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4.8 Measures to control systematic and random faults in hardware and software 

The measures to control systematic and random hardware faults are based on the existing 
approval [Pi]. The improvements have been done on several parts of the architecture as 
described in section 3. 

The implemented measures have been inspected and claim to demonstrate the effectiveness as 
required by SIL 2 in accordance to IEC 61508. 

4.9 Review of the hardware architecture and design 

The general architecture and design of the safety pressure transmitter is based on the already 
certified model [Pi] . The changes have been done on the parts marked in grey. 
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Picture 1: Safety 2600T Pressure Transmitter block diagram 
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The primary electronics convert the pressure signal measured by the pressure sensor to an 
electronic pulse-width signal and introduce a second ASIC which converts the input frequency 
into two redundant pulse-width signals . These signals are further provided to the secondary 
electronics using two independent lines. 

The ASIC7 located on the secondary electronics converts the two independent pressure signals 
and stores them in two different RAM locations where they are used by the IJP to perform the 
necessary calculations and consistency checks. 
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Two independent watchdogs supervise the correct working of either the iJC and the ASIC. 

For diagnostic purposes the iJP converts the analog feedback signal of the 4 .. 20 mA output 
current loop and compares it with the actual output current. 

A second shut-down path allows the independent shut-down in case of iJP clock failure or a 
failure within the analog output stage and forces the output signal to the up-scale alarm value. 

The review of the hardware architecture and design was finished with a positive result. 

4.10 Review of the software architecture and design 

During the approval the measures for failure avoidance according to the requirements for SIL 3 
corresponding to the IEC 61508-3 [1] have been considered. 

The firmware as listed in section 3 is based on the already approved firmware release as listed 
in [P1]. The manufacturer performed a change and impact analysis [H4] and modified the 
software in accordance to this analysis corresponding to the architecture and functional design 
specifications [H7, H8]. 

Due to the fact that the previous software was difficult to maintain the software was reordered to 
follow a stronger modularisation keeping the focus on maintainability and failure avoidance as 
required by IEC 61508-3. 

All changes have been performed under consideration that the main calculation and consistency 
functions would be unmodified. 

The theoretical review of the software modifications were reviewed together with the developer 
and were finished with a positive result. 

4.11 Review of the FMEA 

The mechanical and electronic FMEAs [H9, H10, H11] and corresponding fault injection tests 
[H17] were adapted to the modifications. Sample fault injection tests have been carried out 
together with the Test Institute [H18]. 

The FMEAs and the review of fault injection test were finished with a positive result. 

4.12 Review of the reliability data and PFD/PFH calculations 

The calculations regarding the probability of failures on deman.d (PFD) as defined within 
IEC 61508-1 was performed by the manufacturer [H10-H12] and has been reviewed by the Test 
Institute. 

The internal hardware fault tolerance (HFT) of the system can be considered as 1 [P1] . 
On the basis of the FMEA the probability of a dangerous failure was calculated . The following 
assumptions were made: 

• The failure rate is constant over lifetime. 

• Without considering the diagnostic functions, it is assumed that 50 % of all failures are safe 
and the other 50 % are dangerous. 

• For the calculation a Proof Test Interval (T1) of 10 Year [H12] was used. 
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PFD (electronic sensor part) 

The calculated PFDavg for the sensor considering the electronic part [H 12] is: 

PFDavg (T1 =1 Oy) "'" 5 * 10-4 

The result shows that after 1 0 years"'" 5 % of SIL 2 are consumed. 

PFH (electronic sensor part) 

The calculated PFH for the sensor considering the electronic part [H 12] is: 

PFH = A OU "'" 1,1 * 10-8 h-1 

PFD (mechanical and electronic sensor parts) 

The calculated PFDavg for the sensor considering the mechanical and electronic part [H12] is: 

PFDavg (T1=10y) "'" 2,7 * 10-3 

The result shows that after 10 years"'" 27 % of SIL 2 are consumed. 

PFH (mechanical and electronic sensor parts) 

The calculated PFH for the sensor considering the mechanical and electronic part [H 12] is: 

PFH = A OU = 6,1 * 10-8 h-1 

The review shows that the product claims the SIL 2 requirements of IEC 61508 in low as well as 
high demand mode of operation. This means that the PFD/PFH is lower than the limit defined in 
IEC 61508-1 of z 10-3 to < 10-2 for PFD and of z 10-7 to < 10-6 for PFH. After 10 years of usage 
"'" 27 % of SIL 2 are consumed. 

Further the reviews have shown that the mechanical (Type A) and electronic part (Type 8) fulfil 
the requirements concerning the Safe Failure Fraction as defined in 4.3. 

4.13 Inspection of the electrical safety 

The product is supplied with SELV (Safe Extra Low Voltage) and the Ingress Protection (IP) 
rating is carried out as IP67. 

The review regarding electrical safety was finished with a positive result. 

4.14 Inspection of the environmental and EMC tests 

The standards [2 - 6] were used to test the device under environmental conditions and EMC 
requirements . 

The tests were carried out by partly by the manufacturer himself and an accredited test 
laboratories. The results [H16] have been accepted by the Test Institute after review. 
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5. Summary 

The carried out tests and analyses have shown, that the 2600T Series Pressure Transmitter, 
model 268 release 2 can be used in applications claim ing SIL 2 according to IEC 61508. 

Further it can be used in applications claiming SIL 3 according to IEC 61508 if two sensors are 
used in a homogenous redundant configuration (HFT=1). 

The conditions, mentioned in chapter 4.12 of this report must be considered . 

All conditions, which the user must comply with for safely using the product, are described in 
detail in the corresponding manuals [H23] . 

Cologne, 2007-03-28 
TIS/ASI/Kst. 968 bu-nie 

The inspector 

Dipl.-Ing. (FH) Oliver Busa 
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