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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedy

described i

different types of ISO documents should be noted. This document was drafted in accordande\wit

editorial ru

Attention is

ia needed/fo

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

drawn to the possibility that some of the elements of this document may be the subjg

ect of

patent rights. ISO shall not be held responsible for identifying any or all such patenf+ights. Detalils of

any patent rjights identified during the development of the document will be in théjIntroduction af
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the convenience of users and doe
constitute ah endorsement.

For an exp
assessment,

Barriers to Trade (TBT) see the following URL: Foreword - Sufiplementary information
The commitftee responsible for this document is ISO/TC 199, Safety of machinery.

This secongl edition cancels and replaces the first edition (ISO 19353:2005), which has
technically revised.

anation on the meaning of ISO specific terms and\expressions related to confor

1d /or

S not

mity

as well as information about ISO’s adherence to*the WTO principles in the Technical

been
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Introduction

The safety of machinery against fire involves fire prevention and fire protection and fire-fighting. In
general, as shown in Annex E, 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 of measures.

Annex E provides an overview on fire risk reduction measures. This International Standard deals with
the measures shown in Figure 1.

fnhrerently safe designmeasures

\

Safeguarding

\

Complementary protective measures

Integrated fire fighting and fire detecting measures$

—» pre-fire alarm-systems
— fire alarm systems

— manually:xeleased fire suppression equipment and fystems
— automatically released fire suppression systems

Further complementary protective measures

Information for use

Y

Figure 1 — Protective measures dealt with in ISO 19353

The gtructure ofsafety standards in the field of machinery is as follows.

a) fype-Asstandards (basis standards) giving basic concepts, principle for design, and general
dspécts that can be applied to machinery;

b) typeBstandards{gemericsafety standards)deatingwitlrome or moresafety aspect(s), or one or
more type(s) of safeguards that can be used across a wide range of machinery:

— type-B1 standards on particular safety aspects (e.g. safety distances, surface temperature, noise);

— type-B2 standards on safeguards (e.g. two-hands controls, interlocking devices, pressure
sensitive devices, guards);

c) type-C standards (machinery safety standards) dealing with detailed safety requirements for a
particular machine or group of machines.

[SO 19353 is a type-B1 standard as stated in ISO 12100.

© ISO 2015 - All rights reserved v
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This document is of relevance, in particular, for the following stakeholder groups representing the
market players with regard to machinery safety:

— machine manufacturers (small, medium and large enterprises);

— health and safety bodies (regulators, accident prevention organisations, market surveillance, etc.);

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

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

— service

— consumlers (in case of machinery intended for use by consumers).

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

In addition,
The require

For maching
according toj

providers, e.g. for maintenance (small, medium and large enterprises);

this document is intended for standardization bodies elaborating type-C standards.
ments of this document can be supplemented or modified by a type=C-standard.

s that are covered by the scope of a type-C standard and that haye been designed and
the requirements of that standard, the requirements of that type-C standard take preced

fting

built
ence.

Vi
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INTERNATIONAL STANDARD

ISO 19353:2015(E)

Safety of machinery — Fire prevention and fire protection

1 Scope

This International Standard specifies methods for identifying fire hazards resulting from machinery
and for performing a risk assessment.

It giy
to be
and 1

It pr
throt

This

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 firesyto accej
1gh machine design, risk assessment and operator instructions.

International Standard is not applicable to

f

It is
publ
2
The
indig
refen
ISO 1
ISO

pring

3

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 prq
ire detection and suppression systems that are\integrated in building fire safety syste

hlso not applicable to machinery or machinery components manufactured before th
cation.

Normative references

following documents, in whele or in part, are normatively referenced in this documnj
pensable for its application. For dated references, only the edition cited applies. |
ences, the latest edition of the referenced document (including any amendments) appl

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

13849-1, Sdfety of machinery — Safety-related parts of control systems — Parf
iples for/deSign

Terms and definitions

H protection
ntended use

table levels

ion engines,
parts of the
tection, and
ms.

e date of its

ent and are
For undated
es.

sk reduction

1: General

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

3.1

combustibility

prop

erty of a material capable of burning

Note 1 to entry: Accurate assessment of the combustibility characteristics of a material will depend 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.
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combustible
capable of being ignited or burned

[SOURCE: IS
3.3

0 13943:2008, 4.43]

combustion
exothermic reaction of a substance with an oxidizing agent

Note 1 to entry: Combustion generally emits fire effluent accompanied by flames and/or glowing.

[SOURCE: IS
3.4

damaging fiire

fire that caul

3.5

extinguishi
port in the
extinguishil

Note 1 to ent

3.6

fire
<general>
combustion

q

Note 1 to ent
Note 2 to ent

Note 3 to en
combustion.

[SOURCE: IS

3.7
fire alarm 4
system that

Note 1 to ent

3.8
fire-exting

0 13943:2008, 4.46]

ses harm to people, buildings, machinery and/or environment

ng opening
machine housing, closed with a plug or flap that can be safely accessed wit
g device

y: An extinguishing device, e.g. a hose or lance, can be used.

elf-supporting combustion that can occur asccontrolled combustion or uncontr

y: Controlled combustion is deliberately arranged to provide an intended effect.
Fy: Uncontrolled combustion is spreading uncontrolled in time and space.

Lry: In the case of a combustion ¢ontrol failure, controlled combustion can lead to unconti
0 13943:2008, 4.96 to 4.98, modified.]

ystem

by the use of sensors, detects the onset of fire and initiates a response

Fy: Sensors ean be designed to detect smoke, combustion gases, heat or flames.

hishing agent

h an

olled

olled

agent which|

islappropriate to extinguish fire by cooling below ignition temperature and/or by redlilcing

the oxidizer

1 1
ICTVCTI

Note 1 to entry: The extinguishing agent can be gaseous, liquid or solid. Common extinguishing agents include
water, carbon dioxide, nitrogen, argon, chemical powder or foam.

3.9
fire hazard

physical object or condition with a potential for an undesirable consequence from fire

[SOURCE: IS

0 13943:2008, 4.112]

© ISO 2015 - All rights reserved
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3.10

fire load

quantity of heat that can be released by the complete combustion of all the combustible materials in a
volume, including the facings of all bounding surfaces

Note 1 to entry: Fire load can be based on effective heat of combustion, gross heat combustion or net heat
combustion as required by the specifier.

Note 2 to entry: The word “load” can be used to denote force or power or energy. In this context, it is used to
denote energy.

Note 3 to entry: The typical units are kilojoules (k]) and megajoules (M]).

[SOURCE: 1SO 13943:2008, 4.114]

3.11
fire prevention
meagures to prevent the outbreak of a fire and/or to limit its effects

[SOURCE: ISO 8421-1:1987, 1.21]

3.12
fire protection
meagures such as design features, systems, equipment, buildings or other structures to reduce danger
to pdrsons and property by detecting, extinguishing or containing fires

[SOURCE: IS0 8421-1:1987, 1.23, modified — “measures suchras” has been added to the origingl definition.]

3.13
fire risk
probpbility of a fire combined with a quantified\measure of its consequence

[SOURCE: ISO 13943:2008, 4.124]

3.14
fire suppression system
technical system to fight a fire andto reduce the damaging effects of flames and heat

Note [l to entry: Additional devices might be required to extinguish the fire.

3.15
flame
rapid, self-sustaining, sub-sonic propagation of combustion in a gaseous medium, usually with
emission of light

[SOURCE: 1S6~13943:2008, 4.133]

3.16
flameretardant
substance added, or treatment applied, to a material in order to suppress or delay the appearance of a
flame and/or reduce its propagation rate

[SOURCE: ISO 13943:2008, 4.139, modified — The note has been deleted and “the flame-spread rate”
replaced with “its propagation rate”.]

3.17
flammability
ability of a material or product to burn with a flame under specified conditions

Note 1 to entry: Accurate assessment of the ignition characteristics of material will depend on the operating
conditions of the machinery.

[SOURCE: ISO 13943:2008, 4.151, modified — Note 1 to entry has been added.]

© IS0 2015 - All rights reserved 3
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3.18

glow

glowing combustion

combustion of a material in the solid phase without flame but with emission of light from the
combustion zone

[SOURCE: ISO 13943:2008, 4.169, modified — “glow” has been introduced as the preferred term.]
3.19

ignitability

ease of ignition

L. selo laaala £ i i L. 3 L Epg | pa| L LA | dass
measure of theease-with-which-atest SpecH e CatroeIgntrea uraer-Specirreacoattons

[SOURCE: IS0 13943:2008, 4.182, modified —Cross reference has been deleted.]

3.20
ignition
<general> initiation of combustion

[SOURCE: 190 13943:2008, 4.187, modified — Deprecated synonymous term¢“sustained ignition| has
been deletedl.]

3.21
ignition energy
energy necessary to initiate combustion

3.22
ignition sorlrce
source of enfergy that initiates combustion

[SOURCE: IS0 13943:2008, 4.189]

3.23
low-emissipn metalworking fluid
metalworking fluid composed of low-evaporation base media and anti-mist additives

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

3.24
overheatin

D
=]
uncontrolled

temperaturedncrease
3.25

pre-fire alarm system
system that|deteé&ts'conditions that can lead to the potential onset of fire and initiates a response

Note 1 to entfy:A response can be a trigger of an alarm signal or can initiate an automatic reaction.

Note 2 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.

3.26

required performance level

PLr

performance level (PL) applied in order to achieve the required risk reduction for each safety function

[SOURCE: ISO 13849-1:2006, 3.1.24, modified — Cross references have been deleted.]
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self-heating
<chemical> rise in temperature in a material resulting from an exothermic reaction within the material

[SOU
3.28

RCE: ISO 13943:2008, 4.287]

self-ignition
spontaneous ignition resulting from self-heating

3.29

smoke

visible part of fire effluent

Note

[soy

4 1

4.1

A fir
avail
threq

A fir
fire t

Cert{
affed

Varid

The
mate

1 to entry: For definition of fire effluent see ISO 13943:2008, 4.105.

RCE: 1SO 13943:2008, 4.2693, modified — Note 1 to entry has been added,]

Fire hazards

General

e hazard occurs if combustible materials (fuel), oxidizer)(exygen) and ignition energ
able in sufficient quantities at the same place and at thé.same time. A fire is an interac
b components in the form of an uninhibited chemicalteaction (see Figure 2).

e can be prevented or suppressed by controlling«r removing one or more of the compq
etrahedron.

hin materials are inherently unstable, extraordinary oxidizers or capable of self-h
ts the fire hazard.

tion in oxygen concentration (e.g:'0xygen enrichment) can also affect the fire hazard.

fire hazard can arise fromtthe material processed, used or released by the mach
rials in the vicinity of thefmachinery, or from materials used in the construction of the

y (heat) are
tion of these

nents of the

eating. This

linery, from
machinery.

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

1

4

2 3
Key
1 heat 3 fuel
2 oxygen 4  uninhibited chemical chain reaction
Figure 2 — Fire tetrahedron
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4.2 Combustible materials

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

distribution.

Combustible materials can occur as solids, liquids or gases.

The ease of combustion of materials is affected by the size, shape and deposition of the materials. For
example, small pieces of a material loosely collected together can be more easily ignited than a large
piece of that material. Also, the combination of materials can have an influence on the ignitability and

the burning

behaviour.

Consideration shall be given as to whether the properties of the materials can change over time or with

use. Such cha

tible

gases and V3

4.3 Oxid}

In assessing
producing

common oXx
(KNO3), pot
nitrous oxig
4.4 Igniti
It shall be dg
Possible ign
a)
b)
c)
d)

NOTE Sq
fire related h

heat eng

electric

chemicd

5 Strate

5.1 Gene

Fire risk af
hazards acc

anagac can includa flﬁn nascibhilitys r\F Anrnmhnclf!nn oftha matarial ralaoacing nnm]‘\n
.................... PoooToTITEy O PO TTIo T Ot E o e o ot T e T To T 5 CoTToth)

ipours. This can lead to an increased fire hazard.

ZE€TS

y the fire hazard, the existence and quantity of fire-supporting substances, e.g. oxy
bubstances, and the probability of their occurrence shall be detérmined. The
dizer is air. But there are other oxidizers that support combustion,eJg. potassium ni
assium permanganate (KMnOgy), perchloric acid (HClO4), hydrogen peroxide (H20;
e (N20).

on sources

ptermined which ignition sources exist or can occur.

tion sources can arise due to the influence of

P8y,

hl energy,

mechanlical energy, and/or

1 energy.

e Annex A for examples ofdgnition sources and Annex B for examples of machines and their ty
pzards.

py for fire riskassessment and risk reduction

ral

brding to the procedures outlined in ISO 12100. Fire risk assessment includes the follo

sessiiient comprises a series of logical steps that allow systematic examination of

Vgen-
Imost
trate

and

rpical

fire
wing

hatncg:
T SE5T

sequential

a)

fire risk analysis, comprising

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

2)
3)

b) riskeva

identification of fire hazards (see 5.3), and

risk estimation (see 5.4), and

luation.

When deemed necessary risk evaluation is followed by risk reduction.

© ISO 2015 - All rights reserved
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In planning fire prevention and protection measures, normal operating conditions - including start-
up and standstill procedures, possible technical failures and reasonably foreseeable misuse - shall be
taken into account.

The fire risk assessment and risk reduction shall be repeated as an iterative process until the risk
of a fire occurrence has been adequately reduced. Risk analysis judgements shall be supported by a
qualitative or, where appropriate, quantitative estimate of the risk associated with the hazards present
on the machinery. See Figure 3.

© IS0 2015 - All rights reserved 7
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START
L .. 4: . o . .
| :— + —: I<— FIRE RISK ASSESSMENT according to 5.1
' | Determine the limits | '
! | of the machine (see 5.2) | ! - - -
| I= |
| |
. I Identify reasonably foreseeable I . 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 [ .
' | | Perform [isk estimation (see 5.4) [« i Risk analysis i
| | L 3
L1 L _¢ _______ J T
. . YES
L L
Perform|risk evaluation (see 5.5)
NO Ate other
fire hazards
! ! generated?
Has the
1fisk of fire been YES _ | Provide information = END
adefjuately reduced? * " | for use (see Clause 7) o
: (see 5.6) :
.Can YES At each step of the iterative processyrisk estimation,
t}l;e fire hazzrvd risk evaluation and, if applicableftisk comparison
e removed?
Step 1 Is th
s the
NO Risk reduction by inherently safe intended risk
design measures (see'5.6.2) reduction
achieved?
the fire risk be YES
reduded by inherently safe
design measures?
Step 2.] ) Risk reduction by safeguarding
(see 5.6.3)
) . Is the
Can the fire Implementation of complementary intended risk
risk be reduced by protective measures reduction
safeguarding? and further achieved?
complementary protective measures )
if necessary (see 5.6.4, 6.1)
Step 3 Is th
s the
YES Can'thelimits NO Risk reduction by information intended risk YES
bg specified 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)

8 © IS0 2015 - All rights reserved
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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

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

machine operating modes;

dnticipated 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 aging 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 te_be operated (e.g. dry, dusty,
¢old conditions).

Identification of fire hazards

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

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

estimhation of the fire risk,) the procedures outlined in ISO 12100 shall be followed. Th
provjdes a sequence of.}ogical 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:

identification of intended and reasonably foreseeable operating conditions;

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

e personnel,

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

N respect to

humid, hot,

irds shall be
be present.

ne shall be
e Figure 4).

and for an
b procedure
Wrising from

hazard (all

x ralai 1 - +la las A | H liads A | + iala)
ONIAtCT a1 TITVUTVEU TIT TITCT T AT TITITCT AU PT O TS S, TIHUTUUTITS T AVW dITU PT ULTS S TTTAtTCT 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.

© ISO 2015 - All rights reserved
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5.4 Risk

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

:2015(E)

Intended and reasonably
foreseeable operating

condi

tions

\

Combustible
materials:
machine and process

\

bstimation

Fire prope

rties:

- ignitability
- flammability

- combusti

bility

- fire supporting effect
- toxical issues

Fire load

\

Ignition

sources

\

Fire scenarios

\

Severityof possible harm

Figure 4 — Identification of significant fire hazards

e hazards (fite”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 hafard,
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).

10
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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

Risk parameters:

S1
S2
F1
F2
P1
p2

dlight severity of injury (normally reversible)
derious 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
ossibility of avoiding hazard or limiting harm given under specific conditions

dvoiding hazard or limiting harm scarcely possible

Figure 5 — Estimation of the risk level

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

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

information for use regarding fire preventive measures (e.g. operating instructio
the machine);

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

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

the‘extent of machine damage;

S, signs on

tion steps to

[ OI' a Ssensor

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

thelevel of training of the operator with respectto 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.

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.

© ISO 2015 - All rights reserved
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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 ther

isk 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 performed

again until t

he machine is safe following the process given in ISO 12100.

Fire prevention and protection measures do not cover the overall risk at the machinery in question,

and therefo
increase oth

Adequate ri
— all oper
the risk
any new

protect

the pro

function of the machine.

The objectiy

€ care shatt be taken to ensure that the protective measures appiied do Not create a
er fire risks.

5k reduction is achieved when

hting conditions and intervention procedures have been considered,

of fire has been eliminated or reduced to the lowest acceptable level;

 fire risks introduced by the protective measures have been properly addressed,
ve measures are compatible with one another, and

ective measures do not adversely affect the operator’s working conditions or imped

e of risk reduction can be achieved by applying firé-prevention and protection measur

protective
a)
b)
c)
d)

inhere

informa

All protectiy
referred to {

5.6.2 Inh

5.6.2.1 The
design meaq

safegualrding (see 5.6.3);

compleinentary protective measures (s€e 5.6.4 and 6.1);

easures comprising, in order of priority, the following:

ly safe design measures (see 5.6.2);

tion for use (see Clause 7).

e measures to reach thisjobjective shall be applied in the sequence given in 5.6.2 to |
s the “three-step method” (see also ISO 12100:2010, Clause 6).

erently safe desigh measures

eliminationver reduction of the risk of fire shall be primarily achieved by inherently
ures, as.shown in 5.6.2.2 to 5.6.2.6.

d/or

e the

€S as

MT

-

safe

5.6.2.2 Milnimal 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 that non-combustible materials are not applicable self-extinguishing materials and fire-protected
materials should be used.

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

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
Table D.1 as an example.
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5.6.2.4 Competent ignition sources:

The risk analysis shall include machine operation or process deviations that might lead to the generation
of competent ignition sources. It shall be identified how such deviations are detected and/or controlled.

5.6.2.5 Use of materials in the construction of a machine that eliminate or minimize an adverse
interaction 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 concentrations,
or accumulations of raw material, intermediate product or finished product that exceed the amount

requ'rﬁd for normal operation ofthe machine

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

5.6.3 Safeguarding

When itis not possible to eliminate hazards or sufficiently reduce risks by inherently safe desig
cons]deration shall then be given to safeguarding to prevent persons frofmbeing exposed to t

Safeguarding comprises the following:

a)

b)
c)

The

function shall be determined according to4SO 13849-1.
5.6.4 Complementary protective measures

5.6.4.1 General

Wheh inherently safe design measures and safeguarding do not reduce the risk of fire
further risk reductionsshall be achieved by applying complementary protective me
procedure to selectth€ complementary protective measures is set out in detail in Clause 6.

Preference shallde given to integrated fire detection and fire suppression systems.

5.6.4.2 « Integrated fire detection and fire suppression systems

Inte
and

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

¢ontainment or evacuation of hazardous 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 workpiecédoading, see D.3.8.1.2).

required performance level (PLr) of a safety-related part of a control system necessary

by the user

nmeasures,
he hazards.

br enclosure
property;

hachine (e.g.

for a safety

adequately,
hsures. The

rod £ dat 43 d£3 3 rS 3 1o d | H £, £3 dai 43
IditCUu 1t ycicilivili aiiu 111 ¢ DLIIJIJI COoo1UIl DyDLClllD IIICIUUT UTVILLS 1UT TIT T UtiltULllvll, ©

extinguishing.

ntrol, alarm

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

The
a)
b)
‘)

system shall include at least one safety function, for example, for
the detection of a fire,
the corresponding signal processing, and

the activation of adequate measures (e.g. activation of fire suppression and/or fire alar

© ISO 2015 - All rights reserved
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Depending on the risk analysis, the necessary safety function(s) and corresponding required
performance level (PLr) shall be defined. See Annex D for list of safety functions.

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

NOTE 2  An exemplary list of safety functions for machining centres for the machining of metallic materials is
given in Table D.2.

The extent of fire damage essentially depends on the fire load, the fire spreading and duration 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 hazardous fire suppression agent (e.g. carbon dioxide, nitrogen) due regard shall be given to the
safety of pefrsons in the area of the machine and/or in the machine itself. These measures should be
taken to enqure that a fire is extinguished or limited as far as possible to the area of its occurrence.

5.6.4.3 Fyrther complementary protective measures

It can be n¢gcessary to provide further complementary protective measures for fifé prevention and
protection, ¢xamples are given below:

— automafic shut-down of the machinery and/or of auxiliary equipment, in¢luding 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 powersupply) shall stay in servige.
— emergehcy stop of the machinery according to ISO 13850;
— extingufishing opening in combination with extinguishinglance or a fire extinguisher;
— connecffion coupling for the supply of extinguishing@gent, e.g. water or inerting gas;

— isolatioh of the protected area covered by theé fire suppression system, e.g. by an enclosufe or
water curtain;

— installation of additional sensors and implementation of appropriate actions (that can detect smoke,
combusftion gases, heat or flames) atiother locations with high fire risk.

The safety-telated part of a control'system required by a complementary protective measure |shall
comply witl} the required performance level (PLr) determined according to ISO 13849-1.

If necessary} retention or collecting devices for the fire effluents and extinguishing agents used in the
event of a fife shall be proyided.

6 Procedure for the selection of complementary protective measures

6.1 Genefal

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.

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).

14 © IS0 2015 - All rights reserved
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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
level.

6.1.4 Specification of safety and performance requirements

Specify the safety and performance requirements for the detection, alarm and activation of the fire
suppression system.

6.1.5 Selection of system parts and suitable fire-extinguishing agent

Seledt individual system parts in accordance with the safety and performance requiremeits 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 required type and quantity of fire=extinguishing agent.

6.1.4 Decision on the need for further complementary protective measures

Check if further complementary protective measures are required becayse the remainingrisk level is
not dcceptable (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 of fire has not been adequateély reduced, repeat items 6.1.3 t¢ 6.1.5.

6.2 | Selection of the fire prevention and pretection system in relation to the expected
risk|level

6.2.1 General

Wheh selecting appropriate fire prevention and protection equipment the solutions accordipg to Table 1
shallbe used based on the risk level.

Table d ~— Fire detection and fire suppression solutions

Riisk level Automatic pre- Automatic fire | Fixed manual discharge | Fixed autpmatic dis-
ac¢ording to fire,detection detection suppression system charge syppression
Figure 5 sygtem
1: very low Optional Optional Optional Optiional
2: low Optional Optional Required Optfional
3: mediuin Optional Required Optional Required
4: high Optional Required Optional Reqhired
5:very high Required Required Optional Required

6.2.2 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.
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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 3 or 4 is to be expected as a consequence of a fire at the machinery, an automatic fire

detection in

combination with a fixed automatic discharge suppression system shall be provided.

If risk level 5 is to be expected as a consequence of a fire at the machinery, an automatic pre-fire
detection and an automatic fire detection in combination with a fixed automatic discharge suppression
system shall be provided.

Fire incidents that cause damage to property always involve hazards to persons because of gases,

shall

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 suppor
no new riskj

Alarm syste

og of fire fire Qprpqding pYHngniching attempts _etc Therefore dqngpc 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 outbreak 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 machine’s information foruse.

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

information to ensure that the functionality:is' not impaired. The machine control sy
t the functioning of the fire detection and/orfire suppression system and shall ensurg
are generated. This can require “furthercomplementary protective measures” (see 5.6

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

be described in the information for use.

6.2.4 Selg

The appropi
6.1.4. The d¢

If necessaryj
shall be pro

6.2.5 Seld

The selectio]

combus

type of f

ction of system parts

iate parts of the fire prevention and protection system shall be selected in accordance
signer shall demomstrate the reliability, compatibility and effectiveness of the parts u

dependent on¢therisk level, the whole or parts of the fire prevention and protection sy
Vided as a redundant system, based on the performance level specified in ISO 13849-1

ction effire-extinguishing agent

f the

perly
y the

ured
es in

b control system and the fire detection and/or fire suppression system shall be capalle of

stem
that
.4.3).

shall

with
ted.

stem

as

n of the appropriate fire-extinguishing agent shall take into consideration factors such

ire,

tible materials, belonging to the machinery or processed by the machinery,

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

place with the formation of glowing embers, e.g. wood, paper, straw, coal, textiles, tyres;

16

fires involving solid materials, usually of an organic nature, in which combustion normally takes
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fires involving liquids or liquefiable solids, e.g. gasoline, grease, lacquer, resin, wax, tar, ether, alcohol;

fires involving gases, e.g. methane, propane, hydrogen, town gas;

fires involving metals, e.g. aluminium, magnesium, lithium, sodium, potassium and their alloys.

Taking into account these fire classes, appropriate fire-extinguishing agents shall be selected, such as

The

water with or without additives, e.g. to change surface tension,

foam,

ﬂ)owder,

fire-extinguishing gas, e.g. carbon dioxide, nitrogen, argon and mixtures of these,
¢hemical fire-extinguishing agents, e.g. halon substitutes, and

jerosols, e.g. fluids or solid substances in finely dispersed form.

[ype and amount of distribution and discharge rate of the extinguishing agent shall

to the expected fire, the machinery configuration and operating conditions, the spatial coj

the

eéxtinguishing agent used. The quantity of extinguishing agent’shall be sufficient tq

the dxpected fire or to keep it under control until other fire-fighting measures become e
interjvention of the fire brigade).

NOTH

6.2.4 Validation

The

purpose of validation is to check whether the safety and performance requirements as

6.1.4|are met or complied with by the choicé of the individual system components (fire d¢

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
individual system components.

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

7

Informationfor use

Comprehensiye\documentation that is readily understandable and unambiguous shall
regarding the

a)

b)

fespensibilities of the user to keep the machinery, installations and the fire protectiof

In some cases special approval can be necessary for\the selected fire-extinguishing agent.

be adapted
hditions and

extinguish
ffective (e.g.

specified in
ptection and

thoice of the

urrence has

be provided

1 equipment

in aproper condition and ready for operation,

actions, inspections and verifications that shall be carried out after a fire incident, and

c) need fortraining, 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.

© ISO 2015 - All rights reserved
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If it is intended that the fire prevention and protection of the machinery at least partly relies on the fire
protection system of the user, the interface between the machine and the system shall be specified and
described in the operating instructions.

If gases (e.g. an oxygen displacing gas or a gas that creates a chemical reaction) are used as extinguishing
agent for walkable installations, the instructions shall state that the following devices need to be
considered by the user:

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

— de]ay device in case of hazards to persons (n g small rooms or rooms situated hp]n\/v)

If it is foresdeable that portable fire-extinguishing devices will be used for fire-fighting the instruictions
shall includ¢ recommendations on suitable devices and their safe use.
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Annex A
(informative)

Examples of ignition sources

A.1 Heat energy

ISO 19353:2015(E)

This[category of ignition sources includes, for example,

A2

eating installations,
internal combustion engines,
pen light or fire,
ot surfaces,
yelding spatter, and

intensive radiation sources (e.g. laser).

Electrical energy

This[category of ignition sources includes, for example,

electrical lighting devices (e.g. lamps),
¢lectromagnetic radiation,

short circuit,

¢lectrical arc,

¢arth fault,

¢onductor fault,

ightning strike;
ischargesof static electricity,

ose.contact,

excessive temperature rise due to overload,
induction heating, and

connection to inappropriate electrical supply.

A.3 Mechanical energy

This category of ignition sources includes, for example,

friction (e.g. overheating),

ultrasonic,

© ISO 2015 - All rights reserved
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— impact,
— grinding, and

— compression (including adiabatic compression).

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

— self-heating,

— self-ignition such as pyrophoric materials, and

— runawaly exothermic reaction.
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Annex B
(informative)

Examples of machines and their typical fire-related hazards

See Table B.1.

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

Typ¢ of machine Typical fire-related hazards

Macﬂining centre Tool breakage, shortage of metalworking fluid supply, shortcircuit

Drier Hot surface

Conveying belt Hot bearings, slip between belt and drive

Extrpder High temperature of fluid, high pressure

Paint booth Generation of aerosols, electrostatic hazards

Mill Friction, foreign material, overload

Pelletizer Friction, overheating due to improper Starting/stopping procedures, gverloading

Woofl-working machine Friction, foreign material, overloading, tool breakage, inappropriate fe¢d rate, over-
heating

Printing machine Friction

Blasting unit Sparks by foreign material, self-ignition

Text]le machine Friction, material build-up, overheating

Shredder Friction, foreign\material, overloading
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Annex C
(informative)

Example for the design of a fire suppression system integrated in

machinery

See Figure (%

Key

Ul B W N

detector

N\

= —

central alarm contrel unit

storage Unitfor extinguishing agent

discharg|

e pipework and nozzles

release unit

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

Example for the risk assessment and risk reduction of a machining

centre for the machining of metallic materials

D.1

This
The
Inter

D.2

The
of m¢

The
of flg

General

example is provided to show how this International Standard can be applied to‘a speci
ntention of this example is to provide guidance for the user in how to follow the
national Standard. It is not intended to specify specific solutions.

Operating conditions

bxample describes an enclosed machining centre in industrial Gise for the chip-formin
ptallic materials with non-water-miscible metalworking fluid$ (drilling, turning, grindi

Fisk of fire depends on possible ignition sources and.on*the degree of emissions (c(

The

Whe
the 1
well
misuyl

The
spec

D.3

mmable non-water-miscible metalworking fluids) incaymachine (evaporation and mist
egree of emissions is influenced by

achining process, e.g. high-speed machiningshigh-speed cutting,
achining parameters, e.g. feed, cutting speed (m - min-1),
etalworking fluid supply, e.g. high ptessure for deep hole drilling, and

aterial characteristics, e.g. high) alloyed steel that is difficult to machine, quality
strength, shrinking).

h planning protective measures for fire prevention and protection, normal operating g
hachine are determined;.e. the usual intended operation including start-and-stop pr
as servicing and maintenance. In addition, possible technical failures and reasonably]
se are included.

Chip-forming eperation of light metals (e.g. magnesium) is not considered here sincq
fic measures. However, information on dealing with magnesium alloys is given.

Risk assessment and risk reduction

fic machine.
logic of this

o machining
ng, milling).

ncentration
formation).

of material

onditions of
ocedures as
foreseeable

b it requires

D.3.1 General

The risk assessment and risk reduction procedure is shown in Figure D.1.
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D3.3

Metalworking fluid

Processed material

Ignition sources

'

non-water-miscible
metalworking fluid

'

cast iron, steel,
non-ferrous metal

'

tool breakage, sparks,
hot surfaces

'

characteristics material
safety data sheet

D35

D36

Hazards

Risk estimation and
risk evaluation

Prdtective measures

D37

D38

D 39

D 39.6 Further complementary

Inherently safe
design measures

Safeguarding

Complementary
protective measures for
fire prevention and
protection

protective measures

D 3.9.7/Walidation

P P 7 .
TZITItIOT OT MTCtaWOoTKIN g

fluid, flame ejection, backfire

risk of fire Yes
been adequately

reduced?

- metalworking fluid with higher quality
- metalworking fluid flushing

- chip removal

- monitoring of metalworking fluid supply anddol wear
machining centre (material, electrical eqdipment)

v
- working area
- encapsulation/enclosure
- labyrinth sealings
- extraction system
- pressure relief devices

risk of fire
been adequately
reduced?,

-fire detection and fire suppression system

- safety functions and performance requirements
- control system

- system parts

- extinguishing agent and extinguishing nozzles

- automatic shut-down of the machinery
- emergency stop
- extinguishing opening

as the
risk of fire
been adequately

reduced?

No

D3.10

Figure D.1 — Risk assessment and risk reduction for the example of a machining centre

Information for use

TYES

Information for use =

D.3.2 Selection of non-water-miscible metalworking fluids

The fire risk of non-water-miscible metalworking fluids is determined by their properties as shown

in Table D.1.

24
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Table D.1 — Properties of non-water-miscible metalworking fluids

Tendency Viscosity grade Viscosity Flashpoint Evaporation loss at
. . at40°C . . 250°Cin1h
in accordance with in accordance with
ISO 3448 mm? - s-1 ISO 2592 Noack procedurea
°C %
ISOVG 5 4,14 to 5,06 >120 <85
ISOVG 7 6,12 to 7,48 > 145 <80
Decreasing fire |[5g v 10 9,0 to 11,0 > 155 <60
and pvp]nclnn
hazard ISO VG 15 13,5t0 16,5 > 190 425
1 ISO VG 22 19,8 to 24,2 > 200 415
ISO VG 32 28,8 to 35,2 > 210 413
ISO VG 46 41,4 to 50,6 > 220 411

ee, for example, DIN 51581-1.

Depq
the fi

bllowing parameters:

D.3.
The f
— 1
— 1

For
prov

In o
fire
remd

west possible evaporation loss;

ighest possible flashpoint.

val, for example

B Processed material

heir size (coarse or fine chips), and

heir condition (wet or dry).

hip discharge through flushing with metalworking fluid,

hipsremoval through chain or chip conveyors, and

ighest suitable viscosity for the intended machining proc€ss;

ire risk of material residues within the machine is determined by

nding on the machining process, the most suitable metalworking fluid is selected by|considering

ight metal chips, the firfe)characteristics, e.g. combustibility index, should be determined or
jded by the supplier of the processed material.

der to minimize therisk of fire or to limit the consequences of fire, it is important|to keep the
oad in the interior of the machine as low as possible. This can be achieved by efficient chip

D.3.4 Ignition sources

In most cases, machine fires are initiated by the following ignition sources:

— incorrect tool position leading to tool damage;

— incorrect process parameters (e.g. feed rate, tool speed);

— sparks with high energy (e.g. grinding sparks);

— overheated chips;

— hot surfaces (e.g. overheated tool or workpiece due to insufficient flow rate of metalworking fluid).
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A reliable and sufficient cooling of the machining zone by metalworking fluid to avoid ignition sources
can be ensured by the following measures:

— total wetting of the workpiece by metalworking fluid;

— selection of optimum metalworking fluid flow rate;

— monitoring of metalworking fluid flow rate and tool wear.

D.3.5 Hazards

The proper

ies of metalworking fluid, the materials used, the potential ignition sources an

the

operating c
fluid and aif

a)

flame 4

opening
b) flame ej
c) subseqy
d) subseqy

conveyq
e) ignition|
f) fire pro
g) formati
h) backdrd
i) re-ignit

nditions can create hazards, including ignition of an aerosol consisting of metalwe
in the interior of the machining centre. The following hazards can be created:

jections through machine openings (e.g. door openings, gaps, loading ,.and unlog
s or pressure relief openings);

ections into the extraction system or chip removal system;
ent fire in the interior of the machine;

ent fire propagation to adjacent machine areas, e.g. drive rogm, workpiece magazines
1, extraction system;

of chips, in particular with light metals (e.g. magnesium, aluminium);
pagation to other parts of the plant;

bn of smoke and generation of hazardous combustion gases;

ft when opening the door of the machinge enclosure;

on due to reintroduction of metalwgrking fluid when restarting the machine.

D.3.6 Risk estimation and risk evaluation

For all fire h
level” is detq

The risk lev
and/or expd

Example of
case injury

azards (fire scenarios) identified in D.3.5, depending on the operating conditions, the
brmined (see 5.4).

bl is estimated by sheans of a risk graph that examines the severity of injury, the freqy
sure time of thefire hazard and the possibility of avoiding hazard (see Figure 5).

risk estimation: For hazard D.3.5 a) “flame ejections through machine openings” in ¢
of persans' can be expected. Assuming that the severity of injury is serious (52)

frequency of occurrence is seldom to less often (F1) and avoidance of hazard or limiting the ha

scarcely po{

sible (P2) a high risk level (risk level 4) results.

'king

1ding

chip

“risk

ency

very
, the
'm is

Forhazards

1 4] N T | 1 el l ol - 1 - i ] I 1
VIICTTUICTTISKICVCT IS UIIdLLCPLADLY HIZI, TITT PITVEIILIUIT AITU PIOLCCLIUITITIICASUT CS d1T' T STT

cted

and applied to adequately reduce the risk of fire by using the three-step method (see 5.6.1), starting with
inherently safe design measures followed by safeguarding and complementary protective measures.

D.3.7 Inherently safe design measures

D.3.7.1 Hot surfaces and other ignition sources

D.3.7.1.1 Cooling by use of metalworking fluid

The metalworking fluid supply system (pipe and nozzle dimensioning, storage tank volume, pump
capacity, sufficient heat dissipation, etc.) is designed in such a way that a sufficient amount of
metalworking fluid is available to cool the cutting zone at all times by flushing.
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Measures for the best possible cooling by use of metalworking fluid are

— total flushing with metalworking fluid at pressure and a velocity sufficiently low in the close vicinity
of the cutting zone, and

— provision of more nozzles, if the waste material (chips and particles) generated is not sufficiently
cooled at the point of generation.

The performance of the flushing nozzle (pressure, nozzle geometry and correct setting) is also relevant.

By the installation of additional nozzles and their arrangement as “metalworking fluid rinsing
curtains”, mist volumes can be further minimized. It is necessary to correctly adjust and direct the

nozz

In so|
the c

D.3.7.1.2 Monitoring of the metalworking fluid supply and tool wear

Flow| control devices (or, alternatively, switches for high and low pressure) and monit
metdlworking fluid temperature are mainly used to monitor the metalworking fluid supply.

By mleans of process monitoring, the ignition sources due to tool'wear are recognized, e.g.

mon

D.3.7.2 Chip removal

In order to avoid a fire or to limit its consequences,‘itis important to keep the “fire hazar

poss

a) dlesign measures in the interior of the machine that include

b) ¢hip conveyance from the interior of the machine by

c) ¢torage of chips'in chip container where the

1+ avoidance of horizontal surfaees (areas with pool formation or chip accumulation)

1+ chip discharge threugh flushing with metalworking fluid, and

—  IITfOTTITEation O TegUular emptying of Comtainer 15 1T tire operating imstructions:

es towards the workpiece/cutting zone area (see D.3.10).

Ime cases, additional cooling outside the working zone is needed to obtain suffieient cq
hip conveyor.

toring of structure borne noise or monitoring of the cuttingforce.

ble, by means of, for example

— draining-off of cutting fluids by slightly sloped machine tops, and

— chip removalthrough chain or chip conveyors with motor monitoring.

— container is closed, if possible,

— /container is integrated in an extraction system through an extraction cover, and

oling, e.g. in

bring of the

by means of

d” as low as

D.3.8 Safeguarding

D.3.8.1 Machining centre

D.3.8.1.1 Working area encapsulation and enclosure of the machining centres

Measures against hazardous pressure increase and fire within the enclosure comprise

— enclosure and working area encapsulation (doors, other covers) consisting of non-flammable
metal materials,
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