FIREYE MARKETING MEMO

#82404/3D

August 24™ 2004

Certification of Compliance for 45UV5 Flame Scanners and D-Series Flame Safeguards used
in SIL 2 Safety Applications

Fireye Controls and Safety Testing - A critical part of European certifications and agency
testing (TUV, DVGW, DIN, CE) is extensive analysis to verify that the products are fail-safe
as defined in clause 9 (Protection against internal faults) of EN298.

EN 298, clause 9 states the system shall be fail-safe. It further defines that the system must be
fail-safe with any 2 concurrent hardware and/or software faults. Verifying that capability
required several months of detailed failure mode testing and analysis, involving design
engineers and test technicians.

The general procedure is as follows:

(1) One by one, a fault is asserted in every component and software module in the product.
With that fault asserted, the product must immediately either a) de-energize the flame relay or
b) continue to operate in compliance with all applicable standards.

(2) If, in response to the fault asserted in (1) above, the product responds as described in b)
above, then, one by one, while maintaining the first fault, a second fault must be asserted in
every component and software module in the product. With two faults now asserted, the
product must immediately either a) de-energize the flame relay or b) continue to operate in
compliance with all applicable standards.

The Fireye controls listed passed rigorous test and analysis and each has been certified by
TUV (arguably the most demanding agency in the world) as meeting requirements of EN298.

MTBF and use with SIL classifications -

MTBF, Failure Mode Analysis, SIL calculation information

In order to make a SIL calculation for probability of failure on demand average (PFDavg), we
need to specify the dangerous failure rate of the product. The dangerous failure rate of the
products are the failure rate of the times that they will see or indicate flame when there is not
flame, i.e. fail to trip on loss or lack of flame. Total numbers can be used but two other
parameters are required. First is the percent safe failures and the second is the dangerous
diagnostic coverage (that percent of the scanner's diagnostics that will detect dangerous
failures from the over all dangerous failure modes.)
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With regards to installation, it is assumed for these calculations that the installation is
completed correctly and tested at startup to insure the proper installation.

45UV5 FLAME SCANNER FAMILY NUMBERS

Current Failure rate = 0.055 failure per year = 5.29-06 per hour
MTBF (dem) = 1/failurerate= 18.13 years

Overall failure rate = 6.29E-06 hr
Assumed Safe failure % = 40%
Safe Failure Rate = 2.58E-06hr

Dangerous failure rate w/o diagnostics = 3.79E-06 hr
Dangerous Diagnostic Coverage = 08.8
Dangerous failure rate w/ diagnostics = 4.55-08 hr
Probability of failure on demand can be calculated from the above.

The calculation used is

Ti
PFDavg~ % 2uTi =
2 X MTBFFTD
PFDavg = Average Probability Failure on Demand,
U = Unrevealed Failure Rate (per year),
Ti = Test interval in years between the life testing of the protective function,
MTBF(FTD) = Mean Time Between Failure (Fail To Danger) [yr]

The unknown is the Ti - This would typically be defined by the customer’s specific needs or
to meet a particular safety level. In general the more frequent the test interval the better the
PFD and therefore the higher the SIL level that can be accommodated with the product
Using the calculations above and assuming (Ti) the product has a PFD of 9.9 x 10-4

This would mean the product would exceed the requirements for use in a SIL 2 category.
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D-SERIES FLAME SAFEGUARD FAMILY NUMBERS

Failure rate = 0.044 failure per year = 5.12E-06 per hour
MTBF (dem) = 1/failurerate= 22.29 years

Overall failure rate = 5.12E-06 hr
Assumed Safe failure % = 50%

Safe Failure Rate = 2.56E-06hr
Dangerous failure rate w/o diagnostics = 2.56E-06 hr
Dangerous Diagnostic Coverage = 084

Dangerous failure rate w/ diagnostics 4.09-08 hr
Probability of failure on demand can be calculated from the above.

The calculation used is

Ti
PFDavg~ %2 ?2uTi =
2X MTBFFTD
PFDavg = Average Probability Failure on Demand,
U = Unrevealed Failure Rate (per year),
Ti = Test interval in years between the life testing of the protective function,
MTBF(FTD) = Mean Time Between Failure (Fail To Danger) [yr]

The unknown is the Ti - This would typically be defined by the customer’s specific needs or
to meet a particular safety level. In general the more frequent the test interval the better the
PFD and therefore the higher the SIL level that can be accommodated with the product
Using the calculations above and assuming (Ti) the product has a PFD of 8.97 x 10-4

This would mean the product would exceed the requirements for use in a SIL 2 category.
Regards

John Devine

Vice President Sales and Marketing
Fireye Inc.
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