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Management summary

N^_i h[fehj ikccWh_p[i j^[ h[ikbji e\ j^[ ^WhZmWh[ Wii[iic[dj WYYehZ_d] je D@> 2-1,4 m_j^
fhel[d)_d)ki[ Yedi_Z[hWj_ed YWhh_[Z ekj ed j^[ N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&& m_j^
^WhZmWh[ l[hi_ed L[l* = WdZ ie\jmWh[ l[hi_ed P,-),5* NWXb[ - ]_l[i Wd el[hl_[m e\ j^[
Z_\\[h[dj l[hi_edi j^Wj X[bed] je j^[ Yedi_Z[h[Z N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&&*

N^[ ^WhZmWh[ Wii[iic[dj Yedi_iji e\ W AW_bkh[ HeZ[i( @\\[Yji WdZ ?_W]deij_Yi <dWboi_i
$AH@?<%* < AH@?< _i ed[ e\ j^[ ij[fi jWa[d je WY^_[l[ \kdYj_edWb iW\[jo Wii[iic[dj e\ W
Z[l_Y[ f[h D@> 2-1,4* Ahec j^[ AH@?<( \W_bkh[ hWj[i Wh[ Z[j[hc_d[Z WdZ Yedi[gk[djbo j^[
MW\[ AW_bkh[ AhWYj_ed $MAA% _i YWbYkbWj[Z \eh j^[ Z[l_Y[* Aeh \kbb Wii[iic[dj fkhfei[i Wbb
h[gk_h[c[dji e\ D@> 2-1,4 ckij X[ Yedi_Z[h[Z*

Table 1: Version overview

5-4.+-,)1-)-/ - Y^Wdd[b( 0**.,c< Ykhh[dj ekjfkj WYj_l[ D*M* -

5-4.+-,)1-)2/ - Y^Wdd[b( 0**.,c< Ykhh[dj ekjfkj WYj_l[ ded D*M*

5-4.+-,)15)-/ - Y^Wdd[b( 0**.,c< Ykhh[dj ekjfkj fWii_l[ D*M*

5-4.+-,)15)2/ - Y^Wdd[b( 0**.,c< Ykhh[dj ekjfkj fWii_l[ ded D*M*

5-4.+.,)1-)-/ . Y^Wdd[bi( 0**.,c< Ykhh[dj ekjfkj WYj_l[ D*M*

5-4.+.,)1-)2/ . Y^Wdd[bi( 0**.,c< Ykhh[dj ekjfkj WYj_l[ ded D*M*

5-4.+.,)15)-/ . Y^Wdd[bi( 0**.,c< Ykhh[dj ekjfkj fWii_l[ D*M*

5-4.+.,)15)2/ . Y^Wdd[bi( 0**.,c< Ykhh[dj ekjfkj fWii_l[ ded D*M*

5-4.+-,)1-)-0 Y^Wdd[b -( 0**.,c< Ykhh[dj ekjfkj WYj_l[7
Y^Wdd[b .( YedjWYj ekjfkj -n. YedjWYji

D*M*

5-4.+-,)1-)20 Y^Wdd[b -( 0**.,c< Ykhh[dj ekjfkj WYj_l[
Y^Wdd[b .( YedjWYj ekjfkj -n. YedjWYji

ded D*M*

5-4.+-,)15)-0 Y^Wdd[b -( 0**.,c< Ykhh[dj ekjfkj fWii_l[
Y^Wdd[b .( YedjWYj ekjfkj -n. YedjWYji

D*M*

5-4.+-,)15)20 Y^Wdd[b -( 0**.,c< Ykhh[dj ekjfkj fWii_l[
Y^Wdd[b .( YedjWYj ekjfkj -n. YedjWYji

ded D*M*

Aeh iW\[jo Wffb_YWj_edi edbo j^[ Z[iYh_X[Z l[hi_edi m_j^ 0**.,c< Ykhh[dj ekjfkj m[h[
Yedi_Z[h[Z* <bb ej^[h feii_Xb[ ekjfkj lWh_Wdji eh [b[Yjhed_Yi Wh[ dej Yel[h[Z Xo j^_i h[fehj* N^[
YedjWYj ekjfkj l[hi_edi Wh[ Yel[h[Z Xo j^[ h[fehj ! MN<CG 5-4.)n0 ,3),3)./ L,-3!*

N^[ \W_bkh[ hWj[i ki[Z _d j^_i WdWboi_i Wh[ \hec j^[ %)&$" @b[Yjh_YWb # H[Y^Wd_YWb >ecfed[dj
L[b_WX_b_jo CWdZXeea \eh Khe\_b[ -* N^[ WdWboi_i ^Wi Wbie X[[d YWhh_[Z ekj m_j^ j^[ XWi_Y \W_bkh[
hWj[i \hec j^[ M_[c[di ijWdZWhZ MI .51,,* Cem[l[h Wi j^[ YecfWh_ied X[jm[[d j^[i[ jme
ZWjWXWi[i ^Wi i^emd j^Wj j^[ Z_\\[h[dY[i Wh[ m_j^_d Wd WYY[fjWXb[ jeb[hWdY[ edbo j^[ h[ikbji
XWi[Z ed e\ j^[ %)&$" ZWjWXWi[ Wh[ b_ij[Z*

N^[ jme Y^Wdd[bi ed j^[ jme Y^Wdd[b Z[l_Y[i i^Wbb dej X[ ki[Z _d j^[ iWc[ iW\[jo \kdYj_ed( [*]*
je _dYh[Wi[ j^[ ^WhZmWh[ \Wkbj jeb[hWdY[ je WY^_[l[ W ^_]^[h MDG( Wi j^[o YedjW_d Yecced
Yecfed[dji* N^[ AH@?< Wffb_[i je [_j^[h Y^Wdd[b ki[Z _d W i_d]b[ iW\[jo \kdYj_ed* N^[ jme
Y^Wdd[bi cWo X[ ki[Z _d i[fWhWj[ iW\[jo \kdYj_edi _\ Zk[ h[]WhZ _i jWa[d e\ j^[ feii_X_b_jo e\
Yecced \W_bkh[i*

-
D*M* Ddjh_di_Y MW\[jo



u %)&$"!#(' BcXC MN<CG 5-4.)n/)n0 0).,c< ,3),3)./ L,-2 P.L-*ZeY( EWdkWho -5( .,--
Mj[f^Wd <iY^[dXh[dd[h KW][ / e\ 0

N^[ N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&& _i Yedi_Z[h[Z je X[ W Nof[ =. ikXioij[c m_j^
W ^WhZmWh[ \Wkbj jeb[hWdY[ e\ ,* Aeh Nof[ = ikXioij[ci m_j^ W ^WhZmWh[ \Wkbj jeb[hWdY[ e\ , j^[
MAA i^Wbb X[ ; 5," \eh MDG . ikXioij[ci WYYehZ_d] je jWXb[ / e\ D@> 2-1,4).*

<i j^[ N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&& _i ikffei[Z je X[ W fhel[d)_d)ki[ Z[l_Y[(
Wd Wii[iic[dj e\ j^[ ^WhZmWh[ m_j^ WZZ_j_edWb fhel[d)_d)ki[ Z[cedijhWj_ed \eh j^[ Z[l_Y[ WdZ
_ji ie\jmWh[ mWi YWhh_[Z ekj* N^[ fhel[d)_d)ki[ _dl[ij_]Wj_ed mWi XWi[Z ed \_[bZ h[jkhd ZWjW
Yebb[Yj[Z WdZ WdWbop[Z Xo L* MN<CG MY^Wbj][hy j[ BcXC*

<YYehZ_d] je j^[ h[gk_h[c[dji e\ D@> 2-1--)- A_hij @Z_j_ed .,,/),- i[Yj_ed --*0*0 WdZ j^[
fhel[d)_d)ki[ Wii[iic[dj Z[iYh_X[Z _d i[Yj_ed 2( j^[ N[cf[hWjkh[ NhWdic_jj[h Nof[

5-4.+&,)1&)&& m_j^ W MAA e\ 8 5," c_]^j Wbie X[ ki[Z \eh W MDG . iW\[jo \kdYj_ed* N^[ Z[Y_i_ed
ed j^[ kiW][ e\ fhel[d)_d)ki[ Z[l_Y[i( ^em[l[h( _i WbmWoi m_j^ j^[ [dZ)ki[h*

Dj _i Wiikc[Z j^Wj j^[ Yedd[Yj[Z be]_Y iebl[h _i Yed\_]kh[Z Wi f[h j^[ I<HOL I@0/ i_]dWb
hWd][i( _*[* j^[ N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&& m_j^ 0**., c< Ykhh[dj ekjfkj
Yecckd_YWj[i Z[j[Yj[Z \Wkbji Xo Wd WbWhc ekjfkj Ykhh[dj " /*2c< eh # .-c<* <iikc_d] j^Wj
j^[ Wffb_YWj_ed fhe]hWc _d j^[ iW\[jo be]_Y iebl[h Ze[i dej WkjecWj_YWbbo jh_f ed j^[i[ \W_bkh[i(
j^[i[ \W_bkh[i ^Wl[ X[[d YbWii_\_[Z Wi ZWd][heki Z[j[Yj[Z \W_bkh[i* N^[ \ebbem_d] jWXb[ i^emi
^em j^[ WXel[ ijWj[Z h[gk_h[c[dji Wh[ \kb\_bb[Z*

Dj _i _cfehjWdj je h[Wb_p[ j^Wj j^[ rIe @\\[Yjs \W_bkh[i Wh[ _dYbkZ[Z _d j^[ riW\[s \W_bkh[ YWj[]eho
WYYehZ_d] je D@> 2-1,46.,,,* Iej[ j^Wj j^[i[ \W_bkh[i ed j^[_h emd m_bb dej W\\[Yj ioij[c
h[b_WX_b_jo eh iW\[jo( WdZ i^ekbZ dej X[ _dYbkZ[Z _d ifkh_eki jh_f YWbYkbWj_edi*

.
Nof[ = ikXioij[c6 r>ecfb[ns ikXioij[c $ki_d] c_Yhe Yedjhebb[hi eh fhe]hWccWXb[ be]_Y%7 \eh Z[jW_bi i[[

3*0*/*-*/ e\ D@> 2-1,4).*
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Table 2: Summary – Failure rates per IEC 61508

Profile 1

Failure category Failure rates (in FIT)

Fail Safe Detected ( SD) 0

AW_b iW\[ Z[j[Yj[Z ,

Fail Safe Undetected ( SU) 173

AW_b iW\[ kdZ[j[Yj[Z ,

Ie [\\[Yj -10

<ddkdY_Wj_ed kdZ[j[Yj[Z $51"% -5

Fail Dangerous Detected ( DD) 384

AW_b ZWd][heki Z[j[Yj[Z ..-

AW_b C_]^ $Z[j[Yj[Z Xo be]_Y iebl[h% 01

AW_b Gem $Z[j[Yj[Z Xo be]_Y iebl[h% --4

<ddkdY_Wj_ed Z[j[Yj[Z ,

Fail Dangerous Undetected ( DU) 157

AW_b ZWd][heki kdZ[j[Yj[Z -12

<ddkdY_Wj_ed kdZ[j[Yj[Z $1"% -

Ie fWhj ./0

Total failure rate (safety function) 714 FIT

SFF 3 78%

DCD 71%

MTBF 120 years

N^[ ^WhZmWh[ Wii[iic[dj ^Wi i^emd j^Wj j^[ N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&& ^Wi
W MW\[ AW_bkh[ AhWYj_ed $MAA% e\ 34"* N^[ rfhel[d)_d)ki[ _d\ehcWj_eds cWo X[ ki[Z je Wii_ij Wd
[dZ ki[h _d Yecfb[j_d] W fh_eh)ki[ `kij_\_YWj_ed f[h D@> 2-1--)-*

< ki[h e\ j^[ N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&& YWd kj_b_p[ j^[i[ \W_bkh[ hWj[i _d W
fheXWX_b_ij_Y ceZ[b e\ W iW\[jo _dijhkc[dj[Z \kdYj_ed $MDA% je Z[j[hc_d[ ik_jWX_b_jo _d fWhj \eh
iW\[jo _dijhkc[dj[Z ioij[c $MDM% kiW][ _d W fWhj_YkbWh iW\[jo _dj[]h_jo b[l[b $MDG%* < \kbb jWXb[ e\
\W_bkh[ hWj[i \eh Z_\\[h[dj ef[hWj_d] YedZ_j_edi _i fh[i[dj[Z _d i[Yj_ed 0*/*-*

N^[ \W_bkh[ hWj[i Wh[ lWb_Z \eh j^[ ki[\kb b_\[ e\ j^[ N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&&
$i[[ <ff[dZ_n .%*

/
N^[ Yecfb[j[ i[dieh ikXioij[c m_bb d[[Z je X[ [lWbkWj[Z je Z[j[hc_d[ j^[ el[hWbb MW\[ AW_bkh[ AhWYj_ed* N^[

dkcX[h b_ij[Z _i \eh h[\[h[dY[ edbo*
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1 Purpose and Scope

B[d[hWbbo j^h[[ efj_edi [n_ij m^[d Ze_d] Wd Wii[iic[dj e\ i[diehi( _dj[h\WY[i WdZ+eh \_dWb
[b[c[dji*

Option 1: Hardware assessment according to IEC 61508

Jfj_ed - _i W ^WhZmWh[ Wii[iic[dj Xo WYYehZ_d] je j^[ h[b[lWdj \kdYj_edWb iW\[jo
ijWdZWhZ$i% b_a[ D@> 2-1,4 eh DMJ -/405)-* N^[ ^WhZmWh[ Wii[iic[dj Yedi_iji e\ W AH@?< je
Z[j[hc_d[ j^[ \Wkbj X[^Wl_eh WdZ j^[ \W_bkh[ hWj[i e\ j^[ Z[l_Y[( m^_Y^ Wh[ j^[d ki[Z je YWbYkbWj[
j^[ MW\[ AW_bkh[ AhWYj_ed $MAA% WdZ j^[ Wl[hW][ KheXWX_b_jo e\ AW_bkh[ ed ?[cWdZ $KA?<PB%*
Q^[d Wffhefh_Wj[( \Wkbj _d`[Yj_ed j[ij_d] m_bb X[ ki[Z je Yed\_hc j^[ [\\[Yj_l[d[ii e\ Wdo i[b\)
Z_W]deij_Yi*

N^_i efj_ed fhel_Z[i j^[ iW\[jo _dijhkc[djWj_ed [d]_d[[h m_j^ j^[ h[gk_h[Z \W_bkh[ ZWjW Wi f[h
D@> 2-1,4 + D@> 2-1--* N^_i efj_ed Ze[i dej _dYbkZ[ Wd Wii[iic[dj e\ j^[ Z[l[befc[dj
fheY[ii*

Option 2: Hardware assessment with proven-in-use consideration according to IEC 61508 /
IEC 61511

Jfj_ed . [nj[dZi Jfj_ed - m_j^ Wd Wii[iic[dj e\ j^[ fhel[d)_d)ki[ ZeYkc[djWj_ed e\ j^[
Z[l_Y[ _dYbkZ_d] j^[ ceZ_\_YWj_ed fheY[ii*

N^_i efj_ed \eh fh[)[n_ij_d] fhe]hWccWXb[ [b[Yjhed_Y Z[l_Y[i fhel_Z[i j^[ iW\[jo
_dijhkc[djWj_ed [d]_d[[h m_j^ j^[ h[gk_h[Z \W_bkh[ ZWjW Wi f[h D@> 2-1,4 + D@> 2-1--* Q^[d
YecX_d[Z m_j^ fbWdj if[Y_\_Y fhel[d)_d)ki[ h[YehZi( _j cWo ^[bf m_j^ fh_eh)ki[ `kij_\_YWj_ed f[h
D@> 2-1-- \eh i[diehi( \_dWb [b[c[dji WdZ ej^[h K@ \_[bZ Z[l_Y[i*

Option 3: Full assessment according to IEC 61508

Jfj_ed / _i W \kbb Wii[iic[dj Xo WYYehZ_d] je j^[ h[b[lWdj Wffb_YWj_ed ijWdZWhZ$i% b_a[
D@> 2-1-- eh @I .54 WdZ j^[ d[Y[iiWho \kdYj_edWb iW\[jo ijWdZWhZ$i% b_a[ D@> 2-1,4 eh
DMJ -/405)-* N^[ \kbb Wii[iic[dj [nj[dZi efj_ed - Xo Wd Wii[iic[dj e\ Wbb \Wkbj Wle_ZWdY[ WdZ
\Wkbj Yedjheb c[Wikh[i Zkh_d] ^WhZmWh[ WdZ ie\jmWh[ Z[l[befc[dj*

N^_i efj_ed fhel_Z[i j^[ iW\[jo _dijhkc[djWj_ed [d]_d[[h m_j^ j^[ h[gk_h[Z \W_bkh[ ZWjW Wi f[h
D@> 2-1,4 + D@> 2-1-- WdZ Yed\_Z[dY[ j^Wj ik\\_Y_[dj Wjj[dj_ed ^Wi X[[d ]_l[d je ioij[cWj_Y
\W_bkh[i Zkh_d] j^[ Z[l[befc[dj fheY[ii e\ j^[ Z[l_Y[*

This assessment shall be done according to option 2.

N^_i ZeYkc[dj i^Wbb Z[iYh_X[ j^[ h[ikbji e\ j^[ Wii[iic[dj YWhh_[Z ekj ed j^[ N[cf[hWjkh[
NhWdic_jj[h Nof[ 5-4.+&,)1&)&& m_j^ ^WhZmWh[ l[hi_ed L[l* = WdZ ie\jmWh[ l[hi_ed P,-),5*
NWXb[ - ]_l[i Wd el[hl_[m e\ j^[ Z_\\[h[dj l[hi_edi j^Wj X[bed] je j^[ Yedi_Z[h[Z N[cf[hWjkh[
NhWdic_jj[h Nof[ 5-4.+&,)1&)&&*

N^[ _d\ehcWj_ed _d j^_i h[fehj YWd X[ ki[Z je [lWbkWj[ m^[j^[h W i[dieh ikXioij[c( _dYbkZ_d]
j^[ N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&& c[[ji j^[ Wl[hW][ KheXWX_b_jo e\ AW_bkh[ ed
?[cWdZ $KA?<PB% h[gk_h[c[dji WdZ j^[ WhY^_j[YjkhWb YedijhW_dji + c_d_ckc ^WhZmWh[ \Wkbj
jeb[hWdY[ h[gk_h[c[dji f[h D@> 2-1,4* Dj does not Yedi_Z[h Wdo YWbYkbWj_edi d[Y[iiWho \eh
fhel_d] _djh_di_Y iW\[jo*
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2 Project management

2.1 #%$"!

%)&$" _i ed[ e\ j^[ mehbZqi b[WZ_d] ademb[Z][ YecfWd_[i if[Y_Wb_p_d] _d WkjecWj_ed ioij[c
iW\[jo WdZ WlW_bWX_b_jo m_j^ el[h /,, o[Whi e\ YkckbWj_l[ [nf[h_[dY[ _d \kdYj_edWb iW\[jo*
AekdZ[Z Xo i[l[hWb e\ j^[ mehbZqi jef h[b_WX_b_jo WdZ iW\[jo [nf[hji \hec Wii[iic[dj
eh]Wd_pWj_edi WdZ cWdk\WYjkh[hi( %)&$" _i W fWhjd[hi^_f YecfWdo m_j^ e\\_Y[i WhekdZ j^[ mehbZ*
%)&$" e\\[hi jhW_d_d]( YeWY^_d]( fhe`[Yj eh_[dj[Z Yedikbj_d] i[hl_Y[i( _dj[hd[j XWi[Z iW\[jo
[d]_d[[h_d] jeebi( Z[jW_b fheZkYj WiikhWdY[ WdZ Y[hj_\_YWj_ed WdWboi_i WdZ W Yebb[Yj_ed e\ ed)b_d[
iW\[jo WdZ h[b_WX_b_jo h[iekhY[i* %)&$" cW_djW_di W Yecfh[^[di_l[ \W_bkh[ hWj[ WdZ \W_bkh[ ceZ[
ZWjWXWi[ ed fheY[ii [gk_fc[dj*

2.2 Roles of the parties involved

L* MN<CG MY^Wbj][hy j[ BcXC HWdk\WYjkh[h e\ j^[ N[cf[hWjkh[ NhWdic_jj[h Nof[
5-4.+&,)1&)&&*

%)&$" K[h\ehc[Z j^[ Wii[iic[dj WYYehZ_d] je efj_ed . $i[[
i[Yj_ed -%*

L* MN<CG MY^Wbj][hy j[ BcXC YedjhWYj[Z %)&$" _d Ekbo .,,3 m_j^ j^[ ^WhZmWh[ Wii[iic[dj e\
j^[ WXel[ c[dj_ed[Z Z[l_Y[*

2.3 Standards / Literature used

N^[ i[hl_Y[i Z[b_l[h[Z Xo %)&$" m[h[ f[h\ehc[Z XWi[Z ed j^[ \ebbem_d] ijWdZWhZi + b_j[hWjkh[*

TI-U D@> 2-1,4).6.,,, AkdYj_edWb MW\[jo e\
@b[Yjh_YWb+@b[Yjhed_Y+Khe]hWccWXb[
@b[Yjhed_Y MW\[jo)L[bWj[Z Moij[ci

TI.U D@> 2-1--)- A_hij @Z_j_ed .,,/),- AkdYj_edWb iW\[jo6 MW\[jo
Ddijhkc[dj[Z Moij[ci \eh j^[
fheY[ii _dZkijho i[Yjeh7 KWhj -6
AhWc[meha( Z[\_d_j_edi( ioij[c(
^WhZmWh[ WdZ ie\jmWh[ h[gk_h[c[dji

TI/U @b[Yjh_YWb # H[Y^Wd_YWb >ecfed[dj L[b_WX_b_jo
CWdZXeea( .dZ @Z_j_ed( .,,4

G*G*>( @b[Yjh_YWb # H[Y^Wd_YWb
>ecfed[dj L[b_WX_b_jo CWdZXeea(
M[YedZ @Z_j_ed( .,,4( DM=I 534),)
53.3./0)2)2

2.4 Reference documents

2.4.1 Documentation provided by the customer

T?-U 5-4.VN[cf[hWjkhc[iikc\ehc[hV>?2,V@*fZ\ N[Y^d_YWb Dd\ehcWj_ed e\ j^[
N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.

T?.U 5- 4.2 ,- ., ,V,0*fZ\ >_hYk_j Z_W]hWc rN[cf[hWjkh[
NhWdic_jj[h Nof[ 5-4.+&,)1&)&&s 5-
4.2 ,- ., , DdZ[n ,0 e\ .-*-.*,5
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T?/U 5- 4.2 ,. ., ,V,0*fZ\ NWXb[ \eh Y_hYk_j Z_W]hWc
rN[cf[hWjkh[ NhWdic_jj[h Nof[
5-4.+&,)1&)&&s 5- 4.2 ,- ., , DdZ[n
,0 e\ .-*-.*,5

T?0U Mjk[Yab_ij[ 5-4. -,)1-*n/*fZ\ KWhji b_ij \eh 5-4.

T?1U >WZijWh ) 5-4.VPWhVDR.*fZ\ Hekdj_d] b_ij \eh j^[ Z_\\[h[dj
Yed\_]khWj_edi e\ 5-4.

T?2U @djm_Yabkd]i^WdZXkY^ MH Wajk[bbVWkipk]*p_f ?[l[befc[dj ^WdZXeea

T?3U -V-VZ[VW[dZ[hkd]ifhep[ii-*fZ\ Abem Z_W]hWc rHeZ_\_YWj_ed KheY[iis
WYYehZ_d] je j^[ d[m Z[l[befc[dj
fheY[ii

T?4U -V-VZ[VW[dZ[hkd]ifhep[ii.*fZ\ Abem Z_W]hWc rHeZ_\_YWj_ed KheY[iis
WYYehZ_d] je j^[ d[m Z[l[befc[dj
fheY[ii

T?5U IA P,-)/- P,.)/-*p_f @nWcfb[i e\ j^[ ceZ_\_YWj_ed fheY[ii

T?-,U 5031 /,*3*,/*fZ\ HeZ_\_YWj_ed h[gk[ij ?JH

T?--U >^[Yab_ij[ MH K^Wi[ . x dZ[hkd] MQ-*nbi >^[Yab_ij f^Wi[ . rie\jmWh[
ceZ_\_YWj_eds

T?-.U hfjVKhz \=[h_Y^j/,.3*fZ\ @nWcfb[ e\ W h[fW_h h[fehj

T?-/U -V-VZ[VcWjh_nVh[abWcWj_ediWXm_Yabkd]*fZ\ A_[bZ ZWjW [lWbkWj_ed fheY[ii

T?-0U -V-VZ[VY^[Yab_ij[V\k[hVgkWb_jW[jiah[_i[*fZ\ >^[Yab_ij \eh j^[ \_[bZ ZWjW [lWbkWj_ed
fheY[ii

T?-1U DMfWY CQ AQ L[l_i_edi 5-4.*fZ\ C_ijeho e\ ^WhZmWh[ WdZ ie\jmWh[
h[l_i_edi

T?-2U ijz YapW^b[d 5-4.VV\z h MDG =[jhWY^jkd]*nbin e\
./*,3*,4

A_[bZ ZWjW [lWbkWj_ed $iebZ Z[l_Y[i7
ef[hWj_d] ^ekhi%

T?-3U L[abWcWj_ed[d 5-4. .,,2).,,3*nbin e\ .1*,3*,4 A_[bZ ZWjW [lWbkWj_ed $h[jkhd[Z
Z[l_Y[i%

T?-4U FkdZ[dVL[\[h[dpVG_ij[VNof 5-4.VEW^h
,2V,3*nbin e\ .4*,3*,4

G_ij e\ Wffb_YWj_edi

T?-5U >^[Yab_ij[VDcfWYj WdWboi[*p_f e\ ,-*,4*,4 DcfWYj WdWboi[i \eh ceZ_\_YWj_edi
\hec P,-),0 je P,-),4

T?.,U SkehZdkd]V H<INDM pk N@MNMV,0*fZ\ L[\[h[dY[ X[jm[[d ceZ_\_YWj_ed WdZ
[n[Ykj[Z j[iji

T?.-U PVP j[ij fbWdVMf[Y_\_YWj_ed*p_f e\ ,-*,4*,4 N[ij if[Y_\_YWj_edi WdZ h[fehji \eh
j^[ ceZ_\_YWj_edi \hec P,-),0 je
P,-),4

T?..U P[hi_ed P,-),0 pk P,-),1*p_f C_]^b_]^j[Z ie\jmWh[ Y^Wd][i \hec
l[hi_ed P,-),0 je P,-),1

T?./U P[hi_ed P,-),1 pk P,-),2*p_f C_]^b_]^j[Z ie\jmWh[ Y^Wd][i \hec
l[hi_ed P,-),1 je P,-),2

T?.0U P[hi_ed P,-),2 pk P,-),3*p_f C_]^b_]^j[Z ie\jmWh[ Y^Wd][i \hec
l[hi_ed P,-),2 je P,-),3
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T?.1U P[hi_ed P,-),3 pk P,-),4*p_f C_]^b_]^j[Z ie\jmWh[ Y^Wd][i \hec
l[hi_ed P,-),3 je P,-),4

T?.2U H<INDMVD?,,,,,3*fZ\

H<INDMVD?,,,,,4*fZ\

H<INDMVD?,,,,,5*fZ\

DcfWYj WdWboi[i \eh ceZ_\_YWj_edi
\hec P,-),4 je P,-),5

T?.3U DIN),,5V,,*fZ\

DIN),-,V,,*fZ\

DIN),--V,,*fZ\

N[ij if[Y_\_YWj_edi WdZ h[fehji \eh
j^[ ceZ_\_YWj_edi \hec P,-),4 je
P,-),5

T?.4U >JL),,-V,-*fZ\ L[ikbji e\ YeZ[ h[l_[m \eh \kdYj_ed
Yecfei[VekjfkjVZWjW$%

T?.5U SkehZdkd]iWjWX[bb[ HeZkbjof)ceZkbefj_ed kdZ
Akdaj_ed Yecfei[VekjfkjVZWjW$ %*fZ\

>ecfWh_ied jWXb[ \eh ceZ_\_YWj_edi
\hec P,-),4 je P,-),5

T?/,U 5-4.VMDG.V,4*,3*,3*[Wf e\ .-*,3*,4 Me\jmWh[ <hY^_j[Yjkh[ Mf[Y_\_YWj_ed

T?/-U MW\[jo HWdkWb 5-4.V[dV,4-.,-*ZeYn ?hW\j MW\[jo HWdkWb

T?/.U A[^b[hl[hikY^[V5-4.V,4,5-4*nbi

A[^b[hl[hikY^[V5-4.V,4-,.0*nbi

AWkbj _di[hj_ed j[iji

T?//U 5-4.)<dWbe]<ki]Wd]V<*ZeYn e\ .-*-.*,5 ?[iYh_fj_ed e\ WZZ_j_edWb l[hi_edi

T?/0U AH@?< P3*-*1 5-4.)-,)1-)R/ Ykhh[dj ekjfkj P-L-*[\c e\ ,2*-,*,4

2.4.2 Documentation generated by exida

TL-U AH@?< P3*-*1 5-4.)-,)1-)R/ Ykhh[dj ekjfkj P-L.*[\c e\ ,5*-,*,4
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3 Description of the analyzed subsystem

N^[ N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&& _i Yedi_Z[h[Z je X[ W Nof[ = ikXioij[c m_j^
W ^WhZmWh[ \Wkbj jeb[hWdY[ e\ ,*

N^[ AH@?< e\ j^[ N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&& ^Wi X[[d YWhh_[Z ekj ed j^[
fWhji m_j^_d j^[ h[Z h[YjWd]kbWh _dZ_YWj[Z _d A_]kh[ -*

Figure 1: Block diagram of the Temperature Transmitter Type 9182/10-5*-**

A_]kh[ - _i h[fh[i[djWj_l[ \eh Wbb N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&& b_ij[Z _d NWXb[ -*



u %)&$"!#(' BcXC MN<CG 5-4.)n/)n0 0).,c< ,3),3)./ L,-2 P.L-*ZeY( EWdkWho -5( .,--
Mj[f^Wd <iY^[dXh[dd[h KW][ -- e\ ./

4 Failure Modes, Effects, and Diagnostics Analysis

N^[ AW_bkh[ HeZ[i( @\\[Yji( WdZ ?_W]deij_Y <dWboi_i mWi fh[fWh[Z Xo L* MN<CG MY^Wbj][hy j[
BcXC WdZ h[l_[m[Z Xo %)&$"* N^[ h[ikbji Wh[ ZeYkc[dj[Z _d T?/0U WdZ TL-U*

Q^[d j^[ [\\[Yj e\ W Y[hjW_d \W_bkh[ ceZ[ YekbZ dej X[ WdWbop[Z j^[eh[j_YWbbo( j^[ \W_bkh[ ceZ[i
m[h[ _djheZkY[Z ed Yecfed[dj b[l[b WdZ j^[ [\\[Yji e\ j^[i[ \W_bkh[ ceZ[i m[h[ [nWc_d[Z ed
ioij[c b[l[b( i[[ \Wkbj _di[hj_ed j[ij h[fehj T?/.U*

4.1 Description of the failure categories

AW_b)MW\[ MjWj[ N^[ \W_b)iW\[ ijWj[ _i Z[\_d[Z Wi j^[ ekjfkj h[WY^_d] j^[ ki[h
Z[\_d[Z j^h[i^ebZ lWbk[*

AW_b MW\[ AW_bkh[ j^Wj YWki[i j^[ ikXioij[c je ]e je j^[ Z[\_d[Z \W_b)iW\[
ijWj[ m_j^ekj W Z[cWdZ \hec j^[ fheY[ii*

AW_b ?Wd][heki AW_bkh[ j^Wj b[WZi je W c[Wikh[c[dj [hheh e\ ceh[ j^Wd ." e\
\kbb ifWd WdZ j^[h[\eh[ ^Wi j^[ fej[dj_Wb je dej h[ifedZ je W
Z[cWdZ \hec j^[ fheY[ii $_*[* X[_d] kdWXb[ je ]e je j^[ Z[\_d[Z
\W_b)iW\[ ijWj[%*

AW_b ?Wd][heki OdZ[j[Yj[Z AW_bkh[ j^Wj _i ZWd][heki WdZ j^Wj _i dej X[_d] Z_W]dei[Z Xo
_dj[hdWb Z_W]deij_Yi*

AW_b ?Wd][heki ?[j[Yj[Z AW_bkh[ j^Wj _i ZWd][heki Xkj _i Z[j[Yj[Z Xo _dj[hdWb Z_W]deij_Yi
WdZ YWki[i j^[ ekjfkj i_]dWb je ]e je j^[ fh[Z[\_d[Z WbWhc
ijWj[*

AW_b C_]^ < \W_b ^_]^ \W_bkh[ $C% _i Z[\_d[Z Wi W \W_bkh[ j^Wj YWki[i j^[
ekjfkj i_]dWb je ]e je j^[ el[h)hWd][ eh ^_]^ WbWhc ekjfkj
Ykhh[dj $; .-c<%*

AW_b Gem < \W_b bem \W_bkh[ $G% _i Z[\_d[Z Wi W \W_bkh[ j^Wj YWki[i j^[
ekjfkj i_]dWb je ]e je j^[ kdZ[h)hWd][ eh bem WbWhc ekjfkj
Ykhh[dj $8 /*2c<%*

<ddkdY_Wj_ed AW_bkh[ j^Wj Ze[i dej Z_h[Yjbo _cfWYj iW\[jo Xkj Ze[i _cfWYj j^[
WX_b_jo je Z[j[Yj W \kjkh[ \Wkbj $ikY^ Wi W \Wkbj _d W Z_W]deij_Y
Y_hYk_j%* <ddkdY_Wj_ed \W_bkh[i Wh[ Z_l_Z[Z _dje WddkdY_Wj_ed
Z[j[Yj[Z $<?% WdZ WddkdY_Wj_ed kdZ[j[Yj[Z $<O% \W_bkh[i* Aeh
j^[ YWbYkbWj_ed e\ j^[ MAA j^[o Wh[ jh[Wj[Z je 1" Wi W
ZWd][heki \W_bkh[ WdZ je 51" Wi W de [\\[Yj \W_bkh[*

Ie [\\[Yj AW_bkh[ ceZ[ e\ W Yecfed[dj j^Wj fbWoi W fWhj _d _cfb[c[dj_d]
j^[ iW\[jo \kdYj_ed Xkj _i d[_j^[h W iW\[ \W_bkh[ deh W ZWd][heki
\W_bkh[* Aeh j^[ YWbYkbWj_ed e\ j^[ MAA _j _i jh[Wj[Z b_a[ W iW\[
kdZ[j[Yj[Z \W_bkh[*

Ie fWhj >ecfed[dj j^Wj fbWoi de fWhj _d _cfb[c[dj_d] j^[ iW\[jo
\kdYj_ed Xkj _i fWhj e\ j^[ Y_hYk_j Z_W]hWc WdZ _i b_ij[Z \eh
Yecfb[j[d[ii* Q^[d YWbYkbWj_d] j^[ MAA j^_i \W_bkh[ ceZ[ _i
dej jWa[d _dje WYYekdj* Dj _i Wbie dej fWhj e\ j^[ jejWb \W_bkh[ hWj[*

N^[ rIe [\\[Yjs WdZ r<ddkdY_Wj_eds \W_bkh[i Wh[ fhel_Z[Z \eh j^ei[ m^e m_i^ je Ze h[b_WX_b_jo
ceZ[b_d] ceh[ Z[jW_b[Z j^Wd h[gk_h[Z Xo D@> 2-1,4* Dd D@> 2-1,46.,,, j^[ rIe [\\[Yjs \W_bkh[i
Wh[ Z[\_d[Z Wi iW\[ kdZ[j[Yj[Z \W_bkh[i [l[d j^ek]^ j^[o m_bb dej YWki[ j^[ iW\[jo \kdYj_ed je ]e
je W iW\[ ijWj[* N^[h[\eh[ j^[o d[[Z je X[ Yedi_Z[h[Z _d j^[ MW\[ AW_bkh[ AhWYj_ed YWbYkbWj_ed*
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4.2 Methodology – FMEDA, Failure rates

< AW_bkh[ HeZ[i WdZ @\\[Yji <dWboi_i $AH@<% _i W ioij[cWj_Y mWo je _Z[dj_\o WdZ [lWbkWj[ j^[
[\\[Yji e\ Z_\\[h[dj Yecfed[dj \W_bkh[ ceZ[i( je Z[j[hc_d[ m^Wj YekbZ [b_c_dWj[ eh h[ZkY[ j^[
Y^WdY[ e\ \W_bkh[( WdZ je ZeYkc[dj j^[ ioij[c kdZ[h Yedi_Z[hWj_ed*

<d AH@?< $AW_bkh[ HeZ[ @\\[Yj WdZ ?_W]deij_Y <dWboi_i% _i Wd AH@< [nj[di_ed* Dj YecX_d[i
ijWdZWhZ AH@< j[Y^d_gk[i m_j^ [nj[di_edi je _Z[dj_\o edb_d[ Z_W]deij_Yi j[Y^d_gk[i WdZ j^[
\W_bkh[ ceZ[i h[b[lWdj je iW\[jo _dijhkc[dj[Z ioij[c Z[i_]d* Dj _i W j[Y^d_gk[ h[Yecc[dZ[Z je
][d[hWj[ \W_bkh[ hWj[i \eh [WY^ _cfehjWdj YWj[]eho $iW\[ Z[j[Yj[Z( iW\[ kdZ[j[Yj[Z( ZWd][heki
Z[j[Yj[Z( ZWd][heki kdZ[j[Yj[Z( \W_b ^_]^( \W_b bem% _d j^[ iW\[jo ceZ[bi* N^[ \ehcWj \eh j^[
AH@?< _i Wd [nj[di_ed e\ j^[ ijWdZWhZ AH@< \ehcWj \hec HDG MN? -2.5<( AW_bkh[ HeZ[i WdZ
@\\[Yji <dWboi_i*

4.2.1 Failure rates

N^[ \W_bkh[ hWj[ ZWjW ki[Z Xo %)&$" _d j^_i AH@?< Wh[ \hec j^[ %)&$" @b[Yjh_YWb # H[Y^Wd_YWb
>ecfed[dj L[b_WX_b_jo CWdZXeea \eh Khe\_b[ -* N^[ hWj[i m[h[ Y^ei[d _d W mWo j^Wj _i
Wffhefh_Wj[ \eh iW\[jo _dj[]h_jo b[l[b l[h_\_YWj_ed YWbYkbWj_edi* N^[ hWj[i m[h[ Y^ei[d je cWjY^
ef[hWj_d] ijh[ii YedZ_j_edi jof_YWb e\ Wd _dZkijh_Wb \_[bZ [dl_hedc[dj i_c_bWh je %)&$" Khe\_b[ -* Dj
_i [nf[Yj[Z j^Wj j^[ WYjkWb dkcX[h e\ \_[bZ \W_bkh[i Zk[ je hWdZec [l[dji m_bb X[ b[ii j^Wd j^[
dkcX[h fh[Z_Yj[Z Xo j^[i[ \W_bkh[ hWj[i*

Aeh ^WhZmWh[ Wii[iic[dj WYYehZ_d] je D@> 2-1,4 edbo hWdZec [gk_fc[dj \W_bkh[i Wh[ e\
_dj[h[ij* Dj _i Wiikc[Z j^Wj j^[ [gk_fc[dj ^Wi X[[d fhef[hbo i[b[Yj[Z \eh j^[ Wffb_YWj_ed WdZ _i
WZ[gkWj[bo Yecc_ii_ed[Z ikY^ j^Wj [Whbo b_\[ \W_bkh[i $_d\Wdj cehjWb_jo% cWo X[ [nYbkZ[Z \hec
j^[ WdWboi_i*

AW_bkh[i YWki[Z Xo [nj[hdWb [l[dji ^em[l[h i^ekbZ X[ Yedi_Z[h[Z Wi hWdZec \W_bkh[i*
@nWcfb[i e\ ikY^ \W_bkh[i Wh[ beii e\ fem[h( f^oi_YWb WXki[( eh fheXb[ci Zk[ je _dj[hc_jj[dj
_dijhkc[dj W_h gkWb_jo*

N^[ Wiikcfj_ed _i Wbie cWZ[ j^Wj j^[ [gk_fc[dj _i cW_djW_d[Z f[h j^[ h[gk_h[c[dji e\
D@> 2-1,4 eh D@> 2-1-- WdZ j^[h[\eh[ W fh[l[djWj_l[ cW_dj[dWdY[ fhe]hWc _i _d fbWY[ je
h[fbWY[ [gk_fc[dj X[\eh[ j^[ [dZ e\ _ji rki[\kb b_\[s* >ehhei_ed( [hei_ed( Ye_b Xkhdekj [jY* Wh[
Yedi_Z[h[Z W][ h[bWj[Z $bWj[ b_\[% eh ioij[cWj_Y \W_bkh[i( fhel_Z[Z j^Wj cWj[h_Wbi WdZ j[Y^debe]_[i
Wffb_[Z Wh[ _dZ[[Z ik_jWXb[ \eh j^[ Wffb_YWj_ed( _d Wbb ceZ[i e\ ef[hWj_ed*

N^[ ki[h e\ j^[i[ dkcX[hi _i h[ifedi_Xb[ \eh Z[j[hc_d_d] j^[_h Wffb_YWX_b_jo je Wdo fWhj_YkbWh
[dl_hedc[dj* <YYkhWj[ fbWdj if[Y_\_Y ZWjW cWo X[ ki[Z \eh j^_i fkhfei[* D\ W ki[h ^Wi ZWjW
Yebb[Yj[Z \hec W ]eeZ fhee\ j[ij h[fehj_d] ioij[c j^Wj _dZ_YWj[i ^_]^[h \W_bkh[ hWj[i( j^[ ^_]^[h
dkcX[hi i^Wbb X[ ki[Z* Mec[ _dZkijh_Wb fbWdj i_j[i ^Wl[ ^_]^ b[l[bi e\ ijh[ii* OdZ[h j^ei[
YedZ_j_edi j^[ \W_bkh[ hWj[ ZWjW _i WZ`kij[Z je W ^_]^[h lWbk[ je WYYekdj \eh j^[ if[Y_\_Y
YedZ_j_edi e\ j^[ fbWdj*
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4.2.2 Assumptions

N^[ \ebbem_d] Wiikcfj_edi ^Wl[ X[[d cWZ[ Zkh_d] j^[ AW_bkh[ HeZ[i( @\\[Yji( WdZ ?_W]deij_Y
<dWboi_i e\ j^[ N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&&*

# AW_bkh[ hWj[i Wh[ YedijWdj( m[Wh ekj c[Y^Wd_ici Wh[ dej _dYbkZ[Z*

# KhefW]Wj_ed e\ \W_bkh[i _i dej h[b[lWdj*

# N^[ Z[l_Y[ _i _dijWbb[Z f[h cWdk\WYjkh[hqi _dijhkYj_edi*

# AW_bkh[i Zkh_d] fWhWc[j[h_pWj_ed Wh[ dej Yedi_Z[h[Z*

# Mk\\_Y_[dj j[iji Wh[ f[h\ehc[Z fh_eh je i^_fc[dj je l[h_\o j^[ WXi[dY[ e\ l[dZeh WdZ+eh
cWdk\WYjkh_d] Z[\[Yji j^Wj fh[l[dj fhef[h ef[hWj_ed e\ if[Y_\_[Z \kdYj_edWb_jo je fheZkYj
if[Y_\_YWj_edi eh YWki[ ef[hWj_ed Z_\\[h[dj \hec j^[ Z[i_]d WdWbop[Z*

# @nj[hdWb fem[h ikffbo \W_bkh[ hWj[i Wh[ dej _dYbkZ[Z*

# N^[ c[Wd j_c[ je h[ijehWj_ed $HNNL% W\j[h W iW\[ \W_bkh[ _i .0 ^ekhi*

# N^[ mehij)YWi[ _dj[hdWb \Wkbj Z[j[Yj_ed j_c[ _i 2, i[YedZi*

# <bb ceZkb[i Wh[ ef[hWj[Z _d j^[ bem Z[cWdZ ceZ[ e\ ef[hWj_ed*

# N^[ j_c[ e\ W Yedd[Yj[Z iW\[jo KG> je h[WYj ed W ZWd][heki Z[j[Yj[Z \W_bkh[ WdZ je Xh_d]
j^[ fheY[ii je j^[ iW\[ ijWj[ _i _Z[dj_YWb je HNNL*

# N^[ ekjfkj i_]dWb _i \[Z je W MDG . Yecfb_Wdj _dfkj XeWhZ e\ W iW\[jo KG>*

# Jdbo j^[ Ykhh[dj ekjfkj 0**.,c< _i ki[Z \eh iW\[jo Wffb_YWj_edi*

# Jdbo ed[ _dfkj WdZ ed[ ekjfkj Wh[ fWhj e\ j^[ Yedi_Z[h[Z iW\[jo \kdYj_ed*

# G[WZ Xh[WaW][ Z[j[Yj_ed _i WYj_lWj[Z*

# N^[ Wffb_YWj_ed fhe]hWc _d j^[ iW\[jo be]_Y iebl[h _i Yed\_]kh[Z je Z[j[Yj kdZ[h)hWd][ WdZ
el[h)hWd][ \W_bkh[i WdZ Ze[i dej WkjecWj_YWbbo jh_f ed j^[i[ \W_bkh[i7 j^[h[\eh[ j^[i[ \W_bkh[i
^Wl[ X[[d YbWii_\_[Z Wi ZWd][heki Z[j[Yj[Z \W_bkh[i*

4.3 Results

Aeh j^[ YWbYkbWj_ed e\ j^[ MW\[ AW_bkh[ AhWYj_ed $MAA% j^[ \ebbem_d] ^Wi je X[ dej[Z6

"jejWb Yedi_iji e\ j^[ ikc e\ Wbb Yecfed[dj \W_bkh[ hWj[i* N^_i c[Wdi6

"jejWb 9 "M? ' "MO ' "?? ' "?O

MAA 9 - t "?O + "jejWb

?>? 9 "?? + $"?? ' "?O%

HN=A 9 HNNA ' HNNL 9 $- + $"jejWb ' "de fWhj%% ' .0 ^
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4.3.1 Temperature Transmitter Type 9182/*0-5*-**

N^[ AH@?< YWhh_[Z ekj ed j^[ N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&& b[WZi kdZ[h j^[
Wiikcfj_edi Z[iYh_X[Z _d i[Yj_edi 0*.*. WdZ 0*/ je j^[ \ebbem_d] \W_bkh[ hWj[i6

Profile 1

Failure category Failure rates (in FIT)

Fail Safe Detected ( SD) 0

AW_b iW\[ Z[j[Yj[Z ,

Fail Safe Undetected ( SU) 173

AW_b iW\[ kdZ[j[Yj[Z ,

Ie [\\[Yj -10

<ddkdY_Wj_ed kdZ[j[Yj[Z $51"% -5

Fail Dangerous Detected ( DD) 384

AW_b ZWd][heki Z[j[Yj[Z ..-

AW_b C_]^ $Z[j[Yj[Z Xo be]_Y iebl[h% 01

AW_b Gem $Z[j[Yj[Z Xo be]_Y iebl[h% --4

<ddkdY_Wj_ed Z[j[Yj[Z ,

Fail Dangerous Undetected ( DU) 157

AW_b ZWd][heki kdZ[j[Yj[Z -12

<ddkdY_Wj_ed kdZ[j[Yj[Z $1"% -

Ie fWhj ./0

Total failure rate (safety function) 714 FIT

SFF 4 78%

DCD 71%

MTBF 120 years

<YYehZ_d] je j^[ h[gk_h[c[dji e\ D@> 2-1--)- A_hij @Z_j_ed .,,/),- i[Yj_ed --*0*0 WdZ j^[
fhel[d)_d)ki[ Wii[iic[dj Z[iYh_X[Z _d i[Yj_ed 2( j^[ N[cf[hWjkh[ NhWdic_jj[h Nof[

5-4.+&,)1&)&& m_j^ W MAA e\ 34" c_]^j Wbie X[ ki[Z \eh W MDG . iW\[jo \kdYj_ed* N^[ Z[Y_i_ed ed
j^[ kiW][ e\ fhel[d)_d)ki[ Z[l_Y[i( ^em[l[h( _i WbmWoi m_j^ j^[ [dZ)ki[h*

0
N^[ Yecfb[j[ i[dieh ikXioij[c m_bb d[[Z je X[ [lWbkWj[Z je Z[j[hc_d[ j^[ el[hWbb MW\[ AW_bkh[ AhWYj_ed* N^[

dkcX[h b_ij[Z _i \eh h[\[h[dY[ edbo*
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5 Using the FMEDA results

N^[ \ebbem_d] i[Yj_ed Z[iYh_X[i ^em je Wffbo j^[ h[ikbji e\ j^[ AH@?<*

5.1 Temperature sensing devices

N^[ N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&& je][j^[h m_j^ W j[cf[hWjkh[)i[di_d] Z[l_Y[
X[Yec[i W j[cf[hWjkh[ i[dieh Wii[cXbo* N^[h[\eh[( m^[d ki_d] j^[ h[ikbji e\ j^_i AH@?< _d W
MDG l[h_\_YWj_ed Wii[iic[dj( j^[ \W_bkh[ hWj[i WdZ \W_bkh[ ceZ[i e\ j^[ j[cf[hWjkh[ i[di_d]
Z[l_Y[ ckij X[ Yedi_Z[h[Z* Nof_YWb \W_bkh[ hWj[i \eh j^[hceYekfb[i WdZ LN?i m_j^ [nj[di_ed
m_h[i Wh[ b_ij[Z _d j^[ \ebbem_d] jWXb[*

Table 3 Typical failure rates of thermocouples and RTDs with extension wire

Temperature Sensing Device Failure rate (FIT)

N^[hceYekfb[ bem ijh[ii [dl_hedc[dj -,,,

N^[hceYekfb[ ^_]^ ijh[ii [dl_hedc[dj .,,,,

0)m_h[ LN? bem ijh[ii [dl_hedc[dj 1,,

0)m_h[ LN? ^_]^ ijh[ii [dl_hedc[dj -,,,,

5.1.1 Temperature Transmitter Type 9182/*0-5*-** with thermocouple

N^[ \W_bkh[ ceZ[ Z_ijh_Xkj_edi \eh j^[hceYekfb[i lWho _d fkXb_i^[Z b_j[hWjkh[ Xkj j^[h[ _i ijhed]
W]h[[c[dj j^Wj ef[d Y_hYk_j eh rXkhd)ekjs \W_bkh[ _i j^[ Zec_dWdj \W_bkh[ ceZ[* Q^_b[ iec[
[ij_cWj[i fkj j^_i \W_bkh[ ceZ[ Wj 55"'( W ceh[ Yedi[hlWj_l[ \W_bkh[ hWj[ Z_ijh_Xkj_ed ik_jWXb[ \eh
MDM Wffb_YWj_edi _i i^emd _d j^[ \ebbem_d] jWXb[ m^[d j^[hceYekfb[i m_j^ [nj[di_ed m_h[i Wh[
ikffb_[Z m_j^ j^[ N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&&* N^[ Zh_\j \W_bkh[ ceZ[ _i fh_cWh_bo
Zk[ je N+> W]_d]* N^[ N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&& m_bb Z[j[Yj W j^[hceYekfb[
Xkhdekj \W_bkh[ WdZ Zh_l[ j^[ WdWbe] ekjfkj je j^[ if[Y_\_[Z \W_bkh[ ijWj[*

Table 4 Typical failure mode distributions for thermocouples

TC Failure Modes – Device with extension wires Percentage

Jf[d >_hYk_j $=khd)ekj% 5,"

Q_h[ M^ehj $N[cf[hWjkh[ c[Wikh[c[dj _d [hheh% 1"

?h_\j $N[cf[hWjkh[ c[Wikh[c[dj _d [hheh% 1"

< Yecfb[j[ j[cf[hWjkh[ i[dieh Wii[cXbo Yedi_ij_d] e\ j^[ N[cf[hWjkh[ NhWdic_jj[h Nof[
5-4.+&,)1&)&& WdZ W j^[hceYekfb[ m_j^ [nj[di_ed m_h[i ikffb_[Z m_j^ j^[ N[cf[hWjkh[
NhWdic_jj[h Nof[ 5-4.+&,)1&)&& YWd X[ ceZ[b[Z Xo Yedi_Z[h_d] W i[h_[i ikXioij[c m^[h[
\W_bkh[ eYYkhi _\ j^[h[ _i W \W_bkh[ _d [_j^[h Yecfed[dj* Aeh ikY^ W ioij[c( \W_bkh[ hWj[i Wh[
WZZ[Z* <iikc_d] j^Wj j^[ N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&& _i fhe]hWcc[Z je Zh_l[
_ji ekjfkj je j^[ if[Y_\_[Z \W_bkh[ ijWj[ ed Z[j[Yj[Z \W_bkh[i e\ j^[ j^[hceYekfb[( j^[ \W_bkh[ hWj[
Yedjh_Xkj_ed \eh j^[ j^[hceYekfb[ _d W bem ijh[ii [dl_hedc[dj _i6

$
?? 9 -,,, ADN & 5," 9 5,, ADN

$
?O 9 -,,, ADN & -," 9 -,, ADN
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N^[ jejWb \W_bkh[ hWj[ \eh j^[ j[cf[hWjkh[ i[dieh Wii[cXbo m_j^ j^[ N[cf[hWjkh[ NhWdic_jj[h
Nof[ 5-4.+&,)1&)&& _i6

$
M? 9 , ADN

$
MO 9 -3/ ADN

$
?? 9 5,, ADN ' /40 ADN 9 -.40 ADN

$
?O 9 -,, ADN ' -13 ADN 9 .13 ADN

N^[i[ dkcX[hi YekbZ X[ ki[Z _d iW\[jo _dijhkc[dj[Z \kdYj_ed MDG l[h_\_YWj_ed YWbYkbWj_edi \eh
j^_i i[j e\ Wiikcfj_edi* Aeh j^[i[ Y_hYkcijWdY[i( j^[ MW\[ AW_bkh[ AhWYj_ed e\ j^_i j[cf[hWjkh[
i[dieh Wii[cXbo _i 41"*

5.1.2 Temperature Transmitter Type 9182/*0-5*-** with 4-wire RTD

N^[ \W_bkh[ ceZ[ Z_ijh_Xkj_ed \eh Wd LN? Wbie Z[f[dZi ed j^[ Wffb_YWj_ed m_j^ a[o lWh_WXb[i
X[_d] ijh[ii b[l[b( LN? m_h[ b[d]j^ WdZ LN? jof[ $.+/ m_h[ eh 0 m_h[%* N^[ a[o ijh[ii lWh_WXb[i
Wh[ ^_]^ l_XhWj_ed WdZ \h[gk[dj j[cf[hWjkh[ YoYb_d] Wi j^[i[ Wh[ ademd je YWki[ YhWYai _d j^[
ikXijhWj[ b[WZ_d] je Xhea[d b[WZ Yedd[Yj_ed m[bZi* Nof_YWb \W_bkh[ hWj[ Z_ijh_Xkj_edi Wh[ i^emd _d
NWXb[ -3* N^[ N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&& m_bb Z[j[Yj ef[d Y_hYk_j WdZ i^ehj
Y_hYk_j LN? \W_bkh[i WdZ Zh_l[ _ji ekjfkj je j^[ WbWhc ijWj[ ed Z[j[Yj[Z \W_bkh[i e\ j^[ LN?*

Table 5 Failure mode distribution for 4-wire RTD, low stress environment

RTD Failure Modes – Device with extension wires Percentage

Jf[d >_hYk_j 4."

M^ehj >_hYk_j 0"

?h_\j $N[cf[hWjkh[ c[Wikh[c[dj _d [hheh% -0"

< Yecfb[j[ j[cf[hWjkh[ i[dieh Wii[cXbo Yedi_ij_d] e\ j^[ N[cf[hWjkh[ NhWdic_jj[h Nof[
5-4.+&,)1&)&& WdZ W 0)m_h[ LN? m_j^ [nj[di_ed m_h[i ikffb_[Z m_j^ j^[ N[cf[hWjkh[ NhWdic_jj[h
Nof[ 5-4.+&,)1&)&& YWd X[ ceZ[b[Z Xo Yedi_Z[h_d] W i[h_[i ikXioij[c m^[h[ \W_bkh[ eYYkhi _\
[_j^[h Yecfed[dj \W_bi* Aeh ikY^ W ioij[c( \W_bkh[ hWj[i Wh[ WZZ[Z* <iikc_d] j^Wj j^[
N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&& _i fhe]hWcc[Z je Zh_l[ _ji ekjfkj je j^[ WbWhc ijWj[
ed Z[j[Yj[Z \W_bkh[i e\ j^[ LN?( j^[ \W_bkh[ hWj[ Yedjh_Xkj_ed \eh W 0)m_h[ LN? m_j^ [nj[di_ed
m_h[i _d W bem ijh[ii [dl_hedc[dj _i6

$
?? 9 1,, ADN & $4." ' 0"% 9 0/, ADN

$
?O 9 1,, ADN & -0" 9 3, ADN

N^[ jejWb \W_bkh[ hWj[ \eh j^[ j[cf[hWjkh[ i[dieh Wii[cXbo m_j^ j^[ N[cf[hWjkh[ NhWdic_jj[h
Nof[ 5-4.+&,)1&)&& _i6

$
M? 9 , ADN

$
MO 9 -3/ ADN

$
?? 9 0/, ADN ' /40 ADN 9 4-0 ADN

$
?O 9 3, ADN ' -13 ADN 9 ..3 ADN

N^[i[ dkcX[hi YekbZ X[ ki[Z _d iW\[jo _dijhkc[dj[Z \kdYj_ed MDG l[h_\_YWj_ed YWbYkbWj_edi \eh
j^_i i[j e\ Wiikcfj_edi* N^[ MW\[ AW_bkh[ AhWYj_ed \eh j^_i j[cf[hWjkh[ ikXioij[c( ]_l[d j^[
Wiikcfj_edi( _i 4-"*
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5.2 Example PFDAVG calculation

Dj _i j^[ h[ifedi_X_b_jo e\ j^[ MW\[jo Ddijhkc[dj[Z AkdYj_ed Z[i_]d[h je Ze YWbYkbWj_edi \eh j^[
[dj_h[ MDA* h[Yecc[dZi j^[ WYYkhWj[ HWhael XWi[Z [nMDG[dj_W jeeb \eh j^_i fkhfei[*

N^[ \ebbem_d] h[ikbji ckij X[ Yedi_Z[h[Z _d YecX_dWj_ed m_j^ KA?<PB lWbk[i e\ ej^[h Z[l_Y[i e\
W MW\[jo Ddijhkc[dj[Z AkdYj_ed $MDA% _d ehZ[h je Z[j[hc_d[ ik_jWX_b_jo \eh W if[Y_\_Y MW\[jo
Ddj[]h_jo G[l[b $MDG%*

<d Wl[hW][ KheXWX_b_jo e\ AW_bkh[ ed ?[cWdZ $KA?<PB% YWbYkbWj_ed _i f[h\ehc[Z \eh W i_d]b[
$-ee-% N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&& m_j^ekj i[di_d] [b[c[dj Yedi_Z[h_d] W
fhee\ j[ij Yel[hW][ e\ 55" $i[[ <ff[dZ_n -*.% WdZ W c_ii_ed j_c[ e\ -, o[Whi* N^[ \W_bkh[ hWj[
ZWjW ki[Z _d j^_i YWbYkbWj_ed Wh[ Z_ifbWo[Z _d i[Yj_ed 0*/*-* N^[ h[ikbj_d] KA?<PB lWbk[i \eh W
lWh_[jo e\ fhee\ j[ij _dj[hlWbi Wh[ Z_ifbWo[Z _d NWXb[ 2*

Aeh MDG. Wffb_YWj_edi( j^[ KA?<PB lWbk[ d[[Zi je X[ 8 -*,,@),.*

Table 6: PFDAVG values

T[Proof] = 1 year T[Proof] = 2 years T[Proof] = 5 years

KA?<PB 9 3*15@),0 KA?<PB 9 -*00@),/ KA?<PB 9 /*04@),/

N^_i c[Wdi j^Wj \eh W MDG. Wffb_YWj_ed( j^[ KA?<PB \eh W -)o[Wh Khee\ N[ij Ddj[hlWb Yedi_Z[h_d]
fhe\_b[ - ZWjW _i Wffhen_cWj[bo [gkWb je 3*2" e\ j^[ hWd][*

A_]kh[ . i^emi KA?<PB Wi W \kdYj_ed e\ j^[ fhee\ j[ij _dj[hlWb*

PFDAVG vs. Proof Test Interval

,(,,@',,
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.(,,@),/

/(,,@),/

0(,,@),/

1(,,@),/

2(,,@),/

3(,,@),/

4(,,@),/

- . / 0 1 2 3 4 5 -,

Years

P
F

D
A

V
G

N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+-,)1&)&/

Figure 2: PFDAVG(t)
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6 Proven-in-use Assessment

6.1 Supplemental information to assist in prior-use justification

<YYehZ_d] je D@> 2-1--)- A_hij @Z_j_ed .,,/),- i[Yj_ed --*0*0 \eh Wbb ikXioij[ci $[*]*( i[dieh(
\_dWb [b[c[dji WdZ ded)K@ be]_Y iebl[hi% [nY[fj K@ be]_Y iebl[hi j^[ c_d_ckc \Wkbj jeb[hWdY[
if[Y_\_[Z _d NWXb[ 2 e\ j^_i ijWdZWhZ cWo X[ h[ZkY[Z Xo ed[ _\ j^[ Z[l_Y[i kdZ[h Yedi_Z[hWj_ed
Yecfbo m_j^ Wbb e\ j^[ \ebbem_d]6

# j^[ ^WhZmWh[ e\ j^[ Z[l_Y[ _i i[b[Yj[Z ed j^[ XWi_i e\ fh_eh ki[ $i[[ --*1*/%

# j^[ Z[l_Y[ Wbbemi WZ`kijc[dj e\ fheY[ii)h[bWj[Z fWhWc[j[hi edbo( [*]*( c[Wikh_d] hWd][(
kfiYWb[ eh ZemdiYWb[ \W_bkh[ Z_h[Yj_ed( [jY*7

# j^[ WZ`kijc[dj e\ j^[ fheY[ii)h[bWj[Z fWhWc[j[hi e\ j^[ Z[l_Y[ _i fhej[Yj[Z( [*]*( `kcf[h(
fWiimehZ7

# j^[ \kdYj_ed ^Wi W MDG h[gk_h[c[dj b[ii j^Wd 0*

N^[ \ebbem_d] _d\ehcWj_ed YWd X[ ki[Z je Wii_ij Wd [dZ ki[h m_j^ fh_eh)ki[ `kij_\_YWj_ed e\ j^[
N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&&*

Requirement Argumentation

Khel[ e\ gkWb_jo cWdW][c[dj
WdZ ef[hWj_d] [nf[h_[dY[

-* L* MN<CG MY^Wbj][hy j[ BcXC _i DMJ 5,,- Y[hj_\_[Z m_j^
Wffhefh_Wj[ gkWb_jo cWdW][c[dj WdZ Yed\_]khWj_ed
cWdW][c[dj ioij[c* M[[ T?2U je T?-.U* N^[ Wii[ii[Z
ikXioij[c _i Yb[Whbo _Z[dj_\_[Z WdZ if[Y_\_[Z*
N^[ \_[bZ \[[ZXWYa jhWYa_d] ZWjWXWi[ e\ L* MN<CG
MY^Wbj][hy j[ BcXC je][j^[h m_j^ j^[ [nfbWdWj_edi ]_l[d _d
T?-/U je T?-4U fhel_Z[ [l_Z[dY[ j^Wj j^[ \_[bZ \W_bkh[i Wh[
ki[Z Wi Z[i_]d \[[ZXWYa*

.* Jf[hWj_d] [nf[h_[dY[ e\ j^[ N[cf[hWjkh[ NhWdic_jj[h Nof[
5-4.+-,)1&)&/ [n_iji e\ ceh[ j^Wd /4*,,,*,,, ef[hWj_d]
^ekhi \eh Z[l_Y[i m_j^ ^WhZmWh[ l[hi_ed L[l* = WdZ
ie\jmWh[ l[hi_ed P,-),0 je P,-),3* N^[ ie\jmWh[
ceZ_\_YWj_edi $i[[ T?-5U je T?/,U% m[h[ YWhh_[Z ekj _d
WYYehZWdY[ m_j^ W MDG . Yecfb_Wdj ceZ_\_YWj_ed fheY[ii*

<Z`kijc[dj e\ fheY[ii)h[bWj[Z
fWhWc[j[hi edbo

N^[ Z[l_Y[ edbo Wbbemi j^[ WZ`kijc[dj e\ fheY[ii)h[bWj[Z
fWhWc[j[hi*

<Z`kijc[dj e\ fheY[ii)h[bWj[Z
fWhWc[j[hi _i fhej[Yj[Z

N^[ WZ`kijc[dj e\ fheY[ii)h[bWj[Z fWhWc[j[hi _i fhej[Yj[Z Wi
Wd [nj[hdWb Z[l_Y[ m_j^ if[Y_Wb ie\jmWh[ WdZ YWXb[ ^Wi je X[
Yedd[Yj[Z je Y^Wd][ j^[ fWhWc[j[h_pWj_ed*

MDG 8 0 N^[ Z[l_Y[ i^Wbb X[ Wii[ii[Z \eh _ji ik_jWX_b_jo _d MDG . iW\[jo
\kdYj_edi edbo*

N^_i c[Wdi j^Wj j^[ N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&& m_j^ W MAA e\ 8 5," WdZ W
CAN 9 , YWd Yedi_Z[h[Z je X[ W fhel[d)_d)ki[ Z[l_Y[ WdZ j^[h[\eh[ c_]^j Wbie X[ ki[Z \eh W
MDG . iW\[jo \kdYj_ed WYYehZ_d] je D@> 2-1--)- A_hij @Z_j_ed .,,/),-*
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7 Terms and Definitions

?>? ?_W]deij_Y >el[hW][ e\ ZWd][heki \W_bkh[i

ADN AW_bkh[ Dd N_c[ $-n-,)5 \W_bkh[i f[h ^ekh%

AH@?< AW_bkh[ HeZ[ @\\[Yj WdZ ?_W]deij_Y <dWboi_i

CAN CWhZmWh[ AWkbj Neb[hWdY[

Gem Z[cWdZ ceZ[ HeZ[( m^[h[ j^[ \h[gk[dYo e\ Z[cWdZi \eh ef[hWj_ed cWZ[ ed W iW\[jo)
h[bWj[Z ioij[c _i de ]h[Wj[h j^Wd jm_Y[ j^[ fhee\ j[ij \h[gk[dYo*

KA?<PB <l[hW][ KheXWX_b_jo e\ AW_bkh[ ed ?[cWdZ

MAA MW\[ AW_bkh[ AhWYj_ed ikccWh_p[i j^[ \hWYj_ed e\ \W_bkh[i( m^_Y^ b[WZ je W
iW\[ ijWj[ WdZ j^[ \hWYj_ed e\ \W_bkh[i m^_Y^ m_bb X[ Z[j[Yj[Z Xo
Z_W]deij_Y c[Wikh[i WdZ b[WZ je W Z[\_d[Z iW\[jo WYj_ed*

MDA MW\[jo Ddijhkc[dj[Z AkdYj_ed

MDG MW\[jo Ddj[]h_jo G[l[b

Nof[ = ikXioij[c r>ecfb[ns ikXioij[c $ki_d] c_Yhe Yedjhebb[hi eh fhe]hWccWXb[ be]_Y%7
\eh Z[jW_bi i[[ 3*0*/*-*/ e\ D@> 2-1,4).

NTKhee\U Khee\ N[ij Ddj[hlWb
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8 Status of the document

8.1 Liability

%)&$" fh[fWh[i h[fehji XWi[Z ed c[j^eZi WZleYWj[Z _d Ddj[hdWj_edWb ijWdZWhZi* AW_bkh[ hWj[i
Wh[ eXjW_d[Z \hec W Yebb[Yj_ed e\ _dZkijh_Wb ZWjWXWi[i* %)&$" WYY[fji de b_WX_b_jo m^Wjie[l[h \eh
j^[ ki[ e\ j^[i[ dkcX[hi eh \eh j^[ Yehh[Yjd[ii e\ j^[ ijWdZWhZi ed m^_Y^ j^[ ][d[hWb
YWbYkbWj_ed c[j^eZi Wh[ XWi[Z*

?k[ je \kjkh[ fej[dj_Wb Y^Wd][i _d j^[ ijWdZWhZi( X[ij WlW_bWXb[ _d\ehcWj_ed WdZ X[ij fhWYj_Y[i(
j^[ Ykhh[dj AH@?< h[ikbji fh[i[dj[Z _d j^_i h[fehj cWo dej X[ \kbbo Yedi_ij[dj m_j^ h[ikbji j^Wj
mekbZ X[ fh[i[dj[Z \eh j^[ _Z[dj_YWb fheZkYj Wj iec[ \kjkh[ j_c[* <i W b[WZ[h _d j^[ \kdYj_edWb
iW\[jo cWha[j fbWY[( %)&$" _i WYj_l[bo _dlebl[Z _d [lebl_d] X[ij fhWYj_Y[i fh_eh je e\\_Y_Wb h[b[Wi[
e\ kfZWj[Z ijWdZWhZi ie j^Wj ekh h[fehji [\\[Yj_l[bo Wdj_Y_fWj[ Wdo ademd Y^Wd][i* Dd WZZ_j_ed(
ceij Y^Wd][i Wh[ Wdj_Y_fWj[Z je X[ _dYh[c[djWb _d dWjkh[ WdZ h[ikbji h[fehj[Z m_j^_d j^[
fh[l_eki j^h[[ o[Wh f[h_eZ i^ekbZ X[ ik\\_Y_[dj \eh Ykhh[dj kiW][ m_j^ekj i_]d_\_YWdj gk[ij_ed*

Heij fheZkYji Wbie j[dZ je kdZ[h]e _dYh[c[djWb Y^Wd][i el[h j_c[* D\ Wd %)&$" AH@?< ^Wi dej
X[[d kfZWj[Z m_j^_d j^[ bWij j^h[[ o[Whi WdZ j^[ [nWYj h[ikbji Wh[ Yh_j_YWb je j^[ MDG l[h_\_YWj_ed
oek cWo m_i^ je YedjWYj j^[ fheZkYj l[dZeh je l[h_\o j^[ Ykhh[dj lWb_Z_jo e\ j^[ h[ikbji*

8.2 Releases

P[hi_ed C_ijeho6 P.L-6 L[\[h[dY[ je L,-3 WZZ[Z7 EWdkWho -5( .,--

P.L,6 <ZZ_j_edWb l[hi_ed WZZ[Z7 EWdkWho .2( .,-,

P-L-6 @Z_jeh_Wb Y^Wd][i7 EWdkWho 5( .,,5

P-L,6 L[l_[m Yecc[dji _dYehfehWj[Z7 EWdkWho 4( .,,5

P,L-6 Dd_j_Wb l[hi_ed7 ?[Y[cX[h --( .,,4

<kj^ehi6 Mj[f^Wd <iY^[dXh[dd[h

L[l_[m6 P-L,6 <dZh[Wi =W]kiY^ $L* MN<CG%7 EWdkWho 5( .,,4

P,L-6 <dZh[Wi =W]kiY^ $L* MN<CG%7 EWdkWho 4( .,,4

LWY^[b <cah[kjp $%)&$"%7 EWdkWho 2( .,,5

L[b[Wi[ ijWjki6 L[b[Wi[Z je L* MN<CG MY^Wbj][hy j[ BcXC

8.3 Release Signatures

?_fb*)Dd]* $Od_l*% Mj[f^Wd <iY^[dXh[dd[h( KWhjd[h

LWY^[b <cah[kjp( MW\[jo @d]_d[[h



u %)&$"!#(' BcXC MN<CG 5-4.)n/)n0 0).,c< ,3),3)./ L,-2 P.L-*ZeY( EWdkWho -5( .,--
Mj[f^Wd <iY^[dXh[dd[h KW][ .- e\ ./

Appendix 1: Possibilities to reveal dangerous undetected faults during the
proof test

<ff[dZ_n - WdZ Wff[dZ_n . i^Wbb X[ Yedi_Z[h[Z m^[d mh_j_d] j^[ iW\[jo cWdkWb Wi _j YedjW_di
_cfehjWdj iW\[jo h[bWj[Z _d\ehcWj_ed*

<YYehZ_d] je i[Yj_ed 3*0*/*.*. \% e\ D@> 2-1,4). fhee\ j[iji i^Wbb X[ kdZ[hjWa[d je h[l[Wb
ZWd][heki \Wkbji m^_Y^ Wh[ kdZ[j[Yj[Z Xo Z_W]deij_Y j[iji*

N^_i c[Wdi j^Wj _j _i d[Y[iiWho je if[Y_\o ^em ZWd][heki kdZ[j[Yj[Z \Wkbji m^_Y^ ^Wl[ X[[d
dej[Z Zkh_d] j^[ AH@?< YWd X[ Z[j[Yj[Z Zkh_d] fhee\ j[ij_d]*

NWXb[ 3 i^emi Wd _cfehjWdY[ WdWboi_i e\ j^[ ceij Yh_j_YWb ZWd][heki kdZ[j[Yj[Z \Wkbji WdZ
_dZ_YWj[i ^em j^[i[ \Wkbji YWd X[ Z[j[Yj[Z Zkh_d] fhee\ j[ij_d]*

Table 7: Importance Analysis

Component % of total du Detection through

D/,.)? .,(53"
-,," \kdYj_edWb j[ij m_j^ Z_\\[h[dj _dfkj i_]dWbi
WdZ ced_jeh_d] e\ j^[ Yehh[ifedZ_d] ekjfkj i_]dWb

D/,/ 4(2/"
-,," \kdYj_edWb j[ij m_j^ Z_\\[h[dj _dfkj i_]dWbi
WdZ ced_jeh_d] e\ j^[ Yehh[ifedZ_d] ekjfkj i_]dWb

D-,1 4(2/"
-,," \kdYj_edWb j[ij m_j^ Z_\\[h[dj _dfkj i_]dWbi
WdZ ced_jeh_d] e\ j^[ Yehh[ifedZ_d] ekjfkj i_]dWb

D/,5 3(54"
-,," \kdYj_edWb j[ij m_j^ Z_\\[h[dj _dfkj i_]dWbi
WdZ ced_jeh_d] e\ j^[ Yehh[ifedZ_d] ekjfkj i_]dWb

D/,4)< 0(0-"
-,," \kdYj_edWb j[ij m_j^ Z_\\[h[dj _dfkj i_]dWbi
WdZ ced_jeh_d] e\ j^[ Yehh[ifedZ_d] ekjfkj i_]dWb

D/,2)>KO /(1-"
-,," \kdYj_edWb j[ij m_j^ Z_\\[h[dj _dfkj i_]dWbi
WdZ ced_jeh_d] e\ j^[ Yehh[ifedZ_d] ekjfkj i_]dWb

D-,-)>KO /(1-"
-,," \kdYj_edWb j[ij m_j^ Z_\\[h[dj _dfkj i_]dWbi
WdZ ced_jeh_d] e\ j^[ Yehh[ifedZ_d] ekjfkj i_]dWb

D-,3 /(01"
-,," \kdYj_edWb j[ij m_j^ Z_\\[h[dj _dfkj i_]dWbi
WdZ ced_jeh_d] e\ j^[ Yehh[ifedZ_d] ekjfkj i_]dWb

D/,-)? /(-4"
-,," \kdYj_edWb j[ij m_j^ Z_\\[h[dj _dfkj i_]dWbi
WdZ ced_jeh_d] e\ j^[ Yehh[ifedZ_d] ekjfkj i_]dWb

N-,- /(-1"
-,," \kdYj_edWb j[ij m_j^ Z_\\[h[dj _dfkj i_]dWbi
WdZ ced_jeh_d] e\ j^[ Yehh[ifedZ_d] ekjfkj i_]dWb

Appendix 2: Possible proof tests to detect dangerous undetected faults

< feii_Xb[ fhee\ j[ij _i Z[iYh_X[Z _d j^[ iW\[jo cWdkWb \eh j^[ N[cf[hWjkh[ NhWdic_jj[h Nof[
5-4.+&,)1&)&& $i[[ T?/-U%* N^[ fhee\ j[ij Yel[hW][ _i Yedi_Z[h[Z je X[ 55"*
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Appendix 3: Impact of lifetime of critical components on the failure rate

<YYehZ_d] je i[Yj_ed 3*0*3*0 e\ D@> 2-1,4).( W ki[\kb b_\[j_c[( XWi[Z ed [nf[h_[dY[( i^ekbZ X[
Wiikc[Z*

<bj^ek]^ W YedijWdj \W_bkh[ hWj[ _i Wiikc[Z Xo j^[ fheXWX_b_ij_Y [ij_cWj_ed c[j^eZ $i[[ i[Yj_ed
0*.*.% j^_i edbo Wffb_[i fhel_Z[Z j^Wj j^[ ki[\kb b_\[j_c[1 e\ Yecfed[dji _i dej [nY[[Z[Z* =[oedZ
j^[_h ki[\kb b_\[j_c[ j^[ h[ikbj e\ j^[ fheXWX_b_ij_Y YWbYkbWj_ed c[j^eZ _i j^[h[\eh[ c[Wd_d]b[ii( Wi
j^[ fheXWX_b_jo e\ \W_bkh[ i_]d_\_YWdjbo _dYh[Wi[i m_j^ j_c[* N^[ ki[\kb b_\[j_c[ _i ^_]^bo Z[f[dZ[dj
ed j^[ Yecfed[dj _ji[b\ WdZ _ji ef[hWj_d] YedZ_j_edi t j[cf[hWjkh[ _d fWhj_YkbWh $\eh [nWcfb[(
[b[Yjheboj[ YWfWY_jehi YWd X[ l[ho i[di_j_l[%*

N^_i Wiikcfj_ed e\ W YedijWdj \W_bkh[ hWj[ _i XWi[Z ed j^[ XWj^jkX Ykhl[( m^_Y^ i^emi j^[
jof_YWb X[^Wl_eh \eh [b[Yjhed_Y Yecfed[dji* N^[h[\eh[ _j _i eXl_eki j^Wj j^[ KA?<PB YWbYkbWj_ed _i
edbo lWb_Z \eh Yecfed[dji m^_Y^ ^Wl[ j^_i YedijWdj ZecW_d WdZ j^Wj j^[ lWb_Z_jo e\ j^[
YWbYkbWj_ed _i b_c_j[Z je j^[ ki[\kb b_\[j_c[ e\ [WY^ Yecfed[dj*

Dj _i Wiikc[Z j^Wj [Whbo \W_bkh[i Wh[ Z[j[Yj[Z je W ^k][ f[hY[djW][ Zkh_d] j^[ _dijWbbWj_ed f[h_eZ
WdZ j^[h[\eh[ j^[ Wiikcfj_ed e\ W YedijWdj \W_bkh[ hWj[ Zkh_d] j^[ ki[\kb b_\[j_c[ _i lWb_Z*

N^[ Y_hYk_j e\ j^[ N[cf[hWjkh[ NhWdic_jj[h Nof[ 5-4.+&,)1&)&& Ze[i dej YedjW_d Wdo
Yecfed[dji m_j^ h[ZkY[Z ki[\kb b_\[j_c[ j^Wj Wh[ Yedjh_Xkj_d] je j^[ ZWd][heki kdZ[j[Yj[Z
\W_bkh[ hWj[* N^[h[\eh[ j^[h[ _i de b_c_j_d] \WYjeh m_j^ h[]WhZ je j^[ ki[\kb b_\[ e\ j^[ ioij[c*

Q^[d fbWdj [nf[h_[dY[ _dZ_YWj[i W i^ehj[h ki[\kb b_\[j_c[ j^Wd _dZ_YWj[Z _d j^_i Wff[dZ_n( j^[
dkcX[h XWi[Z ed fbWdj [nf[h_[dY[ i^ekbZ X[ ki[Z*

1
Oi[\kb b_\[j_c[ _i W h[b_WX_b_jo [d]_d[[h_d] j[hc j^Wj Z[iYh_X[i j^[ ef[hWj_edWb j_c[ _dj[hlWb m^[h[ j^[ \W_bkh[ hWj[ e\ W

Z[l_Y[ _i h[bWj_l[bo YedijWdj* Dj _i dej W j[hc m^_Y^ Yel[hi fheZkYj eXieb[iY[dY[( mWhhWdjo( eh ej^[h Yecc[hY_Wb
_iik[i*
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Appendix 3: Description of the considered profiles

Appendix 3.1: electronic database

Khe\_b[ Khe\_b[ WYYehZ_d] je D@>2,210)- <cX_[dj N[cf[hWjkh[ Tw>U N[cf[hWjkh[ >oYb[
Tw> + /21 ZWoiU<l[hW][

$[nj[hdWb%
H[Wd

$_di_Z[ Xen%

- =. /, 2, 1

. >/ .1 /, .1

/ >/ .1 01 .1

KLJADG@ -6

>WX_d[j cekdj[Z [gk_fc[dj jof_YWbbo ^Wi i_]d_\_YWdj j[cf[hWjkh[ h_i[ Zk[ je fem[h Z_ii_fWj_ed
Xkj _i ikX`[Yj[Z je edbo c_d_cWb ZW_bo j[cf[hWjkh[ im_d]i*

KLJADG@ .6

Gem fem[h [b[Yjh_YWb $jme)m_h[% \_[bZ fheZkYji ^Wl[ c_d_cWb i[b\ ^[Wj_d] WdZ Wh[ ikX`[Yj[Z je
ZW_bo j[cf[hWjkh[ im_d]i*

KLJADG@ /6

B[d[hWb $\ekh)m_h[% \_[bZ fheZkYji cWo ^Wl[ ceZ[hWj[ i[b\ ^[Wj_d] WdZ Wh[ ikX`[Yj[Z je ZW_bo
j[cf[hWjkh[ im_d]i*
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Appendix 4: Failure rates according to IEC 61508:2010

Table 1: Failure rates

Failure category Failure rates (in FIT)

Fail Safe Detected ( SD) 0

Fail Safe Undetected ( SU) 0

Fail Dangerous Detected ( DD) 384

Fail Dangerous Detected ("DD) 221

Fail High (H) 45

Fail Low (L) 118

Fail Annunciation Detected ("AD) 0

Fail Dangerous Undetected ( DU) 156

Fail Annunciation Undetected ("AU) 20

No effect 154

No part 234

Total failure rate (safety function) 540

SFF 1 71%

SIL AC 2 SIL2

1
The complete subsystem will need to be evaluated to determine the overall Safe Failure Fraction. The

number listed is for reference only.
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.
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Table 2: PFDAVG Values

Configuration T[Proof] = 1
year

T[Proof] = 3
years

T[Proof] = 5
years

T[Proof] = 10
years

9182_x3x4_current PFDAVG = 1,31E-03 PFDAVG = 2,54E-03 PFDAVG = 3,77E-03 PFDAVG = 6,86E-03

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

Figure 1: PFDAVG (t)


