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ABBREVIATIONS AND DEFINITIONS1

Abbreviation Definition

MooN ‘’M out of N’’ architecture

FIT Frequency unit: 10-9 h-1

λS Safe (detected and undetected) failure rate [1/h]

λDD Dangerous detected failure rate [1/h]

λDU Dangerous undetected failure rate[1/h]

PFDAVG Average Probability of failure on demand

PFH Probability of dangerous failure per hour (IEC 61508-6)

SFF Safe failure fraction (IEC 61508)

HFT Hardware Fault Tolerance

T1 Proof test interval [h]

MTTR Mean time to repair [h]

MTBF Mean time between failure

SIS Safety Instrumented System

FMEDA Failure Mode, Effects and Diagnosis Analysis

Note : The MTTR is assumed to be 8 hours
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INTRODUCTION2

FCX-AII VG series of pressure transmitters have been evaluated by TÜV-SÜD Rail GmbH as per ISO/IEC 
61508 standard and according to the following functional testing operations :

 • Functional safety management (FSM) and safety lifecycle
 • Analysis of the system structure (System-FMEA)
 • Analysis of the hardware (FMEDA)
 • Analysis of the software
 • Error simulations and software tests
 • Test of the error prevention measures
 • Functional tests

Related standards :

Standard Title
2006/42/EC Directive 2006/42/EC of the European Parliament and of the Council of 17 May 

2006 on machinery, and amending Directive 95/16/EC
IEC 61508-1: 2010
(SIL3)

Functional safety of electrical/electronic/programmable electronic safety-related 
systems
Part 1: General requirements

IEC 61508-2: 2010
(SIL3)

Functional safety of electrical/electronic/programmable electronic safety-related 
systems
Part 2: Requirements for electrical/electronic/ programmable electronic safety-
related systems

IEC 61508-3: 2010
(SIL3)

Functional safety of electrical/electronic/programmable electronic safety-related 
systems
Part 3: Software requirements

IEC 61508-4: 2010
(SIL3)

Functional safety of electrical/electronic/programmable electronic safety-related 
systems
Part 4: Definitions and abbreviations

IEC 61511: 2004 Functional safety: Safety Instrumented Systems for the process industry sector
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USING THE FCX-AII VG FOR A SIS APPLICATION3

The Fig.1 below shows a typical configuration of a Safety Instrumented Function using the FCX-AII VG 
pressure transmitter.

The FCX-AII VG is supposed for use in a low demand operating mode. The Safety Integrity Level of the SIF 
must be evaluated taking into account the entire safety function i.e. including the FCX-AII VG, the safety 
logic solver, the actuator and their respective PFDAVG value.

The FCX-AII VG pressure transmitter generate a 4-20 mA signal proportional to the input pressure and 
uses the burnout current position in order to notify a failure condition to the safety logic solver. In order 
to monitor for faults, the safety logic solver must be able to detect either HI-alarm (output over-scale) or 
LO-alarm (output under-scale) burnout current values.

Fig.1: Example of Safety Instrumented Function with FCX-AII VG

FCX-AII VG

Actuator
4-20 mA

PFDAVG1 PFDAVG2 PFDAVG3

Safety
Logic Solver

FCX-AII VG burnout current direction must be set either to ‘’Output over-scale’’ 
or ‘’Output under-scale’’. The ‘’Output hold’’ setting MUST NOT BE USED for a 
Safety Instrumented System configuration.
The FCX-AII VG burnout currents can be adjusted in the following ranges:
 • Output over-scale:   [20.8 ; 22.5] mA
 • Output under-scale:  [3.4 ; 3.8] mA

DANGER
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SAFETY RELATED DATA4

The following table depicts the values from the quantitative analysis (SN 29500).

Table 1: FCX-AIIVG Safety Data

Fig.2 : FCX-AII VG PFDAVG vs T1 (MTTR=8 hours)

Dangerous Undetected Failure Rate                 λDU 37.6 10-9/h
Dangerous Detected Failure Rate                     λDD 792 10-9/h
Safe Failure Rate (*)                                          λS 451 10-9/h
Safe Failure Fraction                                         SFF 97 %
Average Probability of failure on Demand
(T1 = 1 year, MTTR = 8h)                                   PFDAVG

1.71 10-4

Probability of Failure per Hour                          PFH 3.8 10-8/h
(*) λS = λSU + λSD

As per the formula below, PFDAVG (1oo1) depends upon the proof test interval T1 and the MTTR :

  PFDAVG= λDU (T1/2 + MTTR) + (λDD x MTTR)

The proof test interval T1 is to be determined taking into account the overall safety integrated function for which the 
FCX-AII VG is applied.

The figure below shows the FCX-AII VG PFDAVG values for T1 = 1 to 10 years and MTTR = 8 hours.
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The table below shows the achievable Safety Integrity Level for a type B system, depending the Safe Failure 
Fraction (SFF) and the Hardware Fault Tolerance (HFT).

The FCX-AII VG is SIL 2@HFT = 0 and SIL 3HFT = 1. To reach the SIL 3 using FCX-AII VG pressure transmitters, 
the MooN architecture shall be implemented in order to insure a HFT = 1 (N-M=1). This can be achieved by 
either implementing 1oo2 or 2oo3 architectures.

The figures below show the 1oo2 and 2oo3 implementations.

Table 2: SIL vs SFF and HFT

Fig.3 : FCX-AII VG SIL 3 HFT=1 (1oo2)

HARDWARE FAULT TOLERANCE5

Safe Failure Fraction
(SFF)

Hardware Fault Tolerance (HFT)
0 1

< 60 % Not allowed SIL 1
60 % … 90 % SIL 1 SIL 2
90 % … 99 % SIL 2 SIL 3

> 99 % SIL 3 SIL 4

1oo2
HFT=1

SFF > 90%

Channel 1

Channel 2

Safety
Logic Solver

FCX-AII VG

PFDAVG1 PFDAVG2

1oo2
Voting
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Fig.3 : FCX-AII VG SIL 3 HFT=1 (2oo3)

2oo3
HFT=1

SFF > 90%

Channel 1

Channel 2

Channel 3

Safety
Logic Solver

FCX-AII VG

PFDAVG1 PFDAVG2

2oo3
Voting

The choice between MooN architectures is a compromise between safety, system availability and cost. 
This is fully dependant of the nature of the process.

The resulting PFDAVG shall be calculated taking into account the MooN architecture in order to check that 
∑n

1
 PFDAVGi of the safety integrated function satisfies the targeted safety integrity level. 

Safety

1oo2

2oo3

1oo1

2oo2

2oo3

2oo2

1oo2

1oo1

Availability

Tolerance to 
dangerous 

failure

Tolerance 
to spurious 

failure
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Fuji Electric can accept no responsibility for possible errors in catalogues, brochures and other printed material. Fuji Electric reserves the right to alter its products without no-
tice. This also applies to products already on order provided that such alterations can be made without subsequential changes being necessary in specifications already agreed. 
All trademarks in this material are property of the respective companies. All rights reseved.
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