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FOREWORD

The MAS & VDA FMEA Handbook is a refersnca manual to be used by the automolive industry
supphers a5 a guide 1o asslet them in the davelopment of Design FEMEA, Frocess FMEA, and
Supplementa FKEA for Moniling and System Responss.

The Handbook does nol define requirements; i fs Intended o clarify the steps, actlvlias, snd lools
relatad to the technical development of FMEAs. Eforts wers faken to align the AIAG & VDA FMEA
Handbook with the SAE 1738 standard.

Highlights of the Change Points from the ARG 4" Edilion FMEA, Manual and Fom tiwe YDA Yolume 4
Manual ara providad In Appendiz F.

This Handbaek is a copyright of ALAG and VDA, with all rights resenved.
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1

INTRODUCTION

This joint publicalion is the culminafion of mone e three years of
collaboration betwesn OEM and Tier 1 supplier members of the
Autometive  Industry Action Group (ATAG), and he Verbend der
Automobilindustrie (VDA). The toxt has boan completely revitten, and
tha FMEA method has been revised in a few key aress. The intent 8 o
provida a common foundation for FMEA across the sechws of the
auvtomaltve industry which ere raprassnted by these organizatlons.
While envary effort was made to achieve consensus, | may be necessary
to refar to individual comporate publicalions or Customar-Specilc
Requirements (CSR}.

A new method: Supplemental FMEA for Monitoring amd  System
Responsa (FMEA-MSR) has been added. It provides a means for the
enalysls of diagnostic detection and faulk mitigaflon during custorner
oparation for the purpose of maintaining o sefs stals or skate of
regulatory compllanca.

This hamdbook supersedes AIAG 4th Edition FMEA and  "Producl and
Procass FMEA® of VDA Valume 4.

1.1Purpose and Description

The Tndustry B8 challenged by incroasing quodity demands of the
cuslomer, the necessary cost oplimizatlon of the producis and
processes, and higher complexity, &6 wedl a8 the product (lability of the
designer and manufacturer requined by leggalation. Thevators, the FMEA
methad is veed Lo address the lechnical aspects of sk raduction.

Failure Mode and Effects Andlysis (FMEA) is a team-oriented,

systernafic, qualitative, anatylical mathod riended to:

»  awvaluate the potential fachnical risks of fallurs of a producl or
procass

*  mnalyre the causes and effects of those failures

+  document prevantiva and detecdlon aclions

*  mcommend actions o reduce sk

Manufaciurers consider different types of sk Including technical risks,
financial ricks, ima riske, and siralagy risks. The FMEA Is used for
analyzing the: technical riska to reduce failuras and improva safsty in the
products and processas. Figura 1.1-1 shows the scope of FMEA and this
handbook.
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Technical Risks [FH_EAi B Finmancial Risks Time Risks Stratogy Risks

Has the product or process Does the product remain Can the improvements be Are the improvements

been pyzed for | 2 T realized within the time Intreduced, althaugh the

fallures? measiines ¥ schedule? product is unprofitabile?
IN SCOPE LT OF SCOPE OUT OF SCOPE OUT OF SCOPE

| I

Decision for further improvement
of the Product and Process

F

L 3

Product and Process
with reduced risk
Figure 1.1-1 Aspects of Risks

1.20bjectives and limits of FMEA

The objective of FMEA is to identify the functions of a product or steps of
a process and the associated potential failure modes, effects, and
causes. Furthermore, it is used to evaluate whether prevention and
detection controls already planned are enough, and to recommend
additional actions. The FMEA documents and tracks actions that are
taken to reduce risk. The FMEA methodology helps engineers prioritize
and focus on preventing product and/or process problems from
ocourming.

Business objectives exist that are supported by the FMEA and other
aclivities, such as:

*  Increase the quality, refiability, manufacturability, serviceability, and
safety of automotive products

« Ensure the hierarchy, linkage, interface, and cascading and
alignment of reguirements between components, systems and
vehicles are captured

= Reduce warranty and goodwill costs
*  Increased customer satisfaction in a highly competitive market

*  Prove product and process risk analysis in the case of product
liability

*  Reduce late changes in development
*  Maintain defect-free product launches

» Target communication in internal and external customer and
supplier relationships

* Bulld up a knowledge base in the company, ie. document
lessons-leamed
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+ Comply with rogulations in the regiztration approval of the
componanis, syslemes, and vehicles

Liméations of the FMEA include the following:
»  Itis qualitative [subjective), not quantitalive (measurabls)
+  ltisa single-point fallure analysis, not a mutti-point failure analysis

+ i ralies on the team's level of knowledgs which may, of may aot
predict futtwe perfomence

v [ I a summary of the feam's discussions and decislens tharafors,
the quakly of the FMEA raport is sublect to the recording skiks of e
team which may rafiect the discussion polnts in whole, or in part {it
is not a tanrsenpt of a mesting)

Fer guanlitative analysis and rmdii-peint fallure analysis, other methods
such as FTA (Fault Teee Anatyais) and FMEDA [Fallune Modes, Effects,
and Diagnostic Anabysis) ars uzed. These are fhe methods which can
calculate and analyze the relovant metics {singla-point Tailura analysis,
tilti-point faults, latent faults]) 1o mach a quantfied analysis resul.

t.3Integration of FMEA in the Company

1.3.1

FMEA iz & mulidisdplined aclivity affecling the enlire product
realizalion propeas. The implemantalion of FMEA needs o be well
planned o ba iully sfactive. The FMEA method i= an inteqral elamant of
Product Development and Process Development aclivities. The FMEA
can reduce product redevelopment timing and cost. It suppons the
davalepment of comprehensive spacifications, best plans, and Control
Plans,

Potantlal Consldserations of the FMEA

Tha compatent perarmancs of the FMEA and 1he Implementaton of ils
resullz are ameong the meponeibilities of companias that dasign,
manufaciure, andlor assemble products. for the automotive ind:stry, I 1s
eriical thet the anelysis take into consideration the product's operating
candilions during its ussiul Iife, particulady with regard (o sefoty risks
and foreseeabls (I unintantionsl) misuse.

When the FMEA ks pariormesd, the fallowing norms o obsarved:

*  Clear, is. polaniial faflura modes are descrbed In technically
precize, specific tarms, enabling 2 specislist fo assass failre
couses and pogsible effects. Descriplions are free from possible
miurderstanding. Emotion-laden temis (dangerous, imolerable,
irrespargible, ate ) are nol approprale.

+  Trua, i.e the consequences of potendsl fallures are describad
accurately [potanlial for odar, srnoke, Are, ete)

+  Rualistlc, ia. fallre causes are reasgnable. Exreme evenls are
not consklerad (faling rock on road, no power b manufaciuring
plent, efc.). Faflures resuling from mizuze relative to perception,
judgement, or action ara considered foragesable when documeanted
by aystemalic mathods ncliding branstorming, expert judgenmant,
fiald roporls, use case analysis, ete) Failures resullihg from
inlendional misuze are not conslderad (9.9, deliberate manipulation
and sakotage).
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13.2
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+ Complete, e forssecable potentlal fallures are nol concealad.
Concarm about ravealing keo much know-how by creating a comect
and compatant FMEA is not a valid reason {or sn incomplete FMEA
Completansss refers o tha entraty of the productiprocecs under
aalysls [sysitsm alemenis ang fuhctions). Howevar, the depth of
detail depandsz on {ha fsks invelved.

Technical risks of fallure idenlified in the FMEA are aither assecsed a3
accaptabla, or actiona are s=sipnad o further raducs fsk, The closure
slalva of acifons ko reduca tha rgk is documatited.

Senior Managoment commitmant

The FMEA process can lake considermble fime o complele. A
cormmiltmen! of the required rezources is vital, Active pacticipation of the
product and process owners and commibent fram senior managament
ara important to successiul FMEA development.

Senlor Managament camiss the responsibikty for the application of
FMEA. Litimately, senior management is vesponsible for acceptanca of
{he rizke and risk mnimization acions identified In the FMEA.

Know-How Protection of the Design FMEA/Process FMEA

‘Tha sharing of intelleciual propardy found In the Design FMEA andfor
Procass FMEA between szupplars and customers s govemed by
contractual agreamants bstween suppliess ard cigiomens and 15 beyond
Ihé 5c0pe of 1his handbool.

Agreements between Customers and Suppllers

Tha customer specific requirements regarding FMEA should be
coordinated with the parties Fnoived arrdbor the suppliors. An agreement
mede about the execulion of FMEAs may inchde it s not Iimitad to
Tterns such 29; ayalem boundaries, nacacsary work documents, analysis
methods, and evaluaflon lables.
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135 Transilioh Strategy

1.9.6

Exisling FMEAs daveloped using the previous AIAG 4th Edilion FMEA
of “Product and Procass FMEA" of VDA Edition, may resnain I thelr
ariginal form for subsequent revisons.

The organization should tsughtfuly glan the transition from thelr current
EMEA processies) and methods to the niew AlAG VDM, FMEA process
and tools. When practical, exising FMEAS used 8a a slarting peint for
new programs should ba comverted to refiact the new rating scales,
anahytical methods, and format. However, If the team determines that the
new pragram Is censiderad a minor change: to the existing product, theay
may decide 1o keave the FMEA n the exising format.

New projects should follow the FIMEA method presented in this
Handbook unless company keadershlp and Customer Speclfic
Reguiremenis [CERs) mandate a diferent approach. The transion data
and project milestane after which new projects folow this method should
be dafined by the company faking into congderalion customer specific
requiremarts,

Foundation and Famlly FMEAs

Foundation and famiy FMEA=s are recommended to ba crealed and
usad as a basis for new analysas, Thesa opllonal pracices provide tha
greawst opporunity to levearage past exparence and knowledge and
ensure that knowledge & accumulsted over product IFecycles and thal
prior parformance issues ere not ropeatsd {lessons  leamed).
Furtharnors, such reuse also raducas sffort and axpendiures.

Foursdation FMEAs [also ¥nown as genesic, bageline, template, coro,
master, or best practioe FMEAs, etc) are FMEAs thal contain
knowledge of lhe erganfzation from peicr developments which make
hem ussbul 3 5 starting point for new FMEAs, The foundation FMEA e
not program specific, thersfors ihe genoralization of requirements,
functions, and maasures is aliowsd.

Family FWEAs are spockalized foundalion FMEAs. It & common to
davelop products hak generally contain common or congistent product
boundarias and related functions (a Product Famliy} or processes which
conlsin a seres of operations that produce mulliple products or part
numbess. In these cases, it is appropriate to develop Famiy FMEAs
which cover the eammonalitias for these Families.

When using the family or foundalion FMEA epproach, for the new
product or progass under development the team chould ident/fy and
focus the anpalysis on the diferences batween the exaling and the new
product, process or auplication. The informalion and ratings camed qver
from the family o Rxundatlon ars 1o be critically examined with regard fa
the respactive use tase and sxpeiences from (he known application.
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1.4 FMEA for Producis and Processes

There arm trae basic cases for which tha FMEA 1= 1o be applied, each
with a different scope or fonuss,

GCasa 1: Maw dasigns, new technology, oF new process.
The scope of the FMEA I3 the complels dasign, technology, or process.
Casa 2: Hew applitation of existing dazign or process

The scops of the FMEA is an existing design or process in a new
envinonment, location, application, or usage profla (nduding duty cychs,
ragiatory requiraments, atc.). The scope of the FMEA should focus on
{he impact of the new srwironmant, [acalion, or application usage on the
existing des/on or process.

Case 3: Engineering changes to an wisting design or process.

MNew tachnical devalopments, naw raquirements, product recalls, and
reports of fallores in the field may dive the need for design andfor
process changes. In these cases, a rview or revision of the FMEA may
be nacessary.

The FMEA. containe a oollection of imowladga about 2 dasign of process
and may be revisad afler stat of poducton § ot |sast one of the
Folknwing points applies:

= Changes lo dezigns of processes
= Changes to tha operating condiliens
= Changed requirsmants {taw, norms, customer, stata of the an)

= Quality lesuas, Le. Plant sxperisnca, 2orc milaaga, or fisld iszaes,
intarnal f exiemal complaints

»  Cherges lo the Hazard Analysls and Risk Assessment (HARA)
+  Changes o the Threal Analyziz and Risk Assessment [TARA)
»  Findings due o producl maniteing

+  Lessons eamed

Thera ara two main approachas 1o FMEA: the analysis according to
product functions (Design FMEA) or according to process steps
(Frocoss FMEA).
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1.4.4

1.4.2

Design FMEA

A Design FMEA {DFMEA] is an analytical fechnigue ulilized primadly by
a design responsibla engirwenteam as & means to assure that, to the
exiant pozsids, polential Fallure Modes and their essocinted Causas or
mechanisms of Eallure have been considerad and addressed prior &
relaasing the part to production.

The Design FMEA analyzes the funclions of a systam, subsysiem, or
componant of Inlerest as defined by the boundsry shown on lhe
Blosk/Boundary Dfageam, .the refatonship between its underdying
elermants, and to sdemal slemants oubside the systam boundary. This
snables the identification of possible dosign weaknessas to minimize
polemlal risks of failira.

A Syalem DFMEA & comprised of various subsytems and componsnts
which ata repracanted as systam alements {fama).

Bystem and subsystem analvses ang dependent on (he viewpolnt or
msponskily. Systems provide functions at the vehide kel Thege
functions cascada through subsysteme and components. For purposs of
analysis, & sub-systam is consldered tha sams way as 3 syshom.

Intarfaces and inleraclons among syswms, sibsysiems, the
emirenment and the customens {i.e. Tler M, OEM, and end user) may be
analyzed in System FMEAS.

Wihin a systsm there may be software, electronic, and mechenical
elemants. Examplas of systams include: Vehicls, Transmissicn Systemn,
Steering Systam, Brake Systern or Elecironic Stability Conlrel Systam,
el

A component DFMEA is a subset of a system or subsystam OFMEA. For
axample, an Elecirical Motor is a component of the: Windew Liftar, which
i & subgystem of Window Lifler System. A Housing for the Eleciical
Motor may also be @ component or park. For this reason, the 12rms
“system element” or “ttem” are used regardess of tha level of analysis.

Deslgn FMEA may also be wsed to amess the rsks of fallure of
non-autormetive products such as mechines, and tealing. The actions.
msulting from the analysis may be used to recommend daslgn changes,
pdditional testing, and other aclions which reducs the risk of fallure or
increasa I ability of a test 10 detect fallures prior to dellvery of the
dasign for production.

Process FMEA

In contrast to the Degign FMEA (DFWMEA) which enalyzes the feiure
possibiites that may be created during the deslign phase of the product,
the Process FMEA {PFMEA) analyzes the potential fellures of
maniufaciuring, sssembly and loglalical proceszas to produce productz
which conform o dasign nlesit. Procsss-releted Fallures are different
than the fallures analyzed in the Dasign FMEA.
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The Process FMEA analyzes processes by considering the potential
failure modes which may result from process variation, to establish
priority of actions for prevention, and as needed; improve contrals. The
overall purpose is to analyze processes and take action prior to
production star, to avoid unwanted defects related to manufacturing and
assembly and the consequences of those defects.

1.4.3 Collaboration between FMEAs

There are opportunities for collaboration between both Design and
Process FMEAs in the same company and outside of the company. To
help communicate effects and severities, a joined and agreed o severity
evaluation can be reviewed between Tiers (different companies in the
supply chain starling with Tier 1, Tier two, Tier 3, etc.) as shown in
Figure 1.4-1 FMEA Collaboration.

Goal: Risk to End User reduced

Failure Effects and
Severity
{as possible / as needed)

Technical risk analysis and
proposed product or process
changes
{as possible / az needed)

Goal: Collaboration between Customer and Supplier

Figure 1.4-1 FMEA Collaboration
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1.5Project Planning

1.5.1

1.5.2

A good slaring point for a manufaciurer k8 1o maka sure the saverity In
ihe DFMEA and PFMEA are the aame whan tha failure effects ore the
same. If the “product” failure effect2 o the end user (vehicla-lavel} are
not includad in tha PFRMEA then the cormakation Batssaen te DFMEA and
PFMEA is it possible. A eorelgtion needs o be made so that & {elure
of & fasture in dasign that leads b a certain fallure effac &5 also captured
i the PFMEA. for the same feature {product characioristic). Fiease sae
1he nota in Section 3.4.8 for nan-iaditional devslopmant fows.

The Flve T's are five topics 1hak should be discussed at 1he beginning of
a DFMEA or FFMEA in ordar o achieva 1he best msults on ime and
MHEA rework. Thase toplcs can be used as part of 3 prject

FMEA, In Tent — Why are wa deing FNEA?
FMEA Timing — When Is this due?

FMEA Team — Who needs to ba an tha team?
FMEA Task — What work noads to be dona?
FMEA Tool — How do we condust the analysis?

FMEA In Tant

I 15 recommanderd that members of the FMEA team are compebent in
the melhod, bassd on thalr rale on the team. When beam meambsrs
undarstand the purpose and intend of FMEA, they will be mare prepared
o contribute to The goals and objacives of the project.

FMEA Timing

FMEA 12 mesant to ba a "before-the-evant* action, nct an "aflerihe- fact’
pxprelse. To achieve The greatesi value, the FMEA Is conducted belore
the implemendation of a producl or procass in which (e fallure mode
potentisl sxsts.

One of the mest imporant faciors for the succesaful Implementalicn of
an FMEA program is timsiinass, Up-front time spart propary completing
an FMEA, when productprocess changes can be most easily and
inexpensively implemanted, wil minimize late change crises. Tha FMEA
a5 2 mathod for syslem analysis and failure prevenbion is best inifiakad at
an aarly stage of the product development process, (Lis used o svaluale
the risks, valld al that me, in order io Tnitiate ecliens (o minimize them.
In acfdition, 1he FMEA can support the compllation of requirements.
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The FMEA should be camied ocut according to the project plan and
evaluated at the project milestones according to the state of the

analysis.

It iz recommended that a company define desired maturity levels for their
FMEAs according to overall company-specific development project

milestoneas.
Advanced
Product Product Design Process Design Product and Fesdback
Quality Plan and Define and and F‘n:.rti S Assesament
Planning Program Developmant Davelopment Validati and Corrective
(APQP) Verilication Varification - ora Action
Phases
DFMEA
Shuld b sncuted
g b i e Stan PFMEA when Complete PFMEA Complete PFMEA
PFMEA period i preduction concept is anaiysis prior o finad actiong prear 1o process
optmizaton of both the wall PIOCEEE SECEIONS. FrRap PR,
assigng

Figure 1.5-1 FMEA Timing Aligned with APQP Phases

10
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VDA
Maturity bncation Reguiremert | Definitlon of the | Appeoval ol | Productic | Berallesls, | Productand |  Project End,
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Figure 1.5-2 FMEA Timing Aligned to MLA Phases

NOTE: Exceplions to this FMEA timing include non-traditional
development flows such as where development of a "standard” process
precedes the development of products that will be manufactured using
the process.
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1.5.3 FMEATeam

The FMEA teem consists of mulb-disciplinary (cross-funchions)
mambarz who oncompass the necessary subjed matter knowledge,
This shoul inchide RExikiadlon expertise and knowledge of the FMEA
process. Tha succass of the FMEA depands on active participation of
ihe cross-funchional team as nacessary to focus on the toplcs of
digcussian.

1.5.3.7 The Dasign FMEA Team

The Coro Team may consist of the folowing peopie:
= faciftator
«  dasign enginear
= EySiem angimer
*  pomponant enginesrs
= tfestanginesr
= quality'rellability engineer
= gihers responsibia for the devalogment of the produst
The core team membsrs prepan the FMEA System Analysis (Steps 1 -
3) and participate in the FVWEA mestings. The edended 1sam may
pariicipats on damand {coordinaled by the FMEA faclitaior or meefing
organizer).
The Extanded Team may congist of the follewing pecpla:
+  technical axperts
«  processmanufactufing angineer
v servics enginesr
progect MEnager
v funchonal safety enginssr
purchasing
+  supplier
= gustomer repmsentafive
+  pihers tat may have specializad knowisdge which will help tha core
team analyze specific aapects of the product
1.5.2.2 The Process FMEA Team

The Core Team may consist of the folkowing peopla:
+  faciitater
processfinanuiaciuring enginoer
¢ AMonomic engisar
»  process valldalion englnesr

12
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= guality/redinbility anginear
- others responaitle for the devalopment of the procass.

The cors team members prepare the FMEA Sysiem Analysis (Staps 1 -
3) and perticipate In tha FMER meelings. The adaended team may
parlicipate or demand {coordinated by the FMEA faciitator or meatng
anjanizer).

The Extended Team may consist of the follening paople:
+  desgn engineer

= tachnical experts

+  senvice angineer

= project manager

«  malntenance stalf

+  [ine warker

*  puichasing

+  suppler

=  oihess (a5 necessany)

1.5.3.3 FMEA Taam Roies and Rosponsitfiltfes

Within tha crganization’s product development process, the following
roles and responsibilties for FMEA parlicipation should ba assigned.
Responsibilbes of a given rola can ba shared amongst different persons
anddor mulliple roles may be assigned io tha same person.

1.5.3.3.1 Managartani, Le. profect manager

= Authorty to maka dagisions about the scoeptability of dentiied ricke
and the execution of actions

+  Deofres Iha porsons cespongible for pre-werk activilles, FMEA
faciftalion, and the designiprocass anglnoer maeponsihle for
Irmptemeniation of aciions rasuling from the analysks

+  Responsibe for selecling and applying resowcss and eneuring an
effective sk management pracess is implemantad within scheduled
projact iy

+  Responsibility and ownership for developmant and maintenance of
the FMEAs.

= Managemant respansibility also Inchudes providing direct support to
the team{s) through on-going reviews and ellminating roadblocks.

= Responsibee for budget.
1.5.3.3.2Laad Design/Procass Engineer (Techmcal Load)
= Tachnical responsibiity Jor the FMEA contanis
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+ Praparation of e Business Case for kehnical andior financad
dacigiony

= Dafinlicn of elamants, imctions, mquiements, and inkerfaces
* Foouming on lhe lopics

+  Procurarment of the necessery documents and infomation

+  Incorpomting lessons leamed

1.55.3.3FMEA Facllitatar

= Coardinavon and organization of the workfows in the FMEA

«  Mitigation of confiles

- Participation i the 1sam formation

«  Patidpation in the Preparation of the rough schedule

+  Participalicn in the irvitation to the 1st team meating for the analysis
phase

+  Participalion n the Praparalion of the decision quidefinasicritarniz

«  Development of Carporate or Product Line Examples for Ralng
Tablas (Opticnal) with supgort frem Dagign/Process Engineer

«  Mathod competence (FMEA) and famifarzallon of participants in
the FMEA mathed

+  FMEA Software documantation compelance {a& necassary)
+  Social skills, shie be wirk in 2 taam

« Compaent  moderator, ablity to convinoe, organization and
presantation skils

+  Managing execution of the T steps of FMEA method
* T necessary, Frepamaton or wrap-up of FMEA mastings
= Maderation of the FMEA workigroup

NOTE: Any leam member with the refevant sompehence amd daining
may fulfil the role of facililator.

1.5.3.34Corm Taars Marmbars
+  Combibute knowledge from relevant product and  procass
axpetonce

+  Conlribute necessary information about the producl or procass that
b the focus of the FMEA

»  Corhibutign of exsling experdences from previous FMEAS slrsady
Krdadi

»  Parlicipation in the estecution of the 7 steps of FMEA
+  Invotvemant in the Praparaiion of the Business Case
+  incorporading lessons leamed



B EHEVEEGRAE £ ERFS ML : 400-962-2286

o AR A BT S R

- ERER. . EREED
- REETH
+ FREEETr RS R
0 T B M|
1.5.3.3. 3FMEA M3
»  FMEA LIER AN #amas
= BT
< $5iASER

- EHERER R
+  PMATTHRER NN E £ R

+ S5 RRSENREE
+ ERINTETENDZA T, F2 LR ECHPERTEROTE
Fikih (FMEA) ULE(TE 5% FMEA Fik

»  FMEA SRS (BE)
HAEH, W R T
REWN. VR, S0mmikismis A

«  BFE FMEA T DEEERIT
r WELT, BEESREM FMEA £
il FMEA TAEEHTiE

B ERELRAARSRE A F0 M 2 R0 B B sk P Y LR £E M,

1.5.3. 2.4 05 T70 2 M
+  HEMSCT AR AR ERMR

- REXNT FMEA REFREEEN L ERE
=~ PBiRE FvEA TS

«  S5T FMEA R T4
« FS5EREHERR

L vl

14



B EHEVEEGRAE £ ERFS ML : 400-962-2286
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1.5.5

1.5.3.3. 5Exiandiad Taam Mambars / Exparts
~  Contibution of additiona! information about special topice

»  Contribution of nacaecary information about ihe product or procass
thet |5 the focus of the FMEA

+  Imolvement in the Praparation of the Busness Case
FMEA Tasks

The 7<Slep Cwvarviaw provides the ramework for the lasks and
defverablas of the FMEA. In addition, tha FMEA team should ba
praparad to revisw the resulls of thair analysis with managenent and the
cuztomer, upon request,

The FMEA may alen be audited By an internal auditor, custormer auditor,
or ihird-party mgistrar (o ansure sach tagk has been fulfiled.

FMEA Tonls

Thera are numaraus FMEA software packages that can be used i
develop a DFMEA and PFMEA as wall a5 follow up on actions, This
software ranges from dedicated FMEA  softwars 1o  slandard
spraadehagts custemized o davelop the FMEA. Companies may
develop lheir own In-house dailabase soluticn or purchase commescial
saftwars. Inany case, the FMEA team needs o have kowladgs of how
lo use the FMEA scftware selected for their projact as raquirad by the
sampany-

Thara ars bwo views of FMEA sxamgles shown in this manual. The
software viaw deplcts what tha user sees when developing a FMEA
using specialzed softwane that uliized ie. system skament siruciure,
function net, failure net, atc. The Form view depicts whal the user sees
when devaloping 5 FMEA in a spreadsheest,

Figures n this handbook Include an exampda of how to develop an
FMEA using csfher a Sinuclua Trea o Fom, In tha casa of using
Siructure Traas to davelop slements, funclions, and fallures; a softwars
view ia also prasented to show how ihe informalion may ook when
phaced i documantation. In elther case the ¥-3tep process 5 the samea.

1.6FMEA METHODODLOGY

15

The analyses for he Design FMEA, Process FMEA and Supplemental

FMEA For Monitoring and System Reaponse [FMEA-MSR) are oach

descibed complately in the Mllowing sections. Consequenthy,

redundancias ars uravoidable, For the user thés has ihe advaniape that

{hey can rafer directly te tha Design FMEA andior Process FMEA andfor

;:IEA—MER chaptar without refemring to the condmnt of the ciher
apters.
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FULHEREWVERGRAT

The FMEA process is carned out in seven steps.

These seven steps provide a systematic approach to perform a Failure

Mode and Effects Analysis and serve as a record of the technical risk

{15) ooy, ‘swse

Figure 1.6-1 FMEA T Step Approach
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2 EXECUTION OF THE DESIGN FMEA

2.1Design FMEA 1st Step: Planning and Preparation
211 Purpose

Tha purposa of e Dasign FMEA. Planning and Freparailon Siep Is ko

_ daiing which FMEAs will be done for a project, and to defina what is
ncjuded and axcludad in sach FMEA based on the fype of analysis
belng developed, i.e. systam, subsystem or companend.

The maln ohjecttves of Design FMEA Planning and Precaration are:
= Project Idenificaton
= Praject plan: InTant, Timing, Team, Tasks, Tools (5T}

+  Analysis boundares: Datermine what is inchded and exciuded from
the analysla )

ldantification of bazabneg AMEA with isssons leamed
= Basls for the Stuclure Anslysis step

2.1.2 DFMEA Project Identification and Boundariss

DFMEA Profect Identification incudes a dear undarstanding of what
needs to ba evaluated. This involves a deglsion-making process to
define the DEWEAS that are needed for 2 customer poogram. What o
extiude can be Just as important as what ta indudse in 1he analysis,

Balow s some basle questions that healp antify DFMEA

projects,

*  Whatis the custorner buylng from us?

+  Are thefe new requiremenls?

+  Does the cushomer or company requike a DFMEA?

= Do we make the producl and hava design conlral?

* Do we buy the product and slill have design conbol?
D ws bry 1he product and do net have design control ?

»  Who 5 responsibls for the inledace design?

= Do wea nead 3 system, subsysten, component, of other leval of
analysis?

Answara 1o e queslions and cthars dofined by the company help
create the Ext of DFMEA projecls needed. The DFMEA prolect list
BEsUrgs cons/stent direction, commitment and foous.

Tha followlng may asslst the eam in dafining DFMEA boundarias, as
apHicable;

Legel Raquiremants

I1?
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18

213

214

»  Technlcal Bequirements

»  Customer  wanlsinesdsiexpactation  f(extemal amd [ntemal
custames}

+  Requirements spocification

*  Diagroms (Block/Boundary) fam similar projact

Schemalics, Drawings, and/or 30 Models

Bill of Materialz (BOM), Risk Assezamant

Previous FMEA for similar products .

Enor proohng requirements, Design for Manufacturabdiy and

Assembly {DFMA)

= QFD Ouakly Function Daployment

The felowing may be considansd n defining the scope of the DFMEA, as.

appropriate:

«  Novelty of technokgy’ Deqgres of hnovation

+  Quallty / RaBabllity History ((n-house, zerc mileage, fiek] faluras,
wamanty and policy claim: for simllar producta)

= Complexty of Design

+  Safaty of peopla end systems

+  Cybat-Physical System (Induding cyber-securty)

»  Legal Compliances

»  Calalog & stendard parts

DFMEA Project Plan

A plan for the execution of the DFMEA should be developed once 1ha
DFMEA priojact iz known.

it |8 recommended that the 5T method (n Tent, Timing, Team, Tasks,
Toal) be used as described in section 1.5 of this handbook. Tha plan for
the DFMEA halps the company ba proactive n starting the DFMEA
aarly. Tha DFBEA acllvitiss (7-step process) shoukd ba incamarated nlo
the ovarall projeci plan.

Identification of the Baseline DFMEA

Fart of tha preparation for congducting the DFMEA |5 knowing what
wnformaiion is glready availabie that can help the cross-functional team.
This Includes usa of a foumdatiion DFMEA [described in Sectlon 1.3),
aimilar product DEMEA, or product family DFMEA. The family DFMEA is
& spaciiired foundation design FMEA for preducts that geoerally
contain commaon or consistent proeduct boundaries and related funclions.
For a new product in the family, the naw project specillc components
and functions to compleisthe new praduct's DFMEA would be added 1o
the Family FMEA. Tha additions for e new produce may he in the family
DEMEA lizel, or in a new documenl wilh relerance o the original famdy
or foundation DFMEA. i no basaline & aveilable, Lhan the team will
develop a new DFMEA,

+ v = 4
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215 DFMEA Header

During the Planning and Preparation Step, the header of the DFMEA
document should be filled out. The header may be modified to meet the
needs of the organization. The header includes some of the basic
DFMEA scope information as follows:

Company Name: Name of Company Responsible for DFMEA
Engineering Location: Geographical Location
Customer Name: Name of Customer(s) or Product

Model Year | Program(s): Customer Application or Company Model
IStyle

Subject: Name of DFMEA Project (System, Subsyslem andfor
Companent)

DFMEA Start Date: Start Date

DFMEA Revision Date: Latest Revision Date

Cross-Functional Team: Team Roster neaded

DFMEA ID Number: Determined by Company

Design Responsibility: Name of DFMEA owner

Confidentiality Level: Business Use, Proprietary, Confidential

Example: Design Faflure Mode and Effects Analysis (Design FMEA)

Planning and Preparation (Step 1)

Company Acme Subject: PX123 Upper

MName: Automotive Jacket

Engineering Munich, DFMEA Starl  19-Mar-2018 DFMEA D 123456
Location: Gemany Date: MNumber:

Customer Jackson DFMEA 25-Sep-2018 Design 5. Gray
MNarne: Industry Revision Date: Responsibility:

Model Year(s)/ 2020 PX123 Cross-Funclio  See Team List Confidentiality  Confidantial
Programi(s): nal Team: Level:

Figure 2.1-1 Example of Completed DFMEA Header Planning and Preparation Step 1

21,6 Basis for Structure Analysis

The information gathered during Step 1 Planning and Preparation will be
used to develop Step 2 Structure Analysis.

19
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21.5
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Knowledge of these cuslomurs con help to define the functions,
requirements and specificalions more robushy as well as oid in
detarmining the eifects of related fallure modes.

NGTE: Reference the NOTE in saction 2.4.4 for casss when the snd
waer 15 not kndm

Visualize System Structurs

A visyalization of the system structura halps the DFMEA team develop
tha shuctural analysls. Thers am varcus tools which may ba used by
lhe leam i accomphsh this. Two methods commonly used are
derscribad in the sections balow:

+  Block/Boundary Diagrams

= Stucture Tree

2241 Block'Bovwndary Disgram

Block/Boundary Diagrame ara usaful iools thal deplct the system under
consideralion; and its Interfaces with adjacant systeme, fhe anvironment
and the customas. The disgram is o graphic mpresenialion Lhal provides
guidelnes for siuciured brainstamsing and faciitates the analysis of
systam inlerfaces as & foundation for a Deslgn FMEA. The diagram
below shows the physical and logical refalionships betwaen the
companents of tha product. 1 indicales the interaction of components
and subsystems within the scope of the desion as well as those
iterfaces to the product Customer, Manuiacluring, Servics, Shipping,
wie. The diagram klentifias parsons and things that the design inlaracts
wilh during ils ussful e, The Boundary Diagram can be uzed to identify
the Focus Elemants fo be assessed in the Siructure Anafysls and
Functinn Analysls.

The diagram may be In the form of boxes connected by Eneg, with each
box comesponding o & major component of the product. The lnes
comaspond with how lhe preduct components ana relatad to, or nlerface
wilh each olhar; with ampows. at the and poini{s) o ndicate the direcion
of fiow. [nterfaces betwesn alsments in The Boundary Deasgram can ba
included as Focus Elerments bn e Stuclure snd Funclion Analysie
Siruchae Tred,

There are difflerent approaches end formals o the sanstruclion of a
Block/Boundary Dlagram, which ara determined by the omanization. In
this handbook, the terma "block dlapmm™ and *boundary diagram”™ are
wsed intsrchangeably. However, the Boundary Diagram tends o be
moa comprehensive due to the inclusion of extemal influences and
syshem interactions.

In tha contexi of the DFMEA, Block/Boundary Dlagrams defina tha
anolysis scope and responsibilily and provides guidalines for stnictured
brainstorming. The scope of analysie ks defined by the boundarias of the
system; however, interfacos with external fachusfsystoms ams to be
addresged.
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- Dafines scope of analysis (balps to identify polential team
members)

= eniifies Inlemat and exermal intarfaces

- E_nablua application of system, sub-aystem, amd componert
hisrarcity

YWhan comectly constructed, BlackiBoundsary Diagrams provide debaiksd

Informaticon to the P-Diagram, and the FMEA, Allhcugh Block/Boundary

diograma can be congtructed o any level of detsil, il is Imponark o

jdentity the major sloments, understand how they inleract wﬂh aach
pther, and how ihey may interact with oulside systamas.

BlockBoundary Dirgrams ara steadly reflned as (he dasign mattines.

The steps imvcived In completing a Block/Boundary Diagram mey ba
dazeribed as follows:

a. Deacribe components and features

«  Marming the parts and featues helps alignment within the team,
particulardy when features hawve "nicknames’.

= All system components & inlerfacing components shown.
b. Reorganize blocks to show linkages
v Salid Ine for direct comoct
»  Dashed line for indirect nterfaces, i.8, cleaances or refative
molisn
«  Aurtrws indicate directon
» Al energy fowsl signal or forcs transters (demtified.
¢ Deserbe connoctlonz
Cansidar all types of interfaces, bath desired and undesired:
P—Physically ieuching {welded, balted, cdamped, ste)
E--—Enanyy transfer (Torque (Nm], heat, eic.)
| — Inkormation tranefer {(ECA, sansons, signals, eic.)
M --Malsrial exchange {Cocling Tukd, exhaust gaseas, eic.)
d. Addintefacing systems and inputs {persons and things)
The follewing should be indluded:

+  Adjacart systems — including systems Lhat ara not physically
touching your system Bt may interact with it requim
chaerance, Invotve matlon, or thermal eqosung.
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= The customerfend user
= Armows indicate direction

e, Define the boundary {What paris are within the span of control of
the team? What is new or modified?)

Only parts designed or controlled by the team are inside the
boundary. The blocks within the boundary diagram are one level
lower than the level being analyzed. Blocks within the boundary
may be marked 1o indicate items that are not part of the analysis.

f.  Add relevant details to identify the diagram.
= System, program, and team identification

= Key to any colors or line styles used lo identify different types of
interactions

= Date and revision level

| Customer I I Service I

Window Lifter System

Window Lifter Motor

‘ Guiding frame

i

Lifting mechanism

— 3

Figure 2.2-1 Example of Block/Boundary Diagram
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2.2.4.2 Interface Analysls

An interface analysls describes the interactiona betwaen slements of 4
systam.

There ara Bive prittary types of interfaces:

+  Physical conneciion {i.e. brackets, balts, damps and vanous lypes
of connactors}

+  Materigl exchange {.8. compressed air, hydraulic flulds or any cther
fluls or matarial exchange)

= Enargy transter (Le. heat transfer, ficAlon ar motion transfer such as
chein links or pears)

* Data exchange (i4. computer inputs or oulpuls, wiing hamassss,
slecirical signals or any other types of nformalion exchange, cyber
securty items)

= Human-Maching (ie. contols, swilches, mirmars, displays.
warnings, seating, entryfexit)

Another type of interface may be dascribad 85 a physkcal clearance
between parts, whera there is ne physical connestion. Clearances may
ba skatic andf or dynarlc.

Consider the imterfaces botwesn subsysterns and components in
addilion to the conlent of the sub-systemns and components themsalves.

An intedface analysls documents the natuma  {swongiweakinone,
benaficlatharmfull end type of refationships (Physical, Enemy.
Infermation, or Malerial Exchangea) that cccur at all intamal and exhema)
Indarfaces graphically displayed in the Block/Boundany Diagram,

Information from an interfacs analysts providss valuable nput o a
Design FMEA, such as the pmary functions or interface functions to be
analyzed wilh potential causesimachanisms of falura due to &ffacis from
nalghboring systems and anvirenments. Interface anelysis also provides
inpul to the P-Diagmam on ideal funcllons and nokse Fackors.

1243 Structurs Trans

The struchee tree amanges system elomenis hismrchically and
lustrates tha dependency via ihe structural conneclions.

The cleary strucfurad ilestation of the completa system & tharabsy
guarantesd by the fact thal each system elament exists only once to
prevent reduntamsy.

The structures aranged under each Syslem Element are indeperrdent
sub-zinuchares (sea figura 2.2-2)
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The interactions between System Elements may be described laler as
functions and represented by function nets (see Step 3 Funclion
Analysis).

There is always a system element present, even if it is only derived from
the function and cannot yet be specified more clearly.

Electronic Control Unit I

Magnets {Neodym) /,J

Armature Shaft ‘|
Pole Housing E]
o~

Figure 2.2-2 Example of Structure Analysis Structure Tree

The system siruciure can be created in the Structure Analysis section:

STRUCTURE ANALYSIS (STEP 2)

1. Next Higher Level

Brush Card Base Body

Window Lifter Motor Commutation System
Figure 2.2-3 Example of Structure Analysis Ferm

1. Next Higher Laval:
The highest level of integration within the scope of analysis.
2. Focus Element:

The element in focus, This is the item that is topic of consideration
of the failure chain,
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3.  Mext Lower Level or Characleristic Type:

The element that is the next level down the structure from the focus
element.

225 Collaboration between Customer and Supplier

2286

The output of the Structure Analysis (visualization of the design and its
interfaces) provides a tool for collaboration between customers and
suppliers during technical reviews of the design and/or DFMEA project.

Basis for Function Analysis

The information defined during Step 2 Structure Analysis will be used to
develop Step 3 Funclion Analysis. If design elements (items) are missing
from the Structure Analysis they will alsc be missing from the Function
Analysis.

2.3Design FMEA 3rd Step: Function Analysis

26

2.31

Purpose

The purpose of the Design Function Analysis is to ensure that the
functions specified by requirements! specifications are appropriately
allocated to the system elements. Regardiess of the tool used to
generate the DFMEA, it is critical that the analysis is written in functional
terms.

The main objectives of a Design Function Analysis are:
»  Visualization of product or process functions

«  Development of funclion free/net or function analysis form and
paramater diagram (P-diagram)

+  Cascade of customer (external and internal) functions with
associated requirements

»  Association of requirements or characteristics to funclions

»  Collaboration between engineering teams (systems, safety, and
components)

«  Basis for the Failure Analysis step
The structure provides the basis so that each System Element may be
individually analyzed with regard to its functions and requirements,

For this, comprehensive knowledge of the system and the operaling
conditions and environmental conditions of the system are necessary,
for example heat, cold, dust, splash water, salt, icing, wvibrations,
electrical failures, etc.
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2.3.2 Function

A function describes what the item/ system element is intanded to do.

A function is to be assigned to a system element. Also a structure
element can contain multiple functions.

The description of a function needs to be clear.

The recommended phrase format is fo use an "action verb” followed by a
“noun” lo describe a measurable function.

A Function should be in the "PRESENT TENSE®, it uses the verb's base
form (deliver, contain, control, assemble, transfer).

Examples: deliver power, contain fluid, control speed, transfer heat, color
black.

Functions describe the relationship batween the input and outputl of an
item/ system element with the aim of fulfiling a task.

MNote: A component (i.e. a part or item in a part list) may have a
purposeffunction where there is no inputfoutput. Examples such
as a seal, grease, clip, bracket, housing, connector, flux, elc.
have functions and requirements Including material, shape,
thickness, etc.

In addition to the primary functions of an item, other functions thal may be

evaluated Include secondary funclions such as interface functions,
diagnostic functions, and serviceability functions. (See figure 2.3-1)

Function of
npt @ Item/System Element |=> Output

Interface

Figure 2.3-1 Input/interface/Output Flow

2.3.3 Requirements

IS0 8000 defines & requirement as a need or expectation that a
particular design, product or process aims to satisfy.

Requirements are divided into two groups: functional requirements and
non-functional requirements.

A functional requirement is a criterion by which the intended
performance of the function s judged or measured (le. material
sliffness).
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A noriuncional requirement 3 a kmlation on e fesdom far design

dedsion (l.e. emperatura ranga).

Requirements may be derved from various sources, external and

inbarnal, these could be:

Legal requirements:

»  Epvipnmentatly fiandly product design, suitable kor racycling, sata
in 1he event of potental misuse by the operator, non- Aammabla,
et

Indusiry Mems and Standands:

+ 150 5001, VDA Voluma B Part 3, Process audit, SAE J, etc. (ie.
150 26262 Funclional Safety, SAE J3081 Cyber security)

Customar Raquiramanis:

+  Explich (le. in cusiamar specification) and implicit {i.&. freadom from
pohibibed materiala) — under all speciied conditions

Intamal Requirsmeants:

= Prochct Spaciic {le, Requirernenits Specifications,
manufacturabilty, sullzbility for tesfing, compatibiity with athar
axlzing products, musablitty, cleanlimess, genemalion, entry and
spreading of particies;

Product Characlerislics:

+ A disinguishing feature (or quantifiable atiibute) of a product such
as a journai diameter or surface finksh.

Parameter Dlagram (P-Diagram})

Paramaters ane considarad to be atiributes af the behavior of a function.
A Pammeter (P) Diagram iz a graphical ropresentaion of the
emviranment in which an ilem exists, A P-Diagram inchudes factors which
wituance the iransfer function hetwean inputs and autputs, focusing on
dasign decizions necessary 1o optimiza ouiput,

A P-Diagram is used ke chamacterize the behavier of & systern of
componant in the context of a singke function. P-Diagrams are nal
required Tor ak functions. Teams should focus on @ few key funclions
affested by new conditions and thoze with history of robusiness issuas in
pravious applications. Mere than ane P- Diagram mey be needed in
orden o lllustrata the funclionis) of the system or component that ars of
cancem (o the FMEA Team.

The semplate functional descripbion fims the basic for subseguant
failure analysis and risk mitigation.

A P-Diagram focuses on achisvamant of function It deary idenifes ofl
influences on thal function inciuding what can be controlled (Control
Factors), and what cannol reasonably be controliad (Molse Faciors).
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The P-Diagram, completed for specific ldeal Functions, assists in the

identification of:

«  Factors, levels, responses and signals necessary for system
optimization

+  Functions which are inputs to the DFMEA,

+  Control and Moise factors which could affect functional performance

+  Unintended system outputs (Diverted Outputs)

Information gained through developing a P-Diagram provides input to
the test plan.

Referring to Figure 2.3-2 below, the output (grey area) of the Htem/
System Element often deviatesivaries from the desired behavior

(straight line). The control factors act on the design fo achieve as close
as practical to the desired behavior.

Ideal/Actual vs. DESIRED/REQUIRED Functional Definition
{Linear Response Example)

X = input

Figure 2.3-2 Example of system behavior

A Parameter Diagram consists of dynamic inpuls (including signais),
factors that could affect system performance (control and noise),
sources of varation, and outputs (intended outputs and
unintendad/diverted outputs).

The following s an example of a Parameter Diagram which is used to
assess the influences on a function of a product includes:
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Input fihat you want o put in 1o get the desired result) s 4 dicscription
of tha zouroes required for futfilling the system functionality.
Function (What you want {0 happen) is described in 2 Paramster
Diagram with an aclive verb followed by a3 measurable noun in the
present tense and aszociated with requirsmerits.
Functlonal Reguirements (What you nead ko maka the function
happen) are related to the perkemance of a function
Conirel Factors (Whal you can do 1o make it happen) which can be
adjusted b make the design mome nsensliive to nolss (more robust) is
identifled. One type of Condrol Factor ks a Skgnal Fackor, Signal Fectors
are adjustment faclors, set direcly o indlrectly by a user of a system,
fhal proportionally change the system responss (e, brake pedal
movement changes stopping distance). Only dynamic systems wilize
signal factors. Systems wilhourt signal factors are called statc systerns.
Non-Functional Raqulrements What you nead baside the functionsl
retpirements) which Hmit tha design option.
mitended Output (What you want from the systom) ara ideal, intended
functional cutputs whoss magnitude may (dynamic system} or may not
{static system) be linsary proportional to @ signal factor (le., kiw beam
acivaton for a headlanp, stopping distance as a funciion of braka pedal
movenenty :
Unintsndad Output (Whal you dont wemt from the sysitem) are
mauncicning bebaviars or unintended system owdpults that divest
system parformance from Lhe deal intended function. For axamgla,
ensrgy associEled with a brake system is ideally iransformed (nlo
fricsion. Heal, noise and vitwation are examples of brake enargy divectad
outputs. Diverted Cutputs may be losses e themnal radiation, vibration,
alacirical resistanca, Aow restriciion, elc,
Noige Factars (What nterferes with acieving the desired culpul) are
parameters which reprasent poterfially sigrificant sources of vasialion
for the sysiem responsa and cannot be cenlrofled or are not practical to
contrad from the parspective of the engineer. Noises are described In
physical units.
Noise fartors ane calegarized as folows:
+  Puace fo Phece Varialion

{n 3 component and Intarfarance babweetn CoMpoNents)
v Change Over Time

{aging over We tima, i.e. mileoga, aging, wear)
= Gustomer Usage

fuse nut of dasirad spec.)
= Extamal Envircnment

{cenditions during customer usage, i8, road type, weather)
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A function structure becomes more detailed from top down. The lower
level function describes how the higher level function is to be fulfilled.
For the logical linking of a function structure, it is helpful to ask:

*  "How is the higher level function enabled by lower level functions?”
(Top-Down) and

= "Why is the lower level function needed?” (Bottom-Uip).

Brush Card Base Body

Fumction,
<, Brush cand body Eraneperis ioveey
aﬂ'.'_"g batwwsn wpring srd motor Body bo bobd
E‘f tha brush spring systes in s v ¢ position
e’?‘.lgn |SiIPET Commtsting FEntast pEinn
t Commutation System Carbor Brush
Furric el Fanction

COMmULANID SR (s e (e [ "
wteciical cunmend betwwsn coll pairs of E:::: ““:‘oqh'l'l-:“‘d:ﬂ“-
Ha sluctin magretic conveE e And COMMuUEKIST sufecs

Window Lifter Motor Brush Card Base Body
Funciion. Funciion. ..

Converi slecirical snengy into

machanical shargy sce 1o Carvon Brush
paramstarization Electramagnatic convartar Fursct

Functional Reguiransents Funciion

Move window glass up and ELbCire-Magritic comvere ranatoms

domwn with a delined velocity tha slactric field inio anpie-depentdent Brush Cord Base Body

magratic fih [atatians] fiakl) i

WHAT DOES IT DO? m

Figure 2.34 Example of Function Analysis Structure Tree
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2.3.7

Basis for Failure Analysis

Complete definition of functions (in positive words) will lead to a
comprehensive Step 4 Failure Analysis because the potential failures
are ways the functions could fail (in negative words).

2.4Design FMEA 4th Step: Failure Analysis

34

2.41

242

Purpose

The purpose of the Design Failure Analysis is to identify failure causes,
modes, and effects, and show their relationships to enable risk
assessment.

The main objectives of a Design Failure Analysis are:

*  Potential Failure Effects, Failure Modes, Failure Causes for each
product function (Failure Chain)

*  Collaboration between customer and supplier (Failure Effects)
«  Basis for the documentation of failures in the FMEA form and the
Risk Analysis slep
Failures
Failures of a function are deduced from the functions. There are several
types of potential failure modes including, but not limitad to:
*  Loss of function (i.e. inoperable, fails suddenly)
«  Degradation of function (i.e. performance loss over time)
+  Intermittent function (i.e. operation randomly starts/stops/staris)
«  Partial function (i.e. performance loss)

*  Unintended function (i.e. operation at the wrong time, unintended
direction, unequal performance)

»  [Exceeding function (i.e. operation above acceptable threshold)
+  Delayed function (i.e. operation after unintended time interval)
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+
F Ft Ft Ft F F F
. = e :
t t t =
o i .. changes over .. inDSrEITE <. I8 om @ highas .. mamEubE e nded whisch at lavel - wrang
dreciion

Sdent fir= hanctian of bowrei ewal “wahi e tima, duration”
“uniltanaded direttion”

F = Function t=Time ——— = requirad Function = performed Function

Figure 2.4-1 Types of Failure Modes

The description of a system and subsystem fallure mode is described in
terms of functional loss or degradation i.e. steering turns right when the
hand wheel is moved left, as an example of an unintended function.
When necessary the operaling condition of the wvehicle should be
included i.e. loss of stearing assist during start up or shut down,

A companent/part failure mode is comprised of a noun and a failure
description L.e. seal twisted.

It is critical that the description of the failure is clear and understandable
for the person who is intended to read it. A statement “not fulfilled”, “not
OK", "defective”, “broken” and so on is not sufficient.

More than one failure may be associated with a function. Therefore, the
team should not stop as soon as one failure is identified, They should

ask "how else can this fail?"
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l l Z: Environmental influences, noise factors

”“": f / prrensl ¥ Qutput y = f(x)
— (XW,Z) | " ¥*: Side effects

I I I W: Control factors

A fMawed input and/for noise factors generate a flewed output andjor the ocoerence of
intalerable side sffects. In this case, the fadure anabysis focuses on the system element that

taused the Nawed culpat,

lfireamn

X: Input

¥ = output ACTUAL system behavior

outside tolerance

¥ = input
Figure 2.4-2 Definition of a Failure

2.4.3 The Failure Chain

There are three different aspects of failures analyzed in an FMEA:
Failure Effect (FE)

«  Failure Mode (FM)
Failure Causa (FC)

What happens?
Failure Effect

Focus Element

Figure 2.4-3 Theoretical failure chain model
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37

244 Fallure Effects

A Fallyre Effect s defined as the consequences of a failure mode.

Dazcrba affects on the next level of product integration (nemal or

extenal), tha end user who is the wehicle opearator [external), and

gavamment regulations (regulaky) as applicable

Customer effects should stale what the user might nolice or expenkenca

Inciuding thosa effects that could impact safaly. Tha intent B to forecast

tha failure affects cansistent with 1he team's level of knowledge. A fallm

mexie can have multple effecla relating o inlernal and extemal

cushomers.

Effects may ba shared by OCckMs with supplisrs and suppliss with

sub-suppliers as part of design collaboration.

The severity of failure effeds is svaluabed on a ten-point scale according

o Tabla D1,

Examples of fallre effects on the End Ukser

+ Mo dsoemibla effact

+« Ppor appearance i.e. unsighlly close-oul, color fade, coamelic
GOIroalan

= Nolse La, mizaignmentiub, Juid-boms noice, squesldrattie, chinp,
and squawk

= Unpleasand adar, nough feel, Increased afforls

=  Opsmbton impared, msnnifent, unable 10 opeste, sledo-
magnetic in~compatibly (EMC)

= Extemnal leak resualing n perormance losz, emalic opertion,
uretatde

»  Unable o drive vehicle (walk home)
*  Noncompliance with gavemment regulations
+  Loss of stsaring or braking

NOTE: Insama cazes, the taam conducting the analysis may nol mow
ihe and usar effect, i.e. catalogue parts, off- he-shell products,
Tier 3 components. When his informmation /= not known, the
affets shodld be defined in teims of the part function and
specfication. In these cases the system intaprator ks
raspongibla for gnsuring tha comect part for tha application i
salected, 1.6, aubo, ik, madng, agriculture.

An addiicnal column i35 shown on ihe Rating Tables for
"Corparate or Produci Line Examples®,

Fallura Made

A Fallure Mode 15 defined as the manner In which an item could fal o
mest or daliver the intended funclion.
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38

246

The Failure Modes are derved from the Funclions. Failure Modes
should be described in technical terms, and not necessarily as symptom
noticeable by the customer.

In preparing the DFMEA, assume that the design will be manufactured
and assembled to the design intent. Exceptions can be made at the
team's discretion where historical data indicates deficiancies exist in the
manufaciuring process.

Examples of component-level failure modes could be, but are not limited
to:

NOT RECOMMENDED S— RECOMMENDED
Cracked mem}  Component cracked
Deformed === Component deformed
Fractured === Compenent fractured
Loose s Partloose

Oxidized et Part oxidized
Sticking e Component sticking

Examples of system-level failure modes include but are not limited to:

+  Complete fluid loss

= Disengages too fast

*  Does not disengage

*  Does not transmit lorque

+  Does not hold full torque

- Inadequate structural support

- Loss of structural support

+ Mo signal / Intermittent signal

+  Provides too much pressure/signal/voltage
Provides insufficient pressure/signalivoltage

+  Unable to withstand loadftemperaturefvibration

Failure Cause

A Failure Cause is an indication of why the failure mode could occur,
The consequence of & cause is the failure mode. Identify, to the extent
possible, every potential cause for each failure mode. The
consequences of not being robust to noise factors (found on a
P-Diagram) may alse be Failure Causes. The cause should be listed as
concisely and completely as possible so that remedial efforts (controls
and actions) can be aimed at appropriate causes.
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247

The Failre Causes can ba derivad from the Failure modas of the nexd
Iowar level function and requirement snd the potential noise fackors (e.q.
from a Paramadar Déagram).

Types of potantial falore causas could be, but sre not limited to:

= Inadequate design for funcilonal performance (incomect materfal
spacilled, incomect gacmealry, incomrect part salected for applzation,
ircermect surface Ardsh specied, repequats daved spactication
improper fricticn materlal specified., insufficient lubvicallon -pmilty,
inadequats design life assumption, Incomect algorthm, Improper
mainteranca instrucllons, edc.)

v Systern indsractions (reschanical intefaces, Duid Aow, haal sourcas,
controler feadback, sic.}

»  Changes over tims (yleld, fatigue, malerial Instabikly, creep, wear,
eomoskon, chemical oxidallon, alectro migration, over- stressing,
ole)

v+ Design inadequate for external srviranment (heat, cold, moistureg,
vibration, road debris, road salt, ele)

v End user wimor o beiwvior (wiong gear ased, wiong padal used,
excagstva speade, lowing, whong fuel type. senvics damage, ele.)

+  lark of robust design for manufactiring (part geomastry alows pard
installation backwards o upsids down, part lacks distinguishing
dazsign featumes, shippng container design causas pans o scratch
or sflck togethar, part handling causes damage, ele.)

+  Sohware Issues (Undefined state. comupted socdeddata)
Fallure Analysis

Depending on whether the analysis s belng done st the system,
sub-systern or component leval, & feiluce can be viswsd as a fadura
eflact, fallure meode, or fallure cause. Faliure Modes, Fallure Causes and
Fabure Effacts should comespond with (he respective column in the
FMEA Form.

Figure 2 4-4 shows a cascare of design-melated fallure modes, causes,
and affects from the vohicla keval to the charactarlstic level, The focus
elernant [Failum Mode), Causes, and Effects are diffsrent depending on
the level of design integraion. Consequently, a Fallure Cause at tha
DEM betarmms & Failre Mode at a next {Twrl] leval. Howesar, Falms
Eflecla al Ihe vehicle level (as perselved by the end waer] showld be
decumantsd when known, but nol gssumad. Thamfore, the
communicalion according te Figure 1.5-1 should be congiderad. Failure
Netarwka may be omated oy the arganization that gwne mulliple levals
of the design. When mulliple organizalions are responsilda for different
lavals of the dasign they am respansble to communicate fallure effecls
I the next highar ar mext kv Isvel a3 appropriats.
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DFMEA Potential Failure Network and Chain Analysis

DFMEA | DFMEA
at M Analysis Level Examples Failure Examples
Level2 | Leveld

i

Comifort chosing time oo lehg

Moving speed of window glass
100 low

Torgue snd rotating velocity of
he window lifter molor oo low

Commutation system

intermitiently connects the
wrang colls L1, L3 and L2
imstead of L1, L2 and LYY

Brush card body bends in
contact area of the carbon brush

40

Characteristics brush contact area

FC J Brush Card Base Body Too low siiffness in carbon
L

1 | s Failure Network
Faflure Chains

Figure 2.4-4 Failure Structure at different levels
To link Failure Cause(s) to a Failure Mode, the guestion should be “Why

is the Failure Mode happening?

To link Failure Effects to a Failure Mode, the question should be “What
happens in the event of a Failure Mode?
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Brush Card Base Body

Funcnimn:

Brush card body Waniports fofces Dealween
spring and molor body to hold the Brush
BpTing sywhem i L ¥, & posilicn

(suppert commatating contact point)

Faiture;
Brush card body bends in caniacn area of
Wineiow Lifter Motor - i
Fncion: T e
Comvert electrical energy inlo o i Ay - GCarbon Brush
mechanics! snergy scx. bs rlectrical Eurrant Between coil pair c.m":" = PR R
parameterication biush ransports
" A of the eleciro magnelic converier
:I;:mmm Falire: :q-hn-nr_llllm-#:\lhd wire and
m-rm“..ﬁ iy ity e Angle SEvIaTen by COMmuLalion F""d,,' '“_"m Ty
Falticra: SySh ey cormcts Cartwan brush fransports toa itk current
Tbrnua'md robiding ity of Ihe mu-?q:;ul “I...'a‘. L3 and LI instead
window Ufter molor oo low L LI Brush Card Bage Body

Figure 2.4-5 Example of Failure Analysis Structure Tree

The failure structure can be created in the Failure Analysis section.

FAILURE ANALYSIS (STEP 4)

1. Failure Effects (FE) to the
Next Higher Level Element
and/or End User . = | :
Torque and rotating velocity of | Angle deviation by commutation Brush card body bends in
the window lifter motor too low | system intermittently connects the | contact area of the carbon brush
wrong cofls (L1, L3 and L2 instead
of L1, L2 and L3)

Figure 2.4-6 Example of Failure Analysis Form

Following once again the header numbering (1, 2, 3) and color coding,
by inspecting the items in the Funclion Analysis, begin building the
Failure Chain.

1. Failure Effects (FE):

The effect of fallure associated with the “Next Higher Level Element
andfor End User” in the Function Analysis.

2. Failure Mode (FM):

The mode [or type) of failure associated with the "Focus Element” in
the Function Analysis.
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3. Failure Cause (FC):

The cause of failure associated with the "Next Lower Element or
Characteristic™ in the Function Analysis.

The Structure Analysis, Function Analysis and Failure Analysis may be
documented as in the form below.

2.4.8 Failure Analysis Documentation

The DFMEA Form can have multiple views once the Structure Analysis,
Function Analysis and Failure Analysis are complete.

1. NextHigher Level Functionand | 1 Failure Effects (FE) o the

1. Next Higher Level 17 "Next Higher Level Element
Convert electrical energy into iocity of
Window Lifter Motor mechanical energy acc. to TENge-and fletng Visocey o

the window lifter motor too low

parameterization

Figure 2.4-7 View of Product End Item-Function-Failure Form

Angle devialion by commutation
system intermittently connects
the wrong coils (L1, L3 and L2

instead of L1, L2 and L3)

Commutation system transports the
Commutation System electrical current between coil pairs of
the electromagnetic converter

Figure 2.4-8 View of Focus ltem/Element-Function-Failure Form2

3. Failure Cause (

Brush card body transports forces

between spring and motor body to

Brush Card Base Body hold the brush spring systeminx, v, z

pasition {support commutating
contact point)

Brush card body bends in
contact area of the carbon brush

Figure 2.4-9 View of Lower Level ltem-Function-Failure Form
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3. KMEH (FC) .
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253 Current Provention Contrels (PC)

Current Prevendion Confrols describe how a potsntial cause which
rosulla In 1he Fallire Mode is mifgabed using sxisling and  planned
acthvities. They describe the basis for determining the cceumanca rating,
Prawvantion Controls rejate back 1o the pedormanca requirement.

For itams which have been decigned out-cl-context and am purchased
24 stock or catalag ems from a supplier, e preveniion confrol should
doarnert & spaclic nferenca to how the itsm fulfils e requiremant.

This may be a refarence to a spediication sheet in 3 catslog,

Current Preventlon controls need to De dearly and compredsenshmaly
describad, with references cied. I necessary. this can be dane by
refarence to an additional decument. Listing a control sLch as “proven
material” of [lessons lsamad” s not & dear enough indication.

The DFMEA taam should akeo congider mangin of saiefy in design as 2
preverntian conirol,

Examples of Currant Pravention Controls:

= EMC diredlives adhored to, diractive S8/336/EEC

= Systarn desim according bo simulation, tolsreance calculation and
Procedure - analysis of contepts ta establish design requirements

+  Publizhed desipn standard for a thread ofass

«  Heat treat specificallon an drawing

*  Zanser perdformance spacifications.

«  Mecheanical redundancy {fall-safe)

= Design for tastability

*  Design and Malerfal standands (inlemal and extemnal}

+  Documentation - records of best practices, lessons lsamad, alc.
frewn similar desipne

= Emorproofing (Poka-roke design 1.6, part geometry Hevents wing
ariantation)

= Substanfially ideriksal fo a doskm which wes validated for =
previous  application, with  docurnsntsd  performance  histary.
{However, If thare is & change to tha dily cycle or operating
condltiens, then the carry-over Bem reguires re-validation in order
for the dateclion control to be redevant.)
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2.5.3
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254

«  Shiekling or guamds which mitigate potertial mechanlcal wear,
harmal exposing, or ERMC

- Conformance ¥ bast practices
After completion of the preventive adions the occurrance is verilied by
the Detectlnn Contral{s).

Current Detaction Controls {DC)

Curreni Delection Caonlrols delect the axisienca of a faillure cause or the
fallure mode before the ltem is released for praducion. Cument
Deteclion Controls that are listed In e FMEA represant planned
activibes {or acivittes alroady complated), not potential activibes which
rmay never achuoity be conducted.

Cumemt Datachion conlmils meed 1o be deady and comprehersively
described. Listing & conrol s5uch 88 “Test™ or “Lob Test" 8 not a clear
anough indicalion of & deteclion control. Raferances 1o specilic wesis,
tast plans or procedures should be cited as applicable, to ndicate that
the FMEA taam has determinod fhaf the tast will achually detest the
failure mods or causs, if & ocours (.2, Test No, 1234 Burst Pressure
Tast, Paragraph 6.1).

Examplas of Cumant Datection contrats:
r  Funclion check

*  Burst teat

» Ernfronmental tast

v Driving test

+  Endurance test

= Range of mobon studies

+  Hardware in-the-loap

»  Softwara in-dhe-loop

+  Design af experiments

+  VWoltape outpul lab measurements

All controlz that laad 1o 8 detaction of the fallure cause, or the falra
mode are entered into the “Curment Detection Controls” colamn
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2.5.4
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% Design element

PC determined
Review & reaction
&g, CAE, iolerance study

PG
Th tical lesis "
4. DoE, FEA
g A
- Good/Bad inspecton
- Inspection for failures
I - Fungtion bost over
semace Iife,
[ e.g., trend danalysis
PC (preventive). Preventive controls Design failure Time

DC {reactive): Detoctive controls

Figure 2.5-1 Prevention and Detection in the Design FMEA

2.5.5 Confirmation of Current Prevention and Detection

Controls

The effectiveness of the current prevention and detection controls
should be confirned. This can be done during validation teardown
reviews. Such confirmation can be documented within the DFMEA, or
within other project documents, as appropriate, according to the team's
normal product development procedure. Additional action may be

needed if the controls are proven not to be effective.

The occurrence and detection evaluations should be reviewed when
using FMEA entries from previous products, due to the possibility of

different conditions for the new product.

Confirm Prevention

' I
Prevention Detection
100% '

Design understanding

Sample Time
. Calculation New calculation +
4 Tests with
. Simulation- Mew simulation- - & existing samples
PR - DoE -Mew experiments « .

Figure 2.5-2 Roadmap of design understanding
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2.56 Evaluations ’

47

5.7

Each fallure mode, cause and affect relationship [s assessed (o estimale
risk. Thane are rating critania for tha evaluation of Ask:

Severty (5] stands for the severity of the faiure effect
Occurrence [OF  stands for the occurrancs of the faflure cause

Detection (D): stands for the detection of 1he ocourmad @ilure cause
andfor failure: mods.

Evaluation numiers from 1 to 10 are vsed for S, O, and D respectivaly,
whire 10 stands for the highest sk conifbution.

NOTE: It ks not agpropriale o compare the rtings of one lean's
FMEA with the ralings of another team's FMEA, even ¥ \he
product/ procass appear 10 ba [dantcal, sinca sach team's
enviionment [= umigue snd fhus their mspactive kdividual
ratings will be unique {le. the ratings ane subjactive).

Severity (S}

The Severity rating (S) 15 2 measure assoclated with the most senious
falure offect for a ghen fallare mode of the funedion being evalsated.
The rating {5 used to identiy priodties retative to the scope «of an
ndividuval FMEA and & determined without regerd for ooocumence or
dedacton.

Saverity should be azimated wting the critara n the Severity Table O1.
The table may be augmented to inglude product- speciflc axamples, The
FMEA project team should agres on an evalation criberla and mling
system, which iz consistent avan f modified for individual design
analysis,

The Severity avaluations of the fallure affecis should ba iranstemed hy
tha ctstomar so tho supplier, as nearded_
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2.5.6
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Product General Evalistion Griteria Severlty (5}

Potaniial Failure Effecls rated according Lo the criteria below.

Blank untl fllad

in by uger

Effect

Corparate or
Soverity criteria Product Ling
Examples

10

Yary High

Affect= xafe operation of the vehisle andior other vwehiclas,

the heahh of driver or passengen(s) ar read users or
pedestians.

Noncompiance with regulations.

Loas of primary wahicle funclan necessary for normsal
driving duning expeched sanvice ke

Degradation of primary vahide function necagsary for

nommal driving during expected servica life.

B |B|@m| -~

Modarate

Loss of secondary vehicls fnclion

Degradation of sacondary vehicle fundtion.

Yery objaciionable appearance, sound, yvibration,
harshness, of haplics.

Low

Maderately ohjectionatle appearancs, sound, visraten,

hershess, or haptics.

Slighitty abj=cionabls appesrance, sound, Vibratlon,
harshnass, or haplcs.

Very low

No discarnible affecl,

48

Table P1 « DFMEA BEVERITY {5)

258 Occurrence (O)

The Occumence raling (O} i3 & measure of lhe effcclivenass of the
pravertion conlool, Laking nta account tha raling criteria.

Ocownence robings should be eslimated weing tha crierfa In ihe
QOcomence Tabke D2, The fable may be augmentzd io include
produckepecific axamples. The FMEA project team should agroa ¢o an
ovolugfion criteria and rmling system, wiwch is conskstent, even if
mediied for individual de-slgn enalysis [le. passenger cer, luek,
motoreycla, ete.).

Tha Occumence rating number is & relative rating within the scope of te
FMEA and may net raflact lhe aclual occumancs.

The Ocourence raling describes the potentfal of the fdure catse W
ooeur in custamear aperation, acconding te the rating teble, considaring
resulls of alreaty completed detection controls,
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Experiize, data handbooks, wananty databases or olher experiences in
the fiekd of comparable products, for exampla, can be consuttad far the
analysis of the evaliation numbers.

When Failura causes are rated for octarrence, il is dona taking i
aceount an asimation of the effectivenass of the cumant pravention
cantral, The accuracy of this raling depands on how wall the prevention
conérol has been described,

Questions such a2 the following may be helpful for a team whan frying i
determing tha appropriate Qocurrence rating:

+  Whal Is the servica histry and field exporionce with simiar
companants, ubsystems, or systems?

«  lstheilem 8 camyover product or similar bo 8 peavious level iem?
= How significam are changes from a previous level item?

*  |s the tem complatsly new?

+  ‘Whatls tha applicaiion or what are the environmental changes?

= Has an engineering analysis (e relidbiity} bean used to astimate
the expadied comparable ocoumence rabs for the agplication?

= Hava prevention controls baen put in place?

= Has e robusiness of the product bean proven during the produst
development process?

49
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Occmrence Potential () for the Prodkct

Potental Failure Causes mied according to the oriterda balow. Cansidar Product
Experienca snd Prevention Conlrols when determining the best Oocumence estimake

(Cueiltathve rating).

Blank unt
i in by vaer

Pradiction of
Failure Canse
Decurring

Occurkence criteria - DFMEA

Comuorate or
Product Lina
Examples

10

Extramaty righ

First application of new technology anywhena wilhout
pparaling exparience and /or under unconiraled oparating
corditions. Mo product vertficalion andior validation
BXDERencE,

Standands do nok axist and best practices have nat yat been
datermined. Prevantion comrals net able to predict flald
porformapss of do not exdst.

Vary high

Firgt uma of design with technical inncvations or matkerials
within the company. Mew apphicalion or change in duty aycle
{ oparaling conditions. We product verificalion andior
validation sxperenca.

Prevantion comirols nat tarpeisd 1 keniify perfammance o
specific rmguiraments.

First usa of design wilh technical innovations or materials on
a naw application. New application or changs in duty cycle |
oparaling condliions. No produc] verification andfor
validation expersncs.

Fow sxisting standands and beat practicss, not divectty
applicable for this design. Prevention comkrols not 2 refable
indtcator of feld performance.
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Decurrence Potendial (O] for the Product

Bikarrk unil

Palentzl Failure Cauzas rated aocnrding o the criterla betow. Consider Product
Experianca and Pravartion Controls when dalemmining the besi Oocumance estimate
(Cualtative raling).
Comporats or

fllled m by user

o

Pradiction of
Fallure Cause

Occurring

Ocourrvnce sritarin - DFMEA

Product Ling

Examples

Mow design based on similar technology and matenals, New

basafine design, but not the innovations. Praventn conkrals

application o change in duty cycle ! operating condiions.
o product vesificaion andfor validation axperisnca.
Siendards, best praciices, and deslgn rules apply to the

pravide limitad Indication of perfomance

Simllar to previous dasigns, using exising technology and
materialz. Simiar appication, with changes in duty cycle or
operating condilons. Previons lesting or ek! expericnce.
Standards and design rulas axist but are insfficient (o
enzure that the fallure cause will not ococur. Prevenlion
controls provide some abilty o prevent 3 fallure cause.

Moderate

Detai changas o pravious deslgn, using proven kechnology
and mataniale. Similar applicabon, duty cycla or opatating

canditions. Prervious testing or field axparisnce, or ew

dasign with same tisl expedance redated Lo fhe falure.
Design addressas kessons leamed from pravious designs.
Bigst Practicas re-evahated for this design but have not yat
been proven. Praveniion eontrols capatle of finding
deficlencles in the product related to the fiallure cause and
provids soma ndisation of parksmance.

Almwost iderilical design with short-term fleld exposure.
Simitar application, with minor changa in duty cyele or
oparating conditions, Pravious tesiing or fisld expersnce.
Predecassor design end changes for new design conform &
best practices, standards, and apecilications. Praventon

contrcls capable of fiding deficiencies in the product rolatad

to the faiure causa and indicate Kok design confomanca.

&1
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Occurrance Potential (O for the Produst

Experienca and Prevention Condrols witen detennining tha best Qorumence eslimala

Poteniial Failure Causes ratad acconding to the eriteria below. Considar Product

(Qualitative raiing).

Blank undl
Rled In by user

Prediction of
Failune Causs
Qcourming

Oocwrence critera - DFMEA

Corporate or
Praduct Line
Examples

Dekall changes be known design (same apglication, wilh
minar change in duly cycle or operating conditions) and
testing or fisid axperience under comparsble oparating

procedure.

Dersipn expecied to conform to Standards and Bosl
Fractices, considaring Lessons Laamed from previous

in the product releted to the falume cause and pradict
conformance of production design.

conditions, or new design with succassfully campleted tast

deslipne. Provention cantrols capable of finding deficken ches

ety low

Almaost kentical mature daskgn with long term fleld
sxposure. Same application, with comparsble duty cydle

comparabla operating condilons.
Design expected o cordarm to Standards and Best
Praclices, coneidering Lessons Learmed from previous
designs, with significant margin of confldenca. Prevertion

Lo the failure cause and mdicate confidencs in deslon
conformance.

and pparsating condiions. Testing or fiald experfance wnder

conirols capable of frding deficiencles In the product related

1

Extrermcly low

Fallurs sliminated through prevantive control and fallure

cause is not possible by dagon

Preduct Experience: History of product usage within the company (Novstly of design, application or
use cooe), Resulls of alresdy completed dedestion sonlrols prmvide axpiriance with the design.

Prevantlon Controls: Use of Best Practices far product design, Dealgn Rules, Company Standards,
Leszons Leamed, industry Standards, Metarlal Spacifications, Governmant Regulations and
affectivencss of prevenilon orienled anakical loals induding Computar Alded Engineering, Math
Wodskng, Simulation Studies, Toarance Stacks end Design Safety Marging

Moba: O 40, 9, 8, ¥ can drop based on product validation activies.
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259 Datection {D)

The Dalecticn rating (D} 15 an astimated measur of lhe sffactiveness of
the debaction control be reliably damenstrate the failure cause of Tailre
mods befare the itam s released for production. The detaction rating is
the raling assocated wiih ths most effscive detection control

Detection is a relative rating, within the scope of the individual FMEA
and is determined withoul ragard far soverly or ooeumence, Defeclion
should be estimated using the critera in Tabke D3. This bl may ba
augmented with examples of common delection methods used by the
company. The FKMEA prolect leam should agtee on an evaluation criteria
and raling syslem, which & conslstert, even I modified for individual
producl analysis.

Tha detectlon raing ks inltialy a prediciion of the effeciveness of any yst
unproven cortrol. The effeclivenesa can Se verlied and re-ovaluated
after tha deteclion controd is completed. However, tha complefion or
cancallaion of a defection contre! {such as a test) may alzo affect the
astimabion of aoeUmancs.

In determining this estimals, questions such as the Tollawing shauld be
sonskderscd:

«  Which lesl is most effedtive in dalecting the Failure Cause or the
Failure Mode?

+  What Is the usage Profe / Duty Cycla requited detecting the
tailura?

+  ‘What sampla size is requived to delect the feilura?

« Is inhe iest proceturs proven for detecling this Cause [ Failure
Mode?

Detoction Poisntlal (D} for the Valldatlon of the Product Dezign

Dowstlon Conlrols rated according to Detaction Mt_ﬂh:d Maturity and Opportunity far Blank untd

Tast method not deslgned speciically to !
detert failure MOGA DX CUSH. Fail, Degradation

Datection. filled in by user
Ahliity to Opportunity for | SomRorate or
D Detect Detection Method Maturlty PE md Product Lina
ntoct Examples
10 Test procadura yet o be developec, | 1o oo ot
Very low Pass-Fail, Teslto-

Testing
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259 #F¥mE (D

FMETER (D) RYEMR T RENEE,. HTERBTTE"R.
T RHMEF R ER SR, NS RE DR ER,

HNER—TEHHES, AES4 FMEA HEAHITIEE. SHsET
HAEORUER. BNERAE DS PRI RRRETIE. ErE
14 ] LA 2R X A T HOE . FMEA 818 EIRL B SRR 54T
ﬁﬁggﬁﬁmﬂﬂ.mm#ﬂ+ﬂ#ﬂﬂﬁﬁ?ﬁﬂ-ﬁﬁ#ﬂﬁ£ﬂ
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De{ection Potential (D) for the Validation of the Product Dasign
Datection Conlrols rated accarding fo Detection Method katurity and Opportunity for Blank unkl
Datection. flled in by user
Corparate or
D |Aplkyio Detection Method Waturity OPB""'“I "“';5" Tor | Produet Line
n Examples
Pass-Fall, Test-io-
B New st mathod; noi provan. Fai, Degradafion
Low Tesling
7 Proven iest mathod for verification of Pazs-Fail Testing
functiorality or validation of performance,
i quallly, rallabilky snd durabilty; planned | — 1o o F o
Hrming is 1eter in the preuct divelopment
5 | Moderate | cyde such that test failures mey resUR in | Do osegon Tasling
producion delays for re-design and/or 4
re-koofing.
4 Proven test method kor vesification of Pass—Fall Testing
functionality or vakdation of peformanca,
3 | migh | qualky, reliamiity and dursbiity; planned | oo o-Fellurs
Eming is stffickent to maodify production esting
2 toois bafore release for production, Degradation T
Prior testing confimmed that failure mode or causo cannet oeour,
1 Yary high | or detection methods proven bo always detect the fallura mode or
{ailre cause.

Takle D3 - DFMEABETECTION (D)

2510 Action Priority [AP)

Cnca the eam bas completad the inllal Mentificaton of Falune hModss,
Fallure Efects, Failure Cassea and controls, ncksding ralngs for
saverity, octurence, end datection, they must decide if further offods
are hesded to reduce the rsk. Cus to the Inbarent limitations on
resources, ime, kechnology, and othar factors, Ihey mual chocse how to
best prioifiize ihese effons.

The Aclion Prority (APY method is introduged n this handbook. |
aceounts for al 1000 possibbe combinations of 5, Q, and D. It was
created to glve more emphasis on severdty first, then cccurrenca, Lhen
detection. This logic folkmes he failra-prevanton Inbant of FMEA. The
AF table offers & suggested high-medium-low prodly for action,
Companins can use a single system Lo evaluate action priarles Inetead
of muliple systems mguired from mulipks cusioma s,
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8b

Risk Pricrity Numbers ana the product of S x O x D and range from 1 to
1000, Tha RFEN disiribution can provida some infomnation aboul e
ranga of ratings, buk RPN alons is not an adequate method to determine
the need for more actions since RPN pives equal welghtto S, O, and D.
For this reason, RPN could rmsulk in shnlar dsk numbers for very
differsnt combinaflons of S, O, and L leaving the leam unicerian about
how to priodilze. When using RPN R is recommanded o use an
additional methad 10 pricritize e REN results such a5 3 ¢ 0. The use of
3 Risk Prigrity Numbar (RPN} thrashold & not & resommendsd praclics
for datermining th= nead for acons. The RPN and 5 x O methads are
not included in this publication.

Risk matricas can reprasant combinatons SfSand O, S and D, ard O
and D. These matrices provide a visual repasentation of the resutts of
tha analysks and can be used a8 &2n nput fo priorlization of actions
based on company-establizhad critera not Induded n this publication.

Since the AF Table was dasigned ko work with the Sevetity, Ostunmancs,
and Detection tables provided in this handbook, il the omganization
chooses b rmgdify the 3, O, O, takles for epecific products, prosesses, ar
projects, the AP table should also be carefully reviewsd.

Noke:  Acilon Priority rating tables am the same for DFMEA and
PFMEA, bart diifarent for FMEA-MSR,

Priority High {H):

Priority Msdium (M}:

Priority Low {L):

Highest pricrity for reviaw and action.

Thes teem peeds bo either dentify an appropriate
action 1o Impwove Prsvention and { or Detecton
Controle or justify and document why curmant
conlirals ana adequate.

Madium oty for raview and action.

The team should Tderiily appropriste actions to
Improve pravemlion and ! or deleclion comtrols,
or, at the discretion of the company, justify
decumenl why control are adequate.

Lo pricwily for révieny and ackion

The team cpould idenlfy acllons 1o Improve
pravention or datection controls.

It is recommended that potential Severity 9-10 Fallure Effects with
Action Priority High and Modlem, at a minimum, be reviawsd by
managament including any recommended actions that wer taken.
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This is nct the prioritization of Hgh, Medlum, or Low risk, it is the

pricoritiextion of the actiona to reduce risk.

Mote: |t meay be helpful 1o indude a statsmant such as “No further
actlon Ts nooded™ in the Remarks field as appropriate.

Actlon Priority (AP) for DFMEA and PEMEA
Acficn Priority Is based on combinations of Sevarity, Occurrence, and Detecton rabgs g;’;‘i::'ﬂ
in orcler &3 pricr ize actions for ik reduction, Lser
Prediction of ACTION
Effect % |FaiwreCase | O Ability to Detect D PRIORITY | Comments
Occurring (AF)
Low - Viary bow 7-1} H
10 Moderata E-6 H
Very high B- Tigh oa H
Vary high 1 H
Loww - Viery low 7-10 H
High 67 hodarate i ] H
a High 24 H
Product of Very high 1 H
Plaint Law - Very [ow 7-10 H
Effet | +1¢
Vary high 45 Moderatn L.F: H
Modarate High 24 H
Vary high 1 M
Low - Very low 7-10 H
Modearate M
23
Low High 24 L
Very high 1 L
Vary high - Vary ~
Vary low 1 low 1-10 L
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Action Priority (AP} for DFMEA and FFMEA
Acbion Pricrity i hased on combinations of Severly, Occumence, and Detsction raings ?ﬁ;:‘;
i ordar to priorties actons for isk mduction. ser
Prediction of ACTION
Effact 8 Fallare Cauae o) Abliicy to Datact 4] PRIDRITY | Commonts
Occurning (AP}
Lo - Yery low 7-10 H
Modarata 56 H
Vary high B0 High = =
Yory high 1 H
Law - Very low 71D H
Modarabe 5 H
High 87 High 2-4 H
Product or Very high 1 M
Plant 7.8 Low - Wary [ow 7-10 H
Effecl | Moderata 56 M
High Moderate 45 High >4 v
\ery high 1 M
Liow - Wery low 70 M
Moxderate 58 M
Low 3 High 24 L
Yery high 1 L
Very low 1 | Vewmoh-Verr | 410 L
Low-Verylow | 7-10 H
_ Modarata 56 H
Wery high 810 Figh 24 M
\ary high i M
Low - Very low 7-10 M
. Modarate 56 M
High B-7 High o4 ¥
Product or Very high 1 L
Plant 46 Low - Very Iow 7-10 M
Effact Modgrate 56 L
Maderate Moderate 4-3 Figh 24 L
Wary high 1 L
Lowr = Very low ¥-i0 L
Moderoto 56 L
Low 23 High 74 3
WVary high 1 L
vaylow | 1 | YeYRR-VEY |4 | oL

af
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OFMEA F1 PFMEA FEEHRAS (AP)
BREACEREFAE. SUEDRRNETRNR S IR, ENEAEERRMIS | ¥, biH
TR R TR Y. ARNE
MEREE R
Ew 5 plyfusoten g WP D (AP) &
& - FEM4E 7-10 H
f 56 H
EXR 810 = 24 =
E L 1 H
& - dEXqE 710 H
i 56 H
& £7 ~ s H
S ERE 1 Y]
IEﬁJ:K Il-‘jlﬁﬁ- -8 - e 7-10 H
tfh &6 M
* e n 24 m
{EFHE ] M
1% - R T-10 ¥
t X M
23

& = 2-4 L
EE=R 1 L
ERi 1 TRE - FEKE | 1190 L
& « JERiE 7-10 H
i 56 H
[ 1 810 = o4 =
EER 1 M
1% - i 7-10 M
& 5.6 M
# &7 3 24 M
b Fd EHER 1 L
igig 46 1 - FHE 710 M
ia 5.4 L
i 5 [ 24 L
El1-1 i L
P& - £ 7-10 L
i 545 L
e 23 [ 24 L
EWE 1 L
gl 1 JERH - dEE | 110 L
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Action Pricsity (AP} for DFMEA and PFMEA
] i . Blank untl
Action Priofity is based on combinations of Sevetity, Dccumence, and Detection mlingsin | o 10 by
onder 1o priorlize actions for risk reduction. usar
';'f,f'ﬁ““" ACTION
Effact s c;:" O | AbifityfoDutest | D | PRIORITY | Commants
Occurving e
Low - Vary Jow 7-10 M
KModerata 5-6 M
Veryhigh | 810
High 24 L
wery high i L
Lo - Very low 710 L
i o7 Modarate 65 L
High 24 L
Veary high 1 L
Low-Verylow | 7-10 L
Product or
Plant Efact | 23 Modernte 58 L
Low Modesate | 45 High 24 L
Very high 1 L
Lowr - Very low 710 L
Moderale 58 L
High 24 L
Low 2-3 Very high 1 L
Vary igh -Very | 110 L
Verylow | 1 | VeRiah-verr | 4 L
Ho
. ; Vary law -
discamible | 1 1-10
Effect Very high

Table AP — ACTION PRIORITY FOR DFN EA and PFNEA
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DFMEA #1 PFMEA M ER A (AP)
AR AR AL B MR . SN | BN RAHT it . BMENRERETYS | o, &0
Tite Btk T Y. ADHE
MNahKE E iy
Ew wemmy | © WEieh D AP} 33
& - R 710 M
& 55 M
E 2.1 B-10
F 24 L
TN i L
£ - EEE 7-10 L
] 5K L
& 67
» 24 L
Elr1-1 1 L
MARRT
rF ahﬁ"ﬁm' & - ERE 710 L
] 56 L
th 4-5
- 24 L
i of 1 L
% - %% 710 L
et 56 L
# 23
3 2-4 L
X 1 L
FRE 1 =5 - e | 110 L
BATER wRE-F |,
EHmp:a, ik -

AP % - DFMEA I FFMEA (318 FMEA) e &
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2,512 Basis for Optimization

The output of Steps 1, 2, 3, 4, and 5 of the 7-step FMEA process is used
to determine if additional design or testing action is needed. The design
reviews, customer reviews, management raviews, and cross-functional
team meetings lead to Step & Optimization.

2.6Design FMEA 6th Step: Optimization

60

261

Purpose

The purpose of the Design Optimization is to determine actions to
mitigate risk and assess the effectiveness of those actions.

The main objectives of a Design Optimization are:
«  |dentification of the actions necessary to reduce risks

= Assignment of responsibiliies and deadlines for action
implementation

»  |mplementation and documentation of actions taken including
confirmation of the effectiveness of the implemented actions and
assessment of risk after actions taken

+  Collaboration between the FMEA team, management, customers,
and suppliers regarding potential failures

«  Basis for refinement of the product requirements and prevention
and detection controls

The primary objective of Design Optimization is to develop actions that
reduce risk and increase customer satisfacthon by improving the design.
In this step, the team reviews the results of the risk analysis and assigns
actions to lower the likelihood of occurrence of the Failure Cause or
increase the robustness of the Detection Control to detect the Failure
Cause or Failure Mode. Actions may also be assigned which improve
the design but do not necessarily lower the risk assessment rating.
Actions represent a commitment to take a specific, measurable, and
achievable action, not potential actions which may never be
implemented. Actions are nol intended to be used for activities that are
already planned as these are documented in the Prevention or Detection
Controls and are already considered in the initial risk analysis.
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2.5.3

T thé teamn dacides that no further actions are necessary, "MNo Rirter
acllon is necded” e wiillen n the Ramarks field to show the Hek analysis
was complsted.

The DFMEA shoud be used o assess tectmical risks relaled
conlinuous imgrovemant of the dasgn.

The opiimization Ts most affective in the following ordse
«  Design modWications io eliminate or miligate a Fallure Effact (FE}.

= Deglgn madifications lo reduca the Opcumence (0] of the Failura
Causze {FC)

+ Increase the Detection (D} ability for the Falluee Cauze {FC) or
Failure Mode {FM).

= |n the case of design modifications, all impacted design elemeants
arng avaluated again.

In the case of concept madifications, all steps of the FRMEA are reviewsd
for he affected sachons. This is necessary bacauss the onginal analysis
= no longer valid since it was basad vpon o different degign concepl.

Assignmeant of Responsibilitiss
Each actionn should have a responsible individua! and a Target
Cermpiletion Dale: {TCD) associatad with It

Tha rasponaible parson ensures the aclon siatus ls updstad. IF the
action is confimad ihis person i aleo responsible for the aclion
implementaiion.

‘The Achsd Complkelion Data for Prevenlva and Detecion Acliong is
documented induding the data tha sctions ane implementad,

Target Complalion Dates should ba realistic {.e. in accomdance with the
product developmant plan, pricr to precess valdation, prior to start of
production).

Status of the Actlons

Suggesied leves for Status of Actions:
Open
Mo action defined.

Decision ponding (opticnall

The action has bean defined but hes not yet decidad on. A
desislon papar i3 being created.

Implementxilon pending {optianal)
The adtion has been decided on but not yat implemented.
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2535

Completed

Completed  aclions have heen implemarted and  their
effecivaness has boen demanstrated and documented. A final
evaluation has been done.

Mot Implatmanted

Mot implemented status is assigned when & decision is made
not to implemant an action. This may occur when reks related
to practical and techrical Bmikaens 2re beyond cument
capabilities.

The FMEA iz not considersd "complete™ untl the [eam assessas sach
itear’'s Achion Priority and sither accepts the leved of risk or documants
ciosure of all acions.

If Mo Actien Taken™, then Action Priority & not reduced and the risk of
fallura ks camiad farward into the product design, Actions are open lbops
that nesd 1o ba closead in witling,

Asscasment of Action EHectivenioss

Whan zn action has been completed, Doowrance, and Debaction valles
are massensed, and a new Action Priorty may be dalemninsd.

The new aclion receives a preliminary Action Priority raling as a
presfiction of effeciveness.

However, the status of 1he acllon remains Tmplementafion pending” uniil
tha effactivaress has boan tested. Afler the tesls arm finalized the
preRminary rating haz to be confirmed or edapted, when indicated. The
stalus of the action is then changed fram Smplemendation pending” to
“complmted”.

The reasssssment should be based on lhe sffactiveness of the
Praventiva and Deteclion Actions taken snd the new values 2re based
on the definitions in the Design FMEA Coourmence and Detaclion rating
tabdog,

Continual Improvemerst

Tha DFMEA sarvas 25 an hislorical record for the dagign. Thereiors, the:
original Sevarily, Occurrence, and Detecllon (S, O, D} numbars need to
ba vigfble or at a minimum avaiable and acceseible as part of verslon
hislory. The completed analysis bacomes a reposiony o caplume the
prograsslon of dasign decisions and dosign refinoments. Howsaver,
criginal 5, O, D ralings may be modified for foundation, family or gensic
DFMEAs because the informalion i used as a staring point for an
application-epacdific anahysks,
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272 FMEAReport

The repmt may be used for communication purposes within a company,
or between companies. The report is not meant lo replace reviews of the
DEMEA datale whan requestisd by managemenl, customears, or
suppllers. |1 ks meant to be a summary for the DFMEA team and others
to confim complation of each of the tasks and reviaw the resulfs of tha
analysis.

K Iz important that the conlent of the documerntation fulflle the
requirgmiénts of the organization, the inlended veader, and relavant
etateholders. Detals may ba agreed upon batwean iha parflss. In thie
way, it is alsc ansumd that &l detalls of tha analysis and the Infelechal
proparty remein at fhe develezing company.

The layout of the documanl may be company spadiiic. However, the
vaport should indicate the technical risk of fallure as a part of the
development plan and projact milestones. The content may induda the
following:

A, Asistemenlof final slalus compared 1o originagt goales established in
1.5 Project Plan
a. FMEA Intent — Purposa of this FMEA?
b. FMEA Timing — FMEA due data?
¢. FMEA Team - List of parlcipants?
d. FMEA Task - Scope of this FMEAT
& FMEA Tool — How do wa conduct the analysis Mathod used?

A surnmary of the scopa of the analysls and idantify what (& new.

A summary of how The funclions were developed,

A summary of at keast the high-tisk fallumss as determined by ha
team and provide 2 copy of the specific 34O/D raling Lables and
meihod of action prioritization {8_g, Action Pricity ahia).

E. A summary of the aclions inken andior planned to address the
high-rigk faflures Including status of those aclions,

F. A plan and commitment of Aming fer ongoing FMEA Improvemant
actions,

=

a. Commbment and bming to close open actions.

b. Commilmenl to revicw and revise the DFMEA during mass
producfion to enswre the accuracy and completeness of the
analysis as compared wilh tha production design (s.g.
redlsions miggared from design changes, comeclive aclione,
eic., hased on company procaduras). (Refer o seclion 14
Cace 3 FMEA revistons)

¢ Commilmant t0 capture “things gone wrong™ In Toundation
DFMEA=s for the benalit of fulure analysks reusa, when
apphcabla. Refer to sectlon 1.3.6 Foundation and Family
FMEAs)
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3 EXECUTICN OF THE PROCESS FMEA {PFMEA)
3.1Process FMEA 1st Step: Planning and Preparation

B5

314

312

Purpose

The purpose of the Process Penning and Preparation Step o {o
describe what productiprocessas am 0 be incloded or exchuded for
raview in the FFMEA project.

The process takes Into accownt tht all processas within the REaclity can
be analvzed or reanalyzed using PFMEA. This process allows an
organfzation to revisw all processas 2t a high (=val and 1o maks a nal
determination for which proceszaes will ba analyzed. The ovesall
advanlags of Preparation is to fotus rescurces on proceesas with the
highesat priomty.

The main phijsciives of tha Process Planning and Preparation Step
are;

Project wentification

*  Project plan: InTent, Timing, Team, Tasks, Tools (5T}
Analysis boundaries: What B ncluded and excluded fmom the
anzysis

ldaniifcalion of basaling FMEA with lesgona leamed
Basis for the Struciure Analysls step

PFMEA Froject kientification and Boundarles

PFMEA Project iemification cludes & clear understendding of what
necds o be evaluated. This Involves a dedsion-making process ko
dafine 1he PFMEAS that are needed for e cusiomer program. ¥What 1o
axciude can be just 25 important as what 10 include in the anakysls,

Balow are some baskc questons that help Kentify PFMEA projects.
«  Whalis the customer buying from us?
Ara thera new raqUiremants?

«  What specific processielements cause & rsk | Imparing the
requirementicharasianistic?

+  Does the customer or company require a PFMEA?

Do wa make the procuct and have dasign cormmd?
Do by the prodiect and stll have design control?
* Do we buy the product and do not have design contral?
»  Whais responsibla for the Inferface dasign?

+ Do owe need a system, subsystem, component, or ather level of
analysia?
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Answers 1o thess quastions and others dafined by the company help
craaly the Bt of DFWMEA prjertz needad. The PRMEA project list
assures consistant direcllon, commitment and fous.

The following may assist the leam in defining PFMEA boundaries, as
avalabln:

+  Legel Requirements
= Tachnical Requirements

«  Customar wanizinesdsfaxpectation (extormal and  intemal
customars)

»  Reguiremenis speahication

*  Diagrams (Block/BoundanySystam)

»  Schematics, Drawige, andfor 30 Modals
= Bill of Matesials (BOM], Risk Assessment
»  Previoua FMEA for siteilar products

~  Eror omolng requiremants, Design for Mamdfaciurabilty and
Aszembly (DFMAY

+  QFC Queality Function Deployment

Prepamton reads to be established at the start of Ihe process o asaue
conzistent direclion and foeus, i€, an aptire procass lina, procass iem /
process shemanl

Procasans wilila the plant that can Impact the product qualty and can
be considered for PFMEA analysis: fecelying processss, part and
material storage, orodwet and maleral dolivery, manutecturing,
assembly, peckaging, lebeling, compleled product transportation,
storsgye, malntenance procasses, datechon processes and rework and
repalr procasses, alc.
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34

s

FFMEA Projact Plan

A plan for 1he execullon of the PFMEA should ba developzd ohoa the
DFMEA project is known

It & recornmended that the ST method {lmend. Timlng, Team, Tasks,
Tool) be used as described In section 1.5 of this hangbook. The
ofganizaticn alse neads b factor in development of the applicabla
Cistomer Spedfic Reqguimment{s) (CSRa) methods andfor dallverablas
into the project plan. The plan for the PFMEA helps e company be
proactive in starting tha PFMEA sofy. The DFMEA activilles {7-shap
process) shauk] be Incorparated into the overall project plan.

Idantification of the Baseline PEMEA

Fart of tha preparation for conducting 1he PFMEA is knowing what
Information is alrwady avafable that can help e cross-funclional team,
This indodas use of a foundation PFMEA ({described in Seciion 1.3),
simllar product PFMEA, or peaduct foundation PFMEA. The Toundation
PFMEA 12 @ spacigllzed foundation process FMEA, for products that
generally contain common o consistent product boundases and ralated
functions, Far a new praduct in the oundation, added 10 this Toundation
PFMEA woruld be Tha new projact spacific compansnts and functions be
complets the new product’s PFMEA. The addlions for the new product
may ba in the foundalion PFMEA its&lf, of in a new document with
refarence i the original famlly or fcundation FFMEA.  no baseline s
avallatile, than tha team will devalop a new PEMEA.

Process FMEA Header

During Praparation, tha header of the PFMEA document should ba fillad
out. Tha haadar may be modified to mast the needs of the orgentzation
and inclwdas some of the basiy PFMEA Prepartion information as
Tollows,
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3.2.2 Process Flow Diagram

A Process Flow Diagram is a tool that can be used as an input fo the

Structure Analysis.

Incoming inspection for
production components

Transport components from
warehouse o production linge

[OP 18] Grease bearing shalt

[OF 20] Grease goar wheel

Transport

|OP 20] Priss sintered bearing
into housing

Transport
[OP 40] Gear cover assembly
Transport
[oF..J ...

10 pes.
per shitt Assembly Inspeciion

Store parts to be shipped 1o customer

Figure 3.2-1 Process Flow Diagram

3.2.3 Structure Tree

The structure tree aranges system elements hierarchically and
illustrates the dependency via the structural connections. This pictorial
structure allows for an understanding of the relationships between
Process Items, Process Steps and Process Work Elements, Each of
these is a building block that will later have functions and failures added.
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Figure 3.2-2 Example of Structure Analysis Structure Tree (Electrical Motor Assembly Ling)

The Process ltem of the PFMEA is the highest level of the structure tree
or process flow diagram and PFMEA. This can also be considered the
end result of all of the successfully completed Process Sieps.

Electrical Motor Assembly Line

Figure 3.2-3 Process ltem

The Process Step is the focus of the analysis. Process Step s a
manufacturing operation or station.

1
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[ Process Step/Station
{Procoss Elamant)

[ [OP 10] Greasing Process (bearing shaft)

Prucosis Flow

[{DP 20] Greasing Process (gear wheel)

| m

[ [OP 30] Simered Bearing Press-in Process

l

[ [OP 40] Gear Cover assembly Process

|

I [oP..]...

The Process Work Element is the lowest level of the process flow or
structure tree. Each work element is the name of a main calegory of
potential causes that could impact the process step. The number of
categories may vary by company, i.e. 4M, 5M, 6M, etc. and is commonly
called the Ishikawa Approach. A process step may have one or more
categories with each analyzed separately, Refer to Section 3.4-7 Failure
Cause for more information about how the 4M approach is used to

Figure 3.2-4 Process Steps

identify Failure Causes.

4M Categories:
Machine

Man

Material (Indirect)

Milieu (EnvironMent)

itional
Method
Measurement

T2

ies could be, b

ot limited to:



BLUBEHEVEEGRAF £ERSHE  400-962-2286

r [OP 10] @il (%K) |

e

| top 201 wmmssmause) |

| [OP 30] etk ESRER |

| [OP 40] thi4t MM & |

| [OP ...) ... |
fH 3.2-4 idRHE

PR TR R A S R R R R TR R
FE R oL 2 R I R S ) e S R 2 S R
B 4m. SM. BM 5%, RGOSR NE. R PR s -l
TR, SRR R T A, TR 4m BERGNRR AR
B, i LI 3.4-7 W k.

AM 27,

T

AR

HE ()

744

St BT T
Hrik

MR

72



BELHEHEUEBRERAE 2ERS ML - 400-962-2286

STRUCTURE ANALYSIS (STEP 2}

Electrical Motor Assy Line [OP 30] Sintered Bearing Prass-In Operator
Process

Elactrical Motor Assy Line [OP 30] Sintered Bearing Press-In Press Maching
Frocess

Figure 3.2-5 Example of Structura Analysis Form

3.24

3.25

73

1. Process ltem:
The highest level of integration within the scope of analysis.
2, Process Step:

The element in focus. This is the item that is topic of consideration
of the failure chain,

3. Process Work Element:

The element that is the next level down the structure from the focus
element.

Collaboration between Customer and Supplier
engineering teams (interface responsibilities)

The output of the Structure Analysis (visualization of the process flow)
provides & tool for collaboration between customers and suppliers
(including machine suppliers) during technical reviews of the process
design andior PFMEA project.

Basis for Function Analysis

The information defined during Step 2 Structure Analysis will be used to
develop Step 3 Function Analysis. If process elements (operations) are
missing from the Struclure Analysis they will also be missing from the
Function Analysis.
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3.3Process FMEA 3rd Step: Function Analysis

74

3.31

332

Purpose

Tha pumposs of the Procass Function Anafysls is o snsurs that the
Intendad Runctong [ requiements of (he product f process am

appropriately alocated.

The main cbfactivas of a Process Funcion Analysis are:

+ Visualizatan of product of process funchions

+  Function treemet or equivalent process fow diagran

+  Agsociation of requirements or characleristics bo fonciions

+ Collaboreiion bobaeen amgineering teams (syslems, safely, and
componants}

= Basis for tha Falure Analysiz step

Function

A function descibes wiat the process Hem or procass sten is intanded
to do. There may be mera than one funclien for each process item or
process stap.

Prior 1o beginning ihe Funclion Analysis, infmalicn to be gathered
coulbd inciude but i3 niot Emited 1o product and procass functions,
procuct/procass mguirsnents, manufacturing environmeant conditions,
cyde ime, ococupational or aperator safety reguirsments, snvironmantal
impact, etc. Thia fermatlon [s important in defining the “pesitive®
functions and requiremants nesdad for the Functonal Analysis.

The descripticn of a Function needs to ba dear.

The recommended phrase formal s Lo uge an “action verb™ follcwed by a
“noun” to describe the measurable process funchion 00 THIS® “TO
THIS™).

A Functicn should be in the *PRESENT TENSE™, it uses the varb's basa
farm [deliver, contaln, conlrol, aszamble, fransfar).

Examples: Dril hole, apply glue, insart pin, weld bracket

The Functlon of the Procass lem begins at a high (evsl, and refarances
s Process ttem in the Struciure Anelysie. Az a high- lewe! descriplion, it
can tke Wlo account functions such as: Intemal function, extemal
function, customer relaled funciion amndfor and user funchion.

Nole:  The negative of thasa will ba the Falure Effacts.

Example: Assemble componenls

The Funcfion of the Process Siep desaibes the resulfing product
feaiures produced at fhe atation.
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3.3.3

| Mota:  The negative of Ihese will ba the Failure Modas.

Examphs;  Press insintered baaring to pole housing

The Funcion of the Procass Work Elkment refects the contribution o
iha Process Sdap to create the process f product fealures,

I MNole:  The negativa of these will the Frilure Causes.

Example: Get sintoved bearing from chule manoally

Example.  Press farcs to prass sintered beaning imo pole howsing
For the logicat Iinking of a funciion and struches, questions are asked
a5

“What does It do?”

How 1o achigva the product f process requirements - from right & ket
{Process fem — Procass Step — Process Work Elament)

"How?"

Why implement thi product / process requiementis - from left 1o right
{Pracess Work Elamant — Pracess Step — Process llem}

Requirement{s) [Charactaristics)

A Characteristic is a distinguishing fealure: (or quantifabka attibiee) of a
product. For axample, a diameter or surface fnlshes. For PFMEA,
Raquiremants are described i terms of Product Characiaristics and
Proceszs Characteristics.

Mote: Thie negativa of thasa will be the Fallure Mode and the Failra
Cause.

A Product Characterstic (Requiremen) is related to tha parfarmance of
a process function and can be [udged or measwred. A peoduct
charactaristic [4 shown on a product drawing or specification documean
i.e. Geomatry, Matarial, Surfaca Finlsh, Coatings, ate. Process functions
create produdd characteristics. The design dorurmsnts Compiehend legal
requiranants ii.e. isads fras materal), industry requirements (i.6. thread
clasa}, cuslomer requiremants {i.e quantity), arkd inlemal requiremants
{i.e. port deandinegss). Produst charctanstics can be measured afler 1he
product has been mada (.e. gap). Product Chaeracterstice can come
from parfonmanca redquirements, e, ‘egal (perfomance of windshleld
wipers), In these cases, the messwable Froduct Charactaristic shoald
ba Nsied, folowed by the Peromance Requirement, ie., Spline
Cwor-pin Diameter {Government Windshiald Wiper Reguletion XY2Z).
The spedic quartitalve velus is apional far the PFMEA form.
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Praduct Cheracteristics:
«  Ls. may be derivad from vanious sources, external and internal
Legal requiremionts:

= |.a, complance wilh designated bealih & safely amnd emvitonmendal
prelectian rgukations

Industny Norms and Statwdards:
= Le. 1909001, VDA Volums & Part 3, Pmcess Audil, SAE J
Gustomer Requirements;

+«  According te custorper specifications, L.o. adherencs to requirad
quality, manufecture and provision af product(s) In time x and
quanily ¥ [outpul 2mhaour)

Imternal Reguirements:

* Le. manufacture of tha product, in process eycle, complance whh
expeded produsiion costs (e, faclities availablity, limited rejects,
no comeclive work), production systsm prnciples, process quality
and cleanlineas insfuctions

Piocess Chacaclerlstics:

A Process Characteristic is the process contred thal ensures the
Pradust Characteristic ks achieved by tha procass. It may be shown
on manufacturing drawings o specifications {inchsding cperator
work instructions, set-up Instyctions, ermw-procfing verification
procedures, ot ). Process charactenstics can be measured while
the produtt & being meds (e, press force). The spediic
quaniilative valuz s opliconal for the PFMEA fomn.
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Process Flow Process Noise Factors [4R4) Core Process
eg: e [Process Paramster]
- Trasmport Man Machine Material Emvironhent A drlinad czre
= Fam Supply ER g ER g PIOCESS PEENNE
Assaemibhy + Opersee - Wear « Supplied part - Tempemture :':'“ﬂ:*
Change ower behavior Rupair quality ar
- TRR = varistion P
p—— intended Cutput
Process
Covrpanenrs! J Assembly:
a.g. Sintar Banring, Pole Press in Sintered Bearing in Pofe Poile Housing with
Howiing “ heusing until defined position ansembled Sinter Bearing

T

Unintended
cutput

Process Function B
Pradisct Characteristics/
Regquirements

Aasigl pogition

ha

Reguiiramant to the Produst:
(interface to Design)

- Impact 1 eaemponents dus to port
handling or press inforces

- distincinass of Chmpanants

- Opecator ity [shars odees)

impacted or changed Product
Charactoristics

” I}u—.em:rnfmaum'
- Surface of Bearing seat In houaing

Generic Process
Requirements

g

= Targat Cyela Tima

+ OEE

« Scalability

. Health & Safety Aeg.

77

Figure 3.3-1Example of Parameter Diagram of Press in Sintered Bearing

3.3.4 Visualization of functional relationships

The interaction of process flem functions, process step functions and
process work element functions may be visualized as: function network,
function structure, function tree, function matrix, and/or function analysis
depending on the software tool used to perform the PFMEA. For
example, Function Analysis is contained in the Form to perform the

PFMEA.
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[P 300 Sintered Boarkng Fress-n Process.

Elacirical Mator | Assembly Line

Process Fummilon

Ansembly of anaft katn poke

froadig alsambily

Process Funcisen

Pruns in sirdered baarig e e i il
PORTHAN iM P ousing o maz gap per
prind

=5 T

Piccaas Funebai

Dpsrator prassss tha bution of maching foe
Febeaing 1 presa-in process when lnadeg
i enmplated

Cpemabor

Process Funciion

Oiperator Lakes airisred basiing Mem ahin
and puak i enile the preks-in shalt uslil e
wppat sisg

Press Machine

Process. Fumciion

Mt Hinrvm mhiggrers mirstisiwd D i s sk
Espiaing anat in pols housing

Preas Machsna

Procses Function

Mazhiiie Canisrs tha nismlered bearing ts the
bapiing daat bn pals heiming

Pross Machine

Process Fumciian:

b ine prensss In e sirdeied beaiing
inia the bearing Bes in pols ousing unil
I dwfinod seial pos o

2 wiar vos oo Il Howr <

Figure 3.3-2 Example of Function Analysis Structure Tree

1. [Function of the Process ltem

2. Function of the Pmm&

Funetion of System, Subsystem, | Step and Product Characleristic
Part Element or Process (Quantitative value is optional)

Your Plant: Press in sintered bearng to | Machine presses  sintered
) achieve awial position in pole | bearing into the pole housing

Assembly of shaft into pole | hausing to max gap per prim seal until the defined axial

housing assembly position

Ship o Plant:

Assembly of motor to vehicle door

End User;

Window ralses and lowers

Figure 3.3-3 Example of Function Analysis Form

The column header numbering (1, 2, 3) and coler coding are included to
help show alignment between the Structure Analysis and associated
content of the Function Analysis. In this section you work from left to
right answering the question: “How is the higher level function enabled
by lower level functions?"
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3.3.5

3.3.6

Collaboration between Engineering Teams (Systems,
Safety, and Components)

Engineearing teams within the company need to collaborate to make sure
information is consistent for a project or customer program especially
when multiple PFMEA teams are simultaneously conducting the
technical risk analysis. For example, design information from systems,
safaty, andfor component groups helps the PFMEA team undersiand the
functions of the product they manufacture. This collaboration may be
verbal (program meetings) or written as a summary.

Basis for Failure Analysis
Complete definition of process functions (in positive words) will lead to a

comprehensive Step 4 Failure Analysis because the potential fallures
are ways the functions could fail (in negative words).

3.4Process FMEA 4th Step: Failure Analysis

3.4

342

79

Purpose

The purpose of the Process Failure Analysis is to identify failure causes,
modes, and effects, and show their relationships to enabla risk
assessment.

The main objectives of a Process Failure Analysis are:
«  Establishment of the failure chain

+  Potential Failure Effects, Failure Modes, Failure Causes for each
procass function

«  |dentification of process failure causes using a fishbone diagram
{4M) or failure network

*  Collaboration between customer and supplier {Failure Effects)

*  Basis for the documentation of failures in the FMEA form and the
Risk Analysis step

A failure analysis is performed for each element/step in the process

description (Structure Analysis/Step 2 and Function Analysis/Step 3).
Failures

Failures of a process step are deduced from product and process

characteristics. Examples include:

*  non-conformities,

= inconsistently or pariially executed tasks,

= unintentional activity

*  unnecessary activity
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3.4.3 The Failure Chain

For a specific failure, there are three aspects to be considered:
= Failure Effect {FE)
. Failure Mode (FM)
= Failure Cause (FC)

What happens?
Failure Effect

Faiiare Cause
Why?

Focus Element

Figure 3.4-1 Theoretical failure chain madel

3.4.4 Failure Effects

Failure Effects are related to functions of the process item (System,
Subsystem, Part Element or Mame of Process). Failure Effects are
described in terms of what the customer might nolice or experence.
Failures that could impact safety or cause noncompliance to regulations
should be clearly identified in the PFMEA.

Customers could be:

» Internal customer (next operation/subsequent operationfoperation
tar-gets)

*  External customer (Next Tier Level/OEM/dealer)
= Legislative bodies

= Product or Product end userfoperator

Failure Effects that are given a Severily rating;

1,  Your Plant: the effect of the fallure mode assuming the defect iz
detected in the plant (what action will the plant take i.e. scrap)

80
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2.  Ship-to plant; tha effect of the falure mede assuming the defoct 1o
niod detaciedd befors shipping to the next pland (what action will the
next plant take .6, sart)

3. End usar tha sfact of the process ftem effect {what will the end
user nolics, feel, hear, smell, atc. L.e. window raises too slow)

The foffowing quastions shordd by sskad 1o help daterming which group

of fafure effacts appy:

1.

Does lhe fallure mode physically impact downslream processing of
cause patential hamm 10 eguipment o oparalrs?

This inciudes an inabillity o assemble or join te 2 mating component
at any subssquant customeasrs faciity.

¥ 50, then identify the manufacturng impect *Your Plant® andlor
“ship-io plani® In ihe PFMEA, If not, then 9o to queslion 2.

Examples could inchde:

«  Unable to assemble at oparalion x

+  Unablztg atltach at cirstomar faclity

+  Unable to sonmeat al cuskmer facllity

*+  Cannat bore af operation x

= Gauses excessive inol wear at opemalion x
r  Damages aquipment at operation x
Endangers aparatar at customer fality

Mobe:  When parls cannot be egsembled there ks noimpact o the End

Usar and question 2 does not apply.

2. ‘Whatis (he potenitial Impacl on the End User?

Independent of sy comnals planned or mpiamentad including ermor or
miztake-posfing, consikder happens to the process item that feads 1o
what the Eng Usar woud nofice or expariencse. This indormaton may be
avaliable within the DFMEA. If an eéfact is cacried from the DFMEA, 1he
description of tha product efiects in tha PFMEA should be consistent
With the:sa in the coreaponding DF MEA.
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NOTE:  In gome cazas, the leam conducting the snalysis may not know

the end user effect (ie. catalogue pars, off- the-shelf producis,
Tier 3 componaniz). When this irformalion iz net known, the
affects should be defined in tams of the pat function andfor
prcess spetification

Examples coukd Include:

Moise

High effort

Unpleasant odor

Intemmitlent operation

Wter haak

Rowugh idie

Unable to adjust

Difficalt b control

Poor appearance

Regulatory System Function reducad or falled
End u=er lack of vehicle cormrml
Safely effect en End user

3 Yyhat would happen if a failume affect was detected prior io reaching

the End Usar?

The falure affect at the currant or receiving locations also needs o
be congidered.

Idenilfy the manufaciurng impact “vour Pland” andfor "ship-to plant’

inihe PFMEA.

Examples cosd includa:

*

Line shutdown

Stop shipment

rard hold

100% cof preduct serapped

Decraazad [ine spasd

Added manpowear 1o manlaln ragured e rate
Rework and repair
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345 Failure BMode

& {Frocezs) Fallure Mode is defined a3 thé manner in which the procass
could cause the product not te dellver or provide the intended function.

The team should assimma that e basic dasign of the producl 15 comect;
howeneer, i there e design Issues which result in process concerns,
lhose iBswes should e communicated to the desipn team for resohtion.

Assurne thal the faflure mode cauld occur burt may nol necessarly occur.
Failure modes shauld be descrted In tachnical 12mes, not a2 a symptom
rvelicesat{a by (he customes.

Verification of compieteness of the fallure modes can be made through a
revicw of pasl thingsaone-wrong, refect or scrap repors, and groap
brainstorming. Sources for this should also include a comparison of
simitar processas and a revew of custemer (End Usar and subsegquant
operation) claims relafing to almilar componanits.

Theara ara saveral cateqories of polantial faiwe modes ncluding:
= losxs of procass funcliorfoparation not parfarmed

»  Partial function= Incomplete operation

= Degradailon of procass function

= Owerachleving process functicn - Too much too high.

¢+ lesmittent prosess funciion-operaBon not consistant

= unsiable cperation

+  Unintended procass funclion-weang aperaton

= wiong part metalod

=  Delayed process functon-oparatfion oo late

Typlcal falhm modes could be, but are nat Imited to:

= Hole boa shallow, oo deap, missing or off locatian.

» Dty surfacs

*  Surfaca finish too smoclh

= Misaligned cannecicr pins

= Connector not fully seated

= Pass a bad part, or reyact a good part, bypass nepaction cperation
+  Labed missing

«  Barcode nol readable

¢ ECU flashed with wring saftwara,
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348

F14.6.1

Fallure Cause:

A fallure causs is an indication of why 2 fallure mode could occur. The
conssquence of A cause kB tha failure mode. tdently, io lhe exiand
possible, avery polentsl manwfacturing or assambly cause for «ach
fallure mode. The causa should be Bsted as conclsely and complately as
possible so that efforts {controlz and actions) can be aimed at
pppropriate causes,

Typical fallre causes may inchide the classic Ishiewa’s 4, bul e not
liitad to:

+« Man: satup worker, maching oparalod associate, matarial
assodate, makntanance lechnican etc.

+  Machine/Equipment: rbol, hoppar rezareoir tank, injecton
moiding machine, spiral conveyor, inspaction devices, fiklures, atc.

+  Matarial {Indiract): machining of, Installafion grease, washer
concenlration, {#id for cperation), atc.

«  MilewEnvronmant ambient condiions such as heat, dust,
contarnnaton, lighting, nolee, ate.

Mote: I preparng the FMEA, assuma that the [ncoming
part{s¥matarial{s) are cormact. Excoplions can be made by the
FMEA team where historizal data indicale deflclencies in
incoming pant quaitiy.

One method to belp mvesl / uncover fallure causes 1s o have a
faciitator 1hat leads the team through "Thought Provoking Stimulation
Questions”. These quastions can be Hroad category queslions, enough
o shimulate the procass experts thought procass, while keaping tha
manber of questions o a manageatia (evel. Queslions can be process
speciic and brokan down into the 4M categories. Inltial Nel of queslions
can ba formed by reviewing the Failkine Causes in previous PFMEA's.

Exampla - Az=ambly Process:
Man

From pars avaiable within the piocess, can wrong part ba appliad?
Can no part be appled?

Can the parts be kaded incomecty?

Can parts be damaged - From plckup 1o application’?

Can wrong materal be ussd?

e oW NS

3.4.6.2 Machine

1. Can avtomaled process ba intarmupted?
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2. Con [npulied dala ba entered incormeciy?

5. Can maching ba rn [n menuel mode, bypessing automated
controls?

4. |z there 5 schedule ko confirm prevention and detecton conlrols?

3.4.6.3 Materfal (indirect

1. Can oo much [ 1oo itk 7 e material ba ugad?
2. Can maheial he appiled 1o a wrong [ocaflon?

1.4 8.4 FnvironMant

347

1. s lighting adequats far task?
2, Can parts used within the process, ba congidarad foreign material?

The descriglion of the faikwe cause needs to be clsar. Tamms such as
defective, brolen, oparator fallure, non-fulklimeant or net OK and o on
ara insufiicent to comprehensivaly assign the falurs cse and mode
and o dalenmine acHons.

Fallure Analysis

Basad on the process sleps, the fallures are darved and Bbhure chaing
(i.o. Falure siruclureMallure tresstallure network) are created from the
function analyais {aea fgure 3.3-1}

The focars alement of the fallure structure s the Failure Mode, wiih ils
ansociated Failure Effscts and thelr Fallure Cauess, Dapending on the
focus, & f@lurs can be viewsd ag a Failure Effect, Fallure Mode, or
Failurs Caliza.

Ta Gnk failure causels) 1o a failure mede, the quaztion should be “Why is
the fallure moda scauring ™

TFo link failure effacts to a failure mode, the queslon should be “What
nappens im the event of a fellura moda?
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Electrical Mot | Axsarbly Ling
Fraceia o guarement
&yaambhy of shafl miz
swready
Effesi 64 Process
Clearance bxo small ko assesbls
shan

e RO

(0P 38) Sisasred Baariag Prass-in Procsss
Praduct Characierisne

Aainl pouion sinisred bearg is pols hoouing
1-.“ gap: €03 =)

Asidi puln-unumldmun.m i

What happens? m

Preas Maching

Proceus Charscisrisie

Klicking prwet o the pateied beanng imls e
bearmg seat in goie howwing wriil the detned aazal
pomitinn

Faury

Mackme stags beture reaching sl posson

Fresa Machine

Figure 3.4-2 Example of Failure Analysis Structure Tree

FAILURE ANALYSIS (STEP 4)

1. Failure Effects (FE) to the Next

Higher Level Element andior End User

Your Plant;
Clearance too small to assemble shaft
without potential damage

Ship to Plant:

Assembly of motor fo wvehicle door
requires additional insertion force with
potential damage

End User:

Comfort closing time too long.

Axial posiion of
bearing is not reached

Machine
reaching final position

sinterad stops bafora

Figure 3.4-3 Example of Failure Analysis Form

Beqin building the failure chain by using the information in the Function
Analysis. When using a customer specific form or software, follow the
methodology as defined by your customer. This handbook recommends
the Function Analysis section of the spreadsheet is filled-out following
the header numbering (1, 2, 3) and color coding.

1. Failure Effects (FE):

The effact of failure associated with *1. Function of Process ltem” in
the Function Analysis.

Mote

86

for spreadsheet users: A potential failure mode may have maore
than one failure effect. Faiure effects are grouped in the
spreadsheet in order to avoid excessive duplication of the
same failure modes and causes.
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2. Fallure Moda {FM);

The mode (or bype) of falure assoctsled with 2. Funclion of
Process Step” n he Funtion Analysis,

Mole for spresdshest uars: JE iz meommendead that ueers start wilh the
failure mode ard then ideniify related fallure effacts using the
irformation k the #1 Funclion of the Procass Item column of the
Funclion Analysis sechich becavse some or all calagories may
apply.

3. Failure Causa [FC):

The cauze of failure associated with the “3. Function of Process
W¥ork Elemnant” in the Funclion Analysls,

Relationship between PFMEA and DFMEA

A design Teilume of A feature {prodluct characleristic) can couse a falure
for one or mora product funcilons. Tha comeeponding process faillura is
the inabdity of ithe process to mamfachee the same feature as
deslgnad. The failune to conform to a prodod characleristic alona leads
to ihe Foilure Effecl. Only in thiet casa i the Falure Effect in tha Dazlgn
FMEA the same as in lha Process FMEA. All Fallpre Effacts which are
caused by & failure of the processes and which ara noi dentted in
Cesign FMEA have to be newly defined and assasead in the Process
FMEA.

The Failwa Effects refatod 10 the producl, sysiem, andfor end user and
their assuuisted severitiss should ba docurented when Knawn, bat not
assummed. The key to the Identification of Falura Effecis and assockated
severites is the commumicalion of tha imvolved partfes and the
urderstanding of differences and simiarities of tha analyzed failures in
DFMEA and PFMEA ses also figure {.4-1).

Figum 3.4-4 shows a polential Interrelation of product-related Fadhee
Effecis, Failure Modes and Fallure Causes Trom Lhe "End User” level fo
tha lewel of produddion {PFIAEA leval).

Note:  The expectaion of the relalive ime of and the flow of
idomnaticn fom the DEWEA to the PFMEA 1a diffesent in
non-glandard developrment flows, such as wiem development
of @ “stanctiand™ procass pracedes develsprent of lha pmducts
that wil be mamdactwed wsing it In such cases, the
approprate #ming and How of information betwasn thase
FMEAs should be definad by the organtzation,
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Figure 3.4-4 Relationship between PFMEA and DFMEA

3.49 Failure Analysis Documentation

After the Structure Analysis, Funclion Analysis and Failure Analysis are
complete a structure tree or spreadsheet can have multiple views.

1. Process ltem S'i,-stmt

1. Function of the Process ltem

1.Failure Effects (FE) to the Next

Subsystem, Part Elementor | Function of System, Subsystem, | Higher Level Element andfcr End
Mama of Process Part Element or Process User
Electrical Motor Assy Line | Your Plant: Your Plant:

Assembly of shaft into pole
housing assembly

Ship to Plant:

Assembly of motor to vehicle
door

End User;

Window raises and lowers

Clearance loo small to assemble
shaft without potential damage
Assembly of mator lo vehicle door
requires additional insertion force
with potential damage

End User:

Comiort closing time too long.

Figure 3.4-5 View of Process Item-Function-Failure Form
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= Aszigoment of Detsction Conirdls to the Falure Causea andfor
Failure Modea

= Raiing of Saverty, Occormance amd Delection for each fadlure chain
+  Colahoration betwasn custamer and suppler (Severily)
»  Basls for he producl or process Oplimization step

There ame two difforent Control Groups: Cument Prevenlion Controls,
and Current Datection Comrals,

3.52 Current Praventlon Controls (PC)
3.5.2.1 Process planning

Defnion: Currert Prewention Confrols faclitala optimed process
planning o minimizs the pesaibilty of failure ocourmance.

Pravantion of possible layoul deficlencles of the production facility:
= Test s according to start-up regulation AY 17130

3.5.2.2 Praduction pmcass

Dafniton: Elminate (prevent} the fallure causes or reduce (k3 rale of
astufmenca.

Prevention of defectively producad parls in the production facility:

»  Two-handed operation of machines

+  Subsequeni part cannot be attached (Poka-Yoke)

+  Fom-depandent positon

+  Equipment maintenance

»  {Openator malntenance

«  Work instruclions £ Visusl sids

»  Machine conlrols .
1 First parl ndeass

Folyre Causes are rated for occumancs, taking [mle account the
affectivencss of the curent prevention centrol (Chapler Risk
Enaluation).

Current Prevemion Conlrols describe measures which should be
implemented In [he deslgn procoss and varified during profotypae,
machine quakfications (run-off), and process verification por ko start of
ragular produchan. Prevention Coalrols may also Include standard work
Inetuctione, sat-up preceduras, preveniive maintenance, calibration
procedurag, smor-prociing verification procedures, ete.
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3.5.3

Current Detection Controls (DC)

Definition: Current Deteclion controls detect the existence of a failure
cause or the failure mode, either by automated or manual methods,
before the itemn leaves the process or is shipped to the customer,

Examples of Current Detection controls:

‘Wisual inspaction

Visual inspaction with sample checklist
Optical inspection with camera system
Optical test with limit sample

Aftributive test with mandrel
Dimensional check with a caliper gauge
Random inspection

Targque monitoring

Press load monitoring

End of line funclion check

....... i m e mim i e i
'] pe. i! ! i
[ M M e
 befors docision, 3, o '
. mg Poke Yoke i 1. 1
I I | .
1
*  Process o 1
! nmﬂu:\l\\-\\ 15 ! ]
P I Execution of ] i Execution of x
Pignning - By X » |
! Process B 1 DC; 1 | Process ¢ oc. -
. * Chackfor . Chock for |
! ! paihwenain B 1 ! failgns in G
1 Stationn i i Station n+1 !
vl ol .]l.- ..... alicimimimom 3 !
PC [prevertive). Preventive controls Process failure Time
DT (reactiva ) Detactive contrals
Figure 3.5-1 Prevention and Detection in the Process FMEA
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Prevention Detection
A

AN 100% l
i Process quality "i' "
[ ! ”
0 Praduct characteristic Time

Operator instruction- - - - - -« ------------- Visual Inspection---- T

®-----------Machine Capability -~ p--~~~Sensory Inspection *
.- Process mr.-}rlitor'mg -l == - Inspection - - -

Figure 3.5-2 Roadmap of process understanding

3.54

3.5.5

Current Prevention and Detection Controls

Current Prevention and Detection Controls should be confirmed to be
implemented and effective. This can be done during an in- station review
(i.e. Line Side Review, Line walks and Regular audits). If the control is
not effective, additional action may be needed.

The Occurrence and Detection ratings should be reviewed when using
data from previous processes, due to the possibility of different
conditions for the new process.

Evaluations

Each Failure Mode, Cause and Effect relationship (failure chain or net) is
assessed for its independent risk. There are three rating criteria for the
evaluation of risk:

Severity (3): stands for the Severity of the Failure Effect
Occurrenca (Q):  stands for the Occurrence of the Failure Cause

Detection (D): stands for the Detection of the occurred Failure
Cause andfor Failure Mode

Evaluation numbers from 1 to 10 are used for 5, O, and D respectively,
in which 10 stands for the highest risk contribution,

NOTE: It is not appropriate to compare the ratings of one team's
FMEA with the ratings of another team's FMEA, even if the
productprocess appear to be Iidenfical, since each team's
environment is uniqgue and thus their respective individual
ratings will be unique (i.e., the ralings are subjective).
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356 Saverly ($)

Severity is a rafing number assockated with tha most sericus efact lor a
given fallure mode for the process siep baing evaluated. It 15 a relative
rating within e scopa of the Individual FMEA and is determinad wilhout
regard for Occumrence or Dateclion.

For process-spechic effects, the Severity rling should be determined
using the criberia in evalation Table P1. The tabls may be aupmented 1o
include corpomte or product line specific seamples,

The evalualions of the Falure Effecta should be mutuslly agreed 10 by
ihe customer and 1he crganization.

HOTE: I tha customer impacted by a Falue Moda is the next
manufachwing of assambly plant or e product user,
assassing the severily may le oulslde the immedlate proces:
enginearsfteam's fiald of expesence or kmowladge. In these
cazas, thie Deslgn FMEA, design englneer, antor subsegquant
manufaciuring or assembly plant protes: englneer, shoukd be
cansulted in order to comprehend ihe propagation of effects.

o3
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Process General Evakiation Critarla Saverity (5)

Blark unbil
Potantial Falure Effects rebed according bo (he Sritenk hekow, e in by
usey
Conporate
Impact (o End
: Froduci
S | Effect | Impactte Your Plant F'L“ﬂ':‘;‘hfns'" Lo y | Usertwhen orfid
known) Examples
Afie-{_#s safa
Faiture may resultin | Fallure mery result in T;mm?
an acuk: haalth sndfor | an acute beatth andior olher vehicles. the
10 safety risk for the galely risk for the ettty of driver or
High manufadurng or mamufactiting o passsenger(s) of
aszambly worker assambly worket road usars or
padesirians.
Fallure may rasult n Fallwre may resull in Nencompliance
] in- plant regulatory in-plant requislory .
noncompliance noncomplianca With regulaticns.
Line shutdown greater
than full produdion
shift; slop shipment
100% of producticn min | possible; field repalr or
affectad may have to | replacement raduird
ba scrapped. Failura [Assemibty to End Losa of primary
may rasull in in- plant User) other than far vahicle function
g requlatory regulatory necassary for
noncompliance or may norcpmplianca. norma! driving
have a chraonke heallh Failure may result in during expected
andfor safaly sk for in- pharst regulatony sarvica Jik.
the manufachuing ar | noncompliance or may
Modaratal assemidy worker have a chronic health
¥ high andior safedy rzk for
the manufacturing o
assembly worker.
Line shutdows from 1
hoarr up ta full
Product may have fo .
o i apeion | Fielat S op | Begrainton o
; ﬁﬂr‘ﬁp&d Rand- fleld repaic0r | funcion nacassery
fompfimey pose; | RIS Eeo? | formarms atin
4 g expacted
decrmased line 3pand | \\on o gian for service s,
acided manpower n n -
o rogulatory
noncompliance
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Process General Evaluation Criterka Severity (8)

Blank urdil
Patential Failure Effacts rated acoording to the ariteria below. flled in by
user
Corporate
mpact to End
Impact to Ship-to or Product
5 Effact tmpact to Yeur Plant Plant {whan known} Um;n Line
Examples
100%% of production un
& tray have bo be Line shukiown up 1> | Leas of sacandary
reworked off line ond ana haur velicke furchion
accopted
Less than 100% of
A portion of the product affected; o dation of
s production run may | strong possibilty for | o mw e
Moderatel | have to be rewarked additionzl defactive frscfion
¥ low off line and accapted | product; sort reguired; .
no line ahutdown
Dafectve product
10(% of production run triggars significant ngﬁﬁ:::m
4 may hava o b reaction plan; sound vhmﬁ"
reworked In stalan addlfipnal dafactive hard:mass or '
bafore it iv procesead | produc= nat Ekaly; sart haplius:
not requined
A portion of the Defeciive product oﬁggl“m“g&
production runmay | triggars mingr reaction a rance,
3 hava to ba rewarked plan; additional aoanFd.Bavibmliun,
in-stalon beforeitis | defective prodocts not harshness, or
procasesd liketly; sort not reguined haptlcs
Low Defactive product
. hil
1Aggers n reaclion ohjmn;bh
Slight inconvandence o plan; addibonal P
2 tocass, opsration, or | defscliva products not appl skl
oparator likety; sort not harshamss o
regquired; requires haptics i
{oedback to supplier )
. Ho dscomnible sffscior | Mo discamible
1 | Verylow | Mo discemible eftect no sffect affect.
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Table P1 - PFMEA SEVERITY (5)

357 Occurrence (O}

Tha Ccoumenca rating {0} describes the aoslmence of Falure Causs In
the process, taking inla accounl the assoclated curmant poavention

conlrobs,

The acaiarance raling numbar iz & rekathee rating within the scope of the
FMEA and may not reflect the achual acoemence,
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Tha Oocumends rating describes 1he potenlial of tha faElure cauze ko
occur, acconding to the rating table, without regard to the dekéction
conirols.

Ewpartie of ather expariences with comparable processas, for exarnple,
can be considered in the assessment of the rating numbess.

In determining this ralig, questons such as 1ha following should be
considarad;

What s the sguipment histary with similar processas and process
shapg?

Whal I5 the fisld exparience with simiter processt

Iz the procass a camyavar ar similar iz a previous procass?
Hew significand are changes frotn 2 currant production process?
I the process oomphetaly new?

Whet are the environmenial changes?

Are Best Practices already implemantod?

Do standard instructions exist? (Le. work msbuclions, set-up and
callbration procedures, preveniive mairtenance, eror- proofing
veriflcation procedurss, and procass  monitoring  weribcation
chacklists)

Ano tachnical amerprocfing soluticns Iimplemented? {l.e. product or
process design, fixlure and tool design, established process
sequence, production  control  rackingfracesblity, machine
capahifity, and SPC charting)

Occurence Potendial [O) for the Process

Potential Fallure Causes raled according Lo the criteria below, Consider Prevention
Controls when detamnining the best Oecurmnce estimata. Occumence is 8 prediclive
qualitative rating made al the lime of evaluation and may not raflecd the actual Blank until ke
oseumence. The ostumance rating numbet it & rafative ratfing within the scops of the In by uzar
FMEA, [procass being evalimtad). For Prevention Contrals with multiple Ocounence
Rafings, use tha rating that best reflacts the robustness of the control.
Pradiction of Tyoe of Corporate or
O FaXure Cause cﬁm Preventicn Comntraks Froduct Line
Ocemring Exarnplas
10 Extremnely high None Ma pravenlion cantrols.
8 i Prevention controlz will have litha
& Very high Ba ral effact in preventing failure cause.
7 High Preventian controls somewhat
[ Eshavioral affactive in preventing failure causa.
§ Moderate or Technleal | o o amtion comrols are effactive in
4 pravanting fallure cause,
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Occurrence Potantlal {O) for the Process

Potental Fallure Causes rated according fo the aiteria helow. Consider Prevantion
Conirols whan determining the hesl Ocoumence esfimate. Octurmencs |8 a prediciive
quakialve rating mada st the tme of evaluation avd may not reflect the actual Blank unt fiNed
occumance, The ocourence raling number 15 & redative rating wihin the scope of the In by uger
FMEA (procass being svaluated), For Prevention Controls wilh mulple Codumencs
Ralings, uge the miing that beel eflacls the rebusiness of the conral.

97

Prediction af Type of Cormporals or
o Fallure Caune CDI::IDI Prevention Controls Product Ling
Ocourring Examples
3 Low Best
Practioas: Fraventson controls am highly
2 Viary low Behavioral | effasbve in preventing Milure causs.
or Technlesal
Praventian controda sre extremely
effeclive n preventing falure cause
from oecuning due to dasign {[e.
part gecmalry) or procass (La
1 Extremely low Technical fxture or tooling design). Iment af
prevention condrols - Fadlura Mode:
cannot be physicaly produced due
o the Fallure Cause.
Prewvontion Control Effectiveness: Considar if prevention controls are
technical (rely an machines, tool (ife, tool materdal, sic.), or use bast
praciices (fixdures, ool design, caliemtion procedures, emor- prooding
varfication, pravantive maintenance, work [nshuctions, statistical
procass conirol gharding, process monitoring, proeduct dezign, ste) or
behavioral (raly on certfied of non-certified oparalors, skiled trades,
team |eaders, eic) when delenmining hew offeclive the preventlon
confrals will be.,
Table P2 - PFMEA OCCURRENCE (O}
358 Detuclion (D]

Deleclion is the rating assoclated wilh a prediciion of the most affactive
process control from the listed oOstection-type process conirods,
Deatection s a relalve rating, wilhin the scepe of the ndividual FMEA
and Is determined withou? regard for Ssarity or Occumance. Batacion
should be astimated using Ibe criteria in Table P3. This table may bhe
augmentad with examplas of common detection methnds used by the
COMpETTY.

The indant of the tamn “contes! discrapand product™ used In Tabike P3
Ranks 3 and 4 iz o have controls | systems / procedures in place ihat
conirpls the discrepant product In such a manner, that the probability of
the product ascaping the faclity is very k.

The controfz start from when 1he product iz identifiad 5% diserapant to the
point of final disposition. Thesa controiz wsually excead confrols that are
used fer discrepant products with highee Delection Ranks.
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After Implementation of any ungroven contro), the effectivenezs can be
verifiad and re-evaleated,

In determining this estimale, questons such as the following should be

considered:;

«  Which test is most affective in datecting the Fallure Cause or the
Failure Mode?

«  What is the usage Proflle / Duly Cycls requied detecting the

failura’?

»  What samplo size v requirsd to datect the falkre?
= lg the test procedure proven for delocting this Cawse £ Failure

Mode?

Detaction Poteatial (D} for the Valldation af thie Process Deslgn

this application, eic.}.

equipment such as a coondinate
messuUting machine thal will detact falire
mode or failure cavss {induding praduct

sample checks)

Detaction Contrats rated according to fhe Detaction Method Malurity and Opportunity for m;";";
Dretacion. usar
Corporate
Ahility b Detection Mathod . ot Product
D Datact Maturity Oppartunity for Detection Line
Examplas
Ma testing or inspection
10 methad hag been The: failure mn:ewil rot ar cannot be .
estabished or i3 kiown, wected.
Very low It is undikely that the
g tesing or inspection The il moda 5 nol sasity detectsd
meathod will detect the through random or spomadic awdits.
failura mode.
! Human mupacian (vsual, tactite,
8 T;’“ “I:;t“shzd’““ melhod | godible), or use of manual gauging
us not boen proven 1o | (attribite or variabie) that should detect
gﬂ effsalive and ':’gbl:; the failure mode or failure Cause.
2. plant
Low exparience with method, Machine-based deteciion (aulomated or
gauge RER resuls semi-automated wilh nolification by light,
7 maeginal on comparable bizzes, ete.), or use of Inspection
process or ihis snuipment such as a coondinata
application, aic.). measuring maching hal should detect
failire mode or faiure cause.
Human Inspeclion (visual, tactila,
audibla), or usa of manusl gating
B Test arinspection melhod | (attibuk or variable) that wil datect the
has been proven (o be fallure mede or failure cause (INcuding
effective and reliable (i.e. product samgle checks).
Wodarate | PN hes experience wilh Machine-based detection
method; gauge R&R {(zami-automated with notification by light,
resulls are acceplable on buzzes, etc.), or use of Inspactian
5 comparable procass of




FLmEMEIEEGRAR

£ ERFS ML : 400-962-2286

EXRREFIREREGEME, TREMREITEIA 5.

WEFE, kS FiEN:

- FENRAEERRMAR BTSN RS 4T

+ MR FIREM R TR A T
HHEARENREER S L
HNRERL B MR ECNEER

DR R E MM RN (D)

R R A R N & i B R TR

A, hiE
HAmin

W R A

ML

Ao

- iR

14

T

W W B
ERirsR ik,

TR RN L iRt

Pk AR i oT iR
MHEGHL.

e R B B A S B
Bist.

Wil ik ot i ok it
EREM R EATE
(. TrEmaEg
SRR H D
B8, HRAEDERE
EFrAEE N EAER
Eﬁﬁf?ﬁﬁﬁﬁﬁ
).

W] ELRN K AR R R A T
(IR M. PR ks, R Rem
FrBRE CGHEERTRED F,

HFREHRAGE (RAXSE. SHEBEG

HEOENERLAMLFR) . LS

PN 2 R Sk A E Mt iR ™
SN AL

RiEmBRrEREED
EERIE A AR
(A T ENERE
RAEZEHEA LS. 7
FIULRRER R
ABRFIENFRILSRT
pEnE) .

T CL i S i o 2R S A BT (e

FTHk MATHER (E. HE. wED

Ak, HARAFSNNE (e E
i

EFREENTL (ZARS GORS

EANEaMEHL . RNATENS

SRR MR (RS EERN B
BuEE. FindiEEnn.

98




FLmEMEIEEGRAR

£ ERFS ML : 400-962-2286

Detecticn Potential (D) for the Validation of the Procass Deslgn
Detecion Controls rated acconding to the Detecian Method Maturity and Opportunity for | Sve: unt
Detection. by
user
Abllity o Dutection Mathod Product
on " ar u
D Detect Maturity Cexportunity for Dalection Line
Examples
Machine-based automated dedaction
ratheod thal will detect the failure moda
dewnstream, pravent fudher processing
or systam will identify the product as
4 discrepant and allow it bo automakcaly
move forward in tha process until the
Systern has besn proven | desipnaled reject unicad area. Dlscrapant
1o ba aFactve ond rallzble praduct will ba controlled by & robust
{i.e. plant has expariencs systam that wilf prevent outfiow of the
wilh mathed on identical proguct from the Facllity.
process or thiz Machine-besed autamated deteciion
application), gauge R&R | method that wil delect the falkme mode
High results ara scceptable, | in- statiop, prevant furlher processing ot
etc. sysiam will identify the product s
3 discrepani and altow it 1o automaiically
move Torward i the process unill Lhe
dasignaled refect unload anea. Discrepant
producl will be comtrolled by a robust
syzlam that will prevant outfiow of the
product from 1he facility.
DCetaction mathod has
been provan to be Machine-based detection method that wil
2 effective and rafiable {le. | deleci the cauze and prevent the fallure
plant has sxperonce wilh mcia (discrepant part) from being
methed, emor-proofing producad.
vartfications, ste. ).
Failure mode cannot be phyzically produced as-tesigred or
1 | veryhigh | processed, or detacion methods proven b always dedact the failure
made or failure cauge.
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Tabke F3 - FFMEA DETECTION (D)

58

Action Priority (AP)

Once the eam has completed the initial identificalion of failure modes
and effects, causes and controls, including ratings for severily,
ocounanes, and detection, thay must decida K further efforts sre nasdad
te reduce the rsk. Dua 1o the inharent limitations on resources, tma,
technology, and other Factors, ihsy must choose how 1o best priortize

{hese afforts.

The Action Pricrity (AF] method ts introduced in this handbook. It
sccounts for all 1000 possible combimations of 8, O, and 0. It was
created to ghva moms smphasis on severky first, then occumence, then
dalecon. This lagic follows the Tailure-pravention mbent of FMEA. Tha
AP table offers & suggested high-medium-ow prioely For action.
Companies can usa a single system to evahiate action priorities instead
of multiple systems required from multiphs customerns.
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100

Rlsk Priortty Numbers are the product of S O x D and rangs from 1 i
100. The RPN déshibulion can prwvide some Information ahout the
tanpe of ratings, but RPN alona ks not an adequate mefhod to detorming
the need for mare actions sinca RPN gives oqual welgh to 8, O, and D.
For this reason, RPH could resull in similar Ask numbers for very
different combinations of S, O, and D leaving the team unceriain about
how to prichbize. When using RPN it & recommended io use an
additianal medhod 1o priortize Nke RPN rasults such as 8 x O. The uss of
a Rick Printty Number (RPN) threshold & not a rcommended praclice
for getermining the nead for Botions. Tha RPN @md S x O methods are
not included in this publication.

Risk mairices can reprasant combinations of $ and O, Sand D, and O
and 1. These malrices provide a visual represeniation of the results of
ihe enalysis and can be used as an Ingut to priovitization of acllons
based on company-established criteria nat included In this publicatien.

Since the AP Table was designad fo wark with the Saverlly, Ocourence,
and Detection tables provided In this handbook, i the organizefion
chooses ta modify the 5, O, D, tables for spacific products, processes, of
projacts, the AP {able should atso be carefully reviewed.

Mole: Acticn Priority rating tobles are the same for DFMEA and
PFMEA, but different for FMEA-MSR.

Priority High {H): Highest priority for review and action.

The laam needs o alther iently an appropriake
action by improve preventon and [ of datection
conlrols or juslify and document why current
canlnclz am adequate.

Priocity Medlum (M): Medium priocly for review and action.

Tiw team should identify appropriate aclions o
improva prevarion and / or detectian controls,
or, at e discretion of the company, Justify and
documant why conlrols are adedquate.

Priowity Low [L}: Low pricuity for neview and actio.

The team could idenlify actions to improve
prevantion or detection conlraks.

K Is recommendad that potentlal Sevarity 9-10 fallurs effocts with
Action Priodty High and Medium, at 4 minlmum, be mviewed hy
management including any recommanded actions that were taken.
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This is not tha priotiflzation of High, Medium, or Low rlsk, it 19 the
prioHtizetion of tha reed for actlons to reduce risk.

Note: It may be helpiu] fo include a statemsnt such &5 "No
further action Iz nesded” In the Rermatks fiald as
appropriata.

Action Priority (AP) for DFMEA and PFMEA
Actlon Priotity 16 baged on combinations of Severity, Occurrenca, and Dotoctlon | Blank untl
ratings In order to prioritize actions for risk reduciion. filled in by
user
Prediction of ACTION
Effect 5 | Failure ¢ause v} Abillty to Dutact 0] FRIORITY | Commants
Qecurring (AP}

Lo - Veary bow 7-10 H

) Madermale 54 H

Wary high 8-10 High r) H

Veary high 1 H

Low - Very o 7-10 H

Modarae 56 H

High &7 High 24 H

Very high 1 H

Product or
Flant Effect | 910 Low - "‘9’1’;""’ 75'_1;-" :
Yery high Modera

Modemte 45 Thgh o2 m

Wery high 1 M

Low - Vary low 70 H

M edarate 58 7]

Low z3 High 24 L

Very high 1 L

Very low 1 | verwhsh-Very | 44 L

Low - Very low 10 H

Moderate 56 H

vary high 8-10 Hich 2 v

Very high 1 H

Low-Yerylaw | 7-10 H

Moderite 56 H

High 67 Thgh T A

Very high 1 Y

oo | 7.3 Low-_Verylow | 7-10 H

High i iModerale 58 M

b 45 High 24 M

Vary high 1 M

Low-Verylew | 7-10 M

Maderale 56 M

Lo 2.3 High 53 i

Very high 1 L

Very low 1| vevRER-VeY 1 g0 L
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Low - \Vary low 710 H
Vary high 810 Maderate High i :;
Yery high 1 M
Low = Vary low 710 M
Modarate 58 ]
High &7 igh o ”
Vary high i L
m 5 Low - Yerylow | 7-10 M
Modarate o oK Modegats E5 L
Madarat High Zaiy L
Wery high 1 L
Low - Very low =10 L
Moderata 56 L
Low 3 High 24 L
Varry bigh 1 L
Verylaw | 1 [ YeYMah-Vey | 549 L
Low - Vary low 710 M
Modarata B-6 M
veryhigh | 810 o o -
Vary high 1 L
Low - Very low =10 L
i Moderale 58 L
High 67 o 2 3
Very high 1 L
Frodieot | 2a Low-Verylow | 7-10 L
Lowr Moderato a5 Moderate 55 L
High 2-4 L
Very high 1 L
Low - Verylow | 7-10 L
Moderate &6 L
Low e High 24 L
Wary high i L
verylow | 1 [ VORIV | 440 | o
Na Yery low - Very high - Very
dimh 1 Very high 1-10 Tow 110 L

Table AP — ACTION PRIORITY FOR DEMEA and PFMEA
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362

383

The PEMEA can ba usad as the basls for contnuous improvernent of the
DICEOEE.,

The opiimization |5 most affective [n tha kollowing order
+  Process modifications to aflminate or mitigate a Faifure Efect (FE)

+  Process modifications to raduce the Occumencs {00 of the Fallure
Cause (FC).

»  Increase the Detection (D} ability for the Failure Causs {FC) or
Failure Mods (FM).

+  Inihe casa of process modifications, all impacied procass steps an
evalualad again,

In the case of concept madificafions, all steps of the FMEA, are reviewad
for tha affactad sactlions. This k= nacassary becavss the orginal analysis
i5 no longer vald since i was based upon e different mamifachaing
concap.

The PFMEA can be uset as the basks for continuogs improvement of the
BrOCosS,

Assigrmant of Responsibilifies
Each acton should have a responsible individuad and a Target
Complation Date (TCD) assoctated with it

The responsible person ensuras the action slatus s updated. IF the
gclion s confimad this pacson & akso responsible for the action
Imyplerrantathon.

The Actual Complefion Date for Pravenive and Dstection Sctions is
documenied inchiding the dale the actions are Implamentad.

Targat Completion Dates should be realistic (Le. in accordance with the
product develepmant plan, prior 1o process yalidaion, pricr & starl of
production).

Staius of the Actions

Suggasted lsvels kor Stalus of Aclions:
Opan

No action defined.
Dacislon pending [opdional}

The action has baen defined but has nol yat decided on, A decision
paper is being created.

Implememation pending {optional)
Tha action ha= baen decidsd on but net yat implamanisd.

Completed
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3.6.4

355

Compisted actions have basn implensented and their effectivensss
has been demonsirated and documented. A final evalsation has
bean done.

Mot Implemented

Mot Implemented status is assigned when a deciskon is mada not o
Implement an adion, This may pccur when risks related to practcal
end technical Imiations are beynd curment capabiites,

The FMEA Iz not considered “complate” untll he team assesses =ach
Item’s Aciion Priority and eikther accepts the level of nizk or documents
ciosune of all actions.

IF "No Azdion Taken', then Action Priority is nol reduced and the risk of
fzilure ks carnad forward Into the product. Aclions are open Inops that
need to be dosed in writing, i

Assessment of Action EMectivenass

When an acton has besn completad, Occumence, aml Datection values
ara reassacxar, and 3 mew Action Pricrity may be determined.

Tha new acion racelves a preliminasy Action Priorly rating 2: a
pradiction of sfctivanass.,

Howeser, the stabus of the aclion rernains “mplementaton pending™ unk|
the effectivaness has been taxted Aftar tha teats are fnallzed (he
praliminary raling haz o e confimed or adapbed, when indicated. The
stafus of the acton is then charged from Simplemeantation panding” 1o
“complaked™.

The reassecsmenl should be bssed on ihe effectivensss of the
Prevenfhva and Detaction Actionz taken and tha new values ane based
an the definiklons in the Process FMEA Occurmence and Deteclion raing
tables.

Continual Impraverment

The PFMEA serves 85 an historical recond for the process. Tharcfore,
the onginal Sevesity, Cecumence, and Detaction (S, O, Dy aumbears nead
o Be visibds or at a minimum availeble snd sccessible as parl of version
histary. The completed analysls becomes a repository to capture the
prograzzicn of process dectsions and design refinemenls. Howsvar,
original 3, O, D ralings may ba modified for faundation, family or generic
PFMEAs becausa the information ks used as a staring point for an -
procass speciic analysls.
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4 SUPPLEMENTAL FMEA FOR MONITORING AND SYSTEM
RESPONSE (FMEA-MSR)

In a Supplemental FMEA for Monliofng and System Responss,
potantial Failure Causes which might ocour under customer operaling
wondilions are analyzed with respact to their technical effecls on the
system, wvehicle, people, and reguiatory compliance, The method
considars whather of nal Fallure Causes or Falure Modes are
detsctad by the system, or Fallure Effects are detecied by the driver,
Customer cperalion i ko ba undersicod as evwl-user opamalion or
in-sanvire operation and maintenance operafions.

FMEA-MSR Icludes the following alsments of rgk:

a) Severly of ham, regulatosy noncompdanca, Ibes of degraded
functionalily, and unacceptable quelky; represented by (S}

by Estimated frequency of a Failure Cause in the contaxt of an
operational siation; represented by (F)

¢) Technical posshilies tp avoid o [mit the Failure Effect vla
diagnosclic detection and aulsmated response. combined with
human possibikles to aveid or i the Fallure Effect via seneary
parcaption and physical reaction; represented by (M)

Tha combmnation of F and M i5 an estimals of the probability of
occurmenca of the Faiura Effect dua o the Fault (Falure Cause) and
resuliing matunctioning behavior (Fallure Mode).

NOTE: The overall probability of a Fallure Effect to ccow may be
highar, bacauss diffarent Falum Causes may lead 1o ha
game Falure Effect,

FMEA-MSR adds velus by mwsessing sk reducfion as a resulf of
menitaring and responsa. FMEA-MER evaluates the curent state of
risk <f falue and derives the necessity for addifional monitoring by
companson with fhe conditions for accapiable residual rsk. The
analygls can be parl of a Deslgn FMEA In which the aspects of
Development are supplernented by aspacts of Customer Dperation.
However, & k& usually only appied when disgnostc delsclion 13
necassary Lo rmainkaln safety ar compliance.

Petecion i DFMEA B not tha same x= Mosikaring in Supplamental
FMEA-M5SR. In DFMEA, Deteciion contolz docrend the ablity of
tesling Yo damansirate the fulfiiment of mguirernents in devalopmant
and validation. Fer monitoring that s already part of the syslom design,
validation is mlended o demonsirate that disgnostic moniterng and
syshem response works as Intended. Conwersely, Monitoning 1n
FMEA-MER assasges the affectiveness of faolt detection perfommance
in customer operalion, assuming that epecificalions are fulflled. Ths
Manitordng reting alko comprehends the safe performance and
reliabifity of syslem reaclicns to monftored faulte. # conbributes to the
assassnent of the fuliliment of Safely Goals and may be usad for
deriving tha Sataty Concapt.
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Supplemental FMEA-MSR addresses risks that in DFWEA would
otherwizo be aBsessed as High, by considering mare faclors which
accurately reflact lower assessed rsk accomling o the diagnosiic
functions of the vehicle oporating system. Thess addibenal factors
conkibube to on improved depiciion of figk of faliune {frcluding risk of
e, Agk of noncompliance, and risk of not futfilling specificotions).

FMEA-MSR comributas to the provisien of avidenca of the 2bllty of the
dizgnostic, loglcal, and actsation mechanisms o adweve and meaintaln
a s@fe or compliant state (in paticutar, appropizte falure miligalon
ahility within the maximum fault handling fime interval and wilhin the
fault tolerant fire intenal)

FMEA-MSR evaluales lha cumant stake of risk of failure under end-user
conditlong fnat Just rsk of harm lo persons). The daleclion of
fauhsfaiures durng customer oparelion can be uzed to avol the
original fallure effect by swilching to a degradad operational state
{Including disabling the vehicle), nforming he triver andior wiling a
giagnistic wouble aade {DTC) inle the control unit for senice
purposas. In betns of FMEA, the result of RELJABLE diagnosiic
dateclion and response is 1o eliminale (prevent] the oniginal effiect, and
raplace it with @ new, bess sevare effact.

FMEA-MSR is ugeful in deciding whether Ihe system design fulflls the
perfammance requiremants with respect 1o safety and complance. The
resut may be i.e.

= addtioral sensors) may be needed for monfAonng paposes
= redundancy in proceesing may be nesded
»  plavebility checks mey revesl senzor malfunctons

4.1 FMEA-MSR 1st Step: Planning and Preparation

110

4.11

Pumose

Tha main cbjectives of Planning and Preparation in FMEA-MSR: ana:
+  Project identfiaton
=  Prafect ptan (InTent, Timing, Team, Tasks, Tods (ST}

»  Analysis boundanes: Whal i inciuded and excluded from the
anslysls

+  [denBiicatlon of basaline DFMEA
+  Bass for the Stnucture Analysls sten
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1M

41.2 FMEA-MER Project Mondification and Boundarfes

FMEA-M3F Project [dentificalon includes a clear wnderdanding of
whal needs o bs pvalated. This involves a decision-making procass
o defina the FMEA-MSRE that 2re neaded for a cUstomer program.
¥hat to axcluds can ha just a2 impartant a5 what ta inclugde in the
analysis.

The following mary assist tha 1eam in defming FMEA-MSR projects, as
applicabler

*  Hazard Analysis and Risk Assessment
«  Legal Requiremsants
+  Technlcal Regirmanls

«  Customer v.ui‘h-‘naedalaxpemﬂan (extarnal ard  intemal
customers)

*  Requirements specification

= Dagrams (Block/Boundany Systam)

= Sghemalics, Dawings, andfor 30 Models
= Eill of Materjals (BOM), Risk Assazsment
+  Previous FMEA for similar products

Argwers 10 these questons and others defimed by the company help
creata the list of FMEA-MSR projecis narded. The FMEA- MER projecd
Ilet asswras conskstent dirsciion, commilrrent and focars.

Below are some basic questions ihat help [denlify FRIEA-BMSR
boundarizs:

{1} After completing a DFMEA on an Electical / Eleclranls f
Progremmeble Elechonic System, are there effscis that may be
hamnful lo persens or nvolve regulatony noncomplance 7

(2) D tha DFMEA Indicaée that all of 1he causss which ked e ham
or noncomplance can be detecled by diredt sensing, andior
plausihility algorthms?

{3) Did the DFMEA indicals that the intended sysbem responssa f any
aw 8l of the deierled causes is 1o swiich fo a degraded
operational state {(neluding disabling 1ha vahicie), infoemn the driver
andior wilte 5 Disgnostic Trouble Code {DTC) inta the cantrol unit
T service purposes?

FMEA for MenitoAng and System Responsa mey be used 1o examine
sysiems which have imtegrated fault menitoring amd  response
maechunisms during oparaion. Typically, these are more complex
systems composad of sansors, extuators and loghcal processing units.
Tha diagnos’s and monitoning i such systems may be achieved
lrrough hardware andfor software.
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Sensor

Systems that may be considered in a Supplemental FMEA for
Monitoring and System Response consist in general of at least a
sensor, @ control unit, and an actualor or a subset of them and are
called mechatronic systems, Systems In-scope may also consist of
mechanical hardware components (i.e. pneumatics and hydraulics).

Data Data
Voltage Voltage
Current - Current
Electronic Control Unit Actuator

Figure 4.1-1 Generic block diagram of an Electrical / Electronic / Programmable Electronic

12

4.1.3

System

The scope of a Supplemental FMEA for Monitoring and System
Response may be established in consultation between customer and
supplier. Applicable scoping criteria may include, but are not limited to:

1.  System Safely relevance
2. 150 Standards, i.e. Safety Goals according to 1SO 26262

3. Documentation requirements from legislative bodies, i.e. UNJECE
Regulations, FMVSSICMVES, NHTSA, and On Board Diagnostic
Requirements (OBD) Compliance.

FMEA-MSR Project Plan

A plan for the exacufion of the FMEA-MSR should be developed once
the FMEA-MSR project is known.

It is recommended that the 5T method (Intent, Timing, Team, Tasks,
Tool) be used as described in section 1.5 of this handbook. The plan
for the FMEA-MSR helps the company be proactive in starting the
FMEA-MSR early. The FMEA-MSR activities (7-step process) should
be incorporated into the overall design project plan.
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4.2FMEA-MSR 2nd Step: Structure Analysis

O
|

421

Purpose

The main objectives of Structure Analysis in FMEA-MSR are.
«  Visualization of the analysis scope

+  Structure free or equivalent: block diagram, boundary diagram,
digital model, physical paris

«  |dentification of design interfaces, interactions

*  Collaboration between customer and supplier engineering teams
(interface responsibilities)

«  Basis for the Function Analysis step

Depending on the scope of analysis, the structure may consist of
hardware elements and software elements, Complex structures may
be split into several structures (work packages) or different layers of
block diagrams and analyzed separately for organizational reasons or
to ensure sufficient clarity.

The scope of the FMEA-MSR is limited to the elaments of the system
for which the baseline DFMEA showed that there are causes of failure
which can result in hazardous or noncompliant effects.

In order o visualize a system structure, two methods are commonly
usead:

*  Block (Boundary) Diagrams
*  Structure Trees
For maore details, refer to Section 2.2 Design FMEA

422 Structure Trees

In a Supplemental FMEA for Monitoring and System Response, the
root element of a structure tree can be at vehicle level, i.e. for OEMs
which analyze the overall sysiem (see Figure 4.2-1) or at the system
level, i.e. for suppliers which analyze a subsystem or component (see
Figure 4,2-2).

Root element at vehicle level

Window Lift System

Connector ECU Window Lifter
Electronsc Contral Unit
Window Lifter Interface within the ECU Window
Liftar

Figure 4.2-1 Example of a structure tree of a window lift system for investigating erroneous

113
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Connactor ECU Window Lifter
Lnction:

F
Transmit signal from Hall affect sansor to ECU
Wi (G Elecironic Control Unit Window Lifter Transmit signa! from eleciric motor to ECU
Function; Function: Transmit power supply
R ———  Provide signal 1o stop and reverse
Previde ant-pinch protection )
for oomiort olosing mode window Efier motor in cass of pinch interface within the ECU Window Liier
siualion Funciian:

Transmit status signals of ECL carmponants

Figure 4.3-1 Example of a structure tree with functions Structure Tree

FUNCTION ANALYSIS (STEP 3)

1. Next Higher Level Function
and Requirement

Provide signal to stop and
reverse window lifter motor in
case of pinch situation

Transmit signal from Hall
effect sensor to ECU

Provide anti-pinch protection for
comfort closing mode

Figure 4.3-2 Example of Function Analysis in FMEA-MSR Form

4. 4FMEA-MSR 4th Step: Failure Analysis
441 Purpose

The purpose of Failure Analysis iIn FMEA-MSR is to describe the chain
of events which lead up to the end effect, in the context of a relevant
scenario.

The main objectives of Failure Analysis in FMEA-MSR are:
+  Establishment of the failure chain

«  Failure Cause, Monitoring, System Response, Reduced Failure
Effact

«  [Identification of product Failure Causes using a parameter
diagram or failure network

+ Collaboration between customer and supplier (Failure Effects)
+  Basis for the documentation of failures in the FMEA form and the
Risk Analysis step
442 Failure Scenario

A Failure Scenario is comprised of a description of relevant operating
conditions in which a fault results in malfunctioning behavior and
possible sequences of events (system states) thal lead to an end
system state (Failure Effect).
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It starts from defined Failure Causes and leads to the Failure Effects.
{See Figure 4.4-1)

FMEA - M5R

Can the
failure be
detectedin
customer

operation?
What happens?

Failure Effect

DFMEA

Focus Element

Figure 4.4-1 Theoretical failure chain model DFMEA and FMEA-MSR

The focus of the analysis is a component with diagnostic capabilities,
i.e. an ECU.

If the component is not capable of detecting the fault/failure, the Failure
Mode will occur which leads to the end effect with a corresponding
degree of Severity.

However, if the component can detect the failure, this leads to a
system response with a Failure Effect with a lower Severity compared
to the original Failure Effect. Details are described in the following
scenarios (1) to (3).

Fault occurs Failure Effectoccurs Mo hazardous event
(5=1.9)
l Malfunctioning Behavtor (Failure Mode} l

Figure 4.4-2 Failure Scenario (1) - Non-Hazardous

Failure Scenario (1) describes the malfunctioning behavior from the
occurrence of the fault to the Failure Effect, which in this example is not
hazardous but may reach a non-compliant end system state.

17
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119

NOTE: In FMEA-MSR, diagnastic monltoring is assumed o fundion
as infardad. (Howewver, it may not be elfeciive.) Therafore,
Faflure Catses of diagnestics are not part of FMEA-MSR bt
can ba aded to the DFMEA secllon of the fom. These
[nciude:

4 Failed to delect fauk
4 Fakzely deteched fauk (nuisance)

¥ Unrellable faut response {variation in responsa capabiliy)

Teams may decide not to include failures of diagnostie monitoring in
CFMEA bacause Occurmence retings ere most aften very low (including
“latent falures™ Rel. IS0 28262). Therefore, this analysis may be of
limiled value. However, the comect Implemantation of disgnostic
munitinng shoukd be part of the lest protocol.

Pravantion Controk of disgnastics in a DFMEA descrine how reliable a
meecharism is estimated o detect the Failure Cause and reasts on fims
with mspect to the padformance requirements.

Deteciion Controls of dlegnostics in @ DFMEA would refate back to
development tests which vedfy the comect implementation and tha
affactivaness of the manitoring mechanism.

4.44 Fallure Moda

A Fallura Mode is the congaauance of the fault (Feilure Cevse). In
FMEA-MSR wo possibililies are considered:

a. In case of falure scenarios (1) and (2} the faul is not
detected or e systom reachion is loo lale. Therefore, the
Failure Mode m FMEA-MSR is the same a8 in DFMEA. {see
Flgure 4.4-5),

b. Ciffarant is failure scenario (3), whare the fault & datectd
and thia systsm responsa leads to a miligated Fgilure Effect,
In this case a deseription for the diagnastic monltoring and
System responss = added lo tha onalysis. Becouse the
failura chaln In lhis specific posaibilty consists of a
fauliffailura amd a descripfion of an Intended bebavigr, this g
clled a hybrid failure chaln or hybrid faifure nedwork (ses
Figure 4.4-6).



B EHEVEEGRAE £ ERFS ML : 400-962-2286

3 # FMEAMSR o, B NIGENEE. (BEARE
#. 3 Ei BETH SRR TR T FMEAMSR —a
. [BerminEFE DFMEA 814, iXdedcid BB R,

 RIEH M

< EFREEME (R

< TN (e RS D3RR

EIRA T e 2 8 DFMEA 8RNI St RRETRALNE
EFATERE (REWERS (#5150 26262 ) . Bk X4

ggﬁﬂﬂ‘ﬂﬁﬁiﬂ- HE, R SR er = m F R e i —

DFMEA REi iR IOTHET Eo W TR0 s B o ) AT A LU B
LM TTIRE A SRR B R

DFMEA 4 2 BT R R ST M40 20, HPid e A R NR R E
TR R e B B SR S

444  RERE

SR MEIE (eNEE) FRRENER. £ FMEAMSR &, i
| TR R
FUEA-MSR # il B .

a3 HMREREEHEER 1M, ARAEREY ERERERE,
Bk, FMEA-MSR 'y Bttt OFMNEA ShAyE (B
44-5% .

b, EARFHERE (D) TRENENRM, HhEME RO RE
WEIA T iAW, AT, SNENTRS
WRE R DR b o TSRt W e
LEARIARERIRT SRS, HAFIRASARERS %
M (BB 4483 .

119



HLUHEEEWEEFRAE LERSHLL - 400-962-2286




BELHEHEUEBRERAE 2ERS ML - 400-962-2286

W TR R "

£ e nt S B R  T R i
SRR AR R LA arnd et "

P g i AR ] L BT BB T (£ 5 : rf.-n.M':’H i
:.'|i:|1-;{h:¥jm'l FEHLZE. LRI TR T

M 4.4-5 BASF AR A R RN RN R NSEHTH (BR (1) R ()

WA R BHECUE LS
ERE BN FRARBATRMAT R

.l‘ . ‘.-b r.-:. -rll 1 I % TP e abin ST '”t'.— '”'){‘]‘ - BE
:'| -.;-I-{r1. .J-;;JL j ' iri I| s L l.l Wi g .'.- r Ei:'..ILJ?L .

B 4.4-6 RA7IEEA 2 B RETH B E R B IE MR & A 2R A (GRR (D)

445 ‘R

e AR e R R A S AL FMEA-MSR i s R iR B8
¥ ST AR B AL B R e R AT . AT L Rl
AR, SRR R REmE AL T, SR ThiERE R
Bl At el gL b e

fiEd MSR1 gt D1, Sk SR o e Bk e o o e W ma 0 = T ME it 7

i,
tﬂ?;'ﬁ a-:nfnumﬁmmmm R HECUERY
) i i Ll -'.qc
H.‘n ORI TRt EEWETIE T, R TER e S MIERA L, &
B 0TI st i L TSI 2 1 0 AT 17 ) 48
lltllr; :._ JI\IE T, =S ECU
B 4.4-7 EEMAFH
SR (W)

EfEAERATRAEBETFERPY | EXWRTNET, IWR | BEVEFREESBERT
#® B 25 W 7 e SR R 8k 05 ra AENETAEERER
(EERERNERERES A TES | RRENES HiES%:2E ECU
ui;’] -\Liﬁﬂﬂl

B 4.4-8 FMEA-MSR 32 b i 2 b dnl

120



HLUHEEEWEEFRAE 2ERSHL  400-962-2286

4.5FMEA-MSR 5th Step: Risk Analysis

121

4.5.1

4.5.2

4.53

Purpose

The purpose of Risk Analysis in FMEA-MSR is lo eslimate risk of
failure by ewvalualing Severity, Freguency, and Monitoring, and
pricritize the need for actions to reduce risk.

The main objectives of the FMEA-MSR Risk Analysis are:

= Assignment of existing and/or planned controls and rating of
failures

= Assignment of a Rationale for Frequency Rating
= Assignment of Monitoring Controls
«  Analysis of provisions for functional safety and regulatory

compliance

«  Rating of Severty, Frequency and Monitoring for each failure
chain.

« Collaboration between customer and supplier (Severity and
Fraquency)

+«  Evaluation of Action Priority
= Basis for the product Optimization step
Evaluations
Each Failure Mode, Cause and Effect relationship (failure chain or
hybrid network)) is assessed by the following three criteria:
Severity (S): represents the Severity of the Failure Effect

Frequency (F): represents the Frequency of Occurrence of the
Cause in a given operational situation, during the
intended service life of the vehicle

Monitoring (M): represents the Detection potential of the Diagnostic
Monitoring functions (detection of Failure Cause,
Failure Mode and/or Failure Effect)

Evaluation numbers from 1 to 10 are used for S, F, and M respectively,
where 10 stands for the highest risk contribution.

By examining these ratings individually and in combinations of the
three factors the need for risk-reducing actions may be prioritized.
Severity (S)

The Severity rating (S) is a measure associated with the most serious
Failure Effect for a given Failure Mode of the function being evaluated
and is identical for DFMEA and FMEA-MSR.
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Saverity should be sslimaled using the critena in the Sevedty Table
MSERA. The table may be augmented o Includs product- spacific
pxamples. The FMEA project team should egree on an evaluBon
criteria and raling syslem, which Is consistent even If modified for

indwisiual dasign analysis.

Thea Severdly svaluations of ihe Fallure Effects should be transfermed by

the customer to the supplier, as needad.

Product Ganaral Evaluation Griteria Severity [S)

Potential Fallure Effects ratad according ba the criteria below.

Blenk uniil filed in
by usar

Effect

Sovarlly critaria

Corporata of
Prodoct Line
Exemplas

10

Very High

Affecis safe oparaflon of the vehicle andfor other
vahicles, the health of driver or passangen(s) or rosd
ugars or pedesirians.

Honcampliance whh regulations.

High

Loss of primary vehicis funciion necesaary for nomal
driving during expacied service life.

Deagradation of priimary vohichs function necessary for
normrl divving dudng expected senvice life.

o] o~

Modwrate

Loas af secondary vehicle functian.

Degradation of secondary vehicle function.

Vary objectionable appearancs, sound, vibralien,
harshness, or haplits.

Moderately obleclionable appaarance, sound, vibratian,
hershnass, or haptics.

Shghtly abjectionable appearanca, sound, vibration,
harshazas, of haplics.

Wary low

Mo discamible Failura EMact.

122

[ Note:  This tabla is idertical lo Table D1 - DFMEA SEVERITY (S)

Tahls MSR1 « Supplomental FMEA-M5SR SEVERITY (5]

454 Rationaie for Frequency Ratinp

In 2 Supplemental FIACA for Monitoring and System Responss, the
likelinecd of a failure to occor In Lha fiald under Gusiomer cperating

condiions Judng servics lifa ke relavant,
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4.5.5

Angtysis of end usor oparstion requires assumptions thal the
manufaciurng process iz adergueately controlled in order to asaess the
suffictency of the dasign,

Suamples on which a rationale may be based on:

»  Evaluation based on the resulls of Design FMEAs

= Evaluation basad on the resulls of PFropess FMEAs

»  Filekl data of relums and rejactsd nans

v Coslomear complaints

«  Warmanty databases

= Data handbocks

The ratfonale is documented in the column "Rationala for Frequary
Raling" of the FMEAMSR Toom.

Frequency {F)
The Fraguency rating (F} is a maasure of the likelhood of occursnce
af the causs In relevant opemating situatons during the mbemded
service e of the vahicke ar the systemn wsing the criteria in Tabla
MSR2.
If the Fallure Cause doas not always lsad to the sssodated Fallure
Effoct, the raling may be adapted, taking into accourt he probabfity of
axposurs o Ihe relevant operating condiiion {according t¢ Table
MSRE.1). In such cases the oparalional siuation and the ralionale ars
10 ba siated in tha column “Rationale for Frequency Rating”.
Exampin: From fiald data it is known how often a contrel unit [s
dafactive in ppmiyear. This may lead i F=3. Tho system under
invesfigalicn s & parking system which is wssd oaly & vary limiled fima
in comparison to the averal oparating time. 50 hamn |o parzons is caly
passible when the defact occurs durng fhe parking manauver.
Tharafore, Frequency may ba levered 1o F=2,

Frequancy Potantlal {F) for tha Product

Freguency criteria (F} for ihe estimatsd occurrence of the Failure Causa in retevant %'::‘,::ﬂ
oparating situations during the Intanded service life of Lha vehicle USET
- Cewporate or
F IE::T“II Frequency criteria - FUEA-MSR Product Line
quanoy Examples

10

high or cannot

Frquancy of coourrance of the Failure Cause [8 unknown

of known 1o ba unacceptably high during the inlended

ba datermined sanica i of e vabids
g Failure Catea 15 Rkaly t0 cocur during the mtended
High senvica life af the vebicie

Failure Cavas may oceur often in the field during the
inteedled senvice life of the vehicls

Mad i

Falure Cawsa may coour frequontly in the Reld during e

intended satvica lifa of the vehicls

Fallure Causs may occyr somewhal frequently in the field

during 1he intandad sanice ke of the vehicle
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5 Fallure Cause may ocour accazionsly in the field during
the intended servica llfe of e vahicle.

Failure Cause is predicied to accur ranaly in tha fiald
4 Low duwing the Inlended servicz ifa of the vehicle. A least tan
accurrences in the flald are predicied,

Failure Gausa is pradicted o oceur in Isolatad cases In
-] Vary low the fiald durng the intended sanvice (ife of e vehlcle.
At faast ana occumence in the deld iz predicted.

Failms Caurse ig pradicted nol o ocour in ths flel during
the intended sarvice ik of the vehicle based on
2 Extremaly low | prevanticn and defeclion controlz end fiald sxparanca
with simlar parts. laclated cases cannot ba nded out. Mo
proaf It will not happen.

Fallure Causa cannot accur during tha nierdsd service
1 Cannot Qoour | e of the vehicle or i virually efiminated. Evidence that
Failwe Cause carmiot cocur. Ratonale ls documentsd.

Percantage of relavant cperating condition In
comparizon to overall operating time Value by which F may be kowatad
< 0% 1
<1% 2

WOTE: Probabilily ineases as numnber of vehicies ara incroased

Reference valua for patimation 1s one mikan vehides in the
fiald

Tahie MSR2 - Supplesmental FMEA-MSRE FREQUENCY [F)
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456 Cumrent Mondtoring Controls

457

All conbrols that are planned or already imglemented and l2ad o a
dalection of the Failure Cawae, the Fallure Modse or ho Faillure Effect
by tha systam or by the driver are entered info the "Currend Monloring
Conlrale” column. In addifion, the faull rescticm after detection shoukd
ba described, ie. provision of default values, (f not already sufficierty
dascribad by the Fallunes Efact).
Monitoring evaluaies the potental thet the Fallure Cause, Lhe Failune
Moda or ha Failure Effect can be datectad eanly encugh 5o that 1ha
Iniial Failure Effest can be mitigated befora a hazard ooows or 5
noncompiant state i reached. The result is an and stale sfect with &
lowmr severtty.

Mounitoring {M}
The Monitgring maling (M) i a measwe of the abllity of datecting a
faultfalurs doving cuslormser cperation and apphying the faull eaction in
order to malnlain @ safa or compliant gtate.
The Monitoring Rating refates 1o the combined ability of all sensors,
legic, and homan semgory perception 1o datect 1he faultTaiure; and
react by modifying the vehicke bahavicr by moans of machanical
actuabion and physical maction [contreMabllity). In ordar 1o maintain 2
gafe or compliant stale of oparation, te sequence of fault detection
and reaciion nead fo take place before the hazardous or noncompliant
affect ocours. The resuiiing rating describes the abilily o malntatn a
gafe or complant stale of oparation.
Monltering is a relativa rating within the scope of the indhvidual FMEA,
ard s determined withaut egard for severity or frequency. Monftoring
should ba astimaled using tha iteria in Table MSR3. This tabls may
be ougmonted with examples of common monitoving. The FMEA
projec toam shauld agres on an svaluadion critn®a sad rating syslem
which k2 congiztent, even § modified for individua! product anmalysis.
The azsumption is that Monitaring is implementad and tagted as-
designed. The affeciveness of Monltoring depsnds on the design of
the sensor handware, sensor redundancy, and diagnostic elgocitiins
thal are Implemented. Plausibility metrice skoe are not comsidered to
ba effactive. Refer 1o Tablke MER3. _
Implementation of moniioring and the verfication of effactiveness
ghauld be parl of lhe development process and tharafore may be
analyzed in the comesponding NFMEA of the producl. (see NOTE far
Feitura Caugas in Section 4.4.1).
The effeclivenass of diagnostic monkoring and response, the faul
monitoring response e, and the Faull Tolarant Tims Interval need to
be determined prior 1o rating. Cotaminaticon of the afecthveness of
diagmestic monitoring 5 addraszad In datall in 130 26262-5:2018
Armex D,
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.
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. 150 26262-5:2018 Fi¥E D REmin s T i br BTN i MM .
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Original
Failure Effect
5=10

M=10

In practice, three different monitoring/response cases may be
distinguished:

(1) Mo fault/failure monitoring

Failure Mode

Failure Cause
F=3

Figure 4.5-1 FMEA-MSR Monitoring not implemented or not considered

If there is no monitoring control, or if monitaring and response do not
occur within the Fault Handling Time Interval, then Monitoring shoubd
be rated as Not Effective (M=10).

(2) Reliable fault/failure monitoring and system response

Mitigated
Failure Effect
5=6

Diagnostic
Monitoring and
System Response
M=1

Failure Mode

Failure Cause
F=3

Figure 4.5-2 FMEA-MSR Reliable Diagnostic Monitoring

The original Failure Effect is virtually eliminated. Only the mitigated
Failure Effect remains relevant for the risk estimation of the product or
system. In this instance only, the mitigated FE is relevant for the Action
Priority rating, not the original FE.

The assignment of Monitoring Ratings to Failure Causes and their
cormesponding Monitoring Controls can vary depending on:

a. Variations in the Failure Cause or Failure Mode

b. Variations in the hardware implemented for diagnostic

monitaring

c. The execution timing of the safety mechanism, i.e. failure

is detected during “power up” only

Variations in system response
Variations in human perception and reaction

f. Knowledge of implementaticn and effectiveness from
other projects (newness)
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Supplamantal FMEA for Moniaoring and System Response (M)

varance in detection times, and
wikh & high prababiiky,
Diagnastic coverags
estimated »H0%.

operading condilions with
vary low vadancs in
syatem resiponse tims,
and with a high prababticy.

Moniloring Critaria {M) for Failure Causes, Feilure Modes end Feilue Efects by Blank unti
Monitory doring Customer Oparation. Usa tha rating nomber that comaspands withy tha | fillad in by
Jeast mffective of either eritaria for Monitoring or Sysfam Raspones ugar
Effactivenass of Corporats
M Monikoring Diagnostic Monitaring System Raaponse or Praduct
Controls and Sensory Percaplion Criteria | Human Reaction Criterla Line
System Responss Examples
The faultiatiure can be dolected
in wery few relevant oparating Tha ragaction o the
camdilions. Monitanng control fauitfTasiura by the systemn
. Lo with low effacivenass, high ar fhe driver meay nol
vadance, ar high uncertainty. ahways oeour durdng 1ha
Diagnostic coverage esimated | fault tolerant lime interval.
“B0%.
Low prababiity of datecling the
fault¥aiure during the fault Low billty of raac
tolerant tine [nterval by the probal aacing
to the detected Taull{athure
wyatarn or e drives. Mordtosing
7 Moderataty Low during the fauk tolarant
coniral with low sffaciveness,
e Intarval by The spstam
high varlance, o high or tha driver
uneanalnty. Dlagrsfe coverage -
asfimated ~00%.
The faulfaime will be
automatically detected bythe | T1 3uiomated system or
drivar will ba ahle o
& asystam or tha driver only during 1 Io the detected
powwer-up, Wilh madhin VARANCS | g\ jytailure in many
in detaction ima. Diagnostc operating sandiions
coverage estimoted =%, Rerating '
The Taultfalkire will be
Moderate automatically datectad by tha
syalesn dufing the faull idlerant | The aulmated system or
ima Interval, with medium e e will ba able &k
5 varance n deteclon tine, or raact to the detected
detaciad by fhe drivar in vary [BuhMailure fn very many
many operating condillons., operating candibons.
Diagnosiic coverage esimated
batwaan 9% - 7%,
The faultfalure will ba
aulomatically detected by the | The automated system or
systern during the fault tlerent |  the driver will be able o
Hima Intarval, with medium react to lha detectad
4 | Maderataly High | .o ce In detoction Ume, or | faultlailure during the fault
detected by the dnver in most toksrant ime Interval, in
operaling conditions. [hagnogtic | mast aperating conddions.
coverage estnated >57%.
The system will
The faull¥fallure will be aulomatically reac lo the
sutomatically detected by the
detected faultfailura
systewn during the faull lolerant diming Hhe fealt lokerard
lime intmrval with very igw g the ra
3 High tme imterval in most
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Supplerartal FMEA for Monltoring and System Raspanae (M)

Imterval, and with a very hilgh
probabillty. Diagnostic coverage
aslimated = 98.5%.

{ime Intervial wih very low
varianca in systern
responee time, amkd wilh a
wery high probabiiy.

Meonitering Criteria (M) for Fallure Causea, Fallure Modes and Fatlure Effects by Mlank und
Monitoning during Customer Operation. Use fhe rating number that comesponds with the | filled in by
lesast effective of elthar crilaria for Monitoring or System Response user
Effaciivenass of Corporate
M Manitoring DNagnostic Monkoring f Syatarm Response § o Product
Cantrats and Sensory Perception Criterla | Humen Reaction Criterla Lin
System Responsa Examplas
The faultfailure will be detected The ayatem wil
sulomaticalty react ta tha
sulomaticaly by the syster Wi | detected favitkallure
 very dow vananca in detecton | g i e fant talarant
2 Vary High time during the fault tolerant Ume

Rollabis and The faukifaiure will always be

aczepiable for datectad aulomatically by the

elimination of system. Diagnostic

onginal failura ectimated to b sigrificantty
effect greater than 96.9%.

The systam will ahways
automaticatly react o the
detected faultiaiure
during the fault olarant
time [merval.
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130

458 Action Priority (AP) for FMEA-MSR

The Asilon Prierity & a mathodology which allows for the priontization
of the naed for action, conaidering Sevearity, Fraquanoy, and Monitoring
[SFM).

Thiz i= done by the agsignment of SFM ralings which provide a basis
far the estimation of sk,

SBea pravious chapters for discussion of raducing risk first by 3, than F,
then k.

Prlority High {H): Highaet priodty for revisw and action.

The team needs to aither idently an
appropriale action 1o lower frequency andfor 1o
Improve morttoring  conlrols of justify and
document why currsnt conlrals are adequate.

Priosity Madium {M): Medium priority far raview and action.

The team should idenity appropriate actions ko
[owear fraquancy snd/or 10 ingrove monitaing
conlrols, or, at lha discretion of the cornpany,
justify and  document why coptrols  ara
adequale.

Priorlty Low [L): Low priority for review and actlon.

The ieam could idenliy actions i knwer frequency
andfor 1 mprove monitoring comtrols,

It is recommeanded Ihal polantial Severty 910 fallura effecls wilh
Action Priority High and Medlum, at a minimum, be reviewsd by
managerment neluding any recommendad acticns that wera faken.

This Is not tha prientization of High, Medium, or Low risk. i |5 the
pricritiration of the need for actions to reduce risk.

If the team dacides that no further actione are necessary, *Ho
furthar acflon s neaded® is weitten In the Remarks fisld 1o show
tha rigk analysks was completed.
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FMEA-MSR gL L3 (AP
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Action Priority [AP) for FMEA-MSR
Aclign Prigrity is based on combinations of Savarily, Frequency, and Monitoring ratings in order to
prorilize actlons for risk reduciion.
Predicilon of
FaHuwe Calrse Effectiveness of ACTION
Effact s Coeurring During F M PRIORITY
Servico Life of Munktoting LAP)
Yehicle
Medium - Raliable - MNal
Exremety high | 10 affective 110 H
Maoderatoly high - Kot
affectva 410 H
Law 4 VeryMgh-High | 23
Reliabla 1
Modarately high - Mot
Product 10 affectivi 4-%0 H
Effect High
Very low 3 Veryhigh-High | 28 M
Raliabls 1
Moderataly high - Net
effack 4-10 M
Extramely iow 2
Raliakls - High 1-3 L
Raliakia - Not
Canncl ocour 1 affactive 110 [
Low - Extramely Refiabike - Mot
high 4-10 Hrect 1-10 H
Vary high - Not 210 H
Product 8 Exdreimaly law - .3 effective
Effact High Vety low
Religbla - High 1 L
Halimble - Not
Cannad acour i affacive 110 L
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FMEA-NIR A5 ki (AP}
BN ARSI, H2 R RILITMNES M, H2 R AR & S T s
K.
FeAREN A
Ewx s | wpaxmemEn | L) | ENHRER
g R (AP)
TN 510 R - T 1-10 H
W - B 4-10 H
* 4 B - & 23 H
LF 1 M
MR E% 10 oE-XH 4-10 H
LT
E -3 2 05 - W 23 M
CIF 4 1 L
HE - LH 410 7]
e 2
CE RN 1-3 L
A HE] 1 o - BX 1-10 L
% - BN 410 TR - N 1-10 H
®a - 210 H
X I
E - K 1 L
TR 1 Al - LM 110 L
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Action Priority (AP} for FMEA-MSR
Action Pricrity is basad on combinations of Sawanity, Frequency, and Monkioring ratings in order to
priorize acticns for gk reduclion,
o C o AGTION
Falkra Cause
Effact s | OceumingDuring| F E“‘T‘ﬁum:':; of M | PRIORITY
Sarviee Life of (AF)
Vehbzla
hdadivm - Reliabls - Ned )
Edremetyhigh | *1° afloctive 140 H
Maderataly high - Kot
effective 510 H
Medum ®  [efable - Modoratety | "
high
Mcdaratedy low - Nat
affactve 10 H
Mnderabaly Righ -
st o ) Modarahig 46 M
Effact &
Moderamty | 7 Rallabla - High 13 L
high ’ Veary [ow - Mot
aNactiva 810 H
Very low 3 Modaralsly low - Low 78 y
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Action Priority (AP for FMEA-MSR
Afion Priarity s based on combinations of Sevarily, Fraguancy, and Monitoring ratings inorder to
pricrize actions for sk reduclion.
Prediction of
Failure Causa ACTION
Effect s | Occurring During | F E“ﬁfmﬂ':; of m | PRIORITY
Saervice Life of {&F)
Vahicie
High - Extramedy Reliablo - Mot
7-10 affactive 1-10 H
IMaderately low - Not
7- M
Prodoct Medium 56 effecive 10
Effect Low 23 o Rellable - Moderate 1-8 L
Extrem - Rolable - Mat
Low 2=1 elfaciive 1-14 L
Reliabke - Mat
Cannot aosur 1 tfockye 110 L
Product
Catnot ocour - Reliable - Mot
th;t:eq 1 Extramaly high 1-10 affactve 1-10 L
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MOTE: If M=1, iha Saverity mating of the Falure Fiact sflar
Monloring and Swystem Response is lo be used for
delermining MSR Action Priority. 1 M s not equal to 1, then
the: Sevarity Rating of e original Fatlure Effect 1s 1o be used
for determining MSR Action Priorty.

Tahla AP — ACTION PRIORITY FOR FMEA-MSR
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SUPPLEMENTAL FMEA-MSR RISK ANALYSIS (STEP 5)
[Tm]
L —
= = . = é‘ 5
- = 5| Most Severe| 5% |5 5o &
Rationale for | = g.gmﬂn GS;'_::““ £ | Failure Effect | @ 2 %g-"& 3 %
Frequency ) R || P gﬂﬁﬂfsﬂﬂmg“ T2 2 B
§ | Mantong | Rasponso | £ | 25" | £2 |8 26 2 |
g - shilEe 5
w § £ i
The 2 MNone Window 10 | Hand or neck 10 10 ]
connection will close may be
principle of the with full pinched
Hall effect clamping betwesn
sensor and force. glass and
ECU is frame
according to
standard xyz.

Figure 4.5-4 Example of FMEA-MSR Risk Analysis - Evaluation of Current Risk Form

4,6 FMEA-MSR 6th Step: Optimization

134

4.6.1 Purpose

The primary objective of Optimization in FMEA-MSR is o develop
actions that reduce risk and improve safety. In this step, the team
reviews the resulis of the risk analysis and evaluates action prionfies.

The main objectives of FMEA-MSR Optimization are:
+  |dentification of the actions necessary to reduce risks

+  Assignment of responsibiliies and target completion dates for
action implementation

# Implementation and documentation of actions taken including
confirmation of the effectiveness of the implemented actions and
assessment of risk after actions taken

+ Identification of the actions necassary to reduce risks

+  Assignment of responsibiliies and deadlines for action
implementation

. Collaboration batween the FMEA team, management, customers,
and suppliers regarding potential failures
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462

» Basis for refinement of the product requirements and
prevanticnidetection confroks

High ard medium aclion pricities may Indicate a need for fachnical

improvement.

Imprivernents  may  be achieved by infrodocing mors maliable
compenents which reduce the occwrence potendial of the Fallure
Cause in the fleld or intreduce additional monltordng which Improve the
detection capabliifes of the system. Introduction of monitonng is similar
to design change. Frequancy of the Fallure Cause |5 not changed. it
may also be possible to eliminate the Falure Effect by mtroducing
radundancy,

If the team decides that no further actions ers nacessary, "Mo further
aclion ia masdad® s wriitten in the Remarks Hald to show ihe rsk
analysis wes completad.

The optimization i most effective in the following onder:

+  Componant design modifications In onder to reduce the
Occurenca {O) of the Falure Cause (FC)

+  Component design modifications in onder o meduce the
acaurrance of the Failurs Cause (FC).

+  Inoease ke Datection {D) ability for the Fellwe Cauga (FC)or
Fiadlore Mode (FM).

In the case of dasign modificaiions, all mpacied deslgn elomeants are
evaluatad agam.

In the case of concapt medifications, all stepe of the FMES are
reviewsd for the affected sectlons. This ks nepessary hecausa the

original anahysis i3 no kenger vabd since it was based upon a diffarent
design concepl

Assignment of Responsiblities

Each actlon should have a responsible individual and a Targst
Completion Date [TCD) assoclalad with it

The respongible person ensures the action status is updated. I the
action s confimmed this person is also responsibhe for the action
implermentation,

Tha Actual Completion Date 1s docwmanted Including tha dabe the
actionz are implamented.

Tanget Completion Detes should be realiskc [La. in accordance wilh
thi prexiuet devalopment plan, prior i procass validaticn, prior ko start
of produciion).
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4.6.2
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41.6.3

8iafus of tha Actions

Suggestad levels for Status of Actions:
Open

N Action defined.
Daciaion pendling (optonaty

The action has been defined but has net yet decided on. A
decksion paper is being created.

Implemantation pending {optlanal)
The action has bean decidsd on but not yat implemented.
Completed

Completed  actions hawe been  implemented and el
affactvaness has been demonstraled and decumeanted. A final
avaluation has been dons.,

Mot Implemsanted

Mot Implemented stahes is assigned when 3 decision i rmada not
te implement an action. This may oocur when risks related to
practical and techeieal limitations ane beyond cerent capabiitles.

The FMEA, is not considered “complete™ untl he team assesses each
itm's Action Piarity and either accapts the lavel of risk or documants
closure of all actions, Closure of af actions should be documentad
befxe the FMEA is released al Start of Production [SOP).

Crescriba the achsal preantive and dedection actions meganding design
change, test procsdure, test plan, process changs, confrol plan, or
other dotuments,

If “Mo Achen Taken™, then Aciion Priorty is nol reduced and 1he risk of
fallre is camied forwand into the product design,

464 Assessment of Actlon Efectiveness

Whan an achion bas bean sompletes!, Freguenmcy, and Moniterng
yalues are reassessed, and a new Action Pocrity may be detanmined.

The new aclion recehves a preliminary Action Priosty raling as a
prediction of effectiveness.

Howaver, the stalus of the action remains “implemendallon pending”
untll the affactiveness has boen tested. After tha tests are finalized the
prefiminary rating has 1o be confirmed or adapied, when indicated, The
stalus of tha actlon Is then changed from Implemantalion pending” to
“complated™.
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4.6.5

The reassessment should be based on the effectiveness of the MSR
Preventive and Diagnostic Monitoring Actions taken and the new

values are based on the definitions in the FMEA-MSR Frequency and
Monitoring rating tables.

Continuous Improvement

FMEA-MSR serves as an historical record for the design. Therefore,
the original Severity, Frequency, and Monitoring (S, F, M) numbers are
nol modified once actions have bean taken,

The completed analysis becomes a repository 1o capture the
progression of design decisions and design refinements,

However, original 5, F, M ratings may be modified for basis, family or
generic DFMEAs because the information is used as a starting point
for an application-specific analysis.

SUPPLEMENTAL FMEA-MSR OPTIMIZATION (STEP )
g £ =
| Mot Severs| B & | £
MSR | Diagnestic =4 |Resp Target Action Taken 2% =
Preveniive Monitaring | Y= |FUE BIREH S 2 | paraons ietion] Status | with Pointe | “OTPIEHEN | g £ 3
Action | Action g 2| Name Date 1o Evidence 2| ! i
[Mone [introduction| Comtort. |Loss of ® |Test ddmmyy [implem NERD
ol clasing | col ce i Vil enlation
P Y | mode | WAr. Wdaren pending
check disabled | “Comfort Watchiul
betwesn closing™.
mator The window
Eieven! and afly maves
loss of in manual
signal from micds.
Halt effect
EEMEDT, 1
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Figure 4.6-1 Example of FMEA-MSR Optimization with new Risk Evaluation Form
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A summary of ihe soope of the analysh and identify whal is new.

A summeary of how the functions ware developad.

A summary of at laast the high-rick faiures a: determined by the

team and prendde a copy of the spacific 5FM maling tables amd

method of action priorlization {e.g. Action Pricrlty Laba).

A summary of the astichs taken andfor planned 1o address he

high-rigk leilures incuding status of those acticns.

A plan an commitment of timing for ongaing FMEA improvernent

acions.

a.  Commilment and fwning & clpse gpen actions.

b. Commitnent fo review and revisa the FMEA-M3SR during
mass production 1o ehsute the accurady and completeness
of tha analysls as companed with the anginal produciion
design (g.9. revisions iiggered from design changes,
cortective acllons, &ic., basad on company procedures).
(Refar t sechion 1.4 Case 3 FMEA, revislona)

¢. Commitmeni to captura “lhings gone wrang™ n loundaton
FMEA-MERS for the benefit of fulure analysis reuse, when
applicable. {Refer ko sechion 1.0,6 Foundstion and Family
FMEAs)
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A Sample FMEA Form Sheets
A1 DFMEA Form Shaats
» Fomn A: Standard DFMEA Fom Sheet
o AIAG & VDA Form Shest Supporting 7 Stap Approach

= Forn B: Allermate DF MEA Form Sheat

o Wilh "Nexdt Higher Leval™ and “Mexd Higher Level and Fundion and Reguirement”™
ina single row and nol prapanad in all rows.

«  View A DFMEA Sciftware View,
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Dosign Failure Mode and Efects Analysis (DESIEN FMEA)

FLANMING and PREFARATION 1
Crowmyhows - e o —— A D g
S _w-h-.—-:‘-: — S [oeee———

Lt e
kel Faar | P

e | STRUCTURE ANALYSIS [STEP 2}

- Histay [ |- .....:

hs

DFMEA RISK AMALYSIS (STEP 5) |DFMEA OPTIMIZATION (STEP §)

on's

Henponsisie Pars
Heme
Targed
Comglation
Data
Status
Action Takan with
Painter to Bvidencs
|Optinnal)
Armarks

Form A: Standard DFMEA Form Sheet
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Design Failure Mode and Effects Analysis (DESIGN FMEA)

[_PLANMING and PREPARATION (ETEF1) |

&muuu-t OFMEA Sist Dol ==
yopdriimeeaibs oy
Mot Year | Pustore . Gy bumstid Tades 5
=T
ETRUGCTURE AMALYSIS (STEP 2) FURCTION ANALYSIS [STEP 3} ] FAILURE ANALYSIS [STEP 4}
| PROVEMENT. | VNG TRGHT
ﬂwu: i iFallwnemecs 2|
= | iiarication | ESTS {FE} b the Mext | 5| 2 Fallura Modie.
Hpsw eyl g
s cpticnaf] i
DFYEA 1 Aurwer
talye Aneaaratibty-
Cenfidere iy Lrvel -
RISK AHALYBIS [(ETEP 5] OPTIMIEATION (STEP &)

Dt tlan
Agtion
Target

Corglation
Date
‘Bisus
Action Takan with

Respansible Peson's
Hams
Pedadar to Evidanco
Gasrpledlon Dain

Filtar Coda |Detional)
Praventicn Actlan

Form B: Alternate DFMEA Form Sheet
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it B RE BT (it FMEA)
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EEEFESINS
FEER
M

FH: B: ik DFMEA 28
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| Il
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Design Fallure Mode and Effects Analysis (Design FMEA) nmns-urmmmmnlz
Cimamwy ma

FAILURE AMALYSIS [STER 4)
11
Ve B

VIEW A: DFMEA Software View
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A2 PFMEA Farm Sheets

147

Form C: Stardard FFMEA Forrn Sheat
o AAG & VDA Form Sheel Supparding 7 Step Approach

Form D: Atternats PEWMES Form Sheet
o With *Process Ram™ and “Functlen of the Protess item” in a single row snd not
preparad In all rows

Fanmn E: Altemats PFMEA Form Sheet
o Wilh “Funcbon of the Process Step and Product Charactensbics” and “Function of
Process Work Elsmant and Process Characheristics™ apliLinto multiple columns
n arder to make sach column a unique citegory of information

Fomm F: Atemate PFMEA Form Shast
& Adusiments from Fom B and Form E combined.

Form G: Allzmete PFMEA Form Sheet
o With modiications o the Structurs Analysis and Fallure Analysle secllong.,

View B: PFMEA Scftware View
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— AZ PFMEA S
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Process Fallure Mode and Effects Analysis [Process FMEA)

RISK ANALYSIS (STEP 5| OPTIMIZATION (STEP 6)

Faapenaible Persan’s
Bams
Targs
Coampleilon
Onin
Siaius
Action Taken with Pointer
b Evidenca
Comgiaticn Daln
Ramarks

Form C: Standard PFMEA Form Sheet
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Process Fallure Mode and Effects Analysis (Process FMEA)

Co ind Sabject: —

PPMEL Blae] [
Coumiarnr Marse- PUMEL Hevinas (i
Wodel Ve | Fleltese Crimad ercnoes Taam i
[ eomcteeo [TRUCTURE ANALYSIS (STEP {_FUNCTION ANALYSSS (STEP 3 | FAILURE ANALYSIS [STEP 4]

Issua @

RIEK AMALYSIS [STEF 5) OPTIMIZATICN (STEF §) |

Fiesr Coda {Optiosaly
Actian
Dutoction
Aation
Ramarns

Rasponsible Persan’s hame
Targat
mpletian
Oipin
Etatus
Actos Taken wiih Pointer fo
Evicance

Form D: Alternate PFMEA Form Sheet
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HEEEEREEST (22 FMEA)
[ EEEAE () ]

PFMEA FUSHHR | I ) FFMEA (RfL ( 7%

F4k D% PFMEA 58
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Process Fallure Made and Effects Analysis [Process FMER)

ooy e ) o — -
T Taps S

Form E: Alternate PFMEA Form Sheet
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PWFHHMMWMMMFIEM

RESK AHALYS'S (STEP 5) | OPTINZATICN [STEF §)

j ! el |8

Form F: Alternate PFMEA Form Sheet
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T F: %1% PFMEA 28
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M -
RISK AMALYSIS (STEP 5) OPTIMIZATION :mrﬁn
{ =
8171 § |, |8 |5 5t |
HHHERE AR R IR 1R
§3s§ 3 ! : ; f

Form G: Aternate PFMEA Form Sheet
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FULHEREWVERGRAT
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VIEW B: PFMEA Software View
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A3 FMEA - MSR Form Sheots

« Fom H Standard FMEA-MSR Form Sheet

o AL & VDA Form Sheet Supporting 7 Stap Approach
= Yiew Cr FRAEA - MER Softwars View
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Design Failure Mode and Effects Analysis (DESIGN FMEA)
FLANMING and PREPARATIO! P 1

e — WL B Bl

|

DFMEA RISK ANALYSES (STEP 5) |DFMEA OPTIMIZATION (STEF &)

Responsible Person's Nama
Target Complation Data
Status
Agtion Takon with Pointer o
Evldoncs

with Suf FMEA-MSR

UMW AL FAA S RSN AMALYSE (TTEP 5

P o gty
B Prypbon baer
PRE———
| |
i
e vt rn Bt ane
ey gy

ey ) L ey A

Form H: Standard FMEA-MSR Form Sheet
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B Form Sheets — Step by Step Hints
B1 DFMEA Form Sheet Hints
B11 DFMEA Form Sheet Hints: Step 1

Design Failure Mode and Effects Analysis (Design FMEA)

Planning and Preparation (Step 1)

Company Name:  Name of Company Subject: MName of DFMEA Project DFMEA ID Datormined by
Respansibia of {System, Subsysiem Mumber: Company
DFMEA andiar Companent)

Engineering Geographical DFMEA Start Start Date Design Name of DFMEA

Location: korpaiicn Date: Responsibility: ~ =%nef

Customer Name: Mame of Cusiomer(s) DFMEA Rovision Laest Revisson Dale Confidentiality Businass Use.
ar Product Family Date: Level: Proprietary,

Conffidential
Model Year(s) | © ppiication  Cross-F jal  Team Roster nesded
Program(s): or Company Modsd'  Taam:

Figure B1.1-1 DFMEA Form Sheet with Hints: Step 1
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B EF — &FHE#ES.
B1 DFMEA Fiitx
B11  DFMEA ety S8H—

@itEm S g (R FMEA)

sHShE (SR—)
BEER: B DFMEA By HHE: DFMEA TIH£#% DFMEA 1D & ha sl
BEER (B, FEGH 3.
i)
IR AL DFMEA il H #2850 BHEEA:  DFMEA ¥
Xi: Al
WEEK: FEERR™ S DFMEA #iTH BE#ITEE REEN: SR, %
-3 - . #’eE
SEMNER MEEFALLE NREEN:  AREAERAERE
myE ]

M B1.1-1 #iHLE0 DFMEA 2585 B9 —
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B1.2

B1.3

DFMEA Form Sheet Hints: Step 2

STRUCTURE ANALYSIS (STEP 2)

1. Mext Higher Level

Subsystem, System, Array
of Systems, Vehicle

Figure B1.2-1 DFMEA Form Sheet with Hints: Step 2

DFMEA Form Sheet Hints: Step 3

FUNCTION ANALYSIS (STEP 3)

1. Next Higher Level
Function and Requirement

Function of Vehicle, System or

Subsystem and a description of the

Requirement or Intended Output it
st fulfill

{Quantitative valie is optional, one

Figure B1.3-1 DFMEA Form Sheet with Hints: Step 3
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B1.2 DFMEA %y B —

i bR

PO O RREE SR

WX,
AR, L WEREE. BRE.
=

TRE. R, RSN, £N TREE. AFREOERK

 B1.241 #FRRN DFMEA i SR —

B1.3 DFMEA ®RE#T SH=

Thie iy (W=)

T REE HfFEE O,
L B P o 2T A ) R
B 1
CRUHECH TR, i
&)

. RELTRMMTIE. LR
JA 230 2 o o LI P
i
CREAFEES, T — 1858

LR O Y e R S R
CHRECA ATIRTR, 4597 —45ik)

B B1.31 JFRFH DFMEA % FR=
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Bi4 DFMEA Form Sheet Hints: Step 4

FAILURE ANALYSIS (STEP 4
1. Failure Effects (FE) to
the Next Higher Level
Element and/or Vehicle
End User
How the Viehicle, System or How the Eubs c S How the o
mmmm.“““h muuﬁwmumm Component or Interface
described at the Next Highar @s the Focus Element and lead to the Failure | could fail to perform the
leval. include potential | 1-10 ETRES ww:m
effects to the vehicie (End y
Liser) level and ragulations, Failure Analyeis can begin with the FM, FEor| o the Failure Mode
as applicable FC as long as there is an accurate Failure
Chain

Figure B1.4-1 DFMEA Form Sheet with Hints: Step 4

B1.5 DFMEA Form Sheet Hints: Step 5

DFMEA RISK ANALYSIS (STEP5) _

Filter Code
{Optional)

Initial State - Past controls :
proven andor controls 140 I.; LL
committed to committed to 7

Figure B1.5-1 DFMEA Form Sheet with Hints: Step 5
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B14 DFMEA #it¥r HWP

RASHF W)

TRE., SR O DERELBERX

STFFERER Y SR, H‘ﬁﬁém BERA e 3
SRR R R AR B AT e A i Bkl

M B1.4-2 FHURE DFMEA %8 RN

B15 DFMEA ERiLT FHL

DFMEAAR T (#BIH)

2]

<)

&l

£

-

i)

=

S - atEpiEnR| o |WeRE - iasaEs| s
A SR W RUISIA TR e b L. NA

M B1.5-1 #LTH DFMEA 8. HWH
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B1.6 DFMEA Form Sheet Hints: Step 6

DFMEA OPTIMIZATION (STEP 6)

Action
Target Taken with | Complation
m":;""" Fainter 1o Date g

i
!
-
I

Siatus
g,

P indg

[pticaall,

Impimantatzon | name and dats.

panding L

(el

Compisied,

Discardad

Figure B1.6-1 DFMEA Form Sheet with Hints: Step &

B1.7 DFMEA Form Sheet: Step T

DFMEA Step 7 is independently handled by each organization and is nol recorded on the DFMEA form
sheet,
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B1.6 DFMEA E#ilT R~

DFMEA {4k (@)

r AT
HBRER | gk | s | wmam s
B8 i S

HIEES AR, SR & R | Mk ) CRRR|_% 8 {#
BERTRINY (WM DR BE MR\ B GF | RIRL (W | MEUHAEE (St DFMEA
1 A__B &), MM | oExl| A_B 58 i

L DI
E3ER, A | BimE
i . %

B B1.61 FHHETM DFMEA i B

B1.7 DFMEA ®#RiLT 8t
DFMEA H: 85 -L i A SRR, 54 DFMEA 244 ic 4.
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B1.8  DFMEA Software Examples

filint card body transporis fares between

ing and mobar body 16 hold the brush
ng aysiem in L, §, T podition {support
winling contact point}

Torque and rotating velocity of the Angle deviation by commutstion wysiem | Brush card body berds in conlac nia of the
wandow lifter modor too low Imermittently confects the wrong coits | carbon brush
[L1, L3 sl L2 inatead of LY, L2 snd L3)

Figure B1.8-1 DFMEA Failure Structure (Software View)

wermig cuit (L1, LY sivd L3
watmad ol L1, L3

Figura B1.8-2 DFMEA Risk Analysis (Software View)
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—— B8 DFMEAHTH

G (PB)
1. L pmam
TR ] o
B (W)

1 A ER R
LEL A LA L BT SR TR LE R T DFAT BN ARG M, hENeN
L B x v, AR (ERTRENY)

ST (PN

S NI I A L T L T e T T Y L L L LT ]
(LY. La@Ls, @EFBLY LINLY)

B B1.8-1 DFMEA %3 (SfHmiE)

LRSS =

DFMEA R £+ (PBFH)

TRIRERERE 8
LET L LETTET T TEAETS
A2, BTRLY. L3miy

FH B1.8-2 DFMEA FESH7 (SRRl
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FAILURE AMNALYSIS (STEP 4)

DFMEA RISK ANALYSIS (STEP 5) and DFMEA OPTIMIZATION (STEP &)

Target it

Mwrdum Gess Nl
i

Commmunainn
wiEm

e enpy
connaces he
srzng sl
LA L3 il L
mndeidef L1

Liand LI}

Brwst cord body |

Prerrein in ot
g ol e carbon
[P

|
i)
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Figure B1.8-3 DFMEA Optimization with new Risk Evaluation (Software View)
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SRHE CERN) DFMEA RErSHiT (BBIFL) 1 DFMEA. {4k EEAY
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g 4
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it 1 340

B B1.8-3 TR ARITSE DFMEA R (SpFRm)
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B2 PFMEA Form Sheet Hints

B2.1

B2.2

163

PFMEA Form Sheet Hints: Step 1

Process Fallure Mode and Effects Analysis (Process FMEA]

Planning and Preparation (Step 1)

Company Name;  MamecfCompany  Subject: ‘Name of PFMEA PFMEA ID Detistmined by
Feesponsible for Pragect Mumber: Company
FRUEA
Manufacturing ~ Geograchical PFMEA Start Start Dato Process Marne of PRMEA
Location: Location Date: Responsibility: ~ @wmar
Customer Mame:  Mame of Cusicmer{s) PFMEA Revisi Latest Reasion Date  Confidentinfity Business Lsa,
o Procuet Family Date: Lavel: Progristary,
Contidential
Model Yearfs) |  CustomerApplicalion  Cross Functional  Tesm Roster needed
Programis): or Company Medell  Taam:
Snfr
Figure B2.1-1 PFMEA Form Sheet with Hints: Step 1

PFMEA Form Sheet Hints: Step 2

1. Process Item

System, Subsystem, Part
Element or Name of Process
Trnnumﬂhpmmmmrb: operation o station lo be analyzed
&.g. elecirical motor assembly fine which [that produces the Process fem e.g.
is the end result of all successhully (0P 30 Sinterad bearing press-in
compleled process steps PrOCESS
May alsa be a non-direst manufacturing
process e.g. shipping

STRUCTURE ANALYSIS (STEP 2)

Use the 4M's to identify fypes of
variation thet have an influence on
the operation of stafion being
analyzed.

4M Types: Man, Maching, Material
(inedirect), Mifiey (Environment)

Lista single "M" for each line.

ypes may vary by company

Figure B2.2-1 PFMEA Form Sheet with Hints: Step 2
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— B2 PR EA

B21 PFMEA Eigils HW—

BRSNS SERSE (HEFMEA )

REER ;! PFMEA B35 WE: PFMEA TE £1 PFMEA ID (5% S E08E
LTI 108 | PFMEA FHAEM:  FHAE R A ;F;EA Fidi A
BEEE  WMESWHALE  PFMEARTEN BESITEN EEES g! fmﬁ =
ammE ;ﬂmmaum BRI FREMARA LS ‘

H B2.1-1 5K PFMEA 208 8 —
B2.2 PFMEA BT W —

S (W)

R TR SHERRIE

IEFE A ek it 2, PRl | AR O PR T, W mOR AT AMEE B R ETE S i h i
VRS, HRC AR AT | SOMMMR MR B T (7 o M R M P
HE SRR R AMB: AR BRI
] e - HH
Eﬁmmﬂ]ﬁmuﬁﬂm, fliniz s
B R TR

H B2.2-1 i) PFMEA 4. Fl—
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B2.3 PFMEA Form Sheet Hints: Step 3

FUNCTION ANALYSIS (STEF 3

1m«nmm
Sl Bk o, Farl:

nMu"ﬂ::‘m— I apeciond 12 A SSRCTIPOR Of Wi the aparation or stxtion must

g A poe
Nmideng
SoF i unk e 8 Mok
Appscatie [MA]. Thil i the peaitive Proguct Characterivhic ard fusl
=& detwsiabiemaarerabin m the prodect sher v
Thess aspectitsifed CB8 b2 whan e Erodutid.
cesmgigting Faiters ENpcts [FE)
The [Faiure bethe
Thess qapecied resutts may appl lar the mtim REGELE D7 BJINVEE O the ponerve Producl
Procewn ben g eHOT Il Mot snsmEly lBe CRarscosnsbic.

Figure B2.3-1 PFMEA Form Sheet with Hints: Step 3

B2.4 PFMEA Form Sheat Hints: Step 4

FAILURE ANALYSIS (STEP 4

Failars made munt be deteclabiameasareskis o | The Faturs Casd o U e o e potive
itve prosuct [detech lisied in “Function of the Process Work Elmnt
Charsciurmc™

gt Hagghver el el Process
The Falurs Modd will DE The negative sr
When cormsddviag ENECI Cansk mem i megaves of the poeiine Pridudl CRarsctenshs, | Cause must ba deisclable i th (F0SH88 (armar)
ia “Functizn of the Precess limm” and the |ard lsad o tha Twhurw Mode
“Fabiure Mode™ ard tree ey Can Effeci the 3
wreas being
ek, Process fiem, Ead Usei)

plaml Pracess liam, [nd Lnarh
aFel UbE vl Alghew Rating for S
n-.o::lq.mnlﬂlhtqﬂ
[atwarys. have e Mghest Suversy fang.

Figure B2.4-1 PFMEA Form Sheet with Hints: Step 4
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B23 PFMEA iy W=

EieAET (BE=)

AR RN LT AR B | SR O LAEN L, | TEETRLE 75 AR
e
— SRR FIER (NA)

EE R EMA R St | Fld. bt it RS,
EMTRAWH (FE) MW URFOELE | /g5 & 5o U T B | BN aTE,
. HR. RN 5T, S TR, Wi,
BENFRSEMENLE —HR | [, MBGE. PRARE, 215, ¢
EE AW, PP o O i P B T

R MR L] L TR I A R,
Filn, HELHES.

B B2.31 #{xi) PFMEA 24 W=

KT (Smm)

. FERFERMEARKAL & SERMAESH (RK) P2 | EURTHAERBIENLR

4R Wl ch R BTG L B RLE AR W PR NRE S
EEBEWNEE. SR ERTANE HEE SWeENE S | RRER

T CERSECPREEHNEE, WETH =. EFR (BR) PREATHE
HHEREEEEA= AR BT MHENER, TEERER
. REET. 480, SREH) SR,

RRES/IEBHSE (BRI, BEE
Ir. 48RS, R4AS) ShHEEE
BFE. HFRRREGFEETEG. 5
o, BEAAHEIARTESFERE
R WA,

 B2.4-1 AT PFMEA 28 80
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B2.5 PFMEA Form Sheet Hints: Step 5
PFMEA RISK ANALYSIS (STEP

Filter Code
(Optional)

140 |[initial State - Past controls proven LL
and/or controls committed to

Figure B2.5-1 PFMEA Form Sheet with Hints: Step 5

B2.6 PFMEA Form Sheet Hints: Step 6
OPTIMIZATION (STEP 6)

i Evidence
|Ciar, of |mmyy of
Dcision {action taken  |ddmemyy
(optionsl), | mmber,
Imlarenlate repon name
npendng  |end date, eic.
(opbonail.
Eoirgt,

Figure B2.6-1 PFMEA Form Sheet with Hints: Step 6

B2.7 PFMEA Form Sheet Hints: Step 7

PFMEA Step 7 is independently handled by each organization and is not recorded on the PFMEA form
sheet.
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B25 PFMEA Efilr WA

PFMEA FErHF (WA

| MRS (AT

VRS - LERHRENR] 110 MRS - i SE R
SRS TR 1

H B2.5-1 LR PFMEA ##. B85

B26  PFMEA RRLT WA

ik CGFEAD

= ety FHUAE
ﬂﬁg)&& Higse qhs FiEM

s, &) _w Ak, m o
EWFRE | EE | kikwE (07| fnmEmy |_mR
W1 | A i), ddkch| Mk

I B2.6-1 Wikl PFMEA ##: HWA

B2.7  PFMEA Eiits PW-L
PFMEA IF-Lih SN MR, A PFMEA 2R icat.
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B2.8

166

PFMEA Software Examples

| 361] Sitered Bearing Press-in Procssa. [T

FUNCTION ANALYSIS (STEP 3)

Appeembhy of maior @ wahecls

|Endliaar
(Vi I Brd iwa

Xinr Pl
Aagamiy of shalt il pobe hiuang sdiemsly
it ko Meot.

| sioopage. bon o comtanTand

Cpmraicr press a bation of muchine dor releaiing the
s housing b i pap par grist R DO Wi RN Lompaned

doty wthiul ko

FAILURE ANALYSIS (STEP 4)

1. Faiture EMects (FE] 0 the Muxt Higher Level

Bl Pt
sty of mokee [ whice

Georfior cioaang Brme kog kgl

Yot Pigel
Cearancs oo pvall o aamsiesmah

A posiioe of siniered searng v nolmeched Mt stoo befen tamching fll e

e i netpoas b

Figure B2.8-1 PEMEA Failure Structure (Software View)
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B28 PFMEA ®#f=W

BT (PR

[OP 30] tesd ik B 4 it 7
ol GEE=)

Hfetesiiail, ERBMNENG | £SRENE, REAEFNLBE
AL 15 e o] Sy S R PR AT | B RAKD SRS B
i)

SR PRI

iy FlLE S =) (vl

L e 2 ) A e 0 AT 0

LR
IRECAIF:

o A R T (R

E B2.8-1 PFMEA RH&5H (Hia-am
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2
o v prEEru s
o [ L]

PFMEA CURRENT CONTROLS
toa P 8 [Asm poutos of semne Machn zerm st Hana Lot Fielsass Protccsl Otjectn TH
AEyETan TTwean a e bawrrg ot rested rencteny bea sn (Efecrvty 1
[ — wistind G inspecion of axil g of
[|cimirmicy e nera rparing 10 Dok houseng soal oy
S B Pl 3
et Cwiecion ckastor. CRTCH
S Ll (HEDVGREEM areal
Comriert eltaing b 0 NGO check of mokir parformance furm
et mCT, s MAKD038

Figure B2.8-2 PFMEA with Risk Analysis (Software View)
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'L [ W G il i R R
B I A Il I ¥t 4
B LA 3 nll N 3
5 7 (4 i i
2 F MR
S R FFMEA R orir (3

PFMEA Sy
1 8 | miMARANE | 0% ALy x 10 | fe3e 2 Ehid His 2 H
144 Y (ol 0k | BEE LY W b A 100%);
N pral e 0 R
R f L

X g ¥ 2 ] 1 i 15 () X

' R( Wb HFE

£ [ e B
'y ),

AL B B & ®

MRKJS038 #1 1l

e A i T

L]

W [ o

B B2.8-2 HTRRE TN PFMEA (St
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T | A st o [ 5 [ 1008 eheek ol ER
s g oo |Teois Faachang  [sdieebed sos. R portTRano,
st broud posinn |kl il | B s

]

3 |Salacing prem 2| L Procass (deumm. |coan
il Fsiess E bl

Pl
Pencan

Figure B2.8-3 PFMEA Optimization with new Risk Evaluation (Software View)
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— B FMEA-MSR T

Bl.1 FMEA-MSR #kitT #8—
ST SN SRE AT ({R1HFMEA )

KNS (SB-)

ATEY  HNOFMEAMAE WA DFMEA 1 B % % DFMEA DS  GoEWE
&% (Wi, FREIY
)
THEE N DFMEAFFESEN: FRES BT HEA DFMEA 5 #
' AlE
HEEH  BESROSAE  DFMEARITEE: BESTEERE REEa: BuER. T
4, Gm
FURE  BEEARASET NBEER FRMERRRAE R
o R :

H B3.1-1 #FlR i) FMEA-MSR 2. $W—
B3.2 FMEA-MSR Mt W=

ST (PR

1. E—Res

Al O B
TRE. R, REET., H FRE. QfEENHH EEEXN,
Edh. MM, iR, SR

# B3.2-1 #EFM FMEA-MSR %8 HW—

B33 FMEA-MSR s W=

ThEsT GER=)

1k — ST R

042 58 L R S T A
* KBNS |l e

3]

AT T, T — i) (ORISR, W7 —f-s)

B B3.341 i) FMEA-MSR k. 8=
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B34 FMEA-MSR Form Sheet Hints: Step 4

Fasiure Analysis can begin with ihe FM, FE or
FCas wagm;::mm_

Figure B3.4-1 FMEA-MSR Form Sheet with Hints Sheet: Step 4

B35 FMEA-MSR Form Sheet Hints: Step 5

SUPPLEMENTAL FMEA-MSR RISK ANALYSIS (STEP 3)

Filter Code
(Optianal)

Tha naw Vasiicls, W

Sysismar L

Intemal commants i
Emerdeiacicn | Emormspanse efiects to

Aot %8| 1o | memodsduring | actonduing | 110 |BeEndUsechewsl| 10 | a0 || U

rang | vebitln i wehicle use e monRsHng

wnd sysiem R 5

controls St

wrain place e

Figure B3.5-1 FMEA-MSR Form Sheet with Hints: Step 5
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B34 FMEA-MSR E#HiET B5BA

KRBT PN

e FE ;

4, BT A%

FAESH E— R

HWRESIE. (EIEMS

F. QAR R

) BT R
"

KRR LR A I T R A Y

TRE. EFE O DARECIENE
ERRFAGN SRR as

SEFERMM ARG, AT R,

TRE. AfrgdEnim

ARARLA T —Se ik

P HERThAR, S
B8 1 B

8 B3.4-175H A FMEA-MSR %§: S0

B35 FMEA-MSR BHT S0E

FHFEFMEA-MSRAE 4T (W T)

B B3.5-17FHFN FMEA-MSR 28 B
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6 B3.6-17 4 ) FMEA-MSR ##: @A

B3.7 FMEA-MSR %R+

FMEA-MSR :8-L i IS T T, F7E FMEA-MSR 8 ic ik,

B38 FMEA-MSR ##&7H

B (M=)

1. E—Wrms e AER
Fi R R e s O i R 1 B R0 0 R ECL
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FULHEREWVERGRAT
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Figure B3.8-2 FMEA-MSR Risk Analysis (Software View)
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Figure B3.8-3 FMEA-MSR Optimization with new Risk Evaluation (Software View)

173



2 ERS ML : 400-962-2286

¥
WhiH S SrE
b FHAJEN
— | e B
d% | B W UBLIER FRENEY S
¥W | HETRE T4 | BekWBARE (2 3
Y HSW-vINS
A PR ‘noamw B Lk ]
EAWTRASY 2ograd | M MG R ERRIET | 5 U T priter e
PUENRRMNNIG| RGRBEAE Wk | STl B0 TR
Wjoe L] SEEMERIR] BRENFTRIREN | B LN SRS | 0] B sy
[WELY i MSH-YENA

1mﬁ£#ﬁuﬂ I
Pt WL

(%) R

(M) D (EEF) 194550 HSN-VIWNS Xt Chdig7 ) 3frnesy

FULHEREWVERGRAT

173

B B 3.8-3 b7 # REATAS M FMEA-MSR (R4 (¥ciFuED



BlLmEREIE

BHRAE £ ERFS ML : 400-962-2286

C: Severity, Occurrence, Datection and Actlon Priority Tables

c1 DFMEA $0D and AP Tables
- G141 DFMEASEVERITY {S)
Preduct Sensral Evaluation Griterla Sevarily {8)
Potantial Failure Eflects rated acoonding to the crlieria bekow. Blank ul" Miedin by
Compaorate or
s Effact Swsverity criteria Product Line
Examplas
Affects sale operaiion of the vehicle andlor olher
" sehiclas, Lhe health of driver ar passengens) or road
Very High useTs or padesitans.
1] Moncompdlance with reguiations.
8 Loxe of primary vehicke Tunclion nacessary for namal
driving during expacted sarvice e,
High
7 Dagradation of primary vehicie funclien nacessary
for normal drivireg duing axpected service lifa.
1 Losa of secondary vehlcle funclion.
5 Moderats Degragdation of secondany vahicle functhon.
4 Viry objectionable appearance, sound, vibraticn,
harahnees, or haplies.
3 Moderataly objectioratde appearance, sound,
vibration, harshness, or haptics.
Low
2 Slighlly objactionable appearance, sound, vibration,
harshness, or haptics.
1 Vory low No discomibla affact.
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C: TmEr. M. #HNERREAssR
C1 DFMEA SOD A AP
C1.1 DFMEA FRE(S)
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B UL T It e AT IR, FH, aEAARNT
5 Em FEREGE LMo R w
10 ERIA RN ERTRERE, 0. A%,
REHERRT T AN BRRG.
N

9 THEER.
& Emm&mﬁﬁw.iigtgnﬁﬁmﬂiﬁxxm
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7 ENEEEEGH, FEETIRMERNEREEY

k.

6 SRR
5 H R E iy
4 HE. BE. By, REEERRES LSRR,
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2 AW, B, dEsh. MASEEMAE-S A RS RREE.
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€12 DFMEA OCCURRENCE (0)

Occurrents Potantial (O) for tha Praduct

Potantia] Failure Causes rated according to the crilera below. Consider Product
Expefience and Pravantion Conirols when detarmining the best Gecurrence estimate

(Quelltative rating).

Blank unli!
fllled in by

LEar

Prediction
of Failura
Cause
Docurming

Occurenca ciitaria - DFMEA

Corpovate
or Product

Lire
Examplas

Extremely

W high

First spplcation of new technology amywhers without operating
expardance and f or undar uncontrollsd oparaing condibms. Mo
product vertfication andfor validation experience.

Siandards do nat exist and best practices have not yet bean
datermined. Prevention controls not able 1o pradict fiald pesformance
or do not exist.

Vary high

First usa of dasign with technical inncvalions of matedals within the
company. New application, or change In duty cycle / operating
sonditions. Mo product verification andfor valldation axparience.

Prevention cantrols not targeted ko (deniify parformance to spacific
raquirements.

Flrst use of dasign with technical incvalicns or materials on a naw
application. Mew application, or change in duly cycle | cpsrating
sordiions, Mo product yericalon andfor valldation expedance,

Few axisting standards and best practicas, nof direcity applicable for
this design. Preveniion controls not a reliable indicator of Teld

performance,

— High

Huw deslgn basad en similar lechnotogy and materials. Maw
applicalion, or change in duly cycle f oparating conditions. Mo product
verincation andfor validation experienca.

Slandards, best pmaclices, and dasign niss apply to tha hasalina
dealgn, but nat the innovations. Prevention conteols pravide Tmited
indicailon of performance,

Slrikar to previous daslgns, using sxisting tachnology and matenaks,
Similar application, with changes in duty cycls or oparating
condions. Previous asting or fiakd experisnce.

Stancards and deglgn niles ex(el it g nguihdent to ensure that
ihe faiure cause will not occur, Pravanton controle provide some
ability to preven! a failurs cavss.
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Qocurrence Potenilal {O) for the Praduct

Poteniial Failure Causes raled accarding bo the criteria balow, Consider Product

Experience and Prevention Controls when detemnining the best Ocourrance estimate

[Qualliathe rating).

Blank unti
filed in by
ugsar

Moderate

Detal changas to previous deslgn, using mmvan techivalagy and
materials. Similar appicabon, duty cycle or oparaling condlions,
Pravious tasting or fleld experianca, or naw désign with some tesl
erporence ralated to the fallure.

Basion addresses Kssons learnsd from previous designs. Best
Practices re-evaluated forthis desipn, but have not yel been proven.
Prevenlion conirols capable of Anding deflclancies in the product
relatad to the falkre causa and provide some indication of
parformance.

Almost ientical design with short-lerm field sxposure, Similar
apgilicalion, with minor change in duty cyele or operaling canditicns.
Previous kosting or fisld mxperisnce.

Predecassor design and changes for new design corform o bast
practices, slandards, and speciications. Prevantion coninls capabe
of finding deficiendas n the product refated 1o the faiure cause, snd

indicate lkely design conformanca.

Dretail changes to knowm desion [same application, with minor change
in duty cycle ar opsraing conditions) and testing or field experisncs
under comparable opecating conditons, or maw dealgn with
successiully compleied 1es1 procedure.

Design expected to confam to Slandards and Bast Practices,
considering Lessorms Leamed lrem prenious dasigns. Prevantion
controls capable of Anding deficencics in the product relaled o the
failure cause and predict conformance of producion dasign.

Vary low

Almost identical maturs design with [ong tem field expasure, Same
application, with comperabls duty cycle and cperating conditions.
Taxting or fiuld experience under comparable cperaling conditions.

Design expected o conform to Slendards and Best Fracticss,
consldering Lessons Laarned from previous desipns, with significant
mangin of confidence. Prevenlion conrols capabla of finding
deficlancies n the produst related o the fallurm cawss, skl indicals
confidenca n design conformance.

1

Extramely
low

Failure eliminated through preventive comdrol and fadure caess is ot
posshie by design

Product Exparlanci: History of product usapge within the comgaty (Novelty of deslgn, appicalion ar use

casa). Resulls of akeady complated deieclion controls provide experdence with the design.

Prevention Conirola: Use of Bes! Practices for product design, Design Rules, Company Standards,
Lessons Loamed, Industry Standards, Materiol Specificalions, Govariment Regulations and
affectiveness of praveniion onentad analytical tools including Compuier Alded Engineering, Malh
Modeling, Simutation Studies, Tolerancs Stacks and Design Safety Margins

Mobe: OCC 10, 9, 8, T can drop based on product validation activillas.
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C1.3  Alternative DOFMEA Occurrences {0) Tables
G1.31 OFMEA OCCURRENCE (0} Incidents per Thousand Vahes

Occurrance Pofantial (O] for the Product
Potenlial Failure Causes reled acoording 1o tha critsria below, Considsr Prodict Bﬁl';';'{;y‘”'
Experianes and Preventan Controds when determining the best Occumense sslimate P
Incidents per Corparata
(1] 100D Decurmence criteria - DFMEA Line
ltamstvahicies Examples
First application of naw technology amywheare withoul operaling
exparienca and f or under uncantrodled oparating conditons. Mo
> 100 par praduct verification andfor valldation exparfence.
10 thousand
»i=1 40 Standards do nol mxkat and best practices have not yet been
detamminad, Prevention contrds not abte to predicl Aakd
peaformancs or do not sxist,
First uza of dagign with echnicsl Innovations or malerials wilhin
5 per the company. New appication, o change in duty eyek 7 operating
o thousand, conditions. Mo product verification andfor validation experience.
1In 20
Pravention contreds not targeted to idenlify parkarmance to specflc
requiramants.
First usa of desion with technical innavations or matarals on 8 new
sppiicaiion. New applica®on, or change in duly ¢ycle / operating
s 20 per conditbons. Mo product wenfication andfor validelion exparienca.
thousand, Faw existing skancards and bast praciless, not directy applicable
1im 50 kor this dasign. Prevenlion controls not a reliabla indicatar of feld
performanse.
Mow dision based on similar technology and nraterals. New
application, or changa in duty ¢ycla f oparaling condillone. Mo
10 par praduct varflcation andior velidation experienca.
T thouzand
1 in 100 Standards, best practices, and design rules apply to the bassline
design, but not the [nnovations. Prevention controds provida Emited
Indication of padormanca.
Slmitar to previous designs, using exisbng technology and
materalz. Similar application, with changes n duty cycle of
Z par operating condilons. Previous testing or flald axperdence.
8 thanzamnt
1 in 500 Swundards and deslign ndes sxist but are mauflicient to ansure that
the fallure cause wil nat pccur. Prevention controls provide sorme
ability to prever a failure causs.
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Ocowrence Potential (0} for the Product
Paotertal Fallure Causes raied acconding 1o the criteria balow. Consider Produel Blank uril
Exparienca and Prevantion Controls when defermining the best Occumence estimate | filled by user

Datall changas bo previous design, using proven technology and
maberials. Similar sppRcalion, duly eytle of operating condilons.

.5 par Frevicus tasling or field experience, or new design with some test
thowsand exparience relabad to the faure.
g 1 In 2000

Deelgn addrasses lessoms leamed from pravious desigrs. Best
Practices re-evalusted for this design, hut have not yat been proven.
Pravamion cantrols capable of finding defiGsncies in the product
related to the failure causa and provida some Indieation of
perfamiancs,

Alnost Identical design with short-term Geld exposure., Similar
application, with minor change in duly cycle or opersting condlions.
A per Previous tasting o Tield sxpariance,

4 thousand Prdecassor design and changeas Tor new dasign corform o best

1 1n 10,000 praciicss, siandarde, and specificalions, Prevention controls

capabls of finding defickencies in the product related b Lhe ilure
causa, and indicate likely design conformanca,

Detail changas to known design (same: applcatlion, wilh minor
change in duty cycls or opemting conditions) and testing or fisld
sxperence under comparahla operating conditions, or new design
wilh suecassfully compiated test prosedure,

AH par
3 thousand
4 In 100,000 Dasign axpacted to conform to Standands and Bast Practices,
conaldering Lagsons Leamed fom previous designs. Prevention
controls capakde of finding defickancies it the product ralated (o the
failuns cause, and predict conformance of production design.

Almost Iderrtical mature dasign wilh kng lemn field exposure.
Same appication, wilh comparatie duty cycle and opsratiog
conditions. Tesing of Aeld sxpari=nca undar comparable operaling

=.,001 per condliions.
3 thousand
1m Drersign expacted to conform 1o Standards and Best Fraclices,
1,000,000 consilerig Leszons Leamed from previous designs, with
eignificant margin of coridancs. Prevaption contrals capable of
finding deficlencias in the product refated to he falure cawse, and
indicale confidence in design conformance.
FProvantivae
1 cantrals Fallure eliminated through praventive control and failure cause is
eliminate not passibls by deslgn
failure

Product Experience: History of produst usags within the company (Novalty of deslgn, applization or uze
case) Results of already completed detection controlz provide axperience with ths design.

Pravuntion Controls: Use of Best Praclices for product deslgo, Design Rulss, Company Standards,
Lesscns Leamed, Induslry Standards, Matarial Specications, Government Regulations and
sffectiveness of preventicn orfented analylical bools including Computer Akled Englnasring, Math
Medaling, Simulaton Shadps, Toleranse S4acks snd Deslgn Safety Margins

Note: OCC 10, §, 8. ¥ can drop based on product validation actlvities.
Tabia C1.3.1 - Alternate BFMEA Occurvence (D)
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€1.22 DFMEA Occumancu (D} with Time Based Failurs Prediction Values
Occurrence Potantlal (O} far tha Product
Patentiaé Failure Gauses mted according to the oriteria below. Conslder Producsi Blark wntll
Exparience and Pravamtion Conlrols when detesmining the best Cocumence estmete filled b by
[Qualitative rating). usar
TI"‘};E:“ Gorparate or
4] h Coccurrance ¢riteria - DFMEA Product Line
A1LES plES
Prediction
First application of new Lechnology anywhare wil hout oparaling
exparienca and f ar under uncentrolied operating conditions. Mo
product verification andfor validation axperience,
10 | Everytims
Standards do not sxist and best praciices have not yet bean
determined, Prevertion conlrals not able to pradist ekl
perfammane or o nok exist,
Flrst use of design with techmical innovations or matarials within
Iha company. Maw apalication, or change in duly cycle / operating
Almost conditions. Mo grodust verification andfor valdatkon experience.
9 every time
Pravention conirals not tarpelsd to identify perfomance to
specific raduinamanls.
Flrst usa of design wilh kachnical Innovations or matenkls on a
naw application, Hew appication, or change in duty cycla 7
More than aparating conditions. No prodict varification andior valldation
" once per exparionce.
S | pow existing standards and best praclices, not directly applicabla
for this dasign. Prevantion contrals not a reflable indicator of fleld
performance.

179




BLUHEBEECVEESRAT L ERSHLL - 400-962-2286
— G2 DFMEARE 101 T T
ST (O}
BT SR TR, EREREEARE Rl Bameg [ a, A
i kb ey ARME
BT0T ) 2% SR
o SR EEN HHEL - DFMEA e
R SR ANV T TR HR T, TN
FHAHE R, AT R R NSR,
16 B
TIETERAE, 0 AR, RBWT RN
BT R,
ELEFE AR HOHERR S, EA, R
TAE AR R A . R TSR R
g FEGR | k.
bl B R B SR .
FEREA AN XERRASEABRRARNEHT. SER, &1
TEREIRAE S R . RS TR A il 2.
8 | SR

BAFERTFEMNEYNE, TEERAT T T
By b AE AT R

179



FLmEMEIEEGRAR

£ ERFS ML : 400-962-2286

Oceurrnce Potential (O) for the Product
Potenlial Fallure Couses rated acoording to the oriteria below. Consider Product Blank untl
Experlence ang Frevenlion Canlrols when detemnining the best Coowrence esfimale flled [n by
{Qualitalivo rading). user
“':::Emd Corporate or
a C Oxcurrancs criteria - DFMEA Product Line
Predict] Examplas
on
Mew degign based on simdar technology and materials. New
Mora Han application, or chaigpe in duty cyzle f oparallng conditions. Mo
; | onee per day product verification andtor validation experienca.
Standands, kst practioas, and decign ndes apply to the basaling
dexsign, bul not tha Tnnovabions. Prevention conlrols provida
Emited indicasion of performance.
Bimilar 1o previous dasigns, using sxisting tachoology and
materiala. Simllar appllcaton, with changes in duty cycle or
Mors than opmrating condiions. Previous fesfing or fisld experiance.
[ once per ’
wonk Standards and design rules axist b are insufficient to ensuns
that the fallure cause will not acour. Prevantion cottirols provide
o ability o prevent a falluna causa.
Detrit changes to previous design, using proven kchnology and
matedals, Simiar appicalion, duty cyale ar operating conditians.
Previous lesling or Sald axperience, or new design with some test
exparience related to the failure,
Mare than
5 once per Besign addresses lessons lmamed from previous designs. Best
month Practices re-svaluated for iz design, but have notyat basn
provan, Prevenion controls capable of finding daficiancles in the
product related (o 4w fallure cause and provide some indication
of perionmanca.
Almozt identleal design wilth short-tarm flold expogure. Similar
eppicatn, with minor changs in duty cyclz o operating
condifons, Previous lesting or feld expetionce.
4 Mo than | Predecessor design and changes for new design conform to best
onee per pracicss, standads, and specifizalions, Preventicn controls
Yo capable of finding deficlencias in the product rdated ta the fallure
causn, and indicals likety design conformance.
Datall changes to Known design isama applicalion, with minor
change in duly cycla o operating condtions) and testing or fiald
exparisncs under compareble cperaling cenditiens, of pow
) Cnce per deelgn with successfully complated test procedure.
yaar Deslgn expaciad to confiorm io Standards and Bagt Practices,
considering Lassons Leamad from previous designs. Prewention
conirols capable of finding deficiancies in the produst retatad to
ihe falilure cause, and predict conformancs of production design.
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Dccurrence Potentiak {O) for tha Product
Patantal Failume Causes raled according tothe criteria below. Conskder Product Blank umtl
Experience and Prevendon Controls when defermining the best Ocrurmanca eslimate filed In by
(Cualitalive rating)- usaT
Tlr::ﬂBaM Corporate or
=} Lk Occurrence critexia - DEMEA Product Ling
Causa Examples
Pradiction
Amest idantlcal rraturs deslgn with kg tetm fiald axposune.
Samea applicatlon, with comparable duty cycle and cperating
condilions. Testing or fleld exparisnce undar comparable
= 001 per opevating conditions.
2 thousand
1n Dealgn expectad to conferm o Standards end Bast Practices,
1,000,000 . congiklering Lesuons Leamod from prrdous deslons, with
significant margin of confdence. Prevention conlrols capable of
finding deflclencies in ihe product related to ihe failurs caves, and
indicate confidence in design confomance.
Praventive
1 eantrals Fallure ellminaied thraugh preventive control and feilure cause is
sliminate not possible by design
faflure

Product Exporienca: History of praduct usage within the company (Novelly of design, application or Lise
case). Results of aready complated detection controls provide exparnience wilh the design.

Proventlon Controls: Uss of Best Practices for produst daslgn, Design Rutes, Company Standands,
Lessens Learmed, indusiny Standards, Materlal Specifications, Sovernmert Reguiations and
sffectivencss of preventon arented analylical bools including Computer Aided Englneaiing, Malh
Modefing, Simuwztion Studies, Tolerance Stacks and Design Safety Margins

Mata: OCT 10, 9, 8, ¥ can drop basad en produst valideton activities.
Tobie €1.3.2 - Atermate DFMEA Decurrenca [O}
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C14 DFMEA DETECTION (D)

Datection Poiantial (D} for the Veolldatlon of the Product Design
Detoction Canirols raied acconding to Dateclion Mathod Maturity and Opporunity for | Biank unlil fiked
Detaction. in by ugar
Comporate or
o | ADEMYE | petaction Methed Maturity Oppartunity for Product Line
Examples
10 Testprocodure YLD | et mathod not defined
Very low methed i
) i ;::mmlry mrt;mmd:tmtgnn:de Pg"“'m" TestioFal.
el OF Canise, egradatia "9
Pasz-Fail, Taat-to-Fail,
a Low Mew tast method; not proven, Degradition Testing
Proven test method for Pass-Fz1 Tasting
varffication of functionality or
8 validation of parfomance, Tostto Fallure
quatity, rediability and durabillty;
" planned Wiming i later in the
oderate product developmant cycla sich . .
5 that test failures may resuk in Degradation Tasling
production dedays for re-design
andior re-kooling.
r Proven test mathod for Pase-Fall Testing
wvarficaban of funclionality or
3 validaton of pesformance, Test-to-Fallure
High quality, reliabiity and durabilty;
planned iming 16 sulcient to
z modify production tools beors | e8"adaticn Tesling
release for producton.
Prior tesfing confimed that (ilre mods or cause cannat
1 ¥ary hiph neour, of defection malkods proven Lo always detec! the
fallura mixe or fallure cawse.

Table C1.4 - DFMEA DETECTION (D)
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C14 DFMEATENE (D)
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G1.5 ACTION PRIGRITY TAELE FOR DFMEA

Actlon Prority (AP) for DFMEA
Achion Priarlty k2 based on combinations of Severity, Occummenca, and Detaction ratings Blank until
in arder to prioilze actions for risk reduction. filled [n By
ussr
P o
Effect 8 c‘ ure O | Ability to Detoct D | Priorty | Comments
i (AP}
Ocomring
Low - Very kw 10 H
Very hich 510 Modarate: 56 H
oy hig High 24 r
Very high 1 H
Low - Vary low 710 H
FontEfiect | 810 | High 67 Moderele i
Wary high High 24 H
Very high 1 H
Low - Wery low =10 H
Moderale 45 Moderate 56 H
High 24 H
ary high 1 M
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C15 DFMEA REFRAEER

DFMEA IREEILIEER (AP)
IHREERL AN, iR BIEN T RIMNEL AN, BN XEERETHEE | Th. g
ST RERS, H}.ﬁﬁiﬁ
AR ER Eip qrr)
8
Enw Pty o v ] i) D i (AP) #*E
1E - EME 7-10 H
45 | 610 id > | H
& 24 H
R 1 H
WEERT 1 - =56 7-10 H
FakE | 910 % 5.8 H
-3 67
E 1] - 24 H
EXF 1 H
# - FRE 7-10 H
B 45 i 85 H
-1 24 H
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Actlon Priority (AP} for DFMEA
Actlon Priorly Is based on combinations of Sevenily, Occuence, and Detection ratings | Blank undil
in osder to priosilize actions for risk reduction. filled in by
uget
"
Pragiction of Action
Effect 5 Cause (3] Abllity to Detect D | Priority | Camments
Qceuning (AP)
Very high 1 M
Low - Very low 7-10 H
Low 2.3 Modarale 56 M
High 24 L
Very high 1 L
Vary low 1 Very high - Verylow | 1-10 L
Low - Very low T-10 H
Madoarale 58 H
Vary high 510
aryhig High 24 | H
Very high 1 H
Loerw - Wery (ow 7-10 H
Moderste 56 H
h &7
Hg High 24 H
Product pr Very high 1 e
Plant Effecl | 7-8 Low - Very low 710 H
High Maderats 5.6
Maderats 45 - a
High 24 M
Wary high i M
Low - Very low 7-10 M
Low 2 Moderzte 58 M
High 2-4 L
Vary high 1 L
WVery low 1 Wory high - Verylow | 1-10 L
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Low - Very low 710 H

Moderate 56 H

very high 8-10 High o1 m

Wery high 1 td

Low - Very low 710 "]

;ﬂ?ﬁa ngl » High 67 Moderata 55 M
Maodatals High 2-4 M
Yary high 1 L

Low - Very kw 710 M

Moderate 45 Modarate B L

High 24 L

Wary high 1 L
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Eupl ]
]
Gl

1% - =X 7-10 H
E88% | 610 hal 58 H
] 24 M
| F ) 1 M
E - %% 710 1]
3 5€ M
iy [: 5§
) 24 )
E3 0 1 L
fi - dEWR{E 710 M
i 58 L
th 45
-1 24 L
el T ) 1 L
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Loww - Vary bow 7-10 L
Low 23 Moderats 6 L
High 24 L
Very high 1 L
Wery [ 1 Yery high - Very low 1-10 L
Lo = Viery low 710 M
Yary high a-10 Moderate 58 M
High 24 L
Vary high 1 L
Low - Very kew 7-10 L
High &7 Moderate 58 L
High 24 L
Product or Very high 1 L
Plant Effect | 2-3 L - Vary low 710 L
Low s Moderate 56 L
Moderate High 24 L
Vary high 1 L
Low - Very low 7-10 L
Lowr 23 Modarste L L
High 24 L
Very high 1 L
Yery low 1 Very high - Viary low | 110 L
i Very low -
nmhla 1 vayhgh | 1° ey high - Very low | 110 L

Tahle G1.5 — ACTION PRIORITY FOR DFMEA
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f& - FEHE 7-10 L
% 23
& 24 L
35#]5 1 L
I 1| mE - ERE | 10 L
1 - g 7-10 T
11 810 + ¥6 M
L) Z-q L
*HE 3 L
fif - WM 7.10 L
H 56 L
3 87
] 24 L
MESEL ] 1 T
dhir & *A%E | 70 | L
i 56 L
"-P 4.5
L 24 L
LR 1 L
- FRE 7-10 L
+ 565 L
-3 23
2] 2.4 L
TEE 1 L
Ll 1 ENE - FRIE 1-10 L
ggg:? 1 *ﬁﬁg ¥ 0| emsowme | o L
¥ C1.5 DEMEA # R cs

186




FLmEMEIEEGRAR

£ ERFS ML : 400-962-2286

Cc2

PFMEA 30D and AP Tables
C¢21 PFMEA BEVERITY (S)

Process Ganeral Evalustion Criteria Sevarity (2)

Blartk unll
Fotential Falure Effécts rated accomding ko the criteria below. filled o by
usar
Impacita Eng | COEPOcate
s | Effoct |Impactto Your Plant '“‘P“tft‘:fmmr"“* User ] or Product
C o Exomples
Afiaels sale
operation of the
Fagﬁm:#: N | Eailure may resultin an ﬂ'mﬂl'mr u;.":[‘g
10 andfor salely righ for | 20Ut health andior salety | Sy oq of
N risk for the manufaciuring .
the manulachrng o ar assambly worker driver or
High asgembly worker passengarfe) of
road users o
pedesitians.
Fadiure may resull in Fallum mmay resull in
9 in-plant regulatory in-plant regulatary :mﬂm
nencomplianee nEnCompRiGe -
L shubdcwm grester
khan ful production shift;
100% of praduction stop shipmant possibde;
run affscted may fiald repair or
have to he scrapped. raplacarment requirad
Fallure may resut In | (Assembly 1o End User) | LOFS CPATa
n-plant regulalery other than for regulatory nane for
B noncompliance of noncomplianca. “mm
may have a chronlc Failure may result in duting expsclad
health andior safety in=plant regulatory servics Iffe
Mo q risk for the NONCHTPlianca or may )
hlah ¥ manddactuing or hava a chronic héalth
9 assambly worker | andvor safely sk for the
marufactining or
aszembly worker,
Produst may have o Lina stwibdewn from 1
be soad anda | howr up to full produclon D:gﬁrad:ﬂ;ﬂn d“:
portion (lezs Ihan shift; slop shipment P h Iy v
7 100%] scrapped; pozsie; Dald repalr ar v for
daviation from replacameant renuired n”mmm driving
primary process; {Aomernbly to End User) during
decrasgad line speed | other than for regulatory sememﬁafﬂctaﬂ
or added manpower noncompllance . -
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LR |

C2Z PFMEA 20D EH AP 3%

PFMES, R A (5)

BE—SRERIRN (S)

TR B TR AR TE S SR T IR

Fe. B
HRARANS

NI REW

MEGRET MEW
SR

WP Y
W (EEAE
Lt

AT AR
Hril

10

ot G
PR R T
AT <o 4 iy
vy ol

ES L L
ARk A T
EmRErg s AR

RerA B 4= S n/E
o R iE
Eil. EPR.
P, BEHEA
BERITA KR
R

SATBESRBEIH
AR

RIS AT AT
At

TR,

L

T 100%S T
e, H~RIETF
W EEAIES
B AT AN,
WER ML
Bl T A B
Ea =3 il
e

Tkt T — 0
L b
Ep A E T (%
E&RHEmr)y . 8
TEH&El. NmEs
SR OT AL, 2
SFEUARET mR S s A
B A T S 4 e
AR,

ERAER
M. EEFXE
BTN
ERIEE.

P T B BT 4
F 100%) Sdppy; =
EdEER,
I ERRL Y BRI
Fzhh

P 1 hiEn
—hEleEE. T
ER: ERMIGESE
BE (uRERANam
B RETREARN.

TETIE )
M. BETXE
AT 4
M.
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Procesa Genesal Evalvalion Criteria Severity (5)

Blank unfl
Patenlial Fallure Effzcts raled sccording to the oritena below. filled in by
user
Cargorate
Impact te End
Iimp-act te Bhip-to Plant or Product
S Effact Impact ta Your Plant hen known Usar Lna
tw ) {whean known) Examples
10{%6 of production Loss of
P mn may have to be | Ling ahutdoewn up ta one s fary
revworked c:lfhlaldne amd hour vahlde function.
Lesa than 100% of
A porllon of the product affscled; stronyg .
production un may | possiblitty for additional D“:er;f:::r: of
5 Moderately | have ko bo roworkad | defactie product sort | e
low oft line and accepted required; oo line
ghutdown
- Very
100% of production | Dafective product tHgRers | s cpgnable
signHicant reaction plan;
fun may hava to be addtional defectt appearance,
4 reworked in slation produicts not ikely; Sart anh:l:. vibration,
bafara & is processed ' hness, or
nut reguired hapiics.
A partion of the Dwafactive product Iriggars ot'igdm "
production nn may minor reaction plan; appearance:
3 have o be naworked addtional deleclive sound, vlbrali:;n,
in-slation before tle | products not dkely; sort harshness, or
processed neil required hagtics.
Low Defociive product triggars Slightty
. no reachon plan; obijectionable
Siightinconvenlence | gicgtinal defective appearance,
2 ko process, oparation. producls not Tikety; sort | sound, vibmation,
o operator not required; requines harshness, or
faadback 10 supplier haptics.
" scamible effect or Mo discemible
1 | Varylow | Nodiscemilesffect | NOSIeComitls o pns
Table C2-1 - PFMEA SEVERITY (3}
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HR AR (S)

LR LU T AR REE e A vl FT 9P 4R
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AARMY

MNEHT R

NEZETI R
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HEAR PR
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Borik
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Tir TR
winT

BheBET= i Sl M

il s, ATREF et

FARs G, %
g L

HE. &, W

By, MEN

LWL i
HF4F .

SREETE. Siwk
i A REYFHE
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AR ARFLnR
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€22 PFMEAOCCURRENGE (O}
Ocourrance Potential (O] for the Pracess
Polential Fallre Capses rated acconding to the wrilerda below. Consider Prevantion
Controls when debsmmining the best Occumence estimale. Qocumenc is a predictive
fuaiiative raling made at the lme of evalugiion and may not reflect the aclual Blank until
wecurrance, The peurence raiing numker s @ relative raling within the scope of the | fled in by uzer
FMEA [process being svakuted). For Brevention Contrals with multiple Gogunence
Ralings, wse lha ating that best reflects the robustiess of the control.
Comparate or
Prudictlon of Failure Type of
[v] Cause Occuing Control Prevantion Controls Pm“dpll::e
1m Extramaly high Mo Mo prevantion conlols,
] Prevention controls will havs e
. Vary high Bohavioral | ofact in praventing falure cause.
7 Prevanlion contreds somewtat
High pffeciva in prevesring fallure
g Bahavioral or calse,
Technical
3 - Prevention conbuks are sffective
4 oderate In pressenting faikwe caise.
3 Low Best Practicas: |  Prevenlion comrmls ane highly
Behavioral or effactive in preventing failure
2 Very low Tachnical causs,
Preventlon conlroks ara
extrernaly sflaciise in preventing
fallure cause from occuming due
to denlnn (8. part feomatry) of
1 Extramety [ow Technlcal process fe.g. Mdure or tooling

daslgn). Imemnt of prevention
controls - Fallwe bode cannal
be physicaly produced due to
the Fallure Cause.

Prevantion Conel Efflectivanass: Conslder Il preveniien conkrols are technical (rely on machines, tool
if, toal material, stc.), or use bast practces (xtures, tool design, calibeation procedures, efror-proofing
verification, preventive mainenancs, work instrucions, stafistical process conrgl charling, process
monitoring, product dasign, Bic.} or behavioral (rely on cedified or non-certifled oparalors, skiled trades,
team loadars, stc.) whan datermining how effective ihe pravention contrals will be.

Tabés G2.2 - PFMEA OCCURRENCE (O]
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C22 PFMEA #i (D)

HEWAE (O}
RABL TR AN I R R ATV, T R TSN SR, S
REFHIPTNTSELIR, TRTRERTHOSE. THERSAE FMEA | 8, B
CGEEWE@E) ERARTHAHEES I, #3 2 - OOHR PR BRMTA. || RS
BN A S AR,
o |MEREERENE | ween i) AMEAR
. | i
10 B x BHTHREM.
-]
- TABY o2y L A B By
. el frtes] HIRHBE R
7 = AR RS2 B AL 2K Bt R TR
. P AT RS — iR,
§ N ERRH | mpa bR R RS
. FEE LAREA RO,
1& Mizdede. §7% | DEAIEHIZERD k3l M
i RRinl T FT Bl TR B S O0ER .
B M TE TR = R0 Rt ()
W RARR) RiE (i,
1 iy i AR EERMAS IO BREMNRSEE
AANmELE . ApHme
fl - RAEAT S AR ERED
LRRE.

HEHEHMA RS, EREMOFRENMNA At SETEHRT SR (RALREE. TH%
. THHBE) SRR ELR (RA. TEEH. BVEERA. DHalnd . ik, fekieH,
SEH TR, RN, REE | ST (R ESR R ITAEE AR, Ak

TA. HAMERS) .
¥ C2. 2 PFMEA BIEE (0)
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G23 Alamativa PFMEA Decurtance (O] Tables
£234 PFMEA Dccurrancad (0] with Incidants par Thousand Yakiae
Occurrence Potential (0} for the Procass
Fatenilal Faflure Causss mted according (o the critaria balow. Cansider Prevention
Cantrols when determining 1he best Ocourance ealimete. Occumencs is a prediclive
qualiative rating made al the time of evaliation and may nol reflect the actual | Blank untl
ocourence. The occwrence rating number iz a relalive rating wilhin the scope of the | filled n by usar
FMEA {process baing evaluated). For Pravartion Controls wilh mulliple Occunence
Ratings, use the rafing that best reflects the robusiness of the control.
Corporite oF
o | Incldentspert0lo 1 - Type ot Pravention Controls Product Line
m i Examples
= 100 per thousand .
10 /=4 In 10 Nong No pravention controls.
9 50 per thousand
1in 20 Behavioral FPrevention controls will have lifile
20 per thousand affact in preventing failure cause.
8 11n 50
1 per thousand
7 1in 100 Frevention conbrols somewhsat
effective 'In prevanting faiurs
6 2 pwr thewsand cause.
1In 500 Behaviosl or
R .5 por thousand Tachnlceal
1 In 2000 Praverrion controls are eflaclive
-1 par thousand In praventing fallure causze.
4 1in 10,000
J por thousand
3 5 Best Practicss: | Prevention controls ara highty
1 i 100,000
Behevicral or sffaclive in preventing Gailura
2 < A0 per thausand Teachnical i
1 In 1,000,000
' Pravention controls ane
axtrarnely affective in pravanting
failure cause from ceourring due
Faiura is eliminated to degign {&.g. part geamatny} or
1 Tachnical fa.g. fdure or 1ooling

thraugh preventive
conlrol

Process
design). Intent of prevention
controls - Fallure Mode capnct
ba physfcally prduced dod b
the Falure Cause,

Prevantion Cantrol Effeciveness: Congidar f pravaention conrals am echnical {mly on machines, tool
life, tool matesial, efc.}, of use bast prachicas (fdhges, kool deslan, calibralion procedures, amor-proofing
vorification, praventve maimasnance, wik instructions, statistical proceas control charting, process
monioting, product deslgn, etc.] or bahavioml (rely on cattified or non-caifisd oparalors, skilled tredes,
1=am kadara, atc.} whan datemining how effective the prevention controle will be.

Tabla C2.3.1 — Alternate PFMEA GCCURRENCE {0)
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C2.3 % PFUEASIN [0] X
C23.1 PFMEA SR {0). ET&FERE

HEEME (0)
TR DA T RN B E SRR TR R, ENERETEAREBTH N, 8| o prem )
REFEIETHRETRIRE, TiEAEEmE AT, S5 RS R FMEA ARE
CETERASIRER ) fE I8 P T VPR T, #1048 - SRHETE H TR TR &
W L0 R A R B S P B RER
o ﬁ*#?%?ﬁhﬂ! - — AMER
|
*FREI—B
] ] = x A PP
9 FaLE+
=tHzr— aps | TORHENLAROEHNY
" Fae=+ HIENBEARH.
TtHpr—
- FHz+
B2 — REFHFER 1k 2 ks A L
& FaE— FTE CLE B — 2 pfEA.
AFsE— TRABMR
s Fh 05 ]
=Far— iR 28 1 Sk A R Iy
N Fox 04 FEAT TR MR,
TRz —
Fazom _
3 +Figr— ’ﬁ’;ﬁ;g TSRS A S R Y
2 <44 0.001 i HET G AR i SR,
BANE—
B VHETE Ridce Bt
(i SRR B (W
b Bek |afe | W EREMA T EEER
1
R | wAEw Sl FEREA . A
R T I
EEmLERd.

e A ERERNENNEATE, SRNMENEENEREE (REMREE. TAS
fr. THAHEHS) . SRRl (LR, TG, B, Baiid. Wit feEsH.
Eiﬁ&ﬁgﬁéﬁﬂﬁﬁﬂ. FREHE) . RITHEE GEREAERERSGTHNREAR. B4
TN EHRABRE) .

¥ c231 X% PFMEA FIIK (0}
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C2.3.2 PFMEA OCCURRENCE {0 with Time Based Fafllure Pradictian Values

Cccurmrence Patantlal {O) for the Process

Potenlial Failura Cauges rafted sccording fo the writaris below. Comider Prensntionn
Controls when detemaning the best Occumence esfimate, Qooumence i a pradiclive

design). Intent of prevention
conirals - Failurs Mods cannct
be physically produced due la
ihe Fallurs Cause.

quakiative rating made at ihe fime of evaluation and may not reflect the actual | Blank andl
ocosTence. The ocourmence rating number is a refalive rating within the scope of the | fillad in by usar
FMEA {process b evaluated). For Prevention Controls with mulliple Occumence
Ratings, use the rating that best reflects tha robusiness of the contml.
Two Bosad Falure | Typeof Corporele or
qa Prevention Gontrols Product Line
Causa Prediction Control Examples
10 Every time None Mo prevenfion controls.
e
L Almast svery t Behaviaral Prevenlion contrals will have ktte
8 More “‘::_r;‘m pes effact in prevanting falfure cause.
7 More than pnce par .
day Prevenlion comrals someawhat
effactiva in pravanting faiiure
& More than oncs par - causs.
wook Behavioral or
5 Morw than once per | Technical
month Pravention controls e affective
A Mota than once par n preventing failura causa.
year
3 Onca per yaar Best Practices: |  Preventicn controls ars highly
Leas than once per | Behavioral or eifective In preventing failure
2 year Technlcal cause.
Pravanlion cordnola are
exiramely effactive in prevanting
fallure causa fronn coourming due
o deslon (e.0. part geomelry) or
1 Havar Tachnical procees [y, e or tooling

Pravanltion Contml Ffackvaness: Conslder i prevanlion conbrols are tschnical (raly on machines, tool
lifa, too] matesial, ste.), or uze bagi practices {fadures, teol deslgn, calbralion procedures, emor-proaiing
veqification, praventve maintenance, work instruclions, stalislical process control charting, process
maniladng, praduct design, ate.) or banaviom) (rely on certified o non-centified operators, skilled trades,
taam beaders, sic. ) when delsrmining bow effective the prevention sontrels will be.

Tabla C2.3.2 — Afternate PFMEA OCCURRENCE {O)
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€232 PFMEAS B (0} XFHHAN NN

_ RN (0)
o e R Tt ————
BEFEHETNROREFE, TEIGEMEASNEN, SErEEs 2% FMeal 28, GEEA
CEEPIAEL ) W AT A SR . 1% £ TR P RBERGTN, || MAE
A LM AR B B M R R
AT %AIOE ASRERR
0 i SpRD T pori
10 308 x R T .
8 LFER iy | PRVEBER SO B
7 wREN—-% mm&m&mmﬁmgmmmﬂ
F IS — AR,
¥
5 ARAET—X RS SRR
. ey HOTVL A e .
3 BE-K RSB 720 | FOHLMED % SR e
2 Py RN | 5 ET A H R e,
T R B SRR R O
: 0. BEER) BUR (W, %
AMBAGH RS0k REE
1 ARRE BB | A, TG H b -
ﬁnmﬁxéﬁ§nﬁﬁwmﬁa

SRRl St TEME TR b Wl i, SRR AT AR (ASNREE. TAS
&. TRHHE) , MRARELE (KR, THE . SEES, RN, BIED, flikss.

Bt o 1, MEEW. RETHE . RITANE CRESE TSRS ERMSEAR, A
IA. AR .

M C23.2 £k PFVMEA JEE (D)
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C2.4 PFMEA DETECTION (D)

Datection Potontlal {D) for tha Valldation of tha Pracesa Deslgn

mode of failure cause {Incuding produst
sample checks),

Delection Controts rated according 16 the Dastection Mathod Matusity and Cpporiunity for :ll:;ﬁunlil
Datection. n by
. Usar
Corporata
or
p | Abiftyto n"“ﬁmﬁyﬂhw Oppartunity for Datection Product
Datact ] Line
Examples
10 No tem“ng %rai:lspelclﬁon The fallure mode will nal of cannol be
established or is kndewn. detected.
Vry low Wis unilikely that tha
teating or Inspection The failure moda is nol easily detecled
k]
method will detect the through rendom or sparadic audiis.
faiure mode.
i Human ispaction (visual, faciie, axiitle),
s Test or inspection o use of manual gauging (atifbule or
method has not been varisblg) that should detact the fakure
proven 1 be effoctive mods o Rilung cause.
ard raliable {a.3. plant -
Low fizs litte or no exparience | Machine-basad deteclion (avtomated or
wilh mathnd, gauge RER semi-auomsated wih notifeatian by Bght,
ri rasulls marginal on buzzes, stz.), or use of inspection
comparable process or squipment zuch as & coardingte
thiis application, eic.). measirmg machins that should detect
failura made or falure cause.
Human inspection {visual, tactils, audible),
. . or uge of manual gau atirbute or
L] Tast or inspeaction variabla} that wil din?ﬂrﬁ{fa[lm mode
mm h:;ﬂ heen proven | o fagura causs {induding product sample
clive and checks),
rallable (8.9, plant hag
Modarale | exparisnce with method, Machine-basad detecton
gauga RER results are {sami-a.tomatad with notification by light,
accaptable on buzzar, ote.), or use of inspection
-] comparable process or equipment such as & coondinate
this application, atc.). measaring mechine that will doteci failura
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Dwtection Potantial [0) for the Vafidatlon of the Process Design
. ntl
Datection Gortrols raled acoarding to The Detection Method Maturty and Opportuniy for | Srerie o0
Detectian, user
Corporata
or
Ability to Detection Mathod
D | M Detect N atuit Qppertnity for Detection Flf[dr::t
Examples
Machine-based autormated detection
method that will detect the falue moda
downstream, pravant furiher processng
of systam will ideniify the product as
discrepant 2t alow it to autornaticalty
4 mwafnmﬁinﬂnmss;;ﬁ[ﬂ:;m
tern has been proven dﬂdgﬂwm ot uniged area. Dissre,
i ier-ogii product wil be conlrolied by a mhust
rediable {a.p. plant has system that will prevent outiow of the
exparience wih rmethod product from the faclly.
on idantlcal process or Machine-bazad autcmated defaction
this applicaton), gsuge method Lhel will detect tha Rilure moda
. RAR resulls are in-gtation, praysal further processing or
High acceptable, elc. aystem wil identify the product as
discrepant and allow i lo automabically
3 move forward In iha process undil
destgnated rejact unkoad area. Discrepant
product will ba controfled by a robust
eysharn that will prevant cutliow of the
product from the Tacitty.
Dataction method has .
baen proven bo be Machine-based deteciion method that wik
2 effective and reliabda {2.9. | deledl the cause and prevent tha falkwre
plant has axpearfance with made {discrepant part) from belng
mathad, error-proofing produced.
verifications, abe.).
Falure mode cannct be physically prodused as-designed or
1 | Veryhigh | processed, or detection melhods praven b always detect the failure

made or fzilure cause.
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C25 ACTIOM PRIORITY TABLE FOR FFMEA

Aation Priority {AP) for PFMEA
Action Priority ls based on combinationa of Severity, Crturmence, and Detoction rating= in | Blank unti
order to pricrilize actions for risk reduction. fillad in by
L5er
Prditor erion
Eflact 3 Cause a Ability to Detect 1] PRIORITY | Commeants
Decurring (AP}
Loww - Very Tow 710 H
Veryhigh | 810 Moderate 5-€ H
High 24 H
Weary high 1 H
Low - Very low 710 H
Moderate 56 H
High B-7 High od h
Product or Very high 1 H
Plant Effect | S-10 Lowy - Very low 710 H
Very high Moderate 56 H
mederate | 4-5 High vy m
Vory high 1 M
Low - Very low 740 H
Modarate 58 M
Low 21
High 24 L
Vary high 1 L
Very low 1 Very high - Vary low | 1«10 L
Low - Very low 710 H
Weary high 810 Modecats >6 H
High 24 H
Very high 1 H
Low - Very low 710 H
High 67 Moderate 58 H
High 24 H
Praduct or Very high 1 M
Plant Effect | 70 Lowr - Yery kow 710 H
High T Moderais 56 M
High 24 M
Very high 1 M
Law - Yery low 0 M
Moderate 56 M
Low 23 High 24 L
Very high i L
Very how 1 Wery high - Verylow | 1-10 L
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PFMEA iR (AP)

TR AT,
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+
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L]

4

FEHE

B

RS - EE

=10

I L 1 E 1 IR E1EA A EA R I A A Ll L B AR A A A e b e e A e

194




FLmEMEIEEGRAR

£ ERFS ML : 400-962-2286

e sc7on
Effact 5 il O | Abilty o Detsct o | rRIGRITY | Communts
Qogurring {AP)
Low - Very lw 710 H
Very high a0 Modorate B H
High £-4 M
Very high 1 [ ¥]
Low - Very low 7-1a M
Modearate 58 M
High o7 High 24 M
Product ar Very high 1 L
PlantEffect | 46 Low - Very low 7-10 ]
Moderate Modarate 56 L
Modarate | 4-5 High 24 L
Vary high 1 L
Low - Very low 7-10 L
Moderate 56 L
Low 23 Hgh 24 L
ery high 1 L
Very low 1 | Veryhigh- Very low | 110 L
Liw - Nary low 7-10 M
Modarate Eal M
Veryhigh | 810 High ) 3
Very high 1 L
L = Wary bow 7-10 L
) Modarita 56 L
High &7 High 2-4 L
Product or Very high ! L
Plant Efect | 2-3 Lo - Very low 710 L
Low o 45 Moderale 56 L
Moderat High 24 L
Vary high 1 L
Loy - Vary low 10 L
Modarata B-8 L
Lo 23 High 24 L
Vory high 1 L
Vary low 1 Vary high - Very low | 1-10 L
msggfr;rtma 1 Y,‘;'; ﬁ"’:,; 110 | Very high - Very low | 1-10 L
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C3 FMEA-MSR SFM and AP Tables
Suppiemantal FMEA-MSR SEVERITY (S)

c3t

Product Genaral Evaluation Criteria Saverity (S}

Potontiel Failure Effects rated acconding to ihe critoria below,

Blank untl flled in by
usar

Effect

Saverity criteria

Corporate oF
Product Ling
Examplas

10

Very High

Afacts safe oparation of the vehicle andfor other
yehicles, the heallh of driver or pazsengear(s) or road
usars o padasirians.

Noncompliance with regulations.

High

Los= of primary vehicle function necessary for nermal
driving during expacied servica Mie,

Degradation of primary vehicle funclion necessary for
normal diving during expectad serviee .

Moderate

L. w|o;m|

Losa of zecandary vehicie furcilion,

Dagradation of secondary vehicla funclion.

Yery objeclionable sgrpearanca, sound, vibratican,
harshiness, or haptics.

Low

Moderately objectionable appearance, sound, vibration,
harshness, or hapllcs.

Slighlly objectionate appoarance, sound, vilration,
harshness, or haptics.

Yary low

No discamnible Failura Effsct,

Muode:
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This table |5 1dantical ko Takle ©1.1 - CFMEA SEVERITY {3)

Table C3-1 - Supplemental FMEA-MSR SEVERITY (S)
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C2 PFMEA-MSR SFM %1 AP %
I FMEA-MSR EEE (S %
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e — SRR
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8. A ANS
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b 1: 202 3

g g

10

]

ERIFWAAAEmmatEe, GHR. ®E.
MR R BT A LRI,

FHEHN.,

EIMHAERSY. REEESERGRNFREEY
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TERU I 2, ﬁﬁﬁ#ﬂ!ﬁﬁlﬂﬂmfﬁm

REFMEES R

RS o

AR FHE, RS, BRI EAE 4 AR RN

L

#¥. FE. W, mﬁ%ﬂﬂﬁﬁ.&sﬁ?ﬁﬁﬁiﬁﬁf

S, FE. e, HERARMB S AR RS AR,
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i BEAEE D1 DRMEA PRIESE(S) JHE4aE

|G W FMEAMSR RS
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€32 Supplementsl FMEA-MSR FREQUENCY (F)

Frequency Petential (F] for the Product

Frequency criteria {F) for the estimatad eccurance of the Fallure Cause in ralevant
opataling sliuations dudng the interded sarvica life of the vehicle

Blank untl
filled in by
LEed

Estimated
Freguency

Fraquency critaria - FMEA-MSR

Carparata ar
Produet Line

Examples

Extretnaly
high or cannot
be determinsd

10

Frequency of oocurrence of the Failure Cause is unknown

or knawn 1o be unaccaptably high during the imendad
sanvioa Bfe of the vahicle

High

Fafure Cause ko Bty to occur during the intended servica

e of the veticha

Failure Cauras may ocour often in the field during the
inlended =ervice [ifiz of the vehicke

7 Failura Causs may oocur frasquently in the Seld during the

[ntendad sarica e of the vehicle

L Medium

Failure Cause may ocour somewhat frequently in the fiald

during tha imended service e of the vehicle

Failure: Cauge may ocour aecasionaly in the Gald during
the intanded service life of the vehicl:.

Faihure Cousa 15 predicked to aocur rarely in the field during

the Intended service fife of the vehicle. At laast tah
aceurrences in the fizkd are predictad.

3 Yory kbw

Failure Cauas is pradictad ta occur In isolaied cases in the

fizid dudng the intended sendca ife of the vehicls, At
least cne coounencs in the field is predicted.

2 Extrarmely low

Failura Cause is pradicter not bo occur in the fleld during
the intended service |ifs of Ihe vehicle hasad on prevention

and deteciion controls and fleld exparence with snllar

paris. lsclaled cazes cannot be nued cut. No proad it will

not happen.,

1 Cannct Qcour

Failura Ceuse cannot aceur during the Infended sarvice ke

of the vehicle or Is virhmally eliminated. Evidence that
Fafure Causa cannct ocour. Ratiomala s documented.

Percentage of relevant operating cord ithon in
comparison ta averall operating time

Yalhea by which F may ba lowersd

< 10%

1

= 1%

2

NOTE: Prababflity increases as number of vehicies are increasad
Reforence wale kor astimation i= oas million wehigles in the

fiald

Tabla €3-2 - Supplomantal FMEA-MSR FREQUENCY {F)
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iz

AM35 FMEA-MSR 4B3{F) 8

P RIMERF)

HEGE (F) . BFERERMMAS&RM P SZTRRRR RSB
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SRR
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ERERERE

EFFERMEAASTANA, ResEnREsEia. ®
SRR TSR

REEHELIFTMP AN &R TSR

EXPRRRRFGRNAN. SREEATRErNEAPE
wHim

ERERIHERGERHG, KEEETREEME T8
Xihm

MO SR P, 3 CT o 7 92 5 P vy
WAL

ERWHENEABRRN, kR v SR
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ERFRINE RS REAR, il EEE R g
PHN. FrERRDEPREHR.

EXERRERARRINN, Wikl e r S pmnee
WEHPaHE. RFEFRPEARE—N.,

EEFRBERSCANA, EERENRRR MR

PIRNFARENESROLA L, WitAREEEER/E
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REZEEENHRBEASMRNATLHR, BLTHG
BRI RIS ERTHN. ERhE ST iR,

HRMFERLE A Dk fird ML

F o G+ e iy
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<1%
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3 C3-2 I FUEA-MSR BEFIH
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€13 Supplemental FMEA-MSR MONITORING (M)

Supplemantal FMEA for Monitering and System Responsa (M}

Monitoring Griterla (M) for Fatlure Causes, Falure Modes and Fallure Effects by Blank untl
Montoring during Customer Operalion. Use the raing mamber that carresponds with the | filled in by
lagst aifective of alther critaria for Monitaing or Systam Rasponse user
Effectiveness of Corporate
w | Monitoring Diagnostic Monltariag / System Response/ | or product
Controla and Sansory Perceptlon Criteria Criterla Line
System Response Examplas
The faulTalre canot be
detected at all or not durng he Mo response during the
10 Hot effective fault lolerant ime intoryal; by ls fault todsrant ima
sysiem, tha driver, a passangar, inlorval,
or senvice technician.
The fautffallurs cen almast never The reaction kb the
te detaclad In relevart operating | fauiifailure by the systam
g Very Low condilons. konitoring coniral or the drivar may nat
ey with lowy effectivaness, high reliably coour during the
varanca, or high uncerinty. {ault tolaramt tirne
Minimal dlagnostic coverage. interval.
T:I..E::LIWILIB can be detected The casction o the
ry few releviant operaling taultitall
A s Lre by the sysbem
conditiona, Monitorrg control ot the drivar may not
g Low with low effactivensss, high e ¥
N - yu ocour during e
D":;m“g' of high ""ﬁ% Taul iolarant Hme
G COVEragE
B0 bt
Leswr probabl By of detecting the
faultailurs durng the foult Low prostestaility of
mlemﬂmadmmlwme real:llilﬁ'lght?ﬂmedeh:hed
aystem or . Manitonng faullfailure durng the
T | ModovatelyLow | "ol wilh low offectivaness, | Faul tolerani ime interval
high varance, or high uncertainty. by the systom or the
Diagnoste coverage driver.
aslimated =608,
ITh:E E; the | Thealtometed Bysiom or
= . the driver will be able io
8 systam o the driver only during react o tha detacied
power-u, with medium varanca FaraltAaiure in s
In detection tme, Disgnestic ; il
opemabng condlions
covaraga estimaled »20%.
The faulifaliure Wil be
Maoderate automatically defeclsd by the
syslasm during the fault idderant | The aulomated system or
time inkarval, with mediurn the driver will be able to
-] variancs in dataction time, or react to the detacted
detected by the driver in vary faul/failure o very many
many oparating condiions. oparating conditions,
Diagnostlc coverage estimated
between D08 - 97%.
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3.3

A% FMEA-MSR [ (M)

B0 R RPN M FMEA

B SRR MERHE R iR

ERERE PR FERGSRE. SREAMLRRn LT M. FERRE e

¥H, Bif
AARME

BB R RN
Erth A ik

I B AR

REMER ) 5 RTE

g
HTH

10

EFEH RN, RH. BER.
RE. CREHA A REETSE
BN R R RN

EB PR WA AL

FHHE

EHF RS T AE Mok iTm

MRARARS. BENEN

1E%, AR AL RTAE
B, BUTRE R,

ERHNERA. BREEE
T R LR R e i
R ST

EAR QU AR 3 AR T T
SOUEES v B EE
155 ARRRR L AEE
. SEEEETHET 80%.

EERHRA. RESEH
L ER A0y 4t
TRE.

EXHHERA, RERER RN
E2 food lp S it R S T
EHES, RA RN LT
Watt. EWRREMIET
60%.

EFARBA, RIkRRE
LR ST R R Y
HLEAE.

REENFRmE T, SsRE

B R E RN R e,

et o a e s oy
KB T 20%.

EEHREEN T, A3k
FELIRECTE R ARt i

Bl el T R .

ERRIR R, BRRY GHRN
HERRIRE. FHEERELR
heF B, 5 M T {E & Fril
frdh TR ME s . ok
WEFETTHE 20-07% 2 A,

AERE RN T B8
LR TELH R BRI
RBOEMNE TR
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Supplamantal FMEA for Monitoring and System Response (M)

aystam during the faul! iclerant
tn Intenal with vary kw

during 1he fault tolarant
time Interval in most

Monitoring Sriteda (M) for Fallure Causea, Fallure Modes and Fallure Effects by Blank untl
MonTkaring during Gustomar Oparation. Usa tha rating number that comesponds with the | filled in by
Jeast effacttve of ether oilera for Monitoring or System Responss Lt
Effactivaness of Corporate
" Monforing Diagnostic Monltoring / Systam Responsd! | or Product
Controls and Sensory Parqeption Criterla Criteria Lina
Systam Responsa Examplas
The faultfaliure will ba
autmaicaly doesea by e | 1% S0t st o
syslam during the fault larant ranct o the datected
4 | Moderately High Hme intarval, with medium feultAalurs during tha
vanance in detaciion lime, or FaLil ilorant i
detected by lhe dikver in most Intarval. [ most
opanating mm .:IIJ wc cperating 'oondlinns.
COVETEQH 6%
The system will
The fauttffalure will ba automatically react to tha
automatically detected by tha dolecied fauitfailure

3 High variEnoe in deleclion ims, and | opemsting conditions with
wilh a high probability. vary kow varfances in
Dlagnostc coverage rasponas timea,
patimated >899 and with a high
probabily.
., Tha systam will
Tha fauttffailwe will be detected L
autormatically by the eystem wilh | omatically mactlo ihe
vy lew varlanca in detacion during the faull tolerant
2 Yary High fime during the fauk tolerant ime | L S ooy ow
interval, and wilh a very high variancs In svsh:n
pmhab:;ﬂty. magno;gcgmrage response ima, and with a
» . ; . ,
mate ) very high probability,
Rellable and The faulliailure will Always ba The systam will always
accapiable for detected automaticaly by the | avtomaticelly react 1o the
1 aliminaton of system. Qlagnosiic coverane datacted faultfalure
ariginal fallure eslimataed to be significantly during the fauk tolerant
effact greater than $9.9%, time intarval.

Tahle C3-3 - Supplamantal FMEA-MSR MONITORING (M)
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BN R EnEe(M) B3 S FMEA
R BT RO R, AR AR EM). EEURAEAE | o0, B
o (5P & R K IR R AARRE
DREME RS ABNE
w | EEEMERS A TE T T FemsAnsRn | A00
EEAAN RARSENRN | e mn, BBLES
PR, TR
BB R ELSWAR
4 5 R AHERAERSRERAT [ T Ao r s R
TR SRS R
EWHET o97%. *
ERBUHRN. REAKS
s R, R ey | TRAMRR. Kk
BINRRR, SNETIELE
3 % e o IRATIISET: | mjgmscn, Fopmmm
(HENEE. 8 AR RS, AN
- n—.
ST BN, B ST | T B, RS
) - HHRRE, FEN EELR S, | NN, £
% B SRR e R R R | R B RS I A
F 59.9%. L,
ERBEANAR | RASATUARENESES | BREESR, K5E5AE
1| BRATIARHT | o, SENERTHFRET | Sk SR
54 H9.9%. [

# C33 7 FMEAMSR M3 (wi
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34 ACTION PRIORITY FOR FMEA-MSR
Action Priority (AP) far FMEA-MSR
Actlon Priotity i based on combinations of Severity, Fraquency, and MonBioring ralings in order to
pricetize actions for sk reduction.
ACTION
Pradiction of Fallurs Effactiveriass of
Effsct | S | oougo Occurring | © Moniioring " P“}E?}f"
mﬁ"“‘g.::""““‘*’ 6-10 | Relisble - Not eflective | 1-10 H
Moderatelyhigh -Not | ,
effective 410 H
Low 4 Very bigh - High 23 H
Rellable 1 M
Product Moderatily high - Not | ,_,o H
Effwct High | 17 Vorv o , atfective
e Very high - High 23 M
Reliable 1 L
Mederately high -Not | , o "
Extramsty kaw 2 effactiva
Reliabls - High 1-3 L
Cannct ootur 1 | Rellable - Notaffectwa | 1-10 L
Low - Extramefy high | 4-10 | Rellable - Not sffecfie | 1-10 H
Product | , | Extremalylow-Very | 5., Wary high - Not effective | 2-10 H
Effect High low Ratiabiz - High 1 L
Cannot aoer 1 | Reliabie - Mot effecive | 1-1D L
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G334 FMEAMSR N REE
FMEAMSR KRR ESE (AP)
PRHAZRUFER . SR RRFENGSRESN, HR AR S RIFRET RS,
AT Ay
EW | S | SRERYEEN | F i u | BRI
s W {AP)
b - HE =10 LE 1-10 H
- X 410 H
&% 4 iR - & 23 H
. EE 1 M
by 1100} 23
li]!?l' 10 ﬁﬁ - fﬂ 4-10 H
AL 2 HE - 5 23 W
LF 1 L
- 5 2& - B 4-10 M
oE-. 13 L
Tt i Tk - 1-10 L
S i - % 4-10 A% - B 1-10 H
it 9 B - B 29 BE - T 210 H
- 1 L
T thm 1 e - £ 110 L
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Action Priority (AR} for FMEA-MSR
Actlon Friorily [s basad on combinatons of Savarity, Frequency, and Monitoring ratings In order bo
prioriize actons &or sk reduction.
, ACTION
Pradicilon of Failurs Effactivenass of
Eftest S | CaussOccurring | © Manitoring M F“:ﬁ;"
”m”’"ﬂ@"’mw 610 | Reliable - Not sffective | 1-10 H
Moderately high - Mat
Madi 5 offective 50 H
um
Relfabile - Modarataly 14 M
high
Modearabely low - Nob 3
affective 710 R
Froduct Low 4 Moderately high -
4 M
"uﬁf‘m o |72 Moderate :
high Rellabde - High 13 L
Vary low - Nol effactive | 310 H
Very low 3 Modaralely low - Low V-8 M
Radlsbla - Modorate 1-6 L
Modenately kow-Nol | . .0 w
Extrerncly low 2 eftechive
Reliable - Moderata 1-6 L
Cannct occur 1 Ralable - Not effective | 1-10 L
High - Exfremely high | 7-10 | Refliabla - Not effective 1-10 H
Modarate - Mot effactiva | 8-10 H
Medium 55
Product Rekable I;IW 15 M
Effect 48
““ﬁ:"ﬁy Very kow - Nat effective | §-10 M
Extrermedy low - Low | 24 Moderakedy high - 745 M
Maoderas
Rellable -~ Modorate 16 L
Camnot oocur 1 Raliable - Mot effective | 1210 L
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FMEA-NSR BiEMEED (4P}
EHAGRRGFMEN. SE0RERFENGEAERE. HURERERRTNE WSS T RELr.
¥ s | Ermtemsan | F e ot ety M| G
2y o B-10 T - Ti 110 H
=Fr . Bl - T 510 H
LE T 14 M
8% - T 710 H
b 1817 % 4 9 -+ &6 M
WERN | ., s - % 12 L
R - XX 510 H
PR 3 BE - 0 7.8 M
A - 16 L
. , i - T 7-10 M
i .- p 1-8 L
e -0 | 1 Ak - Eik 110 L
- EN 7-10 A - i 1-10 H
- e &10 H
”mT;: " - T - BE i M
-8 R - XX 8-10 M
A - 4 24 ol . oo 7B M
W - 16 L
AR 1 W - T 1-40 L
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202

Actlon Priority [AP) for FMEA-MSR
Artlan Priorly is based on cumblnations of Severity, Fraquancy, and Monlioring ralings in arder to priarilzs
actions for risk reduction.
Pradiction of Fallurm Effectivensan of ACTION
Bftost | 8 | paigeOccuring | | Monitoring M | eRICRITY (aP)
High - Extremety high | 7-10 | RaNable - Not effeclive | 1-10 H
Modersely bow - Mol | o 44 ™
Product Medim &6 affacive
u
Effoct Low | 25 Rellabla - Mndaraia 16
Extamely low - Low 24 Ralkabla - Mot effectiva 1-10 L
Cannot ocour 1 Redab|s - Not effecive | 1-10 L
Product
Cannot ooour -
Effact Very 1 1-10 | Relabls - Mot effective 1-10 L
oo Exvemaly Hgh
MOTE: H M=1, the Severly rating of the Feilum Effed after

Monltodng and Syelem Response s to be used dor
detarmining MSR Action Priorty. IF M is not equal ta 1, tan
1he Severity Rating of the: odiginal Faure Effec is to be used
for dalermining MSR Aclan Priodty,

Tabls 3.4 - ACTION PRIORITY FOR FMEA-MSR
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D Addifions

D1 Special Characteristics

Spacial Charactoriatcs are intended o provide information regarding design charactarisiics which
requing pariicular aisntion to process controls. Characlerslics which lead directly to & fallura of a
product function in regard io safely, il fomm, performancs, furher processing of the produc, o
compliance 1 govemment raguiations and industry standards may be identfied as Spovial
Characteristics,

Spadal Charactatisties are !dentifiad io reduce the instances of scrap, rewerk, non-conforming pats,
and assembly ermois. Tha Ikellhaod of customer complains, product warranty claims, and govenment
recalls s thersby mitigated by spediying Special Characleristics to ensure effeciive progess conlrols.
Special Characteristics are marked wilh abbrevistons or symbals* n documents auch as Product
documneris {25 required), Process FMEA (Speclel Charactenslics column} and Conirol Plans. Evidence
for W implementation of precess conirols for Special Characteristics should ba monitored, documeanted,
and accoselbla,

In the Desiygn FMEA, the Fitter Code colemn replaces the Classhicolion column because Special
Characteristics ars nal required ko be shown in the DFMEA.

The Diesign FMEA is cne of saveral inputs to the seleclion of Spacial Characteristics. The lesm may UsS
tha Dasign FMEA 1o highlight when process corirole may be needed to ensure conformanca to
specificalions. The Design FMEA Form Sheel column named "Fier Code (Optional)” may be used fo
documant that infoemation.

To properly idenkfy Special Characterstics, the Process FMEA team considers how varaton in the
manwastuing process can affect the funchionality of the produck. In other words, characterzlics may be
sangltive to manviacluringfassembly vanalion (Specsl Characlerstic) or not sensitve I
manwactuning/assembly vanation (Standard Charactersiic).

The Process FMEA containg the column Bitled “Classification™. This column may be used 1o specily
Special Chamactonglics (4. critieal, key, major, significant) that require additonal process conirals.

*NOTE: Spacial Characterislics may be company-specific or customer-specific designations. Customer
spacified Spacial Chamclerstics symbols con be tanslated into the organtzation’s symbols for Special
Chamacteristics (8.g. in a comalation tabls).

D2 FMEA and Functional Safety

D21 Linkage batwesn Functionsl Safety and Supplemantal FMEA jor Monitoring and
Sy=tam Response (FMEA-MSR)

The Hazard Analysis and Risk Assessment {HARA] {see 1S02§282- 3:2018 Clause 6.4) provides Saloty
Goals miafive bo sakdy-related funciions. It also essigns Mutomotive Safety Inlegrity Levels [ASILE)
which are used to ideniify tha mitigation 2nd are applied to ensure & socially acceptabla residual risk of
malluncttoning behavior. The Funclional Safaty Convapt (FSC) funher defines requiraments to ensure
the Safety Goals are met by the design. i dafines tha Warming and Degradation Concepl, and the Test
Cases which are necessary to demonst@ate lhat the design fulflls the Safety Goals and Safety
Ranquirements. However, 150 26262 rafors to FMEA (alang wilh Systems Theoratic Process Analysis
{STRA) and Fault Tree Analysis (FTA) as methods lo sdentify polential causes of malunctioning
bahavior. FMEA-MSR may be usad to supplement the DFMEA by analyzing the efloctivensss of
diagnostic monitoring and syslem response in meintaining funcBonal safety. n addifon to sabety
conslderations, the meihod can also ke psed for analygs of regulatory compliance Togica,
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D22  Linksge batwean Frequency (F) and Expasure in 150 26262

Exposure In 150 26762 refers 1o the duralion or fraguency of an opembonsl sihuation. Howswer,
Frsquency in FMEA-MSR refars to the ceeumenca of a fault durtng an operaional sivuabon Therafore,
the two metrics are refatad, bin not equivalent.

023  Linkage betwaen Frequeticy {F) and AT Rates In ISQ 26262

Frequancy 15 a qualitative estimation of how cften the considersd falurs causa may occur during an
operalional situalion, FIT Rates are a quantitalive essassment of the measured refabllity of an E/fE
component, based on sxposure of the compeonent & spacific tesd comitians, Therefoe, the two metrics
ara related, but not equivalent.

DZA4  Linkags batwaen Monlfforing (M) and Diagnostic Covarage in 150 26262

Moanitaring () considars the abllity of persone andfor Lha systerm 10 detect & spacfic cause [ault or
fallure), and react o thet detecled fault or falure within the Eault Tolermnt Time Interval {FTTI).
Diagnostic Coverage in SO 28262 refers Lo the ability of e system to detact » percantage of ol
pocsibke fautts, and react to a fault within the Fault Tolerant Time Interval (FTTI). Therefora, the
Wonitoring rating in FMEA-MSR has a wider scope of dalection, but relates only 1 8 snectic cousa,

D25 Linkagoe batwean Faluras in FMEA-M3R to Faolts/ErrarsfFailures in IS0 28262

A Failura Causs in FMEA-MSR s equivalant o 2 Fsult in 1SC 26262, However, it ks not necessaiily a
rool cause, depending on whether the scope of analysis isa component or a system. A Fallure Mode in
FMEA-MSR |5 equivalant bo an “Error in ISO 26262. A Failure Effsct in FMEA-MSR is equivalent to a
“Fallure” in 150 26262 (Ref. Part 10, Clause 4.3.1}-

Falure ETfect Ovigiee! Pa Faihure Effwct Fallure Effwct Fallure Effect
$uil a0 S=10 tnl 4 tml, B
I
Wikigatid Ralbors Bz
558
M=10 M=l M=2..10

I_Fllmt‘hme_ll Fallure Cause I

Singts- paiyt Fault Mo Exuivatert

| Failure Cavsa |

Sxie Faolt or
Hexy satety-refevint Fault

| NOTE: bulipe-point Fauts ara rotin scope of FMEA-MSR

Figure D21 Linkage batween Fallitra Causes it FMEA-MSR tv Faulis in 150 26252
D28 Applicabllity of FMEA-MSR to manufacturers of microconirollers

EMEDA is the recommendad method for quanitalive analysis of microcontroflers. FMEA-MER may be
used for qualitetiva anatysiz, but may not provide any additions! value.
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E Further Application Flelds

Wil 1he DFMEA, and PFMEA described, all appiication fiekls can be
covared.

The procedure is als0 fransferable (o suppliers of the automotive induslry
of other mdusiial bramches. The special feslures and speciic
procedures are 1o be taken into account.

E1 FMEA for Sofiwara Scopes

The functions of 8 system are reakzed mone and more often by saftware,
A Dasign FMEA examinas the funclionsl capabllily of a syslem, and
thersfora ihe Inspaction of aofiwars scopes 1s a part of this. The sysiam

and its eMact relalionahips shoukl be inspected as a whole in ihe analysis
of the software soope.

When Inspeciing software scopes, special problams can ocour that are
considered In he folowing sechons.

MOTE: The temm “Saffware FMEA™ is misloading, since not the
software bitt the funcions thet are realized by the soitware aro
I ba examined in lhe systerm contast.

E2 Objective of the Softwara Scopes nspection

Analysis of the software raquirements:
Demand from the complate system
Chacking the basis infermation/boundary condtionafspecifications

Syaternatical actions for risk reduction, e.g. concept change. avoidancs,
datection.

Anahysds of possibia faults b scftware scopes:

Eifect on the complede system

Depiction of tha Interaclion of saftware modules in the complete system
Risk assessment of the of sofiware modules.

205



B EHEVEEGRAE £ ERFS ML : 400-962-2286

E E% R
TE DFMEA 7 PFMEA MR, o b Hi# BLE .
B T FIEAT A L R A B ERR, 3XRS, S A EEGRI 0
BN,

E1 FMEA B HHE

E2 $PHERE AR AR

B S B TR B Th R O e 8 Y 0 PR 0 SR T R Th g e
AL Bt FMEA X REMDRBBHTRE, R TSR
BTSN AE. NIRRT A5, N R RN E
ST BT TR A s

EAHEAR BN TEAEST TS MR TR EE .

i W FMEAR—-RERTRSE. ARERENPEERE
HHTREN. RS LR A6,

PAFERISH:

BA-REMER

E BT S BAD kR

EEARGRRITNE, I EFRE. BRRG. HNAD,

ERPERTER AR T SRR AR AT T

HEAF R

R A GRS R A E S R RR
AR MHEMR TR R R,

205



B EHEVEEGRAE £ ERFS ML : 400-962-2286

E3 FMEA in the Softwara Devolopment Process

The FMEA i aspedially zuftad for the analysis of requirements and for
the velidation of the implementation. Therelore ils fizkd of application i=
primarily in the upper part of tha model B,

E4 FMEA for Machine and Facllity Manufacturers

206

The OFMEA of a machine [s sometimas refarred 10 a5 2 “Machine FMEA
in the Naralre.

Starting from a PEWEA In which a maching was identifizd as a rigk, a
DFREA can be prepared for Lhe machiné.

In the PFMEA, the requirements on the funchions/abiktiss of 1he machine
are identifled n the analysis of tha machina.

Separals evalaion fables an: o be developed for this Machina FMEA.

Al the end the Machingry FMEA follows the niles as Deelan or Prozéss
FMEA.
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F Change Folnt Summarles
F1 AMAG 4th Edition FMEA Reference Manual o AIAG & VDA FMEA Handbook
F1.1 AIAS 4in Ediilon DFMEA to AlAG & VDA FMEA Handbock DFMEA

The AIAG & YDA FMEA method is doscribad by a 7-Stap approach. The steps ara the synthesis of ALAG
and VDA DFMEA, procass sleps. For example, Block/Boundary Dlagrams are shovwn o Stap 2 of the
7-Step approach and the same defvaratle Is shown as a preraguisite in te 4th Ediion.

Speckal Characlerslics as romovad from DFMEA but stay in PFMEA, see Annex D1 Spechal
Characterislics.

For continusus Improvamant a HistorgChange Authorization column is added (For use as appcable)

The linkage betwsen DFMEA and PFMEA, 1a exptained and FHIEA, Coltabpration {Custemer — Tiar h -
Tiar n+t)

13t Siep:  Planning and Preparation

Freparation is parly considered i tha 4ih Ediion General FMEA Guidelines, Chapter Il Overview of
FIEA, and Chapter Il DEMEA.  Step 1 includes dafinkion of the “ST's™: InTent, Tening, Team, Task,
and Tool 1o be used lo document the anatysis as well as identificetion of the analysis subject and
baseling DFMEA as appropriate.

FMEA Form Shast hesder s defined within Step 1 and Lha following changes apply:
1. Company Name added
. Marking of System, Subsystem &r Componesnt remcved
Wi. Enginsaring Location added
iv, Customer Mame added
v. Model Yoar{g)iProgramis) canged to Modal YeanPlatform
vi. Subjact addec!
vii Key Date removed
vii. Rovislon Dats added
. FMEA Numbser changed 1o DFMEA ID Number
L Page Number of Page Number ramoved
xi. Prupared By changed to Desiign Responsiblilty
%ii. FMEA Date {orig.} changed to Stact Date
#i. Cara Team changed o Cress-Functiona) Team
»iv. Confldentiality Level addad
Resgon for change: To use comnan temts and inglude necessary Infermation tor recerd management
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3rd Step: Function Analysis

Function of the Process ltem Function of System, Subsystem, Part Element or Process
has been added.

Reason for use - Listing the positive functions of the process helps to identify the negatives,
which are the Failure Effects.

Funetion {one column) and its Requirement / Product (one column) changed to Function of
the Process Step and Product Characteristic (single column) or Function of the Process
Step (one column) and Product Characteristic (one column), depending on form sheet used.

ii. Function (one column) and its Requirements | Process (one column) ¢hanged to Function of

the Process Work Element and Process Characteristic (single column) or Function of the
Process Work Element {one column) and Process Characteristic (one column), depending on
form sheet used.

Note: AIAG Form Sheets G and H, added an additional eolumn to list
the Requirements / Process. While the form sheets include this
additional column, it did not include an additional column for
the Function / Process. The intent, while not stated, was to list
Function / Process in the single Function column.

Or alternate form sheet

AR,
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F2 VDA Volume 4, Chapter Product and Pracess FMEA to AIAG & VDA FMEA
Handbook

Fzi VDA Vohmmwe 4, Chapter Froduct BFMEA to AIAG & YDA FWEA Handbook

The FMEA Mathod is described by seven-stap approach, similer o the previous fwe-step approach n
VDA Volume 4, Producl and Process FMES

The section Defnition ks the new first siep Praparaton and Profact Planning. The result docomentaticn &
added 8% step Sevan.

1. PFreparalion and Project Planning
Stnchure Analysis

FunchBon Aralyals

Failure Analysis

Riek Analysis

Cptimdzailon

7. Rasuit Doaumentation

Special Charactarstics are remaved fram the DFMEA Fonm Sheet but si2y In the PFMEA Form Shesl.
Sea Annsx D1 Special Charmclerstcs,

For conlinuous Improvameant histary column |s addad and the authorizaetion oolumn changed.

The finkage batwasn DFMEA and PFWMEA is explained and the FMEA Callaboralion (Customer — Tiern
— Tier nrtih.

The comparison below shows the farmat of FMEA Forn Sheets Reled in the VDA Volume 4 Yo the form
shests (Isted in the AIAG 8 YDA Handbock including these sted in the Appendicas.

As eppropriste, it will be pointed out why {Reason for change} the format can halp lead to a mors
complate DFMEA.

st Step:  Planning and Preparation

“[efinition - D™ I5 raplaced by “13t Stap: Planning and Praparation”. Praparation is partly considered
in definitlon. Beth secitons define the depth of what will ba includad in e document.

FWEA Form Sheat headar s defined within slep 1 and new columns are changed or sdded.
i. Changed: Maeddel Yearfs}/ Programis)
ii. Changed:  Subjact
iii. Changed: Siart Cate and Rovisian Date
iv. Changed: Crass Funclonal Taarm
v. Changed: DFMEA 1D Humber

vl. Changed: Design Respensibility

L

L L

vii. Added: Cormpany Name

il Added. Engimeening Locabion
ix. Added: Custorner Narme

x Added: Caonfidentiality Leve!
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F2 VDA 0%~ R ALE FMEA I X AIAG & VDA FMEA F#t

F24 VDA B 5 DFMEA"—XAIFE L AIAG & VDA FMEA 4
FMEA FEH-LERIT IS, #40F VDA BI% (7SR FMEAY TSk,
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ik

. R
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Wik MATT HEEE.
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4th Step:  Failure Analysis
Concept of FOCUS ELEMENT establishes the focus of the analysis.
1. Failure Effects (FE) to the : ‘
Next Higher Level Element
and/or End User

|dentify faillures by systematic description of question approach.

More detailed description how to formulate failure effects, failure mode and failure cause with examples.
Relationship is shown between PFMEA and DFMEA.

Possible views In form sheet are described.

Collaboration between customer and supplier explained.

Reason for change:

The Failure Effects (FE) to the Next Higher Level Element andior End User, the Failure Mode (FM) of the
Focus Elemant, and the Fallure Cause (FC) of the Next Lower Element or Characteristic are aligned in
the SYSTEM.

5th Step:  Risk Analysis
Severity (5] rating:
Ten point scale with new definitions for each level. Split rating of 10 and 9 allowing for alignment

with functional safety groups (Safety is 10 regardiess of warning, and 9 is regulatory). The same
scale is used for DFMEA, PFMEA, and FMEA-MSR.

Occurrence (Q) rating:

Ten point scale with new definitions for each level. Emphasis on Prevention Controls as input to
the Occurrence rating added.

Detection (D) rating:
Ten point scale with new definitions for each level, Ability to detect and timing considered.
Action Priority (AP):
Risk Priority Number (RPN} with Action Priorty (AP) replaced. The same table is used for
DFMEA und PFMEA. The Action Priority is shown by ‘high’, ‘medium’ and ‘low’,
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Tth Step:  Result Documentation

The added step savan sunmarizes the scope and results of an FMEA in a report.

This repont should indicate the technieal sk of falure a5 & component of the developmant plan and
project milestones.

F2.2 YDA Volume 4, Chapter Process PFMEA to AIAG & YDA FMEA Handbook

The FMEA Method & descrfbed by seven-step approach, simils to the previous fve-step appmach in
VOA Violurne 4, Produed and Process FMEA.

The section Definition Is the new first step Praparstion and Project Planping. The resutt documentation is
added as slap sovan

Praparation and Project Flznning
Structure Analysis

Function Analysis

Failure Analysks

Risk: Analysis

Optimilzation

7. Rezult Documentzion

Speclal Characteristics lay in the PFMEA Form Sheel bt are ramoved from thie DFMEA Forme Sheel,
Ses Annex C1 Special Charactarisllcs.

For continuous mprovemant history calumn is added and the authorization column changed.

The linkage hetween DFMEA and FFMEA is explained and the FMEA Collaboration [Customer — Tilarn
—Tiern+1}

The compéarison balow shows tha format of FMEA Form Shests listed in 1he VDA Volume 4 to the forms
listed in the AIAG & YDA Handbook including those lsted n the Appendices.

Ag appropriaie, it will be poinfed cut why (Reazon for chapgy) the format can help lead 4o a more
complets PFMEA

1st Step:  Planning and Preparation

“Definition - B ts replaced try “1at Step: Flanning and Preparation”. Prepanation i3 parly considened
in dafiniion. Both =actions define the depih of what will ba included in the dooument.

FMEA Form Sheel headey 15 defined within sfap 1 and tew colunns ara changed or addad,
i Changed: Medel Year(s)/ Prgpramis}
i, Changad: Subject
ili. Changed: Siart Dals and Revisibn Date
iv, Changed:  Cross Funcllonal Team
v. Changed: PFRMEA LD Number
wi. Changed: Process Responsibility
¥il. Added: Company Name
vili. Added: Cusiomer Name
b Addded: Manufacturing Location
¥ Added: Confidentiality Level

mom s N
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6th Step:  Optimization
Definition of optimization detailed.

i E Action ;
. , Severe | o . Taken =1=l5 |
MSR  [Diagnostic) System Failure ‘ﬁ‘%‘ Responsible)  Target with [Completion oo _3& xE
Preventive|Manitoringl ">~ | Effect | =7 | Persan's |Completionistatus| o 1™ piy ™ 8 | g
Action | Action e after | < % Mama Date t 1=l 2
Byatam | » Evidence ;
Responss| o

Status of different action defined.
MNew assessment of action effectiveness defined,
Continual improvement described

Remarks column added to document internal comments, notes, and filter column for manipulation of
data.

Possible views in form sheet are described.
Collaboration between FMEA team, management, customer and supplier explainad,
Reason for change:

The infarmation helps the user with visual management, each piece of information is included and
correct. Imporant is the "Pointer to Evidence” for follow-up reasons.
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G Raeferences and Suggested Readings

= IATF 165949; 216 Ouality manegement systems
Particular requiremants for e appllcation of 150 8001
for automertive production and mfevant service panl organizations

v 150 9001 Cusality management systems - Requirements
+ 130 26262 Rosd vehickes - Funclional safety

= SAEM7IS Potentizl Failure Made and Effocts Analysix in Design
{Design FWEA), Potential Fallure Mods and Effects Analysis in
Manufacturing and Assembdy Processes {Frocess FMEA)

« YDA Volume 2 Quallty Assurance of Supplies

=+ YDA Mahaity Level Assurancs fior New Parls

-  AAG APOP Advanced Protuction and Cuality Planning
»  AlAG PPAP Production Part Approval Precess
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H Glossary

Cybar-Physical Systems: a machanism that s controlied or monilored by compuler-baged algorthms,
fightly integrated with the Intermat and its usars

Diagnasilc covarage: per (S0 26282-1:2018, the parcenlage of the fallure rate of a hardware eloment,
or percantage of the Eallurs rate of a fafiure mode of 2 hardware element that is detected o candrolled by
tha Implementsd safaly machanism, the diagnostc figurss are determined by the: handwere funclicral
safaty analysic

Failre Chain: A fallure chain consists of a Fallure EHact, 2 Fallure Mxde, and a Faiue Cause.

Failure Network: A falurs network is the sonnaclion of ane or more fallure chalngs that can mwepresent
falluras at mukiple lowels such that a Failure Gause ot one level is 2 Failure boce at tha next lower laval.

Focus Elemant: The subject of tha arslysis. In a hlerarchically duscribed systam, a focus alement has a
next higher level element and at least ane next lewer elamant. A focus element may be @ System
Elamemt (jtem), a funcion of B system elsmant, or a fallure to provide a funclion as specifled.

Hybrid Failure Chain: A hybwid failure chain consists of 2 Falure Cause or Fallure Mods, ntendad
Manttorng Contrals, and 2 mitigated falure affect.

Mechatronics: tachnology cambining electronics and mechanical enginesnng

Oparational siation: per IS0 26262-1:2018, & sconario that can ocowr during a vehicle's (ife
(e.g. deiving at high spasd; parking on a slope; mainenanca)

Primary Vahicle Function: a function thal Is essentisl o fulfi the basle purpose of a vehicle, e.q.
stoering, brakdng, propusion, and vislbillky

Resldual Risk: The Ask(s) ramaining after the depleyrent of safely measures. See IS026262-1:2018.

Sacondary Vehicle Function. a funclion thal enhances or snables 2 primery vehicle funclion &5 well a5
the user expesience, u.g. safely, combor, canvenience, interface, diagnoslic, amd serviceabilly

Service Iife the imended design life of the Rem [FMEAMSE: the ntanded dasign T of the vehicia)

Siructura Trea: A graphical dapiction of the hlerarchical Enke bebssen system elements and s
dependencies.

Sygtem Element: aelsments of & sysbem that ane represented in tha siructure trse

Syatem responso: the system's reaction to a detecled fault, usually In the form of degrading or
dsabling of a funclion andfor warning the oparator and settng a fault code

tisaful life: tha opecating interval in which a function is caracily provided, and the fallure rate is within
accaptable toferance

Zora Mllaage f Zeco km / Zorn Hours: vehicle has not left ihe asaembly plant
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