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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
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lhave been updated where appropriate.

(lause 5 has been updated with new references to ISO 13855 and ISO 14119. Requiren

it rights. ISO shall not be held responsible for identifying any or all such’patent right
atent rights identified during the development of the document will be in the Introdu
e ISO list of patent declarations received (see www.iso.org/patents);

frade name used in this document is information given for the-éonvenience of users 4
[itute an endorsement.

hn explanation on the meaning of ISO specific termis and expressions related to
sment, as well as information about ISO’s adherence to the WTO principles in tH
ers to Trade (TBT) see the following URL: Forewdrd - Supplementary information

rommittee responsible for this document is ISO/TC 199, Safety of machinery.

ed. The main changes from the previous-edition are as follows.

Definitions have been brought intoline with ISO 12100. The figures showing exampl

emoval of guards have been amended. Subclause 5.3.9 describes requirements for
f fixed guards only with a tool. In addition, there is a requirement that fixed guards
o prevent easy removal. The subclause about impact and ejection resistance (5.4
trengthened. Subtlauses on Climbing (5.18), Retained fastenings (5.19), Warning i
[olour (5.22)ahd Appearance (5.23) have been added.

[lause 6 has'been amended and updated to better include cover combinations of differe

ﬁuards with other devices. Selection of guards according to the number and size of

6.3).has been changed and updated. Subclause 6.4.4.2, where access is required during

5. Details of
ction and/or

nd does not

conformity
e Technical

second edition cancels and replaces the first edition (ISO 14120:2002), which has been technically

bs of guards

hents on the
the removal
be designed
i) has been
igns (5.21),

nt guards or
the hazards
the working

ycle, has been changed and updated.

outlines the safety requirements and/or measures by subclause.

Clauses on verification and validation have been introduced (Clause 7). This includes a table which

The text of Clause 8 has been updated, including requirements for procedures for removal of guards

(use of atool and the safe working procedure). The subclause for removal of guards (8.5) has changed.

have been added.

Two new informative annexes on test methods, one on projectile tests and the other on impact tests,

The Bibliography, which contains a list of International and European Standards published or in

preparation that can be helpful in the design and commissioning of guards, has been updated.
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Introdu

The structu

ction

re of safety standards in the field of machinery is as follows:

a) type-Astandards (basic safety standards) giving basic concepts, principles for design, and general

aspects

that can be applied to all machinery;

b) type-B standards (generic safety standards) dealing with one safety aspect or one or more type(s)
of safeguard that can be used across a wide range of machinery:

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

— typ
sen

c) type-C
particu

e-B2 standards on safeguards (e.g. two-hand controls, interlocking devices, pres
Kitive devices, guards);

standards (machine safety standards) dealing with detailed safety reqg@irements
ar machine or group of machines.

This Interngtional Standard is a type-B2 standard as stated in ISO 12100.

Guards proy

parts and s

ibstances. The guarding can also give protection against others hazards, e.g. noise

biological hazards, and radiation.

The require

ments of this document can be supplemented or modified by a type-C standard.

For machings that are covered by the scope of a type-C standatd and that have been designed and

according toj

Vi

pure-

for a

Fide a risk reduction for both protection against unintended access and against eje¢cted

fire,

built

the requirements of that standard, the requiremeénts of that type-C standard take precedence.
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Safety of machinery — Guards — General requirements for
the design and construction of fixed and movable guards

1 Scope

This International Standard specifies general requirements for the design, construction, and selection

of guj
This

guar

This
publ

The
does

This
mobi
TOPS

2 Normative references

The
indisg
refer

ISO 1

ISO 1
of thq

ISO
and |

ISO 1]
and 4

ISO 1
mach

ards provided to protect persoITs (ToIT MeCaricat Tazards:

International Standard indicates other hazards that can influence the design and,corn
s.

International Standard applies to guards for machinery which will be mahufacturg
shed.

Fequirements are applicable if fixed and movable guards are usé€d;~This Internation
not cover interlocking devices. These are covered in ISO 14119.

International Standard does not provide requirements for-sgecial systems relating sy
lity such as ROPS (rollover protective structures), FOPS{falling-object protective stru
(tip over protective structures) or to the ability of machinery to lift loads.

following documents, in whole or in part;.abe 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

3855, Safety of machinery —\\Positioning of safeguards with respect to the approach sp
e human body

| 3857, Safety of machinery — Safety distances to prevent hazard zones being reach
ower limbs

14119, Safety of wiachinery — Interlocking devices associated with guards — Principlg
election

14123-1,\Sdfety of machinery — Reduction of risks to health from hazardous substance
inery > Part 1: Principles and specifications for machinery manufacturers

ISO

struction of

d after it is

al Standard

ecifically to
ctures), and

ent and are
For undated
es.

sk reduction

beds of parts

ed by upper

bs for design

s emitted by

4159, Safety of machinery — Hygiene requirements for the design of machinery

IEC 60204-1:2005, Safety of machinery — Electrical equipment of machines — Part 1: General requirements

3 Terms and definitions

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

31

guard
physical barrier, designed as part of the machine, to provide protection

Note

© ISO

1 to entry: A guard may act either
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— alone, in which case it is only effective when “closed” (for a movable guard) or “securely held in place” (for a
fixed guard), or

— in conjunction with an interlocking device with or without guard locking, in which case protection is ensured
whatever the position of the guard.

Note 2 to entry: Depending on its construction, a guard may be described as, for example, casing, shield, cover,
screen, door, enclosing guard.

Note 3 to entry: The terms for types of guards are defined in ISO 12100:2010, 3.27.1 to 3.27.6. See also
IS0 12100:2010, 6.3.3.2 for types of guards and their requirements.

[SOURCE: I1So+42+66:2646:32H

3.2

fixed guard
guard affixed in such a manner (for example, by screws, nuts, and welding) that it can only-be opengd or
removed by|the use of tools or by destruction of the means by which the guard is affixed

[SOURCE: IS0 12100:2010, 3.27.1]

3.21
enclosing guard
guard which prevents access to the hazard zone from all sides

Note 1 to entfy: See Figure 1.

Figure 1 — Example of an enclosing guard totally preventing access to transmission machinery

3.2.2

distance guard

guard which does not completely enclose a hazard zone, but which prevents or reduces access by virtue
of its dimensions and its distance from the hazard zone, for example perimeter fence or tunnel guard

Note 1 to entry: A distance guard can be partially or fully surrounding.

2 © IS0 2015 - All rights reserved
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See Figures 2 and 3.

Note 2 to entry
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Figure 2 — Example of a d
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Figure 3 — Example of a distance guard:

guard which can be opened without the use of tools

movable guard

3.3

:1S0 12100:2010, 3.27.2]

[SOURCE

3.3.1

power-operated guard

movable guard that is operated with the assistance of power from a source other than persons or gravity

© ISO 2015 - All rights reserved
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3.3.2
self-closing

guard

automatically adjustable guard
movable guard operated by a machine element (e.g. moving table) or by the workpiece or a part of the
machining jig, so that it allows the workpiece (and the jig) to pass and then automatically returns (by
means of gravity, a spring, other external power, etc.) to the closed position as soon as the workpiece
has vacated the opening through which it has been allowed to pass

Note 1 to entry: See Figure 4.

3.4
adjustable
guard which

[SOURCE: I§

3.4.1

manually a
adjustable g
particular o

Note 1 to ent

puard

peration

ry: See Figure 5.

Figure 4 — Example of a self-closing guard

| is adjustable as a whole or which'incorporates adjustable part(s)

0 12100:2010, 3.27.3]

djustable guard
uard where the‘adjustment is made manually and the adjustment remains fixed durfing a

© ISO 2015 - All rights reserved
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Figure 5 — Example of an adjustable guard for a radialorpedestal drilling machine

3.5
interlocking guard
guarf associated with an interlocking device so that, tégether with the control system of the machine,
the fpllowing functions are performed:

— the hazardous machine functions “covered by the guard cannot operate until the guard is closed;
— ifthe guard is opened while hazardousnrachine functions are operating, a stop commg4gnd is given;

— hen the guard is closed, the hazardous machine functions “covered” by the guard can pperate (the
¢losure of the guard does not, by itself, start the hazardous machine functions)

Note [l to entry: See Figure 6 and(7.
Note 2 to entry: See ISO 14119 about interlocking devices.

[SOURCE: ISO 12100:2010, 3.27.4]

© IS0 2015 - All rights reserved 5
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Figure 6 — Example of interlocking hinged guards; these enclose the hazard zone when cldsed

zzF: ® ‘IE

Figure 7 — Example of interlocking sliding guards

3.5.1
interlockingguard-withastartfunction
control guard

special form of interlocking guard which, once it has reached its closed position, gives a command to
initiate the hazardous machine function(s) without the use of a separate start control

Note 1 to entry: ISO 12100:2010, 6.3.3.2.5, gives detailed provisions regarding the conditions of use for a control
guard (see also 5.3.14).

[SOURCE: ISO 12100:2010, 3.27.6]

3.5.2

interlocking guard with guard locking

guard associated with an interlocking device and a guard locking device so that, together with the
control system of the machine, the following functions are performed:

6 © IS0 2015 - All rights reserved
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— the hazardous machine functions “covered” by the guard cannot operate until the guard is
closed and locked;

— theguard remains closed and locked until the risk due to the hazardous machine functions “covered”
by the guard has disappeared;

— when the guard is closed and locked, the hazardous machine functions “covered” by the guard
can operate (the closure and locking of the guard do not, by themselves, start the hazardous
machine functions)

Note 1 to entry: See ISO 14119 about interlocking devices.

Note 2 to entry: See Figure 8.
[SOURCE: I1SO 12100:2010, 3.27.5]

[T

Key
1  gxample of guardlocking device

Figure 8 —Example of safeguarding using fixed distance guards and interlocking ghiards with
guard locking

3.6
closed position
position of a guard so that it performs the function for which it was designed

Note 1 to entry: The function can be to prevent/reduce access to the hazard zone, and/or prevent ejection of
parts of the machine or the workpiece, and/or reduce exposure to hazards such as noise, radiation, etc.

Note 2 to entry: Open guard — guard which is not in closed position.

3.7
tool
implement such as a key or wrench designed to open and close a fastener

Note 1 to entry: An improvised implement, such as a coin or a nail-file, cannot be considered as a tool.

© IS0 2015 - All rights reserved 7
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use of a tool
action by a person under known and predetermined circumstances as part of a safe working procedure

39

frequency of access
number of occasions on which access is required or foreseeable within the guarded area per unit of time

4 Risk assessment

In order to

select and desion tunes of guards annronriate to particular machinerv it is imnpo
5 P 5 Pr-or P T T

tant

to assess th

5 Gener

5.1 Machine aspects

5.1.1 Genleral

Proper cons
the foreseed
consideratig
This can lea

5.1.2 Acc
To minimiz
as to enablq
removing th

Where acce;s
The followi

— loading

— tool changing and setting;

— measur
— mainter

— lubricat]

e guards.

ion;

— Tremova

e risk arising from the various hazards present at that machinery and the forese
categories of persons who can be exposed to the hazard(s) (see ISO 12100:2010, Clause 5).

nl requirements for the design and construction of guards

ideration of foreseeable aspects of the machine environment and operation throug
ible life of the machine is necessary in the design and application of guards. Inadeq
n of these aspects can lead to hazardous situations where machinery operation is hind
d to persons defeating the guards provided, thus, exposing them to greater risk.

bss to hazard zones

sisrequired within the guardéd area, this shall be as free and unobstructed as practic
1g are examples of reasongs-foraccess:

and unloading;

bment, gauging,.and sampling;

jance and nepair;

bable

hout
juate
ered.

b access to hazard zones where practicable, guards and machinery shall be so designed
routine adjustments, lubrication, and maintenance to be carried out without openi

hg or

able.

ofsvaste material (for examnple scran swarf snillage):
\Y r r7 4 r o~ J7

— obstruction removal;

— cleaning and hygiene.

5.1.3 Containment of ejected parts and other impacts

Where there is a foreseeable risk of

— ejection of parts (for example workpiece or broken tooling) from the machine,
— impacts from parts of machinery, or

— impacts from the operator,

© ISO 2015 - All rights reserved
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the guard shall, as far as practicable, be designed and constructed so as to contain and withstand such
ejections and impacts. See Annexes B and C for options.

5.1.4 Containment of hazardous substances

Where there is a foreseeable risk of emission from the machine of hazardous substances (for example
coolant, vapours, gases, swarf, sparks, hot or molten material, dust, solid, or fluid matter), the guard
shall be designed according to ISO 14123-1 to contain these substances as far as practicable.

If a guard forms part of an extraction system, this function shall be considered in the design, selection
of materials, construction, and positioning of the guard.

5.1.3 Noise

Where a requirement has been established to reduce machine noise, guards shall’be designed and
consfructed which will give the required noise reduction as well as providing protection| against the
othel hazards present at the machine (see also ISO 11200). Guards acting asl\acoustic enclosures shall
haveladequately sealed joints to reduce the emission of noise.

NOTH More information can be found in ISO/TR 11688.

5.1.4 Radiation

Where there is a foreseeable risk of exposure to hazardouis radiation, guards shall be designed and
apprppriate materials shall be used in their construction to protect persons from the |hazard, see
EN 1f2198-3. Examples include the use of darkened glazing (see ISO 25980 and EN 12254) to protect
from| the effects of weld flash or the elimination of gpenings in a guard around a laser.

5.1.7 Potentially explosive atmosphere

Where there is foreseeable risk of explgsion, guards shall be designed to contain or dissipate the
relegsed energy in a safe manner and-direction (for example by use of “explosion relief” panels) (see
also EN 1127-1).

A guard shall not be an ignition* source. To prevent the guard from becoming an ignition source,
thes¢ aspects shall be considered (e.g. hot surfaces, mechanically generated sparks, electricity, static
electricity, electromagnetie waves, and ultrasonic).

NOTH Where a guardis designed to protect against fire additional information is given in ISO 19353.
5.2 | Human aspécts

5.2.1 General

Reaspnably foreseeable aspects of human interaction with machinery (for example when loading,
maintaining or lubricating) shall be given proper consideration in the design and construction of guards.

5.2.2 Safety distances

Guards intended for preventing access to hazard zones shall be designed, constructed, and positioned to
prevent parts of the body from reaching hazard zones according to ISO 13857. For interlocked movable
guards, safety distances according to ISO 13855 shall also be fulfilled.

5.2.3 Control of access to the hazard zone

Movable guards shall be designed and positioned such that during normal operation they are prevented
from closing with persons in the hazard zone. Where this is not practicable, other means shall be used
to prevent persons from remaining undetected within the hazard zone. See ISO 12100:2010, 6.3.3.2.3.

© IS0 2015 - All rights reserved 9
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5.2.4 Viewing

Where viewing of the process is required, guards shall be designed and constructed to offer adequate
viewing. This can eliminate the need for defeating them. See also 5.9.

5.2.5 Ergonomic aspects

5.2.5.1 General

Guards shall be designed and constructed taking into account ergonomic principles

also ISO 12

00:2010,6.2.8a) and ).

[see

5.2.5.2 Si

Removable
ease of hand
capable of b

The attachnpents or provisions can be, for instance,

standar

applian
or

— lifting g

When the 1
machinery,
value of thej

NOTE

5.2.5.3 0
Movable gug

The observ
reducing sti
of the opera

Operating fq

5.2.5.4 Pq

Where removable sections of guards are intended to be moved or transported by hand, see EN 10

ve, weight, and design

sections of guards shall be designed to be of a suitable size, weight, and desigh to p4
ling. Guards which cannot readily be moved or transported by hand shall be provided
ping provided with suitable attachment devices for transport by meansrof a lifting dev

d lifting appliances with slings, hooks, eyebolts, or simply tappéd holes for appliance fi

res for automatic grabbing with a lifting hook, when securiiigis not possible from the gr

ear and appliances integrated into the guard.

hass of the guard or removable parts is sufficient to require the use of general li
hn indication, on the guard itself and remoyvable parts or in the information for use, g
r mass expressed in kilograms (kg).

perating force
irds or removable sectionsof guards shall be designed to permit ease of operation.

hnce of ergonomic principles in designing guards contributes to increasing safef]
ess and the physicalyetfort of the operator. This improves the performance and relia
Lion, thereby reducing the probability of errors at all stages of machine use (see ISO 12

rces can be réduced by the use of devices such as springs, counterbalances, or gas stry

pwer operated guards

brmit
or be
ice.

xing,

und,

fting
f the

05-2.

y by
hility
100).

its.

Where guat

ds-are power operated, they shall not be capable of causing injury (for example,

from

contact pressure, f0rce, speed, snarp edges). where a guard is fitted with a protective device which
automatically initiates re-opening of the guard, the closing force shall not exceed 150 N and the kinetic
energy of the guard shall not exceed 10 J. Where no such protective device is fitted, these values shall
be reduced to 75 N and 4 ] respectively.

These values are only applicable when a wide closing edge is used and no hazards from cutting or
shearing are present.

5.2.6 Intended use

Guards shall be designed to take into account foreseeable use and reasonably foreseeable misuse (see
[SO 12100:2010, 3.23 to 3.24 and Clause 5).

10 © IS0 2015 - All rights reserved
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5.3 Guard design and construction aspects

5.3.1 General

All foreseeable aspects of guard operation shall be given proper consideration at the design stage to
ensure that the design and construction of the guard itself does not create further hazard.

5.3.2 Crushing or trapping points

Guards shall be designed so as not to cause hazardous crushing or trapping points with parts of the
machine or other guards (see also ISQ 13854)

5.3.3 Durability

Guards shall be designed to perform their function properly throughout the foreseeable life of the
machine. When this is not practicable, degradable parts shall be replaceable.

NOTH Decreased durability can be caused, e.g. by environmental influencesssuch as varying temperatures,
light,[oxygen, or chemicals (e.g. cleaning agents).

5.3.4 Hygiene

Where applicable, guards shall be designed so as not to create’hazards to hygiene by trapping items or
matgrial, for example food particles, or stagnant fluids (seealso ISO 14159).

5.3.§ Cleaning

Where it is a requirement of the process, notably for the processing of food and pharmaceuticals, guards
shallbe so designed that they are not only safe-to use but can also be easily cleaned.

5.3.4 Exclusion of contaminants

Where it is a requirement of the process, guards shall be designed to exclude contaminants from the
process, for example in the foodspharmaceutical, electronic, and related industries.

5.3.7 Sharp edges, etc,

Guards shall be designed’and constructed so as not to have exposed sharp edges and corners or other
hazafdous projections-

5.3.8 Integrity of joints

Welded, bonded, or mechanically fastened joints shall be of sufficient strength to suitl reasonably
foredeeable loading. Where bonding agents are used, these shall be compatible with the process and
materiats bcius used—Where-mechanieal faatcuiusa are uacd, thetr-stt custh, uuulbcx, atret apaCing shall

be sufficient to ensure the stability and rigidity of the guard.

5.3.9 Removal of fixed guards

Demountable fixed parts of guards shall only be removable with the use of a tool (see 3.8). See also 8.5
and 8.6.

— Fixed guards shall be designed to prevent easy removal.

NOTE1 This is because operators can prefer to use an easily removable fixed guard instead of using an
interlocked movable guard.

— Quick release fasteners such as self-clinching fasteners shall not be used to secure fixed guards
from outside the guarded area.
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NOTE 2

:2015(E)

The use of fastenings that can be released quickly from the inside of the guarded area should
not be regarded as an alternative to providing an emergency exit. The emergency release of guards with
interlocking/guard locking is dealt with in ISO 14119. See also Clause 6.

5.3.10 Mounting of removable fixed guards

Fixed guards which are removable shall, where practicable, be unable to remain in place without
their fixings.

5.3.11 Adjustable guards

Adjustable d
with the pas

Both manud
with fixed g

Manually ad
— be desig
— Dbeeasil

Automatical

— be desig

to the n
as far as

NOTE It
bypassed, or

5.3.12 Moy
The opening

Where poss
they are ret
removable ¥
the hazard 7

5.3.13 Clo{

The closed |
position aga

uards shall be designed and constructed to restrict the opening to a minimum, consl
sage of material.

lly adjusted and automatically adjusted (self-closing) guards can be used in’ cdnjun
uards.

justable guards shall

ned and constructed so that the adjustment remains fixed during@-given operation, a
i adjustable without the use of a tool.

ly adjustable guards shall

ned and constructed so that the gap between the guayd and the material is always liy
inimum that is necessary for the work, and

practicable, be designed to prevent the automatic adjustment being defeated.

will not be possible in all cases to prevent automatically adjustable guards from being defe
rendered non-operational in an easy way.

rable guards
of movable guards shall require deliberate action.

ible, movable guards skiall"be attached to the machine or adjacent fixed elements sg
ained, for example byyhinges or slides, even when open. Such attachments shall on
vith the use of a tooh(see 3.8). Interlocked moveable guards shall be positioned relati
one in accordaneeywith ISO 13855.

ed position-of movable guards

position.of movable guards shall be unambiguous and distinct. The guard shall be hg
insta'stop by means of gravity, a spring, catch, or other means.

stent

ction

nd

hited

ated,

that
ly be

ve to

1d in

5.3.14 Interlocking guards with a start function (control guards)

Interlocking guards with a start function can be used only if ISO 12100:2010, 6.3.3.2.5 and all the

following ar

e fulfilled:

on the machine to have a global view of the whole machine/process;

the dimensions and shape of the machine allow for the operator or any person having to intervene

where starting the machine with an interlocking guard with a start function is one of the possible

control modes of the machine, mode selection shall be ensured according to ISO 12100:2010, 6.2.11.10.

NOTE
by closure of

12

the control guard.

The hazard zone considered above is any zone where the operation of hazardous elements is initiated
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Materials, rigidity, and impact requirements

5.4.1 General

The following aspects shall be considered in the selection of suitable materials for the construction of
guards. These properties shall be maintained throughout the foreseeable life of the guard.

5.4.2

Impact and ejection resistance

Guards shall, as far as practicable, be designed and the material selected to withstand and contain

reasanably foreseeable impacts and ejections according to 5.1.3

Materials for viewing panels shall be selected with properties suited to resist the mass\an
the ejected object or material. Where guards are fitted with viewing panels, specialconsid

d velocity of
bration shall

be given to the selection of materials and method of fixing them. Guards shall resist static gnd dynamic
forcgs (pressure, impacts) according to the risk assessment.

NOTH The impact resistance depends, e.g. on the properties of the material being used, its strength, the
fixing, and its ageing.

5.4.3 Rigidity

Supplort posts, guard frames, mountings, and infill materialsshall be selected and arranged to provide
arigld and stable structure and to resist deformation. Thisls especially important where fleformation
of material could be detrimental to maintaining safety distances.

5.4.4 Secure fixing

Guar(ds or parts of guards shall be secured by fixing points of adequate strength, spacing, anjd number to

rema
or cl{

5.4.5

Movi
oper

5.5

Harn
be cd

5.6

in secure under any foreseeable loadingor impact. Fixing can be by means of mechani
nmps, welded or bonded joints, or other means suited to the application. See also 5.3.8

Reliability of moving parts

ng parts, for example hinges, slides, handles, and catches, shall be selected to ens
htion given their foreseéable usage and working environment.

Containment

hful substancesyfor example fluids, swarf, dust, and fumes, which can reasonably be fo
ntained within the guard by a suitable impermeable material according to ISO 14123-

Resistance to corrosion

ral fasteners

ure reliable

reseen, shall
B

iade chall ho calactad swhich ara racictant +0 forocaaahla avidation and carracinny 4
oo Ot ottt e Tt oWVt o r - oo ta it toTor C ot oot oA Tt Tt oot CoTr rooto—

Mate rising from
the product, process or environment (e.g. from cutting fluids in machining operations or cleaning,
sterilizing agents in food processing machinery). This can be achieved by the application of suitable
protective coatings.

5.7 Resistance to microorganisms

Where there is a foreseeable risk to health from bacterial and fungal growth, materials that inhibit this
growth and can be easily cleaned and, if necessary, disinfected are used in the construction of guards
and shall be selected according to ISO 14159.

Examples are machines in the food, pharmaceutical and related industries, and catering in hospitals or
hotels.
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5.8 Non-toxicity

Materials and finishes used shall be non-toxic in all foreseeable conditions of use and compatible with
the process involved especially in food, pharmaceutical, and related industries according to ISO 14123-1.

5.9 Machine viewing

Where viewing of machine operation is required through the guard, materials shall be selected with
suitable properties. If perforate material or wire mesh is used, this should be of adequate open area and
suitable colour to permit viewing. Viewing will be enhanced if the perforate material is darker than the
area observed. See also 5.22.

5.10 Transparency

Materials uged for viewing machine operation shall, as far as practicable, be selected-from am¢ngst
those which|retain their transparency despite age and use. Guards shall be designed to.nmfake provjision
for the replgcement of degraded materials.

Certain applications can require the selection of materials or combinations,of materials that are
resistant to| abrasion, chemical attack, degradation by radiation, dust atttaction by static elecfrical
charge, or sifirface wetting by fluids which impair transparency.

5.11 Shadpws and stroboscopic effects

Guards shall be designed and constructed so as to minimize shadows and stroboscopic effects which
can cause a fisk.

NOTE Sge ISO 12100:2010, 6.2.8 €).

5.12 Electrostatic properties

Materials off the guard that enclose or is placedin an environment containing dust, fibres, or particles
shall be sel€cted to prevent accumulation. If'there is a risk of static charge to a hazardous level, gyards
shall be dedigned in material with an electrical conductance high enough to avoid build-up of gtatic
charge or byf other measures to preventjhazardous static charge.

For consideration of ignition sources, see 5.1.7.

NOTE IBC/TR 61340-1 gives guidance on electrostatic problems and hazards.

5.13 Guards with electrically conductive parts

Where guards are fiiade of electrically conductive material and used in electrically powered machines,
they might|neéd to be considered as “extraneous conductive parts of the machine” according to
IEC 60204-1}:2005, Clause 8. T

5.14 Thermal stability

Materials shall be selected which do not degrade when exposed to the range of foreseeable temperature
variations or sudden changes in temperatures. Examples are materials which are not prone to brittle
fracture, excessive deformation, or emission of toxic or flammable fumes.

Materials selected shall retain their properties in foreseeable climatic and workplace conditions.

5.15 Fire and flammability

Where there is a foreseeable risk of fire (see ISO 19353), materials selected shall be spark resistant and
fire retardant and shall not absorb or emit flammable fluid, fumes, etc.
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5.16 Noise and vibration reduction

Where necessary, materials shall be selected to provide noise and vibration reduction. This can be
achieved by means of insulation (putting an acoustic barrier in the path of the noise), and/or absorption
(lining guards with appropriate acoustically absorbent materials) or by a combination of both. Guard
panels might also need to be suitably damp to minimize effects of resonance which can transmit or
amplify noise.

5.17 Radiation protection

In certain applications, such as welding or the use of lasers, materials shall be selected that protect
perspns from harmful radiation.

NOTH In welding applications, for example, this protection can be by means of a suitab}y'tinted transparent
screen which permits viewing but eliminates harmful radiation.

5.18 Climbing

Climping on guards shall, as far as practicable, be inhibited by design. Consideration shall belgiven to this
possibility in their construction and the selection of materials and shapés. For example, by|eliminating
horizontal structural members and the horizontal component of mesh fabric from the outside surface
of thg guard, climbing is made more difficult.

5.19 Retained fastenings

When it is foreseen, e.g. maintenance, that the fixed gua¥d will be removed, the fastenings $hall remain
attadhed to the guard or to the machinery.

The Fequirement does not necessarily apply to-fixed guards that are only liable to be removed, for
exanpple, when the machinery is completely overhauled, is subject to major repairs, or is digmantled for
transfer to another site.

For fhe same reason, it might not be necessary to apply the requirement for retained fastenings to
remdvable covers provided for access (e.g. for inspection) in casings of machinery if

— the manufacturer’s instructions specify that the repairs requiring removal of these casings are only
flo be carried out in a speeialist repair workshop, and

— flastenings shall only-be removable by the use of a tool.
See Annex A for examples of retained fastenings.

NOTH Thi§ hequirement aims to reduce risks due to loss of one or more of the fastenings when guards are
remojed, forsexample, for maintenance purposes. This can lead to the guards not being replaced, pnly partially

fixed|in place or fixed with replacement fixings that do not have adequate strength, so that the guard cannot
adeqfately perform its protective function, for example, where containment of ejected parts is necgssary.

5.20 Vibration resistance

Where necessary, to prevent loosening and maintain attachment to the guard, fastenings shall to be
fitted with lock nuts, spring washers, etc.

5.21 Warning signs

Where access within the guarded area can expose persons to residual risks (e.g. radiation), appropriate
warning signs shall be placed at access points.
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5.22 Colour

Attention can be drawn to the hazard while the guard is opened or left off by highlighting the hazard
by the use of suitable colours. For example, if a guard is painted the same colour as the machine, the
hazardous parts are painted a contrasting bright colour.

Care should be taken in the selection and combination of colours to avoid confusion, e.g. red and yellow,
in combination is normally used for emergency stop.

When observation of the process is required, guards of perforate material should not be painted in
bright colours, e.g. yellow, that might interfere with the viewing of the process.

NOTE Fqr further information see EN 614-1.

5.23 Appearance
Guards shal| be designed so that they do not add adverse physiological and psychological’effects.

NOTE Sgqe IS0 12100:2010, 6.2.8.

6 Selectjon of types of guards

6.1 Genefal
Types of guards shall be selected in accordance with the following {see also ISO 12100:2010, 6.3.2].

In selecting suitable guards, the phases of the life of the machinery (as defined in ISO 12100) ihall
be considergd.

The most injportant selection criteria are the following:

— probability and foreseeable severity of any injury as indicated by the risk assessment;
— intendef use of the machine as defined in"1SO 12100;

— foreseeable misuse and defeat of the'guards;

— hazardd present at the machine;

— nature and frequency of-access.

6.2 Combination of.different guards or of guards with other devices

It can be appropriate*to use a combination of different types of guards. For example:

— if a madhine*has several hazard zones and access is required to one of them during the operpting
phase, e gucu db Ldll LUllbibt de fi)&Ud gucu d LUlllbillCd VVi‘l:h dll iutu }UL}\illg lllUVd‘U}C gu:u d,

— if a perimeter fence is used to prevent access to the hazard zones of a machine, an interlocked gate
would normally be required to provide safe access.

In a similar way, a combination of protective devices and guards can sometimes be required (see Figure 9).

EXAMPLE Where a mechanical feed device is used in conjunction with a fixed guard to feed workpieces
into a machine (thereby removing the need for access to the hazard zone), a sensing protective device (see
[SO 12100:2010, 3.28.5) can be required to protect against a secondary trapping or shearing hazard between the
mechanical feed device and the fixed guard.
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6.3 | Selection of guards according to the number and size of the hazards

Where practicable, hazards shall be guarded by enclosing guards.

guards of the most appropriate type should be selected, e.g.
movable guards, adjustable guards (automatic or manual) (see 6.4).

)

)

When enclosing guards are not practicable

fixed guards (distance or perimeter)

It is possible for a guard to protect multiple hazards and/or hazardous zones e.g. perimeter guarding
with an interlocked access gate around an assembly of machines. If a guard protects multiple hazards,

then the guarding shall be appropriate for all the hazards.

17
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When a hazardous area is separated into different zones to allow access to stationary machinery in one
zone when machinery is operating on other zones, access to a zone still in operation by accessing a safe
zone shall be prevented by the use of appropriate safeguarding.

NOTE Other safeguarding measures outside of the scope of this International Standard might be more suited
to the hazard(s) identified and the intended operation of the machine.

It can be beneficial to the production process to divide a guarded area into different zones, to enable
actions (for example checking, adjustment) in one zone to be carried out without affecting machine
operation in another zone. In this case, the guarding for each zone shall be in accordance with all the
requirements of this International Standard.

6.4 Selection of guards according to the nature and frequency of access required

6.4.1 General

ISO 12100 grovides requirements and guidance on the selection of guards, see 1SO\%2100:2010, 6.3.2
and Figure 4.

6.4.2 Moying transmission parts

Guards to pfrotect against hazards generated by moving transmission-parts, e.g. pulleys, belts, gears,
rack, and pihions, shafts shall be either fixed guards (see Figure 1) of interlocked movable guards.

Selection of [fixed or interlocked movable guard shall be done acéording to 6.4.4.1.

6.4.3 Where access is not required during use

Fixed guards should be used on account of their simplicity and reliability.
6.4.4 Where access is required during use

6.4.4.1 Where access is required for machine setting, process correction or maintenance
The following types of guard should be used:

a) Movabl¢ guard, if the foresegable frequency of access is high (e.g. more than once per week)| or if
removal or replacement of7a fixed guard would be difficult. Movable guards shall be assocjated
with an|interlock or an-interlock with guard locking (see ISO 14119);

b) Fixed ghard only, if the foreseeable frequency of access is low (e.g. less than once per week), its
replacement is easy and its removal and replacement are carried out under a safe system of wprk.

6.4.4.2 Wrwre access is required during the working cycle

The following types of guard should be used:
a) Movable guard with interlock or with interlock with guard locking (see ISO 14119);

b) Power-operated interlocking movable guards may be preferable, where there is a very short
working cycle or ergonomic reasons, e.g. heavy guards, hot process;

c) Interlocking guards with a start function (control guards), where the special conditions are met for
use (see 5.3.14).

NOTE When frequent access is required during the working cycle, other types of protective devices (e.g.
light curtain) can be more practical. They are not in the scope of this International Standard.
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6.4.4.3 Where, due to the nature of the operation, access to the hazard zone cannot be

total

ly prevented

When tools, for example saw blades, need to be partially exposed, the following guards are appropriate:

a) self-closing guard (see 5.3.11);

b) adjustable guard (see 5.3.11 and also ISO 12100).

7 Verification of the safety requirements for guards

7.1
The

inspection, testing, or calculation. Where practicable, verification shall be carried’out wit

in itg

NOTH

guard is mandatory. In some instances, this might need to be carried out away from the machine
powselr take-off guards and guards for abrasive wheels.

NOTIH
unles
these

7.2

Veriffication and validation can be satisfied by methods including but not limited to the follg

— vyisual inspection (A);

— ]

7.3

Tabld
seled
Tabld

General

aspects of guard design and construction shall be subject to verification| /by ¢

working situation.

1  For certain type of guards or for machines as specified in the TypesCystandards, type

2 Some test methods mentioned in the informative Annexes B\dnd C contain optional requ
s a Type-C standard specifies these requirements for certaimymachines, there is no need to
optional requirements to claim compliance with this International Standard.

Verification and validation methods

ractical tests (B);
easurement (C);
bservation during operatien’(D);
eview of task-based risk-assessment (E);

eview of specifications, layout, and documentation (F).

Required verification and validation

b 1 lists=specific requirements that are identified as essential for the design, const
tiom of guards provided to protect persons from mechanical hazards. For each r
b Lindicates the means by which compliance with the requirement shall be verified.

xamination,
h the guard

Festing of the
for example

irements but,
comply with

wing:

Fuction, and
equirement,

Table 1 — Means of verification and/or validation of the safety requirements and/or measures

Subclause Safety requirements and/or measures Verification and/or validation methods
Al Bl c|p]|E]|F
5.1 Machine aspects
511 General
51.2 Access to hazard zones is minimized by e.g. en-
abling routine adjustments without opening or X X X X
removing the guards.
5.1.3 The guard is designed to contain and withstand
. . - X X X
ejected parts from workpiece, machinery, or tools.
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Table 1 (continued)

Subclause Safety requirements and/or measures Verification and/or validation methods
A B C D E F
514 The guard is designed for containment of hazard- X X X
ous substances.
5.14 The guard is designed to form a part of the extrac- X X X
tion system.
5.1.5 The guard is designed to reduce noise. X X
5.1.5 The gnnrr‘l have qr‘lpr}nafp]y sealed jaintta reduce — —
emission.
5.1.6 The guard is designed to protect from radiation. X X
5.1.7 The guard is designed to contain and dissipate X X
released energy in case of an explosion
5.1.7 All potential ignition sources have been considered
in order to protect the guard from being an ignition X X
source.
52 Human aspects
5.2.1 Reasonably foreseeable aspects of human interac-
: : : X X X X X
tion with machinery have been considered.
2.2 The guard is positioned according to ISO 13857. X X X
5.2.3 The movable guard is designed and positioned to
prevent it from closing when persons are in the X X X
hazard zone.
5.2.3 Other means are used in to prevent persons.frem X X X
remaining undetected in the hazard zone.
5.2.4 The guard is designed and constructed to offer
oo X X X
adequate viewing of the process.
5.2.5 Ergonomic aspects
5.2.5.1 Ergonomic principles have been taken into account. X X
5.2.5.2 Removable sections of guards are designed to be of
a suitable size, weight; and design to permit ease of X X X X
handling.
5.2.5.2 Removable sections of guards are provided with
suitable attachment devices for transport by X X X
means ofialifting device.
5.2.5.3 Movable/guards or removable sections of guards
: . ; X X X
arerdesigned to permit ease of operation.
5.2.5.4 The power operated guards is not capable of caus- X X X X
ills ;lliul -y-
5.2.6 The guard is designed to take into account foresee-
. X X X X
able use and reasonably foreseeable misuse.
53 Guard design and construction aspects
5.31 The guard shall not create a further hazard. X X
5.3.2 The guard is designed so as not to cause hazard-
ous crushing or trapping points with parts of the X X X X
machine or other guards.
5.3.3 The guard is designed to perform its function prop- X X X
erly throughout the foreseeable life of the machine.
5.34 The guard is designed so as not to create hazards
: o : X X X
to hygiene by trapping items or material.
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Subclause

Safety requirements and/or measures

Verification and/or validation methods

A

B

C

D

E

F

2
)
(a1

The guard can be easily cleaned.

X

X

X

o
W
(@)

The guard is designed to exclude contaminants.

X

X

o
w
N

The guard does not have sharp edges, corners, or
other hazardous projections.

AN

Welded, bonded, or mechanically fastened joints

have sufficient cfrpngfh

2
)
0

The mechanical fastenings have sufficient
strength, number, and spacing.

o
w
NO

Demountable parts are only removable with the
use of a tool.

4

The fixed removable guard is unable to remain in
place without its fixings.

U1
o
=
=

The adjustable guard is designed and constructed
to restrict the opening to a minimum.

o
|O8]
=
==

The manually adjustable guard is designed so the
adjustment remains fixed during the given opera-
tion.

The manually adjustable guard is designed so itiis
easily adjustable without the use of a tool.

oa
O8]
=
==

The automatically adjustable guard is designed so
the gap between the guard and matenjal'is limited
to a minimum.

The automatically adjustable guard is designed to
prevent the automatic adjustment to be defeated.

2!
i
=
N

The opening of the movdble'guard requires delib-
erate action.

U
(O8]
=
&S

The closed positionmof the movable guard is unam-
biguous and distijct.

4

The guard.is held in position against a stop by
means of\gtavity, a spring, catch, guard locking
device, 0r other means.

2
w
[
55

Fof.the interlocking guards with a start function
all'the following is fulfilled:

-dimensions of the machine allows for the operator
to have a global view of the machine.

1
i~

Materials, rigidity, and impact requirements

oal
N
—

General

U1
i~
no

The guard is designed to resist static and dynamic
forces.

3

Support posts, guard frames, mountings, and infill
materials shall be selected and arranged to provide
arigid and stable structure and to resist deforma-
tion. This is especially important where deforma-
tion of material could be detrimental to maintain-
ing safety distances.

A

The guards or parts of guards is secured by fixing
points of adequate strength, spacing and number
to remain secure under any foreseeable loading.
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Table 1 (continued)

Subclause

Safety requirements and/or measures

Verification and/or validation methods

A B C D E F

Moving parts, for example hinges, slides, handles,
catches, selected to ensure reliable operation given
their foreseeable usage and working environment.

X X X X

Harmful substances, for example fluids, swarf,
dust, fumes, are contained within the guard by a
suitable impermeable material.

Materials shall be selected which are resistant to
foreseeable oxidation and corrosion from the prod-
uct, process, or environmental factors.

<

Materials used in the construction of guards are
selected that inhibit growth of microorganisms
and can be easily cleaned and, if necessary, disin-
fected.

|.U"
o

Materials and finishes used is non-toxic in all fore-
seeable conditions of use and compatible with the
process.

5

Materials are selected to permit viewing.

2t
—
(]

Materials used for viewing machine operation are
selected from amongst those which retain their
transparency despite age and use.

Ul
—
(=]

The guards are designed to make provision for the
replacement of degraded materials.

z

Guards are designed and constructed so as-to'min-
imize shadows and stroboscopic effects;which can
cause a risk.

\oa
—
(\]

Materials of the guards are selected to prevent
accumulation of dust fibres, etc.

U1
—
N

The guards are designed in‘a-material with an elec-
trical conductance high-enough to avoid build-up
of static charge, or by other measures to prevent
hazardous static charge.

U
—
[ON]

The guards are/provided with terminations for
earthing conductors.

(o2}
—_
N

The materials selected do not degrade when
exposéd to the range of foreseeable temperature
variations or sudden changes in temperatures.

2t
—
[z}

Materials selected are spark resistant and fire
retardant and not absorbing or emitting flammable

fluid, fumes, etc.

U1
—
(o)}

Materials are selected to provide noise and vibra-
tion reduction.

2

Materials are selected that protect persons from
harmful radiation.

U
—
(o]

Climbing on guards is inhibited by design.

ol
=
\O

The fastenings are remaining attached to the guard
or to the machinery.

S

Fastenings can be fitted with lock nuts, spring
washers, etc., to ensure that they remain attached
to the guard.
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Table 1 (continued)
Subclause Safety requirements and/or measures Verification and/or validation methods
A B C D E F
5.21 Warning signs are placed at access points. X X X
5.22 Attention is drawn to the hazard while the guard is
opened or left off by highlighting the hazard by the X X X
use of suitable colours.
5.23 Guards are designed so that they do not add ad-
. : . X X X X X
verse physiological and psychological effects.
8 Information for use
8.1 | General

The instructions for use shall contain the required information about guaxds, their safety parameters,
and their functions (e.g. vertical or horizontal orientation), including installation and maintenance (see
1SO 12100:2010, 6.4).

8.2 | Guard hazards

Inforymation shall be provided for any hazards associated\with the guards themselves, for example
mechanical hazards or flammability of materials and relevant test results.

8.3 | Installation
Instrjuctions shall be supplied for the correct installation of guards and associated equipmsgnt.

Wheh guards are to be attached to a struieture, the instructions shall include requirements for fixing.
Thislincludes, but is not limited to, the folowing:

— fiixing to a floor;

— 3ssembling of movable guards;

— number and types of fiXings;

— ¢ompliance with.6ther relevant standards, e.g. ISO 13857 and 1SO 14119.

NOTH Whentiguards are designed to be fixed to a concrete floor, instructions for installation} can refer to
conctlete classification. See for example EN 206-1 with classes C20/25 to C50/60 for compressive stfrength.

8.4 | Operation

Instructions shall be provided directing the user to the correct operation of the guards, and the related
interlocks if they are supplied with the guard. Warnings against reasonably foreseeable misuse shall be
given (see ISO 12100).

8.5 Removal of guards

Information shall be provided indicating actions to be taken before guards are removed, for example
machine power isolation, dissipation of stored energy, and procedures for the removal of guards.

The information shall also prescribe requirements on procedures for the removal of guards, including
— appropriate use of a tool (see 3.7 and 3.8) and

— safe working procedure.
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NOTE See also ISO 14118 and IEC 60204-1:2005, 5.3 and 5.4.

8.6 Inspection and maintenance

Details shall be provided of inspections required to identify defects and the maintenance required. This
shall include the following, as appropriate:

— loss of or damage to any part of the guard, especially where this leads to deterioration of safety
performance, for example reduction of impact resistance from scratches to glazing materials;

— deformed or damaged partto be repaired or replaced if the damage has negative influence on safety;

— replacement of wearing parts;

— correctjoperation of interlocks;

— degradgtion of jointing or fixing points;

— degradgtion by corrosion, temperature change, embrittlement, or chemical attack;
— satisfacfory operation and lubrication, if necessary, of moving parts;

— modificption of safety distances and aperture sizes;

— degraddtion of acoustic performance, if applicable.

The information for use shall include a warning that fixings for‘guards (e.g. bolts, screws) should| only
be replaced|with fixings of the same or an equivalent type, e(g: fixing requiring the use of a too] (see
3.7 and 3.8)
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Annex A
(informative)

Example of retained fastening

See Figure A.1.

Figure A.1 — Example of a retained fastening using captive screw
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Annex B
(informative)

Example of projectile test method for mechanically testing guards

B.1 General information

The method|

A guard typ
contain parf
the case of g

The guidand

Annex B alf
of a test me
pieces comi

given in Annex B is optional, but if used has to be followed as given.

ically performs two functions, to prevent persons gaining access to the hazard zone a
s of the machine, (e.g. work piece) within the guarded zone. This annex offétrs-guidang
ontaining parts of the machine and work pieces, except fluid and fumes.

e in this annex is relevant only when an impact hazard exists.

0 gives basic information about the mechanical testing of guards and shows an exa
thod for guards used on machines in order to minimize risks ofimpact of parts or of
hg from inside the hazard zone. This annex applies to guard materials. The test mqg

gives guidance for small projectiles with high velocity (e.g. for ejectéd parts of the machinery).

B.2 Projg¢

B.2.1 Gen

The project
inside the h
the maching
guard matel

This test mé
given by the

VC:BX

where
Ve ist

B ist

!

ectile test

eral

le test method should be used only to.test the resistance of guards against impacts
hzard zone. The aim of this test is toxsimulate the hazard that occurs when broken paj
, of the work piece, or parts of tools-are ejected. It shows the resistance and/or streng
ials to penetration by ejected parts of the machine in fault conditions.

tthod is based upon machines equipped with rotating parts up to a circumferential s
following equation:

[T N

e circurnférential speed [m/s];

e maximum diameter of the rotating element [m];

nd to
e for

mple
work
thod

from
'ts of
th of

peed

(B.1)

n istt

grotary speed [S-1J-

This test method can also be used for machinery with other high-speed ejection hazards.

B.2.2 Test equipment

B.2.2.1 General

The test equipment comprises a projectile, a means to propel the projectile to the required impact
speed (e.g. a propulsion device) and a support for the test object.

B.2.2.2 Projectile

Examples for shape, mass, and dimensions of projectiles are given in Figure B.1 and Table B.1.
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Projectiles are to be made from steel with the following mechanical properties:
— Tensile strength R =560 N/mm?2 to 690 N/mm?2
— Yield strength R0,2 2330 N/mm?2

— Elongation at rupture A=20%
30°

NOTH Hardened to 56+4 HRC over depth of at least 0,5 mm.

Figure B.1 — Projectile

Table B.1 — Projectile, mass;and dimensions

Projectile

M D axa
mass diameter impact face

kg mm mm X mm
0,100 20 10 x 10
0,625 30 19 x 19
1,25 40 25 x 25

2,5 50 30 x 30

B.2.2.3 Speed meastrements

The $peed of the projectile shall be measured at a point where it is no longer subject to pcceleration
(i.e. after exiting the barrel or in the barrel beyond suitable pressure relief, see Figure B.2). The speed
needls to be.measured over a fixed distance using proximity sensors, photoelectric cells, or other
apprppriate means.

B.2.2.4 Supporting the guard under test

The test is carried out with the guard and/or a sample of the guard material. The guard support shall
be equivalent to the guard mounting on the machine. For testing guard materials, samples can be used
fixed on a frame with an inner opening of 450 mm x 450 mm. The frame shall be sufficiently rigid. The
sample shall be mounted in an equivalent way to the material in the guard.

B.2.2.5 Gun

The gun consists of a compressed air vessel with flanged gun barrel (see Figure B.2). Compressed air
can be released by a valve to accelerate the projectile toward the test object.

The air gun is fed by an air compressor. The speed of the projectile can be controlled by the pressure of
the air.
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