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3.2.1 SIL DR

[IEC #rfESx]

Annex A
SIL assignment

A.1 General

This informative Annex provides one example of a qualitative approach for risk estimation
and SIL assignment that can be applied to SRCFs for machines. Examples of other techniques that
may be used for SIL assignment are given in IEC 61508-5 and will be outlined in a proposed
future IEC TC 44 Technical Specification.

NOTE 1 The methodology described in this Annex uses qualitative estimation of risk and
is intended to be generally applied for the assignment of a SIL(s) to SRCF(s) of machines.The risk
parameters used whilst applying this methodology to particular machines and their specific
hazards should be subject to agreement with those involved to ensure that the SRECS can provide
adequate risk reduction.

NOTE 2 In a large number of machine specific standards (“C” type standards in CEN) risk
estimation has been carried out to select a required Category in accordance with ISO 13849-
1:1999 for safety-related parts of machine control systems. It is noted that, for simplification, the
following relationships are commonly used: required Category 1 to required SIL 1, required
Category 2 to required SIL 1, required Category 3 to required SIL 2 and required Category 4 to
required SIL 3. More comprehensive methods of mapping between required Categories of ISO
13849-1:1999 and required SILs used in this international standard are under consideration.

For each specific hazard, the safety integrity requirements should be determined separately
for the safety-related control function(s) to be performed by the SRECS (see 5.2.4.2).

Figure A.1 is an example of a practical way of carrying out a risk assessment at a specific
hazard leading to estimation of a SIL requirement for a SRECS function. This methodology
should be performed for each risk that is to be reduced by a safety-related control function that is
to be implemented by a SRECS. Figure A.1 should be used in conjunction with the guidance
information in this Annex.

Risk estimation is an iterative process, this means that the process will need to be carried out
more than once.

Figure A.1 shows a feedback arrow to risk estimation. This is required because the provision
of a particular protective measure to implement an SRCF may have an affect on the risk
parameters (e.g. the use of a protective light curtain may result in a greater frequency of access). A
failure of the light curtain will then expose the operator to a greater risk than originally envisaged.
This requires that the process should be repeated following the same method but using the

amended risk parameter(s).
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At the end of the process shown in Figure A.1, the SIL estimated is the SIL requirement for

Risk
| assessment I
Risk reduction y—NO No SIL
by SRCF? estimation

Scope of this annex

the safety-related control function.

Risk estimation
or
SIL assignment

Hi

Factors changed
by the SRCF?

SIL assigned
to SRCF

_____________________________

Figure A.1-Workflow of SIL assignment process
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1. ERIRAAER

[IEC #rfESx]

A.2 Risk estimation and SIL assignment

A.2.1 Hazard identification/indication

Indicate the hazards, including those from reasonable foreseeable misuse, whose risks are to
be reduced by implementing an SRCF. List them in the hazard column in Table A.5.

[GB fRfEH]

A2 REEPRERT SIL 4Bl

A2l FERRBIAER

faoRfaly, AFE AU BT IR fER, @i AT SRCF BRI . B eflfEk
AS I “fElR” Bl (B sl

1) EeBE &

LA TAEMIAZ O R R . fER IR TE AT R S B0 F i . W=k T/EMEE
TR B 45 W 1 A A AR AR IR EBOIRES o B e B4 A 5T

® FMILSNE: fAET RIS H, AUANKEMINR R .

® HIETE: AGWEIRHEURE; BUEERE, HRARENINEE.

® SR e 2 TGO, FEBEE LA B AR AR A o

® NI fER R nT LAEEI I AR H — E T B2 TR .

GBI 2R . 4N, GB/T 6441—1986 (NVER TAT-H k) o, 44
JEREY). SIERFEHCERIIE SRR, 8GEY. E GGG, FERE RSN 20 K.

2) EKiR A

FE R AR S NG AER S E . RGNk AT PRSI N, e R VR B O E R4 Sk R
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YRR — R TR Mk, B SMCHE AR Z AV brdl. BERRE & LRI
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Gl AN Bk BRI SGLFIESE . STIAM L SR EAER . 547 SR E AARE H
KGR, SR TS E i B8 1% 7 VR A .

IEC 62061 ARA#EEPEMIZ 54— FR AT vk —— 2 A bk . LAk d i En T
BB I R R 2R R LSRR PR R G M fE IR I 5k, BAREE R S T
P (HAZOP) ®7t. TAEMES /M. S (ETAD. #FEM - (FTA) %. %420
MHERIL SR RS, 4 SR N R R R ERE.

2. KR TEE
[IEC #rfESRK]

A.2.2 Risk estimation

Risk estimation should be carried out for each hazard by determining the risk parameters that
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as shown in Figure A.2 should be derived from the following:
— severity of harm, Se; and
— probability of occurrence of that harm, which is a function of:
* frequency and duration of the exposure of persons to the hazard, Fr;
* probability of occurrence of a hazardous event, Pr; and
* probability to avoid or limit the harm, Av.

A23 Frequency and duration A24.1 A2d

Risk related . of exposure Fr <
to the Severity of = Probability of
P _ | the possible Probability of occurrence  A.2.4.2 £
identified = and £ a2 hazard P occurrence o
hazard harm S of a hazardous event T that harm

Probability of avoiding A243

or limiting harm Av

Figure A.2—Parameters used in risk estimation

The estimates entered into Table A.5 should normally be based on worst-case considerations
for the SRCF. However, in a situation where, for example, an irreversible injury is possible but at
a significantly lower probability than a reversible one, then each severity level should have a
separate line on the table. It may be the case that a different SRCF is implemented for each line. If
one SRCF is implemented to cover both lines, then the highest target SIL requirement should be

used.

[GB #rfESK]
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" — SRCF, 54 N FH f sy B Aw SIL EK .

PARSE VPl T I DA 4 FhOXURS: R R AT e, A HE:

(1) EMEREE (Se);

(2) BFEMAIMERIRFEERS A (Fr);

(3) fakH M RAEME (Po):

(4) BEGEIR G HE K AR (AV).,
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W6 73 e 25 22 AR HE I D RE

hEFEIRE
[IEC #rfESRK]

A.2.3 Severity (Se)

Severity of injuries or damage to health can be estimated by taking into account reversible
injuries, irreversible injuries and death. Choose the appropriate value of severity from Table A.1
based on the consequences of an injury, where:

4 means a fatal or a significant irreversible injury such that it will be very difficult to
continue the same work after healing, if at all;

3 means a major or irreversible injury in such a way that it can be possible to continue the
same work after healing. It can also include a severe major but reversible injury such as broken
limbs;

2 means a reversible injury, including severe lacerations, stabbing, and severe bruises that
requires attention from a medical practitioner;

1 means a minor injury including scratches and minor bruises that require attention by first
aid.

Select the appropriate row for consequences (Se) of Table A.1. Insert the appropriate number
under the Se column in Table A.5.

Table A.1-Severity (Se) classification

Consequences Severity (Se)
Irreversible: death, losing an eye or arm 4
Irreversible: broken limb(s), losing a finger(s) 3
Reversible: requiring attention from a medical practitioner 2
Reversible: requiring first aid 1

[GB fREER]

A23 EEE (Se)
A 9 B BT R R ) T B P A B e T AR BT 05 2 . AN R R 45 S AN BT TRk
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A.2.4 Probability of occurrence of harm

Each of the three parameters of probability of occurrence of harm (i.e. Fr, Pr and Av) should
be estimated independently of each other. A worst-case assumption needs to be used for each
parameter to ensure that SRCF(s) are not incorrectly assigned a lower SIL than is necessary.
Generally, the use of a form of task-based analysis is strongly recommended to ensure that proper
consideration is given to estimation of the probability of occurrence of harm.

A.2.4.1 Frequency and duration of exposure

Consider the following aspects to determine the level of exposure:

* need for access to the danger zone based on all modes of use, for example normal
operation, maintenance; and

* nature of access, for example manual feed of material, setting.

It should then be possible to estimate the average interval between exposures and therefore
the average frequency of access.

It should also be possible to foresee the duration, for example if it will be longer than 10 min.
Where the duration is shorter than 10 min, the value may be decreased to the number in the row
below in Table A.2. This does not apply to frequency of exposure<lh, which should not be

decreased at any time.

NOTE The duration is related to the performance of activities that are carried out under the
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