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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



Sa = &
b 550
(APQP) Bt
B

#i-FMEA

i #FMEA

BEARAEILH i RIS FMEA, FFHUER AT IRASETT H A R AR AT
P

R R R AR AR R R B T R TR A1, D bATE) FMEA 52 3BT
5 0 AT

SR ST

E=RITRREZ
i BB B i
FMEATTHH]

T2FMEA, BLIERIL
FEam AR .

RS FR
HIRRE

MERHEFRN wpcnnmy KOOHERHE

Wi

FerEmEHE | ERTHRAMET | EEETE R
&F, B MR TR | ZAER
AT FMEA BIFMEAZMT | #ETHFMEATTEN
FEor B | EREERREY
S5, B3 | Wrsimrves | CPOEAEN
SHEFMEA S <

). ]

MR EH R
HERENE,

LU v e
B FVEARILE
FMEA

B 1.5-1 =g (APQP) HrBti FMEA B a3 Hk

10



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
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*  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:
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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?"
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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
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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, w