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MEERENE D ITRIENX

IIEERE (functional safety )
absence of unreasonable risk due to hazards caused by malfunctioning behaviour of E/E systems
(1ISO 26262-1:2018)

Ihge®g<E (functional safety )

part of the overall safety relating to the EUC and the EUC control system that depends on the correct
functioning of the E/E/PE safety-related systems and other risk reduction measures.

(IEC 61508-4:2010)

BT (Safety Analysis)

ERER 2 PUE, K270t (Safety Analysis) RBEIRGHRIGEIRF. THMEMIEGIREF/BS/AYR
E&RS (E/E/PE) KIGIARINIL, UMARRFEAEHNERNEER R LRSS H K IEIIE,
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@ —{ Channel
§ o Q ------- b
' Diagnostics .
........ PLCELELRE
®—— channel

1 1THE A - 1002 physical block diagram

Ao

Aou

tCE

Aop

..—

o—

Channel

1&1HERY - 2002 physical block diagram

tGE

Common
cause failure

Apu

AR - 1002 reliability block diagram

App

Aou
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App

HTHEEL - 2002 reliability block diagram
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RE D ITRIXEIFLE

DRAEEEE] - RARETREMNIKITEKRHRT 2 RN

IEC 61508:2010 ISO 26262:2018 ISO 13849:2023
PFH
(1/h)
Safe failure fraction of an element Hardware fault tolerance PL

— 107
0 1 2 ASILB ASILC ASILD 10
0% ot Alowed oLt S Single-point fault metric 290% 297 % 299% 7 / o

60 % - <90 % SIL1 SIL2 SIL 3 ASILB ASILC ASILD ¢ I i i

. / 10
Latent-fault metric 260% 280 % 290 % d
90 % - <99 % SIL2 SIL3 SIL4 I
— 107

299 % SIL3 SIL4 SIL4 e [
S | | | | | | L

Cat.B Cat. 1 Cat. 2 Cat.2 Cat. 3 Cat. 3 Cat. 4
DCyvg= [DCuvg= |DCyyg= | DCopg= |DCoyg= |DCog= | DCyy=
none none low medium low medium | high
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] SE1% /R EFIT (failure rate prediction)
- BT EUAD T (parts count analysis) ;
- BB ESESD T (parts stress analysis) ;

fele 5aig{EiE9tr (Hazard and Operability Study, HAZOP )

Guide word Meaning
No or Not Complete negation of the design intent
More Quantitative increase
Less Quantitative decrease
As well as Qualitative modification/increase
Part of Qualitative modification/decrease
Reverse Logical opposite of the design intent
Other than Complete substitution
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=R
( Fault Tree Analysis, FTA)

TOP SIS
(unwanted) —p [ Failed
event G1
Intermediate Q 4« OR gate
event l
\] Sensors Logic solver ;ermin.:l
failed D ET:; s
Top-Down G2 D a3
e ) O aw_—
I ] gate
senser® SERELE by’
A C £

O Sensor B O\Ba ic / ;:::;::;

B events =

v O O

Sf
A

L =
o
E F

A SEEIEE

( Reliability block diagram analysis, RBD )

y

CCF 1

CCF 2

—~ A
. B
- C
Sw
-oH — |

O O

Equivalence fault tree / reliability block diagram
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SREHEXFR IS4 ( Failure modes and effects analysis , FMEA)

Indenture level: Design by: Prepared by:
Sheet No.: Item: Approved by:
Mission phase Issue: Date:
Item Failure : Possible Compensating ; ’ :
Item el Failure : Symptom Effect on ol g Severity | Failure Data | Recommendations
description entry failure Local effect ; provision against A
ref. S hinciion el mode bisinac detected by unit output fallion class rate source | and actions taken
1.1.1 | Motor stator | 1111 Open circuit | Winding Low speed Low power | Trip Single phase 4
fracture roughness protection
temperature trip
1112 Open circuit | Connection |Low speed Low power | Trip Single phase 3
fracture roughness protection
temperature trip

E4R92Hr (Event tree analysis, ETA)

Cq
PA1 = 0,5
& _
Pc2=04
c2 c
B
- Pg1=0,3 & Pc3=0,6
A Cs
C -
Pa2=05| _ Pca=0,2 Ca
B
Pg2=0,7 C pes=08
Cs

Car came to a slow stop, no damage to the car,
other property or injuries Pcq1 =0,5

Car came to a slow stop, damaged wheel,
Pc2=05x%x0,3x04=0,06

Car collided with the centre divider, damage to
the car and divider: Pc3=0,5%x0,3x0,6 =0,09
Car ran off the road, damage to the car, driver
injured: Pc4 =0,5%x0,7x0,2=0,07

Collision with another vehicle, damage to both,
both drivers injured: Pcs =0,5x0,7x0,8 =0,28
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/RAIRS M (Markov analysis)

R IRA = true
Assertion Q Tr4
W M
| RA = false U
l_‘rlTl'3
1 ?RA = true 1 8=0 Stochastic
A delay
Predicate

@0

delay
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Deterministic —_ 3=

Petrif 53t ( Petri net analysis )

Token
Tr1

Transition
Place

H-TrZ @/

tmod~
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B L2 thhENERZEE NMEa BFF/QH#FELJJ'JEﬁ?&xﬁl%ﬂ%xﬂld‘%‘bo T EMRBIEL, [
FIAMEFHNEXESEE R SR BN AR, E?“Bﬁ:/ﬁ%ﬂl &8, B ML
HA AR AIEBE D T R EXFIE B—RKABImE _ LRI,

2) BEMTRRGZE (REDRAE, s SRS MEITIH)
B EMm N RHhnENERE LR %éﬁﬂ’]?&xﬂ%‘t‘if‘ =, KXZER NREMG/ AT EEDTHhS
W ERRMWNIREA, B LM NomAEUDHEZ N REEESTIHERIIERRR MW, ErTLL
= TR IR A EA S 20, BESTXNE RGN RGEHIT I,

E;Fﬁﬁtgjgﬂ‘ﬁﬁzi (B thAZE) MELEMTIHNDREZE CBEDHMAE) (FRAEH, @
—Eé_ ﬂao
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AL, RIEBRRNTIAREMARER, SRUCERIBREXFEHAKRS. B
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HRAKM D (CCF) NARBIRFSBHEXIMWAEREA, YTFH
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o BREE (N UTERS SRR T L BGETH)
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Fault leading
to function A
failure

Fault leading
to function B
failure

Hazard

PRI RIS IRILAY, %%ﬂ?%LL%ﬁﬁﬂﬁEyLLnﬁiﬂﬁ

CCF

Function B failure

Function A failure
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REDNF ERIRS A

EXN U LE B AARSEERNATR, AT HEERDTAZENRGSRES AR AR, E55
FRETHRSBARNEZEDNAENMURMES . E—MORAEFARREMD L EANAS. X—75H
HIBN T ZREDHAENREENERE, EX—FEEENT ZE22 TR AERNEREZEE,

B RS N A S /Re] k= A I B A N A FTATR AR A 3 50 — S50 AT
K2 SFTAY BATHSFTA FMEAY B eetz b I 2 530 H 5 BIFMEDA

Compo | Failure | Fallure | Failure | Failure Safety | Failure | Residual Dual Description | Detection | Failure Latent Description Detected Description
1 .53—4 nent rate Mode Mode mode | mechani | mode or Point means mode Multipl le- Dual
D U Name (e=9/h) Distrib | has the sm( ) cover | Single= Fault or Safety | coverage | Point Point
ution poten ing| age | Point | failu re mechani with Fault Fault
fa | I ures 1.0e4 N R S O A P F D an . tial to il l || ure | wrt. Fault rate sm(s) respect failure failure
5 085 8 3 &5 lllllll mode violat failure (e-9/h) preventing | to latent rate rate
s . . the from lon of rate the fallure | failures (e-9/h) (e+9/h)
0.0e+0 safety | violating | safety | (e9/h) mode

G ‘‘‘‘‘‘ the safety | goal from
0 10000 20000 rond] ™ —
ha

CCF
DU failure

FMB 0,15 X

SM1 09
IF 100
none 0
@ 1‘06-4 Safe 05 -
Independent [
5.0e5 FMD 015 X sM2 08 15
. SM1 50 =

6,0 y Ty — SM2 06
100 | Aerorsrmaer st- 04
@ 0 10000 20000 FMF 0,15 75 Asciomanawy | OB e -
0 10000 20000

= +
1.5e2 Component| | Component| 4 5a2 MpMHF = ASPF + ARF
s E' F- i + ASM1,DPF,detected X AIF,DPF * Tservice
5.0e3 DU failure DU failure | 5 ge3
0.0e+0 CED <F> 0.0e+0

+ AIE,DPF.detected X ASM1,DPF X Tservice
0 10000 20000 0 10000 20000
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Final Effects

E6
Not Covered (Failures) o goal
(AnD) | \
| Failure 1.1 | I Failure 1 2 | [ Failure 1.3 |

Final Effects Not Covered
(Failures)
s (oD ? |
-
-—
Intermediate Interme d ate
Effects Effec
(Errors ) (Errors] Failure 2.1 Failure 2.2 |

= I
l Basic Ba
failure 1 2
£ é A@ éa
(i (@ (@ (@ (D@ e I »
= =
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