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Work in Functional Safety (Yokogawa) since 1992.

Various positions in Project management & Project Engineering. 

With Yokogawa Malaysia from 2004 - 2022

Certified in 2009:   TÜV Rheinland FS Expert (SIS/FSM)

  2011 TÜV Rheinland FS Eng Trainer

  2017 TÜV Rheinland FS Technician Trainer

• HAZOP / SIL Classification Facilitator

• FSM Manager 

• FS Auditor

• Project Safety assessments and (Site) validation Assessor

• Functional Safety trainings

• Member of MT61508-1/2, MT61508-3 & MT61511

• Proof Test Consultancy 

FS Expert 

(TÜV Rheinland 

#144/09, SIS/FSM) 

Arjen de Koning
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Agenda
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1. Proof test in IEC61511

2. Proof Test Project

I. Preparation - Collection

II. Creation of Proof Test Dossiers

III. Execution of Proof Test

IV. Analysis of Proof Test Results

3. Results of some other Proof Test execution

4. Take away
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IEC 61511-1:2016; Clause 16 SIS operation and maintenance

4

16.3.1.1 Periodic proof tests shall be conducted using a written procedure to reveal undetected 
faults that prevent the SIS from operating in accordance with the SRS.

16.3.1.2 The entire SIS shall be tested including the sensor(s), the 

logic solver and the final element(s) (e.g., shutdown valves and motors).

NOTE Testing of the SIS can be performed either end-to-end or in segments (see 11.8.1).

16.3.1.3 The schedule for the proof tests shall be according to the SRS.

The frequency of proof tests for a SIF shall be determined through 

PFDavg or PFH calculation in accordance with 11.9 for the SIS as installed in the operating environment.

NOTE Different parts of the SIS can require different test intervals, for example, the logic solver can require a different test interval than the 
sensors or final elements

16.3.1 Proof testing
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IEC 61511-1:2016; Clause 16 SIS operation and maintenance
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16.3.1.4 Any deficiencies found during the proof testing shall be repaired in a safe and timely 
manner. A proof test shall be repeated after the repair is completed. 

16.3.1.5 At some periodic interval (determined by the user), the frequency of testing shall be re-
evaluated based on various factors including historical test data, plant experience and hardware 
degradation. 

16.3.1.6 Any change to the application program requires full validation and a proof test of any SIF 
impacted by the change. Exceptions to this are allowed if appropriate review and partial testing of 
changes are carried out to ensure the changes were designed per the updated safety requirements 
and correctly implemented. 

16.3.1.7 Suitable management procedures shall be applied to review deferrals and prevent 
significant delay to proof testing. 

16.3.1 Proof testing
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What is Proof Test
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A proof test means a complete test of the SIF.

The purpose of the proof test is to reveal all undetected 

failures that are present in the SIF

After the proof test the elements in the SIF should be in 

their initial state

SIF must be tested completely

Also allowed to split it in 
sensor, LS and final elements 
and test separately 

Also allowed to use (false) trip 
as a proof test, if recorded that 
actions were successful.

Proof test does not mean only a functionality check confirming 

the (expected) function of the complete SIF or SIF input only!
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BUT……
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16.3.2 Inspection

Each SIS shall be periodically visually inspected to ensure there are 
no unauthorized modifications and no observable deterioration (e.g., 
missing bolts or instrument covers, rusted brackets, open wires, 
broken conduits, broken heat tracing, and missing insulation). 

NOTE These problems could indicate an increase in the frequency of faults. 

What about: 
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And ….. Documentation (Part of Proof Test Dossier)

8

16.3.3 Documentation of proof tests and inspection

The user shall maintain records that certify that proof tests and inspections were 
completed as required. These records shall include the following information as a 
minimum:

a) description of the tests and inspections performed including identification of the 

test procedure used;

b) dates of the tests and inspections; 

c) name of the person(s) who performed the tests and inspections;

d) serial number or other unique identifier of the system tested (e.g., loop number, 

tag number, equipment number, and SIF number);

e) results of the tests and inspection including the “as-found” condition, all faults 

found (including the failure mode) and the "as-left" condition. 
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Let’s do Proof test!

Easier said then done
Client:

• Original HAZOP report is not available.

• SIL classification was done for this existing site based on the 

    crosses (X) on the C&E.

After SIL Classification; 

    Proof testing is a KPI for the Facility Functional Safety compliance 

But nothing available.

Start from Scratch
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2. Proof Test Preparation: Project Scope

10

Site: Ethylene / Polyethylene Plant

Built in mid 90’s

Ethylene C2H4 Plant – 

 157 SIF’s      96 +16 Selected during Site  SIL 0 - 3

Polyethylene (C2H4)n Plant –  

 52 SIF’s       48 selected   SIL 1 - 3

Note: > 40% of the SIF’s are SIL 3 rated
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2. Proof Test Preparation: Project Team

Project team: 1 Lead with 5 safety engineers

• 4 months preparing the 144 SIF proof test dossier.

• 4 weeks at site – Actual Proof Test Execution

• What is needed to Create this Proof test procedure & 

   Dossier?
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2. Proof test Preparation: Proof Test Procedure & Dossier

• IEC-61511 Standard

• HSE UK crr428/2002    (OG54)

• Safety Manuals of each device in the SIF

• Proof test procedure/methodology devices

• Proof Test coverage of each device

• Application logic and settings/Parameters

• P&ID

• Datasheets
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2. Proof test Preparation: Proof Test Procedure

What is needed to Creation of Proof test procedure
• IEC-61508/61511 Standards

• HSE UK crr02428 

• Safety Manuals of all devices in the SIF 

•   Proof test procedure/methodology 

    of the devices

• Proof Test coverage of these devices

• Application logic and settings/Parameters

• P&ID

• Datasheets
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2. Proof test Preparation: Proof Test Methodology & Coverage

Transmitters

14

Valve / Actuator Assembly
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2. Proof test Preparation: Proof Test Methodology & Coverage

Valve (PTC?)
SOV

SOV (PTC?)

No Proof Test Coverage
What to choose?

90% ? or……
Proof Test is not a Diagnostic Test … PTC ≠ DC
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2. Proof test Preparation: Proof Test Procedure

What is needed to Creation of Proof test procedure

• IEC-61508/61511 Standards

• HSE UK crr02428 

• Safety Manuals of each device in the SIF

• Proof test procedure/methodology devices

• Proof Test coverage of each device

• Functional Logic Diagrams and/or 

     C&E and/or safety narratives 

     and (any) settings/Parameters
• P&ID

• Datasheets
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2. Proof test Preparation: Proof Test Procedure

What is needed to Creation of Proof test procedure

• IEC-61508/61511 Standards

• HSE UK crr02428 

• Safety Manuals of each device in the SIF

• Proof test procedure/methodology devices

• Proof Test coverage of each device

• Application logic and settings/Parameters

• P&ID’s

• Datasheets
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2. Proof test Preparation: Proof Test Procedure

What is needed to Creation of Proof test procedure

• IEC-61508/61511 Standards

• HSE UK crr02428 

• Safety Manuals of each device in the SIF

• Proof test procedure/methodology devices

• Proof Test coverage of each device

• Application logic and settings/Parameters

• P&ID

• Datasheets: 

       Sensors, Final Elements
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2. II. Creation of Proof Test Dossier

What is needed for the Proof test Procedure?

• First check (Inspection): Basic Preparation, Visual Inspection and Spare parts

• Combine all SIF devices proof test procedures in 1 comprehensive SIF proof test procedure

Also include all possible application functions to reveal undetected faults, e.g.:

• Out of range behavior

• MOS/Interlock behavior

• di/dt behavior / Rate of rise behavior  

• Voting (1oo2 / 2oo2/ 2oo3/ 2oo4 /1oo3)  

• Line fault behavior

• HH/LL trip(s)

Result:

Simple SIF 1oo1 (I/O)  app. 20-25 steps Actual test takes app. 1 -1.5 hour

Complex SIF 2oo3 (I)/1oo2 (O) app. 40-60 steps Actual test takes app. 3 - 4 hours

• Hysteresis behavior 

• Input Discrepancy Behavior

• Hart settings for Smart equipment

• Cybersecurity (Smart Devices: Write protect)

• Valve position (and/or other) feedback 

requirements. Leak test requirements
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2. II. Pressure Transmitter Low Test (1oo1) ; Yokogawa EJX Pressure transmitter.



| Proof test Rev 1.0 | March, 2025 |  

© Yokogawa Electric Corporation

2. II. Creation of Proof Test Dossier

Appendices for the used Documents (Mark up to show proof test results)

• SIL report Particular SIF

• P&ID

• Interlock Logic Diagram (FLD’s)

• Loop drawings

• Termination Diagrams

• Application Logic printout

• Punch item record

• SIL Calculation

• Proof Test Check sheet (Inspection)

• Data sheets of all Equipment

• Safety Manuals of all equipment
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2. II. Creation of Proof Test Dossier: Appendix Proof test Check Sheet

TOP SECTION



| Proof test Rev 1.0 | March, 2025 |  

© Yokogawa Electric Corporation

2. II. Creation of Proof Test Dossier: Appendix Proof test Check Sheet

Appendix: Proof test Check Sheet
SIF Hardware components Sensor configuration 
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2. II. Creation of Proof Test Dossier: Appendix Proof test Check Sheet

Appendix: Proof test Check Sheet

SIF Hardware components logic solver

Programmable Logic Solver (PE)

Solid state Logic Solver ( E )
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2. II. Creation of Proof Test Dossier: Appendix Proof test Check Sheet

Appendix: Proof test Check Sheet

SIF Hardware components Final Element Configuration
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2. II. Creation of Proof Test Dossier: Appendix Proof test Check Sheet

SIF Trip Values and SIF response time Timing
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2. III. Proof Test: Execution at Site

What proof test scope is possible?

▪ Only a block valve (no bleed).

Proof test options:
▪ Remove Transmitter to test wetted part 

 Or 
▪ No disconnection …. Use HART 

Communicator

Proof testing of 
PT101-10 & PT101-2

HOW?

What about the Note:
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2. III. Proof Test: Execution at Site

What proof test scope is possible?

▪ Manifold Block / Bleed valve

Proof test options:

▪ Calibrated Pressure source 
 Or 
▪ No pressure source available - HART 

Communicator

Proof testing of PT-979A/B/C

How?

What about  Proof Test possibilities for 

• in-line Flow transmitters, 

• Level Switches/transmitters, 

• Temperature transmitters 
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2. III. Proof Test: Execution at Site; Proof Test limitations

Testing the sensors and final elements was done in different ways:

• Via simulation (HART) the Sensor output side  (only HART PTC can be claimed)

• Via simulation on the sensor input side     (maximum PTC can be claimed)

• Via Jumpers on the sensor output (at device terminals) side  (PTC claim??)

• Via Calibration field equipment (e.g. for TT) and the HART simulation in the field

        (maximum PTC can be claimed)

• The simulations on the sensor input side are mainly done by using HART, instead of actual  field 
simulation, as requested by client.

• Final elements partly included due to the parallel valve overhaul activities/Time constrain. 

     Resulted in limited valve testing (PTC claim??)

• Proof Test Scope to be recorded as part of the auditable trail: Against what design basis the SIF 
was tested (e,g. filled in procedures, revision, and completeness) is recorded, incl. limitations
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2. III. Proof Test: Execution at Site

Recording of the results

• Application logic Printscreen.
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2. III. Proof Test: Execution at Site

Recording of the results

• Application Logic Print screen.

• BPCS HMI Graphics / Face Plates.

• Complete check sheet records with field equipment data.

In addition, other records collected (when available)

• Sequence of Even Recorder @ SIS and / or BPCS

• Alarm Management system (Hardwired based / Software based)

• Other systems (e.g. PI-server)

and

• Maybe pictures (Dated): Visual inspection
     Proof of activation.
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2. IV. Proof Test results: Independent Stgae 4 FS Assessment

What is done:

• Verify all SIF’s which are proof tested.
• Any assessment limitations and the safety impact analysed.
• Verify Proof test coverage – affects PFDavg calculation and next 

proof test interval

• Verify Document basis for Proof test
• Proof Test Engineering process with the Verification/Validation 

checks
• Actual equipment installed and failure data used.

• Sensors, 3rd party interfaces, Logic Solver Final element 
Configuration.



| Proof test Rev 1.0 | March, 2025 |  

© Yokogawa Electric Corporation

2. IV. Proof Test results: Independent Stage 4 FS Assessment

What is done:

• Actual proof test records verification
•  General assessment and assessment by area
•  Proof test results

• Completed the FSM for Operation and Maintenance Phase 
checklist; How good/bad is client FSM

• Final Assessment of this proof test project – 
199 open items for the SIF’s - mainly Systematic issues and 
many SIF’s did not meet SIL 3 (Mostly Financial SIL)

• SIF Re- Calculation based on actual PTC; 
 Still meets SIL or Recommend new proof test period to meet SIL.
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3. Results of recent Proof Test Execution 
-

Independent Stage 4 FS Assessment

34
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Project 2: Proof Test deficiencies for improvement
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1. Provide Safety Requirement Specification based on a Hazard and Risk Analysis. 
See IEC61511 Ed 2, Part 1 chapter 10.3 for SRS requirements.

2. Include basis of design and other operational documents as part of the Proof Test 
results to verify if the assumptions done with respect to expected demand/Failure 
rate of the system and documentation are still matching. E.g. (false) trip evidence 
over the past period.

3. Specify and Inspect the installed hardware components against the components 
of the original specification.

4. Specify the proof test intervals and process safety times on which the PFDavg 
calculations are based.

5. Compare the current proof test results with the latest proof test results to detect 
behavioral changes and/or trends.
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Project 2: Proof Test deficiencies for improvement

36

6.Consider process trips as proof tests and document them accordingly.  These to 
be noted with the proof test results for comparison purposes. 

7. Overall Loop response time of 2.7 and 2 seconds, respectively. 

Valves closing times are recorded and show closing within this response time, but 
the transmitter and logic solver response time has not been recorded.

As such no conclusion can be made if the overall Loop Response Time meet the 
Process Safety time for the 5 HIPPS system (Trains).

8. Proof test shows that the valves closed on the high trip but no conclusion can be 
made that all undetected faults that prevent the HIPPS from operating in accordance 
with the SRS are fulfilled. Valve proof test requirements are not available.

Specify a detailed proof test to meet the IEC61511 Ed 2, Part 1 chapter 16.3.1 
requirements
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Project 3: FSM Deficiencies in Proof Test Report
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Item Issue
IEC61511 Ed. 2 

Pt.1Clause

1 The document front sheet with names of author, reviewers, approvers, revision  

etc. is missing.

There is no review, approval and control scheme applied.
Table of Contents does not match the report order, format and pages.

19.2.6 / 7 / 8

2 Report indicates no information on achieving and maintaining functional safety of 

the SIS. 

19.2.9

3 The Recommendation for improvements & observations are referred to 

appendices but no information is provided. Therefore, it is unclear what is the 

conclusion

16.3.2 / 

16.3.1.3 / 

16.3.1.6
4 Some “major” observations are not supported/elaborated by the report. As such 

there there is no design/operational  basis for these observations

16.3.2 / 19.2.9

5 There is no analysis to justify the claim that the installed equipment are still within 

the useful lifetime. 

16.3.1.6

16.3.2
6 No information provided on the SRS and Design documents. 19.2 / 16.3.1.6
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Project 3: FSM Deficiencies in Proof Test Report

38

Item Issue
IEC61511 Ed. 2 

Pt.1 Clause

9 Prerequisite for proof test has not been defined. 16.3.1.1. / 19.2

8 The used (Calibrated) test equipment for Proof Test is not recorded. 16.2.2

9 No information on end-user responsibility for proof testing. 16.3.1.1/ 

16.3.1.5

10 No schedule information on proof test. 16.3.1.3

11 Punch list form incl impact Analysis is not available. 16.3.1.4 / 

16.3.1.6

12 No project information is available on the HIPPS itself. 16.3.3 / 

19.2.29

13 Signature missing of the recorded and involved (customer) persons. 16.3.3

14 System drawings not available at site. 16.3.3 / 19.2.9

15 Visual inspection not based on any drawings and lacking references. Items cannot be 

confirmed as done. Actual measuring points are unclear and not documented.

No measurements provided as proof that it is ok.

16.3.3

16 Visual inspection of field equipment is not recorded. 16.3.2
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Project 3: FSM Deficiencies in Proof Test Report
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Item Issue
IEC61511 Ed. 2 

Pt.1 Clause

17 Unclear how application logic is checked. Not covered in the proof test procedure. 16.3.1.1/ 

16.3.3

18 Chapter name is Annual test and set on 1 year, but the project Safety Validation Plan 

specifies 18 months. There is no record to show that this time interval is maintained since 

the last record in 2018.

16.3.1.3 / 

16.3.1.5 

19 Proof test table: This proof test procedure is severely incomplete and lacking any test to 

reveal undetected faults. It is just a limited function check.

A SIF 2oo3 Transmitters and 1oo2 Valves must be tested for every possible functionality 

and identify failures and possible common cause issues. Further the Proof Test Coverage 

is not defined.

No Datasheet and Loop test check sheet of the installed equipment is provided.

16.3.1.1 /

16.3.3 /

19.2.9

20 No punch form with impact analysis provided. Punch items overview is incomplete and not 

matching the punch items recorded. 

16.3.1.4 / 

16.3.1.6
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4. Key Take Aways

▪ Proof test “Buzz word” - Easier said then done. 

▪ Proof test is to detect dangerous undetected failures in the SIF. 

▪ Good proof testing require a detailed planning, proper documentation, 

manpower, time and budget.

▪ Proof test during TA schedule is limited due to time constrain and many parallel 

activities/pressure to complete on time.

▪ Inspection is required as part of Proof Test

40
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4. Key Take Aways

▪ The Proof Test Coverage can be a serious limitation – which can result in 

additional Proof testing to meet the SIF SIL requirement.

▪ FSM in the Operational Phase is mostly not established - No Systematic 

Capability (SC) for the Operator of the Facility

▪ Analyze Proof test results – limited follow up due to budget/time/ knowledge 

constrain 

▪ Most of the verification process is still a manual (Human) activity. Still Limited 

possibilities to improve this process with digitalization.

41
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Terimah Kasih (Thank you)

Arjen.de.Koning@yokogawa.com 

Safetyassessments@yokogawa.com

mailto:Arjen.de.Koning@yokogawa.com
mailto:SA@Yokogawa.com
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