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FOREWORD

The AIAG & VDA FMEA Handbook is a reference manual to be used by the automotive industry
suppliers as a guide to assist them in the development of Design FMEA, Process FMEA, and
Supplemental FMEA for Monitoring and System Response.

The Handbook does not define requirements; it is intended to clarify the steps, activities, and tools
related to the technical development of FMEAs. Efforts were taken to align the AIAG & VDA FMEA
Handbook with the SAE J1739 standard.

Highlights of the Change Points from the AIAG 4™ Edition FMEA Manual and from the VDA Volume 4
Manual are provided in Appendix F.

This Handbook is a copyright of AIAG and VDA, with all rights reserved.
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1 INTRODUCTION

This joint publication is the culmination of more than three years of
collaboration between OEM and Tier 1 supplier members of the
Automotive Industry Action Group (AIAG), and the Verband der
Automobilindustrie (VDA). The text has been completely rewritten, and
the FMEA method has been revised in a few key areas. The intent is to
provide a common foundation for FMEA across the sectors of the
automotive industry which are represented by these organizations.
While every effort was made to achieve consensus, it may be necessary
to refer to individual corporate publications or Customer-Specific
Requirements (CSR).

A new method: Supplemental FMEA for Monitoring and System
Response (FMEA-MSR) has been added. It provides a means for the
analysis of diagnostic detection and fault mitigation during customer
operation for the purpose of maintaining a safe state or state of
regulatory compliance.

This handbook supersedes AIAG 4th Edition FMEA and “Product and
Process FMEA" of VDA Volume 4.

1.1Purpose and Description

The industry is challenged by increasing quality demands of the
customer, the necessary cost optimization of the products and
processes, and higher complexity, as well as the product liability of the
designer and manufacturer required by legislation. Therefore, the FMEA
method is used to address the technical aspects of risk reduction.

Failure Mode and Effects Analysis (FMEA) is a team-oriented,
systematic, qualitative, analytical method intended to:

« evaluate the potential technical risks of failure of a product or
process

= analyze the causes and effects of those failures
+  document preventive and detection actions
+  recommend actions to reduce risk

Manufacturers consider different types of risk including technical risks,
financial risks, time risks, and strategy risks. The FMEA is used for
analyzing the technical risks to reduce failures and improve safety in the
products and processes. Figure 1.1-1 shows the scope of FMEA and this
handbook.
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Product and Process
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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 andfor process problems from
occurring.

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

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

*+ Ensure the hierarchy, linkage, interface, and cascading and
alignment of requirements 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

+ Build up a knowledge base in the company, i.e. document
lessons-learned
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= Comply with regulations in the registration approval of the
components, systems, and vehicles

Limitations of the FMEA include the following:
= |tis qualitative (subjective), not quantitative (measurable)
«  ltis a single-point failure analysis, not a multi-point failure analysis

= |t relies on the team’s level of knowledge which may, or may not
predict future performance

* Itis a summary of the team’s discussions and decisions therefore,
the quality of the FMEA report is subject to the recording skills of the
team which may reflect the discussion points in whole, or in part (it
is not a transcript of a meeting)

For quantitative analysis and multi-point failure analysis, other methods
such as FTA (Fault Tree Analysis) and FMEDA (Failure Modes, Effects,
and Diagnostic Analysis) are used. These are the methods which can
calculate and analyze the relevant metrics (single-point failure analysis,
multi-point faults, latent faults) to reach a quantified analysis result.

1.3Integration of FMEA in the Company

1.31

FMEA is a multi-disciplined activity affecting the entire product
realization process. The implementation of FMEA needs to be well
planned to be fully effective. The FMEA method is an integral element of
Product Development and Process Development activities. The FMEA
can reduce product redevelopment timing and cost. It supports the
development of comprehensive specifications, test plans, and Control
Plans.

Potential Considerations of the FMEA

The competent performance of the FMEA and the implementation of its
results are among the responsibilities of companies that design,
manufacture, and/or assemble products for the automotive industry. It is
critical that the analysis take into consideration the product's operating
conditions during its useful life, particularly with regard to safety risks
and foreseeable (but unintentional) misuse.

When the FMEA is performed, the following norms are observed:

« Clear, i.e. potential failure modes are described in technically
precise, specific terms, enabling a specialist to assess failure
causes and possible effects. Descriptions are free from possible
misunderstanding. Emotion-laden terms (dangerous, intolerable,
irresponsible, etc.) are not appropriate.

= True, ie. the consequences of potential failures are described
accurately (potential for odor, smoke, fire, etc.).

* Realistic, i.e. failure causes are reasonable. Extreme events are
not considered (falling rock on road, no power to manufacturing
plant, etc.). Failures resulting from misuse relative to perception,
judgement, or action are considered foreseeable when documented
by systematic methods (including brainstorming, expert judgement,
field reports, use case analysis, etc.). Failures resulting from
intentional misuse are not considered (e.g. deliberate manipulation
and sabotage).
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1.3.2

1.33

134

= Complete, i.e. foreseeable potential failures are not concealed.
Concern about revealing too much know-how by creating a correct
and competent FMEA is not a valid reason for an incomplete FMEA.
Completeness refers to the entirety of the product/process under
analysis (system elements and functions). However, the depth of
detail depends on the risks involved.

Technical risks of failure identified in the FMEA are either assessed as
acceptable, or actions are assigned to further reduce risk. The closure
status of actions to reduce the risk is documented.

Senior Management commitment

The FMEA process can take considerable time to complete. A
commitment of the required resources is vital. Active participation of the
product and process owners and commitment from senior management
are important to successful FMEA development.

Senior Management carries the responsibility for the application of
FMEA. Ultimately, senior management is responsible for acceptance of
the risks and risk minimization actions identified in the FMEA.

Know-How Protection of the Design FMEA/Process FMEA

The sharing of intellectual property found in the Design FMEA and/or
Process FMEA between suppliers and customers is governed by
contractual agreements between suppliers and customers and is beyond
the scope of this handbook.

Agreements between Customers and Suppliers

The customer specific requirements regarding FMEA should be
coordinated with the parties involved and/or the suppliers. An agreement
made about the execution of FMEAs may include but is not limited to
items such as; system boundaries, necessary work documents, analysis
methods, and evaluation tables.
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1.3.5

1.3.6

Transition Strategy

Existing FMEAs developed using the previous AIAG 4th Edition FMEA
or “Product and Process FMEA" of VDA Edition, may remain in their
original form for subsequent revisions.

The organization should thoughtfully plan the transition from their current
FMEA process(es) and methods to the new AIAG VDA FMEA process
and tools. When practical, existing FMEAs used as a starting point for
new programs should be converted to reflect the new rating scales,
analytical methods, and format. However, if the team determines that the
new program is considered a minor change to the existing product, they
may decide to leave the FMEA in the existing format.

New projects should follow the FMEA method presented in this
Handbook unless company leadership and Customer Specific
Requirements (CSRs) mandate a different approach. The transition date
and project milestone after which new projects follow this method should
be defined by the company taking into consideration customer specific
requirements.

Foundation and Family FMEAs

Foundation and family FMEAs are recommended to be created and
used as a basis for new analyses. These optional practices provide the
greatest opportunity to leverage past experience and knowledge and
ensure that knowledge is accumulated over product lifecycles and that
prior performance issues are not repeated (lessons learned).
Furthermore, such reuse also reduces effort and expenditures.

Foundation FMEAs (also known as generic, baseline, template, core,
master, or best practice FMEAs, etc.) are FMEAs that contain
knowledge of the organization from prior developments which make
them useful as a starting point for new FMEAs. The foundation FMEA is
not program specific, therefore the generalization of requirements,
functions, and measures is allowed.

Family FMEAs are specialized foundation FMEAs. It is common fo
develop products that generally contain common or consistent product
boundaries and related functions (a Product Family) or processes which
contain a series of operations that produce multiple products or part
numbers. In these cases, it is appropriate to develop Family FMEAs
which cover the commonalities for these Families.

When using the family or foundation FMEA approach, for the new
product or process under development the team should identify and
focus the analysis on the differences between the existing and the new
product, process or application. The information and ratings carried over
from the family or foundation are to be critically examined with regard to
the respective use case and experiences from the known application.
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1.4FMEA for Products and Processes
There are three basic cases for which the FMEA is to be applied, each
with a different scope or focus.
Case 1: New designs, new technology, or new process.
The scope of the FMEA is the complete design, technology, or process.
Case 2: New application of existing design or process

The scope of the FMEA is an existing design or process in a new
environment, location, application, or usage profile (including duty cycle,
regulatory requirements, etc.). The scope of the FMEA should focus on
the impact of the new environment, location, or application usage on the
existing design or process.

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

New technical developments, new requirements, product recalls, and
reports of failures in the field may drive the need for design and/or
process changes. In these cases, a review or revision of the FMEA may
be necessary.

The FMEA contains a collection of knowledge about a design or process
and may be revised after start of production if at least one of the
following points applies:

= Changes to designs or processes
+  Changes to the operating conditions
= Changed requirements (law, norms, customer, state of the art)

= Quality Issues, i.e. Plant experience, zero mileage, or field issues,
internal / external complaints

+  Changes to the Hazard Analysis and Risk Assessment (HARA)
+  Changes to the Threat Analysis and Risk Assessment (TARA)
+  Findings due to product monitoring

*  Lessons learned

There are two main approaches to FMEA: the analysis according to
product functions (Design FMEA) or according to process steps
(Process FMEA).
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1.41

1.4.2

Design FMEA

A Design FMEA (DFMEA) is an analytical technique utilized primarily by
a design responsible engineerfteam as a means to assure that, to the
extent possible, potential Failure Modes and their associated Causes or
mechanisms of failure have been considered and addressed prior to
releasing the part to production.

The Design FMEA analyzes the functions of a system, subsystem, or
component of interest as defined by the boundary shown on the
Block/Boundary Diagram, the relationship between its underlying
elements, and to external elements outside the system boundary. This
enables the identification of possible design weaknesses to minimize
potential risks of failure.

A System DFMEA is comprised of various subsystems and components
which are represented as system elements (items).

Systemn and subsystem analyses are dependent on the viewpoint or
responsibility. Systems provide functions at the vehicle level. These
functions cascade through subsystems and components. For purpose of
analysis, a sub-system is considered the same way as a system.

Interfaces and interactions among systems, subsystems, the
environment and the customers (i.e. Tier N, OEM, and end user) may be
analyzed in System FMEAs.

Within a system there may be software, electronic, and mechanical
elements. Examples of systems include: Vehicle, Transmission System,
Steering System, Brake System or Electronic Stability Control System,
etc.

A component DFMEA is a subset of a system or subsystem DFMEA. For
example, an Electrical Motor is a component of the Window Lifter, which
is a subsystem of Window Lifter System. A Housing for the Electrical
Motor may also be a component or part. For this reason, the terms
"system element” or "item"” are used regardless of the level of analysis.

Design FMEA may also be used to assess the risks of failure of
non-automotive products such as machines, and tooling. The actions
resulting from the analysis may be used to recommend design changes,
additional testing, and other actions which reduce the risk of failure or
increase the ability of a test to detect failures prior to delivery of the
design for production.

Process FMEA

In contrast to the Design FMEA (DFMEA), which analyzes the failure
possibilities that may be created during the design phase of the product,
the Process FMEA (PFMEA) analyzes the potential failures of
manufacturing, assembly and logistical processes to produce products
which conform to design intent. Process-related failures are different
than the failures analyzed in the Design 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 controls. The
overall purpose is to analyze processes and take action prior to
production start, 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 to severity
evaluation can be reviewed between Tiers (different companies in the
supply chain starting 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)

Customer < Severity >

Tiern -’jF—SE\fer 1,m

;_:' 1 Technical risk analysis and
Tier (n +1) JEVE”“ [ proposed product or process
- changes
(as possible / as needed)

Goal: Collaboration between Customer and Supplier

Figure 1.4-1 FMEA Collaboration
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1.5Project Planning

1.51

1.5.2

A good starting point for a manufacturer is to make sure the severity in
the DFMEA and PFMEA are the same when the failure effects are the
same. If the “product” failure effects to the end user (vehicle-level) are
not included in the PFMEA then the correlation between the DFMEA and
PFMEA is not possible. A correlation needs to be made so that a failure
of a feature in design that leads to a certain failure effect is also captured
in the PFMEA for the same feature (product characteristic). Please see
the note in Section 3.4.8 for non-traditional development flows.

The Five T's are five topics that should be discussed at the beginning of
a DFMEA or PFMEA in order to achieve the best results on time and
avoid FMEA rework. These topics can be used as part of a project
kick-off.

FMEA In Tent — Why are we doing FMEA?
FMEA Timing — When is this due?

FMEA Team — Who needs to be on the team?
FMEA Task - What work needs to be done?
FMEA Tool — How do we conduct the analysis?

FMEA In Tent

It is recommended that members of the FMEA team are competent in
the method, based on their role on the team. When team members
understand the purpose and intent of FMEA, they will be more prepared
to contribute to the goals and objectives of the project.

FMEA Timing

FMEA is meant to be a "before-the-event” action, not an “after-the- fact”
exercise. To achieve the greatest value, the FMEA is conducted before
the implementation of a product or process in which the failure mode
potential exists.

One of the most important factors for the successful implementation of
an FMEA program is timeliness. Up-front time spent properly completing
an FMEA, when product/process changes can be most easily and
inexpensively implemented, will minimize late change crises. The FMEA
as a method for system analysis and failure prevention is best initiated at
an early stage of the product development process. It is used to evaluate
the risks, valid at that time, in order to initiate actions to minimize them.
In addition, the FMEA can support the compilation of requirements.
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The FMEA should be carried out according to the project plan and

evaluated at the project milestones according to the state of the
analysis.

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

milestones.
Advanced
Product Product Design Process Design Bradtict ard Feedback
Quality Plan and Define and and Production Assessment
Planning Program Development Development Validation and Corrective
(APQP) Verification Verification Action
Phases
Start FMEA planning in
Complete DFMEA Complete DFMEA
mmm ?;‘DFMEAW":'“. analysis pnor to release | actions prior to start of
DFMEA pli o of design specificati ion tool
gne Uindecsincd for quotation i Start again with
Information flow from a
DEMEA to PEMEA DFMEA and PFMEA
The DFMEA and PFMEA “"'m““ M thare 2ty
should be executed e fo e
during the same time Start PEMEA when Complete PFMEA Complete PFMEA existing design or
PFMEA period to allow preduction concept is analysis prior to final actions prior 1o process
optimization of both the well und, d process decisi PAPIPPA
product and process
designs

Figure 1.5-1 FMEA Timing Aligned with APQP Phases
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VDA

Maturity 4 olthe | App ¢ | Productio | Serialtools, | Productand | Project End,
Level Approval Management | Supply Chain Technical | nPlanning | Spare Partsand |  Process Responsibility
Assurance | forseral for and Specilication | Done | SerialMachines | Approval | Transfer to Serial
for New | Development |  Procurement Placing of Availabile Production, Start,
hibic Extensive Requalifikation
Stan FMEA Start DFMEA Complete Complete
planning in when the design DFMEA DFMEA aclions
well ¥ 1o prior 1o stant of
DFMEA before product understood release of production tooling
davelopment design
begins. specificabons.
Information Niow for quotation s‘;‘;g:";m“
Trom DFMEA to
PEMEA Start PFMEA plete Complate | PFMEA planning
The DFMEAand | when production PFMEA PFMEA i there are
PFMEAshouldbe | conceptis well analysis actions prior |  changes to an
executed during understood priot to to PPAP/ existing design
PEMEA the same time final PPA orprocess
period to allow process
optimization of decisions
both the product
and process
designs

1"

Figure 1.5-2 FMEA Timing Aligned to MLA Phases

NOTE: Exceptions to this FMEA timing
development flows such as where development of a "standard" process
precedes the development of products that will be manufactured using

the process.

include non-traditional
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1.5.3 FMEA Team

The FMEA team consists of multi-disciplinary (cross-functional)
members who encompass the necessary subject matter knowledge.
This should include facilitation expertise and knowledge of the FMEA
process. The success of the FMEA depends on active participation of
the cross-functional team as necessary to focus on the topics of
discussion.

1.5.3.1 The Design FMEA Team

The Core Team may consist of the following people:

+  facilitator

«  design engineer

*  system engineer

*  component engineers

«  testengineer

+  quality/reliability engineer

+  others responsible for the development of the product

The core team members prepare the FMEA System Analysis (Steps 1 —
3) and participate in the FMEA meetings. The extended team may
participate on demand (coordinated by the FMEA facilitator or meeting
organizer).

The Extended Team may consist of the following people:
+  technical experts
+  process/manufacturing engineer
*  service engineer
+  project manager
+ functional safety engineer
+  purchasing
*  supplier
+  customer representative
+  others that may have specialized knowledge which will help the core
team analyze specific aspects of the product
1.5.3.2 The Process FMEA Team

The Core Team may consist of the following people:
« facilitator

+  process/manufacturing engineer

*  ergonomic engineer

+  process validation engineer
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«  quality/reliability engineer
«  others responsible for the development of the process

The core team members prepare the FMEA System Analysis (Steps 1 —
3) and participate in the FMEA meetings. The extended team may
participate on demand (coordinated by the FMEA facilitator or meeting
organizer).

The Extended Team may consist of the following people:
*  design engineer

+  technical experts

*  service engineer

«  project manager

*  maintenance staff

+  line worker

«  purchasing

*  supplier

«  others (as necessary)

1.5.3.3 FMEA Team Roles and Responsibilities

Within the organization's product development process, the following
roles and responsibilities for FMEA participation should be assigned.
Responsibilities of a given role can be shared amongst different persons
and/or multiple roles may be assigned to the same person.

1.5.3.3.1Management, i.e. project manager

+  Authority to make decisions about the acceptability of identified risks
and the execution of actions

+ Defines the persons responsible for pre-work activities, FMEA
facilitation, and the design/process engineer responsible for
implementation of actions resulting from the analysis

+ Responsible for selecting and applying resources and ensuring an
effective risk management process is implemented within scheduled
project timing

*  Responsibility and ownership for development and maintenance of
the FMEAs.

= Management responsibility also includes providing direct support to
the team(s) through on-going reviews and eliminating roadblocks.

*  Responsible for budget.
1.5.3.3.2Lead Design/Process Engineer (Technical Lead)
*  Technical responsibility for the FMEA contents
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Preparation of the Business Case for technical and/or financial
decisions

Definition of elements, functions, requirements, and interfaces
Focusing on the topics

Procurement of the necessary documents and information
Incorporating lessons learned

1.5.3.3.3FMEA Facilitator

Coordination and organization of the workflows in the FMEA
Mitigation of conflicts

Participation in the team formation

Participation in the Preparation of the rough schedule

Participation in the invitation to the 1st team meeting for the analysis
phase

Participation in the Preparation of the decision guidelines/criteria

Development of Corporate or Product Line Examples for Rating
Tables (Optional) with support from Design/Process Engineer

Method competence (FMEA) and familiarization of participants in
the FMEA method

FMEA Software documentation competence (as necessary)
Social skills, able to work in a team

Competent moderator, ability to convince, organization and
presentation skills

Managing execution of the 7 steps of FMEA method
If necessary, Preparation or wrap-up of FMEA meetings
Moderation of the FMEA workgroup

NOTE: Any team member with the relevant competence and training

may fulfill the role of facilitator.

1.5.3.3.4Core Team Members

Contribute knowledge from relevant product and process
experience

Contribute necessary information about the product or process that
is the focus of the FMEA

Contribution of existing experiences from previous FMEAs already
known

Participation in the execution of the 7 steps of FMEA
Involvement in the Preparation of the Business Case
Incorporating lessons learned
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1.5.5

1.5.3.3.5 Extended Team Members / Experts
*  Contribution of additional information about special topics

= Contribution of necessary information about the product or process
that is the focus of the FMEA

+  Involvement in the Preparation of the Business Case
FMEA Tasks

The 7-Step Overview provides the framework for the tasks and
deliverables of the FMEA. In addition, the FMEA team should be
prepared to review the results of their analysis with management and the
customer, upon request.

The FMEA may also be audited by an internal auditor, customer auditor,
or third-party registrar to ensure each task has been fulfilled.

FMEA Tools

There are numerous FMEA software packages that can be used to
develop a DFMEA and PFMEA as well as follow up on actions. This
software ranges from dedicated FMEA software to standard
spreadsheets customized to develop the FMEA. Companies may
develop their own in-house database solution or purchase commercial
software. In any case, the FMEA team needs to have knowledge of how
to use the FMEA software selected for their project as required by the
company.

There are two views of FMEA examples shown in this manual. The
software view depicts what the user sees when developing a FMEA
using specialized software that utilized i.e. system element structure,
function net, failure net, etc. The Form view depicts what the user sees
when developing a FMEA in a spreadsheet.

Figures in this handbook include an example of how to develop an
FMEA using either a Structure Tree or Form. In the case of using
Structure Trees to develop elements, functions, and failures; a software
view is also presented to show how the information may look when
placed in documentation. In either case the 7-Step process is the same.

1.6FMEA METHODOLOGY

15

The analyses for the Design FMEA, Process FMEA and Supplemental
FMEA for Monitoring and System Response (FMEA-MSR) are each
described completely in the following sections. Consequently,
redundancies are unavoidable. For the user this has the advantage that
they can refer directly to the Design FMEA and/or Process FMEA and/or
FMEA-MSR chapter without referring to the content of the other
chapters.
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2 EXECUTION OF THE DESIGN FMEA
2.1Design FMEA 1st Step: Planning and Preparation

)

17

2141

Purpose

The purpose of the Design FMEA Planning and Preparation Step is to
define which FMEAs will be done for a project, and to define what is
included and excluded in each FMEA based on the type of analysis
being developed, i.e. system, subsystem or component.

The main objectives of Design FMEA Planning and Preparation are:
+  Project identification
. Project plan: InTent, Timing, Team, Tasks, Tools (5T)

+  Analysis boundaries: Determine what is included and excluded from
the analysis

+ |dentification of baseline FMEA with lessons learned
+  Basis for the Structure Analysis step

DFMEA Project Identification and Boundaries

DFMEA Project identification includes a clear understanding of what
needs to be evaluated. This involves a decision-making process to
define the DFMEAs that are needed for a customer program. What to
exclude can be just as important as what to include in the analysis.

Below are some basic questions that help identify DFMEA
projects.

«  What is the customer buying from us?

«  Are there new requirements?

*  Does the customer or company require a DFMEA?

* Do we make the product and have design control?

+ Do we buy the product and still have design control?

= Do we buy the product and do not have design control?
*  Whois responsible for the interface design?

Do we need a system, subsystem, component, or other level of
analysis?

Answers to these questions and others defined by the company help
create the list of DFMEA projects needed. The DFMEA project list
assures consistent direction, commitment and focus.

The following may assist the team in defining DFMEA boundaries, as
applicable:

«  Legal Requirements



2 #it FMEA 347
2.1 %t FMEA BB—: SRIFHES
211 HH

i FMEA"SERIFIAES" S BRAY B 09250 2 1 B 5 ZE4hAT ) FMEA 262,
B IEETI AT (MRS, FRETEM) & XLFA FMEA 3
NG FMrEEHNE.

- #it FMEA (DFMEA) “BLEIFIE&" S BRI £ 2 B iR
ﬁ?\
/ - HiE#E
WiEitEl: B9, mfEsdE. H ESTA (5T)
AR MR EREt4A. PaFT4

FiI A LU RS0 B HE FMEA
ST B IR A T

2.1.2 DFMEA I B #i g il 5

DFMEA T F i 52 AR 930 T R EVP MR AR . X BB — M haadiE
SkwhE AT E BT H DFMEA. fE4HT b RERAENEFBN AT R
HE,

LA i 24 [ S AT 9 BAifi i DFMEA T H -

B E AR 4 T

+ REFHER?
+ BFEAFRE T E DFMEA?

FAVREHIE G R ERR

+ BRMNEBMEFGR. FHIH R
BAIRFLF G ERIA 2RI
HES PR O] ?

+ BANIABHERS. TARE. AFRHMBMEEIMT?

St 2k 4 ) U 3 ) S SC A Al ) R A B A9 B T G BT A 9 3 FMEA
BiH i, WHER T i, AW TR A — 2.

LU H BT BN SGA S, &R T
IR

L



18

*  Technical Requirements

* Customer wants/needs/expectation (external and internal
customers)

*  Requirements specification

«  Diagrams (Block/Boundary) from similar project

. Schematics, Drawings, and/or 3D Models

. Bill of Materials (BOM), Risk Assessment

+  Previous FMEA for similar products

+ Eror proofing requirements, Design for Manufacturability and
Assembly (DFM/A)

*  QFD Quality Function Deployment

The following may be considered in defining the scope of the DFMEA, as

appropriate:

+  Novelty of technology/ Degree of innovation

*  Quality / Reliability History (In-house, zero mileage, field failures,
warranty and policy claims for similar products)

«  Complexity of Design

= Safety of people and systems

*  Cyber-Physical System (including cyber-security)

*  Legal Compliance

+  Catalog & standard parts

DFMEA Project Plan

A plan for the execution of the DFMEA should be developed once the
DFMEA project is known.

It is recommended that the 5T method (In Tent, Timing, Team, Tasks,
Tool) be used as described in section 1.5 of this handbook. The plan for
the DFMEA helps the company be proactive in starting the DFMEA
early. The DFMEA activities (7-step process) should be incorporated into
the overall project plan.

Identification of the Baseline DFMEA

Part of the preparation for conducting the DFMEA is knowing what
information is already available that can help the cross-functional team.
This includes use of a foundation DFMEA (described in Section 1.3),
similar product DFMEA, or product family DFMEA. The family DFMEA is
a specialized foundation design FMEA for products that generally
contain common or consistent product boundaries and related functions.
For a new product in the family, the new project specific components
and functions to completethe new product's DFMEA would be added to
the family FMEA. The additions for the new product may be in the family
DFMEA itself, or in a new document with reference to the original family
or foundation DFMEA. If no baseline is available, then the team will
develop a new DFMEA.
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Planning and Preparation (Step 1)

21.5 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, Subsystem andfor
Component)

DFMEA Start Date: Start Date

DFMEA Revision Date: Latest Revision Date
Cross-Functional Team: Team Roster needed

DFMEA ID Number: Determined by Company

Design Responsibility: Name of DFMEA owner
Confidentiality Level: Business Use, Proprietary, Confidential

tample: Design Failure Mode and Effects Analysis (Design FMEA)

Company Acme Subject: PX123 Upper

Name: Automotive Jacket

Engineering Munich, DFMEA Start 19-Mar-2018 DFMEA ID 123456
Location: Germany Date: Number:

Customer Jackson DFMEA 2S-Sep-2018 Design S. Gray
Name: Industry Revision Date: Responsibility:

Model Year(s)/ 2020 PX123 Cross-Functio See Team List Confidentiality =~ Confidential
Program(s): nal Team: Level:

19

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

2.1.6 Basis for Structure Analysis

The information gathered during Step 1 Planning and Preparation will be
used to develop Step 2 Structure Analysis.
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2.2Design FMEA 2nd Step: Structure Analysis
221 Purpose

The purpose of Design Structure Analysis is to identify and breakdown
) the design into system, subsystem, and component, parts for technical
risk analysis.
ﬁ The main objectives of a Design Structure Analysis are:

= *  Visualization of the analysis scope

«  Structure tree or equivalent: block diagram, boundary diagram,
digital model, physical parts

«  |dentification of design interfaces, interactions, close clearances

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

= Basis for the Function Analysis step
2.2.2 System Structure

A system structure is comprised of System Elements. Depending on the
scope of analysis, the system elements of a design structure can consist
of a system, subsystems, assemblies, and components. 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. A system has a
boundary separating it from other systems and the environment. Its
relationship with the environment is defined by inputs and outputs. A
system element is a distinct component of a functional item, not a
function, a requirement or a feature.

2.2.3 Define the Customer

There are two major customers to be considered in the FMEA analysis:

+  END USER The individual who uses a product after it has been fully
developed and marketed.

* ASSEMBLY and MANUFACTURING: the locations where
manufacturing operations (i.e., powertrain, stamping and
fabricating) and vehicle/ product assembly and production material
processing takes place. Addressing the interfaces between the
product and its assembly process is critical to an effective FMEA
analysis. This may be any subsequent or downstream operation or
a next Tier manufacturing process.

20
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224

Knowledge of these customers can help to define the functions,
requirements and specifications more robustly as well as aid in
determining the effects of related failure modes.

NOTE: Reference the NOTE in section 2.4.4 for cases when the end

user is not known.

Visualize System Structure

A visualization of the system structure helps the DFMEA team develop
the structural analysis. There are various tools which may be used by
the team to accomplish this. Two methods commonly used are
described in the sections below:

*  Block/Boundary Diagrams

= Structure Tree

2.2.4.1 Block/Boundary Diagram

Block/Boundary Diagrams are useful tools that depict the system under
consideration; and its interfaces with adjacent systems, the environment
and the customer. The diagram is a graphic representation that provides
guidelines for structured brainstorming and facilitates the analysis of
system interfaces as a foundation for a Design FMEA. The diagram
below shows the physical and logical relationships between the
components of the product. It indicates the interaction of components
and subsystems within the scope of the design as well as those
interfaces to the product Customer, Manufacturing, Service, Shipping,
etc. The diagram identifies persons and things that the design interacts
with during its useful life. The Boundary Diagram can be used to identify
the Focus Elements to be assessed in the Structure Analysis and
Function Analysis.

The diagram may be in the form of boxes connected by lines, with each
box corresponding to a major component of the product. The lines
correspond with how the product components are related to, or interface
with each other; with arrows at the end point(s) to indicate the direction
of flow. Interfaces between elements in the Boundary Diagram can be
included as Focus Elements in the Structure and Function Analysis
Structure Tree.

There are different approaches and formats to the construction of a
Block/Boundary Diagram, which are determined by the organization. In
this handbook, the terms “block diagram” and “boundary diagram” are
used interchangeably. However, the Boundary Diagram tends to be
more comprehensive due to the inclusion of external influences and
system interactions.

In the context of the DFMEA, Block/Boundary Diagrams define the
analysis scope and responsibility and provides guidelines for structured
brainstorming. The scope of analysis is defined by the boundaries of the
system; however, interfaces with external factors/systems are to be
addressed.
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+ Defines scope of analysis (helps to identify potential team
members)

+  |dentifies internal and external interfaces

* Enables application of system, sub-system, and component
hierarchy

When correctly constructed, Block/Boundary Diagrams provide detailed
information to the P-Diagram, and the FMEA. Although Block/Boundary
diagrams can be constructed to any level of detail, it is important to
identify the major elements, understand how they interact with each
other, and how they may interact with outside systems.

Block/Boundary Diagrams are steadily refined as the design matures.

The steps involved in completing a Block/Boundary Diagram may be
described as follows:

a. Describe components and features

+  Naming the parts and features helps alignment within the team,
particularly when features have “nicknames’.

+  All system components & interfacing components shown.
b. Reorganize blocks to show linkages
*  Solid line for direct contact

«  Dashed line for indirect interfaces, i.e. clearances or relative
motion

*  Arrows indicate direction
*  All energy flows/ signal or force transfers identified.
c. Describe connections
Consider all types of interfaces, both desired and undesired:
P----Physically touching (welded, bolted, clamped, etc.)
E----Energy transfer (Torque (Nm), heat, etc.)
| -——Information transfer (ECU, sensors, signals, etc.)
M ---Material exchange (Cooling fluid, exhaust gases, etc.)
d. Add interfacing systems and inputs (persons and things)
The following should be included:

+  Adjacent systems — including systems that are not physically
touching your system but may interact with it, require
clearance, involve motion, or thermal exposure.
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+  The customer/end user
«  Arrows indicate direction

e. Define the boundary (What parts 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 to indicate items that are not part of the analysis.

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

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

«  Date and revision level

Customer | | Service | Manufacturing

Window Lifter System
Window Lifter Motor
Guiding frame rerw— . ”
System | | Converter B. | Converter M,
lg Uy H w
¢ Rotor k u P (KN =
Position =1 i PN —_—
Lifting mechanism ~— / \ M
Carban Brushcard  Magnets Pole
t brush basa body | | (Neodym) || Armature shak housing
Electronic contrel unit Gear box PR—
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Figure 2.2-1 Example of Block/Boundary Diagram
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2.2.4.2 Interface Analysis

An interface analysis describes the interactions between elements of a
system.

There are five primary types of interfaces:

*  Physical connection (i.e. brackets, bolts, clamps and various types
of connectors)

*  Material exchange (i.e. compressed air, hydraulic fluids or any other
fluid or material exchange)

«  Energy transfer (i.e. heat transfer, friction or motion transfer such as
chain links or gears)

* Data exchange (i.e. computer inputs or outputs, wiring harnesses,
electrical signals or any other types of information exchange, cyber
security items)

*  Human-Machine (i.e. controls, switches, mirrors, displays,
warnings, seating, entry/exit)

Another type of interface may be described as a physical clearance
between parts, where there is no physical connection. Clearances may
be static and/ or dynamic.

Consider the interfaces between subsystems and components in
addition to the content of the sub-systems and components themselves.

An interface analysis documents the nature (strong/weak/none,
beneficiallharmful) and type of relationships (Physical, Energy,
Information, or Material Exchange) that occur at all internal and external
interfaces graphically displayed in the Block/Boundary Diagram.

Information from an interface analysis provides valuable input to a
Design FMEA, such as the primary functions or interface functions to be
analyzed with potential causes/mechanisms of failure due to effects from
neighboring systems and environments. Interface analysis also provides
input to the P-Diagram on ideal functions and noise factors.

2.2.4.3 Structure Trees
The structure tree arranges system elements hierarchically and
illustrates the dependency via the structural connections.

The clearly structured illustration of the complete system is thereby
guaranteed by the fact that each system element exists only once to
prevent redundancy.

The structures arranged under each System Element are independent
sub-structures (see figure 2.2-2).
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The interactions between System Elements may be described later as
functions and represented by function nets (see Step 3 Function
Analysis).

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

Carbon Brush ﬁ-‘

Electronic Control Unit -~ | |

Magnets {(Neodym)

Electromagnetic Armature Shaft &y ‘
Converter

Pole Housing g I

1 Magneto-mechanical I —

Converter ’VGear box e J

Figure 2.2-2 Example of Structure Analysis Structure Tree

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

STRUCTURE ANALYSIS (STEP 2)

1. Next Higher Level 2. Focus Element

Window Lifter Motor Commutation System Brush Card Base Body

Figure 2.2-3 Example of Structure Analysis Form

1. Next Higher Level:
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.

25
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2.26

3. Next Lower Level or Characteristic Type:

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

Collaboration between Customer and Supplier

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 Function Analysis. If design elements (items) are missing
from the Structure Analysis they will also 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. Regardless 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 function tree/net or function analysis form and
parameter diagram (P-diagram)

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

*  Association of requirements or characteristics to functions

+  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 operating
conditions and environmental conditions of the system are necessary,
for example heat, cold, dust, splash water, salt, icing, vibrations,
electrical failures, etc.
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2.3.2 Function

233

|
l
!

A function describes what the item/ system element is intended 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 to use an "action verb" followed by a
"noun" to 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 between the input and output of an
item/ system element with the aim of fulfilling a task.

Note: A component (i.e. a part or item in a part list) may have a
purpose/function where there is no input/output. Examples such
as a seal, grease, clip, bracket, housing, connector, flux, etc.
have functions and requirements including material, shape,
thickness, etc.

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

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

Input Fimation of Output
P Item/System Element P

Interface

Figure 2.3-1 Input/interface/Output Flow

Requirements

ISO 9000 defines a 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 is judged or measured (i.e. material
stiffness).
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2.34

A non-functional requirement is a limitation on the freedom for design
decision (i.e. temperature range).

Requirements may be derived from various sources, external and
internal, these could be:

Legal requirements:

*  Environmentally friendly product design, suitable for recycling, safe
in the event of potential misuse by the operator, non- flammable,
etc.

Industry Norms and Standards:

= 1S5S0 8001, VDA Volume 6 Part 3, Process audit, SAE J, etc. (i.e.
1SO 26262 Functional Safety, SAE J3061 Cyber security)

Customer Requirements:

«  Explicit (i.e. in customer specification) and implicit (i.e. freedom from
prohibited materials) — under all specified conditions

Internal Requirements:

*  Product Specific (i.e. Requirements Specifications,
manufacturability, suitability for testing, compatibility with other
existing products, reusability, cleanliness, generation, entry and
spreading of particles)

Product Characteristics:

« A distinguishing feature (or quantifiable attribute) of a product such
as a journal diameter or surface finish.

Parameter Diagram (P-Diagram)

Parameters are considered to be attributes of the behavior of a function.
A Parameter (P) Diagram is a graphical representation of the
environment in which an item exists. A P-Diagram includes factors which
influence the transfer function between inputs and outputs, focusing on
design decisions necessary to optimize output.

A P-Diagram is used to characterize the behavior of a system or
component in the context of a single function. P-Diagrams are not
required for all functions. Teams should focus on a few key functions
affected by new conditions and those with history of robustness issues in
previous applications. More than one P- Diagram may be needed in
order to illustrate the function(s) of the system or component that are of
concern to the FMEA Team.

The complete functional description forms the basis for subsequent
failure analysis and risk mitigation.
A P-Diagram focuses on achievement of function. It clearly identifies all

influences on that function including what can be controlled (Control
Factors), and what cannot reasonably be controlled (Noise Factors).
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Input “X"
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The P-Diagram, completed for specific Ideal Functions, assists in the
identification of:

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

*  Functions which are inputs to the DFMEA
= Control and Noise 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 Item/
System Element often deviates/varies from the desired behavior

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

Ideal/Actual vs. DESIRED/REQUIRED Functional Definition
(Linear Response Example)
Custemer and/or other systems determine j

to level of acceptable [Desired/Required)
Functional perfarmance of a commodity

Y = output

X = input

Figure 2.3-2 Example of system behavior

A Parameter Diagram consists of dynamic inputs (including signals),
factors that could affect system performance (control and noise),
sources of wvariation, and outputs (intended outputs and
unintended/diverted outputs).

The following is an example of a Parameter Diagram which is used to
assess the influences on a function of a product includes:



HxtfpE AR ERNSHE (P ED HE T\ T &5:

« RYEMMEFTOREE. S5, mETES
« {EHikit FMEA A RIThAR
« ETRERZN ThABTE AR ORI AN R 2
AEFUH RS i)
AR SHE (P ED HEMER TR T A

SHTFIPHE 2.3-2, BH/FEGERMME ORED SR MBS T
HITAMAER (H8) « BHERERTRT, URTREEEMENT A,

A /SRR vs. HHE/ MR
(2 1tk me Rz 7<)

-' A sy

X=%8A
B 2.3-2 REATHAH

Y EdsEHA (BEES) . TRERRSHERNEE 2
HIRNEE) | ARG (U AR TR ) 4
o

EUF RSB MR, TSR Th i AR o

29



Input (What you want to put in to get the desired result) is a description
of the sources required for fulfilling the system functionality.

Function (What you want to happen) is described in a Parameter
Diagram with an active verb followed by a measurable noun in the
present tense and associated with requirements.

Functional Requirements (What you need to make the function
happen) are related to the performance of a function

Control Factors (What you can do to make it happen) which can be
adjusted to make the design more insensitive to noise (more robust) is
identified. One type of Control Factor is a Signal Factor. Signal Factors
are adjustment factors, set directly or indirectly by a user of a system,
that proportionally change the system response (i.e., brake pedal
movement changes stopping distance). Only dynamic systems utilize
signal factors. Systems without signal factors are called static systems.

Non-Functional Requirements (What you need beside the functional
requirements) which limit the design option.

Intended Output (What you want from the system) are ideal, intended
functional outputs whose magnitude may (dynamic system) or may not
(static system) be linearly proportional to a signal factor (i.e., low beam
activation for a headlamp, stopping distance as a function of brake pedal
movement).

Unintended Output (What you don't want from the system) are
malfunctioning behaviors or unintended system outputs that divert
system performance from the ideal intended function. For example,
energy associated with a brake system is ideally transformed into
friction. Heat, noise and vibration are examples of brake energy diverted
outputs. Diverted Outputs may be losses to thermal radiation, vibration,
electrical resistance, flow restriction, etc.

Noise Factors (What interferes with achieving the desired output) are
parameters which represent potentially significant sources of variation
for the system response and cannot be controlled or are not practical to
control from the perspective of the engineer. Noises are described in
physical units.

Noise factors are categorized as follows:
*  Piece to Piece Variation
(in a component and interference between components)
*  Change Over Time
(aging over life time, i.e. mileage, aging, wear)
*  Customer Usage
(use out of desired spec.)
*  External Environment
(conditions during customer usage, i.e. road type, weather)
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«  System Interactions
(interference between other systems)

Noise Factors

clamps

magnetized, carbon

playing

lemparature, dus!, external

Noise 1 Noise 2 Noise 3 Noise 4 Noise 5
Piece to Piece Vanation | Change Over Time | Customer Usage External ) |
@.g.. variation In clearance || #.9.. holding clamps @.g.. excessive use of Environment System Interactions
between rotor and holding || become permanantly window lift system by child e.g., humidity, e.9., electromagnetic

interference from ECU

acc. to g
Requirement
Generate motor
characteristic curve acc.
1o spec 6790-1323

Move window glass up
and down with a defined
wvelocity

which control the function,
¢.9.. magnetic fiald
strength, permeability..

Requirements which limit
the design oplicns
.g.. geomelric inlerface to

brushes wear vibralion, shock ...
Input Window Lifter Motor Intended Output
Energy: . Energy:
a.9.. Volage, Current 3 : 4 :' m‘;‘:" A eg. angle dependant

) b " Mow eloctrical energy on
| Inpat v .u' Erergy . Dml, solencid
B g Unintended
@ output
Functional Conltrol Factors Non Functional Unintended Output
Requirements Natural scientific factors Requirements energy losses,

@.9.. thermal energy..
NVH, EMC

cusiamer syslem,
requirements regarding
| waight, material, size,...

Figure 2.3-3 Example of Parameter Diagram with Electrical Motor
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2.3.5 Function Analysis

The interactions of the functions of several System Elements are to be
demonstrated, for example as a function tree/network, or using the DFMEA
form. The focus of the analysis cascades from OEM to Tier 1 supplier to Tier N
supplier.

The purpose of creating a function tree/network or functional matrix is to
incorporate the technical dependency between the functions. Therefore, it
subsequently supports the visualization of the failure dependencies. When there
is a functional relationship between hierarchically linked functions, then there is
a potential relationship between the associated failures. Otherwise, if there is no
functional relationship between hierarchically linked functions, there will also be
no potential relationship between the associated failures.

For the Preparation of the function tree/ network, the functions that are involved
need to be examined. Sub-functions enable the performance of an overall
function. All sub-functions are linked logically with each other in the function
structure (Boolean AND- relationships).
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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:

(Top-Down) and

Commutation System

Function:

Commutation system Lansporis the

wlectrical curent bet 1 coll pairs of
the slectio magnetic conveitee
Window Lifter Motor
Function
Convort eloctrical energy into
mechanical enargy atc. 1o
parametorization Electromagnetic convartar
Functional Requirements: Function:
Move window glass up and Electro-magnotic convernar ranslorms
dowen with a dofined velocity tha slectric liald into an

magnetic field (rotational lield)

" WHAT DOES IT DO?

“How is the higher level function enabled by lower level functions?"

“Why is the lower level function needed?” (Bottom-Up).

Brush Card Base Body

Function:

Brush card body tianspoils lorces

Carbon Brush

Function.

Carbon biush transpons elec
curtent between carbon stranded wi
and commutalor surface

Brush Card Base Body

Function.

Carbon Brush
Functlon: ..

Brush Card Base Body

Funcilon

Figure 2.3-4 Example of Function Analysis Structure Tree
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The function structure can be created in the Functional Analysis section:

FUNCTION ANALYSIS (STEP 3)

1.

Next Higher Level

Function and
Requirement

2. Focus Element Function 3. Next Lower Level Function and

and Requirement Requirement or Characteristic

Intc mect

wert electrica

1 card body transports for

and motor bot

33

Figure 2.3-5 Example of Function Analysis Form

2.3.6

The column header numbering (1, 2, 3) and color coding are included to
help show alignment between the Structure Analysis and associated
content of the Function Analysis (see figure 2.3-5). In this section you
work from left to right answering the question: "How is the higher level
function enabled by lower level functions?”

1. Next Higher Level Function and Requirement: The function in scope
of the Analysis.

2. Focus Element Function and Requirement:

The function of the associated System Element (item in focus)
identified in the Structure Analysis.

3. Next Lower Level Function and Requirement or Characteristic: The
function of the associated Component Element identified in the
Structure Analysis.

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

Engineering teams within the company need to collaborate to make sure
information is consistent for a project or customer program especially
when multiple DFMEA teams are simultaneously conducting the
technical risk analysis. For example, a systems group might be
developing the design architecture (structure) and this information would
be helpful to the DFMEA to avoid duplication of work. A safety team may
be working with the customer to understand the safety goals and
hazards. This information would be helpful to the DFMEA to ensure
consistent severity ratings for failure effects.
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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
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24.2

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 step
Failures
Failures of a function are deduced from the functions. There are several
types of potential failure modes including, but not limited 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/starts)
+  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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Figure 2.4-1 Types of Failure Modes

The description of a system and subsystem failure 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 operating condition of the vehicle should be
included i.e. loss of steering assist during start up or shut down.

A component/part failure mode is comprised of a noun and a failure
description i.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?"



Fi

e T T e, 1= |‘E

B .- SR TR R

t t t
Y M e SRR = w rEmenT, a;g EE—ATE
F=Zhik t = B e = BORB TR — = AT HITh R

B 2.4-1 RBMEMAR

REMNT RER AR AR ERAR TR, Fln, JRETHA
7, FWEAY, KRE M ETMTE. LEN, NEEEERET
B, Bl ERFEEIE K R EEAB .

SR R A B A SRR AR, I, SEE R

XM RE— R B, UEREARGREN, X REE. Pl
W R BRI TR R AR A T A

— IR RE R AR, UL EIBAARERA H— M RAUE AL, b
TIRLZ R EH BE R R "

35



36

11 : Z: Environmental influences, noise factors
y

LEELERY 2
X:lnput — =———p| f / ':_""’ Y: Outputy = f(x)
L XW,Z) 7w e side effects

I I I W: Control factors

A flawed input and/or naise factors generate a flawed autput and/or the ocourrence of
intolerable side effects. In this case, the failure analysis focuses on the system element that
caused the flawed output,

B —

y = output

X = 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 Cause (FC)

. What happens? |
Failure Effect

NN
QL

—

Failure Cause
Why?

Focus Element

Figure 2.4-3 Theoretical failure chain model



llizﬁﬁ%m.ﬁg@ﬁ
v

EEETEY =

f( / e Y: #i y = f(x)

X;VV;Z} R v [ R

T I I (WEEC Sk S

RN/ B R T B B A R A A B AR A B A R . (B
MR T, KRBT TR RR NN REEE.

v ¥

y =Mt +

x=HiIA

B 2.4-2 R¥ce X

243 R¥E

FMEA Hi3 Sk i SH T 86 =4 F A
KEFEW (FE)
RBAER (FM)

« R¥ER (FC)

B 2.4-3 ERRAERR

36



2.44 Failure Effects

A Failure Effect is defined as the consequences of a failure mode.

Describe effects on the next level of product integration (internal or

external), the end user who is the vehicle operator (external), and

government regulations (regulatory) as applicable

Customer effects should state what the user might notice or experience

including those effects that could impact safety. The intent is to forecast

the failure effects consistent with the team's level of knowledge. A failure

mode can have multiple effects relating to internal and external

customers.

Effects may be shared by OEMs with suppliers and suppliers with

sub-suppliers as part of design collaboration.

The severity of failure effects is evaluated on a ten-point scale according

to Table D1.

Examples of failure effects on the End User:

* Mo discernible effect

+ Poor appearance i.e. unsightly close-out, color fade, cosmetic
corrosion

*  Noise i.e. misalignment/rub, fluid-borne noise, squeak/rattle, chirp,
and squawk

*  Unpleasant odor, rough feel, increased efforts

*  Operation impaired, intermittent, unable to operate, electro-
magnetic in-compatibility (EMC)

«  External leak resulting in performance loss, erratic operation,
unstable

+  Unable to drive vehicle (walk home)

*  Noncompliance with government regulations

*  Loss of steering or braking

NOTE: In some cases, the team conducting the analysis may not know
the end user effect, i.e. catalogue parts, off- the-shelf products,
Tier 3 components. When this information is not known, the
effects should be defined in terms of the part function and
specification. In these cases the system integrator is
responsible for ensuring the correct part for the application is
selected, i.e. auto, truck, marine, agriculture.

An additional column is shown on the Rating Tables for
"Corporate or Product Line Examples".

2.45 Failure Mode

A Failure Mode is defined as the manner in which an item could fail to
meet or deliver the intended function.
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The Failure Modes are derived from the Functions. 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 deficiencies exist in the
manufacturing process.

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

NOT RECOMMENDED — RECOMMENDED
Cracked sy Component cracked
Deformed SE— Component deformed
Fractured s Component fractured
Loose ’ Part loose

Oxidized w=====* Partoxidized

Sticking y 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 torque

+  Does not hold full torque

+  Inadequate structural support

+  Loss of structural support

+  No signal / Intermittent signal

+  Provides too much pressure/signal/voltage

+  Provides insufficient pressure/signal/voltage

*  Unable to withstand load/temperature/vibration

Failure Cause

A Failure Cause is an indication of why the failure mode could occur.
The consequence of a 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 also be Failure Causes. The cause should be listed as
concisely and completely as possible so that remedial efforis (controls
and actions) can be aimed at appropriate causes.
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The Failure Causes can be derived from the Failure modes of the next
lower level function and requirement and the potential noise factors (e.g.
from a Parameter Diagram).

Types of potential failure causes could be, but are not limited to:

* Inadequate design for functional performance (incorrect material
specified, incorrect geometry, incorrect part selected for application,
incorrect surface finish specified, inadequate travel specification,
improper friction material specified, insufficient lubrication capability,
inadequate design life assumption, incorrect algorithm, improper
maintenance instructions, etc.)

= System interactions (mechanical interfaces, fluid flow, heat sources,
controller feedback, etc.)

+  Changes over time (yield, fatigue, material instability, creep, wear,
corrosion, chemical oxidation, electro migration, over- stressing,
etc.)

+  Design inadequate for external environment (heat, cold, moisture,
vibration, road debris, road salt, etc.)

+  End user error or behavior (wrong gear used, wrong pedal used,
excessive speeds, towing, wrong fuel type, service damage, etc.)

+  Lack of robust design for manufacturing (part geometry allows part
installation backwards or upside down, part lacks distinguishing
design features, shipping container design causes parts to scratch
or stick together, part handling causes damage, etc.)

+  Software Issues (Undefined state, corrupted code/data)
Failure Analysis

Depending on whether the analysis is being done at the system,
sub-system or component level, a failure can be viewed as a failure
effect, failure mode, or failure cause. Failure Modes, Failure Causes and
Failure Effects should correspond with the respective column in the
FMEA Form.

Figure 2.4-4 shows a cascade of design-related failure modes, causes,
and effects from the vehicle level to the characteristic level. The focus
element (Failure Mode), Causes, and Effects are different depending on
the level of design integration. Consequently, a Failure Cause at the
OEM becomes a Failure Mode at a next (Tier1) level. However, Failure
Effects at the vehicle level (as perceived by the end user) should be
documented when known, but not assumed. Therefore, the
communication according to Figure 1.5-1 should be considered. Failure
Networks may be created by the organization that owns multiple levels
of the design. When multiple organizations are responsible for different
levels of the design they are responsible to communicate failure effects
to the next higher or next lower level as appropriate.
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DFMEA Potential Failure N kand Chain Analysi

Analysis Level

DFMEA | DFMEA | DFMEA | DFMEA

at at at Analysis Level Examples
Level1 | Level2 | Leveld

Failure Examples

Vehicle

System

System Element

ing time too long

Window Lifter Sy

g speed of window glass
too low

‘Window Lifter Motor

Torque and rotating velocity of
the window lifter motor too low

Sub-System Element

Focus El

c system
intermittently connects the
wrong coils (L1, L3 and L2
instead of L1, L2 and L3)

Component Element

Brush Card Base Body

Brush card body bends in
contact area of the carbon brush

40

Failure Chains

Figure 2.4-4 Failure Structure at different levels

{Dc;iﬁ.r;i“m-"m"" Brush Card Base Body Too low stiffness in carbon
Feature characteristic Characteristics brush contact area
g s Failure Network

To link Failure Cause(s) to a Failure Mode, the question should be "Why

is the Failure Mode happening?”

To link Failure Effects to a Failure Mode, the
happens in the event of a Failure Mode?"

question should be “What
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paramelerization

Functional Requirements:

Move window glass up and down
with a defined velocity
Fallure:

Torque and rotating velocity of the
window hifter molor oo low

Brush Card Base Body
Function

(suy

olor body 1
nin Ky ZE
'l:!l”lnj'.lllllf_]- (s

ntact point)

Fapiure
Brush card body bends in contact area of
the carbon brush

cummuuuon System

Carbon Brush

L 1u||un aystem transporis the

Cart
elic converter

Angle devialion by commutation
system intermittently connects the
wrong colls (L1, L3 and L2 instead
of L1, L2 and L3)

Funcrior

belwe ra
commutator surface
Failure:

Carbon brush transports 1oo litthe current

yon brush transports electrical current

ed wire and

Brush Card Base Body

Functie

Failure:...

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

2. Failure Mode (FM) of the
Focus Element

3. Failure Cause (FC) of the
Next Lower Element or
Characteristic

Torgue and rotating velocity of
the window lifter motor too low

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

of L1, L2 and L3)

Brush card body bends in
contact area of the carbon brush

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 Function Analysis, begin building the
Failure Chain.

1.

41

Failure Effects (FE):

The effect of failure associated with
and/or End User” in the Function An

Failure Mode (FM):

the “"Next Higher Level Element
alysis.

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.

Failure Analysis Documentation

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

1. Next Higher Level

1. Next Higher Level Function and
Requirement

1. Failure Effects (FE) to the
Next Higher Level Element
and/or End User

Window Lifter Motor

Convert electrical energy into
mechanical energy acc. to
parameterization

Torque and rotating velocity of
the window lifter motor too low

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

2. Focus Element

2. Focus Element Function and

2. Failure Mode (FM) of the
Focus Element

Commutation System

Requirement
Commutation system transports the
electrical current belween coil pairs of

the

romagnetic converter

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

instead of L1, L2 and L3)

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

3. Next Lower Level or

3. Next Lower Level Function and

3. Failure Cause (FC) of the
Next Lower Element or

Characteristic Type Requirement or Characteristic Characteristic
Brush i body transporis forces
2n spring and motor body to B .
rush card body bends in
ol 2 brush spring systeminx, y,
Brush Card Base Body he L].lllt.: .t_|u~1_: .‘_:;.|J.I ng 8y en '|.z .Ix y Bt e Bt ke Brusl
position (support commutating

contact paint)

42

Figure 2.4-9 View of Lower Level Item-Function-Failure Form
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Collaboration between Customer and Supplier (Failure
Effects)

The output of the Failure Analysis may be reviewed by customers and
suppliers prior to the Risk Analysis step or after to the Risk Analysis step
based on agreements with the customer and need for sharing with the
supplier.

2.410 Basis for Risk Analysis

Complete definition of potential failures will lead to a complete Step 5
Risk Analysis because the rating of Severity, Occurrence, and Detection
are based on the failure descriptions. The Risk Analysis may be
incomplete if potential failures are too vague or missing.

2.5Design FMEA 5th Step: Risk Analysis

43

2.5.1

252

Purpose

The purpose of Design Risk Analysis is to estimate risk by evaluating
Severity, Occurrence and Detection, and prioritize the need for actions.

The main objectives of the Design Risk Analysis are:
= Assignment of existing and/or planned controls and rating of failures
*  Assignment of Prevention Controls to the Failure Causes

+  Assignment of Detection Controls to the Failure Causes and/or
Failure Modes

+  Rating of Severity, Occurrence and Detection for each failure chain
+  Collaboration between customer and supplier (Severity)
«  Basis for the product or process Optimization step

Design Controls

Current design controls are proven considerations that have been
established for similar, previous designs. Design control documents are
a basis for the robustness of the design. Prevention-type controls and
detection-type controls are part of the current library of verification and
validation methods. Prevention controls provide information or guidance
that is used as an input to the design. Detection controls describe
established verification and wvalidation procedures that have been
previously demonstrated to detect the failure, should it occur. Specific
references to design features that act to prevent a failure or line items in
published test procedures will establish a credible link between the
failure and the design control. Those prevention and/or detection
methods that are necessary, but not part of a current library of defined
procedures should be written as actions in the DFMEA.
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2.5.3 Current Prevention Controls (PC)

Current Prevention Controls describe how a potential cause which
results in the Failure Mode is mitigated using existing and planned
activities. They describe the basis for determining the occurrence rating.
Prevention Controls relate back to the performance requirement.

For items which have been designed out-of-context and are purchased
as stock or catalog items from a supplier, the prevention control should
document a specific reference to how the item fulfills the requirement.
This may be a reference to a specification sheet in a catalog.

Current Prevention controls need to be clearly and comprehensively
described, with references cited. If necessary, this can be done by
reference to an additional document. Listing a control such as “proven
material” or “lessons learned” is not a clear enough indication.

The DFMEA team should also consider margin of safety in design as a
prevention control.

Examples of Current Prevention Controls:
+  EMC directives adhered to, directive 89/336/EEC

+  System design according to simulation, tolerance calculation and
Procedure - analysis of concepts to establish design requirements

*  Published design standard for a thread class

*  Heat treat specification on drawing

+  Sensor performance specifications.

*  Mechanical redundancy (fail-safe)

+  Design for testability

+  Design and Material standards (internal and external)

+  Documentation - records of best practices, lessons learned, etc.
from similar designs

*  Error-proofing (Poka-Yoke design i.e. part geometry prevents wrong
orientation)

*  Substantially identical to a design which was validated for a
previous application, with documented performance history.
(However, if there is a change to the duty cycle or operating
conditions, then the carry-over item requires re-validation in order
for the detection control to be relevant.)
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+ Shielding or guards which mitigate potential mechanical wear,
thermal exposure, or EMC

+  Conformance to best practices

After completion of the preventive actions the occurrence is verified by
the Detection Control(s).

Current Detection Controls (DC)

Current Detection Controls detect the existence of a failure cause or the
failure mode before the item is released for production. Current
Detection Controls that are listed in the FMEA represent planned
activities (or activities already completed), not potential activities which
may never actually be conducted.

Current Detection controls need to be clearly and comprehensively
described. Listing a control such as “Test” or “Lab Test" is not a clear
enough indication of a detection control. References to specific tests,
test plans or procedures should be cited as applicable, to indicate that
the FMEA team has determined that the test will actually detect the
failure mode or cause, if it occurs (i.e. Test No. 1234 Burst Pressure
Test, Paragraph 6.1).

Examples of Current Detection controls:
*  Function check

+  Burst test

*  Environmental test

+  Driving test

*  Endurance test

+  Range of motion studies

+  Hardware in-the-loop

+  Software in-the-loop

*  Design of experiments

+  Voltage output lab measurements

All controls that lead to a detection of the failure cause, or the failure
mode are entered into the “Current Detection Controls” column.
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Figure 2.5-1 Prevention and Detection in the Design FMEA

255 Confirmation of Current Prevention and Detection
Controls

The effectiveness of the current prevention and detection controls
should be confirmed. 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

Prevention Detection
100%

Design understanding
Sample Time
Calculation New calculation

Tests with

Simulation New simulation existing samples

DoE New experiments

Figure 2.5-2 Roadmap of design understanding
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2.5.6 Evaluations

Each failure mode, cause and effect relationship is assessed to estimate
risk. There are rating criteria for the evaluation of risk:

Severity (S): stands for the severity of the failure effect
Occurrence (O): stands for the occurrence of the failure cause

Detection (D): stands for the detection of the occurred failure cause
and/or failure mode.

Evaluation numbers from 1 to 10 are used for S, O, and D respectively,
where 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
product/ process appear to be identical, since each team's
environment is unique and thus their respective individual
ratings will be unique (i.e. the ratings are subjective).

2.5.7 - 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.
The rating is used to identify priorities relative to the scope of an
individual FMEA and is determined without regard for occurrence or
detection.

Severity should be estimated using the criteria in the Severity Table D1.
The table may be augmented to include product- specific examples. The
FMEA project team should agree on an evaluation criteria and rating
system, which is consistent even if modified for individual design
analysis.

The Severity evaluations of the failure effects should be transferred by
the customer to the supplier, as needed.
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Product General Evaluation Criteria Severity (S)

Potential Failure Effects rated according to the criteria below.

Blank until filled
in by user

Effect

Corporate or
Severity criteria Product Line
Examples

10

Very High

Affects safe operation of the vehicle and/or other vehicles,

the health of driver or passenger(s) or road users or
pedestrians.

Noncompliance with regulations.

High

Loss of primary vehicle function necessary for normal
driving during expected service life.

Degradation of primary vehicle function necessary for
normal driving during expected service life.

A (tn|m| ~

Moderate

Loss of secondary vehicle function.

Degradation of secondary vehicle function.

Very objectionable appearance, sound, vibration,
harshness, or haptics.

Low

Moderately objectionable appearance, sound, vibration,

harshness, or haptics.

Slightly objectionable appearance, sound, vibration,
harshness, or haptics.

Very low

No discernible effect.
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Table D1 - DFMEA SEVERITY (S)

2.5.8 Occurrence (0)

The Occurrence rating (O) is a measure of the effectiveness of the
prevention control, taking into account the rating criteria.

Occurrence ratings should be estimated using the criteria in the
Occurrence Table D2. The table may be augmented to include
product-specific examples. The FMEA project team should agree on an
evaluation criteria and rating system, which is consistent, even if
modified for individual de-sign analysis (i.e. passenger car, fruck,
motorcycle, etc.).

The Occurrence rating number is a relative rating within the scope of the
FMEA and may not reflect the actual occurrence.

The Occurrence rating describes the potential of the failure cause to
occur in customer operation, according to the rating table, considering
results of already completed detection controls.
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Expertise, data handbooks, warranty databases or other experiences in

the field of comparable products, for example, can be consulted for the

analysis of the evaluation numbers.

When failure causes are rated for occurrence, it is done taking into

account an estimation of the effectiveness of the current prevention

control. The accuracy of this rating depends on how well the prevention
control has been described.

Questions such as the following may be helpful for a team when trying to

determine the appropriate Occurrence rating:

What is the service history and field experience with similar
components, subsystems, or systems?

Is the item a carryover product or similar to a previous level item?
How significant are changes from a previous level item?

Is the item completely new?

What is the application or what are the environmental changes?

Has an engineering analysis (i.e. reliability) been used to estimate

the expected comparable occurrence rate for the application?
Have prevention controls been put in place?

Has the robustness of the product been proven during the product

development process?
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Occurrence Potential (O) for the Product

Potential Failure Causes rated according to the criteria below. Consider Product
Experience and Prevention Controls when determining the best Occurrence estimate

(Qualitative rating).

Blank until
filled in by user

Prediction of
Failure Cause
Occurring

Occurrence criteria - DFMEA

Corporate or
Product Line
Examples

10

Extremely high

First application of new technology anywhere without
operating experience and / or under uncontrolled operating
conditions. No product verification and/or validation
experience.

Standards do not exist and best practices have not yet been
determined. Prevention controls not able to predict field
performance or do not exist.

Very high

First use of design with technical innovations or materials
within the company. New application or change in duty cycle
| operating conditions. No product verification and/or
validation experience.

Prevention controls not targeted to identify performance to
specific requirements.

First use of design with technical innovations or materials on
a new application. New application or change in duty cycle /
operating conditions. No product verification and/or
validation experience.

Few existing standards and best practices, not directly
applicable for this design. Prevention controls not a reliable
indicator of field performance.
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Occurrence Potential (O) for the Product

Potential Failure Causes rated according to the criteria below. Consider Product
Experience and Prevention Controls when determining the best Occurrence estimate

(Qualitative rating).

Blank until
filled in by user

Prediction of
(o] Failure Cause
Occurring

Occurrence criteria - DFMEA

Corporate or
Product Line
Examples

High

New design based on similar technology and materials. New
application or change in duty cycle / operating conditions.
No product verification and/or validation experience.
Standards, best practices, and design rules apply to the
baseline design, but not the innovations. Prevention controls
provide limited indication of performance

Similar to previous designs, using existing technology and
materials. Similar application, with changes in duty cycle or
operating conditions. Previous testing or field experience.
Standards and design rules exist but are insufficient to
ensure that the failure cause will not occur. Prevention
controls provide some ability to prevent a failure cause.

Moderate

Detail changes to previous design, using proven technology
and materials. Similar application, duty cycle or operating
conditions. Previous testing or field experience, or new
design with some test experience related to the failure.
Design addresses lessons learned from previous designs.
Best Practices re-evaluated for this design but have not yet
been proven. Prevention controls capable of finding
deficiencies in the product related to the failure cause and
provide some indication of performance.

Almost identical design with short-term field exposure.
Similar application, with minor change in duty cycle or
operating conditions. Previous testing or field experience.
Predecessor design and changes for new design conform to
best practices, standards, and specifications. Prevention
controls capable of finding deficiencies in the product related
to the failure cause and indicate likely design conformance.
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Occurrence Potential (O) for the Product

Potential Failure Causes rated according to the criteria below. Consider Product
Experience and Prevention Controls when determining the best Occurrence estimate

(Qualitative rating).

Blank until
filled in by user

Prediction of
Failure Cause
Occurring

Occurrence criteria - DFMEA

Corporate or
Product Line
Examples

Low

Detail changes to known design (same application, with
minor change in duty =ycle or operating conditions) and
testing or field experience under comparable operating
conditions, or new design with successfully completed test
procedure.

Design expected to conform to Standards and Best
Practices, considering Lessons Learned from previous
designs. Prevention controls capable of finding deficiencies
in the product related to the failure cause and predict
conformance of production design.

Very low

Almost identical mature design with long term field
exposure. Same application, with comparable duty cycle
and operating conditions. Testing or field experience under
comparable operating conditions.

Design expected to conform to Standards and Best
Practices, considering Lessons Learned from previous
designs, with significant margin of confidence. Prevention
controls capable of finding deficiencies in the product related
to the failure cause and indicate confidence in design
conformance.

1

Extremely low

Failure eliminated through preventive control and failure
cause is not possible by design

Product Experience: History of product usage within the company (Novelty of design, application or
use case). Results of already completed detection controls provide experience with the design.

Prevention Controls: Use of Best Practices for product design, Design Rules, Company Standards,
Lessons Learned, Industry Standards, Material Specifications, Government Regulations and
effectiveness of prevention oriented analytical tools including Computer Aided Engineering, Math
Modeling, Simulation Studies, Tolerance Stacks and Design Safety Margins

Note: O 10, 9, 8, 7 can drop based on product validation activities.
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Table D2 - DFMEA Occurrence (0)
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2.5.9 Detection (D)

The Detection rating (D) is an estimated measure of the effectiveness of
the detection control to reliably demonstrate the failure cause or failure
mode before the item is released for production. The detection rating is
the rating associated with the most effective detection control.

Detection is a relative rating, within the scope of the individual FMEA
and is determined without regard for severity or occurrence. Detection
should be estimated using the criteria in Table D3. This table may be
augmented with examples of common detection methods used by the
company. The FMEA project team should agree on an evaluation criteria
and rating system, which is consistent, even if modified for individual
product analysis.

The detection rating is initially a prediction of the effectiveness of any yet
unproven control. The effectiveness can be verified and re-evaluated
after the detection control is completed. However, the completion or
cancellation of a detection control (such as a test) may also affect the
estimation of occurrence.

In determining this estimate, questions such as the following should be
considered:

+  Which test is most effective in detecting the Failure Cause or the
Failure Mode?

+  What is the usage Profile / Duty Cycle required detecting the
failure?

+«  What sample size is required to detect the failure?

+ Is the test procedure proven for detecting this Cause / Failure
Mode?

Detection Potential (D) for the Validation of the Product Design

Detection Controls rated according to Detection Method Maturity and Opportunity for Blank until
Detection. filled in by user
. Corporate or
p | ApEate Detection Method Maturity Oppoftuntty for | Product Line
Examples
10 Test procedure yet to be developed. TQStdn;%t_lh:dd ok
Very low -Fai _to-
9 i Test method not designed specifically to F;f:f gg";;rg:tti ;ﬁ
detect failure mode or cause. : T egtin 9
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Detection Potential (D) for the Validation of the Product Design

Detection Controls rated according to Detection Method Maturity and Opportunity for

Blank until

Detection. filled in by user
" Corporate or
D All;ﬂi?c:o Detection Method Maturity Opg‘;;:':;g_lfor Product Line
Examples
Pass-Fail, Test-to-
8 New test method; not proven. Fail, Degradation
Low Testing
Proven test method for verification of Pass-Fail Testing
functionality or validation of performance, TP oo
quality, reliability and durability; planned Toctia feain
Niodiiiie timing is later in the product development
odera i H
cycle such that test failures may result in . .
8 production delays for re-design and/or Degradatian Testing
re-tooling.
4 Proven test method for verification of Pass-Fail Testing
functionality or validation of performance, o Fal
2 High quality, reliability and durability; planned Toecio ok
timing is sufficient to modify production " .
» tools before release for production. Degradation Testing
Prior testing confirmed that failure mode or cause cannot occur,
1 Very high | or detection methods proven to always detect the failure mode or
failure cause.
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Table D3 - DFMEA DETECTION (D)

2.5.10 Action Priority (AP)

Once the team has completed the initial identification of Failure Modes,
Failure Effects, Failure Causes and controls, including ratings for
severity, occurrence, and detection, they must decide if further efforts
are needed to reduce the risk. Due to the inherent limitations on
resources, time, technology, and other factors, they must choose how to
best prioritize these efforts.

The Action Priority (AP) method is introduced in this handbook. It
accounts for all 1000 possible combinations of S, O, and D. It was
created to give more emphasis on severity first, then occurrence, then
detection. This logic follows the failure-prevention intent of FMEA. The
AP table offers a suggested high-medium-low priority for action.
Companies can use a single system to evaluate action priorities instead
of multiple systems required from multiple customers.
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Risk Priority Numbers are the product of S x O x D and range from 1 to
1000. The RPN distribution can provide some information about the
range of ratings, but RPN alone is not an adequate method to determine
the need for more actions since RPN gives equal weight to S, O, and D.
For this reason, RPN could result in similar risk numbers for very
different combinations of S, O, and D leaving the team uncertain about
how to prioritize. When using RPN it is recommended to use an
additional method to prioritize like RPN results such as S x O. The use of
a Risk Priority Number (RPN) threshold is not a recommended practice
for determining the need for actions. The RPN and S x O methods are
not included in this publication.

Risk matrices can represent combinations of S and O, S and D, and O
and D. These matrices provide a visual representation of the results of
the analysis and can be used as an input to prioritization of actions
based on company-established criteria not included in this publication.

Since the AP Table was designed to work with the Severity, Occurrence,
and Detection tables provided in this handbook, if the organization
chooses to modify the S, O, D, tables for specific products, processes, or
projects, the AP table should also be carefully reviewed.

' Note:  Action Priority rating tables are the same for DFMEA and

PFMEA, but different for FMEA-MSR.

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

The team needs to either identify an appropriate
action to improve Prevention and / or Detection
Controls or justify and document why current
controls are adequate.

Priority Medium (M): Medium priority for review and action.

The team should identify appropriate actions to
improve prevention and / or detection controls,
or, at the discretion of the company, justify and
document why controls are adequate.

Priority Low (L): Low priority for review and action.

The team could identify actions to improve
prevention or detection controls.

It is recommended that potential Severity 9-10 Failure Effects with
Action Priority High and Medium, at a minimum, be reviewed by
management including any recommended actions that were taken.
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This is not the prioritization of High, Medium, or Low risk, it is the
prioritization of the actions to reduce risk.

Note: It may be helpful to include a statement such as "No further
action is needed” in the Remarks field as appropriate.

Action Priority (AP) for DFMEA and PFMEA

Action Priority is based on combinations of Severity, Occurrence, and Detection ratings ?:Iae’réki:: T)ﬁl
in order to prioritize actions for risk reduction. e Y
Prediction of ACTION
Effect S | Failure Cause | O Ability to Detect D PRIORITY | Comments
Occurring (AP)
Low - Very low 7-10 H
. Moderate 5-6 H
Very high 8-10 7
High 2-4 H
Very high 1 H
Low - Very low 7-10 H
Hih 67 Moderate 5-6 H
| -
- High 24 H
Product or Very high 1 H
Plant Low - Very low 7-10 H
Effect | 910
7 Moderate 5-6 H
Very high Moderate 4-5 »
High 2-4 H
Very high 1 M
Low - Very low 7-10 H
L 2.3 Moderate 5-6 M
ow High 24 L
Very high 1 L
Very high - Very
Very low 1 oW 1-10 L
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Action Priority (AP) for DFMEA and PFMEA

Action Priority is based on combinations of Severity, Occurrence, and Detection ratings %Ill“:éki:gm
in order to prioritize actions for risk reduction. Py v
Prediction of ACTION
Effect S | Failure Cause (o] Ability to Detect D PRIORITY | Comments
Occurring (AP)
Low - Very low 7-10 H
: Moderate 5-6 H
Very high 8-10 High 24 H
Very high 1 H
Low - Very low 7-10 H
: Moderate 5-6 H
High 67 High 24 H
Product or Very high 1 M
Plant 7.8 Low - Very low 7-10 H
Effed Moderate 4-5 MUh >0 M
High High 24 M
Very high 1 M
Low - Very low 7-10 M
Moderate 5-6 M
bow &2 High 24 L
Very high 1 L
Very low 1 | VeyRoh-Veny | 410 L
Low - Very low 7-10 H
. Moderate 5-6 H
Very high 8-10 High 24 m
Very high 1 M
Low - Very low 7-10 M
; Moderate 5-6 M
High &7 High 24 M
Product or Very high 1 L
Plant 46 Low - Very low 7-10 M
Effect Modasite 45 Moderate 5-6 IL
Moderate odera High 24 3
Very high 1 L
Low - Very low 7-10 L
Moderate 5-6 L
Low &3 High 24 L
Very high 1 L
Very low 1 | Vewhoh-Vey | 449 L
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Action Priority (AP) for DFMEA and PFMEA

Action Priority is based on combinations of Severity, Occurrence, and Detection ratings in ?:Izrc"ki:';ﬁl
order to prioritize actions for risk reduction. upor Y
Predicti
of Failure ACTION
Effect -] Cause (o] Ability to Detect D PRIORITY | Comments
Occurring (AP)
Low - Very low 7-10 M
Moderate 5-6 M
Very high 8-10
High 2-4 L
Very high 1 L
Low - Very low 7-10 L
Moderate 5-6 L
High 6-7
High 2-4 E
Very high 1 L
Low - Very low 7-10 L
Product or
Plant Effect | 2-3 Moderate 5-6 L
Low
Moderate 4-5 High 2-4 L
Very high 1 L
Low - Very low 7-10 L
Moderate 5-6 L
High 2-4 L
Low 23 Very high 1 L
Very high - Very 1-10 L
low
Very low 1 Very h;g:f’ Vey | 1.0 L
Mo
: : Very low -
discernible 1 : 1-10
Effect Very high

Table AP — ACTION PRIORITY FOR DFMEA and PFMEA
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FAILURE ANALYSIS (STEP 4) DFMEA RISK ANALYSIS (STEP 5)
1.Faluro 3. Failure 2 E -
™ IS Cause (FC) | vt | S| cument | & [ g | £
Higher % | 2 Failure Mode | of the Next =4 O | Detection | S o
Lavel = (FM) of the Focus Lower Control | 8 Controls o g ]
Element £ Element Element or (PC) of é (DC) of FC |8
and/or End g Charai.clenst FC ok 2 o]
User 2 2 g =
Torque 6 Angle deviation Brush card | Simulatio [ 2 | Sample 2 L
and rotating by commutation body bends | n of test:
velocity of system in contact dynamic measuring
the window intermittently area of the | forces on the elastics
lifter motor connects the carbon brush and plastic
too low wrong coils (L1, L3 | brush card deformation
and L2 instead of body effects of
L1, L2 and L3) acc. brush card
FEM body acc.
6370 test spec.
MRJ82/60
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Figure 2.5-3 Example of DFMEA Risk Analysis Form

2.5.11

Collaboration between Customer and Supplier (Severity)

The output of the Risk Analysis creates the mutual understanding of
technical risk between customers and suppliers. Methods of
collaboration range from verbal to formal reports. The amount of
information shared is based on the needs of a project, company policy,
contractual agreements, and so on. The information shared depends on
the placement of the company in the supply chain. Some examples are
listed below.

1.

The OEM may compare design functions, failure effects, and
severity from a wvehicle-level DFMEA with the Tier 1 supplier
DFMEA.

The Tier 1 supplier may compare design functions, failure effects,
and severity from a subsystem DFMEA with the Tier 2 supplier who
has design responsibility.

The Tier 1 supplier communicates necessary information about
product characteristics on product drawings and/or specifications,
or other means, including designation of standard or special
characteristics and severity. This information is used as an input to
the Tier 2 supplier PFMEA as well as the Tier 1's internal PFMEA.
When the design team communicates the associated risk of making
product characteristics out of specification the process team can
build in the appropriate level of prevention and detection controls in
manufacturing. Reference: PFMEA Section 3.4 for more
information.
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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 reviews, and cross-functional
team meetings lead to Step 6 Optimization.

2.6Design FMEA 6th Step: Optimization

60

2.6.1

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:
« Identification of the actions necessary to reduce risks

* Assignment of responsibiliies and deadlines 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

*  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 satisfaction 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 not 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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2.6.2

2.6.3

If the team decides that no further actions are necessary, “No further
action is needed" is written in the Remarks field to show the risk analysis
was completed.

The DFMEA should be used to assess technical risks related to
continuous improvement of the design.

The optimization is most effective in the following order:
+  Design modifications to eliminate or mitigate a Failure Effect (FE).

*  Design modifications to reduce the Occurrence (O) of the Failure
Cause (FC)

* Increase the Detection (D) ability for the Failure Cause (FC) or
Failure Mode (FM).

* In the case of design medifications, all impacted design elements
are evaluated again.

In the case of concept modifications, all steps of the FMEA are reviewed
for the affected sections. This is necessary because the original analysis
is no longer valid since it was based upon a different design concept.

Assignment of Responsibilities
Each action should have a responsible individual and a Target

Completion Date (TCD) associated with it.

The responsible person ensures the action status is updated. If the
action is confirmed this person is also responsible for the action
implementation.

The Actual Completion Date for Preventive and Detection Actions is
documented including the date the actions are implemented.

Target Completion Dates should be realistic (i.e. in accordance with the
product development plan, prior to process validation, prior to start of
production).

Status of the Actions

Suggested levels for Status of Actions:
Open

No action defined.
Decision pending (optional)

The action has been defined but has not yet decided on. A
decision paper is being created.

Implementation pending (optional)
The action has been decided on but not yet implemented.
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2.6.5

Completed

Completed actions have been implemented and their
effectiveness has been demonstrated and documented. A final
evaluation has been done.

Not Implemented

Not Implemented status is assigned when a decision is made
not to implement an action. This may occur when risks related
to practical and technical limitations are beyond current
capabilities.

The FMEA is not considered “complete” until the team assesses each
item’s Action Priority and either accepts the level of risk or documents
closure of all actions.

If “No Action Taken", then Action Priority is not reduced and the risk of
failure is carried forward into the product design. Actions are open loops
that need to be closed in writing.

Assessment of Action Effectiveness

When an action has been completed, Occurrence, and Detection values
are reassessed, and a new Action Priority may be determined.

The new action receives a preliminary Action Priority rating as a
prediction of effectiveness.

However, the status of the action remains “implementation pending” until
the effectiveness has been tested. After the tests are finalized the
preliminary rating has to be confirmed or adapted, when indicated. The
status of the action is then changed from “implementation pending” to
“completed”.

The reassessment should be based on the effectiveness of the
Preventive and Detection Actions taken and the new values are based
on the definitions in the Design FMEA Occurrence and Detection rating
tables.

Continual Improvement

The DFMEA serves as an historical record for the design. Therefore, the
original Severity, Occurrence, and Detection (S, O, D) numbers need to
be visible or at a minimum available and accessible as part of version
history. The completed analysis becomes a repository to capture the
progression of design decisions and design refinements. However,
original S, O, D ratings may be modified for foundation, family or generic
DFMEAs because the information is used as a starting point for an
application-specific analysis.
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DFMEA RISK ANALYSIS (STEP 5) DFMEA OPTIMIZATION (STEP 6)
= in
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FEM 6370 effects of current
brush card under
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MRJ82/60 acc. Test
spec.
MRJ1140

Figure 2.6-1 Example of DFMEA Optimization with new Risk Evaluation Form

2.6.6 Collaboration between the FMEA team, Management,
Customers, and Suppliers regarding Potential Failures

Communication between the FMEA team, management, customers and
suppliers during the development of the technical risk analysis and/or
when the DFMEA is initially complete brings people together to improve
their understanding of product functions and failures. In this way, there is
a transfer of knowledge that promotes risk reduction.

2.7Design FMEA 7" Step: Results Documentation

271
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Purpose

The purpose of the Results Documentation step is to summarize and
communicate the results of the FMEA activity.
The main objectives of Design Results Documentation are:

s Communication of results and conclusions of the analysis

e [Establishment of the content of the documentation

e Documentation of actions taken including confirmation of the
effectiveness of the implemented actions and assessment of risk
after actions taken

e Communication of actions taken to reduce risks, including within
the organization, and with customers and/or suppliers as

appropriate

e Record of risk analysis and risk reduction to acceptable levels
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2.7.2 FMEA Report

The report may be used for communication purposes within a company,
or between companies. The report is not meant to replace reviews of the
DFMEA details when requested by management, customers, or
suppliers. It is meant to be a summary for the DFMEA team and others
to confirm completion of each of the tasks and review the results of the
analysis.

It is important that the content of the documentation fulfills the
requirements of the organization, the intended reader, and relevant
stakeholders. Details may be agreed upon between the parties. In this
way, it is also ensured that all details of the analysis and the intellectual
property remain at the developing company.

The layout of the document may be company specific. However, the
report should indicate the technical risk of failure as a part of the

development plan and project milestones. The content may include the
following:

A. A statement of final status compared to original goals established in
1.5 Project Plan

a. FMEA Intent — Purpose of this FMEA?

b. FMEA Timing — FMEA due date?

c. FMEA Team - List of participants?

d. FMEA Task - Scope of this FMEA?

e. FMEA Tool — How do we conduct the analysis Method used?

B. A summary of the scope of the analysis and identify what is new.

12

A summary of how the functions were developed.

D. A summary of at least the high-risk failures as determined by the
team and provide a copy of the specific S/O/D rating tables and
method of action prioritization (e.g. Action Priority table).

E. A summary of the actions taken and/or planned to address the
high-risk failures including status of those actions.

F. A plan and commitment of timing for ongoing FMEA improvement
actions.

a. Commitment and timing to close open actions.

b. Commitment to review and revise the DFMEA during mass
production to ensure the accuracy and completeness of the
analysis as compared with the production design (e.g.
revisions triggered from design changes, corrective actions,
etc., based on company procedures). (Refer to section 1.4
Case 3 FMEA revisions)

c. Commitment to capture “things gone wrong” in foundation
DFMEAs for the benefit of future analysis reuse, when
applicable. Refer to section 1.3.6 Foundation and Family
FMEAs)
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3 EXECUTION OF THE PROCESS FMEA (PFMEA)
3.1Process FMEA 1st Step: Planning and Preparation

65

3.141

Purpose

The purpose of the Process Planning and Preparation Step is to
describe what product/processes are to be included or excluded for
review in the PFMEA project.

The process takes into account that all processes within the facility can
be analyzed or reanalyzed using PFMEA. This process allows an
organization to review all processes at a high level and to make a final
determination for which processes will be analyzed. The overall
advantage of Preparation is to focus resources on processes with the
highest priority.

The main objectives of the Process Planning and Preparation Step
are:

*  Project identification

*  Project plan: InTent, Timing, Team, Tasks, Tools (5T)

*  Analysis boundaries: What is included and excluded from the
analysis

+ ldentification of baseline FMEA with lessons learned

+  Basis for the Structure Analysis step
PFMEA Project Identification and Boundaries

PFMEA Project identification includes a clear understanding of what
needs to be evaluated. This involves a decision-making process to
define the PFMEAs that are needed for a customer program. What to
exclude can be just as important as what to include in the analysis.

Below are some basic questions that help identify PFMEA projects.
+  Whatis the customer buying from us?
«  Are there new requirements?

+  What specific process/elements cause a risk in imparting the
requirement/characteristic?

*  Does the customer or company require a PFMEA?

+ Do we make the product and have design control?

* Do we buy the product and still have design control?

+ Do we buy the product and do not have design control?
*  Who is responsible for the interface design?

+ Do we need a system, subsystem, component, or other level of
analysis?
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Answers to these questions and others defined by the company help
create the list of DFMEA projects needed. The PFMEA project list
assures consistent direction, commitment and focus.

The following may assist the team in defining PFMEA boundaries, as
available:

+  Legal Requirements
*  Technical Requirements

= Customer wants/needs/expectation (external and internal
customers)

*  Requirements specification

+  Diagrams (Block/Boundary/System)

+  Schematics, Drawings, and/or 3D Models
+  Bill of Materials (BOM), Risk Assessment
*  Previous FMEA for similar products

+  Error proofing requirements, Design for Manufacturability and
Assembly (DFM/A)

+  QFD Quality Function Deployment

Preparation needs to be established at the start of the process to assure
consistent direction and focus, i.e. an entire process line, process item /
process element.

Processes within the plant that can impact the product quality and can
be considered for PFMEA analysis: receiving processes, part and
material storage, product and material delivery, manufacturing,
assembly, packaging, labeling, completed product transportation,
storage, maintenance processes, detection processes and rework and
repair processes, etc.
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Tovel

Figure 3. 1-1 Demonstration of the process for narrowing the Preparation

The following may be considered in defining the scope of the PFMEA, as
appropriate:

Novelty of technology/ Degree of innovation

Quality/Reliability History (In-house, zero mileage, field failures,
warranty and policy claims for similar products)

Complexity of Design

Safety of people and systems

Cyber-Physical System (including cyber-security)
Legal Compliance

Catalog & standard parts

Items that may assist in determining whether an existing PFMEA should

be included in the final scope:

New development of products & processes.
Changes to products or processes
Changes to the operating conditions

Changed requirements (laws/regulations, standards/norms,
customers, state of the art)

Manufacturing experience, 0 km issues, or field issues / Warranty
Process failures that may result in hazards

Findings due to internal product monitoring

Ergonomic issues

Continuous Improvement
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313

315

PFMEA Project Plan

A plan for the execution of the PFMEA should be developed once the
DFMEA 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
organization also needs to factor in development of the applicable
Customer Specific Requirement(s) (CSRs) methods and/or deliverables
into the project plan. The plan for the PFMEA helps the company be
proactive in starting the PFMEA early. The DFMEA activities (7-step
process) should be incorporated into the overall project plan.

Identification of the Baseline PFMEA

Part of the preparation for conducting the PFMEA is knowing what
information is already available that can help the cross-functional team.
This includes use of a foundation PFMEA (described in Section 1.3),
similar product PFMEA, or product foundation PFMEA. The foundation
PFMEA is a specialized foundation process FMEA for products that
generally contain common or consistent product boundaries and related
functions. For a new product in the foundation, added to this foundation
PFMEA would be the new project specific components and functions to
complete the new product's PFMEA. The additions for the new product
may be in the foundation PFMEA itself, or in a new document with
reference to the original family or foundation PFMEA. If no baseline is
available, then the team will develop a new PFMEA.

Process FMEA Header

During Preparation, the header of the PFMEA document should be filled
out. The header may be modified to meet the needs of the organization
and includes some of the basic PFMEA Preparation information as
follows:
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Company Name: Name of Company Responsible of PFMEA
Manufacturing Location: Geographical Location

Customer Name: Name of Customer(s) or Product Family
Model Year / Program(s): Customer Application or Company Model
/Style

Subject: Name of PFMEA project

PFMEA Start Date: Start Date

PFMEA Revision Date: Latest Revision Date
Cross-Functional Team: Team: Team Roster needed

PFMEA ID Number: Determined by Company

Process Responsibility: Name of PFMEA owner
Confidentiality Level: Business Use, Proprietary, Confidential

A ralusie (Brocoec CAMOA

.'iiiann-l'ng_.and P—reparatio;iismp 1)

Company Acme Subject: PX123 Manual
Name: Autornotive Column
Assembly
Manufacturin  Plant 6, PFMEA Start 19-Mar-2018 PFMEA ID 654321
g Location: Saginaw, Date: Number:
Michigan

Customer Jackson PFMEA 25-Sep-2018 Process B. Black
Name: Industry Revision Responsibilit

Date: y:
Model Year(s) 2020 PX123 Cross See Team List Confidentialit Confidential
/ Program (s): Functional y Level:

Team:

Figure 3.1-2 Example of Completed PFMEA Header Preparation (Step 1)

3.2 Process FMEA 2nd Step: Structure Analysis

3.21 Purpose

The purpose of Process Structure Analysis is to identify and breakdown
the manufacturing system into Process items, Process steps, and

Q Process Work Elements.
The main objectives of a Process Structure Analysis are:

ﬁ +  Visualization of the analysis scope
+  Structure tree or equivalent: process flow diagram

@ * Identification of process steps and sub-steps
+  Collaboration between customer and supplier engineering teams
(interface responsibilities)

«  Basis for the Function Analysis step
A Process Flow Diagram or a Structure Tree helps define the process
and provide the basis for Structure Analysis. Formats may vary by
company including the use of symbols, symbol type and their meaning.
A Process FMEA is intended to represent the process flow as it
physically exists when “walking the process”, describing the flow of the
product through the process. Function Analysis (Step 3) should not
begin until Structure Analysis (Step 2) is complete.
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3.22

Process Flow Diagram

A Process Flow Diagram is a tool that can be used as an input to the
Structure Analysis.

Incoming inspection for
production components
E’\_ Transport components from
e warehouse to production line

[OP 10] Grease bearing shaft

[OF 20] Grease gear wheel

Transport

into housing

Transport

O
O
0
O [OP 30] Press sintered bearing
=
O

[OP 40] Gear cover assembly

|:> Transport

O [oP ..

O
A

3.2.3

Test Characienshc

Assembly Inspection

o OOob

Transport

Store parts to be shipped to customer

Figure 3.2-1 Process Flow Diagram

Structure Tree

The structure tree arranges 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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ProductProcess | Process Step/Station [ 4M Elements
l ] ] 1P "wjm‘! | (M. Machine. Matarial Envisonbent])

L [OP 10] Greasing Process (bearing shaft) | ;
f—————————— [opentar

- S p—— — - — e
R | Process Flow / [ g Device
- I|' L e ——————
/ ‘ [OP 20] Greasing Process (gear wheel) k—{{ Grease
= I,f | E‘ | EnvironMent ...

| Operator
Electrical Motor
__Assembly Line

| /A Press Machine

{
\‘\\i [OP 30] Sintered Bearing Press-in Process f\/\ -

'\\i [OP 40] Gear Cover assembly Process | b e _"J
\
\

1 . [CIP...L.,“ o R J

Figure 3.2-2 Example of Structure Analysis Structure Tree (Electrical Motor Assembly Line)

The Process Item 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 Steps.

Electrical Motor Assembly Line

Figure 3.2-3 Process Item

The Process Step is the focus of the analysis. Process Step is a
manufacturing operation or station.
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‘ Process Step/Station

{Process Eloment)

l [OP 10] Greasing Process (bearing shaft)

Process Flow

[ [OP 20] Greasing Process (gear wheel)

I

‘ [OP 30] Sintered Bearing Press-in Process

L

l [OP 40] Gear Cover assembly Process

‘ [oP..]...

Figure 3.2-4 Process Steps

The Process Work Element is the lowest level of the process flow or
structure tree. Each work element is the name of a main category 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
identify Failure Causes.

4M Categories: Machine

Man

Material (Indirect)

Milieu (EnvironMent)

Additional categories could be, but are not limited to:
Method

Measurement
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STRUCTURE ANALYSIS (STEP 2)

1. Process ltem
a5 el = 2. Process Step 3. Process Work Element
ystem, Subsystem, Part tation No. and Name of Focus
Element or Name of Process - Eleimant 4M Type

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

Electrical Motor Assy Line [OP 30] Sintered Bearing Press-In Press Machine
Process

Figure 3.2-5 Example of Structure Analysis Form

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.

3.24 Collaboration between Customer and Supplier
engineering teams (interface responsibilities)

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

3.2.5 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 Structure Analysis they will also be missing from the
Function Analysis.
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3.3Process FMEA 3rd Step: Function Analysis

74

3.31

3.3.2

Purpose

The purpose of the Process Function Analysis is to ensure that the
intended functions / requirements of the product / process are
appropriately allocated.

The main objectives of a Process Function Analysis are:

+  Visualization of product or process functions

«  Function tree/net or equivalent process flow diagram

*  Association of requirements or characteristics to functions

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

+  Basis for the Failure Analysis step
Function

A function describes what the process item or process step is intended
to do. There may be more than one function for each process item or
process step.

Prior to beginning the Function Analysis, information to be gathered
could include but is not limited to; product and process functions,
product/process requirements, manufacturing environment conditions,
cycle time, occupational or operator safety requirements, environmental
impact, etc. This information is important in defining the “positive”
functions and requirements needed for the Functional Analysis.

The description of a Function needs to be clear.

The recommended phrase format is to use an “action verb” followed by a
“noun” to describe the measurable process function (‘DO THIS" “TO
THIS").

A Function should be in the "PRESENT TENSE"; it uses the verb's base
form (deliver, contain, control, assemble, transfer).
Examples: Drill hole, apply glue, insert pin, weld bracket

The Function of the Process Item begins at a high level, and references
the Process Item in the Structure Analysis. As a high- level description, it
can take into account functions such as: Internal function, external
function, customer related function and/or end user function.

' Note:  The negative of these will be the Failure Effects.

Example: Assemble components

The Function of the Process Step describes the resulting product
features produced at the station.
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3.33

l Note:  The negative of these will be the Failure Modes.

Example: Press in sintered bearing to pole housing

The Function of the Process Work Element reflects the contribution to
the Process Step to create the process / product features.

| Note:  The negative of these will the Failure Causes.

Example: Get sintered bearing from chute manually
Example: Press force to press sintered bearing into pole housing

For the logical linking of a function and structure, questions are asked
as:

“What does it do?"

How to achieve the product / process requirements - from right to left
(Process Item — Process Step — Process Work Element)

“"How?"

Why implement the product / process requirements - from left to right
(Process Work Element — Process Step — Process Item)

Requirement(s) (Characteristics)

A Characteristic is a distinguishing feature (or quantifiable attribute) of a
product. For example, a diameter or surface finishes. For PFMEA,
Requirements are described in terms of Product Characteristics and
Process Characteristics.

Note: The negative of these will be the Failure Mode and the Failure
Cause.

A Product Characteristic (Requirement) is related to the performance of
a process function and can be judged or measured. A product
characteristic is shown on a product drawing or specification document
i.e. Geometry, Material, Surface Finish, Coatings, etc. Process functions
create product characteristics. The design documents comprehend legal
requirements (i.e. lead- free material), industry requirements (i.e. thread
class), customer requirements (i.e. quantity), and internal requirements
(i.e. part cleanliness). Product characteristics can be measured after the
product has been made (i.e. gap). Product Characteristics can come
from performance requirements, i.e., legal (performance of windshield
wipers). In these cases, the measurable Product Characteristic should
be listed, followed by the Performance Requirement, i.e., Spline
Over-pin Diameter (Government Windshield Wiper Regulation XYZ).
The specific quantitative value is optional for the PFMEA form.
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Product Characteristics:
+  |.e. may be derived from various sources, external and internal
Legal requirements:

+  lLe. compliance with designated health & safety and environmental
protection regulations

Industry Norms and Standards:
+ l.e.1SO 9001, VDA Volume 6 Part 3, Process Audit, SAE J
Customer Requirements:

*  According to customer specifications, i.e. adherence to required
quality, manufacture and provision of product(s) in time x and
quantity y (output z/hour)

Internal Requirements:

*  l.e. manufacture of the product, in process cycle, compliance with
expected production costs (i.e. facilities availability, limited rejects,
no corrective work), production system principles, process quality
and cleanliness instructions

Process Characteristics:

+ A Process Characteristic is the process control that ensures the
Product Characteristic is achieved by the process. It may be shown
on manufacturing drawings or specifications (including operator
work instructions, set-up instructions, error-proofing verification
procedures, etc.). Process characteristics can be measured while
the product is being made (i.e. press force). The specific
quantitative value is optional for the PFMEA form.
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Figure 3.3-1Example of Parameter Diagram of Press in Sintered Bearing

3.3.4 \Visualization of functional relationships

The interaction of process item 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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Electrical Motor / Assembly Line

[OP 30] Sintered Bearing Press-n Process

Operator

Operator

Press Machine

AR D g1 # LAY Press Machine

Pross Machine

.p/:

Press Machine

Figure 3.3-2 Example of Function Analysis Structure Tree

1. Function of the Process Item
Function of System, Subsystem,
Part Element or Process

2. Function of the Process
Step and Product Characteristic
(Quantitative value is optional)

3. Function of the Process
Work Element and Process
Characteristic

Your Plant

Assembly of shaft into pole
housing assembly

Ship to Plant

Assembly of motor to vehicle door
End User:

Window s and lowers

Press in bearing to

i -
acnie n in pole

housing to max gap per print

sintered

ne

1g into the
untit  the

Figure 3.3-3 Example of Function Analysis Form

The column header numbering (1, 2, 3) and color 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)

Engineering 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,
safety, and/or component groups helps the PFMEA team understand 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 failures
are ways the functions could fail (in negative words).

3.4Process FMEA 4th Step: Failure Analysis

3.4.1

3.4.2

79

Purpose

The purpose of the Process Failure Analysis is to identify failure causes,
modes, and effects, and show their relationships to enable 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
process 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 partially 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)

R

* What happens? |
Failure Effect

Focus Element

Figure 3.4-1 Theoretical failure chain model

3.4.4 Failure Effects

Failure Effects are related to functions of the process item (System,
Subsystem, Part Element or Name of Process). Failure Effects are
described in terms of what the customer might notice or experience.
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 user/operator

Failure Effects that are given a Severity rating:

1. Your Plant: the effect of the failure mode assuming the defect is
detected in the plant (what action will the plant take i.e. scrap)
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2. Ship-to plant: the effect of the failure mode assuming the defect is
not detected before shipping to the next plant (what action will the
next plant take i.e. sort)

3. End user: the effect of the process item effect (what will the end
user notice, feel, hear, smell, etc. i.e. window raises too slow)

The following questions should be asked to help determine which group
of failure effects apply:

1. Does the failure mode physically impact downstream processing or
cause potential harm to equipment or operators?

This includes an inability to assemble or join to a mating component
at any subsequent customer's facility.

If so, then identify the manufacturing impact “Your Plant" and/or
“ship-to plant” in the PFMEA. If not, then go to question 2.

Examples could include:
*  Unable to assemble at operation x
*  Unable to attach at customer facility
+  Unable to connect at customer facility
+  Cannot bore at operation x
+  Causes excessive tool wear at operation x
+« Damages equipment at operation x
+  Endangers operator at customer facility

Note:  When parts cannot be assembled there is no impact to the End

User and question 2 does not apply.

2. What is the potential impact on the End User?

Independent of any controls planned or implemented including error or
mistake-proofing, consider happens to the process item that leads to
what the End User would notice or experience. This information may be
available within the DFMEA. If an effect is carried from the DFMEA, the
description of the product effects in the PFMEA should be consistent
with those in the corresponding DFMEA.
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|
|

NOTE: In some cases, the team conducting the analysis may not know

the end user effect (i.e. catalogue parts, off- the-shelf products,
Tier 3 components). When this information is not known, the
effects should be defined in terms of the part function and/or
process specification.
Examples could include:

Noise

High effort

Unpleasant odor

Intermittent operation

Water leak

Rough idle

Unable to adjust

Difficult to control

Poor appearance

Regulatory System Function reduced or failed

End user lack of vehicle control

Safety effect on End user

What would happen if a failure effect was detected prior to reaching
the End User?

The failure effect at the current or receiving locations also needs to
be considered.

Identify the manufacturing impact “Your Plant" and/or “ship-to plant”
in the PFMEA.

Examples could include:

Line shutdown

Stop shipment

Yard hold

100% of product scrapped

Decreased line speed

Added manpower to maintain required line rate

Rework and repair
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3.4.5 Failure Mode

A (Process) Failure Mode is defined as the manner in which the process
could cause the product not to deliver or provide the intended function.

The team should assume that the basic design of the product is correct;
however, if there are design issues which result in process concerns,
those issues should be communicated to the design team for resolution.

Assume that the failure mode could occur but may not necessarily occur.
Failure modes should be described in technical terms, not as a symptom
noticeable by the customer.

Verification of completeness of the failure modes can be made through a
review of past things-gone-wrong, reject or scrap reports, and group
brainstorming. Sources for this should also include a comparison of
similar processes and a review of customer (End User and subsequent
operation) claims relating to similar components.

There are several categories of potential failure modes including:
* loss of process function/operation not performed

+  Partial function-—- Incomplete operation

+  Degradation of process function

*  Overachieving process function - Too much too high.

«  Intermittent process function-operation not consistent

» unstable operation

*  Unintended process function-wrong operation

+  wrong part installed

* Delayed process function-operation too late

Typical failure modes could be, but are not limited to:

. Hole too shallow, too deep, missing or off location.

+  Dirty surface

*  Surface finish too smooth

+  Misaligned connector pins

= Connector not fully seated

« Pass a bad part, or reject a good part, bypass inspection operation
+  Label missing

*  Barcode not readable

+  ECU flashed with wrong software.
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3.4.6 Failure Cause:

A failure cause is an indication of why a failure mode could occur. The
consequence of a cause is the failure mode. Identify, to the extent
possible, every potential manufacturing or assembly cause for each
failure mode. The cause should be listed as concisely and completely as
possible so that efforts (controls and actions) can be aimed at
appropriate causes.

Typical failure causes may include the classic Ishikawa's 4M, but are not
limited to:

*  Man: set-up worker, machine operator/ associate, material
associate, maintenance technician etc.

*  Machine/Equipment: robot, hopper reservoir tank, injection
molding machine, spiral conveyor, inspection devices, fixtures, etc.

* Material (Indirect): machining oil, installation grease, washer
concentration, (aid for operation), etc.

. Milieu/Environment: ambient conditions such as heat, dust,
contamination, lighting, noise, etc.

Note: In preparing the FMEA, assume that the incoming
] part(s)/material(s) are correct. Exceptions can be made by the
FMEA team where historical data indicate deficiencies in

incoming part quality.

One method to help reveal / uncover failure causes is to have a
facilitator that leads the team through "Thought Provoking Stimulation
Questions". These questions can be broad category questions, enough
to stimulate the process experts thought process, while keeping the
number of questions to a manageable level. Questions can be process
specific and broken down into the 4M categories. Initial list of questions
can be formed by reviewing the Failure Causes in previous PFMEA's.

Example - Assembly Process:

3.4.6.1 Man
1. From parts available within the process, can wrong part be applied?
2. Can no part be applied?
3. Can the parts be loaded incorrectly?
4. Can parts be damaged - From pickup to application?
5. Can wrong material be used?

3.4.6.2 Machine

1. Can automated process be interrupted?
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Can inputted data be entered incorrectly?

Can machine be run in manual mode, bypassing automated
controls?

4. s there a schedule to confirm prevention and detection controls?

3.4.6.3 Material (indirect)

1. Can too much / too little / no material be used?
2. Can material be applied to a wrong location?

3.4.6.4 EnvironMent

3.4.7

1. s lighting adequate for task?
2. Can parts used within the process, be considered foreign material?

The description of the failure cause needs to be clear. Terms such as
defective, broken, operator failure, non-fulfillment or not OK and so on
are insufficient to comprehensively assign the failure cause and mode
and to determine actions.

Failure Analysis

Based on the process steps, the failures are derived and failure chains
(i.e. Failure structure/failure trees/failure network) are created from the
function analysis (see figure 3.3-1).

The focus element of the failure structure is the Failure Mode, with its
associated Failure Effects and their Failure Causes. Depending on the
focus, a failure can be viewed as a Failure Effect, Failure Mode, or
Failure Cause.

To link failure cause(s) to a failure mode, the question should be “Why is
the failure mode occurring?”

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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Electrical Motor | Assembly Line
e = e i~ Proguct Cha

man
Efect an Process

Clearance tos wmall 1o assembie
shalt

Fallurg

[OP 20 Sintered

Fadure

Maching stops belore resching final pesition

Axial position of sintered bearing is not reached

Press Machine

Figure 3.4-2 Example of Failure Analysis Structure Tree

Clearance too small to assemble shaft
without potential damage
Ship to Plant:

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

End User:

Comfort closing time too long.

bearing is not reached

FAILURE ANALYSIS (STEP 4)
1. Failure Effects (FE) to the Next 2. Failure Mode (FM) of the | 3. Failure Cause (FC) of the
Higher Level Element and/or End User Focus Element Work Element
Your Plant: Axial position of sintered | Machine stops before

reaching final position

Figure 3.4-3 Example of Failure Analysis Form

Begin 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 effect of failure associated with “1. Function of Process Item" in
the Function Analysis.

MNote

86

for spreadsheet users: A potential failure mode may have more
than one failure effect. Failure effects are grouped in the
spreadsheet in order to avoid excessive duplication of the

same failure modes and causes.




Press Machine
ol f e
L WA A N T AR AR R

iSp A [nm;mim / ke
it B B i 1 rwr*m R LG v A g B # B TR T E M Ak
Clearance loo small to assemble H'R KA FIRR: < 0.3 mm) \
shall without potential damage
FRLEL b8, IO "' ﬁgﬁ“ﬁ"'*m”ﬂﬂﬂ

' Press Machine

mm

H 3.4-2 KHAHTEHE R

RESHT PRI

=
=,

AT BB | . |
Mk (FE) o R e

TS THESCIBE GRS | VR EA B BT 1k
B AN AR, AT ERN
'E:_E‘E‘.IJ H
HUHLEEE RN ERESSMIAS,
TEM e E

BEH

EFAERUR S IR i

& 3.4-3 RMAHHTRTH
FIFZhRE TP RIS BITFARMH Je Bt . 7E 08B 45 sE R A LR

AR E T AFAEVURE FAIRLRS (1, 2, 3) M
BRI BT RIS DR T4

1. KM (FE) :
Hxhgbsartirh 1. BRIRITh AL HE SR A S .

TR P R RE RN S BB R . BT R R R
BOEWHET T 4036, g mRm R IERE S E 5.

86




87

3.4.38

2. Failure Mode (FM):

The mode (or type) of failure associated with “2. Function of
Process Step” in the Function Analysis.

Note for spreadsheet users: It is recommended that users start with the
failure mode and then identify related failure effects using the
information in the #1 Function of the Process Item column of the
Function Analysis section because some or all categories may

apply.

3. Failure Cause (FC):

The cause of failure associated with the “3. Function of Process
Work Element” in the Function Analysis.

Relationship between PFMEA and DFMEA

A design failure of a feature (product characteristic) can cause a failure
for one or more product functions. The corresponding process failure is
the inability of the process to manufacture the same feature as
designed. The failure to conform to a product characteristic alone leads
to the Failure Effect. Only in this case is the Failure Effect in the Design
FMEA the same as in the Process FMEA. All Failure Effects which are
caused by a failure of the processes and which are not identified in
Design FMEA have to be newly defined and assessed in the Process
FMEA.

The Failure Effects related to the product, system, and/or end user and
their associated severities should be documented when known, but not
assumed. The key to the identification of Failure Effects and associated
severities is the communication of the involved parties and the
understanding of differences and similarities of the analyzed failures in
DFMEA and PFMEA see also figure 1.4-1).

Figure 3.4-4 shows a potential interrelation of product-related Failure
Effects, Failure Modes and Failure Causes from the “End User” level to
the level of production (PFMEA level).

Note:  The expectation of the relative time of and the flow of
information from the DFMEA to the PFMEA is different in
non-standard development flows, such as where development
of a "standard" process precedes development of the products
that will be manufactured using it. In such cases, the
appropriate timing and flow of information between these
FMEAs should be defined by the organization.
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Figure 3.4-4 Relationship between PFMEA and DFMEA

3.49 Failure Analysis Documentation

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

1. Process Item System,

1. Function of the Process Item

1.Failure Effects (FE) to the Next

Assembly of shaft
housing assembly

Ship to Plant:
Assembly of motor to vehicle
door

End User:
Window raises and lowers

into pole

Subsystem, Part Element or | Function of System, Subsystem, | Higher Level Element and/or End
Name of Process Part Element or Process User
Electrical Motor Assy Line Your Plant: Your Plant:

Clearance too small to assemble
shaft without potential damage
Ship to Plant:

Assembly of motor to vehicle door
requires additional insertion force
with potential damage

End User:

Comfort closing time too long.

Figure 3.4-5 View of Process Item-Function-Failure Form
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2. Process Step Station No.
and Name of Focus Element

2.Function of the Process Step 2. Failure Mode (FM) of the
and Product Characteristic Process Step
(Quantitative value is optional)

[OP 30] Sintered

Bearing Press-In Process

Press in sintered bearing to | Axial position of sintered bearing is
achi ) not reached

housing to max gap per pri

Figure 3.4-6 View of Process Step-Function-Failure Form

3. Process Work Element4p | > Fuetion ofthe frocess Work |5 ailure Cause (FC) of the
Type Sentanc - locoss Work Element
Characteristic

Press Machine

presses  sintered | Machine stops before reaching
into the pole housing | final position

uniil the defined axial

position

Figure 3.4-7 View of Process Work Element-Function-Failure Form

3.410 Collaboration between Customer and Supplier (Failure

Effects)

The output of the Failure Analysis may be reviewed by customers and
suppliers prior to the Risk Analysis step or after to the Risk Analysis step
based on agreements with the customer and need for sharing with the
supplier.

3.411 Basis for Risk Analysis

Complete definition of potential failures will lead to a complete Step 5
Risk Analysis because the rating of Severity, Occurrence, and Detection
are based on the failure descriptions. The Risk Analysis may be
incomplete if potential failures are too vague or missing.

3.5Process FMEA 5th Step: Risk Analysis

89

3.5.1

Purpose

The purpose of Process Risk Analysis is to estimate risk by evaluating
Severity, Occurrence and Detection, in order to prioritize the need for
actions.

The main objectives of the Process Risk Analysis are:
*  Assignment of existing and/or planned controls and rating of failures

«  Assignment of Prevention Controls to the Failure Causes
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+  Assignment of Detection Controls to the Failure Causes and/or
Failure Modes

*  Rating of Severity, Occurrence and Detection for each failure chain
+  Collaboration between customer and supplier (Severity)
+  Basis for the product or process Optimization step

There are two different Control Groups: Current Prevention Controls,
and Current Detection Controls.

3.5.2 Current Prevention Controls (PC)
3.5.2.1 Process planning

Definition: Current Prevention Controls facilitate optimal process
planning to minimize the possibility of failure occurrence.

Prevention of possible layout deficiencies of the production facility:
*  Test runs according to start-up regulation AV 17/3b
3.5.2.2 Production process
Definition: Eliminate (prevent) the failure cause or reduce its rate of
occurrence.
Prevention of defectively produced parts in the production facility:
*  Two-handed operation of machines
*  Subsequent part cannot be attached (Poka-Yoke)
*  Form-dependent position
*  Equipment maintenance
*  Operator maintenance
*  Work instructions / Visual aids
*  Machine controls
*  First part release

Failure Causes are rated for occurrence, taking into account the
effectiveness of the current prevention control (Chapter Risk
Evaluation).

Current Prevention Controls describe measures which should be
implemented in the design process and verified during prototype,
machine qualifications (run-off), and process verification prior to start of
regular production. Prevention Controls may also include standard work
instructions, set-up procedures, preventive maintenance, calibration
procedures, error-proofing verification procedures, etc.
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3.5.3 Current Detection Controls (DC)

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

Examples of Current Detection controls:

+  Visual inspection

+  Visual inspection with sample checklist
*  Optical inspection with camera system
+  Optical test with limit sample

= Attributive test with mandrel

+  Dimensional check with a caliper gauge
+  Random inspection

+  Torque monitoring

+  Press load monitoring

*  End of line function check

pe: ' } ,
| Review & reaction | 1
before decision. j 1 .
e.q, Poke Yoke 2 | . f

Process l 3

: paramelers _a'aa 1 . b, -
" pC 1 Execution of L i Execution of A
Process operation ‘_}_h ~, operation | [
e :
Planning - Q. I I j ~ i
! Process B | DC: 1| Process C oc -
\ Check for . . Check for I
! . failuresinB 1 | failures in C ]
1 Stationn ] I o Station n+1 :
. . . 1
i o i T e e e .1 Lcicaieiie e i -

.
PC (p ive): P Process failure Time

DC (reactive): Datectve contrals

Figure 3.5-1 Prevention and Detection in the Process FMEA
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Prevention Detection

100%
Process quality
|
i
Product characteristic Time
Operator instruction- e | Visual Inspection
Machine Capability - Sensory Inspection
Process monitoring 3 -... Inspection

Figure 3.5-2 Roadmap of process understanding

3.5.4

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 (S): stands for the Severity of the Failure Effect
Occurrence (O):  stands for the Occurrence of the Failure Cause
Detection (D): stands for the Detection of the occurred Failure

Cause and/or Failure Mode

Evaluation numbers from 1 to 10 are used for S, 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
product/process appear to be identical, since each team's
environment is unique and thus their respective individual
ratings will be unique (i.e., the ratings are subjective).
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3.5.6

|

i
|

Severity (S)

Severity is a rating number associated with the most serious effect for a
given failure mode for the process step being evaluated. It is a relative
rating within the scope of the individual FMEA and is determined without
regard for Occurrence or Detection.

For process-specific effects, the Severity rating should be determined
using the criteria in evaluation Table P1. The table may be augmented to
include corporate or product line specific examples.

The evaluations of the Failure Effects should be mutually agreed to by
the customer and the organization.

NOTE: If the customer impacted by a Failure Mode is the next
manufacturing or assembly plant or the product user,
assessing the severity may lie outside the immediate process
engineer's/team’s field of experience or knowledge. In these
cases, the Design FMEA, design engineer, and/or subsequent
manufacturing or assembly plant process engineer, should be
consulted in order to comprehend the propagation of effects.
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Process General Evaluation Criteria Severity (S)
Blank until
Potential Failure Effects rated according to the criteria below. filled in by
user
Corporate
Impact to End
Impact to Ship-to or Product
s Effect Impact to Your Plant Plant (when known) Uskt:,rci[::;an Line
Examples
Affects safe
Failure may result in Failure may result in oper_atlan of the
vehicle and/or
an acute health and/or | an acute health and/or other vehicles. the
10 safety risk for the safety risk for the health of d rivé ¢ ot
High manufacturing or manufacturing or passenger(s) or
assembly worker assembly worker Foer USSR BF
pedestrians.
Failure may resuit in Failure may result in Norssiaiiangs
9 in- plant regulatory in- plant regulatory with re ul‘; tions
noncompliance noncompliance g :
Line shutdown greater
than full production
shift; stop shipment
100% of production run | possible; field repair or
affected may have to | replacement required
be scrapped. Failure (Assembly to End Loss of primary
may result in in- plant User) other than for vehicle function
8 regulatory regulatory necessary for
noncompliance or may noncompliance. normal driving
have a chronic health Failure may result in during expected
and/or safety risk for in- plant regulatory service life.
the manufacturing or | noncompliance or may
Moderatel assembly worker have a chronic health
y high and/or safety risk for
the manufacturing or
assembly worker.
Line shutdown from 1
Product may have to 20‘;; b t;:.?“ " D dati f
be sorted and a portion prc;_ ucion, Sttty S o.p agracation o
(less than 100%) shipment po_ssmle. primary vehicle
7 scrapped; deviation field repair o function NEcessary
from prim al ry process; replacement required | for r!on'nal driving
decreased line spee d (Assembly to End during expected
or added manpower User) other than for service life.
regulatory
noncompliance
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Process General Evaluation Criteria Severity (S)

Blank until
Potential Failure Effects rated according to the criteria below. filled in by
user
Corporate
Impact to End
Impact to Ship-to or Product
S Effect Impact to Your Plant | (when known) Ue;:‘r J::rn v
Examples
100% of production run
6 may have to be Line shutdown up to | Loss of secondary
reworked off line and one hour vehicle function.
accepted
Less than 100% of
A portion of the product affected; 4
5 production run may strong possibility for 35:09:3 : at:;?‘icé{e
Moderatel have to be reworked additional defective funcrgon
y low off line and accepted | product; sort required; '
no line shutdown
Defective product i
100% of production run triggers significant Ve;y 02‘:?;:?;:[)!&
4 may have to be reaction plan; § ou?% vibrati o’ =
reworked in station additional defective h arsl:l R !
before it is processed | products not likely; sort ha tics'
not required PReS,
' ’ Moderately
A portion of the Defective product obiectionable
production run may triggers minor reaction o ) Sanal
3 have to be reworked plan; additional s ou’;% vibr :ﬁa c; n
in-station before itis | defective products not h arslrm ARE BF :
processed likely; sort not required hapti cs'
Low Defective product
; ‘ Slightl
triggers no reaction obje ct%on:bl &
Slight inconvenience to plan; additional )
2 process, operation, or | defective products not Sw?]% Vibratiar
operator likely; sort not h arslzln g !
required; requires hapti cs‘
feedback to supplier ptics.
: : No discernible effect or No discernible
1 Very low No discernible effect o effect offect.
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Table P1 - PEMEA SEVERITY (S)

3.5.7 Occurrence (0)

The Occurrence rating (O) describes the occurrence of Failure Cause in
the process, taking into account the associated current prevention

controls.

The occurrence rating number is a relative rating within the scope of the
FMEA and may not reflect the actual occurrence.
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The Occurrence rating describes the potential of the failure cause to
occur, according to the rating table, without regard to the detection
controls.

Expertise or other experiences with comparable processes, for example,
can be considered in the assessment of the rating numbers.

In determining this rating, questions such as the following should be
considered:

®

What is the equipment history with similar processes and process
steps?

What is the field experience with similar process?

Is the process a carryover or similar to a previous process?
How significant are changes from a current production process?
Is the process completely new?

What are the environmental changes?

Are Best Practices already implemented?

Do standard instructions exist? (i.e. work instructions, set-up and
calibration procedures, preventive maintenance, error- proofing
verification procedures, and process monitoring verification
checklists)

Are technical error-proofing solutions implemented? (i.e. product or
process design, fixture and tool design, established process
sequence, production control tracking/traceability, machine
capability, and SPC charting)

Occurrence Potential (O) for the Process

Potential Failure Causes rated according to the criteria below. Consider Prevention
Controls when determining the best Occurrence estimate. Occurrence is a predictive
qualitative rating made at the time of evaluation and may not reflect the actual Blank until filled
occurrence. The occurrence rating number is a relative rating within the scope of the in by user
FMEA (process being evaluated). For Prevention Controls with multiple Occurrence
Ratings, use the rating that best reflects the robustness of the control.
Prediction of Type of Corporate or
(o] Failure Cause Gst’:itrol Prevention Controls Product Line
Occurring d Examples
10 Extremely high None No prevention controls.
9 R : Prevention controls will have little
8 Very high Behavioral effect in preventing failure cause.
7 High Prevention controls somewhat
6 g Bahavioral effective in preventing failure cause.
5 Moderate or Technical Prevention controls are effective in
4 preventing failure cause.

96




PP RAREIP IR T RARE R RN TTREE, AW EEEHRNE

il

Bltm, FERDRE RS TS AR R A E Al R a5

i E VPR AR SIS RE2% FE LT [l

BE L il L S R B PP IR Y

LT EABLE ARG E

P R T LA A R B A 2
Sanrdr-dBmtt, EhESRE?
[EANRES SubSE s liubonid

BT WAL

RE DRI T ftkdcgk?

REFERERSE? (Fln: fEliRS. cRfRnREr. Myt
He. PSRRI I MLIER FE )

RELN T HASRRTR? (Bl: PREdEit, KAENT
Rt BEEAERRIUT. A iBeraed. yiashem sPC B
%)

HRMBESE (0)

RAE UL FARER I R SR AR B AT AP TET S BB T SRUBE I % R TR 4 . 3

BERAEVEAER #EAT MBS 2 T, TREA AR SE OB . BEPERARE | A, aERA
FMEA CIEZEVROIETR) T Py bT MARXHTPEEME. 60 S HBE PP R TR 1% RS

TR &, T LA S R S W A R A VP

10 ] % WA R

9 o BB 1k S R By
8 N el ERNERR.

7 * BRI 1k S AR B
6 FREEAR A B E —E iR .

5 " el FBRIE Ry L S e R B R 7 T
4 AR B AR

96




Occurrence Potential (O) for the Process

Potential Failure Causes rated according to the criteria below. Consider Prevention
Confrols when determining the best Occurrence estimate. Occurrence is a predictive

qualitative rating made at the time of evaluation and may not reflect the actual Blank until filled

occurrence. The occurrence rating number is a relative rating within the scope of the in by user
FMEA (process being evaluated). For Prevention Controls with multiple Occurrence
Ratings, use the rating that best reflects the robustness of the control.
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Prediction of Type of Corporate or
(o] Failure Cause ng;trol Prevention Controls Product Line
Occurring Examples
3 Low Best
Practices: Prevention controls are highly
2 Very low Behavioral | effective in preventing failure cause.
or Technical
Prevention controls are extremely
effective in preventing failure cause
from occurring due to design (i.e.
, part geometry) or process (i.e.
1 Bictramely low ool fixture or tooling design). Intent of
prevention controls - Failure Mode
cannot be physically produced due
to the Failure Cause.
Prevention Control Effectiveness: Consider if prevention controls are
technical (rely on machines, tool life, tool material, etc.), or use best
practices (fixtures, tool design, calibration procedures, error- proofing
verification, preventive maintenance, work instructions, statistical
process control charting, process monitoring, product design, etc.) or
behavioral (rely on certified or non-certified operators, skilled trades,
team leaders, etc.) when determining how effective the prevention
controls will be.
Table P2 - PFMEA OCCURRENCE (0O)
3.5.8 Detection (D)

Detection is the rating associated with a prediction of the most effective
process control from the listed detection-type process controls.
Detection is a relative rating, within the scope of the individual FMEA
and is determined without regard for Severity or Occurrence. Detection
should be estimated using the criteria in Table P3. This table may be
augmented with examples of common detection methods used by the
company.

The intent of the term “control discrepant product’ used in Table P3
Ranks 3 and 4 is to have controls / systems / procedures in place that
controls the discrepant product in such a manner, that the probability of
the product escaping the facility is very low.

The controls start from when the product is identified as discrepant to the
point of final disposition. These controls usually exceed controls that are
used for discrepant products with higher Detection Ranks.
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After implementation of any unproven control, the effectiveness can be
verified and re-evaluated.

In determining this estimate, questions such as the following should be

considered:

= Which test is most effective in detecting the Failure Cause or the
Failure Mode?

«  What is the usage Profile / Duty Cycle required detecting the

failure?

+  What sample size is required to detect the failure?
+ Is the test procedure proven for detecting this Cause / Failure

Mode?

Detection Potential (D) for the Validation of the Process Design
Detection Controls rated according to the Detection Method Maturity and Opportunity for 2:;':‘1:?'
Detection. uisar Y
Corporate
Ability to Detection Method : e or Product
D Detect Maturity Opportunity for Detection Life
Examples
Na/Insting or Inspieetion The failure mode will not or cannot be
10 method has been detected
established or is known. :
Very low Itis unlikely that the
9 testing or inspection The failure mode is not easily detected
method will detect the through random or sporadic audits.
failure mode.
. . Human inspection (visual, tactile,
8 Test or inspection method audible), or use of manual gauging
has not been provento | (attribute or variable) that should detect
be effective anf:i reliable the failure mode or failure cause.
(i.e. plant has little or no - -
Low experience with method, | Machine-based detection (automated or
gauge R&R results semi-automated with notification by light,
7 marginal on comparable buzz‘er, etc.), or use of |nsp§cbon
process or this equipment such as a coordinate
application, etc.). measuring machine that should detect
failure mode or failure cause.
Human inspection (visual, tactile,
audible), or use of manual gauging
6 Test or inspection method | (attribute or variable) that will detect the
has been proven to be failure mode or failure cause (including
effective and reliable (i.e. product sample checks).
Moderate | Plant has experience with Machine-based detection
method; gauge R&R | (semi-automated with nofification by light,
results are acceptable on buzzer, etc.), or use of inspection
5 oomparal?Je process ar equipment such as a coordinate
this application, etc.). measuring machine that will detect failure
mode or failure cause (including product
sample checks).
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Detection Potential (D) for the Validation of the Process Design

mode or failure cause.

Detection Controls rated according to the Detection Method Maturity and Opportunity for :flleelercliki: gﬂl
Detection. v
user
Corporate
D Agg;?c:" Dem:;:’t: :;::‘hod Opportunity for Detection or T_';ﬁ:u':t
Examples
Machine-based automated detection
method that will detect the failure mode
downstream, prevent further processing
or system will identify the product as
4 discrepant and allow it to automatically
move forward in the process until the
System has been proven | designated reject unload area. Discrepant
to be effective and reliable product will be controlled by a robust
(i.e. plant has experience system that will prevent outflow of the
with method on identical product from the facility.
process or this Machine-based automated detection
application), gauge R&R | method that will detect the failure mode
High results are acceptable, | in- station, prevent further processing or
etc. system will identify the product as
3 discrepant and allow it to automatically
move forward in the process until the
designated reject unload area. Discrepant
product will be controlled by a robust
system that will prevent outflow of the
product from the facility.
Detection method has
been proven to be Machine-based detection method that will
2 effective and reliable (i.e. | detect the cause and prevent the failure
plant has experience with mode (discrepant part) from being
method, error-proofing produced.
verifications, etc.).
Failure mode cannot be physically produced as-designed or
1 | Very high | processed, or detection methods proven to always detect the failure
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Table P3 - PFMEA DETECTION (D)

3.5.9 Action Priority (AP)

Once the team has completed the initial identification of failure modes
and effects, causes and controls, including ratings for severity,
occurrence, and detection, they must decide if further efforts are needed
to reduce the risk. Due to the inherent limitations on resources, time,
technology, and other factors, they must choose how to best prioritize
these efforts.

The Action Priority (AP) method is introduced in this handbook. It
accounts for all 1000 possible combinations of S, O, and D. It was
created to give more emphasis on severity first, then occurrence, then
detection. This logic follows the failure-prevention intent of FMEA. The
AP table offers a suggested high-medium-low priority for action.
Companies can use a single system to evaluate action priorities instead
of multiple systems required from multiple customers.
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Risk Priority Numbers are the product of S x O x D and range from 1 to
1000. The RPN distribution can provide some information about the
range of ratings, but RPN alone is not an adequate method to determine
the need for more actions since RPN gives equal weight to S, O, and D.
For this reason, RPN could result in similar risk numbers for very
different combinations of S, O, and D leaving the team uncertain about
how to prioritize. When using RPN it is recommended to use an
additional method to prioritize like RPN results such as S x O. The use of
a Risk Priority Number (RPN) threshold is not a recommended practice
for determining the need for actions. The RPN and S x O methods are
not included in this publication.

Risk matrices can represent combinations of S and O, S and D, and O
and D. These matrices provide a visual representation of the results of
the analysis and can be used as an input to prioritization of actions
based on company-established criteria not included in this publication.

Since the AP Table was designed to work with the Severity, Occurrence,
and Detection tables provided in this handbook, if the organization
chooses to modify the S, O, D, tables for specific products, processes, or
projects, the AP table should also be carefully reviewed.

Note:  Action Priority rating tables are the same for DFMEA and
| PFMEA, but different for FMEA-MSR.

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

The team needs to either identify an appropriate
action to improve prevention and / or detection
controls or justify and document why current
controls are adequate.

Priority Medium (M): Medium priority for review and action.

The team should identify appropriate actions to
improve prevention and / or detection controls,
or, at the discretion of the company, justify and
document why controls are adequate.

Priority Low (L): Low priority for review and action.

The team could identify actions to improve
prevention or detection controls.

It is recommended that potential Severity 9-10 failure effects with
Action Priority High and Medium, at a minimum, be reviewed by
management including any recommended actions that were taken.
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This is not the prioritization of High, Medium, or Low risk, it is the
prioritization of the need for actions to reduce risk.

Note:

further action is needed”
appropriate.

It may be helpful to include a statement such as “No

in the Remarks field as

Action Priority (AP) for DFMEA and PFMEA

Action Priority is based on combinations of Severity, Occurrence, and Detection | Blank until
ratings in order to prioritize actions for risk reduction. filled in by
user
Prediction of ACTION
Effect s Failure Cause (o] Ability to Detect D PRIORITY | Comments
Occurring (AP)
Low - Very low 7-10 H
. Moderate 5-6 H
Very high 8-10 High 24 H
Very high 1 H
Low - Very low 7-10 H
. Moderate 5-6 H
High B High 24 -
Bresfst Very high 1 H
roduct or
Plant Effect | 9-10 L"“h‘:‘;:e“; low 75'_16” :
Very high . erate
Moderate 4-5 High 24 v
Very high 1 M
Low - Very low 7-10 H
Moderate 5-6 M
Lo 23 High 24 L
Very high 1 L
Very low g | VoBEREVeY | g0 L
ow
Low - Very low 7-10 H
. Moderate 5-6 H
Very high 8-10 High 24 H
Very high 1 H
Low - Very low 7-10 H
: Moderate 5-6 H
High L High 24 H
Brodact Very high 1 M
roduct or
Plant Effect | 7-8 L"‘:d':e"; o 7;; :‘
High ioderale
Moderate 4-5 High o4 v
Very high 1 M
Low - Very low 7-10 M
Moderate 5-6 M
Low &2 High 24 L
Very high 1 L
Very high - Very _
Very low 1 o 1-10 L
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Low - Very low 7-10 H
: . 5-6 H
Very high 8-10 Moderate High o4 M
Very high 1 M
Low - Very low 7-10 M
. Moderate 5-6 M
High 6-7 -
High 2-4 M
Very high 1 L
Product or 5 -
Plant Effect | 4-6 "0:; :e“' low 751; ':‘
oderate -
Moderate Moderate 4-5 -
High 2-4 L
Very high 1 L
Low - Very low 7-10 L
Moderate 5-6 I
Low 2-3 =
High 2-4 ]
Very high 1 L
Very high - Very
Very low 1 i 1-10 L
Low - Very low 7-10 M
Very high 810 Moderate 5-6 M
ery hi
e High 24 L
Very high 1 L
Low - Very low 7-10 L
Moderate 5-6 L
High 6-7 -
High 2-4 L
Very high 1 L
Product or
Plant Effect | 2-3 Low - Very low 7-10 L
Low Moderate 45 Moderate 5-6 L
odera -
High 2-4 L
Very high 1 L
Low - Very low 7-10 L
Moderate 5-6 L
Low 2-3 -
High 2-4 L
Very high 1 L
Very high - Very 7
Very low 1 low 1-10 L
No Very low - Very high - Very
discernible 1 Very high 1-10 I 1-10 L
Effect ery hig ow
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Table AP — ACTION PRIORITY FOR DFMEA and PFMEA
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FAILURE ANALYSIS (STEP 4) |

PFMEA RISK ANALYSIS (STEP 5)

;éel;ailure i 2 3 Q = i,\_. g3
Effects (FE) | & ; ; urrent | 5 N o
to the hgext) S ';:g:re 3. Failure e anti o) Current a Z|lE| 8
: ps e Cause e == ¢ | ©
Higher %) (FM)of | (FC)of on Detection 5 5 ﬁ i =
Level 13:' the the Work Control Controls (DC) Qe E l g
Element E El t | (PCo of FC or FM B Is]| o
andlorEnd | & | JFo°US Smen EC S| 5
User o | Element g e =
N -
Your Plant: 8 | Axial Machine Force 5 100% check 2 M
Assembly position | stops adjusted of motor
of shaft is of before acc. data performance
not sintered | reaching | sheet curve acc.
possible bearing | final spec.
because is not position MRKJ5038
clearance reached
too small
Ship to.
Plant: None
End User:
Comfort
closing time
too long
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Figure 3.5-3 Example of PFMEA with Risk Analysis Form

3.5.10 Collaboration between Customer and Supplier (Severity)

The output of the Risk Analysis creates the mutual understanding of
technical risk between customers and suppliers. Methods of
collaboration range from verbal to formal reports. The amount of
information shared is based on the needs of a project, company policy,
contractual agreements, and so on. The information shared depends on
the placement of the company in the supply chain. Some examples are
listed below.

1.

The OEM may compare design functions, failure effects, and
severity from a vehicle-level DFMEA with the Tier 1 supplier
PFMEA.

The Tier 1 supplier communicates necessary information about
product characteristics on product drawings and/or specifications,
or other means, including designation of standard or special
characteristics and severity. This information is used as an input to
the Tier 2 supplier PFMEA as well as the Tier 1's internal PFMEA.
When the design team communicates the associated risk of making
product characteristics out of specification the process team can
build in the appropriate level of prevention and detection controls in
manufacturing.
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3.5.11 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 process
reviews, customer reviews, management reviews, and cross-functional
team meetings lead to Step 6 Optimization.

3.6 Process FMEA 6th Step: Optimization

104

3.6.1

Purpose

The purpose of the Process Optimization Step is to determine actions to
mitigate risk and assess the effectiveness of those actions. The end
result is a process which minimizes the risk of producing and delivering
products that do not meet the customer and stakeholder expectations.

The main objectives of a Process Optimization are:
= Identification of the actions necessary to reduce risks

+  Assignment of responsibilities and deadlines 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

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

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

The primary objective of optimization is to develop actions that reduce
risk by improving the process. In this step, the team reviews the results
of the risk analysis and assigns actions to lower the occurrence of the
failure cause or increase the ability to detect the failure cause or failure
mode. Actions may also be assigned which improve the process 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 not
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. All actions should have a
responsible individual and a target completion time associated with the
action.

If the team decides that no further actions are necessary, "“No further
action is needed” is written in the Remarks field to show the risk analysis
was completed.
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3.6.2

3.6.3

The PFMEA can be used as the basis for continuous improvement of the
process.

The optimization is most effective in the following order:
+  Process modifications to eliminate or mitigate a Failure Effect (FE)

*  Process modifications to reduce the Occurrence (O) of the Failure
Cause (FC).

* Increase the Detection (D) ability for the Failure Cause (FC) or
Failure Mode (FM).

= In the case of process modifications, all impacted process steps are
evaluated again.

In the case of concept modifications, all steps of the FMEA are reviewed
for the affected sections. This is necessary because the original analysis
is no longer valid since it was based upon a different manufacturing
concept.

The PFMEA can be used as the basis for continuous improvement of the
process.

Assignment of Responsibilities
Each action should have a responsible individual and a Target
Completion Date (TCD) associated with it.

The responsible person ensures the action status is updated. If the
action is confirmed this person is also responsible for the action
implementation.

The Actual Completion Date for Preventive and Detection Actions is
documented including the date the actions are implemented.

Target Completion Dates should be realistic (i.e. in accordance with the
product development plan, prior to process validation, prior to start of
production).

Status of the Actions

Suggested levels for Status of Actions:
Open

Mo action defined.
Decision pending (optional)

The action has been defined but has not yet decided on. A decision
paper is being created.

Implementation pending (optional)
The action has been decided on but not yet implemented.
Completed
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3.6.4

3.6.5

Completed actions have been implemented and their effectiveness
has been demonstrated and documented. A final evaluation has
been done.

Not Implemented

Not Implemented status is assigned when a decision is made not to
implement an action. This may occur when risks related to practical
and technical limitations are beyond current capabilities.

The FMEA is not considered “complete” until the team assesses each
item’s Action Priority and either accepts the level of risk or documents
closure of all actions.

If “No Action Taken", then Action Priority is not reduced and the risk of
failure is carried forward into the product. Actions are open loops that
need to be closed in writing.

Assessment of Action Effectiveness

When an action has been completed, Occurrence, and Detection values
are reassessed, and a new Action Priority may be determined.

The new action receives a preliminary Action Priority rating as a
prediction of effectiveness.

However, the status of the action remains “implementation pending” until
the effectiveness has been tested. After the tests are finalized the
preliminary rating has to be confirmed or adapted, when indicated. The
status of the action is then changed from “implementation pending” to
“completed”.

The reassessment should be based on the effectiveness of the
Preventive and Detection Actions taken and the new values are based
on the definitions in the Process FMEA Occurrence and Detection rating
tables.

Continual Improvement

The PFMEA serves as an historical record for the process. Therefore,
the original Severity, Occurrence, and Detection (S, O, D) numbers need
to be visible or at a minimum available and accessible as part of version
history. The completed analysis becomes a repository to capture the
progression of process decisions and design refinements. However,
original S, O, D ratings may be modified for foundation, family or generic
PFMEAs because the information is used as a starting point for an -
process specific analysis.
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3.6.6 Collaboration between the FMEA team, Management,
Customers, and Suppliers regarding Potential Failures
Communication between the FMEA team, management, customers and

suppliers
when the

during the development of the technical risk analysis and/or
PFMEA is initially complete brings people together to improve

their understanding of product and process functions and failures. In this
way, there is a transfer of knowledge that promotes risk reduction.

PFMEA RISK ANALYSIS PFMEA OPTIMIZATION
(STEP 5) (STEP 6)
E 8
19 g o g 8
L c 5 = =
o - o =] o = @ =| |2
59 o] curen [Zlei8lE) .13, 5|25kl
§5 [g| Detecton |2I<IBIS| 5 | Detecton | s g 55 2 2 slsl2|ElE|Els
& | 2 |controls (DC)[ = (=[5 1S Acion | 28 |3 B |z 2|8 -g§Ez
Eo =262 E wZ 3| 0 |8 >|a (0|
T |E|ofFcorFm|S|E |5 ls 5 E FUEIS|B|3]s &
= 2| [BlE| 2 g 3 [ |SITI6PI3
g g al 8] & s g
3 |2 2
Force 5 [100% check |2 M Selected | Selected |Process |dd. |open 813|2 L
adjusted of motor press press with | Engineer| mm.
acc. data| |performance with force Mr. Paul | yyyy
sheet curve acc. position | monitoring | Duncan
spec. control
MRKJ5038. sensor

Figure 3.6-1 Example of PFMEA Optimization with new Risk Evaluation Form

3.7Process FMEA 7™ Step: Results Documentation

3.71

107

Purpose

The purpose of the results documentation step is to summarize and
communicate the results of the Failure Mode and Effects Analysis

activity.

The main objectives of Process Results Documentation are:

Communication of results and conclusions of the analysis
Establishment of the content of the documentation
Documentation of actions taken including confirmation of the
effectiveness of the implemented actions and assessment of
risk after actions taken

Communication of actions taken to reduce risks, including
within the organization, and with customers and/or suppliers

as appropriate

Record of risk analysis and risk reduction to acceptable levels
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3.7.2 FMEA Report

The scope and results of an FMEA should be summarized in a report. The
report can be used for communication purposes within a company, or
between companies. The report is not meant to replace reviews of the
PFMEA details when requested by management, customers, or
suppliers. It is meant to be a summary for the PFMEA team and others
to confirm completion of each of the tasks and review the results of the
analysis.

It is important that the content of the documentation fulfills the
requirements of the organization, the intended reader, and relevant
stakeholders. Details may be agreed upon between the parties. In this
way, it is also ensured that all details of the analysis and the intellectual
property remain at the developing company.

The layout of the document may be company specific. However, the
report should indicate the technical risk of failure as a part of the
development plan and project milestones. The content may include the
following:

A. A statement of final status compared to original goals established in 1.5

Project Plan

a. FMEA Intent — Purpose of this FMEA?

b. FMEA Timing — FMEA due date?

¢. FMEA Team - List of participants?

d. FMEA Task - Scope of this FMEA?

e. FMEA Tool — How do we conduct the analysis Method used?

B. A summary of the scope of the analysis and identify what is new.

o

A summary of how the functions were developed.

D. A summary of at least the high-risk failures as determined by the
team and provide a copy of the specific S/O/D rating tables and
method of action prioritization (e.g. Action Priority table).

E. A summary of the actions taken and/or planned to address the
high-risk failures including status of those actions.

F. A plan and commitment of timing for ongoing FMEA improvement
actions.

a. Commitment and timing to close open actions.

b. Commitment to review and revise the PFMEA during
mass production to ensure the accuracy and
completeness of the analysis as compared with the
production design (e.g. revisions triggered from design
changes, corrective actions, etc., based on company
procedures). (Refer to section 1.4 Case 3 FMEA
revisions)

c. Commitment to capture “things gone wrong” in foundation
PFMEAs for the benefit of future analysis reuse, when
applicable. (Refer to section 1.3.6 Foundation and Family
FMEAs)
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4 SUPPLEMENTAL FMEA FOR MONITORING AND SYSTEM
RESPONSE (FMEA-MSR)

In a Supplemental FMEA for Monitoring and System Response,
potential Failure Causes which might occur under customer operating
conditions are analyzed with respect to their technical effects on the
system, vehicle, people, and regulatory compliance. The method
considers whether or not Failure Causes or Failure Modes are
detected by the system, or Failure Effects are detected by the driver.
Customer operation is to be understood as end-user operation or
in-service operation and maintenance operations.

FMEA-MSR includes the following elements of risk:

a) Severity of harm, regulatory noncompliance, loss or degraded
functionality, and unacceptable quality; represented by (S)

b) Estimated frequency of a Failure Cause in the context of an
operational situation; represented by (F)

c) Technical possibilities to avoid or limit the Failure Effect via
diagnostic detection and automated response, combined with
human possibilities to avoid or limit the Failure Effect via sensory
perception and physical reaction; represented by (M)

The combination of F and M is an estimate of the probability of
occurrence of the Failure Effect due to the Fault (Failure Cause) and
resulting malfunctioning behavior (Failure Mode).

NOTE: The overall probability of a Failure Effect to occur may be
higher, because different Failure Causes may lead to the
same Failure Effect.

FMEA-MSR adds value by assessing risk reduction as a result of
monitoring and response. FMEA-MSR evaluates the current state of
risk of failure and derives the necessity for additional monitoring by
comparison with the conditions for acceptable residual risk. The
analysis can be part of a Design FMEA in which the aspects of
Development are supplemented by aspects of Customer Operation.
However, it is usually only applied when diagnostic detection is
necessary to maintain safety or compliance.

Detection in DFMEA is not the same as Monitoring in Supplemental
FMEA-MSR. In DFMEA, Detection controls document the ability of
testing to demonstrate the fulfillment of requirements in development
and validation. For monitoring that is already part of the system design,
validation is intended to demonstrate that diagnostic monitoring and
system response works as intended. Conversely, Monitoring in
FMEA-MSR assesses the effectiveness of fault detection performance
in customer operation, assuming that specifications are fulfilled. The
Monitoring rating also comprehends the safe performance and
reliability of system reactions to monitored faults. It contributes to the
assessment of the fulfillment of Safety Goals and may be used for
deriving the Safety Concept.
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Supplemental FMEA-MSR addresses risks that in DFMEA would
otherwise be assessed as High, by considering more factors which
accurately reflect lower assessed risk according to the diagnostic
functions of the vehicle operating system. These additional factors
contribute to an improved depiction of risk of failure (including risk of
harm, risk of noncompliance, and risk of not fulfilling specifications).

FMEA-MSR contributes to the provision of evidence of the ability of the
diagnostic, logical, and actuation mechanisms to achieve and maintain
a safe or compliant state (in particular, appropriate failure mitigation
ability within the maximum fault handling time interval and within the
fault tolerant time interval).

FMEA-MSR evaluates the current state of risk of failure under end-user
conditions (not just risk of harm to persons). The detection of
faults/failures during customer operation can be used to avoid the
original failure effect by switching to a degraded operational state
(including disabling the vehicle), informing the driver and/or writing a
diagnostic trouble code (DTC) into the control unit for service
purposes. In terms of FMEA, the result of RELIABLE diagnostic
detection and response is to eliminate (prevent) the original effect, and
replace it with a new, less severe effect.

FMEA-MSR is useful in deciding whether the system design fulfills the
performance requirements with respect to safety and compliance. The
result may be i.e.

+  additional sensor(s) may be needed for monitoring purposes
*  redundancy in processing may be needed

= plausibility checks may reveal sensor malfunctions

4.1FMEA-MSR 1st Step: Planning and Preparation
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41.1

Purpose

The main objectives of Planning and Preparation in FMEA-MSR are:
*  Project identification
+  Project plan (InTent, Timing, Team, Tasks, Tools (5T))

+  Analysis boundaries: What is included and excluded from the
analysis

+ I|dentification of baseline DFMEA
+  Basis for the Structure Analysis step
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1M1

4.1.2

FMEA-MSR Project Identification and Boundaries

FMEA-MSR Project identification includes a clear understanding of
what needs to be evaluated. This involves a decision-making process
to define the FMEA-MSRs that are needed for a customer program.
What to exclude can be just as important as what to include in the
analysis.

The following may assist the team in defining FMEA-MSR projects, as
applicable:

+  Hazard Analysis and Risk Assessment
+  Legal Requirements
*  Technical Requirements

+ Customer wants/needs/expectation (external and internal
customers)

*  Requirements specification

+  Diagrams (Block/Boundary/System)

. Schematics, Drawings, and/or 3D Models
+  Bill of Materials (BOM), Risk Assessment
*  Previous FMEA for similar products

Answers to these questions and others defined by the company help
create the list of FMEA-MSR projects needed. The FMEA- MSR project
list assures consistent direction, commitment and focus.

Below are some basic questions that help identify FMEA-MSR
boundaries:

(1) After completing a DFMEA on an Electrical / Electronic /
Programmable Electronic System, are there effects that may be
harmful to persons or involve regulatory noncompliance?

(2) Did the DFMEA indicate that all of the causes which lead to harm
or noncompliance can be detected by direct sensing, and/or
plausibility algorithms?

(3) Did the DFMEA indicate that the intended system response to any
and all of the detected causes is to switch to a degraded
operational state (including disabling the vehicle), inform the driver
and/or write a Diagnostic Trouble Code (DTC) into the control unit
for service purposes?

FMEA for Monitoring and System Response may be used to examine
systems which have integrated fault monitoring and response
mechanisms during operation. Typically, these are more complex
systems composed of sensors, actuators and logical processing units.
The diagnosis and monitoring in such systems may be achieved
through hardware and/or 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, a control unit, and an actuator 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 e Actuator

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

112
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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 Safety relevance
2. IS0 Standards, i.e. Safety Goals according to ISO 26262

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

FMEA-MSR Project Plan

A plan for the execution 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

&
U

4.21

Purpose

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

+  Structure tree or equivalent: block diagram, boundary diagram,
digital model, physical parts

+ l|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 elements 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 to visualize a system structure, two methods are commonly
used:

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

4.2.2 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 system (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

Conneclor ECU Window Lifter
Electronic Contral Unit
Window Lifter Interface within the ECU Window
Lifter

Figure 4.2-1 Example of a structure tree of a window lift system for investigating erroneous
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signals, monitoring, and system response
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The sensor element and the control unit may also be part of one
component (smart sensor). Diagnostics and monitoring in such
systems may be realized by hardware and/or software elements.

0EM, |
Suppliers |

Root element at vehicle level

of Actuator

Vehicia | Data Processing Unit l

Conneclor (Input)
Figure 4.2-2 Example of a structure tree of a smart sensor with an internal sensing element and
output to an interface

l Elements of Actuator | ’
:
[

]

In case there is no sensor within the scope of analysis, an Interface
Element is used to describe the data/current/voltage received by the
ECU. One function of any ECU is to receive signals, i.e. via a
connector. These signals can be missing or erroneous. With no
monitoring, you get erroneous output.

In case there is no actuator within the scope of analysis, an Interface
Element is used to describe the datalcurrent/voltage sent by the ECU.
Another function of any ECU is to send signals, i.e. via a connector.
These signals can also be missing or erroneous. It can also be “no
output” or “failure information.

The causes of erroneous signals may be within a component which is
outside the scope of responsibility of the engineer or organization.
These erroneous signals may have an effect on the performance of a
component which is within the scope of responsibility of the engineer or
organization. It is therefore necessary to include such causes in the
FMEA-MSR analysis.

NOTE: Ensure that the structure is consistent with the Safety
Concept (as applicable).

STRUCTURE ANALYSIS (STEP 2)

. 3. Next Lower Level or
1. Next Higher Level 2. Focus Element Characteristic Type
Window Lift System ECU Window Lifter Connector ECU Window Lifter

Figure 4.2-3 Example of Structure Analysis in the FMEA-MSR Form
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4.3FMEA-MSR 3rd Step: Function Analysis

115

431

Purpose

The main objectives of Function Analysis in FMEA-MSR are:
= Visualization of functions and relationships between functions

*  Function tree/net, or equivalent function matrix parameter diagram
(P-diagram)

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

*  Association of requirements or characteristics to functions

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

+  Basis for the Failure Analysis step

In a Supplemental FMEA for Monitoring and System Response,
monitoring for failure detection and failure responses are considered
as functions. Hardware and software functions may include monitoring
of system states.

Functions for monitoring and detection of faults/failures may consist of,
for example: out of range detections, cyclic redundancy checks,
plausibility checks and sequence counter checks.

Functions for failure reactions may consist of, for example, provision of
default values, switching to a limp home mode, switching off the
corresponding function and/or display of a warning.

Such functions are modeled for those structural elements that are
carriers of these functions, i.e. control units or components with
computational abilities like smart sensors.

Additionally, sensor signals can be considered which are received by
control units. Therefore, functions of signals may be described as well.

Finally, functions of actuators can be added, which describe the way
the actuator or vehicle reacts on demand.

Performance requirements are assumed to be the maintenance of a
safe or compliant state. Fulfiiment of requirements is assessed
through the risk assessment.

In case sensors and/or actuators are not within the scope of analysis,
functions are assigned to the corresponding interface elements
(consistent with the Safety Concept-as applicable).
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Electronic Control Unit Window Lifter

Window Lift System
Eunation

Provide

Interface within the ECU Window Lifter

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

FUNCTION ANALYSIS (STEP 3)

1. Next Higher Level Function | 2. Focus Element Function and 8:Next L ower Fevel Fanction

and Requirement Requirement a"dcmggggg o

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

Provide anti-pinch protection for
comfort closing mode

Transmit signal from Hall
effect sensor to ECU

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 in 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
Effect

+ ldentification 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
4.42 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) that 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)

[«
v
= Mitigated System o
« | FailureEffect = ||  Response m== Monitoring
w
E Can the
failure be
| detectedin
d | customer
4 operation?
' What happens? L peration
Failure Cause

DFMEA

Failure Effect

Why?

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 Effect occurs No hazardous event

(5=1..9)
l Malfunctioning Behavior (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.
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Failure Effectleads to

Fault occurs Failure Effectoccurs 3 hazardous event (S = 10)

I Malfunctioning Behavior (Failure Mode) l

T
Fault Handling Time Interval

Figure 4.4-3 Failure Scenario (2) - Hazardous

Fault occurs

J Malfunctioning Behavior Transition I J

Failure Scenario (2) describes the malfunctioning behavior from the
occurrence of the fault to the Failure eEfect, which in this example
leads to a hazardous event.

As an aspect of the Failure Scenario, it is necessary to estimate the
magnitude of the Fault Handling Time Interval (time between the
occurrence of the fault, and the occurrence of the hazard /
noncompliant Failure Effect).

The Fault Handling Time Interval is the maximum time span of
malfunctioning behavior before a hazardous event occurs, if the safety
mechanisms are not activated.

Mitigated Failure Mo hazardous event but loss or
Effect occurs degradation of a function.

1

1 '
H .

o Time lor Detection .‘Tlme for System Rnpnme.:
L h

t

T
M=1

T

Fault Handling Time Interval

Figure 4.4-4 Failure Scenario (3) - Mitigated (Effect)

4.4.3

Failure Scenario (3) describes the malfunctioning behavior from the
occurrence of the fault to the mitigated Failure Effect, which in this
example leads to a loss or degradation of a function instead of the
hazardous event.

Failure Cause

The description of the Failure Cause is the starting point of the Failure
Analysis in a Supplemental FMEA for Monitoring and System
Response. The Failure Cause is assumed to have occurred and is not
the true Failure Cause (root cause). Typical Failure Causes are
electrical/electronic faults (E/E faults) (Refer to Appendix C2). Root
causes may be insufficient robustness when exposed to various factors
such as the external environment, vehicle dynamics, wear, service,
stress cycling, data bus overloading, and erroneous signal states, etc.
Failure Causes can be derived i.e. from the DFMEA, catalogues for
failures of E/E components, and network communication data
descriptions.
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NOTE: In FMEA-MSR, diagnostic monitoring is assumed to function
as intended. (However, it may not be effective.) Therefore,
Failure Causes of diagnostics are not part of FMEA-MSR but
can be added to the DFMEA section of the form. These
include:

\  Failed to detect fault
Y Falsely detected fault (nuisance)
Y Unreliable fault response (variation in response capability)

Teams may decide not to include failures of diagnostic monitoring in
DFMEA because Occurrence ratings are most often very low (including
“latent failures" Ref. ISO 26262). Therefore, this analysis may be of
limited value. However, the correct implementation of diagnostic
monitoring should be part of the test protocol.

Prevention Controls of diagnostics in a DFMEA describe how reliable a
mechanism is estimated to detect the Failure Cause and reacts on time
with respect to the performance requirements.

Detection Controls of diagnostics in a DFMEA would relate back to
development tests which verify the correct implementation and the
effectiveness of the monitoring mechanism.

4.44 Failure Mode

A Failure Mode is the consequence of the fault (Failure Cause). In
FMEA-MSR two possibilities are considered:

a. In case of failure scenarios (1) and (2) the fault is not
detected or the system reaction is too late. Therefore, the
Failure Mode in FMEA-MSR is the same as in DFMEA. (see
Figure 4.4-5).

b. Different is failure scenario (3), where the fault is detected
and the system response leads to a mitigated Failure Effect.
In this case a description for the diagnostic monitoring and
system response is added to the analysis. Because the
failure chain in this specific possibility consists of a
fault/failure and a description of an intended behavior, this is
called a hybrid failure chain or hybrid failure network (see
Figure 4.4-6).
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Window Lift System

Fasure Effect

1 betweer

Electronic Control Unit Window Lifter
F ra Mo

ty of motor nol reversed

Connector ECU Window Lifter

Figure 4.4-5 Example of a structure with failure chain without a monitoring or with a monitoring
which is only partially effective (scenario (1) and (2)).

Window Lift System

d Behavior (Effect)

The windaw only m

Electronic Control Unit Window Lifter

dod Bahavor (Mode)

Connector ECU Window Lifter

Figure 4.4-6 Example of a structure with hybrid failure chain including a monitoring which
always is effective and switches the system to a mitigated Failure Effect (scenario (3)

4.45 Failure Effect

A Failure Effect is defined as the consequence of a Failure Mode.
Failure Effects in FMEA-MSR are either a malfunctioning behavior of
the system or an intended behavior after detection of a Failure Cause.
The end effect may be a “hazard” or “noncompliant state” or, in case of
detection and timely system response, a “safe state” or “compliant
state” with loss or degradation of a function.

The severity of Failure Effects is evaluated on a ten point scale
according to Table MSR1 and Table D1, respectively.

Window Lift System
-ailure Effect

-k may be pinched

ass and frame)

Electronic Contral Unit Window Lifter

.l> f:

Connector ECU Window Lifter
Fas Cause.

Figure 4.4-7 Example of a failure network

FAILURE ANALYSIS (STEP 4)

1. Failure Effects (FE) to the Next
Higher Level Element and/or End
User

2. Failure Mode (FM) of the
Focus Element

3. Failure Cause (FC) of the
Next Lower Element or
Characteristic

No anti-pinch protection in comfort
closing mode

(Hand or neck may be pinched
between window glass and frame)

No signal to stop and reverse
window lifter motor in case of
a pinch situation

Signal of Hall effect sensor is
not transmitted to ECU due to
poor connection of Hall effect
sensor

Figure 4.4-8 Example of Failure Analysis in FMEA-MSR Form

120




s .
; ERFHEBOTRANT N AR
K H AT E T i AL ’
LR RELA, F CERVIR 3% N EUE 12 9

LHECE Sl

B 4.4-5 AA R BRAUHAA U AT BRI R BEES R Gk (1) R (D) )

ST MECUEES
it DN WA BT RN AR
_f g ok TRy i) ;
5 «\|‘£{]D‘1i"41 g, ¢ o w0y £ o e
FARATABUBS, b

Bl 4.4-6 AAMHEA R B RGBBNRE SB00 M i BT AR HR & KB ERH Gl ()

445 ¥

SRHAM B SE SR RPN R . FMEA-MSR Hhit) S 300 R 8 R 4
B AACAT BRI B M R RS B AT 9 R AR T LR B
AEHRE", BETERIIFBr RGBT T, TCURIhRERE R

R AR SRR A
H#E% MSR1 fZk D1, 2B+l Zd KA g™ BT
PP .
TR T B B T B T EWTEBMECUERE
o e e e Mk A2t
OB A TB 0 o . AR . P
I 2 L L RS e 1 A

Bt
ST

b7 T i

A 4.4-7 KHPIRE

KRBT GPEN)

1. E— S EAT B RER sumxomamy | T SREANERERR
P AFIE S BN T AT B IR T | EEERFMET, B RN | BVE/RER RS EEAR,
it 5 T A LA R 1 | SR A T ARG R R 1
(FEE BRI S > [rTfe s | BIEMES {&51kis%E ECU
HBLIETF eI %)

& 4.4-8 FMEA-MSR 2% s e 341l

120



4.5FMEA-MSR 5th Step: Risk Analysis

121

4.51

4.5.2

4.5.3

Purpose

The purpose of Risk Analysis in FMEA-MSR is to estimate risk of
failure by evaluating Severity, Frequency, and Monitoring, and
prioritize 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 Severity, Frequency and Monitoring for each failure
chain.

+  Collaboration between customer and supplier (Severity and
Frequency)

*  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.



4.5FMEA-MSR FBH.: KRBT

4.51

452

453

E]:4]

FMEA-MSR 1 i RSt 4347 B ZE i3 VPl 7 HLRE L S AR A SRk
AIPAREE, X 5 BEAH A PG (O 1 ERE AT I S HE R«

FMEA-MSR UKz 437 9 2 B 47

o SEIARESTHRIBEREERE. R AT I
HHEE PGS AR

+ SR

o SriTshig g AR E I R E

o WEASRMEEHTERE. SRS

« BESEREz A EME (T EEREE)

« VHERETRSE S

L g iR

PG

. ARRA (RMBEEUREME) il LUF =Rk
i

FEHRE (S) . FRRHSw AR

% (F) : FRAELEREITIR T, R TG A A )
R RAGRE MR

B () - RSB RERIE AR GRIAMER . %
MR R )

1 5] 10 P EFEA AT S, FAIM, M 10 e Ak .

BT R A X PRI A S EAE R, RS MRS .

FEERE (S)

FEEFEF (S) R—Fi ST ThRErERE E KRR T Al E 2k
HOYNAARRERRYEERE, Jf H DFMEA 1 FMEA-MSR (17 8 B VR 40
LEIGTEE

121



Severity should be estimated using the criteria in the Severity Table
MSR1. The table may be augmented to include product- specific
examples. The FMEA project team should agree on an evaluation
criteria and rating system, which is consistent even if modified for

individual design analysis.

The Severity evaluations of the Failure Effects should be transferred by

the customer to the supplier, as needed.

Product General Evaluation Criteria Severity (S)

Potential Failure Effects rated according to the criteria below.

Blank until filled in
by user

Effect

Severity criteria

Corporate or
Product Line
Examples

10

Very High

Affects safe operation of the vehicle and/or other
vehicles, the health of driver or passenger(s) or road
users or pedestrians.

Noncompliance with regulations.

[--]

High

Loss of primary vehicle function necessary for normal
driving during expected service life.

Degradation of primary vehicle function necessary for
normal driving during expected service life.

L o |~

Moderate

Loss of secondary vehicle function.

Degradation of secondary vehicle function.

Very objectionable appearance, sound, vibration,
harshness, or haptics.

Low

Moderately objectionable appearance, sound, vibration,
harshness, or haptics.

Slightly objectionable appearance, sound, vibration,
harshness, or haptics.

Very low

No discernible Failure Effect.

122

' Note:  This table is identical to Table D1 - DFMEA SEVERITY (S)

Table MSR1 - Supplemental FMEA-MSR SEVERITY (S)

4.54 Rationale for Frequency Rating

In a Supplemental FMEA for Monitoring and System Response, the
likelihood of a failure to occur in the field under customer operating

conditions during service life is relevant.
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4.5.5

Analysis of end user operation requires assumptions that the
manufacturing process is adequately controlled in order to assess the
sufficiency of the design.

Examples on which a rationale may be based on:

*  Evaluation based on the results of Design FMEAs

*  Evaluation based on the results of Process FMEAs

*  Field data of returns and rejected parts

+  Customer complaints

*  Warranty databases

+  Data handbooks

The rationale is documented in the column “Rationale for Frequency
Rating” of the FMEA-MSR form.

Frequency (F)

The Frequency rating (F) is a measure of the likelihood of occurrence
of the cause in relevant operating situations during the intended
service life of the vehicle or the system using the criteria in Table
MSR2.

If the Failure Cause does not always lead to the associated Failure
Effect, the rating may be adapted, taking into account the probability of
exposure to the relevant operating condition (according to Table
MSR2.1). In such cases the operational situation and the rationale are
to be stated in the column “Rationale for Frequency Rating".

Example: From field data it is known how often a control unit is
defective in ppmfyear. This may lead to F=3. The system under
investigation is a parking system which is used only a very limited time
in comparison to the overall operating time. So harm to persons is only
possible when the defect occurs during the parking maneuver.
Therefore, Frequency may be lowered to F=2.

Frequency Potential (F) for the Product

Frequency criteria (F) for the estimated occurrence of the Failure Cause in relevant EJF::EKI:TI
operating situations during the intended service life of the vehicle Ser Y
Estimated Corporate or
F Fredusng Frequency criteria - FMEA-MSR Product Line
q y Examples
Extremely Frequency of occurrence of the Failure Cause is unknown
10 | high or cannot | or known to be unacceptably high during the intended
be determined service life of the vehicle
9 Failure Cause is likely to occur during the intended
Hiih service life of the vehicle
1
8 9 Failure Cause may occur often in the field during the
intended service life of the vehicle
7 Failure Cause may occur frequently in the field during the
intended service life of the vehicle
Medium - :
6 Failure Cause may occur somewhat frequently in the field

during the intended service life of the vehicle
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Failure Cause may occur occasionally in the field during

- the intended service life of the vehicle.
Failure Cause is predicted to occur rarely in the field
4 Low during the intended service life of the vehicle. At least ten
occurrences in the field are predicted.
Failure Cause is predicted to occur in isolated cases in
3 Very low the field during the intended service life of the vehicle.

At least one occurrence in the field is predicted.

2 Extremely low

Failure Cause is predicted not to occur in the field during
the intended service life of the vehicle based on
prevention and detection controls and field experience
with similar parts. Isolated cases cannot be ruled out. No
proof it will not happen.

1 Cannot Occur

Failure Cause cannot occur during the intended service
life of the vehicle or is virtually eliminated. Evidence that
Failure Cause cannot occur. Rationale is documented.

Percentage of relevant operating condition in
comparison to overall operating time

<10% 1

<1%

2

NOTE: Probability increases as number of vehicles are increased
Reference value for estimation is one million vehicles in the

field

Table MSR2 - Supplemental FMEA-MSR FREQUENCY (F)
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Value by which F may be lowered
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45.6

4.5.7

Current Monitoring Controls

All controls that are planned or already implemented and lead to a
detection of the Failure Cause, the Failure Mode or the Failure Effect
by the system or by the driver are entered into the “"Current Monitoring
Controls” column. In addition, the fault reaction after detection should
be described, i.e. provision of default values, (if not already sufficiently
described by the Failure Effect).

Monitoring evaluates the potential that the Failure Cause, the Failure
Mode or the Failure Effect can be detected early enough so that the
initial Failure Effect can be mitigated before a hazard occurs or a
noncompliant state is reached. The result is an end state effect with a
lower severity.

Monitoring (M)

The Monitoring rating (M) is a measure of the ability of detecting a
fault/failure during customer operation and applying the fault reaction in
order to maintain a safe or compliant state.

The Monitoring Rating relates to the combined ability of all sensors,
logic, and human sensory perception to detect the fault/failure; and
react by modifying the vehicle behavior by means of mechanical
actuation and physical reaction (controllability). In order to maintain a
safe or compliant state of operation, the sequence of fault detection
and reaction need to take place before the hazardous or noncompliant
effect occurs. The resulting rating describes the ability to maintain a
safe or compliant state of operation.

Monitoring is a relative rating within the scope of the individual FMEA
and is determined without regard for severity or frequency. Monitoring
should be estimated using the criteria in Table MSR3. This table may
be augmented with examples of common monitoring. The FMEA
project team should agree on an evaluation criteria and rating system
which is consistent, even if modified for individual product analysis.
The assumption is that Monitoring is implemented and tested as-
designed. The effectiveness of Monitoring depends on the design of
the sensor hardware, sensor redundancy, and diagnostic algorithms
that are implemented. Plausibility metrics alone are not considered to
be effective. Refer to Table MSR3.

Implementation of monitoring and the verification of effectiveness
should be part of the development process and therefore may be
analyzed in the corresponding DFMEA of the product. (see NOTE for
Failure Causes in Section 4.4.1).

The effectiveness of diagnostic monitoring and response, the fault
monitoring response time, and the Fault Tolerant Time Interval need to
be determined prior to rating. Determination of the effectiveness of
diagnostic monitoring is addressed in detail in 1SO 26262-5:2018
Annex D.
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In practice, three different monitoring/response cases may be
distinguished:

(1) No fault/failure monitoring

Criginal
Failure Effect
S=10

M=10 Failure Cause

F=3

Failure Mode

Figure 4.5-1 FMEA-MSR Monitoring not implemented or not considered

If there is no monitoring control, or if monitoring and response do not
occur within the Fault Handling Time Interval, then Monitoring should
be rated as Not Effective (M=10).

(2) Reliable fault/failure monitoring and system response

Mitigated
Failure Effect
S=6

Diagnostic
.| Monitoringand | | _ . |, | Failure Cause
System Response Failure Mode F=3
M=1

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
corresponding Monitoring Controls can vary depending on:

a. Variations in the Failure Cause or Failure Mode

b. Variations in the hardware implemented for diagnostic
monitoring

c. The execution timing of the safety mechanism, i.e. failure
is detected during “power up” only

d. Variations in system response
e. Variations in human perception and reaction

f. Knowledge of implementation and effectiveness from
other projects (newness)
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Depending on these variations or execution timing, Monitoring Controls
may not be considered to be RELIABLE in the sense of M=1.
(3) Less-than reliable fault/failure monitoring

@

Original Monitoring does

Failure Effect not detect the 10%
S=10 failure
. Failure Cause
M=6 Failure Mode [—
F=3

Mitigated Monitoring

Failure Effect detects the 90%
S=6 failure

Figure 4.5-3 FMEA-MSR Diagnostic Monitoring partially effective

The original Failure Effect occurs less often. Most of the failures are
detected and the system response leads to a mitigated Failure Effect.
The reduced risk is represented by the Monitoring rating. The most

serious Failure Effect remains S=10.

Supplemental FMEA for Monitoring and System Response (M)
Monitoring Criteria (M) for Failure Causes, Failure Modes and Failure Effects by Blank until
Monitoring during Customer Operation. Use the rating number that corresponds with filled in by
the least effective of either criteria for Monitoring or System Response user
Effectiveness
of Monitoring ” —_— System Response/ | Corporate or
M | Controls and D‘agnolfg:czk;?;:og:i?;is:"“w Human Reaction Product Line
System P Criteria Examples
Response
The fault/failure cannot be
detected at all or not during the No response during
10 | Not effective Fault Handling Time Interval; by the Fault Handling
the system, the driver, a Time Interval.

passenger, or service technician.

The fault/failure can almost never The reaction to the
be detected in relevant operating fault/failure by the

9 Very Low conditions. Monitoring control with system or the driver
v low effectiveness, high variance, or | may not reliably occur
high uncertainty. Minimal during the Fault
diagnostic coverage. Handling Time Interval.
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Supplemental FMEA for Monitoring and System Response (M)

Monitoring Criteria (M) for Failure Causes, Failure Modes and Failure Effects by Blank until
Monitoring during Customer Operation. Use the rating number that corresponds with the | filled in by
least effective of either criteria for Monitoring or System Response user
Effectiveness of Corporate
M Monitoring Diagnostic Monitoring / System Response / or Product
Controls and Sensory Perception Criteria | Human Reaction Criteria Line
System Response Examples
The fault/failure can be detected
in very few relevant operating The reaction to the
conditions. Monitoring control fault/failure by the system
8 Low with low effectiveness, high or the driver may not

variance, or high uncertainty.
Diagnostic coverage estimated
<60%.

always occur during the
fault tolerant time interval.

4 Moderately Low

Low probability of detecting the
fault/failure during the fault
tolerant time interval by the

system or the driver. Monitoring

control with low effectiveness,
high variance, or high
uncertainty. Diagnostic coverage
estimated >60%.

Low probability of reacting
to the detected fault/failure
during the fault tolerant
time interval by the system
or the driver.

Moderate

The fault/failure will be
automatically detected by the
system or the driver only during
power-up, with medium variance
in detection time. Diagnostic
coverage estimated >90%.

The automated system or
the driver will be able to
react to the detected
fault/failure in many
operating conditions.

The fault/failure will be
automatically detected by the
system during the fault tolerant
time interval, with medium
variance in detection time, or
detected by the driver in very
many operating conditions.
Diagnostic coverage estimated
between 90% - 97%.

The automated system or
the driver will be able to
react to the detected
fault/failure in very many
operating conditions.

4 Moderately High

The fault/failure will be
automatically detected by the
system during the fault tolerant
time interval, with medium
variance in detection time, or
detected by the driver in most
operating conditions. Diagnostic
coverage estimated >97%.

The automated system or
the driver will be able to
react to the detected
fault/failure during the fault
tolerant time interval, in
most operating conditions.

3 High

The fault/failure will be
automatically detected by the
system during the fault tolerant
time interval with very low
variance in detection time, and
with a high probability.
Diagnostic coverage
estimated >99%.

The system will
automatically react to the
detected fault/failure
during the fault tolerant
time interval in most
operating conditions with
very low variance in
system response time,
and with a high probability.
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Supplemental FMEA for Monitoring and System Response (M)

Monitoring Criteria (M) for Failure Causes, Failure Modes and Failure Effects by Blank until
Monitoring during Customer Operation. Use the rating number that corresponds with the | filled in by
least effective of either criteria for Monitoring or System Response user
Effectiveness of Corporate
M Monitoring Diagnostic Monitoring / System Response / or Product
Controls and Sensory Perception Criteria | Human Reaction Criteria Line
System Response Examples
The fault/failure will be detected autorzgﬁcsa);ft?e";;”tlo the
automatically by the system with detected f!:aultifailure
very low variance in detection during the fault tolerant
2 Very High time during the fault tolerant time time i % L with |
interval, and with a very high me Intsrval with Very. low
robability. Diagnostic coverage YanLeo system
P i tecg:l S B6.65 9¢ | response time, and with a
estiine G very high probability.
Reliable and The fault/failure will always be The system will always
acceptable for detected automatically by the automatically react to the
1 elimination of system. Diagnostic coverage detected fault/failure
original failure estimated to be significantly during the fault tolerant
effect greater than 99.9%. time interval.
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Table MSR3 - Supplemental FMEA-MSR MONITORING (M)
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4.5.8 Action Priority (AP) for FMEA-MSR

The Action Priority is a methodology which allows for the prioritization
of the need for action, considering Severity, Frequency, and Monitoring
(SFM).

This is done by the assignment of SFM ratings which provide a basis
for the estimation of risk.

See previous chapters for discussion of reducing risk first by S, then F,
then M.

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

The team needs to either identify an
appropriate action to lower frequency and/or to
improve monitoring controls or justify and
document why current controls are adequate.

Priority Medium (M): Medium priority for review and action.

The team should identify appropriate actions to
lower frequency and/or to improve monitoring
controls, or, at the discretion of the company,
justify and document why controls are
adequate.

Priority Low (L): Low priority for review and action.

The team could identify actions to lower frequency
and/or to improve monitoring controls.

It is recommended that potential Severity 9-10 failure effects with
Action Priority High and Medium, at a minimum, be reviewed by
management including any recommended actions that were taken.

This is not the prioritization of High, Medium, or Low risk. It is the
prioritization of the need for actions to reduce risk.

If the team decides that no further actions are necessary, “No
further action is needed” is written in the Remarks field to show
the risk analysis was completed.
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Action Priority (AP) for FMEA-MSR

Action Priority is based on combinations of Severity, Frequency, and Monitoring ratings in order to
prioritize actions for risk reduction.

Prediction of

Failure Cause Effectiveness of ACTION
Effect S Occurring During F gt M PRIORITY
Service Life of Monitoring (AP)
Vehicle
Medium - Reliable - Not
Extremely high 510 effective 110 H
Moderately high - Not ~
effective +10 H
Low 4 Very high - High 2-3 H
Reliable 1 M
Moderately high - Not
Product 10 effective 410 H
Effect High
Vierylowe 8 Very high - High 2.3 M
Reliable 1 L
Moderately high - Not 4-10 M
Extremely low 2 etfpctive
Reliable - High 1-3 L
Cannot occur 1 Reg?rg::eﬁ;s ot 1-10 L
Low - Extremely Reliable - Not
high 410 effective 119 H
Very high - Not 210 H
Product 9 Extremely low - 2.3 effective
Effect High Very low
Reliable - High 1 L
Cannot occur 1 Reg?fte)::eti;s ot 1-10 L
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Action Priority (AP) for FMEA-MSR

Action Priority is based on combinations of Severity, Frequency, and Monitoring ratings in order to
prioritize actions for risk reduction.

Prediction of

Failure Cause ACTION
Effect s | Occurring During| F EfiSchnnes, of M PRIORITY
Service Life of 9 (AP)
Vehicle
Medium - Reliable - Not
Extremely high 10 effective L H
Moderately high - Not
Medi . effective 540 H
ol Reliable - Moderately | "
high
Moderately low - Not
effective [ H
Moderately high -
Product v [ Mo e |
Effect 7.8 - :
Moderately Reliable - High 1-3 L
high Very low - Not
effective &1 H
Varyiow 4 Moderately low - Low 7-8 M
Reliable - Moderate 1-6 L
Moderately low - Not
: 7-10 M
Extremely low 2 effective
Reliable - Moderate 1-6 L
Reliable - Not
Cannot occur 1 e;?fe;jve © 1-10 i
High - Extremely Reliable - Not
high 710 effective 1-10 H
Moderate - Not
ik &5 effective AL H
Gl Reliable - Moderately 1-5 M
Product high B
Effect E
Moderately %6 Vegf;:::ivem't 9-10 M
Low
Extrenlj::: fow - 2-4 Moderately high - 7.8 M
Moderate
Reliable - Moderate 1-6 L
Reliable - Not
Cannot occur 1 ; fective 1-10 L
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Action Priority (AP) for FMEA-MSR

Action Priority is based on combinations of Severity, Frequency, and Monitoring ratings in order to
prioritize actions for risk reduction.

Prediction of
Failure Cause ACTION
Effect S Occurring During F Eﬂ;‘::’;:r?:s of M PRIORITY
Service Life of 9 (AP)
Vehicle
High - Extremely - Reliable - Not .
high 7-10 effective 10 H
Moderately low - Not
; 7-10 M
Srodii Medium 5-6 effective
roduc :
Effect Low 2-3 Reliable - Moderate 1-6
Extremely low - Reliable - Not
Low 24 effective =10 L
Cannot occur 1 Rag;l;::;aﬁ;el:lot 1-10 L
Product ;
Cannot occur - Reliable - Not
Effe;t:ery 1 Extremely high 1-10 effective 110 L
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' NOTE: If M=1, the Severity rating of the Failure Effect after
Monitoring and System Response is to be used for
determining MSR Action Priority. If M is not equal to 1, then

l the Severity Rating of the original Failure Effect is to be used

| for determining MSR Action Priority.

Table AP — ACTION PRIORITY FOR FMEA-MSR
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SUPPLEMENTAL FMEA-MSR RISK ANALYSIS (STEP 5)

&
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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 to develop
actions that reduce risk and improve safety. In this step, the team
reviews the results of the risk analysis and evaluates action priorities.

The main objectives of FMEA-MSR Optimization are:
» ldentification of the actions necessary to reduce risks

*  Assignment of responsibilities 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

+ |dentification of the actions necessary to reduce risks

« Assignment of responsibilties and deadlines for action
implementation

. Collaboration between the FMEA team, management, customers,
and suppliers regarding potential failures
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4.6.2

+ Basis for refinement of the product requirements and
prevention/detection controls

High and medium action priorities may indicate a need for technical
improvement.

Improvements may be achieved by introducing more reliable
components which reduce the occurrence potential of the Failure
Cause in the field or introduce additional monitoring which improve the
detection capabilities of the system. Introduction of monitoring is similar
to design change. Frequency of the Failure Cause is not changed. It
may also be possible to eliminate the Failure Effect by introducing
redundancy.

If the team decides that no further actions are necessary, “No further
action is needed” is written in the Remarks field to show the risk
analysis was completed.

The optimization is most effective in the following order:

+ Component design modifications in order to reduce the
Occurrence (O) of the Failure Cause (FC)

+  Component design modifications in order to reduce the
occurrence of the Failure Cause (FC).

« Increase the Detection (D) ability for the Failure Cause (FC) or
Failure Mode (FM).

In the case of design modifications, all impacted design elements are
evaluated again.

In the case of concept modifications, all steps of the FMEA are
reviewed for the affected sections. This is necessary because the
original analysis is no longer valid since it was based upon a different
design concept.

Assignment of Responsibilities

Each action should have a responsible individual and a Target
Completion Date (TCD) associated with it.

The responsible person ensures the action status is updated. If the
action is confirmed this person is also responsible for the action
implementation.

The Actual Completion Date is documented including the date the
actions are implemented.

Target Completion Dates should be realistic (i.e. in accordance with
the product development plan, prior to process validation, prior to start
of production).
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4.6.3

4.6.4

Status of the Actions

Suggested levels for Status of Actions:
Open

No Action defined.
Decision pending (optional)

The action has been defined but has not yet decided on. A
decision paper is being created.

Implementation pending (optional)
The action has been decided on but not yet implemented.
Completed

Completed actions have been implemented and their
effectiveness has been demonstrated and documented. A final
evaluation has been done.

Not Implemented

Not Implemented status is assigned when a decision is made not
to implement an action. This may occur when risks related to
practical and technical limitations are beyond current capabilities.

The FMEA is not considered “complete” until the team assesses each
item's Action Priority and either accepts the level of risk or documents
closure of all actions. Closure of all actions should be documented
before the FMEA is released at Start of Production (SOP).

Describe the actual preventive and detection actions regarding design
change, test procedure, test plan, process change, control plan, or
other documents.

If “No Action Taken", then Action Priority is not reduced and the risk of
failure is carried forward into the product design.

Assessment of Action Effectiveness

When an action has been completed, Frequency, and Monitoring
values are reassessed, and a new Action Priority may be determined.

The new action receives a preliminary Action Priority rating as a
prediction of effectiveness.

However, the status of the action remains “implementation pending”
until the effectiveness has been tested. After the tests are finalized the
preliminary rating has to be confirmed or adapted, when indicated. The
status of the action is then changed from “implementation pending” to
“completed”.
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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
not modified once actions have been taken.

The completed analysis becomes a repository to capture the
progression of design decisions and design refinements.

However, original S, 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 6)

Most S gx E g
ost Severe . 1 "
: —a
MR vl ognostic | system |Failure Etfect| @2 |Responsivle] Target | - \Action Taken ¢.orypretion s £
¥ |Response| after System _?,-g Katiibiel L . elth SR Date ; E
Action Action Response E" Name Date to Evidence E &
&
None omfort |Loss of & |Test [dd.mm.yy |implem 211]|L
losi i gl Yy enlation
il mode Mr. Warren pending
check disabled |"Comfort Watchful
between closing™.
motor The window
current and only moves
loss of in manual
signal from mode.
Hall effect
Sensor.
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Figure 4.6-1 Example of FMEA-MSR Optimization with new Risk Evaluation Form
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4.7FMEA-MSR 7" Step: Results Documentation
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471

4.7.2

Purpose

The purpose of the results documentation step is to summarize and
communicate the results of the Failure Mode and Effects Analysis
activity.
The main objectives of FMEA - MSR Results Documentation are:
« Communication of results and conclusions of the analysis
« Establishment of the content of the documentation
« Documentation of actions taken including confirmation of the
effectiveness of the implemented actions and assessment of
risk after actions taken
« Communication of actions taken to reduce risks, including
within the organization, and with customers and/or suppliers
as appropriate
e Record of risk analysis and reduction to acceptable levels
FMEA Report

The scope and results of an FMEA should be summarized in a report.
The report can be used for communication purposes within a
company, or between companies. The report is not meant to replace
reviews of the FMEA-MSR details when requested by management,
customers, or suppliers. It is meant to be a summary for the
FMEA-MSR team and others to confirm completion of each of the
tasks and review the results of the analysis.
It is important that the content of the documentation fulfill the
requirements of the organization, the intended reader, and relevant
stakeholders. Details may be agreed upon between the
parties. In this way, it is also ensured that all details of the analysis and
the intellectual property remain at the developing company.
The layout of the document may be company specific. However, the
report should indicate the technical risk of failure as a part of the
development plan and project milestones. The content may include the
following:
A. A statement of final status compared to original goals established
in 1.5 Project Plan
a. FMEA Intent — Purpose of this FMEA?
FMEA Timing — FMEA due date?
FMEA Team — List of participants?
FMEA Task - Scope of this FMEA?
FMEA Tool — How do we conduct the analysis Method used?

P a0 o
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o

A summary of the scope of the analysis and identify what is new.

A summary of how the functions were developed.

A summary of at least the high-risk failures as determined by the

team and provide a copy of the specific S/F/M rating tables and

method of action prioritization (e.g. Action Priority table).

A summary of the actions taken and/or planned to address the

high-risk failures including status of those actions.

A plan and commitment of timing for ongoing FMEA improvement

actions.

a. Commitment and timing to close open actions.

b. Commitment to review and revise the FMEA-MSR during
mass production to ensure the accuracy and completeness
of the analysis as compared with the original production
design (e.g. revisions triggered from design changes,
corrective actions, etc., based on company procedures).
(Refer to section 1.4 Case 3 FMEA revisions)

c. Commitment to capture “things gone wrong” in foundation
FMEA-MSRs for the benefit of future analysis reuse, when
applicable. (Refer to section 1.3.6 Foundation and Family
FMEASs)
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A Sample FMEA Form Sheets
A1 DFMEA Form Sheets
e Form A: Standard DFMEA Form Sheet
o AIAG & VDA Form Sheet Supporting 7 Step Approach

e« Form B: Alternate DFMEA Form Sheet

o With “Next Higher Level” and “Next Higher Level and Function and Requirement”
in a single row and not prepared in all rows.

e View A: DFMEA Software View.
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Design Failure Mode and Effects Analysis (DESIGN FMEA)

Form A: Standard DFMEA Form Sheet
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Design Failure Mode and Effects Analysis (DESIGN FMEA)

RISK ANALYSIS (STEP 5) OPTIMIZATION (STEP 6)

Filter Code (Optional)
Prevention Action
Detection
Action
Responsible Person's
Name
Target
Complatio
Date
Status
Action Taken with
Polnter to Evidence
‘Completion Date

Form B: Alternate DFMEA Form Sheet
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Design Failure Mode and Effects Analysis (Design FMEA)
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A2 PFMEA Form Sheets

147

Form C: Standard PFMEA Form Sheet
o AIAG & VDA Form Sheet Supporting 7 Step Approach

Form D: Alternate PFMEA Form Sheet
o With “Process Item” and “Function of the Process Item” in a single row and not
prepared in all rows

Form E: Alternate PFMEA Form Sheet
o With “Function of the Process Step and Product Characteristics” and “Function of
Process Work Element and Process Characteristics” split into multiple columns
in order to make each column a unique category of information

Form F: Alternate PFMEA Form Sheet
o Adjustments from Form D and Form E combined.

Form G: Alternate PFMEA Form Sheet
o With modifications to the Structure Analysis and Failure Analysis sections.

View B: PFMEA Software View
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o %f& C: 5k PFMEA #i%
o AIAG & VDA Lkl ih#ekk

o HfkD: #ik PFMEA &i%
o i RRGLH"RIL R HIhREER AT, ARERAITH

o FEE: &k PFMEA #H%
o IR BRA Th AR SRR R AR B O Th R AR R A A5,
UL B4~ B nE — 45 825

o ik F: &k PFMEA i
o % D MEME E fYiREHS

o ik G: #&ifk PFMEA %%
o OSSR A AT T

» YiE B: PFMEA #{:-1iE
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Process Failure Mode and Effects Analysis (Process FMEA)

Sebeck___ PPMEAID Humba
Cross-Funaioa Tesm:
STRUCTURE ANALYSIS (STEP 2) F AMALYSIS (STEP 3) FAILURE ANALYSIS STEP 4)
1. Process ltem 1. Funclion of the | 2. Funclion of the B
¥ el L. Process Step |, o | Processitem | Procass Stepand | 3. Function of the =
% | Authortzation System, it Product ProcesaWork | o o | | 2 Fallure Mods f3. Fallura Cause
3 | ths Applcabte) |subayatem, Part| Station No. and Functien of s (FM)afthe  |(FC) Wark|
(This column is |  Element or | Nams of Focus AW Type System, Procsss Process Step. Elamant
optional) Mame of Elamant Part wal
Process Elemant or Process|  |s optional)

RISK ANALYSIS (STEP 5) OPTIMIZATION (STEP 6)

Hi| i

8

Detection
Action

A

Prevention
Control
of FC
Decurrence (0) of FC
Detaction (D) of FC/FM
Prevention Action
Responsible Person's
Name
Action Taken with Pointer
to Evidence

Completion Date

Form C: Standard PFMEA Form Sheet
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Process Failure Mode and Effects Analysis (Process FMEA)

Subjact:
PFMEA Start Date:
PFMEA Revision Date:
‘Cross-Functional Team:
] % TRUCTURE ANALYSIS (STEP{ FUNCTION AMALYSIS (STEP 3) _ FAILURE ANALYSIS (STEP 4)
1. Process item 1, Function of the |....
Process fem
System,
Subsystem, Part Function of
Element or System,
Name of Subsystem, Part
Process orF
History | 2. Function of the Wu
s Change 2, Process Step 3. Process Process Step and | 3. Function of the 5
@ | Authorization i....-. Elemant Product Process Work 1. Fallure Effects | & 2. Fallure Moda |3, Fallure Cause
3 (As Station No. and Characteristic Element and i 2| (FM)ofthe |(FC) of the Waork
Applicablo) | Nameof Focus | o1 0 Process m, Process Step |  Elemant
({This column Element valua h risth
is optional) Is optional) &
PEMEA IO Number:
Procass Respensibllity:
Confidentianty Level:
RISK ANALYSIS (STEP 5) OPTIMIZATION (STEP 6)
o 1T
% b 2 3 z | Isl
2 lg| g5 |38 |5 | § |48 £ 2 |gl3lele P
RS HEEE IR RLRRNARY (R
P w M
-1 i H]

Form D: Alternate PFMEA Form Sheet
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| o
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Process Failure Mode and Effects Analysis (Process FMEA)

it Lacasn: e i,
[ems— [———
[r——
SRR ANALYSIS (STEP 2} FUNCTION ANALYSES (STEF 3) AILURE ANALYSIS (STEF 4)
1. Prosess fam 4. Funstion of the b Prodect
. awrangedie b prodest | 30 Pusctionst | 3nProcess L
Authartzation Byutam, Elnmant g2
M Subsywism, nd Funcilon of o ) [FM of e
opticaal) Wamasl Elwnast A Ty Bubiystem, Part vals I m L]
" ol dora” In opsonal)
OPTIMIZATION (STEP 6)

Action Taken with Polnter
to Evidence

m i Mw Hil d

Form E: Alternate PFMEA Form Sheet
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Process Failure Mode

PLANNING and PREPARATION (STEP 1)

and Effects Analysis (Process FMEA)

Compary Hame: Bubject: PYMEA D Mambar:
Pt Frocuus Rugsassiog
Carftardasty Laver
CONTINUCUS
TRUCTURE ANALYSIS (STEP FUNCTION ANALYSIS (STEP 3) FAILURE ANALYSIS (STEP &)
1. Procass em 1. Functlon of the
Proceas
Syatem,
Subsystem, Part) Functlomel [
Elemant or Systam,
‘Nama of Subsystam, Part
Process & Process
2b Product
- ¥/ Change | 2. Process Step | 5 o Characirietic | . u‘:umm E . <
g “_"‘."“'". e} | Station o, ana | Work Elsmant unmu;:n S I_d-l#‘ | ssspplicable | 1. Fallure Eftects | & a‘::" Nmm‘,“
(This cotumanis | Name of Foeun [ gp | Pro=e (Quantiatin | Elamant L Process Stap Elamant
optlonal) Elsemant valus I Is
optional] Aoy

RISK ANALYSIS {STEP 5)

OPTIMIZATION (STEP 6)

Occumence (0) of FC

Filtar Code (Optional)
Prevention Action
Datoction
Action
Responsible Person's
Nama
Target
Completio
Date
Status
Acticn Taken with
Paintar to Evidence

151

Form F: Alternate PFMEA Form Sheet
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Process Failure Mode and Effects Analysis (Process FMEA)
[ PLANNNG and PREPARATION 5TEP 1|

Tempany Hame: Besje
LT ——— FFNEA S Bute.
Mol Your | Plastam: CrossFunsgon Taem:
AMALYSIS (STEP 2) FUNCTION ANALYSIS (STEP 3) FAILURE ANALYSIS (STEP 4)
2. Function of
Process. the Process :
2 Process Step | Description Step and 3. Function of the
(vortiNoun) | Product | HProcess WOk | Cproceuwork | 2 FallureMods | 4 oo Bl ratrs couss| mm
‘Station No. and Characteristic Elamentand |{FM of the Procass| " CEr (FC) Workl  EBX
Mamn of Focus | [Function or AM Typa. Procass. Step Elament :
Elemant Outcome of the | (Quantitative Charactaristic “ )

Process Step) value s

RISK ANALYSIS (STEP 5) OPTIMIZATION (STEP 6)

~ Occurrence (0) of FC

to Evidence

0xD (Reference)
Detection
Action

Detection (D) of FC/FM
5x0 (Reference)
5xD (Reference)
Prevention Action
Responsible Person's
Target
Completion
Date
Status
Action Taken with Pointer

Completion Date

Severity (S).

Detection (D)

Remarks

Form G: Alternate PFMEA Form Sheet
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VIEW B: PFMEA Software View
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A3 FMEA — MSR Form Sheets

e Form H Standard FMEA-MSR Form Sheet
o AIAG & VDA Form Sheet Supporting 7 Step Approach
e View C: FMEA — MSR Software View
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Design Failure Mode and Effects Analysis (DESIGN FMEA)

Subjact; E'i

Customer Hame: DFME;
Modsl Year | Plations: Taam:

[
|
§.

FUNCTION ANALYSIS (STEP 3) FAILURE ANALYSIS (STEP 4)

Requirement | Requiremant

History |

= LUhksgs 1. Next Higher | 2. Focus

.m g 1. Naxt Higher 2. Focus Leval Function Element
(As Loval Element and Function and
)

DFMEA RISK ANALYSIS (STEP 5) [DFMEA OPTIMIZATION (STEP 6)

Responsible Person’s Name
Target Completion Date
Statu:

Action Taken with Pointer to
Evidence

‘with Supplemental FMEA-MSR Analyses

Diagnostic Maniiorng Agtisn
Raspanss

Mt Bavars Fadure Efact shar
Sywtem Rasganss

Raspansibie Parssa's hame

Suwasity {5} of FE aflar MSR

Form H: Standard FMEA-MSR Form Sheet
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0§l

2 M3IA

M3\ aleMyos YSIN-VINL

Design Failure Mode and Effects Analysis (Design FMEA)

PLANNING and PREPARATION (STEP 1)

Subject: Fage of
STRUCTURE ANALYSIS (STEP 2) [DFMEA Start Date: DFMEA ID Numbar:
1. Next Higher Lovel 2. Focus Element
DFMEA Revision Date: Design Responsibility:
FUNCTION ANALYSIS (STEP 3)
1. Hext Higher Level T CrossFunctional Team: Confidentiality Level:
Funetion and Function and Requirement
Function and Requirement or C
FAILURE ANALYSIS (STEP 4)
History / Action
3| Cchange ‘::"":‘m gkt e A o 3. Fallure Cause (FC) Taken
| Authorization : ERn Mods of tha Next Lowar Elemant Status |  with
i s Element 83| ofthe Focus Element piss £ | Pointerto|  DRt®
Appili ln-ld.ralhhldlEnGUllr". Evid
[ [rwTs-wmis
|| can ba hidten DFMEA CURRENT CONTROLS
DFMEA OPTIMIZATION
'SUPPLEMENTAL FMEA-MSR RISK ANALYSIS (STEP 5) and OPTIMIZATION (STEP &)
i
£ £ Action
% £| Responsible | Target Taken | .
2| Person's | Completion | Status |  with oy
E 3 & Name Date Painter to
T Evidence

|FmEA
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B Form Sheets — Step by Step Hints
B1 DFMEA Form Sheet Hints
B1.1 DFMEA Form Sheet Hints: Step 1

Design Fallure Mode and Effects Analysis (Design FMEA)

Planning and Preparation (Step 1)

Company Name:  MName of Company Subject: Name of DFMEA Project  DFMEA ID Determined by
Responsible for (Sysle Numbar: Company
DFMEA and/or Component)

Engineering 4 DFMEA Start Start Date Dasign Name of DFMEA

Location: Location Date: Responsibility: (ERE

Customer Name: MName of Customer(s) DFMEA Revision Lalest Revision Date Confidentiality Business Use.
or Praduct Family Date: Level: Pfoww:l

Model Year(s) / ~ CustomerApplication  Cross-Functional  Team Roster noeded
Program(s): ;::nmw Team:

Figure B1.1-1 DFMEA Form Sheet with Hints: Step 1
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B Rk — ZPEART.
B1 DFMEA iR~
B14  DFMEA Riibr: %

BHREEA S MM (EITFMEA)

MY SHEE GG
IAF ; DF ; DFMEA TiH#% DFMEA ID 7
NG S %iﬁﬁl\%& mH (R%. FRAAY o % BmARHE
BRATE)
A MR DFMEA FriaE#E. FFaHM B DFMEA Fi#i
Nk
BiZELH: BELHE~S DEMEA &iTHM:. REEITEM RaEmR: mLRi . &
] A, B#
FERMME:  WENFESAR BEFRARE. Fi % 4 BT BA B 3 45
KT 5.

B B1.1-1 #HR) DFMEA k5. SH—
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B1.2

DFMEA Form Sheet Hints: Step 2

STRUCTURE ANALYSIS (STEP 2)

1. Next Higher Level

2. Focus Element

3. Next Lower Level or

Characteristic Type

Subsystem, Component

Component or Interface Name

or Characteristic

Subsystem, System, Array
of Systems, Vehicle or Interface Name Characteristic Type:
G y, Material, Surf; Finish,
Coatings, etc.
Figure B1.2-1 DFMEA Form Sheet with Hints: Step 2
B1.3 DFMEA Form Sheet Hints: Step 3
FUNCTION ANALYSIS (STEP 3)
1. Next Higher Level 2. Focus Element - M. Lmr '-“_“"
Function and Requirement [ Unction and Requirement
or Characteristic

Function and Requirement

E H

f of Subsystem, Component

F ion of Vehicle, Sy or

Subsystem and a description of the

Requirement or Intended Output it
must fulfill

(Quantitative value is optional, one

158

or Interface and a description of the
Requirement or Intended Output it
must fulfill

(Quantitative value is optional, one

Function of Component or Interface
or
Characteristic Description

(Quantitative value is optional, one
Characteristic per row)

Requirement per row)

Figure B1.3-1

Requirement per row)

DFMEA Form Sheet with Hints: Step 3
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1. E—ER I Thie R ER
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B1.4

DFMEA Form Sheet Hints: Step 4

FAILURE ANALYSIS (STEP 4)

i
1. Failure Effects (FE)to| S 3. Failure Cause (FC)
the Next Higher Level o 2. Failure Mode (FM) of the Focus of the Next Lower
Element and/or Vehicle E Element Element or
End User '% Characteristic
H%‘:;::;:::‘;:;j:’?;;':‘:’ How the Subsystem, Component or Interface| How the Subsystem,
perform the Function could fail to perform the Function described | Component or Interface
d . as the Focus Element and lead to the Failure | could fail to perform the
escrbacy ol K Het Highex Effects Function described as the
level. Include potential 1-10

effects to the vehicle (End
User) level and regulations,
as applicable

Fallure Analysis can begin with the FM, FE or
FC as long as there is an accurate Failure

Chain

Next Lower level and lead
to the Failure Mode

B1.5

Figure B1.4-1

DFMEA Form Sheet Hints: Step 5

DFMEA Form Sheet with Hints: Step 4

DFMEA RISK ANALYSIS (STEP 5)

o 2o
— ] @ o~
B €5
o
Current Prevention g e c ocnl:rr::: t([?ce;e‘,?:?g o 15 1l 05
Control (PC) of FC £s s = 38
3 FM a 'na =0
3 5 - R
8 o
Initial State - Past controls Initial State - Past controls ;’
proven andlor controls 1-10 proven and/or controls 110 2 LL
committed to committed to m

159

Figure B1.5-1

DFMEA Form Sheet with Hints: Step 5
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B1.6 DFMEA Form Sheet Hints: Step 6

DFMEA OPTIMIZATION (STEP 6)
N |
& o Action o & 2= |
DERER T MER | Ross Ineget Taken with | Gompletion s 3¢ £ |
F Person’s | Completion Status Pointer to Date 2. g § |
Action | Action | Name Date Euidsiice g g |28 & |
Additional | Acdmional Name, not Ut or | mmyy of Opun, Gescription of mmyy or m_‘nnm\;
Actions Actions department gdmmyy Decision  |action taken and|  ddmemyy team use |
needed to needed to panding document |
reduce improve (apUional). number. report H, |
Occurrence | Detection Implementibon u-uu:‘:i date, vao:| aa ] 1 r i |
(aptional]. NA
Completed,
Discarded

Figure B1.6-1 DFMEA Form Sheet with Hints: Step 6

B1.7 DFMEA Form Sheet: Step 7

DFMEA Step 7 is independently handled by each organization and is not recorded on the DFMEA form
sheet.
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B1.6 DFMEA T SWA

DFMEA {ift (BHN)
— —~ % E
. FMAT el | iy
DFMEA | DFMEA B30 ; & = ~| sl
o ! T I il il - x| 2 R
|
B ® [Of
SRR B, AR|_# 8| wkee | oxag|_ & A #
JERTMRG (SR |IAE o 8B| BR_fE | cRwuE (A | sl (s & H. DFMEA
Wik |stnsiese| A_B |3 . dikd | B | A [ ol g0l g0l M| [EBAER
17 (i) | 0 I
B, | LA NA
i m, %

B B1.6-1 RN DFMEA Fif: HBA

B1.7 DFMEA ZE#iir $BE
DFMEA B 3-L i 4 SLR i3, e DFMEA g hidat.
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B1.8  DFMEA Software Examples

STRUCTURE ANALYSIS [STEP 2)

L84

a 1. Next Higher Level 2. Focus Element A Soict Lo Ll S Sharp et
Type
Window Lifter Commutation System [ Brush Card Base Body
FUNCTION ANALYSIS (STEP 3)
1. Next Higher Level Function 2. Focus Element Function 3. Next Lower Level Function
and Requirement _and Requ : :
Eonvert electiical energy inlo mechank pmmultation system tran ish card body ransports forces between
fergy ace. to Parameterization cirical current between c of ing and meter body
e ¢ agnetic converter ing system in x, y, 2 po
nmulating contact point)
FAILURE ANALYSIS (STEP 4]
_ Failure Effects (FE) to the Next Higher yi ) : 3. Failure Cause (FC) of the Next Lower
Level Element andior End User w“m’“m m F

Element or Characteristic

Angle deviation by commutation system
intermittently connects the wrong coils
J{L1. L3 and L2 instead of L1, L2 and L3)

Torque and rotating velocity of the
window lifter motor 100 low

Brush card body bends in contact area of the
carbon brush

Figure B1.8-1

STRUCTURE ANALYSIS (STEP 2)
1. Naxt Higher Lavel . 7 Focus Element

WindowLiter

=

DFMEA Failure Structure (Software View)

DFMEA RISK ANALYSIS (STEP §

Filter Code
(Cpticnal]

DFMEA

Tatgun and rotating 8 [angle deviation by

CommULALEY yyslem

Brush card budy bands in

contact atea of thy
brush

Slanlation of dynamic
forces on brush card body
acc. FEM 6370

welocity of the
window e motor
100 low

s rmitlesddy corects the
wrong coils (L1, L3 and LY
iwtead of LY. L2 an

2 [Sample test: measuringthe | 2 L
olastics and plastic

card body acc. test spec.
MRJEZED

Figure B1.8-2 DFMEA Risk Analysis (Software View)
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Tost
inters

Figure B1.8-3 DFMEA Optimization with new Risk Evaluation (Software View)
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B2 PFMEA Form Sheet Hints
B2.1  PFMEA Form Sheet Hints: Step 1

Process Fallure Mode and Effects Analysis (Process FMEA)
Planning and Preparation (Step 1)

Company Name:  Name of Company Subject: Name of PFMEA PFMEA ID Determined by
Responsible for Project Numb Company
Manuf: g Grap PFMEA Start Stan Date Procass Name of PFMEA
Location: Location Date: Responsibility: Owner
Customer Name: NamooiC PFMEA Revisi Lates! ionDate  Confidentiality Usa,
or Product Family Date: Level: Proprietary,
Confidential
Model Year(s) / C A Cross Fi Team Roster needed
Program(s): or Modell  Team:
Figure B2.1-1 PFMEA Form Sheet with Hints: Step 1
B2.2 PFMEA Form Sheet Hints: Step 2

1. Process Item
System, Subsystem, Part
Element or Name of Process|

peration or station to be analyzed.:l..lse identify types of

The name of the p: being analyzed

e.g. electrical motor assembly line which |that produces the Processlteme.g.  |vaniation that have an influence on
is the end resull of all successfully OP 30 Sintered bearing press-in the operation or station being
completed process steps process analyzed.

May also be a non-direct manufacturing 4M Types: Man, Machine, Matenial
process e.g. shipping Indirect), Milieu (Envi )

List a single "M" for each line.

Types may vary by company

Figure B2.2-1
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B2.3

PFMEA Form Sheet Hints: Step 3

1. Function of the Process Item

of Systom, y
Element or Process

Process ltem Is expoctad to

FUNCTION ANALYSIS (STEP3)

Part |

A description of what the operation or station must

Some categories may be unknown and listed a3 Not
Applicabie (HA).

complating Fadlure Etlects (FE).

These oxpected rosulls may apply o the entire
Process ltem e.9. hine.

sintered bearing in pole
housing.

~|A positive description of how the work ts completed

This is the positive Product Characterstic and must
be detectableimeasurable in the product after the
product has been produced.

The Failure Mode or Failure Modes will bo the

to each 4.

The negative of these positives will be used for the
Failure Cause column, The more detail used here,
more positives, will produce more Fadlure Causes.

negative or negatives of the positive Product

refer to
process documents. Examples: Press force,
i wash

Figure B2.3-1

B2.4

PFMEA Form Sheet Hints: Step 4

otc. Procass

PFMEA Form Sheet with Hints: Step 3

FAILURE

Z| Severity ($) of FE

ANALYSIS (STEP4)

aie in| The Failure Cause 1 the negative of the posiive
listed in

|and Process Charsctermiic™

(Cause must be detectabie in the process (errar]
|and lead to the Failure Mode.

Figure B2.4-1 PFMEA Form Sheet with Hints: Step 4
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B2.5 PFMEA Form Sheet Hints: Step 5

PFMEA RISK ANALYSIS (STEP 5)
S
5 B PR
= =) & = 8=
Current Prevention Current Detection == o o E
Control (PC) g Q Controls (DC) §5 b K ©s
of FC of FC or FM e g a [28
] 5 |5
Initial State - Past controls proven 1-10  [Initial State - Past controls proven 1-10 H, cC LL
andlor controls committed to andlor controls committed to M,
L,
NA
Figure B2.5-1 PFMEA Form Sheet with Hints: Step 5
B2.6 PFMEA Form Sheet Hints: Step 6
OPTIMIZATION (STEP 6)
g|%lg8|z]s
Target Action Taken
L e Pm'. m-;n;;ynn Status ﬁ% :::T:: Eomp sran E g § g % Remarks
Add Name.not | mmyy of Open, D of [mmyy 110 | 110 | 110 | cC | H. [or PFNEA|
Actions Actions title or ddmimyy Decision action taken  |ddmmyy sC | M. jeamuse
needed to needed 10 department panding and document L
reduce impiove (optional),  |number. NA
Occurrence | Delection por name
n pending and date, elc
(optional),
[Completed
Discarded

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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B2.8

PFMEA Software Examples

STRUCTURE ANALYSIS (STEP 2)

1. Process ltem
System, Subsystem, Part Element or Name of
Process

2. Process Stop
‘Station No. and Name of Focus Element

3. Process Work Element
AM Type

Elecincal Motor Assy Line

[OF 20] Sintered Bearing Press-in Process

Opetator

FUNCTION ANALYSIS (STEP 3)

1. Function of the Process llem
Function of System, Subsystem, Part Element or
Process

2.

Process
Charactenistic

3. Function of the Process Work Element and Process
Characteristic

FAILURE ANALYSIS (STEP 4)

1. Failure Effects (FE] to the Next Higher Level
Element and/or End User

2 Failure Mode (FM) of the Fecus Element

3. Failure Cause (FC) of the Work Element

il posmon of Sintered DEang <& 10! reachued

Figure B2.8-1
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PFMEA Failure Structure (Software View)
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PFMEA CURRENT CONTROL

g

5

T & |Anw posten ot sroeres Macnee o betore Hone 10 Lot Release Protocol Coctive
Asserntdy of hafl m not eming o fof feached redctuy hna poston (Emh'f 00|
positin tecauve Vigual Gaugs mspecton of aoal gag of
cleatance oo smal 1o poke pren
— bumg housing seat by
lesairy me-rﬂw OKNOK

. lFEWR.EBlmL
(Combart ciesng bre 1oa

mwmm
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Figure B2.8-2 PFMEA with Risk Analysis (Software View)
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FAILURE ANALYSIS (STEP 4) PFMEA RISK ANALYSIS (STEP 5) and PFMEA OPTIMIZATION (STEP 6)

Action
pansl Tar H e
3 e [Ccmpe =i
; Person’s| tion s Date
=8| Name | Dote |Painter o) =
PFMEA CURRENT CONTROLS
[] T X Machune stops  [Force 5 [|100% check of Ilm
wbited bearng mnot |before eachng [adusted acc | motoe
reached sl podton  aaks sheet curve acc spec
(MRKJS03Y
PFMEA OPTIMIZATION
Selected 3 |Selected press 21L Process [odmm [open
piess win with force Ergees
poson | mansonng Mr Pand
controd Duncan
L -4

168

Figure B2.8-3 PFMEA Optimization with new Risk Evaluation (Software View)
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B3 FMEA-MSR Form Sheet Hints
B3.1 FMEA-MSR Form Sheet Hints: Step 1

Planning and Preparation (Step 1)

Company Name:  Name of Company Subject: Mame of DFMEA Project  DFMEA ID Determined by
Responsible for {System, ¥ Number: Company
DFMEA and/or Compaonent)
E ing qrap DFMEA Start Stan Date Design Name of DFMEA
Location: Location Date: Responsibility: owner
Customer Name: NameofC s) DFMEA Revisi Latest R Date Confidentiality Use,
or Product Family Date: Level: Propriatary,
Confidential
Model Year(s) / Customer Appl Cross-Functi I Team Roster needed
Program(s): of Company Modell  Team:
Style

Figure B3.1-1 FMEA-MSR Form Sheet with Hints: Step 1

B3.2 FMEA-MSR Form Sheet Hints: Step 2
STRUCTURE ANALYSIS (STEP 2)

3. Next Lower Level or

1. Next Higher Level 2. Focus Element c A

Component or Interface Name
or Characteristic
Subsystem, System, Array Subsystem, Component

of Systems, Vehicle or Interface Name Characteristic Type:
Geometry, Material, Surface Finish,

Coatings, etc.
Figure B3.2-1 FMEA-MSR Form Sheet with Hints: Step 2

B3.3 FMEA-MSR Form Sheet Hints: Step 3
FUNCTION ANALYSIS (STEP 3)

: 3. Next Lower Level
1. Next Higher Level 2, Focus Element e B i =
Function and Requirement | Function and Requirement or C Illaqiu '!Ii!"w
F ion of Vehicle, or F ion of y , Comp Z
Subsystem and a d J ion of the |or Interface and a description of the Function of Comzl:nent or Interface
Requirement or Intended Output it | Requirement or Intended Output it 55 "
must fulfill must fulfill CharacisTi e Desctiption

(Quantitative value is optional, one

(Quantitative value is optional, one | (Quantitative value is optional, one Characteristic per row)

Requirement per row) Requirement per row)

Figure B3.3-1 FMEA-MSR Form Sheet with Hints: Step 3
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B3 FMEA-MSR £ #r
B3.1  FMEA-MSR #gitr SH—
B RBEGE S M AT GRHHFMEA )

MEEHE FB)
DFMEATFl 75 (R%. DFMEA ID%:

AE & fi HiDFMEAR] 2 7 £ 55 TiH: FEGAVRIAL & 4 E i E
TR s BV %H TR ELHY witmp,  OFVEATA
LT BEswaERR O REHATE W REE: “g‘-gﬁ

FREA:  BFEMASATRRE  BRAEN. o 7 1 A A B 4
B B3.1-1 R FMEA-MSR ##%: BB —

B3.2 FMEA-MSR #iftitr $B—

Sl (B2

1. E—Bm 5|

i O 4 B A
TEG. R4 RGNS, T THRE. e L5k SRR
ks HEL REICHEE. HEYS

B B3.2-1 HHRE FMEA-MSR %£#: BE=

B3.3 FMEA-MSR ®#itr $H=

et PE=)

1. E—Hr A thhe R ER

B, RERTRANDAE, UR | FR%. BEREONOIE, UK
LA 2 R BER B 0 | 3L 14RO T A M A
* spmmemERREmLe | © O

GRAERTES, S7— R | (RECATSER, S7—1ER) L

A B3.3-1 7 FMEA-MSR #k: SH=
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B3.4

FMEA-MSR Form Sheet Hints: Step 4

FAILURE ANALYSIS (STEP 4)
&
1. Fallure Effects (FE)to| B :
the Next Higher Level | @ 2. Fallure Mode (FM) of the Focus
Element and/or Vehicle Element
End User g
How the Vehicle, System or How the o o

Subsystem could fail to
perform the Function

d at the Next Higher
level. Include potential
effects to the vehicle (End
User) level and regulations,
as applicable

could fail to perform the Function

Effects

Chain

as the Focus Element and lead to the Failure

Failure Analysis can begin with the FM, FE or
FC as long as there is an accurate Fallure

could fail to perform the
Function described as the
HNext Lower level and lead
to the Failure Mode

Figure B3.4-1 FMEA-MSR Form Sheet with Hints Sheet: Step 4
B3.5 FMEA-MSR Form Sheet Hints: Step 5
[ SUPPLEMENTAL FMEA-MSR RISK ANALYSIS (STEP 5)
|4 = w g @
5 S = 5 P
S | Mostsevere | 5 85 g
Rationalefor [ £ | curent e E FamreEnect | &5 Eggz & §§
Proquancy Monitoring | Response “Resporce. | EE | ZEE 8| € | i3
2 g =
: i s
System or
Subsystem "‘1
aboutthe reasons | o 1o | e ode during E:c‘;on during | 140 |theEnd User pubr 110 110 LL
RSO TR vehicle use vehicle use afer monltoring o
and sysiem “Severity
response confrols after
areln place MER"
Figure B3.5-1 FMEA-MSR Form Sheet with Hints: Step 5
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B3.6 FMEA-MSR Form Sheet Hints: Step 6

[ SUPPLEMENTAL FMEA-MSR RISK ANALYSIS (STEP 6) ]
[ | Most |w | ‘
s:::u- % | | Action E S ii
MSR g Fallu - nsible T {1 Taki o B - |
F Sysl:m! E‘l'feé: %E %R‘P’er::nn': :m:;?.:}m.. Status M&:‘n cnn;m;ﬂun il [F2 !"’ : anm|
| Action | Acton | °F ater (5| MName Date |Polnterto " 2|2 i
| System | £ = | |Evidence el i
| Response & ;i
rhe Vafile] 1 =
Systam of | | Open, l :l"
Adeionel | amoe | Addmonal | gtectn 10 (oo, | e o | A
Imm.u Getectin | naededio u'.?z"‘; 140 | cottiieor O | S 140 (110 ] 140 |y :.‘..:H:A'
lareinplace] | = P 1

Figure B3.6-1 FMEA-MSR Form Sheet with Hints: Step 6

B3.7 FMEA-MSR Form Sheet Hints: Step 7

FMEA-MSR Step 7 is independently handled by each organization and is not recorded on the
FMEA-MSR form sheet.

B3.8 FMEA-MSR Software Examples

STRUCTURE ANALYSIS (STEP 2)

3. Next Lower Level or Charactaristic
1. Next Higher Level 2. Focus Element " <
E! . .
|EdUWindow Lifter € ECUWindow Lifter

dow LiftSystem

FUNCTION ANALYSIS [STEP 3)

1. MNext Higher Level Function 2. Focus Element Function
and Requii and Require

-pinch protectionfor comfort  [Povide signalto stop and reverse window

e fler motorin ca pinch siwation |

AILURE ANALYSIS (STEP 4)

1. Fallure Effects (FE] to the NextHigher S e a0
Level ElementandiorEnd User R Bocte (PN} of M Faus Riement

il!ﬂ-plllchpraﬁ:l;lluntrlr.url:l'ul(l:lu!ilmj | |
hbde |$#pnalof Hall effect sensoris not transmitted to |
|

3. Failure Cause (FC) of the Next Lower
ElementorCharacteristic

=%

Mg signal to stop and reverse window lifter
i Hall
|T. torin case of pinch situation "L;?“:‘“‘ pooy confwotionofHal sifect

E:

ndor neck may be pinched between

Ll fidow glass and frame)

Figure B3.8-1 FMEA-MSR Failure Structure (Software View)

171
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STRUCTURE ANALYSIS (STEP 2)

Hand or neck may be
pinched betwesn
window glass and
rame}

reverse window lifter

sensor is not

motor in case of pinch
situation

tr itted 1o ECU due
to poor connection of
Hall effect sensor.

pnd ECU is ac
Etandard xyz.

between glass
and frame

__1. Next Higher Level 2.Focus Element 3. Next Lower Level
or stic
Window Lift Sy ECUvhdowLifter  [2enbectol CU
FUNCTION|ANALYSIS (STEP 3)
4. Next Higher Level 2.} cus Element 3. Next Lo pver Level
Function e
and Requirement
rdvide antl
o .. mod
FAILURE ANALYSIS (STEP 4) SUPPLEMENTAL FMEA-MSR RISK ANALYSIS (STEP 5)
1. Failure Effects | 2.Fal/.jre Mode (FM) of | 3. Fail use (FC) Q |
(FE) to the Next :__ Focus Element | of the|lipxt Lower s ) o,
Higher Level : o | Most Severe F
Elugm:t n:d.l'.of & gk Rationale for g me m : Failure Effect § H
Vehicle End User g Frequency § Monitoring | Response iy = E
SN
DFMEACURRENT CONTROLS
o anti-pinch 10 The connection principle 2 None Windowwill | 10 | Handorneck | 10 | 10 M
non..-ciinn in comfort . Signal of Hall effect of the Hall imay be pinched
“losing mode No signal to stop and
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FAILURE ANALYSIS (STEP 4)

SUPPLEMENTAL FMEA-MSR RISK ANALYSIS (STEP 5)

and OPTIMIZATION (STEP 6)
1. Failure 2. Failure Mode (FM) | 3.Failure Cause (FC) Q
Effects (FE) to g of the Focus of the Next Lower % | Diagnostic E - Action
the Next Higher S Element Elementor : °F Target Taken
Level Element | @ Chaaericne | Rationslefor (| Menitoring | 2% | § F Responsible cooleq statu| witn |ComPle[Re
andlor End User ] Frequency Syst 2 Els B Fisaria on s | Pointer D s
Response |5 |Z[EC et to G
' g 2 F\ridunm
w
FMEA-MSR CURRENT CONTROLS
No anti-pinch 6 |Nosignalto stopand | Signal of Hall effect | The connection 2 | None 0(m
protection in reverse window lifter | sensoris not principle of the
comfort closing motor in case of pinch | transmittedto ECU | Hall effect sensor Window will
e situation due to poor and ECUis close with full
: o connection of Hall according to clamping force.
E:“;‘ Irlj‘ ;:p;tl:u:n effect sensor. standard xyz.
window glass and
frame)
FMEA-MSR OP TIMIZATION
None 2 |Introductionof | 1 | L Test dd.mm. |imple
plausibility engineer YYYY ment
check between Mr. Warren ation
motor current Watchful pendi
and loss of ng
signal from Hall
effect sensor.

Comfort closing
mode disabled
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C: Severity, Occurrence, Detection and Action Priority Tables

C1 DFMEA SOD and AP Tables
C1.1 DFMEA SEVERITY (S)
Product General Evaluation Criteria Severity (S)
Potential Failure Effects rated according to the criteria below. Blank unlt;;glled n by
Corporate or
S Effect Severity criteria Product Line
Examples
Affects safe operation of the vehicle and/or other
10 vehicles, the health of driver or passenger(s) or road
Very High users or pedestrians.
9 Noncompliance with regulations.
8 Loss of primary vehicle function necessary for normal
driving during expected service life.
High
7 Degradation of primary vehicle function necessary
for normal driving during expected service life.
6 Loss of secondary vehicle function.
5 Moderate Degradation of secondary vehicle function.
4 Very objectionable appearance, sound, vibration,
harshness, or haptics.
3 Moderately objectionable appearance, sound,
vibration, harshness, or haptics.
Low
2 Slightly objectionable appearance, sound, vibration,
harshness, or haptics.
1 Very low No discernible effect.
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C1.2 DFMEA OCCURRENCE (0)

Occurrence Potential (O) for the Product

Potential Failure Causes rated according to the criteria below. Consider Product
Experience and Prevention Controls when determining the best Occurrence estimate

(Qualitative rating).

Blank until
filled in by
user

Prediction
o of Failure
Cause
Occurring

Occurrence criteria - DFMEA

Corporate
or Product
Line
Examples

Extremely
101 " high

First application of new technology anywhere without operating
experience and / or under uncontrolled operating conditions. No
product verification and/or validation experience.

Standards do not exist and best practices have not yet been
determined. Prevention controls not able to predict field performance
or do not exist.

Very high

First use of design with technical innovations or materials within the
company. New application, or change in duty cycle / operating
conditions. No product verification andfor validation experience.

Prevention controls not targeted to identify performance to specific
requirements.

First use of design with technical innovations or materials on a new
application. New application, or change in duty cycle / operating
conditions. No product verification and/or validation experience.

Few existing standards and best practices, not directly applicable for
this design. Prevention controls not a reliable indicator of field
performance.

| High

New design based on similar technology and materials. New
application, or change in duty cycle / operating conditions. No product
verification and/or validation experience.

Standards, best practices, and design rules apply to the baseline
design, but not the innovations. Prevention controls provide limited
indication of performance.

Similar to previous designs, using existing technology and materials.
Similar application, with changes in duty cycle or operating
conditions. Previous testing or field experience.

Standards and design rules exist but are insufficient to ensure that
the failure cause will not occur. Prevention controls provide some

ability to prevent a failure cause.
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Occurrence Potential (O) for the Product

Potential Failure Causes rated according to the criteria below. Consider Product Blank until
Experience and Prevention Controls when determining the best Occurrence estimate filled in by
(Qualitative rating). user

Detail changes to previous design, using proven technology and

materials. Similar application, duty cycle or operating conditions.

Previous testing or field experience, or new design with some test
experience related to the failure.

Design addresses lessons learned from previous designs. Best
Practices re-evaluated for this design, but have not yet been proven.
Prevention controls capable of finding deficiencies in the product
related to the failure cause and provide some indication of

Moderate performance.

Almost identical design with short-term field exposure. Similar
application, with minor change in duty cycle or operating conditions.
Previous testing or field experience.

Predecessor design and changes for new design conform to best
practices, standards, and specifications. Prevention controls capable
of finding deficiencies in the product related to the failure cause, and

indicate likely design conformance.

Detail changes to known design (same application, with minor change
in duty cycle or operating conditions) and testing or field experience
under comparable operating conditions, or new design with
successfully completed test procedure.

3 Low
Design expected to conform to Standards and Best Practices,
considering Lessons Learned from previous designs. Prevention
controls capable of finding deficiencies in the product related to the
failure cause and predict conformance of production design.

Almost identical mature design with long term field exposure. Same
application, with comparable duty cycle and operating conditions.
Testing or field experience under comparable operating conditions.

2 Very low Design expected to conform to Standards and Best Practices,
considering Lessons Learned from previous designs, with significant
margin of confidence. Prevention controls capable of finding
deficiencies in the product related to the failure cause, and indicate
confidence in design conformance.

Extremely | Failure eliminated through preventive control and failure cause is not

1 low possible by design

Product Experience: History of product usage within the company (Novelty of design, application or use
case). Results of already completed detection controls provide experience with the design.

Prevention Controls: Use of Best Practices for product design, Design Rules, Company Standards,
Lessons Learned, Industry Standards, Material Specifications, Government Regulations and
effectiveness of prevention oriented analytical tools including Computer Aided Engineering, Math
Modeling, Simulation Studies, Tolerance Stacks and Design Safety Margins

Note: OCC 10, 9, 8, 7 can drop based on product validation activities.
Table C1.2 - DFMEA Occurrence (0)
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C1.3 Alternative DFMEA Occurrence (O) Tables
C1.3.1 DFMEA OCCURRENCE (O): Incidents per Thousand Values

Occurrence Potential (O) for the Product

Potential Failure Causes rated according to the criteria below. Consider Product B'Iia"rélé L:)m”
Experience and Prevention Controls when determining the best Occurrence estimate e ery
Incidents per f:';‘::;:t:t
o 1000 Occurrence criteria - DFMEA Line
items/vehicles
Examples
First application of new technology anywhere without operating
experience and / or under uncontrolled operating conditions. No
> 100 per product verification and/or validation experience.
10 thousand
>=1in10 Standards do not exist and best practices have not yet been
determined. Prevention controls not able to predict field
performance or do not exist.
First use of design with technical innovations or materials within
50 per the company. New application, or change in duty cycle / operating
9 thousand, conditions. No product verification and/or validation experience.
1in20
Prevention controls not targeted to identify performance to specific
requirements.
First use of design with technical innovations or materials on a new
application. New application, or change in duty cycle / operating
20 per conditions. No product verification andfor validation experience.
8
thousand, Few existing standards and best practices, not directly applicable
1in 50 for this design. Prevention controls not a reliable indicator of field
performance.
thmuz:rr\ d New design based on similar technology and materials. New
: application, or change in duty cycle / operating conditions. No
1in 100 product verification and/or validation experience.
7
Standards, best practices, and design rules apply to the baseline
design, but not the innovations. Prevention controls provide limited
indication of performance.
Similar to previous designs, using existing technology and
materials. Similar application, with changes in duty cycle or
2 per operating conditions. Previous testing or field experience.
6 thousand
1in 500 Standards and design rules exist but are insufficient to ensure that

the failure cause will not occur. Prevention controls provide some
ability to prevent a failure cause.
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Occurrence Potential (O) for the Product

Potential Failure Causes rated according to the criteria below. Consider Product Blank until
Experience and Prevention Controls when determining the best Occurrence estimate | filled by user

Detail changes to previous design, using proven technology and
materials. Similar application, duty cycle or operating conditions.
.5 per Previous testing or field experience, or new design with some test

thousand experience related to the failure.

¥ a0 Design addresses lessons learned from previous designs. Best

Practices re-evaluated for this design, but have not yet been proven.
Prevention controls capable of finding deficiencies in the product

related to the failure cause and provide some indication of
performance.

Almost identical design with short-term field exposure. Similar
application, with minor change in duty cycle or operating conditions.
A per Previous testing or field experience.

4 1t|:'°l::a::o Predecessor design and changes for new design conform to best
Ity practices, standards, and specifications. Prevention controls
capable of finding deficiencies in the product related to the failure
cause, and indicate likely design conformance.

Detail changes to known design (same application, with minor
change in duty cycle or operating conditions) and testing or field
experience under comparable operating conditions, or new design

.01 per with successfully completed test procedure.
3 thousand
1 in 100,000 Design expected to conform to Standards and Best Practices,
considering Lessons Learned from previous designs. Prevention
controls capable of finding deficiencies in the product related to the
failure cause, and predict conformance of production design.

Almost identical mature design with long term field exposure.
Same application, with comparable duty cycle and operating
conditions. Testing or field experience under comparable operating

<.001 per conditions.
2 thousand
1in Design expected to conform to Standards and Best Practices,
1,000,000 considering Lessons Learned from previous designs, with

significant margin of confidence. Prevention controls capable of
finding deficiencies in the product related to the failure cause, and
indicate confidence in design conformance.

Preventive
1 controls Failure eliminated through preventive control and failure cause is
eliminate not possible by design
failure

Product Experience: History of product usage within the company (Novelty of design, application or use
case). Results of already completed detection controls provide experience with the design.

Prevention Controls: Use of Best Practices for product design, Design Rules, Company Standards,
Lessons Learned, Industry Standards, Material Specifications, Government Regulations and
effectiveness of prevention oriented analytical tools including Computer Aided Engineering, Math
Modeling, Simulation Studies, Tolerance Stacks and Design Safety Margins

Note: OCC 10, 9, 8, 7 can drop based on product validation activities.
Table C1.3.1 - Alternate DFMEA Occurrence (O)
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C1.3.2 DFMEA Occurrence (0) with Time Based Failure Prediction Values

Occurrence Potential (O) for the Product

Potential Failure Causes rated according to the criteria below. Consider Product Blank until
Experience and Prevention Controls when determining the best Occurrence estimate filled in by
(Qualitative rating). user
T"::iﬁ::“ COrporate_ or
(o] Causs Occurrence criteria - DFMEA Product Line
Prediction RXamplas
First application of new technology anywhere without operating
experience and / or under uncontrolled operating conditions. No
product verification and/or validation experience.
10 Every time
Standards do not exist and best practices have not yet been
determined. Prevention controls not able to predict field
performance or do not exist.
First use of design with technical innovations or materials within
the company. New application, or change in duty cycle / operating
9 Almost conditions. No product verification and/or validation experience.
every time
Prevention controls not targeted to identify performance to
specific requirements.
First use of design with technical innovations or materials on a
new application. New application, or change in duty cycle /
operating conditions. No product verification and/or validation
Wore than experience
8 once per '
shift Few existing standards and best practices, not directly applicable
for this design. Prevention controls not a reliable indicator of field
performance.

179




C1.3.2 DFMEA ¥ (0), T iaMRBBHIE

RS (0)
18 Ll FARMER 7 SRR B AT (VP e R T GEMESD RREIE | 2H, mie
RARRFH, ARG
EFH % . AR R
| zmmmm BUEKE - DFMEA PR

10

2/

TET A LI AN IE T S A TR A T, FEAE My
MEARMERBIA . AN TR/ AR 25 .

ATFFERRAE, FF R B e TR A e T 3 F DA 4k
MERAFEAE TR 20 -

JUFERR

TEAR] A KB AR & B HR R BT S ER Rl 3R, BT
{ERMAAEAT R EEE. BN ST RAER sl A a2 % .

TBF i A AL X A S R 1 RE

IR —

FERHT L P YO8 AR & BB 8 Bt P i il TREAD, BX
TARJA BHAEAT A O A 3 7 AT SRRV B A O 230

A TFAEIA R AR EE SRR, AN RRELEEA Tzt dh. TR
A FE AT At S B IR S

179




Occurrence Potential (O) for the Product

Potential Failure Causes rated according to the criteria below. Consider Product Blank until
Experience and Prevention Controls when determining the best Occurrence estimate filled in by
(Qualitative rating). user
Tin;:iﬁlar:ed Corporate or
(o] Causs Occurrence criteria - DFMEA Product Line
Prediction Examples
New design based on similar technology and materials. New
More than application, or change in duty cycle / operating conditions. No
once per day product verification and/or validation experience.
7
Standards, best practices, and design rules apply to the baseline
design, but not the innovations. Prevention controls provide
limited indication of performance.
Similar to previous designs, using existing technology and
materials. Similar application, with changes in duty cycle or
More than operating conditions. Previous testing or field experience.
6 once per
week Standards and design rules exist but are insufficient to ensure
that the failure cause will not occur. Prevention controls provide
some ability to prevent a failure cause.
Detail changes to previous design, using proven technology and
materials. Similar application, duty cycle or operating conditions.
Previous testing or field experience, or new design with some test
experience related to the failure.
More than
5 once per Design addresses lessons learned from previous designs. Best
month Practices re-evaluated for this design, but have not yet been
proven. Prevention controls capable of finding deficiencies in the
product related to the failure cause and provide some indication
of performance.
Almost identical design with short-term field exposure. Similar
application, with minor change in duty cycle or operating
conditions. Previous testing or field experience.
4 More than | Predecessor design and changes for new design conform to best
once per practices, standards, and specifications. Prevention controls
year capable of finding deficiencies in the product related to the failure
cause, and indicate likely design conformance.
Detail changes to known design (same application, with minor
change in duty cycle or operating conditions) and testing or field
experience under comparable operating conditions, or new
s Once per design with successfully completed test procedure.
year

Design expected to conform to Standards and Best Practices,
considering Lessons Learned from previous designs. Prevention
controls capable of finding deficiencies in the product related to
the failure cause, and predict conformance of production design.
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Occurrence Potential (O) for the Product

Potential Failure Causes rated according to the criteria below. Consider Product Blank until
Experience and Prevention Controls when determining the best Occurrence estimate filled in by
(Qualitative rating). user
Tlr::iﬁiar:ed Corporate or
(0] Cause Occurrence criteria - DFMEA Product Line
Prediction Examples
Almost identical mature design with long term field exposure.
Same application, with comparable duty cycle and operating
conditions. Testing or field experience under comparable
<.001 per operating conditions.
2 thousand
1in Design expected to conform to Standards and Best Practices,
1,000,000 considering Lessons Learned from previous designs, with
significant margin of confidence. Prevention controls capable of
finding deficiencies in the product related to the failure cause, and
indicate confidence in design conformance.
Preventive
1 controls Failure eliminated through preventive control and failure cause is
eliminate not possible by design
failure

Product Experience: History of product usage within the company (Novelty of design, application or use
case). Results of already completed detection controls provide experience with the design.

Prevention Controls: Use of Best Practices for product design, Design Rules, Company Standards,
Lessons Learned, Industry Standards, Material Specifications, Government Regulations and
effectiveness of prevention oriented analytical tools including Computer Aided Engineering, Math
Modeling, Simulation Studies, Tolerance Stacks and Design Safety Margins

Note: OCC 10, 9, 8, 7 can drop based on product validation activities.
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C1.4 DFMEA DETECTION (D)

Detection Potential (D) for the Validation of the Product Design

Detection Controls rated according to Detection Method Maturity and Opportunity for | Blank until filled
Detection. in by user

Corporate or

D Agg'gc:° Detection Method Maturity OP”D‘;;:"::]';{:‘" Product Line
Examples
Test procedure yet to be
10 developed. Test method not defined
Very low Test method not designed . ;
9 specifically to detect failure F'gzs—erlil;ﬁTes_tr—zos—t;all,
mode or cause. gradaton 9
< Pass-Fail, Test-to-Fail,
8 Low New test method; not proven. Degradation Testing
Proven test method for Pass-Fail Testing
verification of functionality or Test-to-Failure

validation of performance,

quality, reliability and durability;
Moderat planned timing is later in the
oderate
product development cycle such : ;
5 that test failures may result in Degradation Testing
production delays for re-design
andfor re-tooling.

Proven test method for Pass-Fail Testing
3 verification of functionality or Test-lo-Fallure
validation of performance,
High quality, reliability and durability;
planned timing is sufficient to ’ .
2 modify production tools before Degrariafion Testing

release for production.

Prior testing confirmed that failure mode or cause cannot

1 Very high occur, or detection methods proven to always detect the
failure mode or failure cause.

Table C1.4 - DFMEA DETECTION (D)
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C1.5 ACTION PRIORITY TABLE FOR DFMEA

Action Priority (AP) for DEMEA

Action Priority is based on combinations of Severity, Occurrence, and Detection ratings Blank until
in order to prioritize actions for risk reduction. filled in by
user
" s
Effect S Cause o Ability to Detect D Priority | Comments
Occurring (AP)
Low - Very low 7-10 H
. Moderate 5-6 H
Very high 8-10 High 24 r
Very high 1 H
Low - Very low 7-10 H
Pt Effeet | 8-10 High 6.7 MocaRe = :
Very high ’ High 24 H
Very high 1 H
Low - Very low 7-10 H
Moderate 5-6 H
Moderate 4-5 High 24 H
Very high 1 M
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Action Priority (AP) for DFMEA

Action Priority is based on combinations of Severity, Occurrence, and Detection ratings Blank until
in order to prioritize actions for risk reduction. filled in by
user
Pra':l ;ﬁﬂ:‘ of Action
Effect S Cause (o] Ability to Detect D Priority | Comments
Occurring (AP)
Very high 1 M
Low - Very low 7-10 H
Moderate 5-6 M
Low 2-3 =
High 2-4 L
Very high 1 L
Very low 1 Very high - Very low | 1-10 L
Low - Very low 7-10 H
. Moderate 5-6 H
Very high 8-10 -
High 2-4 H
Very high 1 H
Low - Very low 7-10 H
: Moderate 5-6 H
High 6-7 -
High 2-4 H
Product or Very high 1 M
Plant Effect | 7-8 Low - Very low 7-10 H
High Moderate 5-6 M
Moderate 4-5 -
High 2-4 M
Very high 1 M
Low - Very low 7-10 M
Moderate 5-6 M
Low 2-3 s
High 2-4 L
Very high 1 L
Very low 1 Very high - Very low | 1-10 L
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DFMEA Ri{l 564 (AP)

ISR LY, SRR &R, B SRR s | T
WA (R HEFE .
RRRRER 1R
pm | s |NEEERE| o NS o |Gy |
A 1 M
- FmE | 710 | H
i 5-6 M
b 23 % 24 L
A 1 L
a0 | 1 | EEE-dmE | 10 | L
f&-#nE | 710 | H
swm | 810 : 56 |
] 2-4 H
AR 1 H
- % | 70 | H
ik 5-6 H
" el # 24 H
A 1 M
R REL
I tosmE | 7-8 f& - jfm 7;6” :
i

* 5 ] 2-4 M
A 1 M
- #HE | 710 | M
h 5-6 M
f z3 [l 2-4 L
AR i L
A | 1| Em - | 10 [ L
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Product or
Plant Effect
Moderate

4-6

Low - Very low 7-10 H
: Moderate 5-6 H

Very high 8-10 -
High 2-4 M
Very high 1 M
Low - Very low 7-10 M
Moderat 5-6 M

High 6.7 b

High 2-4 M
Very high 1 L
Low - Very low 7-10 M
Moderate 5-6 I

Moderate 4-5 -
High 2-4 L
Very high 1 L
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X E T
I e
g

4-6

& - EEIE 7-10 H
3 - 8-10 i i 2
% 2-4 M
[ 1 M
fi& - W 7-10 M
e 5-6 M
6-7
" [ 2-4 M
et 1 [
1% - JEHIE 7-10 M
H 5-6 L
4-5
# [ 2-4 L
EHT 1 L
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Low - Very low 7-10 L

Moderate 5-6 L

Low >3 High 24 L

Very high 1 L

Very low 1 Very high - Verylow | 1-10 L

Low - Very low 7-10 M

. Moderate 5-6 M

Very high 8-10 High = 3

Very high 1 L

Low - Very low 7-10 L

Moderate 5-6 L
High 6-7 :

High 2-4 L

Product or Very high 1 L

Plant Effect | 2-3 Low - Very low 7-10 L

Low Moderate 5-6 L
Moderate 4-5 -

High 2-4 L

Very high 1 L

Low - Very low 7-10 L

Moderate 5-6 L

Low >3 High 24 L

Very high 1 L

Very low 1 Very high - Very low 1-10 L

DisEEETPIe 1 \\’,z’ryy ':I‘;h‘ 1-10 | Very high - Verylow | 1-10 L

186

Table C1.5 - ACTION PRIORITY FOR DFMEA




& - dEHE 7-10 L
th 5-6 L

2-3
& % 2-4 L
Elo 1 L
EH AR 1 JeEm - K 1-10 L
% - JEHIE 7-10 M
EAE | 810 5 s M
T 2-4 L
3 1 L
& - R 7-10 L
th 5-6 L

6-7
N - 2-4 L
e EE T E|3e 1 L
JeyimaEE | 2-3 1% - EHE 7-10 L
. o | as s B
- 2-4 L
g 1 L
& - dEWIE 7-10 L
th 5-6 L

2-3
. [ 2-4 L
E (ot 1 L
qEHAR 1 JeHm - FHIE 1-10 L

BH A EE FEHE - X
s, | - 1410 | A% - EHIE | 110 L
3 C1.5 DFMEA &R 564
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c2 PFMEA SOD and AP Tables
C2.1 PFMEA SEVERITY (S)
Process General Evaluation Criteria Severity (S)
Blank until
Potential Failure Effects rated according to the criteria below. filled in by
user
Corporate
S Effect Impact to Your Plant impactfo Ship-do Fant lmpal:;:s:: =nd o Reoitiat
(when known) (when known) Line
Examples
Affects safe
operation of the
Failure may result in : ; vehicle and/or
an acute health a:ﬁ&”;ig:ﬁf;:gﬂ: :]a?gty other vehicles,
10 z.;.1nda’or sa;ety risk for risk for the manufacturing th?:l health of
” the manufacturing or river or
High assembly workgr OF Mesembly worker passenger(s) or
road users or
pedestrians.
Failure may result in Failure may result in ;
9 in-plant regulatory in-plant regulatory \E?hniggﬂtaigs:
noncompliance noncompliance ’
Line shutdown greater
than full production shift;
100% of production stop shipment possible;
run affected may field repair or
have to be scrapped. replacement required :
Failure may resultin | (Assembly to End User) l;;‘:: Igffﬂ:g;gg
in-plant regulatory other than for regulatory necessary for
8 noncompliance or noncompliance. normal driving
may have a chronic Failure may result in during expected
health and/or safety in-plant regulatory service life
Moderately risk for the nonoomp!ianqe or may '
high manufacturing or have a chronic health
assembly worker and/or safety risk for the
manufacturing or
assembly worker.
Product may have to Line shutdown from 1 .
be sortedyand a hour up to full production Dggradau?‘p f’f
portion (less than shift; stop shipment p”"}i&;ﬁ & icle
7 100%) scrapped; possible; field repair or necessary for
deviation from replacement required normal driving
primary process; (Assembly to End User) during expected
decreased line speed | other than for regulatory sarvice lifs
or added manpower noncompliance )
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C2 PFMEA SOD %/ AP %
PFMEA IR (S)

c21

R R EIRE TR (S)

R A LU B I E SRR AT VLR
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FHIAT A M
Rift.
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FEM

B

EPRIEAT 100%E %
g, 7=RARAS
HE. RETRSS
I ARFFEEA,
BRI
L e Nl
A e/ Bk 22 A R,
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AL Tl — 1 5e s
HIBEYG ATRERRIE AT
175 2 F A A A A B 4
CRERFILEA )
I HAFFEEM. FUAT
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M, ESEUAEAE A
e ol ) T AT e
AR R .

TETMIE A
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7 il AT RE T LT 4
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EEEmE; £
3o R P 4
HEA

PR T 1 /2 E|
— B TTRERE
%5 HEERIGIE
BEER (HeRLt B

AP . #FEFFEER.

ETURE
W, BERIEW

Tt T 5 1 24
EEIhE.
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Process General Evaluation Criteria Severity (S)

Blank until
Potential Failure Effects rated according to the criteria below. filled in by
user
Corporate
Impact to End
s Effect Impact to Your Plant Impact to Ship-to Plant User or Product
(when known) (when known) Line
Examples
100% of production Loss of
6 run may have to be | Line shutdown up to one Sauirda
reworked off line and hour hicl v
accepted vehicle function.
Less than 100% of
A portion of the product affected; strong .
5 production run may possibility for additional Deg;:::é:;m of
Moderately | have to be reworked defective product; sort vehicle fun crgon
low off line and accepted required; no line :
shutdown
: 2 Very
100% of production E;?fﬁff?::ntpizgglglggiﬁs objectionable
4 run may have to be ga dditional defe ctiee ! appearance,
reworked in station ot sound, vibration,
before it is processed produ::;st ?:t{:'i‘:;ljy' sart harshness, or
q haptics.
A portion of the Defective product triggers oggg:;it;g;e
production run may minor reaction plan; ot g Eorance
3 have to be reworked additional defective Sou':% vibrati r;n
in-station before it is products not likely; sort hal rslzmess of X
. processed not required haptics.
ow
Defective product triggers Slightly
e . no reaction plan; objectionable
2 S]'%_';LE::'-':B::ES: additional defective appearance,
P g :ar:to r '|  products not likely; sort | sound, vibration,
P not required; requires harshness, or
feedback to supplier haptics.
Y ; No discernible effect or No discernible
1 Very low No discernible effect oo -eftact effect.
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WBE—AIPATEEE (S)

- e E, ik
R LT AR A AT P22 EeLEE
] AL P
HREET MW ATRE
W ST il W (ETE).HTI\‘& it
100% 17 T B T 2
TA —Ash
e | Ari gﬁﬁ i 9&:*;-$§&§m
% {3
B e
WA SRR ES | "9 B TRHREIMY | pEemxeEn
B FETEAES | a5 BEME & g
PR T
: BRAERREERAME | AW, HE. &
O IR | Skttt w1 | 3. SR
Lol MRS MR | o BRI
: B FBEN REFIH.
T apy——
e ry | iFRItsh, iR | 3. HRAES
PRARE | mussareg: T | BONBE—R
. EA PR R EFAR.
&
Mieis, Mierans | AW A &
£ SHHE. BT » T 5. MR E
EARMAE | SOPRIBRIER G AR |l ) ey
otk mERwEay | BN
R .
e | RATREEMEARE | WA TR
M | AT REE s A

& C2-1 PFMEA f“EJ¥ (S)
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C2.2 PFMEA OCCURRENCE (0)

Occurrence Potential (O) for the Process

Potential Failure Causes rated according to the criteria below. Consider Prevention
Controls when determining the best Occurrence estimate. Occurrence is a predictive
qualitative rating made at the time of evaluation and may not reflect the actual
occurrence. The occurrence rating number is a relative rating within the scope of the
FMEA (process being evaluated). For Prevention Controls with multiple Occurrence
Ratings, use the rating that best reflects the robustness of the control.

Blank until
filled in by user

—r 4 Corporate or
(o] Prg:‘:csl;ogc(;fu}:filrI‘UW 2;‘:3{2: Prevention Controls Product Line
9 Examples
10 Extremely high None No prevention controls.
9 : Prevention controls will have little
8 iy high Benaviel effect in preventing failure cause.
7 Prevention controls somewhat
High effective in preventing failure
6 Behavioral or cause.
Technical : =
5 Moderate Prevention controls are effective
4 in preventing failure cause.
3 Low Best Practices: | Prevention controls are highly
Behavioral or effective in preventing failure
2 Very low Technical cause.
Prevention controls are

extremely effective in preventing

failure cause from occurring due

to design (e.g. part geometry) or
1 Extremely low Technical process (e.g. fixture or tooling

design). Intent of prevention
controls - Failure Mode cannot
be physically produced due to
the Failure Cause.

Prevention Control Effectiveness: Consider if prevention controls are technical (rely on machines, tool
life, tool material, etc.), or use best practices (fixtures, tool design, calibration procedures, error-proofing
verification, preventive maintenance, work instructions, statistical process control charting, process
monitoring, product design, etc.) or behavioral (rely on certified or non-certified operators, skilled trades,
team leaders, etc.) when determining how effective the prevention controls will be.

Table C2.2 - PFMEA OCCURRENCE (0)
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C2.2 PFMEA #if (0)

HERMBESEE (0)

4R LU FARHER AR R RO A AT AP TEWE AR TS S R R PR TR 42 . 4

BERAESPA Y T O BUS R PEVPER, TR AR B MU U A 4R AE FMEA | 2, BEFIA
CEZESRAS IR TR T IR . S SR BB M S, | RS
T L PR B R BRI R P4
P AR
o prfigsis B R i
10 ] % AT,
9
" FEBIED (R T
. e o R
z % T2 1 S R I B
. —_— ST DL — R .
5 & BREH | iy kAR T
. ST LA RO E R«
3 fic RAESR: 7 | FBTRBIZER R T
REARRH | KSR A AR
2 AT
TR B SRR BT (Bl
WK Bt 72 (s A
1 1l BARN | DRSO
oA, FORSINBE - X
o o R TSt
BB 2 ZE e BOh b A e, S TSR B N BRI (RN TR
Hody. TRHEE) , SUSFRMESR GER. THE. RERTE. BEmA. RRRE. TR

girhiARasnlze. WREW. MR . BUT AN (REREERIARFHIESMHREAR. HAR

TA. PIAGIFE .

F C2.2 PFMEA 4% (0)
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C2.3 Alternative PFMEA Occurrence (O) Tables
C2.3.1 PFMEA Occurrence (O) with Incidents per Thousand Values

Occurrence Potential (O) for the Process

Potential Failure Causes rated according to the criteria below. Consider Prevention
Controls when determining the best Occurrence estimate. Occurrence is a predictive
qualitative rating made at the time of evaluation and may not reflect the actual Blank until
occurrence. The occurrence rating number is a relative rating within the scope of the | filled in by user
FMEA (process being evaluated). For Prevention Controls with multiple Occurrence
Ratings, use the rating that best reflects the robustness of the control.
. Corporate or
Incidents per 1000 Type of . :
(o] items/vehicles Control Prevention Controls Product Line
Examples
> 100 per thousand 3
10 >/=11in 10 MNone Mo prevention controls.
9 50 per thousand
1in 20 3 Prevention controls will have little
» 20 per thousand Behavieal effect in preventing failure cause.
1in 50
10 per thousand
7 1in 100 Prevention controls somewhat
effective in preventing failure
6 2 per thousand cause.
1in 500 Behavioral or
5 .5 per thousand Technical
1in 2000 Prevention controls are effective
& .1 per thousand in preventing failure cause.
1in 10,000
.01 per thousand
3 1 in 100,000 Best Practices: | Prevention controls are highly
Behavioral or effective in preventing failure
2 < .001 per thousand Technical cause.
1in 1,000,000
Prevention controls are
extremely effective in preventing
failure cause from occurring due
Failure is eliminated to design (e.g. part geometry) or
1 through preventive Technical process (e.g. fixture or tooling
control design). Intent of prevention
controls - Failure Mode cannot
be physically produced due to
the Failure Cause.

Prevention Control Effectiveness: Consider if prevention controls are technical (rely on machines, tool
life, tool material, etc.), or use best practices (fixtures, tool design, calibration procedures, error-proofing
verification, preventive maintenance, work instructions, statistical process control charting, process
monitoring, product design, etc.) or behavioral (rely on certified or non-certified operators, skilled trades,
team leaders, etc.) when determining how effective the prevention controls will be.

Table C2.3.1 - Alternate PFMEA OCCURRENCE (0)
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C2.3 £ PFMEA S (0) &
C2.31

PFMEA #iE (0), ST &FMERE

HREEESE (0)
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C2.3.2 PFMEA OCCURRENCE (O) with Time Based Failure Prediction Values

Occurrence Potential (O) for the Process

Potential Failure Causes rated according to the criteria below. Consider Prevention
Controls when determining the best Occurrence estimate. Occurrence is a predictive
qualitative rating made at the time of evaluation and may not reflect the actual
occurrence. The occurrence rating number is a relative rating within the scope of the
FMEA (process being evaluated). For Prevention Controls with multiple Occurrence
Ratings, use the rating that best reflects the robustness of the control.

Blank until
filled in by user

. Corporate or
Time Based Failure Type of . %
(o] e Prevention Controls Product Line
Cause Prediction Control Examples
10 Every time None No prevention controls.
9 Almost every time : : ’
Behavioral | Frevention controls will have little
8 More than once per effect in preventing failure cause.
shift
More than once per i
7 day Prevention controls somewhat
effective in preventing failure
6 More than once per cause.
week Behavioral or
5 More than once per Technical
month Prevention controls are effective
4 More than once per in preventing failure cause.
year
3 Once per year Best Practices: | Prevention controls are highly
Less than once per | Behavioral or effective in preventing failure
2 year Technical cause.
Prevention controls are
extremely effective in preventing
failure cause from occurring due
to design (e.g. part geometry) or
1 Never Technical process (e.g. fixture or tooling

design). Intent of prevention
controls - Failure Mode cannot
be physically produced due to
the Failure Cause.

Prevention Control Effectiveness: Consider if prevention controls are technical (rely on machines, tool
life, tool material, etc.), or use best practices (fixtures, tool design, calibration procedures, error-proofing
verification, preventive maintenance, work instructions, statistical process control charting, process
monitoring, product design, etc.) or behavioral (rely on certified or non-certified operators, skilled trades,
team leaders, etc.) when determining how effective the prevention controls will be.

Table C2.3.2 - Alternate PFMEA OCCURRENCE (0)
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C2.4 PFMEA DETECTION (D)

Detection Potential (D) for the Validation of the Process Design

Detection Controls rated according to the Detection Method Maturity and Opportunity for ::;Ti:w
Detection. or
Corporate
- . or
D AS:;::;:O Deta:;::r'i“t;thod Opportunity for Detection Product
Line
Examples
10 No::tt;l;% %ralgsb%iiuon The failure mode will not or cannot be
established or is known. delacted.
Very low Itis unlikely that the
9 testing or inspection The failure mode is not easily detected
method will detect the through random or sporadic audits.
failure mode.
: : Human inspection (visual, tactile, audible),
8 Test or inspection or use of manual gauging (attribute or
memodthas not bge“ variable) that should detect the failure
proven fo be effective mode or failure cause.
and reliable (e.g. plant - -
Low has little or no experience | Machine-based detection (automated or
with method, gauge R&R semi-automated with notrﬁqatlon b_y light,
< results marginal on buzzer, etc.), or use of inspection
comparable process or equipment such as a coordinate
this application, etc.). measu_ring machine th_at should detect
failure mode or failure cause.
Human inspection (visual, tactile, audible),
) . or use of manual gauging (attribute or
6 Test or inspection variable) that will detect the failure mode
me‘thog ha; ';:9“ PVE"S“ or failure cause (including product sample
0 De effeclive an checks).
reliable (e.g. plant has - ) .
Moderate | experience with method, _ Machine-based detection
gauge R&R results are (semi-automated with notification by light,
acceptable on buzzer, etc.), or use of inspection
5 equipment such as a coordinate

comparable process or
this application, etc.).

measuring machine that will detect failure
mode or failure cause (including product
sample checks).
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Detection Potential (D) for

the Validation of the Process Design

Detection Controls rated according to the Detection Method Maturity and Opportunity for ?:[ae Zki:?}m
Detection. Y
user
Corporate
R or
D Ag:;?;:o Demcn;:’tﬂr?t;thod Opportunity for Detection Prl.t.’i:gd
Examples
Machine-based automated detection
method that will detect the failure mode
downstream, prevent further processing
or system will identify the product as
4 discrepant and allow it to automatically
move forward in the process until the
System has been proven | designated reject unload area. Discrepant
to be effective and product will be controlled by a robust
reliable (e.g. plant has system that will prevent outflow of the
experience with method product from the facility.
on identical process or Machine-based automated detection
this application), gauge | method that will detect the failure mode
High R&R results are in-station, prevent further processing or
acceptable, etc. system will identify the product as
3 discrepant and allow it to automatically
move forward in the process until the
designated reject unload area. Discrepant
product will be controlled by a robust
system that will prevent outflow of the
product from the facility.
Detection method has
been proven to be Machine-based detection method that will
2 effective and reliable (e.g. | detect the cause and prevent the failure
plant has experience with mode (discrepant part) from being
method, error-proofing produced.
verifications, etc.).
Failure mode cannot be physically produced as-designed or
1 Very high | processed, or detection methods proven to always detect the failure
mode or failure cause.
Table C2.4 - PFMEA DETECTION (D)

193



AT R REREERTE (D)

ARGy PR L AR 2% SR AT VP

A, B
PN

2]yl

BRI TT L R BE

Fn<

AR
i RIUR

LT SR BRIE W A Bk
ARMARE (P E
KT MR REATR
WA T T R &
4 » WA EE M
HUEE R LA,

EASt & o BERE AT B Sh LRI, JEnT LI
THERE R R, T R
T RRGWLLRMER &, FRFIE
LT ashirE, EEFEIERNA S
HRX . ZRERHE-ME RN RGENZ
B, AR AT .

ULBEE o SR Y Sl ik, ST LIFE
Tz SRR SeRoist, e it — 2
T. AL LR ZER > R R LD
e ashiti, EERREENASRERE
XK. ZREGEE-DHRORENZE
WA, ik G T it .

BRI T7 2k B SLRRIE
B AT R (Bl T
JHERRTr i B EEwiA
W HAELEE) .

BB AL RE AR T AT ¥, LT BABR o3
AR R PAREN (EREMF) .

E St

AR B BN T R A bRt LR MR, BRIy e ek
UEHIE i R S 4 B R s B R R A

% C2.4 PFMEA #llE(D)

193




C2.5 ACTION PRIORITY TABLE FOR PFMEA

Action Priority (AP) for PFMEA

Action Priority is based on combinations of Severity, Occurrence, and Detection ratings in | Blank until
order to prioritize actions for risk reduction. filled in by
user
e on
Effect S Cause (o] Ability to Detect D PRIORITY | Comments
Occurring A
Low - Very low 7-10 H
Vervhiah | 840 Moderate 5-6 H
ery hi
vhe High 24 H
Very high 1 H
Low - Very low 7-10 H
\ Moderate 5-6 H
High 6-7 "
High 2-4 H
Product or Very high 2 H
Plant Effect | 9-10 Low - Very low 7-10 H
Very high Moderate 56 H
Moderate 4-5 -
High 2-4 H
Very high 1 M
Low - Very low 7-10 H
Moderate 5-6 M
Low 2-3 -
High 2-4 L
Very high 1 L
Very low 1 Very high - Verylow | 1-10 L
Low - Very low 7-10 H
. Moderate 5-6 H
Very high | 8-10 e
High 2-4 H
Very high 1 H
Low - Very low 7-10 H
Moderate 5-6 H
High 6-7 ,
High 2-4 H
Product or Very high 1 M
Plant Effect | 7-8 Low - Very low 7-10 H
High Moderate 5-6 M
Moderate 4-5 s
High 2-4 M
Very high 1 M
Low - Very low 7-10 M
. 0.3 Moderate 5-6 M
ow -
High 2-4 L
Very high 1 L
Very low 1 Very high - Very low | 1-10 L
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C2.5 PFMEA iR EgHE

PFMEA #&HitR 54 (AP)
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oh 56 M
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ke H 2-4 L
BT 1 L
JeHA% 1 JeHwE - EHE 1-10 L
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Prediction of

Failure AGTION
Effect S Cause (o] Ability to Detect D PRIORITY | Comments
Occurring (AP)
Low - Very low 7-10 H
Moderat 5-6 H
Veryhigh | 8-10 o bl
High 2-4 M
Very high 1 M
Low - Very low 7-10 ]
Moderate 5-6 M
High 6-7 -
High 2-4 M
Product or Very high 1 L
Plant Effect | 4-6 Low - Very low 7-10 M
Moderate Moderats 5.6 E
Moderate 4-5 -
High 2-4 L
Very high 1 L
Low - Very low 7-10 L
Moderate 5-6 L
Low 2-3 -
High 2-4 L
Very high 1 L
Very low 1 Very high - Very low | 1-10 L
Low - Very low 7-10 M
. Moderate 5-6 M
Very high 8-10 :
High 2-4 L
Very high 1 L
Low - Very low 7-10 L
. Moderate 5-6 L
High 6-7 -
High 2-4 L
Product or Very high 1 L
Plant Effect | 2-3 Low - Very low 7-10 L
Low Moderate 56 L
Moderate 4-5 -
High 2-4 L
Very high 1 L
Low - Very low 7-10 L
L 58 Moderate 5-6 L
ow
High 2-4 L
Very high 1 L
Very low 1 Very high - Very low | 1-10 L
No
Discernible | 1 Verylow- | 4 19 | Very high - Very low | 1-10 L
Effect Very high
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C3 FMEA-MSR SFM and AP Tables
Supplemental FMEA-MSR SEVERITY (S)

c31

Product General Evaluation Criteria Severity (S)

Potential Failure Effects rated according to the criteria below.

Blank until filled in by
user

Effect

Severity criteria

Corporate or
Product Line
Examples

10

Very High

Affects safe operation of the vehicle and/or other
vehicles, the health of driver or passenger(s) or road
users or pedestrians.

Noncompliance with regulations.

High

Loss of primary vehicle function necessary for normal
driving during expected service life.

Degradation of primary vehicle function necessary for
normal driving during expected service life.

Moderate

Loss of secondary vehicle function.

Degradation of secondary vehicle function.

Very objectionable appearance, sound, vibration,
harshness, or haptics.

Low

Moderately objectionable appearance, sound, vibration,
harshness, or haptics.

Slightly objectionable appearance, sound, vibration,
harshness, or haptics.

Very low

No discernible Failure Effect.

Note:
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This table is identical to Table C1.1 - DFMEA SEVERITY (S)

Table C3-1 - Supplemental FMEA-MSR SEVERITY (S)
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C3.2 Supplemental FMEA-MSR FREQUENCY (F)

Frequency Potential (F) for the Product

Frequency criteria (F) for the estimated occurrence of the Failure Cause in relevant g:la';k.”?"
operating situations during the intended service life of the vehicle eu sglr Y
Estimated Corporate or
F Ereaiione Frequency criteria - FMEA-MSR Product Line
q y Examples
Extremely Frequency of occurrence of the Failure Cause is unknown
10 high or cannot or known to be unacceptably high during the intended
be determined service life of the vehicle
9 Failure Cause is likely to occur during the intended service
Hiah life of the vehicle
I
8 ¢ Failure Cause may occur often in the field during the
intended service life of the vehicle
7 Failure Cause may occur frequently in the field during the
intended service life of the vehicle
6 Medium Failure Cause may occur somewhat frequently in the field
during the intended service life of the vehicle
5 Failure Cause may occur occasionally in the field during
the intended service life of the vehicle.
Failure Cause is predicted to occur rarely in the field during
4 Low the intended service life of the vehicle. At least ten
occurrences in the field are predicted.
Failure Cause is predicted to occur in isolated cases in the
3 Very low field during the intended service life of the vehicle. At
least one occurrence in the field is predicted.
Failure Cause is predicted not to occur in the field during
the intended service life of the vehicle based on prevention
2 Extremely low and detection controls and field experience with similar
parts. Isolated cases cannot be ruled out. No proof it will
not happen.
Failure Cause cannot occur during the intended service life
1 Cannot Occur of the vehicle or is virtually eliminated. Evidence that

Failure Cause cannot occur. Rationale is documented.

Percentage of relevant operating condition in
comparison to overall operating time

Value by which F may be lowered

< 10% 1

< 1% 2
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NOTE: Probability increases as number of vehicles are increased

| Reference value for estimation is one million vehicles in the

| field

Table C3-2 - Supplemental FMEA-MSR FREQUENCY (F)
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C3.3 Supplemental FMEA-MSR MONITORING (M)

Supplemental FMEA for Monitoring and System Response (M)

Monitoring Criteria (M) for Failure Causes, Failure Modes and Failure Effects by Blank until

Monitoring during Customer Operation. Use the rating number that corresponds with the | filled in by
least effective of either criteria for Monitoring or System Response user

Effectiveness of Corporate

M Monitoring Diagnostic Monitoring / sﬁ;’: nRI:::;l?:: d or Product
Controls and Sensory Perception Criteria Criteria Line

System Response Examples

10 Not effective

The fault/failure cannot be
detected at all or not during the
fault tolerant time interval; by the
system, the driver, a passenger,
or service technician.

No response during the
fault tolerant time
interval.

The fault/failure can almost never
be detected in relevant operating
conditions. Monitoring control

The reaction to the
fault/failure by the system
or the driver may not

9 Very Low with low effectiveness, high reliably occur during the
variance, or high uncertainty. fault tolerant time
Minimal diagnostic coverage. interval.

The fault/failure can be detected .

: . The reaction to the
in very few relevant operating fault/failure by the system
conditions. Monitoring control S the diver rav rat

8 Low with low effectiveness, high Y

variance, or high uncertainty.
Diagnostic coverage estimated
<60%.

always occur during the
fault tolerant time
interval.

7 Moderately Low

Low probability of detecting the
fault/failure during the fault
tolerant time interval by the

system or the driver. Monitoring

control with low effectiveness,

high variance, or high uncertainty.

Diagnostic coverage
estimated >60%.

Low probability of
reacting to the detected
fault/failure during the
fault tolerant time interval
by the system or the
driver.

Moderate

The fault/failure will be
automatically detected by the
system or the driver only during
power-up, with medium variance
in detection time. Diagnostic
coverage estimated >90%.

The automated system or
the driver will be able to
react to the detected
fault/failure in many
operating conditions.

The fault/failure will be
automatically detected by the
system during the fault tolerant
time interval, with medium
variance in detection time, or
detected by the driver in very
many operating conditions.
Diagnostic coverage estimated
between 90% - 97%.

The automated system or
the driver will be able to
react to the detected
fault/failure in very many
operating conditions.
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Supplemental FMEA for Monitoring and System Response (M)

Monitoring Criteria (M) for Failure Causes, Failure Modes and Failure Effects by Blank until

Monitoring during Customer Operation. Use the rating number that corresponds with the | filled in by
least effective of either criteria for Monitoring or System Response user

Effectiveness of Corporate

Y Monitoring Diagnostic Monitoring / sﬁf:::ﬂ";:zgt?:: d or Product
Controls and Sensory Perception Criteria Criteria Line

System Response Examples

4 Moderately High

The fault/failure will be
automatically detected by the
system during the fault tolerant
time interval, with medium
variance in detection time, or
detected by the driver in most
operating conditions. Diagnostic
coverage estimated >97%.

The automated system or
the driver will be able to
react to the detected
fault/failure during the
fault tolerant time
interval, in most
operating conditions.

The fault/failure will be
automatically detected by the
system during the fault tolerant
time interval with very low

The system will
automatically react to the
detected fault/failure
during the fault tolerant
time interval in most

3 High variance in detection time, and | operating conditions with
with a high probability. very low variance in
Diagnostic coverage system response time,
estimated >99%. and with a high
probability.
The fault/failure will be detected The system will
- : automatically react to the
automatically by the system with detected fault/failure
very low variance in detection during the fault tolerant
2 Very High time during the fault tolerant time | . " . "
interval, and with a very high t'mi;:::;ael ;:ltsl;sv;rgnlow
probability. Dtiagnogﬁcgg’overage response time, and with a
estimated > 99.9%. very high probability.
Reliable and The fault/failure will always be The system will always
acceptable for detected automatically by the automatically react to the
1 elimination of system. Diagnostic coverage detected fault/failure
original failure estimated to be significantly during the fault tolerant
effect greater than 99.9%. time interval.

Table C3-3 - Supplemental FMEA-MSR MONITORING (M)
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C3.4 ACTION PRIORITY FOR FMEA-MSR

Action Priority (AP) for FMEA-MSR

Action Priority is based on combinations of Severity, Frequency, and Monitoring ratings in order to
prioritize actions for risk reduction.

ACTION
Effect s Prediction of Fajlure E Effecth{engss of M PRIORITY
Cause Occurring Monitoring
(AP)
Wedir g'fh’“re"‘e'y 510 | Reliable - Not effective | 1-10 H
Moderately high - Not i

effective 4-10 H
Low 4 Very high - High 2-3 H
Reliable 1 M
Product Moderately high - Not 4410 H

Effect High | 1° Vem . effective
ery fow Very high - High 2-3 M
Reliable 1 L

Moderately high - Not

g 4-10 M

Extremely low 2 effective
Reliable - High 1-3 L
Cannot occur 1 Reliable - Not effective 1-10 L
Low - Extremely high | 4-10 | Reliable - Not effective | 1-10 H
Product 9 Extremely low - Very 2.3 Very high - Not effective 2-10 H
Effect High low Reliable - High 1 L
Cannot occur 1 Reliable - Not effective 1-10 L
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C3.4 FMEA-MSR #&Hith a4t

FMEA-MSR HyiiEth /64t (AP)
B AGRTEER . SRR IR A RN, B AR A R KR TR & T BEAEAT R S HE P
PSS A
ww | s | xRERMERER | F Tk “ | NS
Fi
- 5-10 A - T 1-10 H
B - TR 4-10 H
1% 4 1B - % 2-3 H
GIE 1 M
X7 I . -
Ao - W - TR 410 H
{EWAE 3 " - 2-3 M
GF - 1 L
& 4-10 M
o 5 B - T
- W 1-3 L
It 1 A - TR 1-10 L
16 - Herm 4-10 A - TH 1-10 H
X7 i - 2-10 H
I HERG 9 A - fR{E 23 AN -
A - B 1 L
LI 1 T - TR 1-10 E
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Action Priority (AP) for FMEA-MSR

Action Priority is based on combinations of Severity, Frequency, and Monitoring ratings in order to
prioritize actions for risk reduction.

_— i § ACTION
Prediction of Failure Effectiveness of
Effact S Cause Occurring F Monitoring M PR}g&)ITY
Modlum? 5:“""“3'5’ 6-10 | Reliable - Not effective | 1-10 H
Moderately high - Not
. effective 5-10 H
Medium 5 -
Reliable - Moderately 1-4 M
high
Moderately low - Not g
effective 710 B
Product Low 4 Moderately high -
Effect 7.8 Moder!;teg 4 o
Moderately -
high Reliable - High 1-3 L
Very low - Not effective | 9-10 H
Very low 3 Moderately low - Low 7-8 M
Reliable - Moderate 1-6 L
Moderately !ow - Not 740 M
Extremely low 2 effective
Reliable - Moderate 1-6 L
Cannot occur 1 Reliable - Not effective | 1-10 L
High - Extremely high | 7-10 | Reliable - Not effective | 1-10 H
Moderate - Not effective | 6-10 H
Medium 5-6 allebie- Moderatel
Product il el;igl:) Rraien 1-5 M
Effect 4-6
Moderately Very low - Not effective | 9-10 M
Low
Extremely low - Low | 2-4 Moderately high -
7-8 M
Moderate
Reliable - Moderate 1-6 L
Cannot occur 1 Reliable - Not effective 1-10 L
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FMEA-MSR RIS (AP)

GRS L LA B S LR AP M S S O BEREAT, B R0 {1 R 0 45 SO M AT e o

s S | EeEmumsan | F B R M| EHRES
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R R L 4 il - 46 M
] BEEE A 7.8 A - % 1-3 L
G - R 9-10 H
S 3 1 - 1 7-8 M
AT - o 16 L
_ , I - TR 7-10 M
w4 - 16 L
R4 tia 1 W - X 1-10 L
# - 7-10 A - T 1-10 H
7 s 3 ? 5 i - -
TIRESR{E il e ¥
4-6 1R - T 9-10 M
RIS - % 24 B - b 7-8 M
T - o 16 L
R A 1 A - A 110 L
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Action Priority (AP) for FMEA-MSR

Action Priority is based on combinations of Severity, Frequency, and Monitoring ratings in order to prioritize
actions for risk reduction.

Effect s Prediction of Failure E Effectiveness of M ACTION
Cause Occurring Monitoring PRIORITY (AP)
High - Extremely high | 7-10 | Reliable - Not effective 1-10 H
Moderately low - Not
S 7-10 M
g Medium 5-6 effective
et | 24 Reliable - Moderate | 1-6 L
Extremely low - Low 24 Reliable - Not effective | 1-10 L
Cannot occur 1 Reliable - Mot effective 1-10 L
Product

Cannot occur - i i

Effelt‘:::ery 1 Extremely high 1-10 Reliable - Not effective 1-10 L
NOTE: If M=1, the Severity rating of the Failure Effect after

202

Monitoring and System Response is to be used for
determining MSR Action Priority. If M is not equal to 1, then
the Severity Rating of the original Failure Effect is to be used
for determining MSR Action Priority.

Table C3.4 — ACTION PRIORITY FOR FMEA-MSR
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D Additions

D1 Special Characteristics

Special Characteristics are intended to provide information regarding design characteristics which
require particular attention to process controls. Characteristics which lead directly to a failure of a
product function in regard to safety, fit, form, performance, further processing of the product, or
compliance to government regulations and industry standards may be identified as Special
Characteristics.

Special Characteristics are identified to reduce the instances of scrap, rework, non-conforming parts,
and assembly errors. The likelihood of customer complaints, product warranty claims, and government
recalls is thereby mitigated by specifying Special Characteristics to ensure effective process controls.
Special Characteristics are marked with abbreviations or symbols* in documents such as Product
documents (as required), Process FMEA (Special Characteristics column) and Control Plans. Evidence
for the implementation of process controls for Special Characteristics should be monitored, documented,
and accessible.

In the Design FMEA, the Filter Code column replaces the Classification column because Special
Characteristics are not required to be shown in the DFMEA.

The Design FMEA is one of several inputs to the selection of Special Characteristics. The team may use
the Design FMEA to highlight when process controls may be needed to ensure conformance to
specifications. The Design FMEA Form Sheet column named “Filter Code (Optional)” may be used to
document that information.

To properly identify Special Characteristics, the Process FMEA team considers how variation in the
manufacturing process can affect the functionality of the product. In other words, characteristics may be
sensitive to manufacturing/assembly variation (Special Characteristic)y or not sensitive to
manufacturing/assembly variation (Standard Characteristic).

The Process FMEA contains the column titled “Classification”. This column may be used to specify
Special Characteristics (e.g. critical, key, major, significant) that require additional process controls.

*NOTE: Special Characteristics may be company-specific or customer-specific designations. Customer
specified Special Characteristics symbols can be translated into the organization's symbols for Special
Characteristics (e.g. in a correlation table).

D2 FMEA and Functional Safety

D2.1 Linkage between Functional Safety and Supplemental FMEA for Monitoring and
System Response (FMEA-MSR)

The Hazard Analysis and Risk Assessment (HARA) (see 1S026262- 3:2018 Clause 6.4) provides Safety
Goals relative to safety-related functions. It also assigns Automotive Safety Integrity Levels (ASILs)
which are used to identify the mitigation and are applied to ensure a socially acceptable residual risk of
malfunctioning behavior. The Functional Safety Concept (FSC) further defines requirements to ensure
the Safety Goals are met by the design. It defines the Warning and Degradation Concept, and the Test
Cases which are necessary to demonstrate that the design fulfills the Safety Goals and Safety
Requirements. However, 1ISO 26262 refers to FMEA (along with Systems Theoretic Process Analysis
(STPA) and Fault Tree Analysis (FTA) as methods to identify potential causes of malfunctioning
behavior. FMEA-MSR may be used to supplement the DFMEA by analyzing the effectiveness of
diagnostic monitoring and system response in maintaining functional safety. In addition to safety
considerations, the method can also be used for analysis of regulatory compliance topics.
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D2.2  Linkage between Frequency (F) and Exposure in ISO 26262

Exposure in ISO 26262 refers to the duration or frequency of an operational situation. However,
Frequency in FMEA-MSR refers to the occurrence of a fault during an operational situation. Therefore,
the two metrics are related, but not equivalent.

D2.3  Linkage between Frequency (F) and FIT Rates in ISO 26262

Frequency is a qualitative estimation of how often the considered failure cause may occur during an
operational situation. FIT Rates are a quantitative assessment of the measured reliability of an E/E
component, based on exposure of the component to specific test conditions. Therefore, the two metrics
are related, but not equivalent.

D2.4  Linkage between Monitoring (M) and Diagnostic Coverage in ISO 26262

Monitoring (M) considers the ability of persons and/or the system to detect a specific cause (fault or
failure), and react to that detected fault or failure within the Fault Tolerant Time Interval (FTTI).
Diagnostic Coverage in ISO 26262 refers to the ability of the system to detect a percentage of all
possible faults, and react to a fault within the Fault Tolerant Time Interval (FTTI). Therefore, the
Monitoring rating in FMEA-MSR has a wider scope of detection, but relates only to a specific cause.

D2.5 Linkage between Failures in FMEA-MSR to Faults/Errors/Failures in ISO 26262

A Failure Cause in FMEA-MSR is equivalent to a Fault in ISO 26262. However, it is not necessarily a
root cause, depending on whether the scope of analysis is a component or a system. A Failure Mode in
FMEA-MSR is equivalent to an “Error” in 1ISO 26262. A Failure Effect in FMEA-MSR is equivalent to a
“Failure” in 1ISO 26262 (Ref. Part 10, Clause 4.3.1).

Failure Effect Onginal Failug &t Failure Effect Failure Effect Failure Effect
5=10 =10 5=10 $§=1.9 5=1.9
Mitigated Failure Effect
558
M=10 M=1 M=2...10

Failure Cause ‘l Failure Cause | | Failure Cause I

Single-point Fault No Equivalent Residual Fault Safe Fault or
Non safety-relevant Fault

I NOTE: Multiple-point Faults are not in scope of FMEA-MSR
Figure D2-1 Linkage between Failure Causes in FMEA-MSR to Faults in ISO 26262

D2.6  Applicability of FMEA-MSR to manufacturers of microcontrollers

FMEDA is the recommended method for quantitative analysis of microcontrollers. FMEA-MSR may be
used for qualitative analysis, but may not provide any additional value.
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E Further Application Fields

With the DFMEA and PFMEA described, all application fields can be
covered.

The procedure is also transferable to suppliers of the automotive industry
of other industrial branches. The special features and specific
procedures are to be taken into account.

E1 FMEA for Software Scopes

The functions of a system are realized more and more often by software.
A Design FMEA examines the functional capability of a system, and
therefore the inspection of software scopes is a part of this. The system
and its effect relationships should be inspected as a whole in the analysis
of the software scope.

When inspecting software scopes, special problems can occur that are
considered in the following sections.

| NOTE: The term “Software FMEA" is misleading, since not the
software but the functions that are realized by the software are
to be examined in the system context.

E2 Objective of the Software Scopes Inspection

205

Analysis of the software requirements:
Demand from the complete system
Checking the basis information/boundary conditions/specifications

Systematical actions for risk reduction, e.g. concept change, avoidance,
detection.

Analysis of possible faults in software scopes:

Effect on the complete system

Depiction of the interaction of software modules in the complete system
Risk assessment of the of software modules.
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E3 FMEA in the Software Development Process

Vehicle approval test

Development of
requirements
Validation
» [}
""""""""""" Verification ™~~~ "~~~
Development of Systan
architecturs g Srsun 1ok integration
n b
@
ra Product test
- Design- . Product
«® processing Intagration
é‘ ' »"‘) Function !
medule
\ test
L
1 Function /
Implemantatiol module
integration

The FMEA is especially suited for the analysis of requirements and for
the validation of the implementation. Therefore its field of application is
primarily in the upper part of the model shown.

E4 FMEA for Machine and Facility Manufacturers

The DFMEA of a machine is sometimes referred to as a “Machine FMEA"
in the literature.

Starting from a PFMEA in which a machine was identified as a risk, a
DFMEA can be prepared for the machine.

In the PFMEA, the requirements on the functions/abilities of the machine
are identified in the analysis of the machine.

Separate evaluation tables are to be developed for this Machine FMEA.

At the end the Machinery FMEA follows the rules as Design or Process
FMEA.
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F Change Point Summaries
F1 AIAG 4th Edition FMEA Reference Manual to AIAG & VDA FMEA Handbook
F1.1  AIAG 4th Edition DFMEA to AIAG & VDA FMEA Handbook DFMEA

The AIAG & VDA FMEA method is described by a 7-Step approach. The steps are the synthesis of AIAG
and VDA DFMEA process steps. For example, Block/Boundary Diagrams are shown as Step 2 of the
7-Step approach and the same deliverable is shown as a prerequisite in the 4th Edition.

Special Characteristics are removed from DFMEA but stay in PFMEA, see Annex D1 Special
Characteristics.

For continuous Improvement a History/Change Authorization column is added (For use as applicable)

The linkage between DFMEA and PFMEA is explained and FMEA Collaboration (Customer — Tier n —
Tier n+1).

1st Step:  Planning and Preparation

Preparation is partly considered in the 4th Edition General FMEA Guidelines, Chapter Il Overview of
FMEA, and Chapter Ill DFMEA. Step 1 includes definition of the “5T's™ InTent, Timing, Team, Task,
and Tool to be used to document the analysis as well as identification of the analysis subject and
baseline DFMEA as appropriate.

FMEA Form Sheet header is defined within Step 1 and the following changes apply:
i. Company Name added
ii. Marking of System, Subsystem or Component removed
ii. Engineering Location added
iv. Customer Name added
v. Model Year(s)/Program(s) changed to Model Year/Platform
vi. Subject added
vii. Key Date removed
viii. Revision Date added
ix. FMEA Number changed to DFMEA ID Number
x. Page Number of Page Number removed
xi. Prepared By changed to Design Responsibility
xii. FMEA Date (orig.) changed to Start Date
xiii. Core Team changed to Cross-Functional Team
xiv. Confidentiality Level added
Reason for change: To use common terms and include necessary information for record management
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2nd Step: Structure Analysis

For DFMEA, ITEM is expanded to SYSTEM, SYSTEM ELEMENT, and COMPONENT ELEMENT with
SYSTEM as Next Higher Level, SYSTEM ELEMENT as Focus Element, and COMPONENT ELEMENT
as Next Lower Level or Characteristic Type.

Collaboration between customer and supplier is defined and added.

Reason for change: To correctly identify the system, subsystem, component and/or characteristic in
relation to the item (focus element) being analyzed. This information is needed for Step 3, Function
Analysis.

1. Next Higher Level 2. Focus Element 2 Naxt Lowae Layel or

Characteristic Type
SYSTEM SYSTEM ELEMENT COMPONENT ELEMENT

3rd Step: Function Analysis

AIAG 4TH Edition Form Sheet A and C: Item/Function and Requirement are split so that Item is part of
Step 1 and Function and Requirement space is available for each of the levels defined in Step 2.

The description is more detailed how to formulate functions.
Detailed definition of requirements / characteristics and usage of P-Diagram explained.
Collaboration between engineering teams is described.

Reason for change: To establish the functions for each Item/System Element to demonstrate an
understanding of how each level contributes to the functionality of the next higher level. Considering
and listing the positive Functions and Requirements of the Product leads to listing the negatives, the
Effect of Failure, and the Causes of Failure.

| Important note: AIAG Form Sheet A and C: Item/Function needed
correction due to instances where customers have received
DFMEAs showing an Item description and Failure Mode with
no Function or Requirement identified. The expectation is
that a Function and Requirement are necessary for an
understanding of how the Function could fail.

3. Next Lower Level
Function and Requirement or
Characteristic

1. Next Higher Level
Function and
Requirement

2. Focus Element Function and
Requirement
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4th Step:  Failure Analysis
Concept of FOCUS ELEMENT establishes the focus of the analysis.
i. Potential Failure Mode changed to: Failure Mode (FM) of the Focus Element

ii. Potential Failure Effect changed to: Failure Effects (FE) to the Next Higher level Element
and/or End User

iii. Potential Failure Cause changed to: Failure Cause (FC) of the Next Lower Element or
Characteristic

iv. Order of columns changed from FM, FE, FC to FE, FM, FC

Important note:  Although the order of columns changed, the order of
creating the analysis using a spreadsheet remains the same.
It is necessary to identify first the (FM), then either the (FE) or
(FC) depending on the team. When using FMEA-dedicated
software the team may perform the DFMEA in a different way
e.g. identifying failures and then linking them in a proper failure
chain of (FE), (FM), (FC).

Identify failures by systematic d'escription 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.
1. Failure Effects (FE) to the

Next Higher Level Element
and/or End User

3. Failure Cause (FC)
of the Next Lower Element or
Characteristic

2. Failure Mode (FM)
of the Focus Element

Reason for change: To promote the cause and effect analysis in terms of a chain of potential events.
The structure, function, and failure sections of the form sheet are designed using a pattern that leads to
three levels of a failure chain (FE), (FM), (FC).

5th Step:  Risk Analysis

The term “ranking” replaced by “rating” because each failure is rated according to the criteria defined in
the rating charts. Each rating chart has a new column to add company-specific examples

i. Severity rating — Ten-point scale with similar definitions for each level. Split rating of 10 and 9
allowing for alignment with functional safety groups (Safety is 10 regardless of warning, and 9 is
regulatory). The same scale is used for DFMEA, PFMEA, and FMEA-MSR when rating the (FE)
to the end user level.

i. Occurrence rating — Ten-point scale with added emphasis on Prevention Controls as input to
the Occurrence rating.

iii. Detection rating — Ten-point scale that considers Ability to Detect, Detection Method Maturity,
and Opportunity for Detection.

iv. Action Priority (AP) is offered as a replacement for Risk Priority Number (RPN) — Reference AP
table for High-Medium-Low assignments. There is a common AP table for DFMEA and
PFMEA.

v. Classification replaced with Filter Code (Optional) — The Filter Code column may be used to
flag potential special characteristics or other information designated by the company.
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Reason for change: Rating charts revised for global use by automotive OEMs and suppliers to
encourage more effective and efficient DFMEAs by using common rating criteria. The AP table
considers the importance of Severity, then Occurrence, then Detection when prioritizing actions for risk
reduction as described in the AIAG 4th Edition FMEA Manual. The AP (H-M-L) considers the ratings of
S, 0, and D at the same time and applies logic to determine the priority of action. The table also makes
recommendations on how work through the three AP levels.

Classification of failures as shown on product drawings and/or specifications (standard or special type) is
not a requirement of DFMEA, therefore the column was removed and replaced with a Filter Code
column.

Current Controls, even if the implementation is in the future, are part of Risk Analysis.
More detailed evaluation tables for occurrence and detection with examples.
Collaboration between customer and supplier explained.

2 El |3
w c
1. Failure g 3. Eailure ) 2 S
Effects (FE)to | © | 2. Failure Cal.;s e (FC) of Current | @ Current ‘s & e
the Next 9 |Mode (FM) of| the Next .| Prevention E Detection | & . =
Higher- Level z the Focus | ™' em""o“'ra Control (PC)| £ |Controls (DC)| T | = | §
Element and/or Element of FC of FCorFM [ 6 | & | §

& Characteristic a
End User 2 ‘g 5
i S 2 r

(=]

6th Step:  Optimization
The definition of optimization is detailed in the AIAG & VDA FMEA Handbook.
i.  Recommended Action split into two columns: Preventive Action and Detection Action
i. New: Status (Suggested status levels: Open, Completed, Discarded)
jii. Changed: Action Taken with Pointer to Evidence
iv. New: Remarks (for DFMEA team or internal use)
New assessment of action effectiveness defined.
Continual improvement described.
Collaboration between FMEA team, management, customer and supplier explained.

Reason for change: The information helps the user with visual management to be sure each piece of
information is included and correct. Important is the “Pointer to Evidence" for follow-up reasons.

Action
Taken
with |Completio
Pointer Date
to

Evid,
sEvidernve

DFMEA DFMEA |[Responsible|] Target
Preventive| Detection | Person's |Completion|Status
Action Action Name Date

Severity (S)
Occurrence (0)
Detection (D)
DFMEA AP
Remarks
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Tth Step: Result Documentation

Step 7 summarizes the scope and results of the DFMEA in a report for review by internal management
and/or the customer. The AIAG 4th Edition FMEA manual indicates that management owns the FMEA
process and has the ultimate responsibility of selecting and applying resources and ensuring an effective
risk management process including timing. These statements are found in Chapter 2, Strategy,
Planning, Implementation. However, the 4th Edition does not provide additional guidance on how to
engage management in the DFMEA team. Step 7 provides recommendations for what to include in
results documentation. This report should indicate the technical risk of failure as a component of the
development plan and project milestones.

F1.2 AIAG 4th Edition PFMEA to AIAG & VDA FMEA Handbook PFMEA

The AIAG & VDA FMEA method is described by a 7-Step approach. The descriptions below compare
these 7-Steps to the current AIAG process. The comparisons include all form sheets used in both
manuals. As appropriate, it will be pointed out why (Reason for change or Reason for use) the change
can help lead to a more complete PFMEA.

1st Step: Planning & Preparation -
i. Define the Scope changed to 1st Step: Planning & Preparation
2nd Step: Structure Analysis -

i. Item changed to Process Item System, Subsystem, Part Element or Name of Process
Note: Different form formats, allow this to be listed a single place or on each line.

ii. Process Step changed to Process Step Station No. and Name of Focus Element
iii. Process Work Element 4M Type has been added.

Reason for use: This added step (4M) requires the users to consider the 4M's while reviewing the
activity taking place within the process.

l 1. Process Item 5 Process &ia
System, Subsystem, 2 P 3. Process Waork Element
Part Element or Siatlan o atd Haine 4M Type
of Focus Element
MName of Process

Or alternate form sheet

1. Process ltem
System, Subsystem,

Part Element or

Name of Process | N

2 Process Step
|SI o NG snd M S.WMmEmm
| of Focus Element
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3rd Step: Function Analysis

i. Function of the Process Item 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.

ii. Function (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.

iii. Function (one column) and its Requirements / Process (one column) changed 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 column 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.

| 1. Funclion of tha Procass ltam |2. Function of the Procass Step| 3. Function of the Procass
| Function of Systam, Subsystem,| and Product Characteristic | Work Element and Procass
Part Element or Process {Quantitative value is optional) Characteristic

Or alternate form sheet

1. Function of the Process ltem
Function of System, Subsystem,
Part Element or Process

2. Function of the Process Step| 3 3. Function of the Process
and Product Ch isti Work El t and Process
(Quantitative value is opbional)

Or alternate form sheet
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4th Step: Failure Analysis -

Potential Effect(s) of Failure changed to Failure Effects (FE) to the next Higher Level
Element and/or Vehicle End User

Severity changed to Severity (S) of FE

Note: The AIAG Severity Table was based on Effect on Customer and Effect on
Manufacturing, while AIAG & VDA Severity table is also based on Effect End User, it divides
Effect on Manufacturing into two sections, Impact to Your Plant and Impact to Ship-to Plant
(when known).

Reason for change: The division of manufacturing requires the user to consider the internal
impact and external impact to manufacturing.

Potential Failure Mode changed to Failure Mode (FM) of the Focus Element.

iv. Potential Cause(s) of Failure changed to Failure Cause (FC) of the Work Element.

1 Fadlure Effects (FE) 1o
the Next Higher Leved
Element and/or End User

2 Fadure Mode (FM) | 3 Faiure Cause (FC)
of the Focus Element | of the Waork Element

Seventy (S) of FE

5th Step: Risk Analysis -

vi.

vii.
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Current Process Controls — Prevention changed to Current Prevention Control (PC) of FC.
Occurrence changed to Occurrence (0) of the FC.

Note: The AIAG Occurrence Table was based on “Likelihood of Failure” and “Incidents items /
vehicles” while the AIAG & VDA Table is based on “Prediction of Failure Cause Occurring”,
“Type of Control”, and “Prevention Controls”.

Reason for Change: The AIAG & VDA is based on the robustness of the Prevention Controls
and can be applied to any production rate.

Current Detection Process Controls / Cause and Current Detection Process Controls /
Failure Mode (Form Sheet E) is changed to Current Detection Controls (DC) of FC or FM.

iv. Detection changed to Detection (D) of the FC / FM".

Note: The AIAG Detection Table was based on “Opportunity for Detection”, “Likelihood of
Detection by Process Control” and “Likelihood of Detection, while the AIAG & VDA Table is
based on “Detection Method Maturity”, “Opportunity for Detection” and “Ability to Detect”. Both
tables are based on a 1 to 10 scale.

RPN changed to PFMEA AP.

Reason for Change: The RPN scale is 1 to 1,000 based on the simple multiplication of S, O and
D and does apply logic. The AP (Action Priority) scale is L (Low), M (Medium) and H (High) and
is based on taking into account the rating of S, O, and D at the same time and applies logic to
determine the priority of action.

Classification changed to Special Characteristics.
Note: Special Characteristics and Filter Code are sub-categories of AIAG Classification.
Filter Code (Optional) new for AIAG & VDA Handbook.

of FC or FM g

g| | &5
Current E § L
Prevention| © S ] & 9|
Contral | B Detection ﬁ =]
(PC) ‘é’ Controls (DC) E 2
ofC |2 5
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6th Step: Optimization -
i. Recommended Action changed to Prevention Action and Detection Action

Reason for change: The division of information helps the user with visual management of
actions related to Prevention and Detection.

ii. Responsibility & Target Completion Date changed to Responsible Persons Name and
Target Completion Date.

Reason for change: Requires a name rather than a department.
iii. Status new for AIAG & VDA Handbook.
Reason for change: Users can track the percentage of completion.

iv. Action Results - Actions Taken Completion Date and Actions Taken & Effective Date
(Form Sheets A ~ H) is changed to Action Taken with Pointer to Evidence and Completion Date.

Reason for change: In addition to listing actions taken, a direction to evidence is required.
v. Severity / Occurrence / Detection / RPN changed to Severity / Occurrence / Detection / AP.
vi. Special Characteristics new for AIAG & VDA Handbook.
vii. Remarks new for AIAG & VDA Handbook.

8

-

Action ol=|2
|Responsible] Target Taken @ % % g %
Prevention|Detection ; with |Completion g |

= = Person's |Completion |Status Pointer Date ‘E E 8 |§ Remarks

ol Name Date 215125 |8
to 0 g = o

Evidence [

-

7]

Tth Step: Results Documentation —

Step 7 summarizes the scope and results of the DFMEA in a report for review by internal management
and/or the customer. The AIAG 4th Edition FMEA manual indicates that management owns the FMEA
process and has the ultimate responsibility of selecting and applying resources and ensuring an effective
risk management process including timing. These statements are found in Chapter 2, Strategy,
Planning, Implementation. However, the 4th Edition does not provide additional guidance on how to
engage management in the DFMEA team. Step 7 provides recommendations for what to include in
results documentation. This report should indicate the technical risk of failure as a component of the
development plan and project milestones.
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F2 VDA Volume 4, Chapter Product and Process FMEA to AIAG & VDA FMEA
Handbook

F2.1 VDA Volume 4, Chapter Product DFMEA to AIAG & VDA FMEA Handbook

The FMEA Method is described by seven-step approach, similar to the previous five-step approach in
VDA Volume 4, Product and Process FMEA.

The section Definition is the new first step Preparation and Project Planning. The result documentation is
added as step seven.

1. Preparation and Project Planning
Structure Analysis

Function Analysis

Failure Analysis

Risk Analysis

o0 K wN

Optimization
7. Result Documentation

Special Characteristics are removed from the DFMEA Form Sheet but stay in the PFMEA Form Sheet.
See Annex D1 Special Characteristics.

For continuous Improvement history column is added and the authorization column changed.

The linkage between DFMEA and PFMEA is explained and the FMEA Collaboration (Customer — Tier n
— Tier n+1).

The comparison below shows the format of FMEA Form Sheets listed in the VDA Volume 4 to the form
sheets listed in the AIAG & VDA Handbook including those listed in the Appendices.

As appropriate, it will be pointed out why (Reason for change) the format can help lead to a more
complete DFMEA.

1st Step:  Planning and Preparation

“Definition - D” is replaced by “1st Step: Planning and Preparation”. Preparation is partly considered
in definition. Both sections define the depth of what will be included in the document.

FMEA Form Sheet header is defined within step 1 and new columns are changed or added.
i. Changed: Model Year(s) / Program(s)
ii. Changed: Subject
iii. Changed: Start Date and Revision Date
iv. Changed: Cross Functional Team
v. Changed: DFMEA ID Number
vi. Changed: Design Responsibility

vii. Added: Company Name

viii. Added: Engineering Location
ix. Added: Customer Name

x. Added: Confidentiality Level
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2nd Step:  Structure Analysis

For DFMEA, ITEM is expanded to SYSTEM, SYSTEM ELEMENT, and COMPONENT ELEMENT with
SYSTEM as Next Higher Level, SYSTEM ELEMENT as Focus Element, and COMPONENT ELEMENT
as Next Lower Level or Characteristic Type.

1. Next Higher Level 2. Focus Element 3. Next Lower Level or

Characteristic Type
SYSTEM SYSTEM ELEMENT COMPONENT ELEMENT

Connection description with process flow diagram and structure tree.
Possible views in form sheet are described.

Collaboration between customer and supplier is defined and added.
Reason for change:

This focuses the FMEA team on the Element to analyze. The Next Higher and Lower Level help to
identify the Effect of Failure, and the Causes of Failure link in the defined SYSTEM.

3rd Step:  Function Analysis

For DFMEA, FUNCTION/REQUIREMENT is expanded to Function and Requirement or Intended Output
of System (Next Higher Level), Function and Requirement and Intended Performance Output of System
Element (Focus Element), and Function and Requirement or Characteristic or Intended Function or
Characteristics of Component Element (Next Lower Level or Characteristic Type).

3. Next Lower Level
Function and Requirement or
Characteristic

1. Next Higher Level 2. Focus Element Function
Function and Requirement and Requirement

The description is more detailed how to formulate functions.

Detailed definition of requirements / characteristics and usage of P-Diagram explained.
Possible view in form sheet is described

Collaboration between engineering teams is described.

Reason for change:

Considering and listing the positive Functions and Requirements of the Product, leads to listing the
negatives, the Effect of Failure, and the Causes of Failure.
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4th Step:  Failure Analysis
Concept of FOCUS ELEMENT establishes the focus of the analysis.

1. Failure Effects (FE) to the 3. Failure Cause (FC)
Next Higher Level Element gf tl;"a;!:re Mog;!::‘n}t of the Next Lower Element or
and/or End User oLus Characteristic

Identify failures 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 and/or End User, the Failure Mode (FM) of the
Focus Element, and the Failure Cause (FC) of the Next Lower Element or Characteristic are aligned in
the SYSTEM.

5th Step:  Risk Analysis
Severity (S) 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 regardless of warning, and 9 is regulatory). The same
scale is used for DFMEA, PFMEA, and FMEA-MSR.

Occurrence (O) 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 Priority (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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w
1. Failure i s
Effects (FE) to | © | 2, Failure | .3 s':’;:;‘g of | Current current 8| % 33
the Next Higher| ©. [Mode (FM) °ﬁthe Next L . Prevention § E Detection 5 g ﬁ
Level Element g the Focus Eliantor Control (PC) g Controls (DC) (= Of = |5
andlor s Element Charaoloratic of FC 5 | of FCorFM E B ES
End User 8 3

More detailed definition of current prevention and current detection controls with examples instead of
prevention and detection actions.

Current Controls, even if the implementation is in the future, are part of Risk Analysis.
New and more detailed described evaluation table of severity of “end user".

More detailed described evaluation tables occurrence and detection with examples.
AP as replacement of RPN introduced with Action Priority high, medium, and low.
New column “Filter Code (Optional)” introduced.

Possible views in form sheet are described.

Collaboration between customer and supplier explained.

Reason for change:

The AP (Action Priority) scale is L (Low), M (Medium), and H (High) is based on taking into account the
rating of S, O, and D at the same time and applying logic to determine the priority of action. The table
also makes recommendations on how work through the three AP levels.

6th Step:  Optimization
Definition of optimization detailed.

Action — @ &
DFMEA | DFMEA [Responsible] Target T‘::;:.n i Ietion% § E & -?_
Preventive | Detection | Person's [Completion|Status Pointer D';te = g ﬁ E
Action | Action Name Date oo s § g z 8
Evidence 0 o2 =

Status of different action defined.
New 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 explained.

Reason for change:

The information helps the user with visual management; each piece of information is included and
correct. Important is the “Pointer to Evidence” for follow-up reasons.
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Tth Step:  Result Documentation
The added step seven summarizes the scope and results of an FMEA in a report.

This report should indicate the technical risk of failure as a component of the development plan and
project milestones.

F2.2 VDA Volume 4, Chapter Process PFMEA to AIAG & VDA FMEA Handbook

The FMEA Method is described by seven-step approach, similar to the previous five-step approach in
VDA Volume 4, Product and Process FMEA.

The section Definition is the new first step Preparation and Project Planning. The result documentation is
added as step seven.

1. Preparation and Project Planning
Structure Analysis

Function Analysis

Failure Analysis

Risk Analysis

Optimization

LA o

7. Result Documentation

Special Characteristics stay in the PFMEA Form Sheet but are removed from the DFMEA Form Sheet.
See Annex C1 Special Characteristics.

For continuous Improvement history column is added and the authorization column changed.

The linkage between DFMEA and PFMEA is explained and the FMEA Collaboration (Customer — Tier n
— Tier n+1).

The comparison below shows the format of FMEA Form Sheets listed in the VDA Volume 4 to the forms
listed in the AIAG & VDA Handbook including those listed in the Appendices.

As appropriate, it will be pointed out why (Reason for change) the format can help lead to a more
complete PFMEA.

1st Step:  Planning and Preparation

“Definition - D" is replaced by “1st Step: Planning and Preparation”. Preparation is partly considered
in definition. Both sections define the depth of what will be included in the document.

FMEA Form Sheet header is defined within step 1 and new columns are changed or added.
i. Changed: Model Year(s)/Program(s)
ii. Changed: Subject
iii. Changed: Start Date and Revision Date
iv. Changed: Cross Functional Team
v. Changed: PFMEA ID Number
vi. Changed: Process Responsibility

vii. Added: Company Name

viii. Added: Customer Name

ix. Added: Manufacturing Location
x. Added: Confidentiality Level
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2nd Step:  Structure Analysis

For PFMEA, ITEM is expanded to PROCESS ITEM with System, Subsystem, Part Element or Name of
Process, PROCESS STEP with Station No. and Name of Focus Element, and PROCESS WORK
ELEMENT with 4M Type. PROCESS WORK ELEMENT labels added: Machine, Man, Material (Indirect),
EnvironMent (Milieu), etc.

1. Process ltem 2. Process Step
System, Subsystem, Part Element Station No. and Name of o Pmce:;\'_'irork & emat
or Name of Process Focus Element ype

Connection description with process flow diagram and structure tree.
4M especially Material (indirect) is more clarified and detailed explained;
Possible views in form sheet are described.

Collaboration between customer and supplier is defined and added.

Reason for change:

This focuses the FMEA team on the Element to analyze. The Process ltem and Process Work Element
help to identify the Effect of Failure, and the Causes of Failure link in the defined PROCESS.

3rd Step:  Function Analysis

For PFMEA, FUNCTION of Process Item is expanded to Function of System, Subsystem, Part Element
or Process, FUNCTION OF PROCESS STEP is expanded to Function of System, Subsystem, Part
Element or Process, and FUNCTION OF WORK ELEMENT to Function of the Process Work Element
and Process Characteristic.

2. Function of the Process
1. Function of the Process Item Step and Product 3. Function of the Process
Function of System, Subsystem, Characteristic Work Element and
Part Element or Process (Quantitative value is Process Characteristic
optional)

The description is more detailed how to formulate functions.

Detailed definition of functions / characteristics and usage of P-Diagram explained.
Possible view in form sheet is described

Collaboration between engineering teams is described.

Reason for change:

Considering and listing the positive Functions / characteristics of the Process, leads to listing the
negatives, the Effect of Failure, and the Causes of Failure.
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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

3. Failure Cause (FC)
of the Next Lower Element
or Characteristic

2. Failure Mode (FM)
of the Focus Element

Identify failures by systematic description of question approach.

More detailed description how to formulate failure effects, failure mode and failure cause with examples.
Effects between “your plant”, “ship-to-plant” and “end user” defined.

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 and/or End User, the Failure Mode (FM) of the
Focus Element, and the Failure Cause (FC) of the Next Lower Element or Characteristic are aligned in
the SYSTEM.

5th Step:  Risk Analysis
Severity (S) 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 regardless of warning, and 9 is regulatory). The same
scale is used for DFMEA, PFMEA, and FMEA-MSR.

Occurrence (O) 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 Priority (AP) replaced. The same table is used for
DFMEA und PFMEA. The Action Priority is shown by ‘high’, ‘medium’ and ‘low’.

(2] = 8 [=|
1. Failure | £ § B g
Effects (FE) ‘i 2. Failure 3. Failure cuneit 15| icusent s & g |3
to the Next | 7= Mode (FM) Cause (FC) of Prevention | = | Detection | = ﬁ g[S
Lo 2 [of the Focus the Next Lowerlontrol (PC)| S [Controls (DC)| £ SRR
and/or s Element | o) oracteristic| °fFC £ | of FCorFM | o [ i s |©
End User | & § 3 5 | &
o a % ir
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More detailed definition of current prevention and current detection controls with examples instead of
prevention and detection actions.

Current Controls, even if the implementation is in the future, are part of Risk Analysis.

New and more detailed described evaluation table of severity with differentiation of “your plant”,
“ship-to-plant” and “end user”.

More detailed described evaluation tables occurrence and detection with examples.
AP as replacement of RPN introduced with Action Priority high, medium, and low.
New column “Filter Code (Optional)” introduced.

Possible views in form sheet are described.

Collaboration between customer and supplier explained.

Reason for change:

The AP (Action Priority) scale is L (Low), M (Medium), and H (High) is based on taking into account the
rating of S, O, and D at the same time and applying logic to determine the priority of action. The table
also makes recommendations on how work through the three AP levels.

6th Step:  Optimization
Definition of optimization detailed.

— 6 =
. Action o518 % ¢
PFMEA PFMEA |Responsible] Target L ; Bl e =
Preventive | Detection | Person's |Completion|Status TF?;(ii?e\r:Lh Curgp:ts:mn £ 8 § % g
Action Action Name Date Evidence g Fle|z| @
w 8 a o

Status of different action defined.
New 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 explained.

Reason for change:

The information helps the user with visual management; each piece of information is included and
correct. Important is the “Pointer to Evidence” for follow-up reasons.

7th Step:  Result Documentation
The added step seven summarizes the scope and results of an FMEA in a report.

This report should indicate the technical risk of failure as a component of the development plan and
project milestones.
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F2.3 VDA Volume 4, Chapter FMEA for Mechatronical Systems to AIAG & VDA FMEA
Handbook Supplemental FMEA for Monitoring and System Response (FMEA-MSR)

The VDA Volume 4, Chapter FMEA for Mechatronical Systems" is replaced by “Supplemental FMEA for
Monitoring and System Response (FMEA-MSR)".

The FMEA-MSR supplements the Design FMEA. It shows the linkage between Functional Safety and
Supplemental FMEA for Monitoring and System Response (FMEA-MSR).

This methodology evaluates the effects of monitoring and system response in a system or product.
Changes to DFMEA are in step five and six.

5th Step:  Risk Analysis

Severity (S) 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 regardless of warning, and 9 is regulatory). The same
scale is used for DFMEA, PFMEA, and FMEA-MSR.

Frequency (F) rating:

Ten point scale with new definitions for each level. FMEA-MSR replaces the Occurrence rating
scale of a Design FMEA with a Frequency rating scale. Frequency of a failure cause to occur is
estimated under customer operating conditions.

Monitoring (M) rating:

Ten point scale with new definitions for each level. FMEA-MSR replaces the Detection rating
scale of a Design FMEA with a Monitoring rating scale. Consider capability to monitor and
system response.

Action Priority (AP):
Risk Priority Number (RPN) with Action Priority (AP) replaced. The Action Priority is shown by
‘high’, ‘medium’ and ‘low’.

Supplement of FMEA-MSR Risk Analysis:
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The Supplement shows detailed definition of Rationale for Frequency, Current Diagnostic Monitoring
and System Response, Most Severe Failure Effect after System Response, Severity (S) of FE after MSR,
Severity (S) of Original FE from Failure Analysis (Step 4), and MSR AP.

MSR AP introduced with Action Priority high, medium, and low.
Possible views in form sheet are described.
Collaboration between customer and supplier explained.

Reason for change:
The FMEA-MSR is a supplement to DFMEA and takes aspects of road vehicle safety in account.
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6th Step:  Optimization
Definition of optimization detailed.

Most | W . =
Severe | %5 o #::::: Li= -
MSR  |Diagnostic] ., . Failure ag Responsible] Target with |Completion g’ 2 & =
Pi ti "---i---ringRe’s cnsle Effect | =< | Person's |Completion|Status P 'lnte Dgt : 5% g
Action | Action P after |£&| Name Date boiud ) 2 = % gle

g ® to g 5

Systam: | g Evidenc ol B

Response| 0

Status of different action defined.
New 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 explained.

Reason for change:

The information helps the user with visual management; each piece of information is included and
correct. Important is the "Pointer to Evidence” for follow-up reasons.
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G References and Suggested Readings
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IATF 16949: 2016 Quality management systems
Particular requirements for the application of ISO 9001
for automotive production and relevant service part organizations

IS0 9001 Quality management systems - Requirements
ISO 26262 Road vehicles - Functional safety

SAE®J1739 Potential Failure Mode and Effects Analysis in Design
(Design FMEA), Potential Failure Mode and Effects Analysis in
Manufacturing and Assembly Processes (Process FMEA)

VDA Volume 2 Quality Assurance of Supplies

VDA Maturity Level Assurance for New Parts

AIAG APQP Advanced Production and Quality Planning
AIAG PPAP Production Part Approval Process



H Glossary

Cyber-Physical Systems: a mechanism that is controlled or monitored by computer-based algorithms,
tightly integrated with the Internet and its users

Diagnostic coverage: per ISO 26262-1:2018, the percentage of the failure rate of a hardware element,
or percentage of the failure rate of a failure mode of a hardware element that is detected or controlled by
the implemented safety mechanism, the diagnostic figures are determined by the hardware functional
safety analysis

Failure Chain: A failure chain consists of a Failure Effect, a Failure Mode, and a Failure Cause.

Failure Network: A failure network is the connection of one or more failure chains that can represent
failures at multiple levels such that a Failure Cause at one level is a Failure Mode at the next lower level.

Focus Element: The subject of the analysis. In a hierarchically described system, a focus element has a
next higher level element and at least one next lower element. A focus element may be a System
Element (item), a function of a system element, or a failure to provide a function as specified.

Hybrid Failure Chain: A hybrid failure chain consists of a Failure Cause or Failure Mode, intended
Monitoring Controls, and a mitigated failure effect.

Mechatronics: technology combining electronics and mechanical engineering

Operational situation: per ISO 26262-1:2018, a scenario that can occur during a vehicle's life
(e.g. driving at high speed; parking on a slope; maintenance)

Primary Vehicle Function: a function that is essential to fulfil the basic purpose of a vehicle, e.g.
steering, braking, propulsion, and visibility

Residual Risk: The risk(s) remaining after the deployment of safety measures. See 1S026262-1:2018.

Secondary Vehicle Function: a function that enhances or enables a primary vehicle function as well as
the user experience, e.g. safety, comfort, convenience, interface, diagnostic, and serviceability

Service life: the intended design life of the item (FMEA-MSR: the intended design life of the vehicle)

Structure Tree: A graphical depiction of the hierarchical links between system elements and its
dependencies.

System Element: elements of a system that are represented in the structure tree

System response: the system’s reaction to a detected fault, usually in the form of degrading or
disabling of a function and/or warning the operator and setting a fault code

Useful life: the operating interval in which a function is correctly provided, and the failure rate is within
acceptable tolerance

Zero Mileage / Zero km / Zero Hours: vehicle has not left the assembly plant
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