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Agenda
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• RTFM or just store “just in case”?

• Failure data IEC 61508 Ed.1 (1999) versus Ed. 2 (2010)

• Examples

• Proven in use / Prior use

• Examples

• Systematic Capability

• Examples

Disclaimer: in this presentation we have used examples of existing safety manuals and certificates, we did 

our best to anonymize company names and persons but could not hide everything. It is not 

our intent to harm or insult companies or persons in any way. 

We are human beings, human beings make mistakes, we cannot avoid this and we have to 

accept it. Therefore FSM: reduce or avoid (systematic) failures.
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RTFM or only store for: “just in case”?
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• Safety equipment needs safety specific documentation: safety 
manuals

• Safety manuals belong to lifecycle documentation

• What is inside:

• Classification type A or B (simple or complicated devices)

• Failure data (SD, SU, DD and DU)

• Possible design / application constraints

• Declaration of systematic safety integrity (later)

• Instead of filing with the rest of the documentation, give it a 
read through, you may discover some unexpected things…

• Question: who is reading every safety manual?
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Failure modes and failure rates
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Failure modes for a device are the different ways a device can fail and can be 
categorized as:

• “safe” failure mode means the device can reach safe state or is forced to 
the safe state 

• “dangerous” failure mode means the device cannot reach safe state 
anymore

The Failure Rate says something about the frequency of a failure mode of a 
component or a device. Industrial databases of failure rates per component 
are available for example: Siemens, TelCordia, MIL handbook etc.

Failure rate units differ per database: 

• per year, per million hours, per billion hours (FIT), years (MTBF)
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FMEA
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By analysing the failure modes of each component, the effect of such failure 
on the device can be determined. The overall effect can be that the device 
enters either in the safe or in the dangerous mode.

Adding up all component failure 
rates with a safe effect results in the 
safe failure rate of the device: S

Adding up all component failure 
rates with a dangerous effect results 
in the dangerous failure rate of the 
device: D

FMEA = Failure Modes and Effects Analysis
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FMEDA
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Many devices have internal diagnostics. When diagnostics is applied, 
failures in a device or system can be revealed. Diagnostics means a 
periodical/continuous automatic test  

When failures are detected various 
actions can be taken depending on 
the severity of the detected failure, 
for example:

• an alarm can be initiated

• the system can be shut down

Now you can do an FMEDA

FMEDA = Failure Modes, Effects and 
Diagnostic Analysis
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Failure Rates for safety calculations
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These three don’t really bother you :

they are detected (so you will repair them) or 
undetected, but safe anyway.

Of course they are not useless: these are used in 
the calculation of the Availability and the Safe 
Failure Fraction.

This one really 
bothers you :

it will make that 
the SIF cannot 
perform the 
(safety) action. 

It is the only one 
that goes into the 
PFDAVG

calculation.

SD SU DD DU
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Safe Failure Fraction
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(S+DD )

(S+DD+DU) 

IEC61508 Edition 1 (1999) ➔ Safety Manuals started including in SU not 

only “safe undetected” failures but also “No effect”, “No part” etc. 

If you increase SU artificially: SFF will be close to 100% 

Hence by adding components to a device SFF can increase

IEC61508 Edition 2 (2010) ➔ a component that is No Part or has No Effect 

on the SIF can not be part of SFF calculation anymore

SD SU DD DU+

= S

SFF =
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Example 1: what do we see?
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Example 2a: what do we see?
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• Did the design 
change?

• Without PVST 
your DD is to be 
added to DU , you 
cannot improve 
DU with your 
PVST coverage 
factor! 

• SIL4 also implies 
SC4 (see later!)

• Forget SIL3 for 
single valves, 
with only a few 
exceptions
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Example 2b: what do we see?
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If a device is 
suitable for SIL3 

(with partial 
stroke testing), 

then the 
manufacturer 
shall have an 

FSM system in 
place with SC3

(will come back)

Safety manual 2012, page 2
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Example 2c: what do we see?
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• Where did PVST go??

• PFD1oo1 = ½ DU x t = 2.83e-6

• DU and PFDAVG improved a 
factor 103 compared with 2012 

• HFT=1 DU and PFDAVG improve  
factor 104 compared with 2012

• PFDAVG in SIL 5 bandwidth?

• PFD1oo2 = (DU
2 x t2)/3=1.07e-11

• PFD2oo3 = not possible

• MTTR = 3 hrs

Safety manual 2021, page 2
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Example 3: what do we see?
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• Date ?? ➔ IEC 61508 Ed1 or Ed 2?

• PFD < 9e-5 ➔ SIL4?? @ prooftest interval?

• Confidence interval??

• Type A or type B device ??

• SFF according table A.1 IEC 61508 part 2
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Example 4: what do we see?
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Translation:

• After 5 years (or 6.5 incl. storage) it is not our responsibility anymore 

• We recommend replacement every 5 years…
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HFT assessment – 3 routes
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1. IEC 61508 Route 1H based on SFF

2. IEC 61508 Route 2H based on field experience (proven in use)

3. IEC 61511 based on field experience (prior use)

IEC 61508

Route 1H

(SFF based)

Type A: simple devices Type B: complicated devices
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Based on field experience
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IEC 61508 Route 2H (proven in use)

IEC 61511 (prior use)

IEC 61508 - failure data must be: 

• based on feedback from field operation in a similar application and environment

• collected in accordance with international standards

• evaluated and judged by expert

IEC 61511 – failure data formulated slightly different:
• also based on similar operating environments. 



| Safety Assurance and Consultancy | May 13, 2026 |  

© Yokogawa Electric Corporation

Who can really claim proven in use / prior use ?
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Who has the overview of:

• the total number of the (same) devices

• same application, same environment

• maintenance records, failure records

• all this for many years

Do manufacturers know:

• where their hardware eventually is installed (Arctic vs. Dessert)

• how correct maintenance is done 

• if replacement is done without their knowing

• all this for many years



| Safety Assurance and Consultancy | May 13, 2026 |  

© Yokogawa Electric Corporation

Example - Valves: market is flooded with 2H certificates
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Why are they successful?

• if it looks official enough, 
people believe everything…

• from “trustworthy” companies

• people do not read the 
certificates anymore…

Safety

Certificate

page 1
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Example - Valves: market is flooded with 2H certificates
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Do you read the small letters?

So not the IEC 61508 Ed2 criteria but some 
“home-made” requirements instead…

And the people that do read and understand 
the IEC standards feel like fighting windmills

Safety Certificate page 2
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Systematic Safety Integrity – Systematic Capability
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Three basic requirements have to be fulfilled in order to claim any SIL:

1. PFDAVG of the SIF shall be within the target SIL bandwidth.

2. Hardware fault tolerance (HFT) for the target SIL to be justified. 

3. Systematic Capability shall comply with the requirements for the target 
SIL

SC is a measure of the quality of the (manufacturer’s) organization and its 
Functional Safety Management system. It is expressed as SC1 to SC4 and 
must correspond with the (highest) target SIL.

Hardware safety integrity

Systematic safety integrity
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Who shall prove Systematic Capability?
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Systematic Capability is determined by the applied Functional Safety 
Management (FSM) in an FSM system for:

1. The manufacturers of all bought-in devices in the (pipe to pipe) SIF:

Declaration of manufacturer is needed (or from certification body).

2. For all parties involved in the safety life cycle (End User, EPC, SIS 
integrator etc.) .

Systematic Capability is determined by the applied FSM: 

• Have an FSM system in place which is regularly audited by someone with 
the correct independence. The higher the required SIL level, the more 
independence is required (independent department/organization).

• Audit report to draw a conclusion on the achieved systematic safety 
integrity (SC). 
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Example - Systematic Capability understood?
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With this knowledge, can you tell me?
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My Japanese colleague designed a new transmitter and asks me what to do to 
make it a SIL transmitter.

What will be my 3 answers?

1. Do an FMEDA. (for the SD SU  DD and DU ➔ PFDAVG and SFF

2. Setup an FSM system for your design and manufacturing organization to 
prove SC.

Then it becomes very silent…

3. Or, talk to your colleagues who designed the EJX transmitter, they have 
already done it…



The names of corporations, organizations, products and logos herein are either registered trademarks or 

trademarks of Yokogawa Electric Corporation and their respective holders. 24

Any questions ?

Want to know more?

• Visit us on our stand

• Come to our Safety event 
in Amersfoort on 24th

June
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