 %.

EXAMPLES 11,4, 114y and 1145 where I14g is the best rating.

— (lass 12 ignites and self-extinguishes after stopping the laser with'the oxygen concentrations of
21 % £ 2 % (ambient), 60 % * 2 % and/or at 98 % = 2 %.

EXAMPLES 125,124, and 2.

— (lass I3 ignites and did not self-extinguish after stoppingthe laser with the oxygen comcentrations
of 21 % * 2 % (ambient), 60 % + 2 % and/or at 98 % * 2-%; ignition time > 4s

EXAMPLES  13,,, 134, and I3g.

— (lass 14 ignites and did not self-extinguish aftér stopping the laser with the oxygen comcentrations
£21 % = 2 % (ambient), 60 % = 2 % and/orat 98 % * 2 %; ignition time < 4s

EXAMPLES 14, 14, and I4gg.

Table 1 — Classification system for irradiation ignition testing (I)

Class Ignite Ignition time Self-extinguish
11 No
12 Yes Yes
13 Yes >4 s No
4 Yes <4s No

11.3 Transmission ignition and destruction testing (T /D)

11.3}1-"Transmission ignition testing (T)

For transmission ignition testing (see Figure 3) each specimen shall be graded/classified with the
symbol (T) followed by a number that describes the result of the test and a subscript that indicates the
used oxygen concentration (see also Table 2).

— Class T1 indicates that the product did not ignite with the oxygen concentrations of 21 % * 2 %
(ambient), 60 % * 2 % and/or at 98 % * 2 %.

EXAMPLES  T1,;, T1g,and T1lgg where T1lgg is the best rating.

— Class T2 ignites and self-extinguishes after stopping the laser with the oxygen concentrations of
21 % £ 2 % (ambient), 60 % * 2 % and/or at 98 % = 2 %.

EXAMPLES  T2,,, T2, and T2gg.
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— Class T3 ignites and did not self-extinguish after stopping the laser with the oxygen concentrations

of 21 %

+ 2 % (ambient), 60 % + 2 % and/or at 98 % + 2 %; ignition time > 4s;

EXAMPLES  T3,,, T34, and T3gg.

— Class T4 ignites and did not self-extinguish after stopping the laser with oxygen concentrations of
21 % £ 2 % (ambient), 60 % * 2 % and/or at 98 % * 2 %; ignition time < 4s

EXAMPLES T4, T4, and T4qg.

Table 2 — Classification system for Transmission ignition testing (T)

11.3.2 Tra

If during tr4
be graded/(
a subscript {

e C(ClassD
(ambier

EXAMP]]

e C(Class D
21% +

EXAMP]]

e C(lassD{
and/or

EXAMP]]

Class Ignite Ignition time Self-extinguish
T1 No
T2 Yes Yes
T3 Yes >4s No
T4 Yes <4s No

hsmission destruction testing (D)

nsmission testing, destruction of the specimen occurs (seefligure 4), each specimen
lassified with the symbol (D) followed by a number that dé€scribes the result of the tes
hat indicates the used oxygen concentration (see also Table 3).

| indicates that the product did not destruct with thé.oxygen concentrations of 21 % 4
t), 60 % + 2 % and/or at 98 % * 2 %.

ES D1,,, D14, and D1gg where D1gyg is the best-rating.

P destructs but does not break and lpse any parts with the oxygen concentratio
P % (ambient), 60 % *+ 2 % and/or at 98'% * 2 %.

ES  D2,,, D24 and D2gg.

destructs and lost parts withithe oxygen concentrations of 21 % * 2 % (ambient), 60 %
it 98 % + 2 %; ignition tiniey> 4s;

ES D321, D360 and D398

Table 3 — Classification system for applicator destruction testing (D)

shall
t and

2%

hs of

E2 %

Class Destruction
D1 No
D2 Yes, but no loss of parts
D3 Yes, with loss of parts

14
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