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Parties

About Client
JAQUET Technology Group is a global engineering and manufacturing company, specialised in providing 
speed sensors, and complete system solutions in demanding ambient conditions. Their main markets are 
automotive, power generation, railway, marine, mobile hydraulics and industrial machinery.

About Risknowlogy
Risknowlogy was founded in 2002 and is an employee owned business. Risknowlogy offers products, 
services, consulting, certification and training in the field of risk, reliability and safety. Offices are located in 
Argentina, Colombia, Germany, France, India, The Netherlands, Switzerland (HQ), the United Arab Emirates, 
the United Kingdom and Uruguay. 
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Terms and Definitions

Term Definition
Beta Common cause factor representing simultaneous failures in a multiple 

channel system leading to system failures.
Dangerous failure A failure that causes the device to not carry out its safety function 

upon demand. For example a temperature transmitter failing in a way 
that the transmitted temperature is lower then the trip limits. Or a 
shutdown valve that is normally open and fails stuck open.

DC Diagnostic coverage
DU Dangerous undetected
FSM Functional Safety Management
FT3000 series FT3000, FT3100, FT3300
PFD Probability of fail dangerous
PFDavg Average probability of failure on demand
Proof test A test, usually on function level, which can be used to reveal failures 

in devices related to that function. A proof test can be a loop test, or a 
device test (for example a partial stroke test on a valve). Proof tests 
are usually not built in and not automatic. In a multiple channel  
architecture each channel should be tested separately. 

Proof test interval The time between proof tests
QMS Quality Management System
SIL Safety Integrity Level
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1. Introduction

1.1. Objective
The objective of this report is to document the functional safety certification of the safety related 
electronic system compact speed control and overspeed protection system developed and 
manufactured by Jaquet. The certification is carried out to demonstrate that the system meets the 
SIL 3 requirements of IEC 61508:2010[2].

1.2. Basis of Certification
The following standard(s) have been used as basis for the certification:

‣ IEC 61508:1998 - Functional Safety of Electrical / Electronic / Programmable Electronic Safety 
Related Systems [1]

‣ IEC 61508:2010 - Functional Safety of Electrical / Electronic / Programmable Electronic Safety 
Related Systems [2]

1.3. Certification Scope
The scope of this certification is limited to the FT3000, FT3100, FT3300 (FT3000 series) series 
delivered to Alstom.

1.4. History
Jaquet started with the development of the 3rd generation safety related electronic system 
compact speed control and overspeed protection system FT3000 series in 1995 and completed 
the development in 1998. The (re)development of the speed control and overspeed protection 
system was carried out, among others, according to the (at the time) draft version of the 
international functional safety standard IEC 61508:1998 [1]. The (re)development process was 
assessed and certified in 2001 by Bureau Veritas according to the SIL 3 requirements of part 2 and 
3 of IEC 61508:1998[1] and was documented in [3,4].

In 2004 TUV SUD performed an audit of the development process of the FT3000 series according 
to FSM requirements of part 1-4 of IEC 61508:1998 [1]. The audit was successful, lead to SIL 3 
certification and was documented in [5,6,7]. 
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Both Bureau Veritas and TUV SUD came to the conclusion and certified that the development 
process of the FT3000 series was compliant with the SIL 3 Functional Safety Management 
requirements of IEC 61508:1998 [1].
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2. Product Description

2.1. About the FT3000 Series
The FT3000 series is a programmable electronic system used for speed control and overspeed 
protection. The picture below shows an example. The FT3000 series is typically used in the 
process and power industry. The FT3000 series is used for any applications that requires speed 
control and/or overspeed protection, e.g., turbines. 

�

2.2. Safety Function and Functional Safety Parameters
The safety function of the FT3000 series is the same for all models in the series. The safety 
function is defined as:

“Measure the speed and when the speed goes over a user defined limit open the safety 
contact”
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2.3. Functional Safety Parameters
The FT3000 series carrying out the above safety function has the following functional safety 
parameters:

‣ Type B
‣ Low demand
‣ 3 channel system typically configured through an external voter resulting in HFT=1 (2oo3) or 

HFT=2 (1oo3)
‣ Recommended proof test interval: Every 3 months as a boundary condition of the current use 

experience
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3. Certification Approach and 
Results

3.1. Certification Approach 
The functional safety certification of the FT3000 series documented in this report according to IEC 
61508:2010 [2] is a continuation of the already existing successful certification according to IEC 
61508:1998 [1] in 2001 and 2004 by respectively Bureau Veritas [3,4] and TUV SUD [5,6,7]. In 
2010 the second edition of IEC 61508:2010[2] was released. The certification process demonstrate 
whether the FT3000 series also meet the requirements of IEC 61508:2010 the following tasks 
have been performed by Risknowlogy:

‣Review that the FT3000 development process was performed under a suitable Quality and 
Functional Safety Management System;

‣Create Technical GAP analysis checklists for the requirements related to measures to avoid and 
control failures between IEC 61508:1998[1] and IEC 61508:2010 [2];

‣Analyse the FT3000 according to the technical GAP analysis checklists;

‣Perform Proven in Use analysis to demonstrate that the systematic and random failure rates are 
sufficiently low;

‣Perform FMEDA to demonstrate the effectiveness of the diagnostics implemented and determine 
the diagnostic coverage factor required for proven in use demonstration. 

3.2. Quality Assurance and Functional Safety Management
Jaquet’s Quality Management System (QMS) is ISO 9001 certified [8]. The QMS certification is 
valid and includes the development process at Jaquet. Their Functional Safety Management 
system (FSM) system is fully integrated with their QMS. The FSM system is certified according to 
IEC 61508:2010 [2] and valid [9,10].
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3.3. Technical GAP Analysis
Risknowlogy made a comparison of the measures to avoid and control failures between the first 
edition IEC 61508:1998 [1] and second edition IEC61508:2010 [2]. The comparison resulted in 
checklists for part 2 and 3 of IEC 61508 which form the basis to demonstrate whether technically 
there are any gaps between the certified FT3000 series according to IEC 61508:1998 [1] and the 
current technical requirements of the valid 2nd edition IEC 61508:2010 [2]. 

The technical GAP analysis addressed the tables in Annex A and B of part 2 and 3 of IEC 61508. 
The requirements of each table in Annex A and B of IEC 61508:2010 [2] were compared to the 
requirements of the tables in Annex A and B of IEC 61508:1998 [1]. The following was documented 
for each table. 

‣ Table: Refers to the referenced table in the IEC 61508:2010 [2] standard;

‣Name: Refers to the name of the table referenced;

‣Comparison: Documents the difference between the basis IEC 61508:2010 [2] and the reference 
IEC 61508:1998[1];

‣What changed: Describes the changes between IEC 61508:1998[1] and IEC 61508:2010 [2];

‣ Judgement leading to requirements: Judge the change and describe if it leads to further 
requirements;

‣Requirements: Summary of all requirements that need to be implemented further to be compliant 
with this table;

‣Analysis: The analysis section holds the information collected from the client that support the 
GAP analysis;

‣Evidence: Documents the evidence delivered by Jaquet supporting the proof of compliance with 
this requirement;

‣Reference: Lists any reference material used to support the evidence provided;

‣Remarks: Lists any remarks made during the Gap analysis;

‣Status: Lists the status of this requirement in terms of the GAP analysis. The status can be Open, 
Closed or Pending. In order to meet certification all requirements must at the end have the status 
Closed.
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The comparison between IEC 61508:1998 [1] and IEC 61508:2010 [2] showed that between 
editions:

‣ Most measures/techniques had not changed;

‣ Some measures/techniques had changed textually but not in meaning or intend;

‣ Some measures/techniques had changed textually and in meaning or intend;

‣ Some measures/techniques had been removed;

‣ Some measures/techniques had been added;

‣ Some measures/techniques had changed in level of compliance or required effectiveness.  
For example, a diagnostic technique had high coverage in IEC 61508:1998 [1] but the same 
technique in IEC 61508:2010 [2] was listed as medium coverage.

3.4. Results Technical GAP Analysis
The technical GAP analysis was started on 6 March 2015 at the Development Department of 
Jaquet in Basel, Switzerland. The results of the technical GAP analysis where documented 
according the requirements of the 2nd edition IEC 61508:2010 [2] using the GAP analysis checklist 
[11,12].

Due to the technical nature of the requirements and changes made between the two IEC 61508 
editions it was not possible to find, collect and submit all evidence during the meeting on 6 March 
2015. IEC 61508:2010 [2] part 2 resulted in ten tables with status pending. IEC 61508:2010 [2] part 
3 resulted in sixteen tables with status pending. The pending tables resulted in several action items 
for Jaquet which can be summarized as follows:

‣ Jaquet had to research whether (new or updated) technical requirements where implemented in 
the existing design with the required effectiveness;

‣ Jaquet had to redo analysis, e.g., the FMEDAs [13,14,15], to demonstrate that (new or updated) 
requirements where met with required effectiveness;

‣ Jaquet had to redo tests, e.g., the Fault Injection Testing [16], to demonstrate effectiveness of 
diagnostics;

‣ Jaquet had to perform proven in use analysis to support evidence that the failure rate was low 
enough to justify that not implementing a technique or measure did not lead to unacceptable 
systematic failures;

The results from the TUV certification [4,5,6], Jaquet’s internal safety review [17] and the proven in 
use analysis [18] support the evidence to close all requirements from the pending tables in [11,12].
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3.5. Proven in Use Analysis
A proven in use analysis was carried out to demonstrate the effectiveness of the original hardware 
and software development processes, including conducted hardware and software modifications, 
compared to the new requirements of the 2nd edition of IEC61508:2010 [2]. Alstom and Jaquet 
collected the required data to perform the proven in use analysis. Risknowlogy reviewed the 
results and concluded that the FT3000 series is proven in use. The proven in use analysis is 
documented in [18] and the results are summarised in the table below. These values apply to a 
single channel of an FT3000 system.

The required DC>60% for Type B subsystems is demonstrated by FMEDA analysis, see paragraph 
3.6 of this report. The proven in use analysis demonstrates that the hardware and software meets 
the IEC 61508:2010[2] requirements for respectively route 2H and 2S. The systematic capability is 
SC=3.

3.6. FMEDA
The original FMEDAs were updated to reflect new requirements in IEC 61508:2010 [2], to support 
required evidence for the GAP analysis [11,12] and to support the proven in use evidence. Jaquet 
carried out new FMEDAs for the FT3000 series [13,14,15]. Risknowlogy reviewed the FMEDAs for 
completeness and correctness. The new FMEDAs resulted for the FT3000 series in DC factors of 
respectively 60.3% for FT3000, 67.9% for FT3300 and 68.6% for FT3100.

Parameter Value

Number of different applications: 1000+

Number of operating hours*: 8,000,000

Number of DU failures: 50

Confidence interval: 90%

Results

Lower limit failure rate: 4.87E-06

Median failure rate: 6.25E-06

Upper limit failure rate**: 7.91E-06
* The listed operating hours are more conservative compared to lowest estimates  
** Most conservative dangerous undetected failure rate, used for PFDavg calculation (see paragraph 3.7)
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3.7. Probability of Fail Dangerous Calculations
The FT3000 series are configured by Alstom as a low demand 2oo3 system. Alstom needs to 
calculate the PFDavg values of the overall system, based on their specific boundary conditions. It 
is recommended to use a common cause factor (beta) of 5% in these calculations. Within 
reasonable ranges for MTTR and proof test intervals, the overall system PFDavg will be in the 
range around 3.0E-4.

3.8. Architectural Constraints
The FT3000 series meets the IEC 61508:2010 [2] route 2H requirements for proven in use, see 
paragraph 3.5 of this report. When the FT3000 series is implemented in a HFT = 1 the hardware 
integrity is limited to SIL 3.

3.9. Basic Safety Testing
The FT3000 test program included:

‣ Climatic tests;
‣ Electrical tests;
‣ EMC tests;
‣ Environmental test.

A complete list of tests is documented in [19]. The FT3000 series needs to be installed in 
environments which does not exceed the limits tested. 

3.10. Use Documentation
The user documentation for the FT3000 series is captured in the operational manuals [20,21,22] 
and includes the required functional safety information. Jaquet created a Functional Safety 
Addendum [23] to reflect the results from the proven in use analysis and this certification. 
Risknowlogy reviewed the documentation without objections.
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Conclusions

It is the conclusion of Risknowlogy that the FT3000 series of Jaquet, as installed by Alstom, meets 
the route 2H and 2S proven in use requirements of IEC 61508:2010 [2] with a systematic capability 
of SC=3. Risknowlogy certifies that the FT3000 series implemented with a HFT of 0 can be 
implemented in a SIL 2 safety function and with a HFT of 1 or 2 can be implemented in a SIL 3 
safety function  according to IEC 61508:2010 [2]. This certification is valid for the current installed 
base by Alstom including future FT3000 series installations as long as modification have not been 
taken place or have been performed according to Jaquet’s FSM system.

dr.ir. Michel Houtermans Dipl.-Ing. Wolfgang Velten-Philipp  
Author Verifier
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