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I. ABBREVIATIONS AND DEFINITIONS

Asp
Asu
7\'DD
7\‘DU

Aot
CCF
DC
E/E/PE
FMEA
FMECA
HWT
IEC
IR
LEL
MTBF
MTTR
N/A
OREDA
PbSe
PCS
PFD
PLC
PSF
SAR
SFF
SIL
SIS
SRS

Definitions are based on the definitions in IEC 61508 - Part 4.

Lambda Safe Detected

Lambda Safe Undetected
Lambda Dangerous Detected
Lambda Dangerous Undetected

Lambda Total

Common Cause Failure

Diagnostic Coverage
Electric/Electronic/Programmable Electronic
Failure Mode Effect Analysis

Failure Mode Effect Criticality Analysis
Hardware Fault Tolerance

International Electrotechnical Comission
Infrared

Lower Explosion Level

Mean Time Between Failures

Mean Time To Repair

Not Applicable

Offshore Reliability Data

Lead selenide

Production Control System

Probability of Failure on Demand
Programmable Logic Controller
Probability of Systematic Failures
Safety Analysis Report

Safe Failure Fraction

Safety Integrity Level

Safety Instrumented System

Safety Requirement Specification

Scandpower

Risk Management AS
P.O. Box 3, N-2027 Kjeller, Norway
www.scandpower.com

Tel.: +47 64 84 44 00

Fax: +47 64 84 44 11
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Il. REFERENCES

/1/  IEC 61508: "Functional Safety of Electrical/Electronic/Programmable Electronic Safety-
Related System", IEC 1998.

/2] OLF-Guideline No. 70, Rev. 02, October 2004.

/3/  Scandpower Risk Management AS: "Firewater Pump on Ormen Lange", Report No.
21.312.120/R1, January 2006

/4] Simrad Optronics Operating Manual GD10P P3359E . Doc no: 850-811250

/5/  SINTEF report STF48 F92011

Test Documents:

871-811215 Test procedure for General adjustment and control GD10P
871-810867 Test procedure for Final Test GD10P 100% LEL CH4 5s source
870-810960 Factory Acceptance Test General Gas Detector GD10
803-810782 Software Requirement Specification Screen/PC, GD10
803-810783 Software Specification Screen/PC, GD10

872-810628 Test Procedure Power & Processing Assembly GD10

Certified Standards:

Standard Description

EN 50014 (1977) Elec@rical apparatus for potentially explosive atmospheres. General

IEC 60079-0 requirements

EN 50018 (1977) Electrical apparatus for potentially explosive atmospheres. Flame-

IEC 60079-1 proof enclosure "d".

EN 50019 (1977) Electrical apparatus for potentially explosive atmospheres.

IEC 60079-7 Increased safety "e".

EN 50054 (1991) Electrical apparatus for the detection and measurement of
combustible gases. General requirements and test methods.

EN 50057 Performance requirements for Group Il apparatus indicating up to
100% lower explosive limit.

EN 50081-1 Electromagnetic compatibility - Generic emission standard

EN 50081-2 Electromagnetic compatibility - Generic immunity standard.

CSA C22.2 n0.142-M1987 Process Control Equipment

CSA C22.2 no.152-M1984 Combustible Gas Detection Instruments

CAN/CSA E79-0:02 Electrical apparatus for explosive gas atmospheres. Part 0.

CAN/CSA E79-1:02 Electrical apparatus for explosive gas atmospheres. Part 1

CAN/CSA E79-7:02 Electrical apparatus for explosive gas atmospheres. Part 7
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Certificates:

Certificates

ISO 9001 Simrad-Optronics ASA

ISO 9001 Simtronics ASA (Company name after demerging in Jan. 2007)
Nemko01Atex163Q

NemkoO1Atex282

NemkoOOAtex138x

SIRA Certificate of Conformity No. Ex 97Y8025
ABS 99-056882-X

AUSEX 2393

UL- E219548

CSA 1773527

Software References:

Program Specification Doc no 803-810784 Ver 6
Software Safety Requirements Doc no 803-810663
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I1. SUMMARY
Table 1 - Total failure rate
Component Ator, 30°C, | Ator, 10°C, MTBF
Ground Fixed | Ground Fixed
Power and Processor Assembly |1.51 -10° 1.07 - 10° . i
Optical Unit 0.029 -10° |0.03-10° Lo%c | 30¢
2 L 190909h | 64850h
Total 1.54 -10 1.10-10
Table 2 - Summary
Summary
SIL-requirement 3
Test Interval 12 (months)
Safe Failure Fraction 99,97 (%)
A ou 0,0034651-10°
PFD 1,5-10°
Table 3 - Main Results
Requirements Main results
Safety Integrity Level SIL3/SIL 2 The SAR documents that
the SIL-requirement is
achieved.
Probability of Failure on | 0.001 The results of the reliability
Demand (PFD) calculations show that the
PFD requirement is met.
PFDg»< 0.001
PFDgpo = 0,15-10™
The PFD result shows that
the GD10 is in compliance
with the requirement of 35%
of SIL 3 and thereby also
SIL 2.
Required test interval Yearly 12 months
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Requirements

Main results

System description

System description

System topology and block
diagram

Operational description of
the system

A thorough system
description of the
components has been
given, with reference to
GD10 Operation Manual,
Ref. /4/.

An FMEA has been
completed for the GD10.
This analysis is attached in
Appendix C.

Failure rate of the
components

Failure rates:
}\'SDy 7\‘SU, )\‘DD, }\'DU

The failure rates (safe
detected, safe undetected,
dangerous detected and
dangerous undetected) of
the components have been
determined by sub-suppliers
and used in the probability
calculations (DC, SFF and
PFD).

Common Cause Failure
(CCF)

CCF must be included for
all redundant components

N/A for GD10

Diagnostic Coverage
(DC) and Safe Failure
Fraction (SFF)

Calculate DC and SFF

The DC and SFF are
calculated by using the
determined failure rates.

Behaviour of system
component on detection
of a fault

Document fault behaviour

Ref. Chapter 9

Factory testing

Test documents required

Ref. Chapter 10

Operational testing

Test documents required

Ref. Chapter 11

Architectural constraints

Hardware Fault Tolerance

The requirement for
hardware fault tolerance is
met for SIL 3/ SIL2.

Avoidance and control of
systematic failure

"Proven in use"

The GD10, GDPE and
GD10 L can be considered

certified -
proven in use.
ISO Certificate and product
reference list are included in
appendix B.
Software documentation | Software Ref. Chapter 14
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11

INTRODUCTION

General

The GD10P was qualified for production in 1997. Development of the detector took place in
the period 1994 to 1997. After 1997, more than 35.000 units of the GD10P have been
installed.

The GD10P was developed as a successor to the GD100. The aim of the development was to
bring forward a more compact unit at a smaller cost. The core technology of the GD100 and
the GD10P is identical. The vital components such as the IR-source and the PbSe-detector
remained identical together with the mechanical arrangement of the components and the
optical system. Signal conditioning and signal philosophy was also kept. The reason for not
altering any of the above, was the proven performance and long term stability of the GD100
together with solely positive feedback from customers, notified bodies and test houses. State
of the art electronic components at that time (e.g. surface mounted components) were
however chosen to replace older technology in order to reduce cost and size. The new
electronic components all have a higher safety level and longer component-life than the older,
replaced components.

A Safety Instrumented Function is defined by three elements, as shown in Figure 1. The
percentages represent the fracture of SIL level required from each element.

Figure 1 - Safety Instrumented System
The gas detector is defined as an initiator in an SIS.

This loop requires a SIL 2 level, where the initiator represents 35%, the process 15% and the
final element 50%, according to the OLF 070 guideline, Ref /2/. With the SIL 2 level between
1-102and 1-107, this means that the gas detector needs to meet with the requirement of a PFD
below 3.5-10°,
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1.2

Scope of Work

The SAR is part of the vendor documentation from the engineering and construction phase
and contains information regarding how Simtronics, as a vendor, has implemented the
requirements set by IEC 61508/61511, the OLF Guideline 070 and the SRS.

- IEC 61508-2 clause 7.4.7.3 lists information that shall be available for each safety-
related subsystem and hence documented in the SAR

- IEC 61511-1 clause 11.9.2 lists information that shall be taken into account when
calculating the PFD due to hardware failures and hence documented in the SAR

- The SAR layout suggested in the OLF Guideline 070, Chapter E.3 has been used.This
SAR is based on the requirements to SAR given in the OLF Guideline, Ref. /2/.



861-814819 Revision 01

2. SYSTEM DESCRIPTION

The information in this chapter refers to the GD10 Operating Manual, chapters 1 and 2, Ref.
/4], if nothing else stated.

2.1 General

The Simtronics GD10 Gas Detector is a point detector for gas concentration monitoring in
potentially hazardous and/or poisonous environments. The GD10 is based on infrared
absorption and uses the latest developments in analogue and microprocessor technology.
Solid state design improves reliability, long-term stability and accuracy in continuous
measurement of gas concentration in ambient air.

The concept is based on measurement of infrared radiation passing through a volume of gas.
The GD10 employs a dual beam, dual wavelength measuring principle with separate optical
detectors for maximum stability and reliability.

Since different types of gas have unique absorption spectra, they can easily be identified by
proper selection of an infrared wavelength at which absorption is measured. Radiation at
another wavelength measures the overall transmission through the optical system and the air
volume. By comparing the transmission at the two wavelengths, the gas concentration in the
air is determined. Having chosen a wavelength which is characteristic of one type of gas,
other types of gas will not cause false alarms.

p  Gas transmittance

Y

Reference Signal
wavelength wavelength
l‘: L} Ea
Wavelength pm

Figure 2- Transmittance as a function of wavelength

Radiation from two infrared sources passes through two narrowband filters selecting a
measuring wavelength and a reference wavelength. The sources are electronically chopped.
Radiation is divided by a beamsplitter into an internal and external path. The internal path is
viewed by the compensation detector, and the external path is viewed by the measuring
(main) detector.

The four signals, two from the compensation detector and two from the main detector, are
amplified, digitised and fed to the microprocessor. The signals are used by the microprocessor
to calculate the gas concentration. The gas response is then linearized and presented as either
voltage, current or digital output signal. Internal signals are compared with test limits to
monitor electronics and optical parts.

Optical filter characteristics remain constant over time, and drift in the other components is
monitored and compensated by the dual wavelength, dual path concept. This means that the
zero and gas span factory calibration will remain stable regardless of component drift, and
that the detector needs no manual recalibration after factory calibration.

-9-
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2.2 Construction

A complete GD10 Gas Detector consists of the following:

- An external gas measuring path where gas is measured by means of IR radiation. A
weather protection enclosure is mounted around the measuring path to protect the
optical surfaces from rain and dust.

- An optoelectronic unit, which generates IR radiation to the gas measuring path,
measures the reflected IR radiation from the gas measuring path and calculates the
gas concentration. This unit is enclosed by an EExd certified housing.

- A terminal compartment with cable entry and mini-terminals for electrical connection.
The compartment is protected by a cover and is EExe certified.

2.3 Gas data

The GD10 standard version is factory calibrated and linearized with methane gas in the O-
100% LEL range. Calibration/linearization to other gases or concentrations can also be done.
Accurate measurements can only be achieved by having the detector calibrated for the gas it
is intended to measure. Gases such as ethane, propane and butane are also detected by the
GD10. A GD10 calibrated for methane has a higher sensitivity to these gases than to
methane. This means that explosion danger from other HC-gases will always be detected by
the GD10.

-10 -
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SYSTEM TOPOLOGY AND BLOCK DIAGRAM

Block Diagram

The purpose of the System Topology is to show the architectural relationship between the
identified systems with components critical to the given function.
Figure 3 shows the family tree of the GD10 and Figure 4 shows a block diagram describing
the function of the GD10. The information regarding the System Topology refers to GD10

Operating Manual, Ref. /4/.

GP10PE 20%LEL
CH4 55 SOURCE

OPTICAL UNIT
ASSEMBLY

HOUSING ASSEMBLY

COVER ASSEMBLY

OPTICAL UNIT
SUBASSEMBLY

HOLDER, OFTICAL
ASSEMBLY

POWER & PROC
ASSEMBLY

Figure 3 - Family tree of the GD10

MIRROR

POWER
SUPPLY

MICRO-
PROCESSOR

SIGNAL ELECTRONICS

I— )

#—I /O INTERFACE —I-“-

24VDC

o

Figure 4 - Block diagram, GD10

-11 -
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4, OPERATIONAL DESCRIPTION OF THE SYSTEM
4.1 Installation

The information in this chapter refers to the GD10 Operating Manual, Ref. /4/, chapters 3, 4
and 5 if nothing else stated.

4.1.1 Mounting
The location of each detector should preferably be determined at the system design stage.

Choice of mounting area:

1.  The detector should be mounted where the gas leakage is most likely to occur. To
detect methane, which is lighter than air, inside an enclosed area the detector should
be mounted high in the area to be protected or immediately above potential leaking
sites.

2.  To detect gases heavier than air, e.g. propane, the detector should be mounted below
the potential leaking site.

3.  The detector should be mounted in a place where maintenance, i.e cleaning of the
optics, is easily performed.

4.  The detector may be mounted in areas where no oxygen is present.

5.  The detector may be mounted in areas with strong airflow.

6 The detector should NOT be mounted where it could be exposed to water drenching.

If installed in a ventilation duct or pipe, the mounting arrangement and accessories shown in
Figure 5 and Figure 6 should be used.

-12 -
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—|Flange 599-811939

P Duct wall
Duct Mounting Flange Kit
— GD10: 499-811938
'EIO_W direction GD10C: 499-811187
indicator
126 )
>126 mm SIMRAD ((O)
n

Gasket

Not included in

Figure 5 - Ventilation duct or pipe mounting

Remove cap when using
altemative A

il

/I

= \
ﬂ \\ \/\\\ Alternative A ’/,

\ ~ .

______

Figure 6 - Ventilation duct or pipe mounting

In order to achieve minimum response time, the Weather Protection must be oriented with

the flow direction indicator facing away from the air flow.
The sensor must be mounted in straight parts of the duct where air flow is laminar. Avoid
mounting the sensor in duct bends and places where the air flow is turbulent.

-13 -
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The detector should be mounted so that the longitudinal axis of the detector is horizontal.
This will prevent accumulation of water and dust on the optics. The Weather Protection must
always be oriented correctly for optimal performance, and is performed as follows:

- Use a screwdriver to loosen the two screws on the Weather Protection
- Rotate the Weather Protection to correct position
- Tighten the screw with a torque of max. 0.5 Nm

Flow direction

—

Flow direction

SIMRAD

]—E

Figure 7 - Orientation of GD10 in relation to flow direction

4.1.2 Electrical Connections

The terminal compartment is accessible by removing the circular terminal cover. The terminal
compartment, including the 5 mini-terminals for electrical connection, is shown below in
Figure 8.

Terminal 1 +24 V DC
Terminal 2 24 V return (0 V)
Terminal 3 4-20 mA output

Terminal 4 Not used
Terminal 5 Not used

Figure 8 - Terminal compartment

The installation wiring enters the terminal compartment via a single M20 EExe cable gland,
which can be mounted on either side of the compartment. The unused entry is blanked with
an EExe cover.

-14 -
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4.2

The detector has two output modes which are factory set:
- Current source 4-20 mA (standard)
- Current sink 4-20 mA (option)

The cable connections are as follows:
Terminal No 1: +24V DC

Terminal No 2: OV DC (24V and signal return)
Terminal No 3: Signal output

The shield of the cable should be connected to instrument earth in the central control
module.

Start-up procedure

Ensure that system wiring and control system are in working order before switching on power
to the detector. The detector will then perform self-test and internal signal adjustments lasting

for approximately 60 seconds and switch to measuring mode.

The output signal from the detector during this period is shown in Figure 9. Signal output
before 60 seconds is 0 mA, and signal output after 60 seconds is 4 mA (if no gas is present).

1 (mA)
N

20T

y t (s)

60
Figure 9 - Signal output during start-up period

-15-
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5.1

ASSUMPTIONS

It is assumed that the operation and maintenance are performed in accordance with the
procedures described in Simtronics Operating Manual, Ref. /4/.

Restrictions

Hydrocarbon gases such as methane, ethane, propane and butane are absorbing at a signal
wavelength of 3.3 um. These gases do not interfere at the reference wavelength at 3.0 um. If
the atmosphere to be monitored contains gases such as acetylene that absorb at the
reference wavelength of 3.0 um, misleading measurements may be obtained depending on
the interfering gas concentration. In such cases, contact Simtronics for information.

-16 -
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6.

FAILURE RATE OF THE COMPONENTS

The Failure Rates used are shown in Appendix A.
The following gives a brief presentation of the concepts and methodology used for the SIL
verification process:

The input parameters used in the calculations are:

A: Total failure rate. Retrieved from MIL-HDBK, see Appendix A.
t: Testinterval. Established based on typical operational philosophy.

The dangerous failure rate (Ap) used to calculate the PFD, is calculated based on the total
failure rate (A ror).

Dangerous failures are defined as dangerous undetected failures (undetected by diagnostics
test) and dangerous detected failures (detected by diagnostics test). In the calculations the
dangerous failures are the registered number of failures with failure modes defined as
dangerous. Each failure mode of the equipment in question has been categorized as "Safe"
or "Dangerous" based on their effect on the system/component. Based on this the number of
safe failure and dangerous failures is found.

The Probability of Failure on Demand is given by:

T Apy

PFD = + A

CommonCause

The given A is Aro1, and includes all failures, not only hazardous failures.

Component Arot, 30°C, Arot, 10°C, MTBF
Ground Fixed | Ground Fixed

Power and Processor Assembly |1.51 - 107 1.07 - 10°

10°C | 30°C
Optical Unit 0.029 -10° |0.03-10°

90909h | 64850h

Total 1.54 -10° 1.10 - 10°

Failure Data from Repair Statistics

The following data is retrieved from Simtronics' repair statistics, which is data collected from
all repairs performed on GD10 from 01.01.2005 to 30.06.2007. All gas detectors with faults
should be delivered to Simtronics for maintenance in accordance with the Operation Manual,
Ref. /4.

-17 -
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The statistics in the table below shows the type of faults on the GD 10 detected by repair at
Simtronics.

No. of GD10 sold from 1997 through 30.06.2007: More than 35 000

Period 01.01.2005 to 30.06.2007 (2.5 years)

Total detectors

returned to Simtronics: 2,65 % of total sold

Total repairs of (No Faults Found
returned detectors: 72,15 % removed)
Detector elements: 17,68 % of total repairs

IR Sources: 3,10 % of total repairs

PCB 12,82 % of total repairs

Other 27,53 % of total repairs

Re-Zero adjustment 40,35 % of total repairs

Returned detectors
with No Fault Found: 27,85 %

(Included in No Faults
Clean Optics: 4,19 % of total returned Found)

Please note that a detector may have more than one fault.
None of the faults reported was of the dangerous undetected failure.

As shown, there have not been any reports of dangerous undetected failure of the GD10.

Dangerous Undetected Failures

An FMEA of the gas detector has been performed, see Appendix C. From the identified
failure modes, only two Dangerous Undetected modes were identified:

- Freeze of the output signal at a certain level >4mA in the Output Electronics
- Drive voltage failure in sink output

In order for the output signal to freeze at a critical level, transistor Q5A, transistor Q10 or the
controller UL1A on the external interface must fail. U18A in the CPU may also cause this
failure mode.

There are four causes for such a failure; rupture of gate, drain or source, or partly
conductivity between drain and source. Of these four, only the last will result in an
undetected failure.

Hence, the dangerous undetected failure rate for these components may be assumed 1/4th
of the total failure rate. In addition, the failure rates may be corrected by other factors, see
Table 0.1.

Table 0.1: Dangerous Undetected Failure Rates

-18 -
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Total Failure
Rate,

Ref. Appendix

Component

Correction Factor

}\'DU

Q5A 0,20827 -10°

0,25 (1 of 4 failure modes is
dangerous)

X

0,0167 (Only a failure resulting in
resistance output between 2,08 -
3,75 kOhm is dangerous. The output
range is 100 kOhm?')

=0,004175

0,000869-10°

Q10 0,21793-10°°

0,25 (1 of 4 failure modes is
dangerous)

X

0,0167 (Only a failure resulting in
resistance output between 2,08 -
3,75 kOhm is dangerous. The output
range is 100 kOhm)

=0,004175

0,0009098:10°®

U1llA 0,03176-10°®

0,25 (1 of 4 failure modes is
dangerous)

X

0,04166 ((Only a failure in 1 V
interval will be dangerous. Total
range is 24 Volt.)

=0,0104

0,0003303-10°®

u18cC 0,02712-10°®

0,25 (1 of 4 failure modes is
dangerous)

X

0,2 (Only a failure in 1 V interval will
be dangerous. Total range is 5 Volt.)

=0,05

0,001356-10°

Total Dangerous Undetected Failure Rate:

0,0034651-10°°

If the detector is in the sink mode, the voltage is supplied by the customer. Assuming that the
supplied voltage is 100 % reliable, the argumentation and calculation for this failure mode will

be as for the freeze mode.

Hence, the total dangerous undetected failure rate is 0,0034651 -10°® per hour.

! Assuming a low level alarm at 20% of full range

-19 -
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7. COMMON CAUSE FAILURES

There are not identified any common cause failures for the GD10, GDPE or GD10L.

-20-
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8.

DIAGNOSTIC COVERAGE & SAFE FAILURE FRACTION

The Safe Failure Fraction (SFF) is the safe fraction of failures, which can be considered
"safe" because they are detected by diagnostic tests or do not cause loss of safety function.

The safe failure fraction is the ratio of non-critical failures (safe failures + dangerous detected
failures) of the system divided to the total number of failure recorded.

off — #Safe failures ~  #Dangerous failures
~ #Failures recorded # Failures recorded

An FMEA of the GD10 has been performed, and is attached in Appendix C. The FMEA
divided the system into the following sub-systems:

Microprocessor unit

Watchdog

Chopper Electronics

Output Electronics

Signal Electronics Including Detector
Power Supply

ouhrONE

From the identified failure modes, only two Dangerous Undetected modes were identified:

- Freeze of the output signal at a certain level >4mA in the Output Electronics
- Drive voltage failure in sink output

These two failure modes are the only modes identified by the FMEA participants to be a
possible source of an undetected dangerous failure, i.e. a failure leading to the detector not
detecting gas when in fact gas is present. However, for freezing of the output signal to occur,
the output will have to stick in a position of between 4mA and the lowest alarm level of the
detector. Such a failure is considered extremely unlikely to happen. Sink voltage failure is
also very unlikely and can only occur in the sink type detectors, not in the source type.

The Diagnostic Coverage (DC) is assumed to be close to 100%.

The Safe Failure Fraction (SFF) is 99,97 %.

-21-
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9.

BEHAVIOUR OF SYSTEMS/COMPONENTS ON DETECTION OF A FAULT

The internal microprocessor performs continuous self-testing of optical and electronic
functions. If a fatal error should occur in the electronics or optics, the processor will generate

a 0 mA output signal, indicating sensor failure.

The Dangerous Undetected and Safe Detected failures determined in the FMEA session,

see Appendix Y, are listed in the table below.

Table 4 - Failure Causes

Failure

Failure causes

Dangerous
Undetected Failures

Freeze of the output signal at a certain level >4mA and
<lowest alarm level causing failure of the output transistor or
one of the other components on the output card. The effect
would be wrong indication of gas concentration at a level
between 0% and up to an alarm level.

Drive voltage failure in sink output caused by failure in drive
voltage. The output will not be able to show more voltage than
a certain level, e.g. SmA.

Safe Detected
Failures

Failure of voltage supply caused by component failure in
power supply. The effect would be voltage output to zero.
Failure detected by external and internal supervision of
voltage.

CPU freeze caused by Software failure, unstable voltage
levels, or hardware failures. The effect would be system out of
operation and no program execution. Failure detected by
external and internal supervision of voltage.

I/O read/write error caused by failure of one or more of the
inputs/outputs. This will lead to system out of operation.
Microprocessor will indicate failure of 1/O.

Loss of pulse generation, either at zero or a constant value
caused by failure of transistor or failure of gate between the
microprocessor and the source. The effect would be Loss of
function; the output will go to zero. Detected by
microprocessor, output will go to zero.

Freeze of the output signal out of range caused by failure of
one of the components on the output card leading to Stop of
function, output to zero.

No signal to the microprocessor caused by component failure
in the signal electronics or failure of the detector (converting
the IR light to electrical signal). This will lead to loss of signal
to the microprocessor and loss of function of the system.
Detected by the microcontroller, zero output.

Distorted signal to the microprocessor caused by component
failure in the signal electronics or failure of the detector
(converting the IR light to electrical signal). Failure effect will
be that the range of the detector shifts from 4mA. Detected by
the microcontroller, zero output.
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Failure

Failure causes

Wrong voltage from the voltage regulators caused by too low
range on the voltage, too high voltage or signal noise. The
effect will be a distorted signal. Detection by the
microcontroller which will set the output to zero.

Internal supervision of voltage.

No voltage from the voltage regulators caused by failure of
components in the voltage supply. The effect would be loss of
function of the system. Detection by the microcontroller which
will set the output to zero. Internal supervision of voltage.
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10.

FACTORY TESTING

Testing is documented in the following procedures:

871-811215.3
871-810867.2
870-810960.5
803-810782.3
803-810783.1
872-810628.8

Test procedure for General adjustment and control GD10P
Test procedure for Final Test GD10P 100% LEL CH4 5s source
Factory Acceptance Test General Gas Detector GD10
Software Requirement Specification Screen/PC, GD10
Software Specification Screen/PC, GD10

Test Procedure Power & Processing Assembly GD10
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11.

OPERATIONAL TESTING

The operational testing section refers to chapters 4 and 5 in the Operating Manual for GD10,
Ref /4/.
Upon failure indication, the detector should be tested according to Figure 10 below.

Clean mimor and
lens

w

Connect power
and current meter
Mo to sensor

h 4

Switch on
power

Power current between
100-200rmA

Yeas

heck that connection
are correct

4

Wait for
approax. 2 min

Yes
ignal current 4mA =
Mo 0.5ma
Yes
r w h
To repair Sensor OK

Figure 10: Test procedure
In addition, a functional test should be performed at commissioning and when the detector is
replaced.

The functional test of the GD10 can be performed as follows:
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- If there is no air movement, a test gas flow of a minimum 4 litres/minute will give
approximately the same value as the test gas.

- If there is an air movement of 0.5 m/sec, the test gas flow must be increased to 20
litres/minute to show the same value.

- At high air velocities, when it is difficult to obtain sufficient output using test gas in the
LEL area, a test gas in the 50-100% vol. range can be employed. This gas can be
applied at high flow for 2-5 seconds to acquire a concentration of test gas in the gas
measuring path for a short period.

Figure 11 - Set-up of functional test

In principle, there is no need for a Calibration test due to the fact that the detector is
calibrated at the factory and it can be proved by empirical data that the calibration does not
change over time.

The GD10P has been designed to require a minimum of maintenance and functional testing.
The only necessary maintenance is to inspect visually that the Weather Protection is not
clogged in heavily contaminated areas. The design of the GD10P does not require functional
test at certain intervals, but some customers still choose to perform functional test in relation
with functional testing of other equipment, even though this is not necessary or commended
from Simtronics.
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12. ARCHITECTURAL CONSTRAINTS
12.1 General

The Hardware Fault Tolerance (HFT) requirements for an E/E/PE safety-related system con-
taining type B sub-systems is given in IEC 61508 -2, sub clause 7.4, Ref. /1/.

A type A sub-system is in IEC 61508 terminology a system where all possible failure modes
can be determined for all constituent components. For type B sub-systems, the behaviour
under fault conditions can not be completely determined for at least one component (e.g. a
logic solver).

The GD10 Gas Detector is a type B system as it contains software in form of a micro
processor.

Table 5 - Hardware Safety Integrity: Architectural Constraints on Type B Safety-related Sub-
systems (IEC 61508-2, Table 3)

Safe failure fraction Hardware fault tolerance
0 1 2
<60 % Not allowed SIL1 SIL 2
60 % - 90 % SIL1 SIL2 SIL 3
90 % - 99 % SIL2 SIL 3 SIL4
> 09 % SIL 3 SIL4 SIL 4

The GD10 is assumed to be a type B sub-system, and thus follows the HFT from Table 5.
With a safe failure fraction of 99,97%, this system has a hardware fault tolerance of 0, and
thus meets with a SIL 3, and thereby also a SIL 2, requirement.
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13.

AVOIDANCE AND CONTROL OF SYSTEMATIC FAILURES

Systematic faults are faults in hardware and software introduced during specification, design,
operation or maintenance/testing, which may result in the failure of the safety function under
certain conditions, e.g. for particular input signal states. These failures are, unlike random
hardware faults, not quantified in IEC 61058/61511 methodology. In order to avoid and
control this category of failures it is required in IEC 61508 that certain techniques and
measures shall be used to avoid and control this category of failures.

The standard has adopted a qualitative approach to address the implementation of the
measures. The respective requirements concerning hardware and software are given in IEC
61508-2 and IEC 61508-3. The standard provides tables that specify in which
areas/processes systematic failures must be addressed. The tables define the required
effectiveness of the techniques applied, and the importance of using the different measures
is also specified. A great variety of techniques can be applied and the standard provides
examples/recommendations in IEC 61508-7.

According to IEC61508-2 clause 7.4.4 and 7.4.5 the requirement related to avoidance and
control of systematic failures will not apply to a subsystem considered “proven in use”. The
term “proven in use” is defined by clause 7.4.6 to 7.4.12 in IEC 61508-2.

A component can be considered proven in use if it can comply with the following:
The set of data must be based on:

- More than 10 inventories or more than 50 critical failures

- More than 50000 hours calendar / operational time

- More than 2 installations covered

- More than one operator covered

An extract of the reference list is attached in Appendix B together with the ISO certificate.
The full reference list can be obtained by request.

The GD10 has been certified according to the requirements for "Electrical apparatus for
explosive atmospheres" given by CENELEC in the standards described in Table 6.

Table 6 - Certified standards

Standard Description

EN 50014 (1977) Electrical apparatus for potentially explosive
atmospheres. General requirements

Amendment No. 1 (July 1979)
Amendment No. 2 (June 1982)
Amendment No. 3 (December 1982)
Amendment No. 4 (December 1982)
Amendment No. 5 (February 1986)

IEC 60079-0 Electrical apparatus for potentially explosive
atmospheres. General requirements
2000

EN 50018 (1977) Electrical apparatus for potentially explosive

atmospheres. Flame-proof enclosure "d".
Amendment No. 1 (July 1979)
Amendment No. 2 (December 1982)

Amendment No. 3 (November 1985)
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Standard Description

IEC 60079-1 Electrical apparatus for potentially explosive
atmospheres. Flame-proof enclosure "d".
2001

EN 50019 (1977) Electrical apparatus for potentially explosive

atmospheres. Increased safety "e".

Amendment No. 1 (July 1979)

Amendment No. 2 (September 1983)

Amendment No. 3 (December 1985)

IEC 60079-7 Electrical apparatus for potentially explosive
atmospheres. Increased safety "e".

1990 + A1, 1991 + A2, 1993.

EN 50054 (1991) Electrical apparatus for the detection and
measurement of combustible gases. General
requirements and test methods.

EN 50057 Performance requirements for Group Il apparatus
indicating up to 100% lower explosive limit.

EN 50081-1 Electromagnetic compatibility - Generic emission
standard

Part 1: Residential, commercial and light industry

EN 50081-2 Electromagnetic compatibility - Generic immunity
standard.

Part 2: Industrial Environment

Certificates are listed in Table 7.

Table 7 - Certificates

Certificates

ISO 9001 Simrad-Optronics ASA

ISO 9001 Simtronics ASA (Company name after demerging in Jan. 2007)
Nemko01Atex163Q

NemkoO1Atex282

NemkoOOAtex138x

SIRA Certificate of Conformity No. Ex 97Y8025
ABS 99-056882-X

AUSEX 2393

UL- E219548

CSA 1773527
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14. SOFTWARE DOCUMENTATION

Documentation for the micro processor can be found in the Program Specification, document
no 803-810784.9 version 6, and the Software Safety Requirements, document no 803-
810663.5.

Please contact Simtronics to view these documents.
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15.

RESULTS

Summary

SIL-requirement 2/3

Test Interval, t 12 (months)
Safe Failure Fraction, | 99,97 %

SFF

Diagnostic Coverage Close to 100 (%)
Aou 0,0034651 -10°

(failures / hr)
PFD 0,15-10"

To obtain the SIL requirement of 2, the PFD for the safety instrumented system (SIS) needs
to lie between 1102 and 1-10°. Based on numbers from the OLF guidelines, Ref /2/, the gas
sensor needs to obtain a PFD below 35% of the total PFD of the SIS, i.e. a PFD below
3.5:103. As shown in the Summary Table above, the PFD of the GD10 is well within this
range. Thus the 35% of a SIL 2 requirement is achieved. The GD10 has a HFT of 0, and an
SFF of 99,97%.
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Appendix A:  Failure Rate Data

th.b6H
YiiStress ¥3.31

YIL ~ 3E-207F NOTICE | PART STRESS PREDICTION

Standard Reper?

Project Name . S0-GDIE0

Block + | Gasdetector GDi0
Dascription . Byser & Procossing Assesbly
taalyst ARt

Eaviruemeil sl

Aeh, Tempiratit o

14:37:52

02-DEC-96 Page |

—_—

£

- = cosponent non-compliant with ¥1L-EDBE-217
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H i N d | |

) : T o : ! ;
3 Extecnal Interiace i i booLl 2633571 2.63057 17.40
ﬁ)—..?A_Iersupply \ H 'l i) 5.64308 : 5.54308 | kY] :
AN H | H I 3.23762 | 3.23762 1 20.39
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§ilStress ¥3.31 14:37:52  02-DEC-96 Page 1
U[L-HDBK-217F KOTICE | PART STRESS PREDICTION
Standard Report
Tiwject Name : 50-GD10
Block ‘2 External Interface
Maceription
tnaiyst :
Environment  GF
iab. Temperature : 50
Descriplion ' Part Nunber ! Circuit Reference | Ko. | Block/Comp.: Total [ T
i i U Off ! Fail. Bate | Fail. Rate iContrib ;
1 1 1 ] ] 1 1
1 ; — i
Connection, Reflow Selder ! H boLEb 00014 1 01739 | b6 !
CHIP RESISTOR, (-100koba, 0805, 0.125%, | 201-903XKK. 4 ! (UNERAL BESISTORS | 122 .02051 | ASU3 T3
CEe- ufp CAP., 47aF, SO¥, I7R, 0305, | 210-903774.8 1 G40 HE O 096682 } 09682 ¢+ 3.68 §
CEL_AdIP CAP., 47nF, SOV, X7R, 0805, | 210-902774.8 1 C3 FE 01784 § RUVIT .68}
CER. CHiP CAP., 47aF, SOV, X7R, 0805, 1} 210-903774.8 i 056 . 01720 § 01720 § 65
CER. CHIP CAP., €.%2F, 50V, K7R, 0805, 210-904105.4 1 C15,C16, . 07827 | 15685 1 5.94 )
CER. CEIP CAP., 330pF, SOV, NPO, 0805, 1 210-904110.4 L CL07, VoL 02960 | 02960 | L2
. CER. CHIP CAP., 330pF, 50V, NPO, 0805, | 210-9041I5.4 | C8,C9,C10,CL1, P 00426 § 01706 3 .65 1
CER. CHIP CAP., 330nF, 25V, X7R, 1206, | 210-904111.2 1 clo0, (. 02763 | 02763 1 1,05 )
. CER. CHiP CAP., LuF, 25V, VsV, 1206, 1 210-904114.6 g, oo 03121 o) L9
" TRANS., PNP, LF. BCB56B, S0T-13, ' 241-903534.6 0L, F 00326 | 00326 } A2
. TRANS. YOS-FET, DUAL, N-CH, NDS9945,50-8 ' 241-903758.1 + 05, FE 32397 4 32397 1 12.30 ¢
' TRANS.¥0S-FET, N-CH, 2M7002, 501-23, 1 241-904005.6 HUIUR | 1y 33705 33705 1 12,80
: DIODE, RECT., BYDLTG, 400V, 1.5A, S0D47, | 242-904006.4 103,013,014, FE 01300 § 03901 7 1.48 )
' DIODE, TRANSORB-BIDIR,SH6TLSCA, 137,600 § 243-903999.1 ! 017,018, [ 07163 4 14315 0 544
' DIODE, TRANZORB-BIDIR,SU6T3ICA, 33,6008 | 243-904000.7 1 019,020, [ 07163 L1435 ) 5.4
1 DIODE, ZENER, 12V, BZEB4-CL2, SOT-23, 1 243-904004.9 i 04,05, Vool BT L3346 1 B.B6
! PREC.QUAD. DF-ANP, TLE2024IDF, 50-16%, ) 244-903992.6 L, HE ,03930 | L03930 7 1.49 )
* RS4BS LINE TRAMNSCEIVER, ADY4BSIR, $0-8, ! 244-903997.5 1Lz, VoL 08921 | 08920 1 3,394
' PINMEADER, 2x4PIN, STRAIGHT, i 370-903565.0 PP, [ .08543 | J08543 1 3.4
' RIBBONE CABLE JUMPER, L3P, 1 380-904142.7 ' RL, ! [ L7091} 1709 1 445
' R} CABLE JUMPER, 2P, ' 380-904143.5 OR2,RD, RS, N 05319 3 1Ty A
! [heckCONNECTION ASSENBLY INTAZ H . 00410 b
] ] 1 ) ] ] ]
] 1 1. 1} 1 1 1

t = copponent non-cosplianl wilh Y1L-HDBR-217
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YilStress ¥1.31

3

14:37:52  02-DEC-96 Page
¥1L-HDBE-217F NOTICE 1 PART STRESS PREDICTION
Standard Repoit
Projecl huue : S0-GDLO
Block 3 Powersupply
Nescription
. GF
Amb. Teaperature : 30
Description ! Part Nuaber ' Circuit Reference ! No. | Block/Comp.i Total - '
| i U OFf ! Fail. Rate | Fail. Rate [Contrib |
: : T :. i i
Connection, Reflow Solder H \ vo169 Loool4 | 02332} ALY
CHLP RESISTOR, 1-100koba, 0805, 0.125%, | 201-903KKi.A ' GENERAL RESISTORS | 224 02051 A1 .99
© CHER-RESISTOR, 1-100koha, 1206, 0.25%, | 201-903XKX.C ! GENERAL RESISTORS | 41 02081 § 08202 1 L.45
i C _).ESISTUR. 0.220ha, 5%, 1206, 0,258, | 201-904146.8 T RL4 S 02051 § 02051 | 36 )
. CEL. COIP CAb., ioF, SOV, 0805, 1 210-903523.9 1 C118,C120, v 01778 § .03555 | 63
. CER. CHIP CAP., inf, S0V, D803, 1 110-903523.9 1 CL19, : I 03415 ) 03415 b1
. CER. CHIP CAP., InF, SOY, 0805, ! 210-903523.9 ' Cl2l, ! [ 01168 | 01168 | 21
' CER. CHIP CAP., lnF, 50V, 0805, ' 210-903523.9 1 C7, | I 06339 | 06339 0 LL12 )
. CER. CHIP CAP., 47nF, 50V, X7R, 0803, ' 210-903774.8 UCLL,01%4,0040,C143, F 0 4 09682 | 38729 1 6.86 )
' CER. CHIP CAP., 47nF, 50V, X7R, 0B0S, | 210-903774.8 { Claw,tiss,Cl42,0010,7 4 i 01784 | 07134 0 126
! CER. CHIP CAP., 47oF, SOY, K78, 0805, | 210-903774.8 ' CI3L.C13T, Lo .13569 | A3 B35
' CER. CHIP CAP., 47nF, »u¥, X7R, 0805, | 210-903774.8 1 L9, ' [ .02839 .02839 | .50 3
¢ CER. CHIP CAP., L0OpF, SOV, NPD, 08DS, | 210-904108.8 1 C4,CL1b, [ .00286 } 00573 4 0
1 CER. CHIP CAP., LBOpF, 50V, PO, 0805, & 210-904109.6 1 Cli2, HE 00317 § 00317 § 06 4
! CER. CHIP CAP., 470pF, 50V, NPO, 0805, | 210-904112.0 1 C6,CIEL, [ .00356 § 00712 § A3
! CAP., ELYT., RAD., LONG-LIFE, 220uf, SOV | 213-904008.0 V' C128, oL .26516 | 26516 7 4.70 §
\ CAP., ELYT., RAD.,LONG-LIFE, 470uF, 35V, | 213-904009.8 L C123, [ 7778 A8 315
' CAP., ELYT., RAD., HI-REL., 470uF, S0V, 1 213-904010.6 | Cla4, . 31648 | Jlb48 1 5.61
| CAP., ELYT., RAD., HI-REL, 1000uF, 25V, 213-904011.4 1 Cl43, HE 19367 § 19367} 3.43 4
' CAP., ELYT., RADIAL, 10uF, 63V, ' 213-904012.2 bCLE, HE L 13081 § 3060 0 2314
! CAP., ELYT., RADIAL, tOuF, 63V, 1 213-904012.2 ' C124.0125, - L7023 L4046 § 0 6.03 5
i AR ELET., RADIAL, i0uF, 63V, 1 213-904012.2 i €3, Voo L1287R 12878 7 238 ¢
H u._) ELYT., RAD.. LONG-LIFE, L00uE, 63V | 213-904013.0 12T, [ A7333 A7333 1 3,07
! CAP., ELYT., RAD., HI-REL, 2200uF, 10V, 113-904158.3 1 Cl4s, [ 22380 4 22320 0 3.9 )
! CAP., ELYT, RAD.. IDOvF, 16V, 1 213-904160.9 ' CIT,CHiG, VoL 23044 | 46088} 8.17 §
! INDUCTOR, RADIAL, 100ufl, IA, 9lachs, ! 220-903555.1 VL [ 4344 04344 ) 11
+ INDUCTOR, RADIAL, 47uil, .54, 1 220-904139.3 VL3, [ 04344 04344 170
' [NDUCTOR, RADIAL, L0Ou, 660aA, | 220-904140.1 1 LS, H 1 04344 04344 7
' CRIP INDUCTOR, luud, S50mA, !8i2, 1 222-903517.1 1 Lb,LE, N RIEREERH 08687 | 1.54 )
1 TRANS., NPN, LF, BCB4AB. 80T-23, | 241-902818.4 104, ' [ 00377 00377 | 07
1 TRANS., PNP, LF, BCe3s:. 30T-21, 1 241-903534.6 103, i Il 06221 00223 | 4
* TRANS, NOS-FET, H-CH, MiRs83-60A,S0T-223 4 241-904003.1 1 06, . ROLTYE 7982 7 673
! DIODE, HS SFITCHING, BAS16, S0T-23, | 242-903536.1 102, . 01348 01346 ) 24
' DIODE, RECT., BYDL7G, 400Y, 1.54, SODBT, § 242-904006.4 1 D1s, HE 04335 ¢ 04338 4 10
‘ — |
# = gomponert non-compliant with A1L-HDBK-2117
Continued o Next Page.
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¥ilStress ¥3.31 14:37:52  02-DEC-9% Page
YIL-HDBE-217F NOTICE | PART STRESS PREDICTION
Standard Report
Project Name : §0-GD10
Block 3 ...continued
RECT.NI0DE, SCHOTTAY, LOO¥, 14, ¥BRSLL00 § 242-904007.2 1 CRI, V3 02362 4 07085} 1.26
RECT.DJODE. SCHOTTAY, 100Y, [A, ¥BRSI100 | 242-904007.2 1 CR3, [ e 02071} iy
RECT.DIODE, SCHOTTRY, 100V, L4, ¥BRSI100 | 242-904007.2 1 CRe, HE 01481 | L1461 ) .26
DIODE, TRANZORB-BIDIR,S6T3ICA, 33¥,600% | 243-904000.7 1 D25, ' I 07163 1 07163 7 LT
Z1G0E, ZENER, 12V, BZX84-C12, SOT-21, ' 243-904004.9 VoL, [ LIBT3 JLR73 P 20T
WC-DC CONVERTER CONTROL, 4C33063AD,S0-8, | 244-903556.9 Vs, VoL . 13838 | 3638 240
DC-DC CONVERTER CONTROL, ¥C33063AD,50-8, | 244-903556.9 1 ULs, [ A3 A3 AN
PGWER CONTROLLER, WIC38C43BN. $0-8, ' 244-903985.0 ' U13, N 10832 § 10839 7 L9
YOLT. REG., L¥JITL, 50-3, ' 244-902987.6 ' Ulb, [ L1024 1024 ) 1L9S
$1. YOLT. CONYERTER, LUCT661N, S0-8, | 244-904161.7 e ! [ 09076 09076 1.61
 INTERCONNECTION ASSENBLY 1 INTA3 ' Yo 00246 | 00246 | .04
. ! H H ' L::::::::::::E
() : = conponent non-coepliant with YIL-HDBE-217
Block F/R = 5.64308 fpmh
5643.08 fits
Block UTBF = 177208. Hrs.
Block Component Total = 82

O
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¥ilStress ¥3.31 [4:37:52  02-DEC-9% Page 5
¥[1-HDBE-21TF NOTICE 1 PART STRESS PREDICTION
Standard Report
Project Hame : §0-6D10
Block o4 LU
Description
Analyst H
Environaent . GF
Aab. Temperature : 30
Description ! Part Nusber ' Circuit Reference | Ho. | Block/Comp.] Total | % &
! ! 8 0ff ! Fail. Rate } Fail. Rate jContrib |
] i 1] 1 ] 1 1
] b ] ] 1 I ]
1 I ] 1 1 ' 1
Connection, Reflow Solder H H Vo8 00014 § 03008 93
UL YESISTOR, 1-100koha, 0805, 0.125, 201-9031X%.A ! GENERAL RESISTORS | 313 02051 § 63569 1 15,63
CHMR<"HERNISTOR, NTC, 2.2kobm, 1206, 1 204-904014.8 L RISO, [ .10500 10500 L 3,24 ¢
cH._ LAIP CAP., 470F, 50V, XTR, 0805, ! 210-903774.8 1 052,53,56,58,59 ete.] 91 01935} T4 5.3
CER. CHIP CAP., 47pF, 40V, ¥PO, 0805, | 210-904106.2 1 C147,C148, [ 00224 00448 } 4
. CER. CHIP CAP., 330uF, 25V, TR, 1206, 210-904111.2 ' Ci0lL, oo .02454 | 02454 | 16
© CER. C4IP CAP., 330aF, 25Y, 7R, 1206, | 210-904111.2 ' (2,013,CL4, [ 02136 | 06408 ¢ 1.98 §
Uk, CHIP CAP., luF, 25Y, Y5V, 1206, 1 210-904114.6 ! £103,C104, [ 02497 04993 1 154
. CFR. CHIP CAP., IuF, 25¥, Ys¥, 1206, 1 210-904114.6 ' CI2, . 03121 03121 96 4
CER. CHIP CAP., 100nF, 50Y, X7R, 1206, | 210-904115.3 1 Cl49, HE 01938 | 01938 § .60 |
CER. CHIP CAP., 470aF, 50V, 1206, ' 210-904173.2 1 C105, O 30362 § 30362 7 9.38 %
CHIP INDUCTOR, 10uH, 180mk, 1210, 1 222-904141.9 ' L6, ELT, 12 04344 08687 1 2.68 }
QUARTZ CRYSTAL, 4.0KHz, HC49/4H, 1 230-904149.2 VX2, [ L1266 4 L1266 0 3.48 )
DIODE, DUAL, S SWITCHING, BAV99, S01-23 | 242-903998.3 1 028,029, Vo2 01348 § 02696 !} 831
8-BIT uCONTROLLER, 87C196, PLCC-68, ! 244-810872.2 LT, Poopt o 1.19489 1 119489 0 36,91 ;
L0R-DROP VOLT. REGULATOR, LP29SIAC, S0-8 i 244-903986.8 vz, [ 09066 | 09066 ¢ 2.80 )
uF SUPERVISORY NONITOR, MAXBO9L, SOT-23, & 244-903994.2 1u, FE 04112 Ly 12Ty
YOS T4HCO8, SO-14, ! 244-903995.9 | UL, A O .02880 | .02880 | .89
SERIAL EEPRON, 126x8 BIT, 24C01, S0-8, & 244-903996.7 v u19, . 18344 18344 0 5,67
LED, DUAL, GREEN-RED, SOT-23 ! 245-903567.6 1, [ 00663 § .00663 | .20 )
SOCRET PLCC-68, ! 370-904148.4 ' B0, . 01768 | 01768 | 851
I_,FL-)"'ZUHNECI‘IDH ASSEUBLY ' INTA4 ! [ 00574 00574 | NEN
'\ H H H ! |I==::==::==-:'i H
+ = coaponent non-compliant with H1L-HDBR-217
Block F/R = 3.23762 fpak
1237.62 fits
Block YTBF = J08869. Hrs.

-36 -

Block Component Total = hi



861-814819

Revision 01

YilStress ¥3.31

¥[L-§DBR-217F NOTICE | PART STRESS PREDICTION

Standard Report

Project Hame + SO-GDLO0

Block + 5 Sensor Amplifier
Description

Analyst

Eavironment o GF

Aab. Tesperature : 30

14:37:52

02-DEC-96 Page

b

Description ! Part Number ! Circuit Reference | No. | Block/Comp.} Total | %

! ' L 0ff ! Fail. Rate | Fail. Rate Contrid

1 ] L} ] ] [}

‘. E T ': |
Connection, Reflow Solder } ! Lo00 00014 } .02760 } 16
CHIP RESISTOR, 1-100kohw, 0803, 0.125%, | 201-903KK%. 4 ! GENERAL RESISTOR, 1 241 .02051 } 49215 ) 13.59
QHI"-RESISTOR. 100k-10Kohn, 0805, 0.125% | 201-903XXX.B ! GENERAL RESISTOR, | 8 02256 | 18045 1 4,98
UETAL-FILY, AXIAL, 0.4%, 1-100koba, L 201-AT ! GENERAL RESISTOR, | 14 03752} 07505 2,07
RESISTOR, AXIAL, ¥ET.F., 100k-10Uoha,0.4F | 201-BX ' GENERAL RESISTOR, | I 04128 | 08255 ¢ 1.18
CER. CHIP CAP., 47nF, 50Y, K78, 0803, 1 210-903774.8 ! (78,84,89,93,94 etc.] 91 01784 | 16052 1 4.4
CER. CHIP CAP., 470F, SOV, X78, 0805, 1 210-903774.8 ! C96, 1 1 02839 | 02839 | .18
CER. CHIP CAP., 2.20F, SOV, K78, 0805, ! 210-904104.7 1 C152,C153, | 1 01939 ) 03878 7 10T
CER. CHIP CAP., 6.8nF, 50V, X7R, 0805, | 210-904105.4 ! C154,C153, [ 01442 026884 | .80
CER. CIIP CAP., 12bF, 50V, 178, 0805, | 210-904107.0 1 C156,C138, o2 01535 | .03070 § .85
CER. CHIP CAP., 330pF, S0V, KPO, 0805, | 210-904110.4 ! C108,C109, - .00519 | 01039 4 10
CER. CHIP CAP., 680pF, 50Y, X7R, 0B0S, | 210-904113.8 ' C150,C151, - 00566 § 01133 ) i
CER. CHIP CAP., tuF, 25Y, YSY, 1206, ! 210-904114.6 + CL06, | 1 02562 | 01562 } i
CER. CHIP CAP., 6BO0nF, 25Y,1210, \ 210-904116.1 ! (160,C161,C163,C164, ] 4 02991 § 1965 1 1.3
CER. CHIP CAP., 6800F, 25,1210, 210-904116.1 1 C162,C165, . 03643 § 07286}  2.01
TANTAL CHIP CAP., 4.7uF, SOV, SEIZED, | 213-904117.9 ' Clbb, [ .06189 | 06189 ¢ LTI
CAP. YET.POLYESTER, 33nfF, 50V, RADIAL, 1 213-904159.1 + C157,0159, | I 07477 14953 1 41D
TRANS.Y0S-FET, N-CH, 2N7002, SOT-23, ! 241-904005.6 1 01,02,017,018, o4 My L340 ) 3T
LN. J-FET INPUT OP.AWP., TLOTID, S0-8, 244-903988.4 1 022,023, - .08086 | A6LTE Y 44
LP. Gi.AYPLIFIER, UC33174D, S0-14, ! 244-903990.0 L1025, 026, ! 21 L4772 29544 1 B.16
DIGTTAT POTHETER, DUAL, DS1267SN, S0-16¥ | 244-903991.8 1124, H 1] 135713 L5571 ) 4,30
ET'WECTGﬁ. %7 PIN, ! 370-804092.5 1N i 1 06129 06129 1 1.69
k_:LﬂCUNNECTIUH ASSEXBLY | INTAS ' | 1 00148 § 00148 } (4

H ! H H !zzz=zzzz====)

* = copponent non-compliant with §1i-H0BE-217
Block F/R = 3.62011 fpab
3620.11 Tits
Block YTBF = 176235, urs.
Block Component Total = 16

-37 -



861-814819
Revision 01

{i1Stress V3.3 eetes0 02-BEC-9  Tage

yi1-HDBE-217F ¥OTICE 1 PART STRESS PRERICTION

ndard Reporl

Project Nese . SU-GDI0

Bluck 1 Gasdetector D0
Nocgriplion - Yower & Processing Asscably
Analyst 1]

Environseut . GF

Agh. Temperature @ 10

* Description L Teii womuel 1 Circuil Reference %o. | Block/Comp.i Tola! v i
! H ' U Off ! Fail. Rate | Fail. Rate iomiris :
i ' | R H H N \
i i 1 i i H i i
12 External loterfare ; ! Poopy o L6 173 Vole.20 g
t 3 Powersupply H i [ TR 1k L I 3.87300 1 3BT
LoAcm | ! Coopy 4T} 247001 :
|~ Sensor Amplifier ! H oo Le0aT 1.60477 i

1 L} 1 ) lemmrsmmme e m= 1} 1

[ Ju— 1 1 1 :

e —

¢ = gopponent non-compliant yith BIL-85B 247

Block F/R =  10.68025 [peb
10680.235 Tits

Block ETBF = 93631, Hrs.

Block Component Tolal = 0

P
L,

-38 -
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Revision 01

NilStress V330 130TA00 BI-DEC-%G Page 1
§{L-HDRK-217F NOTICE | PART STRESS PREDICTION
“andard Reporl
Project Heme Sa-RE10
Block 1 Fxcernai ieieriace
Tescription
analyst
ranaenl . GF
Aob. Tesperature : 10
! Descriplion ' Terl Number ! Circuil Relerence | Ho. Block/Comp. . Y _.
' ] 1 Vit ! Fail. Rate | seantppl g
H i ; H i i H i
i H i i i ! : :
! Connection, Reflow Solder ! ! voadb g 00014 |} ITI9 0 100
' CHIP RESISTGR, 1-100kobe, 005, 0,125, ) 208-903XXXK.A 1 GENERAL RESISTORS | % 00938 | JBIBRZ Y 1218
| CER. CRIP CAP., 47oF, 50V, 7%, 0865,  ; 2i0-903774.8 | 049 ! 1) .09208 | 09308 0 =t
Ui, OHIP CAP., 472F, SOV, 17R, 0805, i 210-903774.8 G ! I 01696 3 L016% | 98
"“l.. CHIP CAP., 47nF, 50¥, XTR, 0803, 1 210-903774.8 ] | I3 01636 | 0ibd6 ! 94
tctR, CHIP CAP.. &.5oF, SOV, VIR, 0803, ) 210-904105.4 ! (15, 0lh, L2 07444 14865 1 B.60 ¢}
! CER. CHIP CAP., 330pF, 50V, KPO, 0803, 1 210-904110.4 ' C107. | 11 uldad | 01443 831
! CER. CHIP CAP., 330pF, S0V, NPO, 0803, ' 210-904110.4 1 C8,C0,000,008, H L 00208 § L0631 5 LB
! CER. CHIP CAP., 330nF, 25V, K78, 1206, ) 210-904111.2 \ €100, [ 02627 § 02627 1.52
! CER. CHIP CAP., luF. 25V, Y5V, 1206, 1 210-904114.6 1 ez, [ 02968 | 02968 ) 171
! TRANS., PKP, LF, BCBS6B, §0T-23, | 241-903534.6 1012, ! 1 00204 00204 L 12%
! TRANS. HOS-FET, DUAL, N-CH, KDS9945,50-8 | 241-903758.1 105, ! 1 . 20827 | 20827 112,034
' TRANS.EOS-FET, K-CH, 207002, S01-23, ! 241-904005.6 UL [ 21793 4 L1793 ) 12.59%
' DIODE, RECT., BYDITG, 400Y, L.5A, S0DBT, | 242-904006.4 ! 3,013,014, FE 00677 ¢ 02031 117
' DIODE, TRANSORB-BIDIR,SH6T1SCA, 23V, 6008 | 243-903999.! ' DIT,D18, [ 04593 | 09185 | 5.31%
i DIODE, TRANZORB-BIDIR,SE6TIICA, 337, 600K | 243-904006.7 | D19,020, vl .04593 | 09185 3 5.31%
1 DIODE, LENER, 12V, BIR84-Ci2, S0T-23, ) 243-904004.9 1 D4, D5, [ 07547 (15094 ¢ 8.72%
1 PREC.QUAD. OP-AEP, TLE20241DR, SO-16¥, ) 244-903992.% 1 UL [ 03176 03076 0 V.83
' RS485 LINE TRANNSCEIVER, ADEABSIR. S0-8, | 244-903997.5 VU, [ 07431 L7400 0 429
© VINHEADER, 2x4PIN, STRAIGRT, ! 370-903565.0 1P, [ 05311 4 a5t 3.07
* RIBHUNE CABLE JUKPER, 13P, ' 380-604142.7 b, [ 07231 4 7238 8 418
! RIREONE CABLE JUEPER, 2P, ! 380-904143.5 ! R2,RD, 4,5, F 03285 | Lt 159
t IRTERCONNECTION ASSEMBLY ' OINTA2 ! : i 00410 } L0410 ) L4
e ; ! ! ! |z=zzzz=zsz=:! :
\H.}_ 1} 1 : 1 1 —
t+ = coppanent non-compliant eith BIL-HDBE-217
Block F/R = 1703 fpzh
173,026 fils
Block HTBF = §775A0. Hrs.

-39 -

broes

vomponent Total -

54



861-814819

Revision 01

¥ilSiross ¥3.30 411730 62-DEC-% lage 3

v1L-HDBK-207F NOTICE | PART STRESS PREDICTION

“tandard Report

Projoct Ruse : S0-6Bi0

Block .3 Poxessupply

Description

Analysi

Environsent it

Aab. Temperaturc . il
! Description ! Part Wusber ! Circuil Reference : Ho. : BIO“"°":".! Tatzd [T
! | ! V0t : Fail. Bale ! Fail. Kale juontrib |
1 1 ] L) ' L} 1
| i i i E i H o
! Conmection, Reflow Solder 0 H Vo169 ) 00014 § 02332 0 .60 )
U CHIP dESisiud, 1-100koha, 0BO0S, 0,1258, |} 20§-903%%%.4 | GENERAL RESISTORS | %24 00458 | 082 5.
1 CHIP RESISTOR, i-100kohs, 1206, 0.15%, | 201-903XXX.C ' GENERAL RESISTORS | i 00958 § 05823 ! 09
t CHIP RESISTOR, 0.220ha, 5%, 1206, 0.258,| | 201-904146.8 PR N 00956 00938 .25
V";? CHIP CAP., InF, 5OV, 0805, ' 210-903523.9 + C116,C120, - 01691 Q3381 8T
iR, CHIP caP., InF, S0V, 0805, ' 210-903523.9 L1, [ 03247 4 03247 L84
\ CER. CHIP CAP., lnF, SOV, 0805, 1 210-903523.9 R B I RISIRE O .29
! CER. CRIP CAP., InF, SOV, 0803, 1 210-903523.9 B . 06029 06029 § 1.56
! CER. CHIP CAP., 47nF, SOV, X7R, 0805, |1 210-903774.8 101, 0104,0040,C143, | 4 .09208 | L3683 1 9.5
! CER. CHIP CAP., 47uF, SOV, K7R, 0805, |} 210-903774.8 1 £13g,0105,0042,C000,F 4 01696 | 06785 1,75
! CER. CHIP CAP., 47oF, SOV, X7R, 0805, |} 210-903774.8 1 C131,C137, Vo2 L2414 45827 0 11.5T
' CER. CHIP CAP., 47nF, SOV, X7K, 0805, (i 210-903774.8 HEWKLR . .02700 § L2100 .70
' CER. CHIP CAP., 100pF, 50V, XPO, 0805, |1 210-904108.8 ! (4,016, Vo .00140 § 002190 .07
' CER. CHIP CAP., 180pF, SOV, KPO, 0805, i 1 210-904109.6 1 G, HE 00155 | 00155 .04
{ CER. CHIP CAP., 470pF, 50V, KPO, 0805, | 1 210-904112.0 ' C6,CILE, FE 00173 00347 .09
! CAP., ELYT., BAD., LONG-LIFE, 220uF, SOV ! 213-904008.0 1 Cl128, o 18355 ) L8355 ) 4
| CAP., ELYT., RAD.‘LDHG -LIFE, 470uF, 35V) | 213-904009.8 1 e1ng, . 12306 L2306 7 318
! CAP., ELYT., BAD., §1-REL., 470uF, SOV,| | 213-904010.6 HESTIN H i 19442 4 L9442 1 5,02 )
¢ eAp., ELYT., BAD., HI-REL, 10GOuF, 25V,| 1 213-904011.4 [ e, [ 11898 | 11898 1 3.07
' CAP., ELYT., RADIAL, 10uF, 63V, |1 213-904012.2 HESIER . 07867 § 07857 1 .03
i CAP., ELYT., RADIAL, 10F, 63V, i1 213-904002.2 i C124,0125, HEY 10254 JE0567 1 5.29
U CAP., ELYT., RADIAL, iGuF, 63V, | 1 213-904012.2 e, . 07757 01187 { 2.00
! CAP., ELYT., RAD., LONG-LIFE, 100uF, fJEL 1 213-904012.0 y Ci27, i 1 L1998 11998 | 3.10 §
{") ., ELYT., RAD., BI-REL, 2200uF, 10V, i ' 213-904158.3 1 Cldb, Yoy A3 1272 5 334
S<¢AP., ELYT, RAD., 100uF, 16V, |} 213-904160.9 1 C17,C115, HEY .13880 ! 27l 11T
' INDUCTOR. RADIAL, 100ull, 1A, 9Zmob, | 1 220-903555.1 HEAN . .03186 § 03186 | 82
! LNDUCTOR, RADIAL, 47ud, i.3A, ! 1 220-904139.3 AR I fuak ! 03te6 ;  .82%
tINDUCTOR, RADIAL. 100ull, 660eA, bl 220-904140.1 R H | 03186 § 03186 ) .82¢)
! CHIP INDUCTOR, i0uH, S50mA, 1812, 1 222-903517.1 1 b, L8, o2 63185 06372 1 1.64%,
! THANS., NPN, LF, BCB46B, S0T-23, t241-902818.4 L4, N 00235 4 00235} .06%;
' TRANS.. PKP, LF, 372568, S0T1-23, 41963034, 6 PR, ' i 00128 ) 00135 ) NEH
: TRYNS, KOS-FET, ¥ "E. bhniﬂE 60A,507-223 | 241-904003.! il . LAnuEn L4980 1 6.4t
| DIODE, HS 5!11 - ' SI}'I' 13, ) uk-oesnt HEN ; I ! D06 | AL
1 DIODE, RECT., 1 242-904006.4 HEIEH HES B 6411 .68

1}38\1 ,
!
i
B

ey

¢ : conponent non-cempliant witkjzii

- 40 -

Continued

on Next Page.
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Revision 01

¥i15kress ¥1.31 (IR

¥1L-ADBR-217F ROTICE 1 PART STRESS PREDICTIOR

" pdard Report

Project Rame . 30-6D10

wlock 3 ...continued
\JICT.DI0DE, SCHOITRY, 100V, 1A, NERSIi00 | 242-904007.2 LG, YT
H RECT.DIODE. SCHOTTRY, 10OV, 1A, YRRS1100 | 242-904007.2 teen ! 1} 01092
| RECT.DIORE | S7RATTRY, v, 1A, BRSLEOO § 242-904007.2 | (R, 1 I RN
! DIODE, TRARZURB-B1 SERTI3CA, 33V,000F | 243-904000.7 ! DS, ' I Lo g
' D10DE, IENER, 12V, BlIg4-Cl2, SOT-23, | 243-904004.9 N [ 07547
1 Ie-IC CONVERTER CONTROL, 1CI30634D.50-8, | 744-903556.3 1 U4, : 1 ARSI |
L Ic-0e CONVERTER Ciminii, 1onsub3AD, $0-8, | 244-903556.9 I E ! i AT
1 PORER CONTROLLER, ¥ICIBCAIRBE, S0-8, 1 244-903985.0 1, | I T84y
1 VLT, BEG., LE3ITL, SO-8, ' 244-903957.6 4 L6, | i L7880 §
| SE. VOLT. CONVERTER, LECT661E, 50-8. 1 144-904161.7 HR i 1 06707
! INTERCONKECTLON ASSEYRLY ' INTA3 1 H 1) 00246 §
! H [ S N :
4 t = component non-coapliant ¥ith YIL-HDBR-217
9

Bleck F/R =
Block MTBF =

-41 -

Block Component Total =

02-DEC-40

03137
RILEY

[ULEENT
L0459
07547
08534
08376
U839

3.87391
387391

158137,

62

Page 4

N [

i 28
el
1194
1.95¢
.20

[}
1
1
L}
L}
1
1
L}
1 i
Y 9 1.
0
1
1
1
1}
1
I

2.02
2.03
1.73

=1
=3

|

fpah
fits

frs.



861-814819

Revision 01

FilStress ¥3.3¢

¢11-HDBK-217F ROTICE !

PAKT STRESS PREDICTION

. .undard Report

Project Nawe + L6010

Bluck <4 CP
Pescription :

Apalynt

iy b s < 46F

hnb. Temperaiue : 10

e ——

Descripiiva

-

© Connection. Reflod Sulder
| CHIP RESIETOR, j-1ottobs  0B0S, 0.125F,
' CHIP THERRISTOR, 41C, 2.2%kohu, 1206,

Y-
.
CER.
CER.
CER.
CER.
CER.
CER.
CHIP INDUCTOR, 10u%, i80mA, 1210,
QUARTL CRYSTAL, 4.0¥Hz, HC49/4H,
DIODE, DUAL, HS SRITCHI
8-BIT ufONTROLLER, $7C196, PLCC-68,
LOR-DROP YOLT. REGULATOR, LP2951AC, $0-8
uP SUPERVISORY sO¥ITOR. EAN809L, SOT-23,
HCEOS T4HCOS, S0-14,

SERIAL EEFROM, 126x8 BIT, 24C01, 50-8,

, DUAL, GREER-RED, $01-23

SOCRET it 63,

_[NTERC‘JNI!E{:T 10N ASSEXBLY

LED

R e

CHIP CAP., 47aT. 50V, MR, 0803,
CHIP CAT., 4757 SOV, RPO, 0803,
CHIP CAP., 330nF, 25V, X7R, 1206,
CHIP CAP., 330nF, 25V, YT, 1206,
CHIP CAP., luR, 25V, Y5¥, 1206,
CHIP CAP., luF, 25V, VSV, 1206,
CHIP CAP,, 100zF, 50V, XTR, 1206,
CHIP CAP., 470nF, S0V, 1206,

Part Rusber

Circuil Reference

§G, BAY99, S0T-23

)

i

+ = conponent non-cospliant vith ¥IL-RDBR-217

Lin

1 1 1 L)
! | vk noold |
1 281-0030KK. A ! GENEKAL RESISTORS [ I FHERA
1 204-004014.8 1 RISO, i 14 et
1 210-9037714.8 ' 052,53,56,58.59 ete.) 91 01640 )
1 210-904106.2 1 C147,C148, Vool 00109 4
b 210-964115. 2 L i, H 1} 02334 !
1 210-904iii.2 ' C2,C13,C14, [ 02031 4
1 210-904i 14,5 1 0103,0104, bR 02374
1 210-904114.6 VeI, 1 I 02968 |
1 210-904i15.3 1 C149, \ 14 01843 |
1 210-904173.2 1 G105, H 11 18874 |
1 222-904141.9 ' L6, LT, 1 1) 03186 |
1 230-964149.2 VB H 1 11266 |
1 242-903998.3 ! D28,D29, | 24 00669 |
| 244-B10872.2 1T, | 11 90990 |
1 244-903986.8 U, } i 07461 |
1 244-903474.4 1 Ui, | i viidl |
' Ui, 1 14 Y
| VUL, H I} 14565 |
| L, 1 1 04368 |
i y B, HE S i
OINTAA i | [ /
] L} ] [} 1}
stect PR =
Block KTBF =
Bloed ca=peaeni Tulal =

-42 -

02-DEC-%

03008
.29706
. 10500
. 16560
00219
02334
.06094
04749
.02968
01843
28874
06372
11266
01339
.909%0
07461
02751
L0112
4563
.00368
01768
.00574

2.
i

4700
70.21

404524,

b4

Pape 3

{pab
fils

firs.



861-814819
Revision 01

¥ilStress V3.31 (TG U2-MRC-ve rage

¢1L-HDBR-217F NOTICE ! PART STRESS PREDICTION

frajeci Hans : S0-GD10

Bluik + 5 Sensor hsplifier
feseripuivs
Laalyst :

; =en : GF

iny. Temperaiure @ i0

i Begorapuoui ! Part Number ' Circuit Refersmce ! Ma. o SlockjCoap.! Tetal 1 L
! | ! 10 Fau. Kate § Fail. Bate 1Contsit |
] I 1 ) 1 ] ) 1
E "'1 i A ! T
! Conueciion. Reflow Solder H H 1200 00014 § 02760 1 1.06
! CFIF ¥ESISTOR. 1-100koba, 0805, 0.125%, } 201-903KRX.A ! GENERAL RESISTOR, | 43 00958 ¢ 22999 | 6.83 )
! CRIP RESISTOR, 100k-10¥ohm, 0805, 0.125% | 201-9034K%. B ! GENERAL RESISTOR, | & 01054 | 08833 1} 3.2
; 758, EETAL-FILE, ARIAL, 0.4, 1-100kohe, | 201-AK ! GENERAL RESISTOR, | 2. 03034 1 06068 | 2.27
{).i3TCR, AVEAL, MET.F.,100k-10Kohs,0.4F § 201-BX ! GENERAL RESISTOR, 1§ 2 H 03337 4 06675 1 .50 ¢
(IR, CHIP CAP., 47oF, 50V, 178, 0805, | 210-903774.8 ' 078,84,89,93,94 ele.; 8 01696 4 15265 1 5.86 %
¢ CER. CHIT Gai., 47nF, 50V, X7R, 0805, i 2:0-903774.6 1 C9%, HE .02700 § 02700 § LG4
§ CER. CHIP CAP., 2.2oF, 50V, §TR, 0805, | 210-904104.7 | C152,C153, VoL L1844 | 03688 | 1.42
! CER. CHIP CAP., b.80F, 50V, X7R, 0805, ! 210-904105.4 1 C154,0155, HE 01371 % 02742 1 L0S S
| CER. CHIP CAP., 120F, sov, X7R, 0805,  } 210-904107.0 ' C156,C158, Y 01460 § 02919 1 112
! CER. CHI? CAP., 330oF, sov, NPO, 0805, | 210-904110.4 1 (108,C109, Y .00253 | 00506 § .19
! CER. CRIP CAP., 680pF, 50V, X7, 0805, | 210-904113.8 ' C150,C151, S 00276 § 00552 1

\ CER. CHIE CAP., IuF, 25V, Y5V, 1206, 1 210-904114.6 1 C106, FE 02436 4 02436 4

i CER. CHIP CAP., 680nF, 15,1210, ' 210-904116.1 ! C160,C161,0163,C164,1 43 .02845 | 11378 5

' CER. CHIP CAP., 6800F, 25¥,1210, 1 210-904116.1 1 (162,C165, . 03464 06929 |

1 TANTAL CEIP CAP., 4.7uF, S0V, SEIZED, 1 213-904117.9 | Cléb, I 04743 L04743 §

t CAP. ik:.POLYESTER, 33oF, SOV, RADIAL, § i3 90415%.1 1 C157,0159, Y 06648 | L1306 |

\ TRARS.¥OS-FET, N-CH, 2N700Z, §01-23, ' 74i-904005.6 1 01,02,017,018, L 21793 AT
! LB, J-FET IKPUT OP.AKP., TLOTID, S0-8, | 244-903988.4 1 022,023, [ 06500 | .13000 | N
i 1P, OP.A¥7LIFIER. KCI3ITAD, S0-14, 1 244-903990.% 1 125,026, Vo2 .13326 ) 26652 1 10.23 5
' JIGTTAL POTUETER, DUAL, DS1267SK, S0-16% | 244-903991.8 124, HE B .15232 15232 1 S.EL
i CONKECTOR, Ix7 PN, 1 370-804092.5 ) 8T, : i 03785 | 03785 1 .45
2 TTEHL‘DHHECHES 4SSEEBLY L IRTAS i N O 00148 | 00148 |} 06}
] i I 1 [P o 1
e ! ! [ R o Pt

¢+ = component non-coapliant Witk ¥j-disR-217
Mock F/R = 2.60477 fpil
2604.77 fits
© wlock ETDF =
Bloot Composent Total = 16

-43-



861-814819 Revision 01

L5.b.bbl

¥:15{ress - Frror and Kon-coppliance Log

sleck @ 2 Parl Koo @ 241-90333&.0 Cet, fef: M0
-~ ing Junciion Temp. KOT coppliant with ¥IL-HDBR-217. [2§ - 175]
Siuck © 1 Pari Ro. o 241-9G4005.5 Cel. Ref.: Qi
serning Junction Temp. NOT compliant with EIL-HDBR-217. {25 - i175]
WUai .2 Part No. : 243-903999.1 Cet. Ref.: D17,D18,
arning Junciion Temp. HOT cospliant rilh EiL-NDBR-217. 18- 175]
wock 12 Parl No. @ 243-904000.7 Cet. Ref.: 019,020,
farning Junction Temp. NOT cospliant with EIL-HDBE-217. [23 - 175]
St 2 Part No. @ 241-903736.1 Cct. Ref.: 05,
iarhing Jusciien Teep. HOT compliant %ith EIL-KDBE-217. (25 - 175]
Block © 1 Parl Ko. @ 243-404004.9 Cct. Ref.: D4,Ds,

Farning Junction Tesp. NOT coapliant siih BIL-BDBR-2T. [25 - 175]

Bravk .3 Part No. @ 241-903534.6 Cel. Ref.: 03,
Farning Junction Tesp. NOT compliant #ith EIL-KDBR-217. [25 - 175]

«
x) 3 Parl No. : 241-902818.4 Cet. Ref.: Q4,
fornicy Juaction Tesp. NOT coepliant wilh E1L-HDBE-ZIT. [25 - 175]

Block + 3 Part No. : 241-904003.1 Cet. Ref.: 06,
Faraizg Junction Temp. NOT compliant with YIL-HDBR-217. 125 - 175)

Block © 3 Part No. : 243-904004.9 Cet. Ref.: DI,
farning Junciion Teap. NOT compliant with NIL-HDBE-217. [25 - 175)

Block © 3 Part No. : 242-904007.2 Cet. Ref.: CR4,
Fsrning Junction Tesp. HOT compliant with EIL-HDBR-217. [25 - 175]

Block  : 3 Part Mo, : 242-903536.1 Cct. Ref.: D2,
#arning Junction Tesp, NOT compliant with Y1L-BDBR-217. [25 - 175]

Bieet ¢ 3 Part No. : 243-%0avuu.} Cet. Ref.: D25,
Zorning Junction Temp. NOT compliant with NIL-HDBR-217. |25 - 175}

j 3 Part No. @ 220-903555.1 - Cet. Ref.: L1,
w.Zning Hol Spot Temp. NOT compliant wilb EIL-HDBE-217 [Range: 30 - 150]

giock ¢ 3 Part Ho. @ 220-904139.3 Cet. Ref.: L3,
farning ol Spot Temp. NOT compliant wiih VIL-BDBR-217 [Renge: an - 150]

Bleck  : 3 Part No. @ 220-904140.] Cet. Rei.: 15,
fa=~:ng Hot Spul Teep. HUT compliant with EiL-KDBR-217 [Range: 30 - 150}

BT + 3 Parl Ne. @ 222-0m2817.0 - Cet. Hef.: L&,L8,
<z2a1nn Yol Spot Temp. NOT compliant sith EIL-HDBR-217 [Range: 30 - 150]

Block CoE darl Ho. o e4-9udie Cet. Rel.: 19,
Farning Junct ios feaw. NOT vuspiiest ¥ith EIL-HDBE-21T. [25 - 175]

Biock © 4 Part No. : 242-903996.3 Cct. Ref.: D28,D29,
Rarning Junciizz Tewp. HOT compliant with ET1L-HDBR-217. (25 - 115}

igck t 4 Part No. @ 222-904141.9 Cel. Ref.: LI&,LIT,
aing Hot Spol Temp. NOT compliant vith RIL-HDRR-217 |Range: 30 - 150]

Block © 5 Part No. @ 241-904005.6 Cel. Ref.: 01.02,017,018,
farning Junction Tenp. HOT compliant vilh YIL-HUBK-217. |25 - 175]
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Appendix B:

1)
2)
3)
4)
5)
6)
7

Reference list GD10

ISO Certificate Simrad-Optronics
ISO Certificate Simtronics
Nemko01Atex163Q
NemkoO1Atex282
NemkoOOAtex138x

SIRA certificate: SIRAEX9748025

SDM-60304
Certificate no: 900612
Certificate no: 900612
806-813913
806-813901
806-813231
806-811450
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Reference List
GD10P, GD10PE and GD10L

General

Status March 2007

The GD10 family of gas detectors has been in production since 1996, with minor incremental
updates only. The GD10 comes in 3 basic versions:

GD10P: Point detector

GD10PE: Extended point detector (from 2003)

GD10L: Line of sight (from 2001)

More than 45 000 GD10 gas detectors has been manufactured so far.
Please note that the references listed below are an extract, showing the distribution on clients,
countries and application.

GD10P - Point

Client Project Country Year Qty
Amoco Valhall Norway 1997 105
EIf Girazzol Angola 1908 | 38
Statoil Kérstg Petrochemical plant Norway 1908 | 366
Shell Shearwater UK 1998 86
Norsk Hydro Oseberg Norway 1998 159
Woodside North Rankin A Australia 1998 213
Esso Kingfish A Australia 1909 | 60
Norsk Hydro Snorre B Norway 1989 138
Saga Snorre B Norway 1999 | 210
Cimmles Do MAanrin e CODOM Naida Armmnala 4Nnn 407
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Reference List

GD10P, GD10PE and GD10L

Client Project Country Year Qty
Single Buoy Moorings FPSO 2005 101
Marathon Oil Norway FPSO Alvheim Norway 2005 |60
BP Mike Mike Indonesia 2006 | 51
DUGAS Margham Dubai 2006 | 247
Quenos Platform Australia 2006 110
Petronas Duyong Malaysia 2006 | 57
BP West Lobe Indohesia 2006 |73
Refinery Hong Kong | 2007 | 85
GD10PE -Extended Point
Client Project Country Year Qty
DUGAS Platform (Gas turbing) Dubai 2004 |7
AlOC Shaz Deniz (HVAC) Azerbaijan | 2004 15
Borealis Polymers OY Chemical (Ethylene) Finland 2004 | 30
EnCana Buzzard (Gas turbine) UK 2004 18
Wintershall F16A (Gas turbine) Netherlands | 2004 | 6
BP Mike Mike Indonesia 20086 13
Shell FPSO Bonga UK 2006 | 46
ANT Gas Turbines USA 2006 | 45
Siemens Bedford Delphin Norway 2007 | 39
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MNembko BIATENZ82

Date: 2001-069-10

Page 2 of 2

[13] Schedule

[14] EC-TYPE EXAMINATION CERTIFICATE No Nemko G1ATEX282

{15] Description of Equipment or Protective System
This Certificate covers a gas detector with type demgnatlon GD10P. 1t is a point detector for gas conceriration
meonitoring in potentially hazardous and/or poisonous environments..
Type Designation T B .
GD1oP i
Technical Data* "2
181032V DC; 3,;5W
Ingress Prote_ction Code
1P66/67; aeoording to EN 60529,
[16] Report No. 200111144 .
'i_Composed in total 37 pages and 1€) pag,es of descrxptave documents
: 'Descrtptwe Documents
‘Name/Title : _ Drawing No. Rev. | Date Sheets
Housing Machined Gas Detector GD10P - 599-809465.8 4 01.06.27 :: : 1
| Optical unit Machined Gas Detector GD10P: 599.809488.0 5 01.0628 " | 1
' Cover terminal Moulded Gas Detector GD10P- "2 | 5§99-810524.9 1 00.09.19 ' 11
‘| Optical unit Subassydrawing Gas Detector GDIOP "' 770-810849.0 4 280 |1
| Optical unit Subassydrawing Gas Detector GD10P .| 770:810849.0 3 010215 |1
Housing Assembly Drawing Gas Detector GD10P ' ?70-81_0850.8 3 01.06.28: i
Ring Machined Gad Detector. GD} 100 MKII 400-803938.0 1 0L.02:15 1
Lens(plano convex) Gas Detector GD100 MKII 410-803197.3 2 01.02.15 1
Mirror Gas Detector GDIOP 412-811261.7 1 010215 1
Plate, ident Gas Detector GD10P Nemko AL ] 01.00.07 1
[17] Special conditions for safe use
None
[18] Essential Health and Safety Requnrements s
See item © e
The measuring function according to Annex 1 paragraph 1.5.5 of the Directive is not matter of this EC-type
examination.
This certificate may only be reproduced in its entirety and without any change, schedule included.
Postal address: Office address: Telephone: Enterprise number:
P.O.Box 73 Blindern Gaustadalléen 30 +472296 8330 NO 974404532
N-8314 OSLO, NORWAY 0373 OSLO Fax:
+47 22 96 05 56
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Nemko 61ATEX282 Page | of 1

SUPPLEMENT 1 TO EC-TYPE EXAMINATION CERTIFICATE

{13] Schedule
[14] EC-TYPE EXAMINATION CERTIFICATE No Nemko 01ATEX282

j15] Description of Equipment or Protective System
This Certificate is extended to include the following:

Gas detector with Optical Unit mdchined out of acid resistant boll.

The modifications are included in the descriptive documents.

Type Designation
GDIOPE. -~

[i6] Report Ne.: 200231302
Corﬁ_posed in total 2 pages

Dieseriptive Documents

Name/Title Drawing No. Rev. | Date Sheets

OPTICAL UNIT FLANGE S8 : : 599-813813.3 0 01.10.12 1of1
Machined G S :
Gas Detector GD10PE

"OPTICAL UNIT = S| 770-813844.8 0 02.05.02. . | Lof1
Subassembly Drawing ' :
Gas Detector GD10PE

OPTICAL UNIT FLANGE L |599-813642.6 0 011012 | Lof!
Machined o
Gas Detector GD10PE

OPTICAL UNIT . 770-813843.0 0 02.04.29 1ofl
Subassembly Drawing S e
Gas Detector GD10PE

The Descriptive Documents mentioned above are amendments to OPTICAL UNIT, Machined, Gas Detecior GDI10OP, Drwg.
No. 599.809488.0 and OPTICAL UNIT. Subassydrawing, Gas Detector GD10P, Drwg. No. 770-810849.0, upon which the EC-
Type Examination Certificate Number Nemko 01ATEX282 is based. )

Oslo 2062-08-08

2 P

¥4

it KA
Rolf Hoel Asgeir Holt
Certification Manager Project Engineer

This certificate may only be reproduced in its entirety and without any change, schedule included.

Postal address: Office address: Telephone: Lnterprise number:
P.0.Box 73 Blindern Gaustadailéen 30 +47 22 96 03 30 NO 974494532
N-0314 OSLO, NORWAY 0373 OSLO Fax:

+47 22 96 05 50

-53-



861-814819 Revision 01

Nemko 01ATEX282 Page 102

SUPPLEMENT 2 TO EC-TYPE EXAMINATION CERTIFICATE
[14] EC-TYPE EXAMINATION CERTIFICATE No Nemko 0IATEX282

[15] Descriptien of Equipment or Protective System
This Certificate is extended to include the following:

GD1CP: Extension of the range of ambient ternperature in service: -40°C = Ta < 65°C. Temp. Class: TG
Range of amblcnt tcmperatu{e m bcrvwe for optical path unit: -40°C = Ta = 85°C. Temyp. Class: T35

Electncal Performance Temperaturc Ta _20°C 10 +40° C alt Ta O“C to +60°C

GD1OPE: - _Extﬁ;nsion of the range of ambient temperature in service: —40 C < Ta < 65°C Temp. Class: T6
i Range of ambient temperature in service for optical path unit: -40°C's Ta = 8‘i (‘ Temp. Class: T5

: Elactnca]_ Performance Temperature: Ta -20°C to +40°C

GDEUPE-?H: Extension of GD 1.(JPE but with & heating element for the mirror.
S Range of ambient temperaturc in service: ~40°C = Ta = 65°C. Temp. Class: T6 X
Range of ambient tcmpnrdmrc in service for optical path unit: -40°C < Ta = 85°C. Ts.mp Class: T5

Electrical Performance -Temp;:rdturn. Ta-20°Cto +60°C

[16] - Report No. 11629

Descriptive Documents

Naine/Title . LR Drawing No. Rev. | Date . : Sheets
| HOUSING Machined Gas Detector GD10P Ratony 599-809465.8 7 03.02,19. " 1
OPTICAL UNIT Machined Gas Detector GD10P : | 599-800488.0 6 02.05.07." 1
HOUSING Assembly Drawing Gas Detector GD10P | 770-810850.8 6 02.04.14 1
LENS (PLANO CONVEX) Gas Detector GD100 MKII 410-803197.3 3 02.07.30 1
FAMILY TREE Gas Detector GD10PE 831-814264.8 0 03.11.07 1
FAMILY TREE Gas Detector GD10PE-H “| 831-814242.4 0 03.11.07 1
HEAT ELEMENT Gas Detector GD10PE-H 379-814197.0 0 03.11.07 1
TUBE, HEAT TRACING Gas Detector GDIOPE-H 599-814196.2 0 03.11.07 1
RING RETAINER Machined GD10PE 571-814193.9 0 03.11.07 1
PLATE, GUIDING Machined Gas Detector GD10PE 599-814216.8 0 03.11.07 1
COVER PLATE Machined Gas Detector GD10PE 599-814215.0 4] 03.11.07 1
SUPPORT MIRROR Machined Gas Detector GD10PE-H . 599.8141889 | 0 03.11.07 1
CPTICAL UNIT Machined Gas Detector GD10PE-H ' . 599-814177.2 0 03.11.07 1
OPTICAL UNIT FLANGE Machined Gas Detector GD10PE 599-814260.6 0 03.11.07 1
OPTICAL UNIT Assembly Drawing Gas Detector GD10PE-H 770-814179.8 0 03.11.07 2
OPTICAL UNIT Subassembly Gas Detector GD10PE-H 770-814178.0 0 03.11.07 1
DETECTOR Assembly Gas Detector GD10PE-H 770-814242.4 0 03.11.07 1
COVER Assembly drawing Gas Detector GD10P 770-810869.8 1 00.09.19 1

Routine Test
Routine testing not required duc to compliance of static pressure testing four times the reference pressure

This certificate may only be reproduced in its entirety and without any change, schedule included.

Postal address: Office address: Telephone: Enterprise number:
P.O.Box 73 Blindern Gaustadalléen 30 +47 22 96 03 30 NO 974404532
N-0314 OSLO, NORWAY 0373 OSLO Fax:

+47 22 96 05 50
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Nemko 01ATEX282 Page 1 of 1

SUPPLEMENT 3 TO EC-TYPE EXAMINATION CERTIFICATE
[14] EC-TYPE EXAMINATION CERTIFICATE No Nemko 01ATEX282

[£5]1 Description of Equipment or Protective System
This Certificate is extended to include minor changes of the design and revision of descriptive documents,

Type Designation
GDI0P, GD10PE and GDIOPE-H -

[16] Report No. 58364

Descriptive Documents

Name/Title Bas, Drawing No. Rev. | Date Sheets
OPTICAL UNIT Machined Gas Detector GD10D 599-809488 8 05.10.26 H
HOUSING Assembly Drawing Gas Detector GD10P 770-810850 7 04.04.20 1
OPTICAL UNIT Subassembly Drawing Gas Detector GD10PE-H 770-814178 1 05.10.14 1
PLATE, GUIDING Machined Gas Detector GD10PE 599-814216 2 05.11.24 1
TUBE, HEAT TRACING Gas Detector GDIOPE-H 599-814196 1 05.10.14 1
OPTICAL UNIT Machined Gas Detector GD10PE-H 599-814177 1 05.10.14 - 1

_ RING RETAINER Machined GD10PE 2 571-814193 2 05.11.24 - 1
PLATE, IDENT BLANK/ATEX Gas Detector GD10 590-813900 1 05.0225 - 1
OPTICAL UNIT Subassydrawing Gas detector GD1OP 770-810849 5 040629 ¢ |1

Routine Test : g :
Routine testing not required due to compliance of static pressure testing four times the reference pressure

[17] Special Conditions for Safe Use
None

[18] Essential Health and Safety Requirements :
EMC Directive 89/336/EEC, Article 4 is covered by Certificate no. 584 from Delta
Performance qualities for detection of Methane, Propane, Ethene and Propene are in conformity with BS EN 61779-1
and BS EN 61779-4, Ref. Report No. N 0457 issued by Sira Test & Certification, Chislehurst, UK. |

Oslo, 2006-01-10

byt

Rolf Hoel
Certification Department

This certificate may only be reproduced in ifs entirety and without any change, schedule included.

Postal address: Office address: Telephone: Enterprise number:
P.0.Box 73 Blindern Gaustadalléen 30 +47 22 96 03 30 NO 974404532
N-0314 OSLO, NORWAY 0373 OSLO Fax:

+47 22 96 05 50
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[13] Schedule

[14] EC-TYPE EXAMINATION CERTIFICATE No Nemko 00ATEX138 X

[15] Description of Equipment or protective system

GD 10 L is based on the point detector GD10. It’s a combined transmitter/receiver with a separate reflector for detection
of hydrocarbons. ) '

Type Designation

GDIOL
Data

18032 VDC
5W

1P 66/67 , according to CENELEC EN 60529

{16] Report No 200011223 consists of total 24 pages.

Descriptive Documents:

590-811961.2
499-810850.8
770-810850.8
599-809465.8
469-810869.8
770-810869.8
599-810524.9
499-811965.3
770-811965.3
410-811866.3
599-811968.7
599-8§11933.1
770-811858.0

Rev.:
Rev.:
Rev.:
Rev.:
Rev.:
Rev.
Rev.:
Rev.:
Rev..
Rev..
Rev.:
Rev.
Rev.:

S oA ——mnmnS

00.05.25
99.12.13
00.09.19
00.09.19
98.11.12
00.09.19
00.09.19
5 00.09.19
00.09.22
00.09.21
00.09.21
00.09.21

00.09.22

[17] Special conditiens for safe use

Must be placed in area where it is low risk of mechanical

danger.

[18] Essential Health and Safety Requirements See item 9

This certificate may only be reproduced in its entirety and without any change, schedule included.

Postal address:
P.0.Box 73 Blindern
N-0314 OSLO, NORWAY

Office address: Telephone: Enterprise number:
Gaustadalléen 30 +4722 96 03 30 NO 974404532
0373 OSLO Fax:

+47 22 96 05 50
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Nemko 00ATEX138X Page 1 of |

{15]

9]

[16]

-“Must be placed in a area where it is low risk of mechdmcal danger
" Performance testing for detection has not been carried out

18]

SUPPLEMENT 1 TO EC-TYPE EXAMINATION CERTIFICATE
[14] EC-TYPE EXAMINATION CERTIFICATE No Nemko 00ATEX138X

Description of Equipment or Protective System
This Certificate covers an exiension of ambient temperature in service range to -40°C to 65°C. Due to the low
temperature testing has been done according to ﬁnal IEC 60079 -1 draft (31A/114/FDIS)

Electrical Performance Temperature Ta -20°C 10 + 45°C -

Compliance with the Essential Health and Safety Requirements has been assured by compliance with;
CENELEC EN 50014: 1997 + A1: 1999 + A2; 1999 (JEC 60079-0: 2000)

CENELEC EN 50018: 2000 (IEC 60079-1: 2001 and draft 31A/114/FDIS)

CENELEC EN 50019: 2000 (EC 60079-7: 2001)

Report No. 14133

Descriptive Documents

Name/Title : Drawing No. Rev. | Date Sheets
Plate , Ident Nemko Gas Detector GDI10L 590-814915 Cc 04.04.27 1

: Routine Test

Routme testing according to clause 16 in EN 50018 shall be carried out. The reference pressure is 8,6 bar

Specnal Conditions for Safe Use

Essential Health and Safety Requirements
See.item 9

Oslo, 2004-04- %{)

/4§£v4%9£5%ﬁw
77’ Rolf Hoel

Certification Department

This certificate may only be reproduced in its entirety and without any change, schedule included.

Postal address: Office address: Telephone: Enterprise number:
P.O.Box 73 Blindern Gaustadalléen 30 +47 22 96 03 30 NO 974484532
N-0314 OSLO, NORWAY 0373 OSLO Fax:

+47 22 96 05 50
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Nemko 00ATEX138X Page 1 of 1

SUPPLEMENT 2 TO EC-TYPE EXAMINATION CERTIFICATE

[14] EC-TYPE EXAMINATION CERTIFICATE No Nemko 00ATEX138X

[15] Description of Equipment or Protective System
This Certificate is extended to include minor changes of the design and revision of descriptive documents.

Type Designation
GDIOL

[16] Report No. 58738 -

Descriptive Documents

Name/Title ' Drawing No. Rev, | Date Sheets

HOLDER FRONT LENS Assembly Drawing 770-811965.3 1 01.06.28 1

Gas Detector GD10L . 525

POWER & PROSSESING Assembly Drdwmg 770-911858.0 i 03.09.30 1

Gas Detector GD10L o

HOUSING Assembily Drawing Gas Detector GD10P 770-810850 7 04.04.29 - 1

HOLDER FRONT LENS Machined Gas Detector GD10L | 599-811933 2 05.10.26 1
{1 HOUSING MACH GD10P o 599-809465.8 7 03.02.19 1
| PLATE, IDENT Gas Detector GD10L : 590-811961.2 1 02.10.22 1
| HOLDER FRONT LENS ASSY GDIOL ] 499811965 1 01.06.28 - 1

HOUSING ASSY GD10P ' S 499-810850 5 01.10.23 t

-Routine Test
'Routme testing according to clause 16 in EN 50018 shal be camed out. The reference pressure is 8, 6 de

[17] Spemal Conditions for Safe Use
Must be placed in an area where it is low risk of mechanicai danger

[18] Essential Health and Safety Requirements
See item 9

Oslo, 2006-01-18

(s

Rolf Hoel
Certification Department

This certificare may only be reproduced in its entirety and withous any change, schedule included.

Fostal address: Office address: Telephone: Enterprise number:
P.0.Box 73 Blindern Gaustadalléen 30 +47 22 96 03 30 NO 974404532
N-0314 OSLO, NORWAY 0373 OSLO Fax:

+47 22 96 05 50
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FMECA Worksheet Page A-1 of A-6
Company : Simtronics
Item : GD10
Revised on : 27.06.07
[[+] Item/ Functional Failure Mode(s) Failure Rate Failure Failure Failure Detection Compen-sating Remarks/
No. Identification [per hour] Cause(s) Effect(s) Method Provisions Fallure Rate Assessment
(Safeguards)
Microprocessor unit
1 Function: . Failure rates Component failure in Wrong execution of program |Watchdog supervises Remarks:
Controls and calculates ?IADCDT“OTS failure memory electronics code the execution of code
" - Dangerous
the gas concentration Detected)
Type: Failure Rate Assessment (e.)):
Make:
Failure of voltage Component failure in power |Voltage output to zero External and internal
supply supply supervision of voltage
(SD - Safe
Detected)
CPU freeze Software failure, unstable System out of operation External and internal
(SD - Safe voltage levels, or hardware | No program execution supervision of voltage
Detected) failures
1/0 read#write error Failure of one or more of the | System out of operation Microprocessor will
(SD - Safe inputs/outputs indicate failure of I/O
Detected)
No or incorrect clock Failure of quartz crystal There will be no effects until
signal the pulse duration is too long
(BU - Safe and the source will burn out
Undetected)

) Scandpower
c\templsdm-75883 - fmeca gd10p nr 2.doc 26 September 2007 Risk Managemant AS
FMECA Worksheet Page A-2 of A-6
Company : Simtronics
Item : GD10
Revised on : 27,0607
[+ Item/ Functional Failure Mode(s) Failure Rate Failure Failure Failure Detection Compensating Remarks/
No. Identification [per hour] Causa(s) Effact(s) Method Provisions Fallure Rate Assessment
(Safeguards)
Watchdog
2 Function: Failure of the Aou= Component failure in the The code is executed No method of detection Remarks:
To check the execution |Wwatchdog )\Dﬂf watchdog without watchdog
of the main code. The  |(SU - Safe ﬁz:; Failure Rate Assessment (e.)):

watchdog is a hardware |Undetected)
component which will be
triggered in software
sequences with certain
time intervals. Upon
failure of the code
execution, the watchdog
will reset the
microcontroller.

Type:

Make:

i Scandpower
c\Memp\sdm-75883 - fmeca gdi0p nr 2.dec 26 Seplember 2007 Risk Management AS
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FMEA Worksheet Page A-3 of A-6
Company Sirmrad Optronics
Item Transmitter Module
Revised on 06.09.05
[+] Item/ Functional Failure Mode(s) Faillure Rate Failure Faillure Failure Detection Compen-sating Remarks!
No. Identification [per hour] Cause(s) Effect(s) Method Provisions Fallure Rate Assessment
Chopper Electronics
3 |Function [Loss of puise Failure rates [ Failure of transistor Loss of function, the cutpul | Detected by | remarks:
Electronics creating the |generation, either at Failure of gate between the |will gotozero. microprocesser, cutput
pulses for the main and |2€ro or a constant microprocessor and the will go to zero Failure Rate Assessment (e.):
reference beam. value. source.
(SD - Safe
Type: Detected)
Make:
a Scandpower
c\lempsdm-75883 - fmeca gd10p nr 2.doc 26 September 2007 Risk Managemant AS
FMEA Worksheet Page A-4 of A6
Company Simrad Optronics
Iterm Transmitter Module
Revised on 06.00.05
v Item/ Functional Failure Moda(s) Failure Rate Failure Failura Failure Detection Compen-sating Remarks/
No. Identification [per hour] Causels) Effect(s) Method Provisions Fallure Rate Assessment
Output Electronics
4 | Function: [Freeze of the output |Failurerates [ Failure of the output Wrong indication of gas [Remarks:

Type

Make:

Provides output signais
from the microprocessor

signal at & certain
level >4mA

(DU — Dangerous
Undetected)

Freeze of the output
signal out of range
(SD - Safe
Detected)

Drive voltage failure
in source output
(DD - Dangerous
Detected)

Drive voltage failure
in sink output

(DU - Dangerous
Undetected)

transistor or one of the cther
components on the output
card.

|eoncentration at a leve!
between 0% and up to an
alarm level.

Failure of one of the
components on the output
card

Stop of function, output to
Zero.

Failure in drive voltage

The output will not be able to
show more voltage than a
certain level, e.g. SmA

Internal voltage
supervision will detect
the error.

Failure in drive voltage

The output will not be able to
show more voltage than a
certain level, e.g. SmA

Failure Rate Assessment (e.)):

cMempisdm-75883 - fmeca gd10p nr 2.doc 26 September 2007
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FMEA Worksheet Page A-5 of A-6
Company Simrad Optronics
Item Transmitter Module
Revised on 06.09.05
{[+] Item/! Functional Failure Mode(s) Failure Rate Failure Failure Faillure Detection Compen-sating Remarks/
No. Identification [per hour] Causels) Effect(s) Method Provisions Fallure Rate Assessment
Signal Electronics including Detector
5 | Function: Nosignaltothe  |FalUrerales Failure of the delecter [Loss of signai tothe | Detected by the [Mene [Remarks:
Lead the signal from the |Microprocessor - Component failure in the micrqprocessor, loss of microcontroller, zero
detector to the (SD - Safe 2z signal electronics function of the system output. Failure Rate Assessment (e)):
microprocessor and A/D | Detected) )\DD: Failure of the detector
converting the signal. e (converting the IR light to
7 electrical signal)
e:
P Distorted signal to Failure of A/D converter Range of the detector shifts
Mak the microprocessor Failure of amplifier from 4mA
lake:
(SD - Safe Signal noise
Detected) Lock of the multiplexer (A/D
converter)
- Scandpower
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Company Simrad Cptronics
Item Transmitter Module
Revised on 06.09.05
D Item/ Functional Failure Mode(s) Failure Rate Failure Failure Failure Detection Compen-sating Remarks/
No. Identification [per hour] Causa(s) Effact(s) Method Provisions Fallure Rate Assessmant
Power Supply
6 | Function: Wrong voltage from | Failure rates Too low range on the Distorted signal Detection by the Remarks:
Provide and control the voltage voltage microcontroller which will
voltage supply to the regulators. ﬁnu: Too high voltage set the output to zero. Failure Rate Assessment (e,):
system. (SD - Safe oo~ Signal noise Internal supervision of
Detected) )\SU: voltage.
0=
Type: No voltage from the Failure of components in the |Loss of function of the
voltage regulators. voltage supply system
Make: (SD - Safe
Detected)
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