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- ), K c Ỳ g c Z h\ Y d U fh]Y g ]b j c j̀ Y X )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))0

- )- L hU b X U fX g * F ]hY fU hi fY i g Y X )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))0

- ). K Y ZY fY b W Y X c W i a Y b hg )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))1

- ). ), > c W i a Y b hU h]c b d fc j ]X Y X V m h\ Y W i g hc a Y f ))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))1

- ). )- > c W i a Y b hU h]c b [ Y b Y fU hY X V m %)&$"!#('))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))1

. > Y g W f]d h]c b c Z h\ Y B ; K M W c a a i b ]W U h]c b ))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) 2
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3 )- K Y Ỳ U g Y g ))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))), 3
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M m d Y 4 , 4 - k ]h\ W c b b Y W h]c b V c U fX M m d Y 4 , 4 1 c f d U W (W U ff]Y f M m d Y 4 , 4 0 )
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]b hY fZY fY k ]h\ h\ Y W c b b Y W hY X g U ZY hm fY Ù hY X g m g hY a k \ Y b i g ]b [ h\ Y / ))- + a ; c̀ c d Zc f h\ Y B ; K M
W c a a i b ]W U h]c b )

Ch g \ U `̀ V Y U g g Y g g Y X k \ Y h\ Y f h\ Y g Y X Y j ]W Y g a Y Y h h\ Y U j Y fU [ Y J fc V U V ]̀ ]hm c Z @ U ]̀ i fY c b > Y a U b X
$J @ > ; O A % fY e i ]fY a Y b hg Zc f L CF . g i V (g m g hY a g U W W c fX ]b [ hc C? = 1 , 0 + 3 k ]h\ fY [ U fX hc V Y ]b [
]b hY fZY fY b W Y ZfY Y c b h\ Y g U ZY hm fY Ù hY X / ))- + a ; c̀ c d )
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h\ Y X Y Z]b Y X g U ZY g hU hY V i h W U b b Y j Y f X ]g hi fV h\ Y W c b b Y W hY X g U ZY hm (fY Ù hY X g m g hY a ) M \ Y Zc `̀ c k ]b [
W f]h]W U ` d c ]b hg k Y fY ]X Y b h]Z]Y X 5

, ) L \ c fh W ]fW i ]hg $hc [ fc i b X ' hc d c k Y f c f V Y hk Y Y b Y U W \ c h\ Y f% c Z h\ Y g ][ b U ` ]̀b Y g Zfc a h\ Y
]b hY fW c b b Y W h]c b hY fa ]b U ` hc h\ Y Z]Y X̀ g ]X Y c Z h\ Y X Y (W c i d ]̀b [ W U d U W ]hc fg 6

- ) L \ c fh W ]fW i ]h c Z h\ Y X Y (W c i d ]̀b [ W U d U W ]hc fg )

. ) = Y fhU ]b ZU ]̀ i fY a c X Y g c Z h\ Y X Y (W c i d ]̀b [ X ]c X Y )

/ ) = Y fhU ]b ZU ]̀ i fY a c X Y g c Z h\ Y g Y b g Y fY g ]g hc f)

ChY a , ) c Z h\ Y W f]h]W U ` d c ]b hg W U b V Y Y l W ì X Y X U W W c fX ]b [ hc X fU Zh C? = 1 + 4 / 2 (0 (. ; ), )- ]Z5
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fU b [ Y Zc f L CF . U W W c fX ]b [ hc hU V Ỳ - c Z C? = 1 , 0 + 3 (, U b X Zi Z̀]̀ ` h\ Y fY e i ]fY a Y b h hc b c h W Ù ]a a c fY
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C? = 1 , 0 + 3 (- Zc f hm d Y ; W c a d c b Y b hg k ]h\ U \ U fX k U fY ZU i h̀ hc Ỳ fU b W Y c Z + )

M \ Y Zc `̀ c k ]b [ Z][ i fY g g \ c k h\ Y h]a Y X Y d Y b X Y b h W i fj Y c Z h\ Y J @ > ; O A W U Ẁ i Ù h]c b )
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k \ ]W \ h\ Y [ Y b Y fU ` W U Ẁ i Ù h]c b a Y h\ c X g U fY V U g Y X )

/ %) A L SL H Y L Y

O Y fg ]c b 5 O ,

K Y j ]g ]c b 5 K , )+

O Y fg ]c b B ]g hc fm 5 O + ' K , )+ 5 Cb ]h]U ` j Y fg ]c b ' G U m - 1 ' - + + /

O , ' K , )+ 5 K Y j ]Y k W c a a Y b hg ]b hY [ fU hY X ' D i b Y 2 ' - + + /

; i h\ c fg 5 L hY d \ U b ; g W \ Y b V fY b b Y f

K Y j ]Y k 5 O + ' K , )+ 5 @ fU b n > U b _ c $L hU \ `%6 D i b Y , ' - + + /

K U W \ Y ` ; a _ fY i hn $Y l ]X U )W c a %' D i b Y - ' - + + /
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Appendix 1 Failure rates according to IEC 61508:2010

Table 1: Failure rates for Option 1

Failure category Failure rates (in FIT)

Fail Safe Detected ( SD) 0.000

Fail Safe Undetected ( SU) 0.000

Fail Dangerous Detected ( DD) 1.335

Fail Dangerous Detected ("DD) 1.045

Fail High (H) 0.140

Fail Low (L) 0.150

Fail Annunciation Detected ("AD) 0.000

Fail Dangerous Undetected ( DU) 0.465

Fail Annunciation Undetected ("AU) 1.100

No effect 2.300

No part 0.000

Total failure rate (safety function) 1.800

SFF 1 (74%)

SIL AC 2 (SIL2)

1
A HART multiplexer is no element in terms of IEC 61508. Only a negative influence on "DU can occur.

The calculated SFF is thereby not applicable for the given product.
2

SIL AC (architectural constraints) means that the calculated values are within the range for hardware
architectural constraints for the corresponding SIL but does not imply that all related IEC 61508
requirements are fulfilled. This HART multiplexer is no element in terms of IEC 61508. Thereby, it may be
used also in SIL3 applications.
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Table 2: Failure rates for Option 2

Failure category Failure rates (in FIT)

Fail Safe Detected ( SD) 0.000

Fail Safe Undetected ( SU) 0.000

Fail Dangerous Detected ( DD) 1.185

Fail Dangerous Detected ("DD) 1.045

Fail High (H) 0.140

Fail Low (L) 0.000

Fail Annunciation Detected ("AD) 0.000

Fail Dangerous Undetected ( DU) 0.115

Fail Annunciation Undetected ("AU) 1.100

No effect 1.800

No part 0.000

Total failure rate (safety function) 1.300

SFF 3 (91%)

SIL AC 4 (SIL3)

3
A HART multiplexer is no element in terms of IEC 61508. Only a negative influence on "DU can occur.

The calculated SFF is thereby not applicable for the given product.
4

SIL AC (architectural constraints) means that the calculated values are within the range for hardware
architectural constraints for the corresponding SIL but does not imply that all related IEC 61508
requirements are fulfilled. This HART multiplexer is no element in terms of IEC 61508.
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Table 3: Failure rates for Option 3

Failure category Failure rates (in FIT)

Fail Safe Detected ( SD) 0.000

Fail Safe Undetected ( SU) 0.000

Fail Dangerous Detected ( DD) 1.195

Fail Dangerous Detected ("DD) 1.045

Fail High (H) 0.000

Fail Low (L) 0.150

Fail Annunciation Detected ("AD) 0.000

Fail Dangerous Undetected ( DU) 0.405

Fail Annunciation Undetected ("AU) 1.100

No effect 2.300

No part 0.000

Total failure rate (safety function) 1.600

SFF 5 (75%)

SIL AC 6 (SIL2)

5
A HART multiplexer is no element in terms of IEC 61508. Only a negative influence on "DU can occur.

The calculated SFF is thereby not applicable for the given product.
6

SIL AC (architectural constraints) means that the calculated values are within the range for hardware
architectural constraints for the corresponding SIL but does not imply that all related IEC 61508
requirements are fulfilled. This HART multiplexer is no element in terms of IEC 61508. Thereby, it may be
used also in SIL3 applications.
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Table 4: Failure rates for Option 4

Failure category Failure rates (in FIT)

Fail Safe Detected ( SD) 0.000

Fail Safe Undetected ( SU) 0.000

Fail Dangerous Detected ( DD) 1.045

Fail Dangerous Detected ("DD) 1.045

Fail High (H) 0.000

Fail Low (L) 0.000

Fail Annunciation Detected ("AD) 0.000

Fail Dangerous Undetected ( DU) 0.055

Fail Annunciation Undetected ("AU) 1.100

No effect 1.800

No part 0.000

Total failure rate (safety function) 1.100

SFF 7 (95%)

SIL AC 8 (SIL3)

7
A HART multiplexer is no element in terms of IEC 61508. Only a negative influence on "DU can occur.

The calculated SFF is thereby not applicable for the given product.
8

SIL AC (architectural constraints) means that the calculated values are within the range for hardware
architectural constraints for the corresponding SIL but does not imply that all related IEC 61508
requirements are fulfilled. This HART multiplexer is no element in terms of IEC 61508.
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Table 5: PFDAVG Values

Configuration T[Proof] = 1
year

T[Proof] = 3
years

T[Proof] = 5
years

T[Proof] = 10
years

Option 1 PFDAVG = 3,89E-06 PFDAVG = 7,56E-06 PFDAVG = 1,12E-05 PFDAVG = 2,04E-05

Option 2 PFDAVG = 9,82E-07 PFDAVG = 1,89E-06 PFDAVG = 2,80E-06 PFDAVG = 5,06E-06

Option 3 PFDAVG = 3,40E-06 PFDAVG = 6,59E-06 PFDAVG = 9,78E-06 PFDAVG = 1,78E-05

Option 4 PFDAVG = 4,83E-07 PFDAVG = 9,16E-07 PFDAVG = 1,35E-06 PFDAVG = 2,43E-06

The listed PFDAVG values are calculated for a proof test coverage of 90%.

Figure 1: PFDAVG (t)


