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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

The safety of machinery against fire involves fire prevention and fire protection and fire-fighting. In
general, these include technical, structural, organizational and fire suppression measures. Effective fire

safety of machinery can require the implementation of a single measure or a combination o

This document deals with the measures shown in Figure 1.

Inherently safe design measures

f measures.

\

Safeguarding

\

Complementary protective measure

—spre-fire alarm systems

—=fire alarm systems

—manually released fire suppression equipment and s
—automatically released fire suppression systems

Further complementary protective measures

Integrated fire fighting and fire detecting measures

ystems

\i

Information for use

Figure'l— Protective measures dealt with in ISO 19353

This|document is a type-B standard as stated in ISO 12100.

This|document is{of relevance, in particular, for the following stakeholder groups reprs
markKet players\with regard to machinery safety:

— 1inachivie manufacturers (small, medium and large enterprises);

bsenting the

eillance etc.).

Others can be affected by the level of machinery safety achieved with the means of the document by the

above-mentioned stakeholder groups:

— machine users/employers (small, medium and large enterprises);

— machine users/employees (e.g. trade unions, organizations for people with special needs);

— service providers, e. g. for maintenance (small, medium and large enterprises);
— consumers (in case of machinery intended for use by consumers).

The above-mentioned stakeholder groups have been given the possibility to participate at
process of this document.

© IS0 2019 - All rights reserved
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In addition, this document is intended for standardization bodies elaborating type-C standards.
The requirements of this document can be supplemented or modified by a type-C standard.

For machines which are covered by the scope of a type-C standard and which have been designed and
built according to the requirements of that standard, the requirements of that type-C standard take
precedence.
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Safety of machinery — Fire prevention and fire protection

1 Scope

This document specifies methods for identifying fire hazards resulting from machinery and for
performing a risk assessment.
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es the basic concepts and methodology of protective measures for fire prevention an
taken during the design and construction of machinery. The measures consider the-i
easonably foreseeable misuse of the machine.

pvides guidelines for consideration in reducing the risk of machinery fires to accej
1gh machine design, risk assessment and operator instructions.

document is not applicable to:
obile machinery;

achinery designed to contain controlled combustion progesses (e.g. internal combust
urnaces), unless these processes can constitute the ignition source of a fire in other
achinery or outside of this;

achinery used in potentially explosive atmospheres and explosion prevention and prd
ire detection and suppression systems that areiintegrated in building fire safety syste

hlso not applicable to machinery or machinery components manufactured before th
cation.
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following documents are(referred to in the text in such a way that some or all of t
Fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

2100:2010, Safety-of machinery — General principles for design — Risk assessment and r
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 12100, ISO 13943 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

|
|
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31
combustibility
property of a material capable of burning

Note 1 to entry: Accurate assessment of the combustibility characteristics of a material depends on the operating
conditions of the machinery and the form and physical state of the material (e.g. gaseous, liquid or solid; solids
chopped to form shavings or dust, or not).

Note 2 to entry: On the basis of their combustibility, materials can be classified into non-combustible, hardly
combustible, combustible and easily combustible materials. It is important not to mix up combustibility on the
one hand, and flammability or ignitability on the other. Consequently, flash points and ignition points do not

represent quantitative measures of combustibility.

3.2

extinguishing opening

port in theg machine housing, closed with a plug or flap that can be safely accessed with an
extinguishihg device

Note 1 to enty: An extinguishing device, e.g. a hose or lance, can be used.

3.3

fire

self-supportling combustion that can occur as controlled combustion or ¥uncontrolled combustion

Note 1 to entfy: Controlled combustion is deliberately arranged to provide‘an intended effect.

Note 2 to entfy: Uncontrolled combustion is spreading uncontrolled in‘time and space.

Note 3 to enfry: In the case of a combustion control failure, controlled combustion can lead to uncontrolled
combustion.

3.4

fire-extinghishing agent

agent whicl] is appropriate to extinguish fire, (3:3) by cooling below ignition temperature and/¢r by
reducing th¢ oxidizer level

Note 1 to enfry: The extinguishing agent cambe gaseous, liquid or solid. Common extinguishing agents include
water, carbon dioxide, nitrogen, argon, chientical powder or foam.

3.5

fire prevention

set of measyres to prevent thejoutbreak of a fire (3.3) and/or to limit its effects

[SOURCE: IS0 8421-1:1987,1.21, modified — The words “set of” has been added to the definition.]

3.6

fire protection

set of measfires such as design features, systems, equipment, buildings or other structures to rgduce
danger to pé ing-ext ishing HHRgfire

[SOURCE: ISO 8421-1:1987, 1.23, modified — The words “set of measures such as” have been added to
the definition.]

3.7
fire suppre

ssion system

technical system to fight a fire (3.3) and to reduce the damaging effects of flames and heat

Note 1 to entry: Additional devices can be required to extinguish the fire.

3.8

ignition energy

energy nece

ssary to initiate combustion

© ISO 2019 - All rights reserved
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3.9

low evaporation metalworking fluid

low-emission metalworking fluid

metalworking fluid composed of low-evaporation base media and anti-mist additives

Note 1 to entry: Low-evaporation base media are base oils consisting of low-evaporation mineral oils, synthetic
esters and/or special liquids.

3.10
overheating
uncontrolled temperature increase

3.11
pre-fire alarm system
pre-fire detection

system that detects conditions that can lead to the potential onset of fire (3.3) and initiates|a response

Note [l to entry: A response can be a trigger of an alarm signal or can initiate an automatic reaction

Note P to entry: Sensors for these systems can detect heat due to friction, hot surfaces, loss of inerting, abnormal
changes of gas concentrations, failure of lubrication or cooling supply, etc.

Note 3 to entry: A fire alarm system is understood to be a system that,dy the use of sensors, detectjs the onset of
fire and initiates a response. Sensors can be designed to detect smoke, combustion gases, heat or flgmes.

3.12
required performance level
PL;
performance level (PL) applied in order to achieve therequired risk reduction for each safefty function

[SOURCE: 1SO 13849-1:2015, 3.1.24, modified = 'Note 1 to entry has been deleted.]

3.13
self-jgnition
spontaneous ignition resulting from self-heating

4 Fire hazards

4.1 | General

A firp hazard occuts)if combustible materials (fuel), oxidizer (oxygen) and ignition energly (heat) are
availpble in sufficient quantities at the same place and at the same time. A fire is an interaction of these
thre¢ components in the form of an uninhibited chemical reaction (see Figure 2).

A fir¢ can be prevented or suppressed by controlling or removing one or more of the compdnents of the
fire tettahedron.

Certain materials are inherently unstable, extraordinary oxidizers or capable of self-heating. This
affects the fire hazard.

Variation in oxygen concentration (e.g. oxygen enrichment) can also affect the fire hazard.

The fire hazard can arise from the material processed, used or released by the machinery, from
materials in the vicinity of the machinery, or from materials used in the construction of the machinery.

NOTE An explosion hazard can exist in addition to the fire hazard.

© IS0 2019 - All rights reserved 3
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1
4
2 3
Key
1 heat 3 fuel
2 oxygen 4 uninhibited chemical chain reaction
Figure 2 — Fire tetrahedron

4.2 Combustible materials

It shall be ¢letermined whether combustible materials exist or can exist and in what quantity

distribution

The ease of
example, sn
piece of tha
the burning

Considerati
use. Such cH
gases and V3

4.3 Oxid}

In assessing
producing s
oxidizer is 4

potassium permanganate (KMnO4), perchloric acid (HCIO4), hydrogen peroxide (H202) and nif

oxide (N20)

4.4 Ignity

. Combustible materials can occur as solids, liquids or gases.

all pieces of a material loosely collected together can be more easily ignited than a
material. Also, the combination of materials,can have an influence on the ignitability
behaviour.

n shall be given as to whether the properties of the materials can change over time or
anges can include the possibility~af’decomposition of the material releasing combug
ipours. This can lead to an increased fire hazard.

ZETI'S

the fire hazard, the ekistence and quantity of fire-supporting substances, e.g. oxy
ubstances, and the probability of their occurrence shall be determined. The most conj
ir. But there areZother oxidizers that support combustion, e.g. potassium nitrate (K

onsources

combustion of materials is affected by the size,.shape and deposition of the materialg.

and

For
arge
F and

with
tible

ygen-
mon
NO3),
rous

It shall be d

tarminad which ignitin
v T Hero

Possible ign
a)
b)
c)
d)

NOTE
of ignition so

mechan

cceT It VITTICT

ition sources can arise due to the influence of:

heat energy;

electrical energy;

ical energy; and/or

chemical energy.

urces.

See Annex A for examples of machines and their typical fire related hazards and Annex D for examples
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5 Strategy for fire risk assessment and risk reduction

5.1

General

3:2019(E)

Fire risk assessment comprises a series of logical steps that allow systematic examination of fire
hazards according to the procedures outlined in ISO 12100. Fire risk assessment includes the following
sequential phases:

a) fire risk analysis, comprising:

1) determination of the limits of the machinery (see 5.2);

4

b) 1
Whe

In pl
up al
takel

The
of a
quali
on th

NOTH

machliining of metallic materials.

2) identification of fire hazards (see 5.3);

3) risk estimation (see 5.4);

isk evaluation.

h deemed necessary, risk evaluation is followed by risk reduction.

1 into account.

fire occurrence has been adequately reduced. Riskcahalysis judgements shall be sup
tative or, where appropriate, quantitative estimate;of the risk associated with the haz;
e machinery. See Figure 3.

See Annex E for an example for the risk-a§sessment and risk reduction of a machining

pnning fire prevention and protection measures, normal operating conditions - including start-
nd standstill procedures, possible technical failures and reasonably foreseeable misuge - shall be

fire risk assessment and risk reduction shall be repeated as an iterative process uptil the risk

ported by a
hirds present

entre for the
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START
1. 4: - - - -
| :_ + —: I<— FIRE RISK ASSESSMENT according to 5.1
' | Determine the limits | '
! | of the machine (see 5.2) | ! - - -
| * - |
| |
' | Identify reasonably foreseeable | ' This iterative risk reduction process shall be carried
| fire hazards (see 5.3) | out separately for each hazard, hazardous situation,
| ¢ | under each condition of use
I [
vl e L .
' Perform|risk estimation (see 5.4) [ i Risk analysis i
| | L J
L] L # _______ J1 T T
. . YES
) )
Perform|risk evaluation (see 5.5)
NO Ate other
fire hazards
' ' generated? b
Has the
Yisk of fire been YES _ | Provide information »| END
adefquately reduced? a for use (see Clause 7) o
, (see 5.6) ,
‘Can YES At each step of the iterative process: risk estimation,
tge fire hazz:jr?d risk evaluation and, if applicable, uiSk comparison
e removed?
Step 1
4 Is the
NO Risk reduction by inhererntly safe intended risk
design measures (se€’5.6.2) reduction
achieved?
Can
the fir.e risk be YES
reduded by inherently safe
design measures?
Step2 ) Risk reduction by safeguarding
(see 5.6.3) Is the
Can the fire mplementation of complementaryj intended risk
r|sk be reduced by protective measures — reduction
safeguarding? and further achieved?
omplementary protective measures| )
if necessary (see 5.6.4, 6.1)
Step 3 Isth
s the
YES Canf'thelimits NO Risk reduction by information intended risk YES
b $pegified again? for use (see Clause 7) reduction
achieved?
NO
Key

a  The first time the question is asked, it is answered by the result of the initial risk assessment.

b If the applied risk reduction generates other hazards than fire hazards, risk reduction methods according to
ISO 12100 shall be applied.

Figure 3 — Schematic representation of fire risk reduction process including iterative three-
step method (adopted from ISO 12100)
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Determination of the limits of the machinery

Risk assessment shall include determination of the limits of the machinery, taking into account the
phases of the machinery life that can involve fire hazards.

Examples of machine limits that are useful in fire risk assessment are as follows:

5.3

Following the determination of the limits of thentachinery, reasonably foreseeable fire hazi
identified, taking into consideration the phases of machinery life in which a fire hazard can

NOTH See Clause 4 for a general discussion on the nature of fire hazards.

All reasonably foreseeable fire hazards associated with the various uses of the mach
identified. The hazard can be identified according to the fire loads and ignition sources (se¢

For

estinmhation of the fire risk,) the procedures outlined in ISO 12100 shall be followed. Th
provjdes a sequence of.logical steps allowing systematic examination of the fire hazards
the machinery and /erthe work process (see Figure 3).

Identification offire hazards shall include the following steps:

intended use and reasonably foreseeable misuse of the machine;
properties of materials processed by the machine;

machine operating modes;

gnticipated levels of training, experience or ability of the machine operators, maintenang
dnd where appropriate the general public;

the anticipated life of the machine and its components and the impact.of ageing wit
¢reation of fire hazards;

recommended service intervals;
lhousekeeping and level of cleanliness as potential contributers to a fire hazard;

the environment in which the machine is expected to be operated (e.g. dry, dusty, hun
¢onditions).

Identification of fire hazards

the determination of fire scenarios according to fire loads and ignition sources

identification of intended and reasonably foreseeable operating conditions;

identification of combustible and/or flammable materials that are related to the firg

e personnel,

tthe level of awareness of fire hazards by those persons likely to be exposed toe,the fire hazards;

h respect to

1id, hot, cold

irds shall be
be present.

ne shall be
e Figure 4).

and for an
b procedure
Wrising from

hazard (all

¢ iralai 1 pa +la las A | H Liads A | £ iala)
OIdtCT TdT1S TITVUTVEU TIT TITCT T AT TITITCT AU PT OT TS S, THUTUUTITS T AVW dITU PT ULTS S TIAtTCT IA1S ],

evaluation of their ignitability, flammability, combustibility, fire supporting effect and toxic issues;

estimation of the fire load based on the main combustible materials (fuel);

identification of all possible ignition sources (e.g. heat) that can contribute to an ignition event;

identification of fire scenarios according to fire loads and ignition sources: all reasonably foreseeable
scenarios that can lead to an ignition of the combustible and flammable materials, including
scenarios brought about by human errors such as exchange of substances, improper operation of

the machine, or improper maintenance.
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5.4 Risk

Once the fi1
determined
in turn alloy
depends on {
the probabil

:2019(E)

Intended and reasonably
foreseeable operating
conditions

\

Combustible
materials:
machine and process

\

bstimation

Fire properties:

- ignitabili
- flammab

ty
ility

- combustibility

- fire supp
- toxical is

orting effect
sues

Fire

load

\

/

Ignition

sources

A

!

Fire scenarios

Severityof possible harm

Figure 4 — Identification of significant fire hazards

e hazards (fire”scenarios) have been identified, the risk of occurrence of a fire shdll be
by estimation. Risk estimation provides information required for the risk evaluation, which
vs judgéments to be made about whether or not risk reduction is required. Risk estimption
he existence of a fire hazard, the frequency at which the machine is exposed to the fire hagard,
ity of-a fire occurring once exposure to hazard is present and the degree of possible harm.

The risk related to the fire hazard is a function of the severity of harm that can result from the fire
hazard and the probability of occurrence of that harm. The risk graph given in Figure 5 provides

guidance for risk estimation.

NOTE Methodology equivalent to Figure 5 can be used (see ISO/TR 14121-2).
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Key

Risk |
S1 5
S2

barameters:

light severity of injury (normally reversible)

F1
F2
P1
P2 4

Anal

— 1

erious severity of injury (normally irreversible or death)
equency: seldom to less often and/or short exposure time to hdzard
equency: often to continuous and/or long exposure time te hazard

B xachine) ;

— 1
q

— 1

q

— 1

Risk level
P1 1: very low
F1
P2
S1 P1 2: low
F2
Injury of P2
persons P1 3: medium
expected F1
P2
S2 P1 4: high
F2
P2
5: very high

voiding hazard or limiting harm scarcely possible

ossibility of avoiding hazard or limiting harm given undey specific conditions

Figure 5 — Estimation of the risk level

he‘extent of machine damage;

he frequency that the machine is exposed to the fire hazard;

ysis of fire risks shall include consideration of the following elements:

information for use regarding fire preventive measures (e.g. operating instructions,

he likelihood that'the machine operator will recognize a fire hazard and take interven
tliminate or reduce the possibility of a fire;

he likelihood that once an ignition takes place the fire can be detected by the operato
it an early.stage;

signs on the

tion steps to

[ O a Sensor

— the potential for operator or bystander injury and the most likely severity of such injury;

— the level of training of the operator with respect to fire hazard awareness and fire prevention
practices.

5.5 Risk evaluation

After risk estimation has been completed, risk evaluation shall be carried out to determine if risk
reduction is required. If risk reduction is required, then appropriate protective measures shall be

selected and applied.

© IS0 2019 - All rights reserved
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The adequacy of the risk reduction shall be determined after applying the technical fire prevention and
protection measures stated in 5.6.

NOTE See also the “three-step method” given in ISO 12100:2010, Clause 6.
5.6 Riskreduction

5.6.1 General

If risk reduction measures are required, it shall be decided which protective measures shall be taken to
reduce the risk of fire and/or to limit the effects of a fire.

After each protective measure is taken to reduce the risk of fire, a risk analysis shall be pérformed
again until the machine is safe following the process given in ISO 12100.

Fire prevention and protection measures do not cover the overall risk at the machinefy in question,
and therefofre care shall be taken to ensure that the protective measures applied damet create and/or
increase other fire risks.

Adequate risk reduction is achieved when:

— all operpting conditions and intervention procedures have been consjidered;

— the riskof fire has been eliminated or reduced to the lowest accéptable level;

— any new fire risks introduced by the protective measures have'been properly addressed;
— protective measures are compatible with one another; and

— the protective measures do not adversely affect theloperator’s working conditions or impedg the
function of the machine.

The objective of risk reduction can be achieved by-applying fire prevention and protection measurjes as
protective measures comprising, in order of prierity, the following:

a) inherenltly safe design measures (seé.\5.6.2);
b) safeguarding (see 5.6.3);
c) complementary protectivemeasures (see 5.6.4 and 6.1);

d) informdtion for use (see&lause 7).

T
()
b

All protectiye measurés-to reach this objective shall be applied in the sequence given in 5.6.2 to 5.6.
referred to gs the “three-step method” (see also ISO 12100:2010, Clause 6).

5.6.2 Inherently safe design measures

5.6.2.1 The elimination or reduction of the risk of fire shall be primarily achieved by inherently safe
design measures, as shown in 5.6.2.2 to 5.6.2.6.

5.6.2.2 Minimal use of combustible materials in the construction of a machine.

The selection of the materials shall be carried out according to the risk analysis (see 5.2 to 5.4). In case
non-combustible materials are not applicable, self-extinguishing materials and fire-protected materials
should be used.

NOTE Such materials can be classified as per EN 13501-1 as class A1, class A2 or class B.

10 © IS0 2019 - All rights reserved
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5.6.2.3 Minimal use of flammable fluids or lubricants.

The selection of fluids shall be carried out according to the risk analysis (see 5.2 to 5.4) taking into
account the combustion and ignition properties of the process fluids used.

NOTE

Data for non-water-miscible metalworking fluids to perform risk analysis are shown in T

example.

5.6.2.4 Competent ignition sources.

able E.1 asan

The risk analysis shall include machine operation or process deviations that might lead to the generation

of co

5.6.2.5 Use of materials in the construction of a machine that eliminate or minimize
interpction with the materials produced by or used by the machine.

5.6.2.6 Machine design that shall avoid aggregation of combustible or fire)supporting cor
or a¢cumulations of raw material, intermediate product or finished product that exceed
requ

If applicable, inclusion of information in the instruction manual regarding steps to be taker
to refduce or prevent the onset of fire, see Clause 7.

5.6.3

Wheh it is not possible to eliminate hazards or suffi€iently reduce risks by inherently
meagures, consideration shall then be given to safegitarding to prevent persons from being
the hazards.

Safeguarding comprises the following:

a)

b)
‘)

The tequired performarice level (PL;) of a safety-related part of a control system necessary
func

5.6.4

5.6.4.1L-, ‘General

4 3 - It cloll o 2 Ll o 1 1L § A | 1ot dai ad L
lllJCLCllL lslllLlUll SQUUI LTS, IUOSIIdIT UU TUUIILITICTU TTUVV SULIT UTVIAUIUILIS dI'TC UtLTULTU auulu

red for normal operation of the machine.

Safeguarding

imitation of the effects of fire (e.g:.flames, heat and smoke), for example by shielding
f the machine to eliminate or minimize the risk of injury to persons and/or damage to

¢ontainment or evacuation efthazardous components (e.g. dust, heat, smoke, toxicity);

installation of measures.against flame ejection and hot gases through openings of the 1
labyrinths, door gaps) opening for workpiece loading, see E.3.8.1.2).

ion shall be determined according to ISO 13849-1.

Complementary protective measures

controlled.

an adverse

centrations,
the amount

by the user

safe design
r exposed to

br enclosure
property;

hachine (e.g.

for a safety

When inherently safe design measures and safeguarding do not reduce the risk of fire adequately,
further risk reduction shall be achieved by applying complementary protective measures. The
procedure to select the complementary protective measures is set out in detail in Clause 6.

Preference shall be given to integrated fire detection and fire suppression systems.

5.6.4.2

Integrated fire detection and fire suppression systems

Integrated fire detection and fire suppression systems include devices for fire detection, control, alarm
and extinguishing.

The control of the integrated fire detection and fire suppression systems shall be implemented
according to ISO 13849-1.

© IS0 2019 - All rights reserved
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The system shall include at least one safety function, for example, for:

a) the detection of a fire;

b) the corresponding signal processing; and

c) the activation of adequate measures (e.g. activation of fire suppression and/or fire alarm).

Depending on the risk analysis, the necessary safety function(s) and corresponding required
performance level (PL;) shall be defined.

NOTE1 Anexample for the design of a fire suppression system integrated in machinery is given in Annex C.

NOTE 2 A1|1 exemplary list of safety functions for machining centres for the machining of metallic matepjals is
given in Tabl¢ E.2.

The extent jof fire damage essentially depends on the fire load, the fire spreading and duratipn of
the fire. The fire should be detected as soon as possible and the extinguishing procedure should be
initiated with the minimum of delay following fire detection. If persons can be endangered by the use
of a hazardqus fire-extinguishing agent (e.g. carbon dioxide, nitrogen) due regardyshall be given tp the
safety of pefrsons in the area of the machine and/or in the machine itself. These measures should be
taken to engure that a fire is extinguished or limited as far as possible to the‘area of its occurrencd.

5.6.4.3 Fyrther complementary protective measures

It can be ngcessary to provide further complementary protective measures for fire preventior] and
protection, ¢xamples are given below:

— automatic shut-down of the machinery and/or of auxiliary equipment, including blocking of all feeds
to the machine, e.g. raw material, utilities and blocking of outgoing products;

The functions that are still required (e.g. cooling)emergency power supply) shall stay in servige.
— emergehcy stop of the machinery according.to ISO 13850;
— extingufishing opening in combination with extinguishing lance or a fire extinguisher;
— connection coupling for the supply of extinguishing agent, e.g. water or inerting gas;

— isolatiof of the protected aréa‘covered by the fire suppression system, e.g. by an enclosure or water
curtain

— installafion of additienal sensors and implementation of appropriate actions (that can detect smoke,
combusftion gases,héat or flames) at other locations with high fire risk.

The safety-telatedspart of a control system required by a complementary protective measure |shall
comply witl the réquired performance level (PL;) determined according to ISO 13849-1.

If n rie&tenticon-or callacting davicnc for afiva afflinntc and Ayt agiiching agnn o 1icn d3 th
ecessaryretentonorEcone et g aetvces ottt e et R eXtmgHSHRgagents usea+ e

event of a fire shall be provided.

6 Procedure for the selection of complementary protective measures
6.1 General

6.1.1 Use of the procedure

When inherently safe design measures and safeguarding do not reduce the risk of fire adequately
further risk reduction shall be achieved by complementary protective measures.

12 © IS0 2019 - All rights reserved
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For the selection of complementary protective measures, the procedure shown in 6.1.2 to 6.1.7 shall
be used.

6.1.2 Determination of the residual risk level

Determine the residual risk level based on the possible injury of persons (see Figure 4).

6.1.3

Specification of requirements for the choice of fire detection and fire suppression system

Specify the requirements for fire detection and fire suppression based on the determined residual

risk

evel.

Annd

x B gives an example of a methodology for selecting and qualifying a fire detect

suppression system.

on and fire

6.1.4 Specification of safety and performance requirements
Specjfy the safety and performance requirements for the detection, alarm and activation of the fire
supplression system.
6.1.3 Selection of system parts and suitable fire-extinguishing-agent
Seledt individual system parts in accordance with the safety¢and performance requirements specified
in 6.1.4 regarding suitability and reliability as well as the\type, number, location, distribution of the
systdm components. At the same time, select the requiredtype and quantity of fire-extinguishing agent.
6.1.4 Decision on the need for further complementary protective measures
Chedk if further complementary protective measures are required because the remaining| risk level is
not acceptable (see 5.6.4.3).
6.1.7] Validation
Compare the performance of the fire prevention and protection system with the r¢quirements
established in 6.1.2. If the risk(ofifire has not been adequately reduced, repeat items 6.1.3 t¢ 6.1.5.
6.2 | Selection of thefire prevention and protection system in relation to the expected
risk|level
6.2.1 General
Wheh selecting appropriate fire prevention and protection equipment the solutions accordihg to Table 1
shalllbetised based on the risk level.
Table 1 — Fire detection and fire suppression solutions
Risk level Automatic Automatic Fixed manual Fixed automatic
according to pre-fire fire detection discharge suppression discharge
Figure 5 detection system suppression system

1: very low Optional Optional Optional Optional
2: low Optional Optional Required Optional
3: medium Optional Required Optional Required
4: high Optional Required Optional Required
5:very high Required Required Optional Required
© IS0 2019 - All rights reserved 13
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Injury to persons

Regarding injury to persons, a differentiation is required to establish the most likely severity of harm.

Five risk levels are defined analogous to ISO 13849-1 and shall be used to determine the suitable fire
prevention and protection measures:

If risk level 1 is to be expected as a consequence of a fire at the machinery, all fire detection and fire

suppression

solutions given in Table 1 shall be provided optionally only.

If risk level 2 is to be expected as a consequence of a fire at the machinery, a fixed manual discharge

suppression

system shall be provided as a minimum.

If risk level
detection in

If risk level
detection aif
system shal

Fire inciden
consequenc
be taken int|

6.2.3 Saf{

When speci
provided fir

When manul
and safely u
equipment

When autor
for all fores

energy supp

The machin
exchanging
shall suppo
that no new
5.6.4.3).

Alarm syste

be described in thé&information for use.

3 or 4 is to be expected as a consequence of a fire at the machinery, an automati
combination with a fixed automatic discharge suppression system shall be prowided.

5 is to be expected as a consequence of a fire at the machinery, an aufomatic pr¢
d an automatic fire detection in combination with a fixed automatic discharge suppre
be provided.

ts that cause damage to property always involve hazards to pefsons because of g
s of fire, fire spreading, extinguishing attempts, etc. Therefore;,damages to property
p account since they represent a hazard to persons as well.

ty considerations

'ying the safety and performance requirements, the, operating conditions for the use
e prevention and protection system shall be stated.

al systems are to be used in the event of an oGtbreak of a fire, procedures on how to pro
e the manual system, as well as other intervention procedures that should be taken b
perator, should be included with the miachine’s information for use.

hatic discharge suppression systéms are used, their proper functioning shall be eng
peable operating conditions (e.g--climatic conditions, smoke development, disturband
ly, electromagnetic compatibility, device failures).

information to ensuréjthat the functionality is not impaired. The machine control sy
-t the functioning ‘ef the fire detection and/or fire suppression system and shall e
risks are generated. This can require “further complementary protective measures’

ms on machinery connected to a central alarm unit shall be compatible. The interface

6.2.4 Seld

- fire

b-fire
5sion

ases,
shall

f the

perly
y the

ured
es in

e control system and the fire detection and/or fire suppression system shall be capalple of

stem
sure
(see

shall

ction of system parts

The appropriate parts of the fire prevention and protection system shall be selected in accordance with
6.1.4. The designer shall demonstrate the reliability, compatibility and effectiveness of the parts used.

If necessary, dependent on the risk level, the whole or parts of the fire prevention and protection system
shall be provided as a redundant system, based on the performance level specified in ISO 13849-1.

6.2.5 Selection of fire-extinguishing agent

The selection of the appropriate fire-extinguishing agent shall take into consideration factors such as:

— type of fire;

combus

14

tible materials, belonging to the machinery or processed by the machinery;
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— location of the machinery;
— possible injury to persons; and
— possible damage to the environment.

The following four fire classes (see ISO 3941) shall be considered:

A fires involving solid materials, usually of an organic nature, in which combustion normally takes
place with the formation of glowing embers, e.g. wood, paper, straw, coal, textiles, tyres;

B fires involving liguids or liquefiable solids e g _gasoline grease lacquer, resin_wax, tar, ether,
alcohol;

C fires involving gases, e.g. methane, propane, hydrogen, town gas;
D |fires involving metals, e.g. aluminium, magnesium, lithium, sodium, potassiwm and their alloys.
Taking into account these fire classes, appropriate fire-extinguishing agents shall be selectgd, such as:
— vater with or without additives, e.g. to change surface tension;
— floam;

— lowder;

— fiire-extinguishing gas, e.g. carbon dioxide, nitrogen, argon and mixtures of these;

— ¢hemical fire-extinguishing agents, e.g. halon substitutes; and
— aerosols, e.g. fluids or solid substances in finely dispersed form.

The type and amount of distribution and discharge rate of the extinguishing agent shalll be adapted
to the expected fire, the machinery configuration and operating conditions, the spatial copditions and
the ¢xtinguishing agent used. The quantity of extinguishing agent shall be sufficient to extinguish
the e¢xpected fire or to keep it under control until other fire-fighting measures becomme effective
(e.g. Intervention of the fire brigade).

NOTH In some cases, specialapproval can be necessary for the selected fire-extinguishing agent.

6.2.4 Validation

The purpose of validation is to check whether the safety and performance requirements as|specified in
6.1.4{are met ofeomplied with by the choice of the individual system components (fire d¢tection and
fire quppression systems and/or further complementary protective measures).

Furthermore, care shall be taken as to whether new hazards or risks are generated by the ¢hoice of the
individaal system components.

Finally, checks shall be made, using the risk analysis, as to whether the risk of a fire occurrence has
been adequately reduced by the choice of the individual system components.

7 Information for use

Comprehensive documentation that is readily understandable and unambiguous shall be provided
regarding:

a) the responsibilities of the user to keep the machinery, installations and the fire protection
equipment in a proper condition and ready for operation;

b) the actions, inspections and verifications that shall be carried out after a fire incident; and

© IS0 2019 - All rights reserved 15
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c) the need for training, required experience or ability of the machine operators and maintenance
personnel.

Information regarding the commissioning, operation and maintenance of the fire prevention
and protection measures with respect to the intended use of the machine, in accordance with

[SO 12100:2010, 6.4, and warnings of residual fire risks, shall be provided.

The manufacturer of the machine shall state the installation requirements assumed for the machine,
including its installation site.

If it is intended that the fire prevention and protection of the machinery at least partly relies on the fire

protection

ystem of the user the interface between the machine and the system shall be cpprifipd and

described i1

If gases (e.g.
agent for w
considered |

— blockin
cleaning

— delay dg

Ifitis foresd
shall includd

the operating instructions.

by the user:

vice in case of hazards to persons (e.g. small rooms or rooms sititated below).

an oxygen displacing gas or a gas that creates a chemical reaction) are used as extinguishing
alkable installations, the instructions shall state that the following device’s need to be

b device for deactivation of extinguishing gas supply prior to entering the installation for
b, setting and maintenance activities (e.g. non-electrical or electricalshut-off device);

eable that portable fire-extinguishing devices will be used‘for fire-fighting, the instructions
recommendations on suitable devices and their safe uses

16
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Annex A
(informative)

Examples of machines and their typical fire-related hazards

See Table A.1.

Table A.1 — Examples of machines and their typical fire-related hazards

Typ¢

t of machine

Typical fire-related hazards

Machining centre

Tool breakage, shortage of metalworking fluid supply, shortcircuit

Drier Hot surface

Conveying belt Hot bearings, slip between belt and drive

Extrpuder High temperature of fluid, high pressure

Painf booth Generation of aerosols, electrostatic hazards

Mill Friction, foreign material, overload

Pellgtizer Friction, overheating due to improperStarting/stopping procedures, gverloading

Woof-working machine Friction, foreign material, overloading, tool breakage, inappropriate feled rate,
overheating

Prinfing machine Friction

Blasting unit Sparks by foreign material;self-ignition

Text}le machine Friction, material build*up, overheating

Shredder Friction, foreign mdterial, overloading

© IS0 2019 - All rights reserved 17
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Annex B
(informative)

Example of a methodology for selecting and qualifying a fire

detection and fire suppression system

B.1 Gendral

The selectign and qualifying of a fire detection and fire suppression system is a complex proce
Several coisiderations are needed to ensure a safe and reliable solution. A («comprehe

understand
and fire sup

ng of the fire event as well as sufficient knowledge about ignition behaviour; fire dete

the operator in the event of a fire incident.

dure.
nsive
ction

pression possibilities is required. The primary goal is to ensure a safe werking conditign for

This annex provides a methodology comprising a typical, but non-exclusive setof basic questions. These

questions t3

a fire detectiion and fire suppression system is selected and qualified.

Basic understanding of the fire’event

Fire detection method
Detection possibilities:
- pre-fire detection
- fire detection

Fire suppression method
- suppression possibilities
- isolation

System integration
in conjunction with
selection of
fire detection method
and
fire suppression method

Figure B.1 — Example for fire detection and fire suppression methodology

ke into account the major aspects given in Figure B.1 which are-normally considered when

Three machine examples are presented to illustrate the application of the given methodology (see

Table B.1).

B.2 Basic understanding of the fire event

For each particular type of machine under consideration, the following basic questions are asked
at the beginning of the process for selecting and qualifying both a fire detection method and a fire

suppression

method:

a) What can burn?

b) What can cause the ignition?

18
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c) Where can the fire spread?

d) How will the fire behave?

B.3

Fire detection method

B.3.1 Pre-fire detection possibilities

For each particular type of machine under consideration, the following questions are asked during the
process with regard to pre-fire detection:

a) |\
b) 1
c) |
d)
e) 4
B.3.]
For ¢
proc
a) |\
b) 1
c \
d 1
e) \
f) 4
B.4
B.4.
For 4
proc
a) \

(Vhich are the possible ignition criteria?

{ow and where can the criteria be detected?

A\t which stage/time can reliable and predictable pre-fire detection be made?
(Vhat environmental conditions is the detection equipment exposed to?

Are there any disturbance sources that can cause false detections?

2 Fire detection possibilities

ach particular type of machine under consideration, the\following questions are aske
bss with regard to fire detection:

(Vhat are the fire criteria?

{ow can the fire criteria be detected?

(Vhere and at which stage/time can reliable and predictable fire detection be made?
s re-ignition possible and if so can the detection equipment reactivate?

(Vhat environmental conditions is‘the detection equipment exposed to?

Are there any disturbancesources that can cause false detections?

Fire suppression'method

| Suppression possibilities

ach pargticular type of machine under consideration, the following questions are aske
bss withrregard to suppression possibilities:

(Vhat'is the preferred fire suppression agent?

1 during the

1 during the

b) Can the suppression media be brought to all the places where it is needed?

c) Can the operator be exposed to the fire-suppression agent and, if so, can the exposure lead to a
hazardous situation for the operator?

d) Which fire suppression agent is best compatible with the equipment protected?

e) Which fire suppression agent is the most effective?

f) 1
g) 1

© ISO

s the fire suppression solution suitable for the expected incident frequency?

s re-ignition possible and if so can the fire suppression solution handle it?

2019 - All rights reserved
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ation

For each particular type of machine under consideration the following questions are asked during the
process with regard to isolation needs:

a) Does the fire suppression solution require isolation to perform effectively?

b) Is isolation of the inlet and/or outlet of the machine necessary (to prevent fire propagation or

damage

from fire suppression agents)?

c¢) How fast does the isolation have to close (reaction time)?

d) Depend

B.5 Systd
suppressi

To determin
a) Howsh
b) How sh
c¢) What aj
d) Isthe sy
e) Isthe sy
f)  What nd
g) Which 4
h) How sh
i) How wi
j)  Will the
k) Doesth

how lonlg time?

ing on the process design, does isolation create a secondary risk?

m integration in conjunction with selection of fire detection andfire
on method

e a suitable system integration solution, the following questions are asked:
i1l the shutdown procedure of the equipment be designed?

1 the fire suppression be activated?

e the criteria for activation of fire suppression?

rstem solution suitable for the incident frequency expected?

rstem solution compatible with operation and maintenance of the equipment?
beds to be monitored during operation and tftaintenance?

larms shall be given?

1l the alarms be given?

| restart of the machine be implemented after a fire incident happened?
reaction time for the total.system solution be acceptable?

e fire protection system have to be operational in the event of a power failure and, if s

B.6 Exan[ple for application of the methodology
p

Table B.1
application

esents.d mill, a turning machine and a paint booth as examples to demonstratg
pf the methodology for selecting and qualifying a fire detection and fire suppression sy}

D, for

b the
tem.

Tables B.2 to B.7 show the application ol the given methodology on the machines exemplarily chosen in
Table B.1 using the questions stated in B.2 to B.5.

20
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Annex C
(informative)

Example for the design of a fire suppression system integrated in
machinery

»
H

See Fin—nvn
Jlesn-vmom=re g

]

1 —

detector

d¢entral alarm control unit

discharge pipework and nozzles

1
2
3 dJtorage/unit for extinguishing agent
4
5 release unit

Figure C.1 — Example for the design of a fire suppression system integrated in machinery
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Annex D
(informative)

Examples of ignition sources

energy

This categof
— heating
— interna
— open lig
— hot surf
— welding

— intensiy

y of ignition sources includes, for example:
installations;

combustion engines;

ht or fire;
aces;

spatter; and

e radiation sources (e.g. laser).

D.2 Electrical energy

This categot
— electric
— electrof
— shortci

— electric

y of ignition sources includes, for example:
bl lighting devices (e.g. lamps);

nagnetic radiation;

Fcuit;

h] arc;

— earth fault;

— conduct

or fault;

— lightning strike;

— dischar

— loose cq

bes of static electricity;

ntact;

— excessive temperature rise due to overload;

— induction heating; and

— connection to inappropriate electrical supply.

D.3 Mechanical energy

This category of ignition sources includes, for example:

— friction

(e.g. overheating);

— ultrasonic;

36
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— impact;
— grinding; and

— compression (including adiabatic compression).

D.4 Chemical energy
This category of ignition sources includes, for example:

— self-heating;

— gelf-ignition such as pyrophoric materials; and

— 1ffunaway exothermic reaction.
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Annex E
(informative)

Example for the risk assessment and risk reduction of a machining

centre for the machining of metallic materials

E.1 Gen

This exam
of this exan
intended to

E.2 Oper

The exampl
of metallic n

The risk of

of flammable non-water-miscible metalworking fluids) in a machine (evaporation and mist forma

The degree
— machin

machin

metalw

(strengt

When plann
the machind
well as serv

misuse are included.

The chip-fol
specific med

E.3 Risk

je is provided to show how this document can be applied to a specific machine. Theinte

material characteristics, e.g. high alloyed steel that is difficult to machine, quality of mat

ral

ple is to provide guidance for the user in how to follow the logic of this doeument. It i
specify specific solutions.

ating conditions

e describes an enclosed machining centre in industrial use for the chip-forming mach
haterials with non-water-miscible metalworking fluids (drillifig, turning, grinding, mil

fire depends on possible ignition sources and on the:degree of emissions (concentr

bf emissions is influenced by:
ng process, e.g. high-speed machining, high-speed cutting;
ng parameters, e.g. feed, cutting speed (mmin-1);

brking fluid supply, e.g. high pressureifor deep hole drilling; and

h, shrinking).

ing protective measures-for fire prevention and protection, normal operating conditio
are determined, i.e, thée“usual intended operation including start-and-stop procedur
icing and maintenance. In addition, possible technical failures and reasonably forese

'ming operation of light metals (e.g. magnesium) is not considered here since it req
sures.

assessment and risk reduction

htion
s not

ning
ing).

htion
Fion).

erial

ns of
es as
bable

lires

E.3.1 General

The risk ass

38

essment and risk reduction procedure is shown in Figure E.1.
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