creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 21031- 000002228692

F FMEA $ 337}

e
T

7l &

2]

P
-

0

2

2016

T
o

=

o

ﬁo
-



F FMEA $ 337}

e
T

7l &

T
ol
A
LA

fr—

o

g

2016 24

T
o

=

o

ﬁo
-



HLH]-A]_ *6’]-_?,] =

20169 2€¥ 26Y

0.
=

o
AN

o



I . A B 1
11 O FH] A 2 E ] i 1
1.2 A B QT T BEA] ceuerrresneeesseessresssssss s ssss sttt 5

1.21 FMEA /dt'sgo‘jill ............................................................................... 6
1.2.2 TSO 26262 A 3 G Gh «evrererserermmmensuseeimnesimneinmsessmsessmsessmsessssessssesssseens 10
1.3 379 L T B S A s 12

M. ASIL# FMEAQ] BT T} oot 15

2.1 ASIL®] <] 3 57 . AENURune. .. WO, ... B i 15
211 TSO 26262 T Lo wreeversrsesesmmmeisnieisisiii i 15
212 YFY BA @ g AT THHER) oveeeeerereseessessessiessnsssessssennns 21

2121 SREad sl 0] 31 9 AW o T M 21
2122 1A TANIE B BB s 21
2123 ASILZA A T Rl oot erssmsensnsensensensesscnss 31

9.2 FMEA Q] 9] BT 7] orrvveessrssssssssssssissssssssssssssssssisssssssissssssssssssssssss s sssssos 33
221 FMEA 78 weeresmisiiiiiii s 33
00,9 Q)BT T} wrvuserrssssisissssssississ s ssss s s 36

2221 A ZE I (SEVELILY) «orveseressersssemssermssermsssssssssssssssssnss s, 37
2.2.2.2 HFA T2 (OCCULTEICE) «ereeserestesestesessuntssuntssustesunnssunessusnsensesens 39
0.2.2.3 715 5 (DEtECHIOnN) s eeeseeseesseeserssessemssessmssiussessemsssisessenssessenseces A1



9294 98 MG (RPN) Z A crrrermrmrsmrsssmssssamssssssssssssisssssssnsess 43

M. ASIL. 2A & 93t 7]%9};& LA A3} _Er/g ............................ 45
B L A B e 45
32 ZZo] 98 H&R 2 ASIL ZA Q] BHA] «eerrremrermrmineessmeessssenressnees A7

321 AT G BIAFT] eorrrerrrerrsressnnsnessssissssss s e A7
322 ASILZA A AR FFA] ceeverrerseenemmmmneinmineinmianinsserssnsensemsessensessenseens 49
33 SAAFS BA W ASTL Z A TR coreererssrmesnresnrmssessnensssnssssissessssees 51
331 SAAG B e T B s 51
3.32 A A = ASIL, A A THA] crerermnsrmisi, 54
34 AT w2388 D A7 S5A EFAR e 55
341 2zt 5 - B U ... L 55
342\ Eehs . N U . SR ... M e 56
343 AROPTLSI oreevrreet oot I i Bl 58
3.5 EPB A]Z2 Bl 28 oot 60

IV. ASIL 7]9F FMEA 3 E7F A% o, 64
A1 A B weeer e 64
A2 RPNTF ASTL Q] H] T ceeeveererserrermsersensemsessnsenssmsemsesmssessssemsessessesssssnsessesss 66

A92] FMEASE HER wweoererereressusesssssorsssssrssssssssssssssssissarasssassrsnssissosssssssssas 66
422 RPNIF ASILE] 7 A A R ovrreeveersmenerenerneineinmnmieinisnienscssesseissenee 69
423 ASILEFS 703 3l RPN FJA] e 72
4.3 FMEA©S] T8 228 E 981 2] T o ssssssssissssssssssssens 74

_ii_



432 ARG AZEGE H G0l RPM reeereeeessessmmessessmsssesssmsssesssssssssssssesnes 75

A RFE] Q3 - ceeesresseesseeesees et seess s ettt 77
441 Dual Clutch TranSmission AFE] e 77

442 RPM 7]HFO] 2] A LT T} wovvvmsnseeriisnssssssssssssissssssssssssssssissssen 79

AA3 RPME] HIZFTE coreereseessmesneessssestessesssessssessssessssss et sessssssssssssnessssssn 33

AAA AFA RS 9 Bh 0] wnriirririintii ettt 89
AAAL RPNTF ASILE] THF] «oreereresersssssssseessmessmessensssssssesssssesasesnsees 89

AAA2 RPNTF RPME] ©] T] «rererererneeseesseusseessmcsanesssssssessssssnesssessseces 91

AAA SNBENGT RPD ool g ++ageerr+eooron g By M caniassisnsnesnnas 93

Al B RPNV oYY AR R, ... Y s 94

V 7"—‘]2% ....................................................................................................... 97
N - & T N, Moeer ool -l RRPHE. SO, 9 SOPTRIRSRNS 97
5.2 B3 o] T URSHINE. . rssssssassssssnerii g oo A s craorsiserianssasesisones 99
T FEG] 101
llﬂ_ % ........................................................................................................... 109

- il -



i % %

Table 1.1 Classification of shortcoming in FIMEA e, 3
Table 1.2 Classification of literatures in FMEA and ISO 26262 oo o
Table 1.3 Modified FMEA sheet of Kim et al.(2010) weeremrsmnssinnnnn: 6
Table 1.4 Scope Of SHUiEs « s erseresseressermmmeemecasnesimmemssnsesscmsssessssesssesessceses 14
Table 2.1 Comparison of IEC 61508 and ISO 26262 «wccerreeeeemmimmniniiin 16
Table 2.2 Classification example and classes of severity oo 23

Table 2.3 Classes of probability of exposure regarding duration in
Operational Situations ...................................................................... 25

Table 2.4 Classes of probability of exposure regarding frequency in

Operational STEULALTONIS +reeteeteeeteeteaseestestentaniiiiiiitusriateatiattoniiaiiisrearencs 27
Table 2.5 Classification examples and classes of controllability -« 29
Table 2.6 ASIL DetermInatlon <« tcetceseeeseasseetcattonttatnaiitaiiiiiiiiritiiiiiiiistiii 31
Table 2.7 SyStem deSigH analySiS .................................................................. 32
Table 2.8 Properties of modular System deSigH ......................................... 32
Table 2.9 TypeS OF FIVIE A coeeeeeseesenaimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiian 34
Table 2.10 Evaluation criteria of severity in FMEA oo 38
Table 2.11 Evaluation criteria of occurrence in FIMEA oo 40
Table 2.12 Evaluation criteria of detection in FIMEA e 41
Table 3.1 Factors of Operational S LRET: 1 5T0) 6 NRCRRRR LR PP PP PP P PR PR VPR PRI PRRPPRRPPERY: 53

_iV_



Table

Table

Table

Table

Table

Table

Table

3.2

3.3

4.1

4.2

4.3

44

4.5

Factors of operational situation for EPB systermmn -occcooeermeeeees 61
ASIL Determination Of EPB System .......................................... 63
An illustrative example of FMEA sheet for the dual clutch

traflsmiSSiOH ...................................................................................... 78
Modified rank of occurrence and detection ««eeeeeeeseemmsesmennan 81
RPM for the ﬂlustrative exarnple ................................................ 82

RPM values for dual clutch mechatronic assembly fault - 83

Comparison of failure cause A and B ccoccesereranaaainiii. 93



Figure 2.1
Figure 2.2
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4

Figure 4.1

Figure 4.2
Figure 4.3

Figure 4.4

Figure 4.5
Figure 4.6
Figure 4.7
Figure 4.8

Figure 4.9

Overview Of IS 26262 «otcoteeteateatiniiiiniiiiiiiiiiiiiiiiii. 20
Action process 1 FIMEA oceetestesteiniiiiiiaai 35
Fault leading TO ATIIY ceoeeeereeeeeseeseesmesratianiiniiiiiiiiiiiiiiiiii 48
Example of EPB system's hazardous event -« 49
Determination procedure of Seveﬁty ......................................... 56
The controllability for independent vs dependent cases - 59

The input and output of H&R and FMEA from the ISO

26262 perSpeCtive ........................................................................... 69
RPN and ASIL Detemiﬂation .................................................... 72
The determiﬂation Of RIPIVL cceeceeeeesaeasuesianiiniiiiiiiiasianiiiiiaia 77

RPM vs Occurrence for dual clutch mechatronic assembly

RPM Vs Occurrence for Sensor fault ........................................ 86
RPM Vs Occurrence for ECU fault ........................................... 87
RPM Vs Occurrence for actuator fault ..................................... 88
Comparison of RPN with ASIL on time horizorn «eeeeeeeeeees 90

_Vi_



Nomenclature

AAAM Association for the Advancement of Automotive Medicine
AHP Analytic Hierarchy Process

ATAG Automotive Industry Action Group

AIS Abbreviated Injury Scale

APQP Advanced Product Quality Plan

ASIL Automotive Safety Integrity Level

DEA Data Envelopment Analysis

DEMATEL Decision Making Trial and Evaluation Laboratory

DFMEA Design Failure Mode Effect Analysis

DIA Development Interface Agreement
ECU Electronic Control Unit

E/E Electrical and/or Electronic

EPB Electrical Parking Brake

ER Evidential Reasoning

ETA Event Tree Analysis

FMFEA Failure Mode Factors and Effects Analysis
FMEA Failure Mode Effect Analysis
FMECA Failure Modes Effects and Criticality Analysis

FMEDA Failure Modes Effects and Diagnostic Analysis

- vii -



FRPNs
FTA
GRP
H&R
IEC
IS0
S,0,D
PFMEA
QM
RPM

RPN

Fuzzy Risk Priority Numbers

Fault Tree Analysis

Grey Relational Projection

Hazard Analysis and Risk Assessment
International Electronical Committee
International Organization for Standardization
Severity, Occurrence, Detection

Process Failure Mode Effect Analysis
Quality Management

Risk Priority Metric

Risk Priority Number

- viil -



A Study on Risk Evaluation of FMEA Based on
Automotive Safety Integrity Level

Myoung-5Sig, Baek

Interdisciplinary Program of Management of Technology,
The Graduate School, Pukyong National University

Abstract

FMEA 1is a technique that identifies all possible failure modes and
their potential causes of a design or a process and evaluates their
effects. Although it is very widely adopted in the manufacturing as well
as service industries, its risk evaluation metric RPN has room for
further improvement. With all the previous studies on improvement of
RPN, it still has some drawbacks such as (i) subjective and
inconsistent evaluating process, (ii) uniform weight allocation to its
three components, (iii) numerical figures without practical meaning
except priority which also is doubtful, and (iv) dependence on intuitions
and personal experiences of the FMEA members.

This thesis suggests a new risk evaluation metric RPM based on
ASIL for application to the automotive industries. ASIL is determined
through a systematic and logical risk evaluation process, i.e. H&R of
1ISO 26262. RPM provides more realistic information on the magnitude

of r1isk for each faillure mode and its corresponding causes,
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compensating some drawbacks of the traditional FMEA. This thesis is
structured as follows:

First, previous studies are reviewed on the traditional FMEA and the
H&R process of ISO 26262 to develop a new risk evaluation metric and
process. With FMEA, the works on the shortcomings of RPN and its
improvement are reviewed. With ISO 26262, the works on H&R process
and ASIL determination are mainly focused.

Next, a systematic model is proposed for classifying the three
properties of the hazardous event and a refined procedure is suggested
for ASIL determination. To determine a proper ASIL for each hazardous
event with a proper safety goal, the right classes should first be
determined for the three properties of the hazardous event; (i) severity
of harm from the resultant accident, (i) exposure to the relevant
operational situation, and (iii) controllability to avoid the induced risks.
ASIL can be clearly determined with right classes of these three
properties. But no specific methodologies or processes for their
classification can be found in ISO 26262, except only a rough guideline
with a simplified set of illustrative tables. To perform a effective H&R
n ISO 26262, an operational situation analysis model is suggested. The
proposed model provides a specific method to get a more objective
ASIL compared with that in the standard. Scrutinizing the current
methodology, a refined method is developed. With an application
example of “EPB system,” its effectiveness is validated for ASIL

determination.



Finally, a modified systematic and logical approach for FMEA is
suggested, which compensates some shortcomings of RPN with relevant
strength of ASIL for Safety System. By comparing the objectives,
determination procedures, and key conceptual differences of RPN and
ASIL, a refined method of risk evaluation and a new risk metric RPM
are devised. While the traditional FMEA provides only rough evaluation
of relative risk for each failure, the proposed method provides a more
logical and practical procedure of risk evaluation. The RPM provides
not only a comparative priority rank but also the degree of physical
seriousness. If the severity can be expressed as monetary amount of

losses, RPM may have even more benefits for various applications.
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Table 1.1 Classification of shortcoming in FMEA

Component Issues RPN Improvement

* The mathematical formula for ca-
Iculating RPN is questionable and
debatable

* The RPN cannot be used to me-

* The relative importance among O, ‘
: ] asure the effectiveness of correc-
S and D is not taken into con-— . j
. . tive actions
sideration ] .
. o * RPNs are not continuous with
* Different combinations of O, S
many holes
and D may produce exactly the

same value of RPN, but their
hidden risk implications may be
totally different

* The three risk factors are di-

* Interdependencies among various
failure modes and effects are not
taken into account

* The mathematical form adopted

) . for calculating the RPN is stro-

fficult to be precisely evaluated B L .

. . . ngly sensitive to variations in

* The conversion of scores is di- . .
risk factor evaluations

* The RPN considers only three

risk factors mainly in terms of

fferent for the three risk factors

safety
* The RPN elements have many

duplicate numbers




3laL, ISO 262629014 A A

5

kol A4

<]

| 7] 5}

}ol FMEA

S

& °%

s
=0

A S

=9 ASILY

puit
<R

T

]

1 H&R9

T

d o

X

H

2]

O]jl

e

)
ol

oF

=)

=
T

N4 A
g 744

=

H&R @A

T,

o

Bk

TN
e

s

)

o o
_?4

pal
=

A

A=)
-

Al Al

o)

FMEA ]

]_

)

P
)

7]
ako] AA]

5

| A 2t

*

(Risk Priority Metric)
2ol A A )

=

=

Foll Al ISO 262629

A
o

/1\1,

o

—_
o

=
iz

NH

o

S}

=M, ASILA| A A A Ao]a =1

MRS AT

T 840

—_—

)

"
<
Bl
o
oF
o
alo
"
~

Bl

. I
o
\._A.uﬂo
Gl

sl

.

oA, RPM

A

=
=

X(;]L:]_

Ho

A

AuE

e
o

fveel

-

A gk el Ao e kel o

ke
T



T8kl 43k

H7) 22 M~ RPN} FMEAC] thdh dxtba el o421 7[el2 #5735k
el

ISO 26262 A 2 7ok 1dd 91997t L=A

AP ATES FMEAS ISO 262629 F 71x WHE=E

Table 1.29} #Ztv}. FMEAd|:= B 79 Adatg 99

¢l H&R % ASIL¥}

ISO 26262¢] duka el A 2 SO 262629 e 91857 7 ate] H&2

2 NEF ATE

7 eb=

riz

ot

tt.

Table 1.2 Classification of literatures in FMEA and I1SO 26262

Criteria

Literature

FMEA

RPN

Chang and Sun(2009), Chin et al.(2009), Kim
et al.(2010), Liu et al.(2011), Liu et al.(2012),
Liu et al.(2013), Liu et al.(2014), Sankar and
Prabhu(2001), Wang et al.(2009), Xu et al
(2002),

Other

Agung and Kwon (2012), Jang (2015), Linton
(2003), Reiling et al.(2003), Sawhney et
al.(2004), Shahin (2004), Teng et al. (2006),

ISO 26262

ASIL
(H&R)

Cho et al(2010), Elims and Monk-
house(2011), Ellims et al.(2012), Jesty et
al.(2007), Kim and Jang(2011), Lee and Jeon
(2013), Roh (2015), Schlummer et al.(2010),

Other

Kim and Lee(2012), Lim(2013), Rivett
(2009), Song (2013), Xie et al.(2011), Zhang et
al.(2010), Zhao (2011)
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-3 o] 439k Cho et al.(2010)2 ISO 26262278 FF3HA]
ANEAA F=Hel
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27038 3L, Ellims and Monk-house(2011)¢F Ellims et al.(2012)2 7id A
A @AY AFsd F4& 93 2 i A7 B (In-wheel Electric
Motor) Al E A &3te] ASIL ZAel| @3 A5 5331520, Jesty et
al.(2007)2 234 12| =¥ (Casual Chain Linking Faults Model)-S
o2 3 999 By #dg A5 89k Kim and Jang(2011)&
st=9)o] ASILS A2 HrbdAjol] diste] A5-3192.8, Lee and Jeon
(2013)2 ASIL €745 % st=do A #3 A5 A

Roh (2015):= sk 1@ &4 ® 22 @t s = 3

o el AEA /15 ZRAsE A8t 99 BY 2 ¥
Aol BAH A7E ST
7IeF ISO 262629 4wkdgl d5-¢ FMEA & 27FHA 91@971719H&

o

7

HES Ao diste] ZAFSFY T Kim and Lee(2012), Xie et al. (2011),
Zhang et al.(2010)2 7]5<9kd Yo FMEAE A &3l7] 3 A4+E5 F
gt on, Lim(2013)2 A-gA7Nh Z2Z A2 Qho] Al FMEAE Al 2wl
o2 e & A W ISO 26262 L7AFESl FMEA 3-8 93
Al2~®l FMEA$S] ISO 26262 2o #3 A5 T3l Al Z=2 A4

AlA8FA T Rivett(2009) ISO 262622] 7|Rko] ¥ &= IEC 615089 WHE=
Ag&e A5 T3t e, Song(2013) 1SO 262629k APQP(Advan-
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ced Products Quality Planning)E 5 &3te] + 71X /W 22 A28 &
Al 7848 4 de BHRAR] AFMNLT ZE2A L RS A A SHH T
o} AA AMEE FAFFEQ ISO 262620 ek o729 e FF9

olglgEael 1A= dEolth. uwhElA ISO 262629 A Fo|a =249l

H

o] FMEA2] &9 7} H %<l RPN @S
o3
i=]

FMEA®= #9972 S F83% Z=voldA B2 @3 7Fxa Stk
HAA T opA F A5 A
AL
N

akal Hj=2]2 ¢l RPN

el kol W2 spxbme] A 4stal vk ZLEy FTMEA= Az, 34,
MU AEok 5 Tk fopellA  gliha Abddw Timem #gHal
glonz 4 EFHES RPN ZAdAe] o @ids wed dar)

=
Ak B =RollA e bAAIAEE 918 ASIL ZAClAN M Fod
AR fEAAER HHEY AAEES AAZEte] A AEa, ASILY
ZAe ol&3ste] RPN ©Hg Heste AZR 937 AE2A
RPM(Risk Priority Metric)& A|¢Fstth, 2 =72 ASIL 7]Hke] A 2§
gaa Fr ARE A7) Al dA e vl e oz o

A =gt
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FMEA®} 1SO 262620 tigt Mg A5 F3lo] 7|£9 £ AyYA+E
g8t A2 AP RPMS AAHY] 918 +AE vk},

Al 2748 ASIL3 FMEA®] thate] 1SO 26262(2011) <A £33 FMEA
Reference Manual(Chrysler, Ford and General Motors, 2008)-& <A = 3t
ADFHE 27Nk ASILY FMEAY ¢]3lE F3x ghr)

AT WE F 2 A7 FAEA 1SO 262629 2 7S 53
ATE AgsW Table 149 2t WA Song(2012) 1SO 262629}
APQPE HE3lo] F 71A AEZEAAE FAC FEI £ Q=
adel AFAY Z2aAx wkeke]l AAEY I, Lim(2013)2> A 2E]
FMEA®] ISO 26262 #&°| #3 AFE T3t A&"3 EARES
Zo]7] 913k A WYPES AASI ISO 262629 &34 FALH S
A3k Kim and Lee(2012)%= ISO 26262 2845 % &
FMEAE <-ste]l FMEA® diie]l He AXAEE Aostes Wk

e Ameta eARHe FARcz BN IS0 26262 FEel e
ASIL 24e 98l A9 A%, =2FE 2 AdAEAe

HolglA] kobAd el
1 At ged a7 vk deb SAEES IS0

262629 ARdAEE AT A BHEEE AAEe] ASIL A&

Wobshed o wgel TAAeR EEd

FA el e

ofr

et AAAI L AL Hro] TestEE Ak
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Table 1.4 Scope of studies

Criteria Literature
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II. ASIL3} FMEA®9 91397}

2.1 ASIL® 13371

2.1.1 ISO 26262 7 8.

H hAstAAE AJE s Asake] gk 877 Eojdel wel xps A
o] Alg-%+= ECU(Electronic Control Unit: AAA o} A])e] 7} F53)

7 alar Quf. olel wEl ECUL] 2 2kseo| 2t 9ds A7 7]F
StAAS 3H3EY]) 98 A5 A W E/E(Electrical and/or Electronic: & 7]/
AP A 2~"o EE 1SO 262627F 20119 11¥ AAFHAY. o] &=L A

7], AR L £ZEYo] T8 FAHAFOE o|FojAE dHHA AlxFHe

Jz lo

FA5PFY) Ak WE Do) ALAY. V&AM BB A
Aol FMH T mzEdo] 8ol ridel mek Aswagelt S

st=do] 1 sz 1% gaart SuiEa flew, IS0 26262+ | ¥

[
jaii)
lo

& 9228 mAos YA A Bed aFAgR Tz sel o

=

Fe ABAe] BEAZG tistel

oM 2D, FAEF il Fr)o o274 wrstal &Rl HEE

IEC 61508% 7|Rko = 3 o]

o4l Qlvk IEC 61508 E&o YRk E/EA| "] Qbde] #st =34
Aolehiz @A} UL
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Table 2.1 Comparison of IEC 61508 and ISO 26262

Section IEC 61508 ISO 26262
Functional safety of
electrical/electronic Road vehicles—-Functional
name
programmable electronic safety
safety-related systems
Configura-
) Part 1~7 Part 1~10
tion
SIL 1~4 ASIL A~D
Level - .
(SIL 1 is the lowest) (ASIL A is the lowest)
industry ¢ . . .
Project, Process industry Mass production, Moving
characte- E \
o mainly vehicle
ristics
In general it's fixed and Normal driving license
user :
operated by trained personnel holder
Operation : . ; .
o fixed Driving road is uncertain
condition
Environ-— Analysis of possible Environmental conditions
mental environmental conditions for depending on the area to
condition your area be used are non-specific
] : w— The users determine the
Maintenan— Preventive, predictive ]
) . maintenance and
ce maintenance carried out .
preservation.
Durability . .
) fixed Not defined
Life

TAY A A AEAR AF V|HE #A A FA 5
T3l A hHAEAS aqEstth AR A7 HE ) AEA 4
A ANAARR FAo2 WA ) 1k B 2L wFrt 2718
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Part 1 (Vocabulary: &) A&k 7| shdddE &5 Ao},
Part 2 (Management of functional safety: 7] <¢tdA #e])E 7| 5edA

of HHE NTAES AN, 29, FARE LTATL Pty AT

'S

2ol ZAAYA A zZkFojof Tt olo]Hl(Ttem) 7', A4 o] o ZHZ
Hhd Qb4 Q7AMERS A9kl

Part 3 (Concept phase: 713 &#)& 7fx oo &l
A8

e b WAYSES AP Part 3= AENYE EE 2w

e

H

o
A 8 Yaa H/HH&ER) S Tl ASILS dA s st b
of &

oF @ 71249 aAZA 999 24 2L Baa YhE ool A B

Part 4 (Product development at the system level: A|~#l9=59] A7)
e AVIAAA 2 ole] B VR 7EE HAAAYUSTe] B e
(Validation), 95 F@o=z 79 <HdNde B35, AH#e TA7FE
A " Aszrgel ek dA 5o 35 (Verification) €& 522 VE
s Al2"gEEe] A " 74 8 7ARRS Ao

Part 5 (Development at the hardware level: 3t=¢l o] 52 AEN)+=
ofolgle] st=do] MIEARZ = o] FE QA dt=do] AA,
T 2 AsgdEe thste] At

Part 6 (Development at the Software level: &3 E g o] =52 A E7H4h)
< AxEdo] FEo] QAR A, ob7|dlA AA, #5(Unit) 24 2
T4, %, degsdd diste] A

Part 7 (Production and operation: A4t % &) & dgHEL olo]H ]

oft

Arbs 9% A", FAHA, FiE Avs, H7) el B3 2R e A

b
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o] gk},

Part 8 (Supporting processes: A9 ZZAM2)2 FHNL(DIA), SHd LT
Argre] wA 9 dEay, FdE, WA, fJF ol #d 8 7ANERS
A ol gt

Part 9 (ASIL-oriented and safety-oriented analysis: ASIL 2 <Hd 7]yl

B A%xl adREAA FE(ASIL)Y AAL 93 obd ]t BEAud
Part 10 (Guideline on ISO 26262: 1SO 26262¢] w3k = z)e Fasiyd,

Safety case, ASIL &3 5 ISO 262629 o]&d] Z=2o] = AWNE 7|&
Ela=
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1. Vocabulary

2. Management of functional safety

2-5 Overall safety management 2-b6 Safety management during the concept phase 2-7 Safety management after the item's
and the product development release for production
3. Concept phase 4. Product development at the system level 7. Production and operation
4-5 Initiation of production development 4-11 Release for product ion
5 e at the system level 4-10 Functional safety assessment 2
AT dennivgn 4-6 Specdification of technical safety requirements 4-9 Safety validation 7-5 Production
3-6 Initiation of the safety 4-7 System design 4-3 Item Integrationand testing T D am——
Mecpee 5. Development. at the 6. Development at the software ggg'gi';ﬂgﬂ?;?gﬂirﬁga'ﬂ'
. ; hardware level level
3-7 Hazard analysis and risk 5-5 Initiation of product 6-5 Initiationof product
assessment development at the HW level | | development at the SW level
. 5-6 Specification of HW safety LY \“ 6-6 Spedification of SW safety
3-8 Functional safety concept requirements Tl ! requirements
5-7 Hardware design \ 6-7 SW architectural design
5-8 Ewaluation of the HW 6-8 SW unit design and
architectural metrics Jimplementation
5-9 Evaluation of the safety goal 4| B-89 SW unit testing
violations due to random HW 6-10 SW integration and testing
failures 6-11 Verification of SW safety
5-10 HW integration and testing : requirements

8. Supporting processes

&-5 Interfaces within distributed developments 3-10 Documentation

&-6 Specification and management of safety requirements 8-11 Confidence in the use of software tools
8-7 Configuration management 8-12 Qualification of software components
&-2 Change management 8-13 Qualification of hardware components
&-9 Verification 3-14 Proven in use argumentation

9. ASIL-oriented and safety-oriented analysis

9-5 Requirements decomposition with respect to ASIL tailoring 9-7 Analysis of dependent failures
9-6 Criteria for coexistence of elements 9-§ safety analyses

10. Guideline on 1ISO 26262

Figure 2.1 Overview of ISO 26262
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Table 2.2 Classification example and classes of severity

SO S1 S2 S3
Light and severe and | | 4 threateni
Description 1gnt an . . 1re-threatening
b L life-threatening L
No injuries moderate L . injuries
L injuries(survival .
injuries (survival
probable)
-AIS 0 and less
than 10 %
Reference probability of
. More than 10 More than 10
for single AlS 1-6 1 . More than 10
L % probability of | % probability of .
injuries -Damage that % probability of
AIS 1-6 (and AIS 3-6 (and
(from AIS cannot be AIS 5-6
L’ not S2 or S3) not S3)
scale) classified
safety-related
-Side impact =Side impact
with a narrow . A with a narrow
. -Side impact .
stationary y stationary
; with a narrow .
object, e.g. . object, e.g.
. ] stationary . .
. crashing into a # crashing into a
-Bumps with . object, e.g. .
i tree (impact to > tree (impact to
roadside crashing into a
. passenger cell) . passenger cell)
infrastructure . tree (impact to . .
. with very low with medium
-Pushing over passenger cell)
. speed . speed
Examples roadside post, with low speed

fence, etc.
-Light collision
-Light grazing

damage

-Side collision
with a
passenger car
(e.g. intrudes
upon
passenger
compartment)
with very low

speed

-Side collision
with a
passenger car
(e.g. intrudes
upon
passenger
compartment)

with low speed

-Side collision
with a
passenger car
(e.g. intrudes
upon
passenger
compartment)
with medium

speed
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-Damage
entering/
exiting parking

space

-Rear/front
collision with
another
passenger car
with very low
speed
—Collision with
minimal
vehicle overlap

-Rear/front
collision with
another
passenger car
with low speed
-Pedestrian/bicy

-Rear/front
collision with
another
passenger car
with medium
speed
-Pedestrian/bicy
cle accident
(e.g. 2-lane
road)

Examples | -Leaving the (10% to 20%) . .
i . cle accident -Front collision
road without -Front collision . .
o 1 while turning (e.g.
collision or (e.g rear—ending ) .
(city rear-ending
rollover another 5 J
. mntersection another
vehicle, .
) and streets) vehicle,
semi-truck, etc.) .
: semi—truck,
without .
etc.) with
passenger
passenger
compartment
. compartment
deformation .
deformation
e AIS 5 AFo] £AS BN AW HF ofy A3 21, F ¥,
AR, MEEe LR 12437 o4 T e A1
Aol 23T AW, A= B
o ATS 6 #Fol £4E Fud 3y A% ok AF 2, Agol W
AstA Jhed A e (g B 7)) S22 A7
s AR A
Table 2.2% AZtE SF3} AlSe] & A4E 2R AE Ui Aol

.



A7 A et
ZHEE 99 VAL opste wAn 84 Axt
L7kl MANEER Hoha

W A AEg Agae, F4
F2Q) BAR 572 FRE A4, A9, 48 5 A Ase} ofF
gk AL EO7H Solwe, B0 Alukel ooy

g A¥de Hrle FF £4004 A9 5 Ak

Table 2.3 Classes of probability of exposure regarding duration in

operational situations

El E2 E3 E4
Description Very low B Medium High
. Low probability i .
probability probability probability
3 Q
Duration (% <1 % of 1% to 10 % >10 % of
of average e
. Not specified average of average average
operating . . . . . .
time) operating time operating time operating time
-Mountain pass
with unsecur
ed steep slope ~Highway
—-Country road | ~One-way
Road . . . -Secondary
- mntersection street (city J
. Toa
layout -Highway street)
-Country road
entrance ramp
-Highway exit
ramp
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t

o]

— © B

Road

surface

-Snow and ice
on road
-Slippery
leaves on road

-Wet road

Nearby
element

-Lost cargo or
obstacle in
lane of travel

(highway)

-In car wash
Nearing end
of congestion

(highway)

-In tunnel
-Traffic

congestion

Vehicle
stationa
ry
state

-Vehicle during
jump start
-In repair
garage(on

roller rig)

—Trailer
attached
-Roof rack
attached
-Vehicle being
refuelled

-In repair
garage (during
diagnosis or
repair)

-On hoist

-Vehicle on a
hill ¢hill hold)

Manoeu

vre

-Driving
downhill with
engine off
(mountain

pass)

-Driving in
reverse (from
parking spot)
-Driving in
reverse (city
street)
-Overtaking
Parking (with
sleeping
person in
vehicle)
-Parking (with
trailer
attached)

-Heavy traffic
(stop and go)

-Accelerating
-Decelerating
-Executing a
turn (steering)
-Parking
(parking lot)
-Lane change
(city street)
-Stopping at
traffic light
(city street)
-Lane change

(highway)

Visibili
ty

-Unlighted
roads at night
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Table 2.4 Classes of probability of exposure regarding frequency

in operational situations

Description

E1l E2 E3 E4
Very low . Medium High
. Low probability . .
probability probability probability

Frequency of

Occurs less
often than once

a year for the

Occurs a few
times a year for
the great

Occurs once a

month or more

Occurs during

almost every

situation o o often for an drive on
great majority majority of .
. ; average driver average
of drivers drivers
-Mountain
Road pass with
layout B unsecured h N
steep slope
-Snow and
Road - . -Wet road -
surface ice on road
E
< -In tunnel
a Nearby -In car wash
clement ~ - ~Traffic -
m s .
congestion
D
1 -Stopped,
e requiring
S engine restart
. (at railway —Trailer -Vehicle being
Veh_lde crossing) attached refuelled
stationa -Vehicle -Roof rack -Vehicle on a -
Iy state | 4 ing towed | attached hill (hill hold)
-Vehicle

during jump

start
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-Starting from
standstill
-Shifting
transmission
gears
-Accelerating
. —-Braking
-Evasive .
-Executing a
M manoeuvre, . )
anoet - . -Overtaking turn(steering)
vre deviating from i
. -Using
desired path L
indicators
-Manoeuvring
vehicle into
parking
position
-Driving in

reverse

o)

Table 2.38 84319 A
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Table 2.5 Classification examples and classes of controllability

C0 C1 C2 C3
Difficult to
Description Controllable Simply Normally control or
in general controllable controllable | uncontrollabl
e
Less than 90
9 % or 90 % or % of all
more of all more of all drivers or
drivers or drivers or other traffic
Driving factors and Controllable other traffic other traffic participants
scenarios in general participants participants are usually
are usually are usually able, or
able to avoid | able to avoid | barely able,
harm harm to avoid
harm
Situations that are | ~Maintain
considered intended - - -
distracting driving path
) -Maintain
Unexpect'ed radio intended _ _ ~
. volume increase driving path
X | Warning message —Mamtam
a _ gas low intended = - -
driving path
m
b Unavailability of a | ~Maintain
| driver assisting intended - - -
system driving path
z Faulty adjustment -Brake to
of seat position - slow/stop - -
while driving vehicle
Blocked steering Brake to
column when
- slow/stop - —
starting the .
vehicle
vehicle

_29_




Failure of ABS
during emergency

braking

-Maintain
intended

driving path

Headlights fail
while night

-Steer to

driving at side of road
medium/high or brake to B
speed on unlighted stop
road
Motor failure at L
. -Maintain
high lateral intended ~

acceleration

(motorway exit)

driving path

Failure of ABS

when braking on

low friction road
surface while

executing a turn

-Maintain
intended
driving path,

stay in lane

Failure of brakes

-Brake to
slow/stop

vehicle

Incorrect steering
angle with high
angular speed at
medium or high
vehicle speed
(steering angle
change not aligned

to driver intent)

-Maintain
intended
driving path,

stay in lane

Faulty driver
airbag release
when travelling at

high speed

-Maintain
intended
driving path,
stay in lane

-Brake to
slow/stop

vehicle
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2.123 ASIL 2A 9 3

ASIL2 ShollA] AHdh A4 e =sos, AojrbeA Al 7HA 849

X

4 5FE /IMOE Table 269 ol AT, Axw ALNA 1Y
AES TALTAG FAAEE AT
a3 @ 5 Ak 98 AAe Aske] 2
A9 ASILS b Bl Fsl Agselek shu, RAAFA we

%,
2
O
f
i
o
)
SE
¢H
o
i
o =

witoll Al=w Ae] g4

ASIL 5w& °o|8A FEE dfojofsr} ASILS A, B, C, D w22 +
5w, ASIL A® HA dF284 5, ASIL D& Hil hdy-2dd
#=& YEg ASIL AD 55 fol F o

A 2" Qo Wz ISO 262625 =317 9% 270 dasA &
o u] ghut,

o

Table 2.6 ASIL Determination

Severity Probability Controllability class
class class cl 2 C3
El QM QM QM
o1 E2 QM QM QM
E3 QM QM A
E4 QM A B
El QM QM QM
E2 QM QM A
S2
E3 QM A B
E4 A B C
El QM QM A
E2 QM A B
S3
E3 A B C
E4 B C D
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ASIL Fw°] AslAH sHo wet AAE HyHy 7|He &8sto]
gatolok 31w, Table 2.7 2 Table 2.82 A2dl A7 GAo|A ASIL &
wol W& F9 Wt 7IHE vebdh

Table 2.7 System design analysis
ASIL
Methods
A B C D
1 | Deductive analysis 0 + ++ ++
2 | Inductive analysis ++ ++ ++ ++
- Deductive analysis methods include FTA, reliability block diagrams,
Ishikawa diagram.
- Inductive analysis methods include FMEA, ETA, Markov modelling.
Table 2.8 Properties of modular system design
ASIL
Methods
A B C D

1 | Hierarchical design + + ++ ++

2 | Precisely defined interfaces + + + +

3 Avoidance of unnecessary complexity of N N N N

hardware components and software components

4 Avoidance of unnecessary complexity of N N N N

interfaces

5 | Maintainability during service + + + +

6 | Testability during development and operation + + ++ ++

2 TRE ASILS Wl M$ At A ek

“E FEE ASILE Wiel AFErE AL vhehdnh

“o"E FEE ASILS ARgol #ek AZAEe] glvkeE A& et

_32_



3 % 7}

2.2 FMEA 9

2.2.1 FMEA 7l &

ojy

AL
;OO

Hin

= Al=dL Al

FMEA

A

Al A

718 =
3

al
=
3

g
3} 7]

)

_,AO

it
A&}

ERE

s

G

4
£y

soltt. 1950

k13
=

A A AL

_?4

= ¥
= 1

FaL ol

G

Fol 1960 thel NASAo]A]

<)

AL AR

Fol o™, 1930 th

G

ol A&

s}
=

HE

5

A

B

Gt

=0
o

A

A

0

]

ojy
JJo

U

7]

Joll A Al =F o2

=]
T

TR 29

-
1.

FMEA

fsiz
=

SRR TR N

b Aoz, 4

<)

=
=

43S Bottom UpH2] oz 4

ulg} Table 2.99F

&5

-
1.

-
1.

T 5
FMEA, A A A ol A

°f

A Al

A %

<

AY] FMEA, A4

i3

_?4
171 9

G

.

St

Foz TP

A8~ FMEA

i3

& a3

_33_



Table 2.9 Types of FMEA

Section

Purpose

Effect

System FMEA

Minimize the effect of
failure and fault occurring

function in the system

Maximize of Quality,
reliability, cost,

maintainability

Design FMEA

Minimize the effect of
faults for design on the

entire system

Maximize of Quality,
reliability, cost,

maintainability

Process FMEA

Minimize that the failure
occurs in the system or

process

Maximize of system of
quality, reliability, cost,

maintainability, productivity

Machinery FMEA

Minimize the failure and the

failure effect of equipment

Maximize of system of
quality, reliability, cost,

maintainability, productivity

Service FMEA

Minimize that
service-related failure or

defect is generated from the

Achieve customer
satisfaction by maximizing

guality reliability and

organization service improvement
FMEA® AAE, Al 34708 A s AF 2 34 ¥4 A 744
AFREE FRA O FA3)] AWslal AAXL AHE

1.

AA 7 e&

CEEERRED
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C Product / process development )

and changes

Teaming

2
To verify the functionality of
systems and components

Decision analysis Level

Set of failure modes and Identify
failure effect
L 2
Current management method
writing

Quantitative analysis (severity /
occurrence [/ detection)

BN ealcilation Mo action required

Sx0xD)
Action Reguired (RPM high priority item)

removal of cause and establishment |«
of countermeasure

L 2

C Verification of effect )

cond RPN calculatic
(Sx0xD)

Review

Design application / Keeping record

Figure 2.2 Action process in FMEA
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Table 2.10 Evaluation criteria of severity in FMEA

Severity of effect on

Severity of effect on

Effect Rank Effect |process(Manufacturing/Asse
product(Customer effect)
mbly effect)
Potential failure mode
affects safe vehicle
. . May endanger
operation and/or involves .
. . 10 operator(machine or
noncompliance with . .
Failure to ) Failure to | assembly) without warning
government regulation
meet safety without warning meet safety
and/or and/or
Potential failure mode
regulatory regulatory
. affects safe vehicle ]
requirement requirement| May endanger
operation and/or involves .
F ) 9 operator(machine or
noncompliance with . .
. assembly) with warning
government regulation
with warning
Loss of primary
j . . . 100% of product may have
function(vehicle inoperable, Major .
. 8 . h to be scrapped. Line
does not affect safe vehicle disruption .
5 shutdown or stop ship
Loss or | operation)
degradation A portion of the production
of primary | Degradation of primary run may have to be
function | function(vehicle operable, 7 Significant | scrapped. Deviation from
but at reduced level of disruption | primary process including
performance) decreased line speed or
added manpower
Loss of secondary .
. . 100% of production run
function(vehicle operable,
. 6 may have to be reworked
Loss or | but comfort/convenience .
. off line and accepted
degradation| function inoperable)
i Moderate
of Degradation of secondary . . .
' _ disruption | A portion of the
secondary | function(vehicle operable, .
. . production run may have
function | but comfort/convenience 5

function at reduced level of

performance)

to be reworked off line and

accepted
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Appearance or audible .
. . 100% of production run
noise, vehicle operable,
. may have to be reworked
item does not conform and 4 . . o
. in station before it is
noticed by most customers
(>75%) processed
° Moderate
Appearance or audible disruption .
. . A portion of the
noise, vehicle operable, .
. production run may have
Annoyance | item does not conform and 3 . .
. to be reworked in station
noticed by many customers L.
before it is processed
(50%)
Appearance or audible
noise, vehicle operable, Mi Slight inconvenience to
inor
item does not conform and 2 . . process, operation, or
. A disruption
noticed by discriminating operator
customers (<25%)
No effect | No discernible effect 1 No effect | No discernible effect

2.2.2.2 WA T (Occurrence)
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Table 2.11 Evaluation criteria of occurrence in FMEA

Likeli Occurrence of cause
hood of Rank
failure Design life/reliability of item/vehicle Incidents per items/vehicle
Very | New technology/new design with no > 100 per thousand 10
high | history > 11in 10
Failure in inevitable with new design,
. . 50 per thousand
new application, or change in duty 1 in 20 9
in
cycle/operating conditions
Failure is likely with new design, new
. L ; 20 per thousand
High | application, or change in duty 1 in 50 8
in
cycle/operating conditions
Failure in uncertain with new design,
™ 3 10 per thousand
new application, or change in duty 1 in 100 7
in
cycle/operating conditions
Frequent failures associated with similar
. : . | . 2 per thousand
design or in design simulation and i 6
: 1 in 500
testing
Occasional failures associated with
Modera| . . : . . . ; 0.5 per thousand
similar design or in design simulation . 5
te . 1 in 2,000
and testing
Isolated failures associated with similar
. . . . . 0.1 per thousand
design or in design simulation and . 4
) 1 in 10,000
testing
Only isolated failures associated with
. . . . . 0.01 per thousand
almost identical design or in design . 3
. . . 1 in 100,000
simulation and testing
Low
No observed failures associated with
. . . . . <0.001 per thousand
almost identical design or in design . 2
. . . 1 in 1,000,000
simulation and testing
Very ) N )
| Failure is eliminated through preventive control 1
oW
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Hedel A §le A% 10, AF Asdel Ao #A T W 19

golfth PEE SEe 2487 AdAE AgE gAnn,
3 o]
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Table 2.12 Evaluation criteria of detection in FMEA

o f g Likelithoo| _ . . .
Likelihood of detection by design | Ran 4 of Likelihood of detection by process
0
control k . control
detection
No No
detecti | No current design control; Almost | detecti | No current process
on Cannot detect or is not 10 | impossi on control; Cannot detect or
opport | analyzed ble opport | is not analyzed
unity unity
Design analysis/detection
Not Not
. controls have a weak ; .
likely . 4 likely | Failure mode and/or
detection capability; . .
to i ) Very to error(cause) in not easily
Virtual analysis(e.g., CAE, | 9
detect . remote | detect | detected(e.g., random
FEA, etc) is not i
at any at any | audits)
correlated to expected
stage . .. stage
actual operating conditions
Product
Post | verification/validation after Proble
design | design freeze and prior to m Failure mode detection
freeze | launch with pass/fail detecti | post—processing by
and | testing(subsystem or 8 Remote on operator through
prior | system testing with post | visual/tactile/audible
to acceptance criteria such proces | means
launch | as ride and handling, sing
shipping evaluation, etc.)
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Product verification/ Failure mode detection
validation after design Probl in-station by operator
roble
freeze and prior to launch through visual/tactile/
m
with test to failure Very . | audible means or
. 7 detecti .
testing (subsystem or low . post-processing through
on a
system testing until failure use of attribute gauging
source
occurs, testing of system (go/no-go, manual torque
interactions, etc.) check/clicker wrench, etc.)
Failure mode detection
Product Probl . o b
. Lo roble | post-processin
verification/validation after 8B
. . m operator through use of
design freeze and prior to - . .
. . detecti | variable gauging or
launch with degradation ; .
. 6 Low on in—station by operator
testing (subsystems or .
h post | through use of attribute
system testing after r
Fi process | gauging(go/no-go, manual
durability test, e.g., ] .
/ ing |torque check/clicker
function check)
wrench, etc.)
Failure mode or
error(cause) detection
Product validation in—station by operator
(reliability testing, Probl through use of variable
roble
development or validation gauging or by automated
m
tests) prior to design 5 Modera - controls in-station that
etecti
freeze using pass/fail te . will detect discrepant part
on a
testing(e.g., acceptance and notify operator(light,
source
Prior to| criteria for performance, buzzer, etc.). gauging
design | function checks, etc.) performed on setup and
freeze first-price check(for
set-up cause only)
Product validation Proble . .
L . Failure mode detection
(reliability testing, m .
Lo . | post-processing by
development or validation Modera | detecti
. . automated controls that
tests) prior to design 4 tely on . .
. . will detect discrepant part
freeze using test to high post
. . and lock part to prevent
failure(e.g., until leaks, process .
. . further processing
vields, cracks, etc.) ing
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Product validation Failure mode detection

(reliability testing, Proble | in-station by automated
development or validation m controls that will detect
tests) prior to design 3 High | detecti | discrepant part and
freeze using degradation on at |automatically lock part in
testing(e.g., data trends, source | station to prevent further
before/after value, etc.) processing
Design analysis/detection Error
controls have a strong detecti | Error(cause) detection
Virtual | detection capability. Virtual on in—station by automated
analysi | analysis(e.g., CAE, FEA, 9 Very | and/or | controls that will detect
s—corre | etc) is highly correlated high | proble |error and prevent
lated | with actual or expected m discrepant part from being
operating conditions prior prevent | made
to design freeze ion

Failure cause or failure

Detecti Detecti
mode can not occur Error(cause) prevent as a
on not = on not . .
. because it is fully ) result of fixture design,
applica 1 applica | :
ble: prevented through design ] Almost ble: machine design or part
€; €;
. solutions(e.g., proven certain design. Discrepant part
failure . error
design standard, best cannot be process/product
prevent . prevent .
. practice or common . design
ion ion

material, etc.)
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Phase Event
Component Fault ——>  Error > Failure
Y
Item Failure [€ Error |€ Fault
A\ 4
. Operational Hazardous ”
Vehicle Hazard + gituation > Event > Accident
Y

Human Harm

Figure 3.1 Fault leading to harm

Figure 3.10 9]3}H ofolel 517de] o3 fdd eI =4
e d3tEo] igAbde] Ak @A e AyE Abazp BASkal Ab
o] Axtz 9} R o E 5 x5x9] EPB(Electrical Parking
Brake)A| 2=®l9o] 34 dXEA 2FFA] I AWxwdAe] 252H(H

Aol thA B4 4% Agdoel Axz olo] 4

WS Fush o)A
+ e,

Figure 3.2 ISO 26262 Part 1094 Al&3ta = f18AA9 dAE
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Item Specific Hazardous :
u Hazard . i Possible Conseguence
Failure Situation Event o
: Unexpected deceleration
High Speed at high speed
! Unexpected i
T?:::g a decelerationat takinga Losssi::];?;'cle
Unintended bend :
parkn || | pnemectd 0 G
brake
activation o o Lom Sictiom decg:::::gﬁ:f low
1 1 -
Sinimce friction surface
Medium-low Unexpected Rear end collision wi
speed and decelerationat the following vehicle
high friction medium-low speed and
surface high friction surface

Figure 3.2 Example of EPB system’s hazardous event
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Table 3.1 Factors of operational situation

Factor Sub-factor Element State
o Very low, low, Normal, High ,Very
Driving Speed .
high
External Attachment Without, With
Operational Mode Driving, Parking, Fuelling, Repairing
Vehicle Engine Off, On
Velocity Accelerating, Constant, Decelerating
Maneuver
Direction Lane Keeping, Lane Changing, Turning
Movement Stop, Forward, Backward
Linearity Straight, Curved
Slope Plain, Sloped
Layout blocked(invisible), Unblocked(visible)
Road Coarseness Paved, Unpaved, Troublesome
Clean, Obstacle (e.g. lost cargo dropped
Obstacle ]
in lane of travel)
Nearby ] )
Flements Traffic Light, Heavy
Pedestrians None, Some, Many
Surface Dry, Wet(by rain etc), Icy
Fnviron Visibility Dark, Clean, Blurry
ment Temperature Low, Medium, High
Momentum Windy, Calm
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Operational Operational Operational
Situation 1 Situation 2 Situation n
Hazardous Hazardous Hazardous
Event 1 Ewvent 2 Ewvent n
Possible Possible Possible
Conseguences 1 Consequences 2 Conseguences n
Severity 1 Severity 2 Severityn

Figure 3.3 Determination procedure of severity
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Pr(SF1=X4,SF2=Y2) = Pr(SF2=Y2)Pr(SF1=X4|SF2=Y2)
= (0.95)(0.8) = 0.76
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Figure 3.4 The controllability for independent vs dependent cases
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Table 3.3 ASIL Determination of EPB system

. Possible
Sub- Operational Hazardous AS
Hazard State . . E Consequ S| C
factor situation event 1L
ence
Ver
Speed . v
high
External ) Unexpec?ed
attach- With Changing deceleration | Rear end
lane with in changing | collision
ment E2
an lane with with the | S3 C3 B
Velocity Acc'el— attachment an attach- | following
erating high speed ment at vehicle
Lane high speed
Direction | chang-
Un ing
expected ) .
decelera Linearity | Curved Unexpected
. deceleration | Rear end
tion Curved -
Slope Sloped ’ at curved collision
road with . |
E2 road with with the | S1] C2 QM
blocked .
blocked following
Bloc- | steep slope I
Layout steep slo- vehicle
ked
pe
U ted
Surface Icy ' nexpec'e Loss of
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- Severity class number: S0—1, S1—2, S52—3, S3—4
- Exposure class number: E0—1, E1—2, E2—3, E3—4, E4—5
- Controllability class number: CO—1, C1—2, C2—3, C3—4 (4.3)

202, A A 579 Fo 9

o

AAE F5E dod

Si = Severity Class(SC) x Exposure Class(EC) x Controllability
Class(CC) (4.4)

upehA] 7 el wigk FAE RPN 7]& FMEA9 ZA%(0),
AZED) ZEga AAEE)C 7)z3te] dojzth MRS} HEEE
ggolng, 49 RPN2 A% e 7)o & vebdvy g $A

Bis 273 wHER] s
7td # enz go|stx vk wEkal 7]E2] RPNelA RPM(Risk
Priority Metric)& <3t v 2t

RPM = O x D x & x 1,000,000 (4.5)

Figure 432 7]2] RPNollA =4 ¥ RPM2 24 AxE veblvh
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Figure 4.3 The determination of RPM

44 At A+

4.4.1 Dual Clutch Transmission A}

Table 4.1 “Dual Clutch Transmission”® ASIL Z2AS 935t 2714

g =

al2010)0 4 LFE LAk, ML a2

3k FMEA 2 7]%5¢kAA

Hojupx] k= Snol A mEe gk MAE ALY 371y
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Table 4.1 An illustrative example of FMEA sheet for the dual

clutch transmission

Failure | Potential Failure 0 Current Design D RP | Ra
Mode Effects Causes Controls N nk
dual clutch dual clutch
hifti mechatronic mechatronic
shifting 4 3 84 5
failure assembly assembly
clutch fault inspection
disenga I ;
ging | > ° shift shift
accelerat | )
mechatronic mechatronic
ion 4 5 140 1
assembly assembly
fault inspection
sensor fault
d sensor fault 3] . : 51 135 2
amage diagnosis
incorre | of
ECU fault
ct gear | gearbox BCU fault . [ 2] 5 90 | 4
positio diagnosis
n possible
collision actuator 4 actuator fault 3| 108 5
fault diagnosis

Table 4.1°14 “loss of acceleration”& z}#o] 7]5 A3 @A NA T2
& JFE uEn welA 7€ FMEA 7Eel 98] s R E “clutch
Bolg)e= Alztn= 7olu)

ALl AFE WAL AL

disengaging” ol 18] 3l “possible collision”

A357) Agsh: wgmEE
A

"incorrect gear position"t <A T AF-FAAES HE Aolmm I

AAEE 97 AR A
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442 RPM 7|vte] g2~3 H7}

ol ol A= o] AlHE EUlZ RPMO Alxks HojE Aol AH|,
b agdle] BARE a3 WA 94<¢] "dual clutch mechatronic
assembly fault’ Table 4.1°]4 WA 4o]t}. 7] FMEAe°| u=w,
BAE 4= 1/10,0000] FFETE o] AL H(42)E AHgdte] FER W
g F Avk wEbA AR AR H ol o offe] FER dojxiv

Oy =1—¢ """ =999 x10"° (4.6)

T WA Y<¢l “shift mechatronic assembly fault’ol] ogh WAE= A
40]™, 7]¥& FMEA®] wW& aAAELS 1/10,0000] AE3tch o RS
2(42)E At&3te] FEZ WHEkslH olge FE=E dojzith

Op=1—¢ " =9.99 x107° (4.7)

A HA DA<l "sensor fault”ol] w3k WA T 30]a, 7]& FMEAe| ul&

A ES 1/100,0000] AHETE o)A A(42)E ALRFe] FER
] 3

Oy =1—¢ """ =9.99 x107° (4.8)

v AR ¥l "ECU fault”e] s MAEE 20]3, 7]& FMEAd &
LA ES 1/1,000,0000 FREh o] AL 2(A2)E AMES FEE
=l

Satwl ofeje] FEE fojArh.

Oy =1—¢ "0 =9.99 x 107" (4.9)
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Op=1—¢ """"=9.99 x10"°

Foith th& o2 Table 4.19]
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o], Table 4.19]
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| o &sAo.

121 “dual clutch mechatronic assembly fault”2)

o
E

(e}
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pul
o}
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al
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H A
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Aol wata 4]
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S58 U
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D,=1-1/3=2/3

ojn

)
ﬂl
T
alo
~
i1
il

pul
!

(4.12)

D,=1-1/5=4/5

(4.13)

D, =1—-1/5=4/5
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Dy,=1—1/5=4/5 (4.14)

Dyy=1-1/3=2/3 (4.15)
Table 42 7 91910] @8 WAE 2 AZE 48295 Je,

sAo R, AAE Bk F oo Bgst 96 246 o8 #H9

ASILE ©l8% % 9 4%, AARE HUDH AHE AHEstel 47

H7tEd 4 Aul. olE  E9], Zhang et al(2010)& 3% “clutch
disengaging"® <13+ A4 9P "upshift failure”ol] et AZ&=

=38 9 AlojrkeAe dlY s> S, B3, 8 C3°|2= ASIL AE
Folgtt)y, wela] SC = 2, EC = 4, CC = 4 7} At}

Table 4.2 Modified rank of occurrence and detection

Failure |
Failure Cause O D
Mode
dual clutch mechatronic -
9.99<10~° 2/3
clutch assembly fault
disengaging | shift mechatronic assembly i
9.9910° 4/5
fault
sensor fault 9.9910 " © 4/5
incorrect
.| ECU fault 9.99>1077 4/5
gear position
actuator fault 9.99<10° 2/3

o714 FMEA® i1% “clutch disengaging”® AZt%& 31 v}
2}
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S, =2x4x4 =32 (4.16)

Zhang et al.(2010)9] A--ol= A2 9189 "collision due to incorrect
gear position”o tdk ASILYH} A% w=ZE3E 9 Aortsde T2
el QA gtk aEE oYM s AHHE dE AR S2, ==8E
E39} Ao7lsd C3& Foste] ASIL B= 7FAST ISO  26262-3
-4 BR0IDE Fxshd, A5 FE0] AF A4e ds 248 =
A7l wiLel AAE T S2v ARE Aolvh. welA FMEAS %
"incorrect gear position” o ™3 AAE FAE ULy o] AS F

AT

S, =3x4x4 =48 (4.17)
Table 4.3 AA%(S), TAE0) 2 HEEDE 99 #s 7Ixso] 4
d8tal, RPM2 2 (45)F o|&3le At AL 2.3 Aot

Table 4.3 RPM for the illustrative example

Failure .
S Failure Cause O D RPM Rank
Mode
dual clutch mechatronic e
9.99x10°° | 2/3 2,131 3
clutch - assembly fault
disengaging shift mechatronic e
9.99x10°° | 4/5 2557 2
assembly fault
sensor fault 9.99x10°°%| 4/5 384 4
incorrect
gear 48 | ECU fault 9.99%x10° 7 | 4/5 38 5
position
actuator fault 90.99x<10°° | 2/3 3,197 1
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443 RPM®] WIzt%

FMEA handbook(Ford Design Institute, 2004)2 AT 2 HE5o

e 7Ee #2 Ao a8y aZE e AA #elMs EAE o
g ek Yol glvh Y, AERel tieidE 9l ARt Algn
7] FMEACIA 2% 8 AE5ed & #o] dxel adExt A& &
EoME Ed gol & 7 Ao wEkd AA @ W adES AE SE
Hsto] thek ZwelA RPM gtel ¥t Ald2 ou7k sle Aot

Table 4.4 RPM values for dual clutch mechatronic assembly fault

HAEE 39 W
. s 4o ge | oo 3 RPM
Failure Cause S aaE @ AAz 285 4 (4 1.000.000)
g E X o 7g ] %)\_ S ) )
0.000055 880
0.0001 1/2 1,600
0.0003 4,800
0.000055 1,173
dual clutch
mechatronic 32 0.0001 2/3 2,133
assembly fault
0.0003 6,400
0.000055 1,320
0.0001 3/4 2,400
0.0003 7,200

Table 4.1914 A WHA 32492 "dual clutch mechatronic assembly

fault”e] WAL 8 HET= 270 49} 30|t} o7 M= AR 4= aFE

¢
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al
kA A o] g agEe] AA o= A 0.0000559 0.0003F L
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—— (=23
3000 - sasagmans D::I._."E

-—m=- D=3/4

2,000 -

1,000 -

0.000055 0.0001 0.0003

Occurrence

Figure 4.4 RPM vs Occurrence for dual clutch mechatronic

assembly fault
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HA 17492 “shift mechatronic assembly fault”e] thalA = Ab

0.0001, A% 32 13E 000001, TAE 5= 1L

77 49k Bolt}. o}7) A WAR 4= i
A5 0,005 3 F)

e

kA A o] g agEe] AA o= A 0.0000559 0.0003E L

sk A& % boll disiA

At} Figure 45% Fol2

b2 RPM ke WstE HojEr)

X

g olv] ¥ sgonE A @& %

=

"shift mechatronic

o= 4k

IR ol A A BHE ol

9,000

8,000
7,000
6,000

5,000

RPM

4,000
3,000
2,000

1,000

i [=45
oanienas =34
-=@==[=5/5

0.000055

0.0001

Occurrence

0.0003

Figure 4.5 RPM vs Occurrence for shift mechatronic assembly

fault
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Al AA 7L "sensor fault’= LAE 9 HEE= 747 33 5ol
7|4 AR 32 aFE 0.00001, TAE 25 2FE 0.000001, LA =
A= a4E 0.000100 sideth. wpeba AR 3o thEk adES] AA #*
S Z A 0.0000055¢F 0.0000558 sttt AE% 5o tiaiA & % 456

£ olv] g3t enz AA g FEZ 343 56< ayTdoh Al HA L

&Sl "sensor fault”ell thek RPM2 31 WAl gyt w43 wye
2 AR 9} Figure 4.6& A AFzEOl diske] 1 AWML dielA 2

AeEd wE RPM gte] ¥atE HojE

2,500
2,000 -
1,500 -
= o
2 i [}=445
1,000 - e [=38
== == =55
500 -
0 - ; . -
0.0000055 0.00001 0.000055
Occurrence

Figure 4.6 RPM vs Occurrence for sensor fault
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P =

yl HA 322l "ECU fault'= WAL ¥ A&+ 47 29 5ol
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4] 0.0000005%F 0.00000555 r# sttt AE% 5o tisiA & 4 45
olm] I3t onE HAA % FEE 343 56& sTh o WA %
A2l "ECU fault”ol] ek RPM2 & WA gyt L3 wHoz 4
A, Figure 4.78 Fol2 A A

=
ol W& RPM Fte] WstE HolEth

250
200 -
150 -
Z o
2 —+— [=4(5
100 - vanugpans =374
--B=--[=5/8
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o T .
0.0000005 (0.000001 0.0000055
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Figure 4.7 RPM vs Occurrence for ECU fault
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oAl WA Q9 "actuator fault”e] LAE 9 AZ2w= 7hz 49) 30]

th o7 e AR 4% 31E 00001, $AE 32 FE 0.00001, T4

H

5+ adE 0.00050 siett. upebA] A Aol otk aES] AA
#Fo 24 0.0000559 0.0003= 3L ghr.

A=% 3o taiA & 3 2/35 oy d9serngE AA F FE=
129 3/4& mE sk} oAl WAl 3492l "actuator fault”el ©$ RPM
AA] A WA LAY s WHo R A AT Figure 4.8 Fol%l

Azl wiate] 2L AAEH Wl EAysE] ©E RPM kel WakE

12,000

10,000 -

8,000 -

RPM

6,000 - i (=23
voaageens 012

4,000 - —-=B=-D0=3/4

2,000 -

0.000055 0.0:001 0.0003

Occurrence

Figure 4.8 RPM vs Occurrence for actuator fault
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R w4 d3 RPMo] 7] RPNEY FAMS] WelAs 28 3 5
To] FEMe digte] o uAgE HoFi gl 974 RPN 7]&
FMEAC A W35 #] =tz 2ol FEsjof dvh. 18y RPM2 9

7t WA E7] 94 RPME] ghol =24 wskd & gith
A HA 1392 "dual clutch mechatronic assembly fault”ol o3k 7
=SE g 2/30] AFstar A d grolwbal shar gl ek YAE

= 0.0003¢]2}H RPMS a49<l "shift mechatronic assembly fault” 3}

o

"actuator fault”® .t} ©] £ 6,4000] ¥t} Table 4.3°14 & F Q&= o]&
T g FHATHE 242 29 olAt}. wek RPME 9 &-$-4
91 71¥€ FMEAS RPNo| ®3lA ¢ A X ¢bds] nfkd 5 Q)

o

_\7\_1‘

71 FMEAd| A &= RPN #ko] sd3dto] 93497 #Zol= RPM< o]
U= F gor dadedn s £ vk ol AAWHY WA TA%
2 AEwo] 8y RPMo] RPNE T ] Wzsitts AS o n) g},

kA RPM A& A @2 A9 o4 A4xE wrgsta dA4d
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Figure 4.9 Comparison of RPN with ASIL on time horizon
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4.4.4.3 RPN¥ RPM

rol

421 Aol A =2)d nle} o] 7]& FMEAS RPN 2 714 F8
F-AA-S 7FRar v} Chrysler, Ford and General Motors(2008)0] 2] 3k
FMEA reference manualol4 233t Table 459 <& HA. vw4d

A E agdd Be] RPNo| ar7gelgl

e

o] RPNHET ©] =A% 3173 <l

AE WA 2A}ES

i

BRSNS Y

tExv ¥ A7) wol

= 2499 A9 47tE7 B

do

Al
™

N

Table 4.5 Comparison of failure cause A and B

Failure Cause S O D RPN
A 9 2 5 90
B 7 4 4 112

o delA HPHAE==A2] RPN AE Zeta oy, HE ZE A

thale] RPNBT o %e 715AE Fojsts Aol ¥ eln
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Table 4.19] Ad & HW HEE= “clutch disengaging” $©F "incorrect
gear position”e] A& HAp= 747y 7 F 9ol 7; agdle] sk
A 9@ HAEEE H7isk 2 3173 “clutch disengaging”e] <1 “shift
t RPN # 140& zte=vh 28y 7)1&
FMEAe| wZW RPN Ztoll @A gle] 3% “"incorrect gear position”¢] <

A

mechatronic assembly fault’+=

Y

¢l "sensor fault” ©] WA FZEF 7]&ojokdltl. RPN 'Risk Priority
Number'®] ¢fAt2 '918 A9 & HeplAIR 2318 T E 4 gith
o714 RPN t2l RPM-S A}&3t}H, Table 4.3 3% "incorrect gear
position”9] ¥l "actuator fault’el]l WA A= Hd AS A= wHup g
gl A2l A#E HojErh HARE, RPMS 313AAY A= E A4=EE

UERA 7] wiitel] 2o e E AAster dwtdow A8E 9l

.

4444 RPM2] 37
FMEA reference manual® Haito] w2 313X = "incorrect gear
position”9] EE ¢l mA R = “clutch disengaging” ©] Aol 117 ¥ oo}

ko). 22U Table 4.32] RPM #e 2 @are] B3y x =t} o= F
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