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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

electrotec

hnical standardization.

The procgdures used to develop this document and those intended for its further maintenancéxgre
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed-for the
different fypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may.be the subject of
ts. ISO shall not be held responsible for identifying any or all such patent rights. Detailq of
any patenf rights identified during the development of the document will be in the Introduction andfor

patent ri
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Any trade
constitute

For an ey
assessmel
to Trade (

The comnpittee responsible for this document is ISO/TC 39,"Machine tools, Subcommittee SC 10, Safet

list of patent declarations received (see www.iso.org/patents).

an endorsement.

name used in this document is information given for the convénience of users and does npot

planation on the meaning of ISO specific terms and{expressions related to conformiity
1t, as well as information about ISO’s adherence to the W.TO principles in the Technical Barrigrs

on.

TBT) see the following URL: Foreword — Supplemeritary informati

~
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Introduction

This Technical Report gives additional guidance to the manufacturer to use ISO 28881 by showing a
process of the risk assessment based on type A and B standards.

Some documents (e.g. technical reports, guidelines) have already been published but they usually
describe about the risk assessment only for machines or for control systems. Manufacturers need
guidance that covers both aspects of machines and control systems.

This Technical Report deals with risk assessment for machine and control jointly, i.e. the result of the risk
asgessment carried out for significant hazards listed in ISO 28881:2013, Table 1, including the results of
risk reduction by the protective measures described in ISO 28881:2013, Clauses 5 and 6 and the process
of the selection of PL; as described in ISO 28881:2013, 5.2, are shown.

Thjis Technical Report, based on the following International Standards, is worked.out in cdoperation
with JMTBA (Japanese Machine Tool Builder Association) and ISO/TC 39/SC 10.

—| ISO 28881;

—| ISO 12100;

—| ISO 13849-1;

—| ISO/TR 14121-2.

© IS0 2014 - All rights reserved v
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TECHNICAL REPORT ISO/TR 17529:2014(E)

Machine tools — Practical guidance and example of risk

assessment on electro-discharge machines

ac¢ordance with ISO 12100, ISO 13849-1, and ISO/TR 14121-2. It describes the method;
exaimples used to generate ISO 28881, to reduce the risk of potential harm on EDM equifmen
systems by persons involved in the design, installation, or modification of machineryif(e.g.
teghnicians, safety specialists).

2 | Information for the risk assessment

2.1 General
Thee following points should be considered:

—| specifications of the EDM equipment and EDM systems (For example of limits of the mach
Table 1.);

—| type of machinery (For examples, see Figures 1 and*2.);
—| hazards and associated hazardous situations;

—| estimated risk for each identified hazard\and hazardous situations including intended us
reasonably foreseeable misuse;

—| evaluation of the risk and making'decisions about the need for risk reduction.

Eliminate or reduce the risk by means of the three-step method in accordance with ISO 12100
—| step 1:inherently safe design measures;

—| step 2: safeguarding and/or complementary protective measures;

—| step 3: information for use.

hinery in
tools, and
tand EDM
Hesigners,

inery, see

e and any

2010, 6.1.
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Table 1 — Example of specifications of the EDM equipment and EDM systems

Type of{circuits

Output poltage

Output furrent

Transistor pulse
(energy retrieval type)
300V

50A

Items Wire EDM Sinker EDM

EDM machine figure See Figure 1 See Figure 2
Power supply

Input voltage 200 V a.c., three-phase 200 V a.c., three-phase

Electrical supply capacity 13,5 kVA 13,0 kVA

Compressed air 05 MPatoQ7 MPa 0.6 MPa

Equal to or more than 75 I/min

Machine weight 2000 kg 5000kg
Generator;

Transistor pulse

200V
60 A

Linear axip (X, Y, Z)

Stroke (Imm)

X350 x Y250 x Z220

X300 x Y200 x Z200

Output power a.c. 0,6 kW a.c. 1,0 kW

Feeding speed 1300 mm/min 5000 mm/min

Z-axis With brake With brake

Without balancer Without balancer

Rotary ax{s Not applicable C-axis

Output power a.c. 0,5 kW
Electrode

Size Wire diameter: 0,1 to 0,3 [mm] Not specified

Max. weight 10%kg 50 kg
Automatiqtool changer Not applicable Applicable

Number of electrodes 1 spool 30 electrodes

Max. weight per electrode 10 kg 10 kg
Workpiecq 650 x 450 x 195 mm

Max. sige 800 x 600 x 215 mm 650 x 450 mm

Max. weight 500 kg 800 kg
Dielectric fluid

Materiat Watet Siwith-flashpointmorethan66-C

Container capacity 4401 3501

Installation environment

Temperature

Relative humidity

10°Cto 35°C

35 % to 75 % (no condensation)

10°Cto 35°C

35 % to 75 % (no condensation)

© ISO 2014 - All rights reserved
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Key

1 | shielded enclosure with door(s) 6  workpiece

2 | wire supply spool 7  lower wire guide
3 | wire electrode 8 upper wire guide
4 | wire evacuation 9 interlocking guard
5 | electrical cabinet (generator) 10 fix guards

Figure 1 — Example of wire cutting machine
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1 local ffre alarm

2 fire deftection device

3 electrial cabinet (generator)
4  interlqcking shielded guard

5 linearfelectrode changer

Figure 2 — Example of die sinking machine with linear electrode changer

2.2 Hazard identification on EDM equipment and EDM systems during the life phases

2.2.1 Whhole/life cycle of the EDM equipment and EDM systems

The phasgs‘gf the life cycle of the EDM equipment and EDM systems considered to be significant in this
example are the following:

— transportation (including in-house transport and movement);
— assembly, installation, and commissioning;

— setting and operation;

— cleaning and maintenance;

— fault finding and troubleshooting;

— removal, dismantling, and disposal.

4 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=d5581356b2a8fd6aa277401e672d6129

ISO/TR 17529:2014(E)

2.2.2 Space limits

EDM equipment and EDM systems are assumed to be used in the industrial environment of the factory.

EDM equipment and EDM systems are assumed to be used in the environment without direct sunshine,
dust, and water splash.

EDM equipment and EDM systems are not assumed to be used in the atmosphere having fire or explosion
hazard.

Necessary area for all phases of the life cycle of the EDM equipment and EDM systems (i.e. installation,

op
be

2.7

T
is

2.7

bration, maintenance, etc.) is assumed to be secured. However, concrete size is not sped
Cause it does not seem to be reasonable from the objective of this example.

.3 Time limits

is example describes only the aspects of time limits which should be generally\determined
ot reasonable to specify concrete values here from the objective of this example.

life of the machine;
interval of inspection;
interval of parts replacement;

interval of cleaning and maintenance.

4 Use limits (intended use and reasonably foreseeable misuse)

Infended use and reasonably foreseeable misuse:of the EDM equipment and EDM systems

co

Th

Se
ED

1sidered in each phase of the life cycle.

e EDM is assumed to be used by a person
who is a trained operator,

without visual or hearing impairment,

without restrictions on physical ability of upper or lower limbs, or

e Table 2 for example of lifecycle and task in automatic, setting, and discharge alignment op
M equipmentiarnd EDM systems.

ified here

because it

should be

withoutusage of medical implantsliable to be affected by electromagnetic radiation (e.g. pacemaker).

bration on

©lI
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Table 2 — The phases of lifecycle and tasks in automatic, setting, and discharge alignment
operation

Task, operator, and reasonably foreseeable misuse

Automatic Description Wire EDM Sinker EDM

operation ! ! }
(machining) (1) Automatic workpiece preparation

— measuring workpieces (vertical, parallel, edge, etc.) X X

— measuring workpieces (with high voltage) X X

; Jerars Lonmidadal 1 oY
eSS U T WoTrRprecesS Wit Tow-vortagey 7ay 74y

(2) Automatic electrode preparation q/

.
— connection of wire electrode X ('b

— vertical wire alignment (adjusting by U-axis and V-axis) X /\

— clamping electrode (with automatic tool changer)

— measuring electrodes (edge, centre, etc.) \ X
VN

-~
(3) Making and verifying machining program 5\\
=N

— programmed operation without electric discharge power

< -
M
. . N\
(4) Tasks during processing \}\\
— starting process n\

\
— intervention during processing QQ

— adjusting flushing pressure n$

— adjusting flushing pressure (injection, suc.t@n X

— monitoring process condition ’\O

— adjusting machining conditions&.\c)t
N
— wire reconnection at break p@
Q
(5) Tasks after proce;s@
— measuring wo,nk‘)%et)es (with high voltage)

— measurin&@kjpieces (with low voltage)
A
— cuttip,g\%e electrode
Q\/
@)&(;omatic removal of core part
o

N
\— preparation for cutting core part

A

>l <

é — cutting core part

>’

= ITCIIOVIIIg COTC parc

Automatic operation is intended to be carried out by

— operators with appropriate knowledge and/or experience on the usage of machine and with full understand-
ing of the instructions described in the information for use, and

— persons under the supervision of such operators.

Reasonably foreseeable misuses in the automatic operation are
— opening guards during programmed operation,

— starting programmed operation with guard open, and

— processing with inappropriate fluid level in work tank.

6 © ISO 2014 - All rights reserved
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Task, operator, and reasonably foreseeable misuse

Setting operation Description Wire EDM Sinker EDM
(1) Confirmation of workpiece X X
(2) Setting of workpiece
— workpiece setting (manual) X X
— axis feeding (manual) X X
— measuring workpieces (vertical, parallel, edge, etc.) X X
— measuring workpieces (with low voltage) X ’\(\'\ X

%
=4
(3) Setting of electrode . (1/
— attaching wire electrode (spool) K
— installing wire electrode to rollers and connecting it AQ‘X
N
— clamping electrode \ X
~4Q
— transporting wire electrode ) \.) X
— adjusting location of metal parts for power supply (energiziné\ X
parts, in other words)
A3
— wire tension setting OQ X
— vertical wire alignment (adjusting by U-axis and \Q\x\is] X
©
— adjusting inclination of electrode o X
\4
— measuring electrode \\g\ X
(in case of EDM drilling, measuring res(i(;d»}@l electrode length)
— correcting straightness of smallQMlar electrode (with spindle X
rotation of 1 000 min-1) e
\.
&
(4) Other setting (-\\
N4
— nozzle distanc&c‘lqarance X
N
— direction ?H@]ing nozzle X
g
— setting @ushing pressure X X
— pp@r{, machining conditions X X
g fluid, adjusting fluid level X X
r~4
4 opening and closing or vertical movement of work tank X X
?0 (5) Making and verifying machining program
&?‘ — programmed operation without electric discharge power X X
(6) Tasks during intervention or after processing
— wire reconnection at break point X
— opening and closing, or vertical movement of work tank X
— axis feeding X
— measuring workpiece (with low voltage) X
— measuring workpiece (with low voltage) X
(in case of EDM drilling, confirming piercing through workpiece)
— cutting wire electrode (by scissors, etc.) X

© IS0 2014 - All rights reserved
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Table 2 (continued)

Task, operator, and reasonably foreseeable misuse

Setting operation Description Wire EDM Sinker EDM
(continued)

— cleaning workpiece and work tank after processing (by fluid X X
ejection)

(7) Handling of core part

— preparation for cutting core part

— removing core part

— measuring workpiece (with low voltage)

e R

— taking out workpiece

(8) Electrode change

— removing wire spool X

— removing electrode X

Setting operation is intended to be carried out by

— trained and/or qualified operators with appropriate knowledge and/or éxpérience on the usage of machine
and with full understanding of the instructions described in the informatios for use.

Reasonably foreseeable misuses in the setting operation are
— processing flammable materials,
— starting programmed operation with guard open, and

— switching on electric machining power with guard open.

Discharge Description Wire EDM Sinker EDM
alignment ) . .
operation (1) Exhaust air extraction adjustment X X

(2) Dielectric fluid flushing adjustment X X

(3) Visual machining inspection X X

(4) Electrode alignmént, X X

Discharge alignmient operation is intended to be carried out by

— trainéd'and/or qualified operators with appropriate knowledge and/or experience on the usage of machine
and with-fall understanding of the instructions described in the information for use.

Reasonably foreseeable misuses in the discharge alignment operation are
=~ processing flammable materials,

— starting programmed operation with guard open, and

— forgetting to switch off electric machining power after discharge alignment operation.

3 Hazard identification

Particular attention is paid to hazards dealing with (see ISO 28881:2013, Clause 4)

— electrical hazards (electrode voltage),

— flammable dielectric fluid (level, temperature, and fire detection),

— hazardous substances (waste disposal, filters, used dielectric fluid, electrodes, and sludge), and

— electromagnetic emissions (radiated and conducted), see IEC 61000-6-2:2005 for EMC for immunity
and [EC 61000-6-4:2011 for EMC for emission.

8 © ISO 2014 - All rights reserved
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The list of significant hazards and major sources of these hazards associated with electro-discharge
machines are given in ISO 28881:2013, Table 1.

4 Risk estimation, evaluation, and reduction

4.1 Safety requirements and/or protective measures

EDM equipment and EDM systems should all comply with the safety requirements and/or protective
measures and be verified in accordance with ISO 28881:2013, Clause 5. In addition, the equipment
anfl systems should be designed In accordance with the principles of ISO 12100 for relevaint, but not
significant, hazards, which are not dealt with by the above mentioned International Standardy. Analysis
of failure of machine components, including failure in the control system(s), is part of the\risk agssessment
anfl guidance on this subject is given in ISO 13849-1.

Safety functions of control systems should be implemented using safety-rélated parts|designed,
constructed and applied in accordance with ISO 13849-1. Safety-related. parts of control systems
implementing the safety functions should meet the requirements for the performance level andl category
of |SO 13849-1, as listed in ISO 28881:2013, Table 2.

Geheral safety requirements and/or protective measures for EDM\equipment and EDM sygtems are
giyen in ISO 28881:2013, Table 2 and ISO 28881:2013, Table 3.

—e

4.2 Protective measures and their verification pro¢edures

Safety requirements and/or protective measures as needed for EDM equipment and EDM slystems to
preévent hazards identified in hazard identification, should be taken and verified using the procedures
indicated in the verification column (see ISO 28881:2013, Table 3), with the following aljbreviated
phrases:

—| by testing (e.g. functional or practical g¢heck);

—| by measurement;

—1| by calculation;

—| by visual inspection, if testing and calculation are not adequate;

—| by analysis of documentation (e.g. circuit or functional diagram, information for use).

4.3 Informatienfor use

Information forruse refers to communication links, such as texts, words, signs, signals, syimbols, or
diggrams,Wwhich are used separately or in combination, to convey information to the user and which
sheuld ben accordance with ISO 12100:2010, 6.4.

The4nformation for use should document hazards which can occur during the life of the nachine to
both the operator and other persons who have access to the danger zone(s) for conditions of intended
use, including reasonably foreseeable misuse of the machine (see ISO 12100:2010, 3.24) for both spark
erosion with automatic mode and operations requiring intervention (e.g. setting, maintenance, and
repair).

The instruction handbook should provide all necessary information regarding transport, installation,
operation, setting, maintenance, cleaning, and disposal of the EDM equipment and EDM system, in
accordance with ISO 12100:2010, 6.4.5.

Information for use, such as

— marking, signs, and written warnings, and

© ISO 2014 - All rights reserved 9
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— instruction handbook (special recommendation, general safety information, power specifications,
compressed air specifications, flammable dielectric fluid, hazardous substances, electromagnetic
emissions, special recommendations for EDM operation and noise) are given in ISO 28881:2013,
Clause 6.

5 Risk estimation methods

5.1 General

Some Kinls of Tisk graph methods are used In this technical report. sub-clauses shown In this clajse
explain hqw to use the risk graph methods. 5.5 explains the risk parameters used in 5.2, 5.3, andr5'4

5.2 Risk estimation according to ISO/TR 14121-2

This risk |graph method (see Figure 3) is derived from ISO/TR 14121-2:2012, 6.3.2, This risk grqph
method shows how to estimate both initial risk and residual risk of the hazards onrmachine. The result
of this estfimation is used to evaluate if the residual risk is permissible or not. Ifthe residual risk is not
permissibjle, risk assessment cycle has to be implemented again until the residual risk is permitted.

This risk graph method uses risk parameters S, F, O, and A, then this classify the risk to six levels. Jee
ISO/TR 14121-2 for more information.

This method should be used for general risk assessment.

Probability of

; Possibility of Risk
Severity Exposure occurrence\of a . .
hazardeus event avoidance index
S1. slight F1, F2 01, 02 o A1, A2 1
3. higs
A1, A2 o 2

Start

o1\ , g0
F1. seldom 02. medium _ R A2. impossible 3

03 higp, A posé‘b\e
S2. serious P A2. impossible 4
F2. frequent 02. medium _ s A2. impossible 5

i

03 . soe
. hlgh P\’\ . \)os

A2. impossible 6

/

Figyre 3 —=Example of risk graph for risk estimation(ISO/TR 14121-2:2012, Figure 3)

5.3 RisKestimation according to ISO 13849-1

This risk graph method (see Figure 4) is derived from ISO 13849-1:2006, Annex A. This risk graph
method shows how to estimate risk to determine required performance level according to ISO 13849-1.
The result of this risk estimation is not used to evaluate residual risk, but it is used only to determine
required performance level for safety related parts of control system. This risk graph method uses
risk parameters S, F, and P and classifies PL; to five levels. See ISO 13849-1:2006, Annex A for more
information.

This method should be used for risk assessments which involve control systems.

10 © ISO 2014 - All rights reserved
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PL,
L
P1
a
F1 |
S1 N P2
e P1 b
F2 N
1 P2
® P1 c
F1 |
52 P2
> P1 d
F2 |
P2 e
H
Key Risk parameters
1 | starting point for evaluation of safety function’s S severityof injury
contribution to risk reduction
L | low contribution to risk reduction S1 shight (normally reversible injury)
high contribution to risk reduction S2_“serious (normally irreversible injury or d¢ath)
PL{ required performance level " frequency and/or exposure to hazard
F1 seldom-to-less-often and/or exposure tinje is short
F2 frequent-to-continuous and/or exposure fime is
long
P possibility of avoiding hazard or limiting harm
P1 possible under specific conditions
P2 scarcely possible
NOTE The risk parametéer Jof “possibility of avoidance or reduction of harm” is expressed| as “P” in
IS 13849-1:2006, Figure A.1, but “A” is used in [SO/TR 14121-2:2012, Figure A.3. They have the sanje meaning
esdentially; therefore “A” is adopted in this Technical Report.
Figure 4 — Risk graph for determining required PL, for safety function(ISO 13849-1:2006,
Figure A.1)
5.4 Risk estimation according to ISO 28881
TheFigures5amdt6show theequivatent method-imrthe Tisk graphrmrethoddescribed 5.2 and 5.3

respectively. This information may be useful if risk matrix, which is used for risk estimation with
combination severity of harm and probability of occurrence, already exists.

© ISO 2014 - All rights reserved 11
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5.4.1 Estimate frequency and impact of possible hazards

Fi

12

rst step:

The manufacturer should check if foreseeable hazards happened in the past with the
earlier produced EDM equipment and EDM system, and identify the frequency (ranging
from unlikely to often) as well as the impact of hazards (from negligible injury to dan-
ger of life). Then, estimate the possible hazards on the equipment to be designed and
complete the file accordingly. If the result of this estimation is located in the dark grey
area, such hazards are not acceptable and a responsible person should be put in charge
to review the technical solution according to ISO 12100. The reviewed solution should

bachackad aagain to varifiuthat
Be-C SHO-VeHty—+

tha avnactad ricl yainimization antarc haolawvrin tha d rk
e-expecteatt OH-eHterS8eroW-tHi+ne-aol

TrecIceTrs ottt

grey area.

I T rAerer

Impact of possible hazards
Reference to $1 S2
ISO/TR 14121-2 | Probability of - .
occurrence of harm ir\:‘t_agllglble Minor iI?ﬁ:_alevant Permanent | Danger of
(experience) jury jury
F2-O3tA2 Often
F2-O2tA2
= F2-03-A1 Casually
F2-O1tA2
=F1-03-A2 Seldom
= F2-02-A1
F2-O1fA1
= F1-03-A1 Exceptional
= F1-02-A2
F1-O2tA1
=F1-01-A2 Unlikely
=F1-Q1-A1

Figure|5 — Estimate frequency and impact of possible hazards(ISO 28881:2013, Figure D.1}

© ISO 2014 - All rights reserved
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5.4.2 Identify required performance level (PL;) to prevent possible hazards

Second step: Make sure that all identified risks are below the dark grey areas; identify the required
performance level from often (i.e. negligible injury) to unlikely (i.e. danger of life) for

each channel, as indicated in the light grey area.

Danger of

Probability of . -
Reference to occurrence of harm :‘:‘?3:_:’9“"" m:::\',' :T]?Lizant ::ﬁ:'jr:lvanent D:
11S0 13849-1:2006 | . R
—{experiernce)
S1-F1-A1 Often PL,=a
S1-F1-A2
=S1-F2-A1 Casually
S1-F2-A2
=S2-F1-A1 Seldom
S2-F1-A2 .
=S2-F2-A1 Exceptional
S2-F2-A2 Unlikely

hazards(ISO 28881:2013, Figure D.2)

Figure 6 — Identify required performahngee level (PL;) to prevent possible

© IS0 2014 - All rights reserved

13


https://standardsiso.com/api/?name=d5581356b2a8fd6aa277401e672d6129

ISO/TR 17529:2014(E)

5.4.3 Define mean time to dangerous failure (MTTFq4) and diagnostic coverage (DCayg)

Third step: Define the necessary mean time to dangerous failure (MTTFq) of the available com-
ponents, as well as the diagnostic coverage (DCayg) of the control system, to identify
the required performance level (PL;) and the category, if necessary, as shown in of
ISO 13849-1:2006, Figure 5.

PL

Cat.B Cat. 1 Cat. 2 Cat. 2 Cat. 3 Cat. 3 Cat. 4
DC,4none  DC,4 none DC,yglow  DBE,medium DC,4low DC,,4 medium DC, 4 high

Key
PL perforimance level
MTTF§ of each channel = low
MTTF§ of each channel = medium
MTTF}§ of each channel = high

Figure|7 — Define mean time to dangerous failure (MTTF4) and diagnostic coverage (DCayg)
(ISO 28881:2013, Figure D.3)

5.5 Risk parameter

RlSk ara N Afarc on din Talbla D axn ac follavasc
parameters-usedinTFable 3-areasfoHews:

NOTE These abbreviations are based on the risk parameters used in ISO/TR 14121-2:2012, Figure A.3 and in
[SO 13849-1:2006, Figure A.1. Although there are slight differences of explanations between ISO/TR 14121-2 and
[SO 13849-1, it could be considered that the risk parameters are essentially the same in meaning. In this example,
more concrete interpretation is added.

S: Severity of harm

S1: slight injury (usually reversible), for example, scratches, laceration, bruising, light wound requiring
first aid

S2: serious injury (usually irreversible, including fatality), for example, broken or torn-out or crushed
limbs, fractures, serious injuries requiring stitches, major musculoskeletal troubles (MST), fatalities
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F: Frequency and/or duration of exposure to hazard

F1: seldom or short duration, i.e.

F2

the frequency of access to the hazard zone is less than once per 1 h, or

time spent in the hazard zone is less than 15 min per one time.

: frequent or long duration, i.e.

the frequency of access to the hazard zone is once or more per 1 h, or

In
thd
us

time spent in the hazard zone is equal to or more than 15 min per one time.

Fhis regard, taking account of “nature of access” [see ISO 12100:2010, 5.5.2.3.1 b)], F1 ¢an b
 case where the hazard is moving parts of the machine and the access to the hazard’zone as
2" is foreseen only while the moving parts are stopping.

O:|Probability of occurrence of hazardous event

01

03k

A:

Th
IS(
mg

Al

mature technology, proven, and recognized in safety application, robustness:
protective measures are notdepending on the extent of trainingahd/or knowledge level of
performance level of implemented safety function meets Plg.

: technical failure observed in last 2 years:

inappropriate human action by a well-trained person aware of the risks and having mg
months experience on the work station;

the operator knows well the hazards, hazardous situation and/or sign of hazardous a
event.

technical failure regularly observed;

inappropriate human action by an untrained person having less than 6 months experie;
work station;

similar accident obseryédjin the factory in the preceding 10 years.
Possibility of avoidance or reduction of harm (“P” in ISO 13849-1)

e risk parameten of “possibility of avoidance or reduction of harm” is expressed
13849-1:2006,/Figure A.1, but “A” is used in ISO/TR 14121-2:2012, Figure 3. They have
aning essentially; therefore, “A” is adopted in this Technical Report.

possible under some conditions:

if parts move at speed less than 0.25 m/s (15 m/min);

chosenin
“intended

bperators;

re than 6

nd urgent

hce on the

as “P” in
the same

A2

depending on particular conditions (temperature, noise, ergonomics, etc.).

: impossible

It is not always rational to apply the above parameters to estimating risks associated with hygienic or
ergonomic hazards, nor fire/explosion; therefore, the following assumptions are applied.

©lI

Hygienic and ergonomic hazards

Hygiene risks mainly depend on the type of toxic (hazardous properties), the concentration and
the duration of exposure. Similarly, ergonomic risks are estimated considering factors such as
repetitiveness, force, posture, movements, duration, and time to recover, which might also be

distributed under the parameters of severity and exposure.

SO 2014 - All rights reserved
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Thus, for these types of risk, it seems that the estimation of the probability of occurrence of a
hazardous event and the possibility of avoidance has little sense.

For this reason, in this example, only severity and exposure are considered, and for the probability
of occurrence of a hazardous event and the possibility of avoidance, the most conservative value is

taken

/assumed.

— Fire/explosion

The risk of fire depends on the presence of flammable substances or materials, the oxygen and
the ignition sources. The parameters of severity, exposure, and probability of the hazardous event

can b
hazan
avoid

6 Exan

Table 3 s

e associated respectively to the size and strength of the potential fire, the duration of_{
dous situation and the probability of the machine catching fire. Where there is a possibility
hnce, it appears difficult to make a real estimation, so the most conservative value is‘dssum

nple of risk assessment

hows one example of risk assessment for hazard caused by electrieak discharged pow

implemenfted for automatic mode, setting mode, and discharge alignment mode:

NOTE
indicated g

The following example is an extract of a complete risk assessment‘and, therefore, the numb
t the leftmost column (e.g. 73, 123, etc.) are not sequential and continuous.

he

of

d.

€r,

Ers
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