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1. SCOPE

This FMEA standard describes potential failure mode and effects analysis in design (DFMEA), supplemental FMEA-MSR,
and potential failure mode and effects analysis in manufacturing and assembly processes (PFMEA). It assists users in the
identification and mitigation of risk by providing appropriate terms, requirements, rating charts, and worksheets. As a
standard, this document contains requirements—"must”—and recommendations—"should”—to guide the user through the
FMEA process. The FMEA process and documentation must comply with this standard as well as any corporate policy
concerning this standard. Documented rationale and agreement with the customer are necessary for deviations in order to
justify new work or changed methods during customer or third-party audit reviews.

1.1 Purpose

To assist designers and manufacturers in the identification and reduction of technical risk by providing appropriate terms,
requirements, evalufifion criteria, and worksheet formats.

2. REFERENCES

The following docurments are additional references on the subject of this standard. Unless otherwise| indicated, the latest
issue of the SAE pulplications shall apply.

2.1 SAE Publicatipns

Available from SAE |nternational, 400 Commonwealth Drive, Warrendale, PAA15096-0001, Tel: 877-6P6-7323 (inside USA
and Canada) or +1 124-776-4970 (outside USA), www.sae.org.

ARP5580 Recpmmended Failure Modes and Effects Analysis(FMEA) Practices for Non-Autompbile Applications
AS9103 Aergspace Series - Quality Management Systems - Variation Management of Key Characteristics
AS13004 Progess Failure Mode and Effects Analysis{PFMEA) and Control Plans

2.2 1SO Publications

Copies of these dociiments are available onling-at*http://webstore.ansi.org/.

ISO 26262 Road Vehicles - Functional\Safety

2.3 Other Publicafions

AIAG and VDA FMBA HandbooK, First Edition, June 2019, available from Automotive Industry Action Group, 4400 Town
Center, Southfield, NI 48075;.Tel: 248-358-3570, www.aiag.org.

Interna’uonal Automotive Task Force (IATF), Supplement
and replaces ISO/TS

IATF 16949, “Automptive’Quality Management System Standard
to, and in conjunctidn_with, | : . :
16949:2009.

3. DEFINITIONS, EXAMPLES, TERMS

The purpose of terms and definitions is to add clarity to some words used in this document that are not otherwise defined
in the body of the text.

3.1 DESIGN FMEA FOR MECHANICAL AND ELECTRICAL

Design FMEA is a type of FMEA that analyzes the product design, focusing on potential design-related deficiencies, with
emphasis on improving the design and ensuring product operation is safe and reliable during useful life.
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3.2 DESIGN FMEA FOR SOFTWARE

Software FMEA is a type of design FMEA that analyzes the software elements, focusing on potential software-related
deficiencies, with emphasis on improving the software design and ensuring product operation is safe and reliable during
useful life.

3.3 SUPPLEMENTAL FMEA FOR MONITORING AND SYSTEM RESPONSE

Supplemental FMEA for monitoring and system response (FMEA-MSR) enhances the DFMEA for selected mechatronic
systems by providing a means of assessing risk reduction through diagnostic detection and response during customer

operation.

34 FAULT

A fault is the occurre]
of DFMEA, some ca
3.5 DESIGN VER

Analysis or testing e
customer expectatio

3.6 DIAGNOSTIC

hce or existence of an abnormal condition that can lead to an undesired statef a
ises of failure may be considered faults.

FICATION/VALIDATION

ecuted to demonstrate that new or modified designs, or new applications of existi
hs, in the intended environment, over the useful life of the product.

MONITORING

h item. In the context

ng designs, will meet

Monitoring in FMEA{MSR assesses the effectiveness of fault detection.performance in customer opefation, assuming that

specifications are ful

to monitored failures|.

3.7 FAILURE MO

FMEA is a qualitativ
or process failures g

3.8 GENERIC FM
A generic FMEA con
It is used as a starti
product and process|
include core, templa

3.9 MECHATRON

Technology combin

EA

filled. The Monitoring rating also comprehends thesafe performance and reliability

DE AND EFFECTS ANALYSIS

b and systematic analysis method intended to identify, prioritize, and reduce tech
an acceptable level. Failures shown in FMEA are considered potential and may

tains both historical and-potential failure modes, causes, controls, etc., not related
hg point for a new(DFMEA or PFMEA because, when maintained, it reflects fail
validation and start of regular production and beyond. Other commonly used term
e, baseline, geld standard, etc., based on company procedures.

IC SYSTEM

ng. ‘mechanical, electrical, and software into a single product. A mechatronic

of system reactions

hical risks of product
Dr may not occur.

to a specific project.
ures that occur after
s for generic FMEAs

system is a set of

components or subs

ystems that relates at least a sensor, a controller, and an actuator with one anoth

a)
>

r.

NOTE: The related sensor or actuator can be included in the system or can be external to the system. Refer to
ISO 26262-1:2018.

3.10 PROCESS FMEA

Process FMEA is a type of FMEA that analyzes the manufacturing or assembly process, focusing on potential
manufacturing-related deficiencies, with emphasis on improving the manufacturing process and ensuring the product is built
to design requirements in a safe manner, with minimal downtime, scrap and rework, etc.

3.11 RISK MITIGATION

The implementation of changes to designs that changes the effect and therefore reduces the severity of the effects of failure.
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3.12 PRODUCT VALIDATION

Engineering analysis or testing executed to demonstrate that products made from production tools and processes will meet
customer expectations, in the intended environment, over the useful life of the product. PV is a requirement for the
production part approval process (PPAP). Production validation is separate from plant equipment qualification and process

control planning.

3.13 RISK REDUCTION

The primary objective of the FMEA process is to identify potential high risks and try to keep those high risks from occurring
in the end product; or, if that cannot be accomplished, then to minimize the risk effect(s) to the end product user.

3.14 SYSTEM HIERARCHY

A “system”is an inteJ;rated set of constituent parts that are combined in an operational or support envir

a defined objective.
the interfaces with a

A “hierarchy” is a pg
items are represent
system, to subsyste

3.15 TEST PLAN

The test plan provide
components through
plan itemizes all test
time) criteria and tar
test quantities, and t

3.16 TEST REPOR

The test report provi
The test plan and te

System definition should include the interfaces between the subsystems/compon
jacent systems. Defining the system is a key part of identifying the scope\of the

rtitioning scheme that establishes an ordered relationship between-the items in

d as being “above,” “below,” or “at the same level as” one another. Each level
, to component, to part—comprises the hierarchy of the system:

s the methodology to assure design verification and production validation of syst
et requirements are defined in specific measurable terms. The plan also specifi
ming requirements.

0

Hes a means for reporting progress and test results made toward design targets 9
5t report may be contained-within a single document, the design verification plan

form. The plan and r¢porting system cover the entire test development and quality/reliability growth peri

ongoing refinement.
3.17 Examples in th

This edition of SAE
examples willbe a s

is Standard

J1739 will be-using a series of examples to illustrate the concept of various po
ngle-line excerpt from different FMEAs. The following example excerpts will be us

I system FMEA

nment to accomplish
nts and may include
MEA project.

system, where the
f indentation—from

s, assemblies, and

application of a concise, yet comprehensive, test'planning and test results reporfing system. The test
s and evaluations necessary to assure that fupctional (performance) and reliabiliy (performance over

s test responsibility,

pecified by the plan.
and report (DVP&R)
pd, inception through

rtions of FMEA. The
ed:

1. Windshield wipe
2. Windshield wipe
3. Windshield wipe
4.

5. Windshield wipe

r arm design FMEA

r motor design FMEA

Washer fluid-level sensing software FMEA

r motor FMEA-MSR

It is important to note that there is a one-to-many relationship between the different portions of the FMEA. Each item can
potentially have many functions. Each function can potentially have many failure modes. Each failure mode can have many
causes, etc. The single-line example excerpts are meant to show the various portions of FMEA in order to help the reader
understand the concept being described and should not be construed to mean there is only one line in the FMEA. It is also
important to understand that the example excerpts are not an actual FMEA. An actual FMEA must be done by the correct
team, with all the correct inputs. The example excerpts are for illustration purposes.
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For example, the scope of the wiper motor DFMEA was expanded beyond the motor itself to include motor grounding, in
order to illustrate a failure mode and cause relating to the grounding interface. The FMEA-MSR example was chosen to
show the relationship between the wiper motor DFMEA and wiper motor FMEA-MSR, in order to illustrate how a
supplemental FMEA for monitoring and system response flows from a DFMEA.

For these example FMEA excerpts, selected portions of FMEA preparation procedure were used, including a wiper system
FMEA block/boundary diagram, assumptions about wiper system operating conditions, a wiper assembly process flow, and
others.

Each of the five example excerpts are shown in the appropriate section of the standard, with only the portion of the example
excerpt up to the sectional topic. For example, in the cause section, the five example excerpts will be shown up to cause
(item, function/requirement, failure mode, effect, cause).

3.18 Terms

For the purposes of this document, the following terms apply.

“MUST” indicate

. 5 a requirement.

e “SHOULD” indichtes a recommendation.

e “MAY” indicates|a permission.

e “CAN” indicates ja possibility.

Information marked @s “NOTE:” is for guidance in understanding or &larifying the associated requirement.
4. GENERAL REQUIREMENTS

41 Whatis FMEA?

en reduce risks over

The fundamental va
time to an acceptab
(i.e., risks related to

risks (i.e., risks relafed to manufacturing, assembly, testing, rework, etc.), and monitoring and respq

related to diagnostic

FMEA is a qualitativ¢ and systematic analysis intended to:

Prepare for risk gnalysis: FMEA preparation steps including FMEA block/boundary diagram, functi

ue of the FMEA process is to identify potential risks, prioritize those risks, and th
e level. Three categories of-téchnical risks discussed during the FMEA process
requirements and specifications, engineering calculations, material selection, lab

5, warnings, etc.).

risks: Identify potential failures of a product/process and the effects and causes

include design risks
elling, etc.), process
nse risks (i.e., risks

bnal analysis, gather

pf failure.

* information, etc.
b. Identify technica
C.

d.

e.

FMEA is:

Reduce risks: Identify and execute actions in order to reduce risk to an acceptable level.

Communicate results: Document the analysis and communicate risk reduction strategy.

An analysis of potential technical risk of failure of a product or process.
A method to analyze single-point failures (i.e., failure A or failure B may occur).

A qualitative (subjective) discussion method.

Prioritize risks: Assess the risks of failure using subjective criteria and prioritize the need for action.
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future failure with certainty).

FMEA is not:

Intended as an assessment tool for business, cost, or timing risk.

A quantitative (computed) analysis.

Uses inductive reasoning (i.e., likelihood of future failure is based on occurrence of past failures and does not predict

Uses deductive reasoning (i.e., development of conclusions based on premises agreed to by the team).

A method to analyze multi-point failures that occur in tandem (i.e., failure A and B may occur together).

¢ Intended for use

4.2 Why FMEA?

The intended purpos

reducing the potential risks of failure to provide the intended functions and meet the necessary require]

that is delivered to th
4.3 Who Performs

Although responsibi
effort. A team of kng
manufacturing, asse
stimulate the interch

4.3.1 Managemer

Management must ¢

development program from concept design throughvalidation, start of production, and beyond. This incl

in relation to enginesg

as a validation test plan, or an advanced product quality planner.

e of DFMEA and PFMEA is to ensure design and process robustness by thoroug
e customer.

FMEA?

ity for the preparation of the FMEA varies by organization, FMEA should be a ¢
wledgeable individuals should be consulted (e.g.,.engineers with expertise in deg
mbly, service, recycling, quality, reliability, and ‘EMEA facilitation). The FMEA sh
hnge of ideas between the functions affected.and thus promote a team approach.
t

stablish a corporate policy regarding the application of FMEA as related to the ¢

ring project management.

Management has th

must establish design and process FMEAownership for each analysis. Management is responsib
cross-functional team by showing interest'in project status and team attendance, participating in the
and asking thought-provoking questions.

Each company mus} establishimownership for FMEA procedures and methodology. Company proce

authority to manage resources and set priorities to delegate tasks for FMEA com

nly documenting and
ments of the product

ross-functional team
ign, analysis/testing,
buld be a catalyst to

orporation’s product
Lildes FMEA planning

pletion. Management
e for supporting the
anagement reviews,

ures must take into

account external FMEA requirements such as ISO, IEC, SAE, and VDA standards. Individual project tegms must understand
ific) ‘EMEA requirements in order to reach an agreement on an approach thai will meet the basic
elements of FMEA (identify risk, prioritize risk, reduce risk) and establish the acceptance criteria for FMEA reviews in order

OEM (customer-sp

to avoid FMEA rewokk-tate-inthe-process-

Management must ensure a system is in place for storage and retrieval of FMEA documents. Management or the FMEA
owner must determine when a FMEA is deemed Confidential.

NOTE: Proprietary,

confidential, and secret document handling is not prescribed by this document.
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4.3.2 Owner

The project engineer (system engineer, design engineer, etc.) is responsible for the technical content of a DFMEA. The
manufacturing engineer (process engineer, assembly engineer, etc.) is responsible for the technical content of a PFMEA.
The owner of the DFMEA is the person responsible for the design (i.e., product drawing/specification). The owner of the
PFMEA is the person responsible for the process design (i.e., tooling specification, manufacturing process layout). Owners
of FMEA are responsible for kicking off of the FMEA, technical leadership during the FMEA, and wrapping up meetings at
completion of analysis: management review, review of related documents (e.g., test plans and control plans), summary of
identified risks and assigned actions presented for information, consensus, and acceptance. They are responsible for
recruiting the team and the facilitator.

4.3.3 Facilitator (Moderator)

The FMEA facilitato|
cases, the technical
reoccurring schedulg¢s for the team to meet project t|m|ng They invite core and support team mem ers based on each
agenda. They keep|records of attendance and topics discussed. The facilitator works closely”with the FMEA owner to
complete each step pf the analysis and report out to management and/or the customer.

4.3.4 Team Membhers

The owner of the FIMEA will establish the FMEA team, as necessary, to suit the needs of the scope and ensure timely
analysis. A team corjsists of knowledgeable individuals who perform the FMEA-analysis. This may incliide, but is not limited
to, representatives ffom: design (mechanical, electrical, software, safety),\manufacturing, validation, |suppliers, materials,
service, quality, religbility and technical experts. Team members are.responsible for preparing and participating during
FMEA meetings.

NOTE: Due to logigtics and responsibility differences, the entire~team may not be able to meet at|the same time. It is
recommended to establish a core team where participation is required and a support team where participation is
based on th¢ agenda for a meeting or workshop.

4.3.5 Customer
Customer-specific rgquirements for FMEA should.be discussed at the beginning of a new customer prqgram: scope, timing,
deliverables, speciallrating charts, special forms; etc. The customer is responsible for providing an FMEA audit worksheet
at the beginning of a|project if planned to be.used to review the FMEA at the end of a project (to avoid misunderstandings).
4.3.6 Fully Owned Risks versus Partnership Interface Risks
When the product dgsign is fully/ewned by an engineering group, the technical risk can be reduced|or removed through

adding preventive/detective controls or changing the design. For fully owned design risks, there is a single owner that owns
this risk analysis.

“Fully owned” risks greZdefined as having sole responsibility for the risk by owning:

1. The engineering design responsibility, and
2. The key preventive control(s), and
3. The key detective controls to complete the mitigation process.

When the product design is not fully owned by an engineering group because of interfaces with products owned by others
outside of their group, then partnership interfaces and multiple owners exist. Additional communication must be made about
interface risks to understand and ensure that the risk mitigation process is thorough and completed. Poor communication
or bad assumptions could lead to design deficiencies or manufacturing errors. Any uncertainties should be addressed in
the Recommended Actions within the FMEA document.

“Partnership interface” risks are defined as owning only one or two of the three risk mitigating responsibilities
(i.e., engineering/manufacturing design, preventive and/or detective controls).
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Key partnership interface risks are poor interaction, communication or bad assumptions between risk partners. In other
words, incorrect or missing information “sent by YOU” to your risk partner(s), or incorrect or missing information “received
by YOU” from your risk partner(s).

4.4 When is the FMEA Created?

One of the most crucial factors for the successful implementation of an FMEA program is timeliness. The FMEA is meant
to be a “before-the-event” action, not an “after-the-fact” exercise. To achieve the greatest value, the FMEA should be done
before a product or process failure mode has been incorporated into a product or process. Upfront time spent properly
completing an FMEA, when product/process changes can be most easily and inexpensively implemented, will minimize late
change crises. An FMEA can reduce or eliminate the chance of implementing a preventive/corrective change that could

create an even large

r concern (safety or regulatory).

441 Start

The FMEA should b¢ started as soon as the design or process concept has been established. ln'gene

product is started be
machine qualificatio
PFMEA.
442 Completion
The FMEA should
general, a DFMEA s
qualification begins.
completion timing.

4.4.3 Revisions

See 5.6 and 6.6 for more information about when the DFMEA and PFMEA should be revised after is h

4.5 FMEA Worksh

The steps of FMEA
headings or FMEA s
move columns). Se€g

46 FMEA Rating

A suggested rating ¢
criteria should be ag
The team should ag
analysis. The rating

fore the PFMEA. The company’s product development timeline shows thetiming f]
n, and production of the product. This timeline is useful for establishing milesto

hould be finished before validation testing begins. A pfecess FMEA should be finis
Tracking of actions is based on their due dates. Refer to internal company p

eet

are created by using tools that provide structure to perform the analysis (e.g.,
Appendices L, M, N forrecommended forms.

Criteria

Fiteria for severity, occurrence, detection, frequency, and monitoring is included in
reed to at'the beginning of a project with the customer to avoid rework late in the d

ree oh'an evaluation criteria and rating system, which is consistent, even if m
Criteria’must be included in the FMEA documentation.

ral, a DFMEA for the
br design, validation,
hes for DFMEA and

e completed through action plan identification before the design or process has been finalized. In

shed before machine
rocedures for target

as been completed.

FMEA form column

oftware). These worksheets’can be modified to meet company or customer requifements (e.g., add or

this standard. Rating
bvelopment process.
pdified for individual

4.7 FMEA Risk Pr|

ioritization

A risk prioritization method should be agreed-to at the beginning of a project to avoid rework later in the development

process.

4.8 FMEA Process Steps

In general, FMEAs should be guided by the steps shown in Figure 1. The actual flow of analysis activities may be iterative,
not necessarily sequential. Section 5 DFMEA and FMEA-MSR and Section 6 PFMEA define the details of each step.
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FMEA STEPS

Identify Set
of FMEAs Perform for Each Individual FMEA
Step 1 Step 2 Step 3 Step 4 Step 4a Step 5 Step 6
Project FMEA Technical Risk Risk Monitoring & Reduce & Document
Planning Preparation Analysis Assessment & System Communicate Results
[~ Prioritization [~®] Response [~ Risks Bd
[acneadad)
A\ B AL |
v v v v v v v
1.1 21 3.1 4.1 4a.l 5.1 6.1
Determine the Determine the Transfer Assess Severity Determine if Develop Prepare
Scope of the Scope of the Prioritized of Effects FMEA MSR is Recommended Summary of Key
Project FMEA Functions and needed Actions Findings
Requirements Identify Relevant
into Analysis Failure Scenarios
v v v v v v v
1.2 2.2 3.2 4.2 4a.2 5.2 6.2
Perform Create Visual Determine Assess Identify Existing Acceptance/ Provide FMEA
Preliminary Risk Depiction of Potential Failure Likelihood of Diagnostic Disposition of Effectiveness
Assessment Scope Modes Occurrence Monitoring Risks by Feedback
(During Management
Customer
Operation)
v 12 12 7 v 2 v
13 Step 2.3 33 4.3 4a3 5.3 6.3
Determine Assemble the Determine Assess Ability to Identify System Implement Implement
number and FMEA Team Potential Effects Detect Response in Recommended FMEA Version
types of FMEAs of Failure Context of Actions Control
Needed for Failure Scenario
Project and Assess
Monitoring
v v 2 v v v -
1.4 24 34 4.4 4a4 54 6.4
Prioritize FMEAs Establish Ground Determine Assess Risks and Determine New Reassess Risks Identify FMEA
Rules and Potential Causes Prioritize Actions Effect(s) After Linkages
Assumptions of Failure System
Response and
Gather Assess Severity
Information
v v v v v v v
15 2.5 35 4.5 4a5 5.5 6.5
Develop FMEA Identify and Identify Current Identify Assess Risks and Continue FMEA Change
Plan for Project Rriokiti R tion-and Rotantial Rrioritize-Acti Until Management
Functions and Detection (DFMEA) and Risks Reduced to
Requirements Controls Confirm (PFMEA) an Acceptable
Special Level
Characteristics
| DELIVERABLES
Step 1 Step 2 Step 3 Step 4 Step 4a Step 5 Step 6
The set of FMEAs All preparation The FMEA The risks for Risks reassessed Risks for selected Results of
are identified, steps for procedure has selected FMEA based on FMEA have been Selected FMEA
prioritized, and selected FMEA identified the Assessed & effectiveness of reduced and have been linked
scheduled completed and technical risks Prioritized Monitoring & communicated and documented
first meeting for the selected System
scheduled FMEA Response

Figure 1 - FMEA six-step process map
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5. DESIGN FMEA

5.1  Project Planning (Step 1)
Step 1 Step 2 Step 3 Step 4 Step 4a Step 5 Step 6
Project FMEA Technical Risk Risk Monitoring & Reduce & Document
Planning Preparation Analysis Assessment & System Communicate Results
Prioritization Response Risks

(as needed)

Figure 1A - Step 1 of the FMEA six-step process map

Deliverables: The sgt of DFMEAs are identified, prioritized, and scheduled.

5.1.1 Determine the Scope of the Project

An FMEA project is
the safety, reliability

the entire set of FMEAs that need to be performed during product development
and performance objectives of the product design.

For system and desi
appropriate level of g
called the bill of mat

on FMEAs, the scope of the project can be described textually, such as new widg
etail about the project definition. It can also be visually represented by the system |
rials.
System hierarchy is gefined as follows:
A “system” is an inte@grated set of constituent parts that are combined in an operational or support enviro

a defined objective. Bystem definition should include the interfaces between the subsystems/compons
the interfaces with agljacent systems. Defining the system-is’a key part of identifying the scope of the |

A “hierarchy” is a pz
items are represent
system, to subsyste

rtitioning scheme that establishes an ordered relationship between the items in
d as being “above,” “below,” or-“at the same level as” one another. Each level
, to component, to part, comprises the hierarchy of the system.

The partitioning of tHe overall project into.individual FMEAs depends on who is responsible for the de
design FMEAs, the |general rule is whomever has design responsibility has ownership for the corrg
design FMEAs. If cdmpany “A” has responsibility for the windshield washer system, then they have
System FMEA on the windshield washer system. If they also have responsibility for the wiper arm a
would also have responsibility fér-any needed DFMEAs on the wiper arm and motor. System FMEAs
FMEA that focus on|functions.that are unique to the system, and interfaces between subsystems a
(which may include multiple. ewnership responsibilities). Software FMEAs are a type of design FMEA th
(sometimes referred|to as-vehicle features such as lane keeping assist) that require software to perforn

imeframe to support

bt project, along with
ierarchy, sometimes

nment to accomplish
nts and may include
FMEA project.

B system, where the
of indentation, from

ign. For system and
sponding system or
responsibility for the
nd wiper motor, they
are a type of design
hd adjacent systems
at focus on functions
m the function.

When defining the scope of an FMEA project, a portion of the system configuration could ook like Figure 2, with as many

subsystems and components as needed.
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Although the scope

describe how to selg

5.1.2 Perform Pre

DFMEAs can be res
effectively addresse

subsystems and con

designs usually req
criteria.

Some companies co
Case 1: New design

Case 2: Maodificatior]
efforts should focus

Modifications includg removal or addition«of new parts. Modifications also include changes to existing

performance require
Case 3: Use of exist
design). The scope

of the existing desig

Cases 1,2,and 3 p

Wiper System
Example of System Hierarchy

Body Exterior
Wiper system

Wiper motor

Wiper linkage

Wiperarm

Wiper blade

Control Module

Wiper relay

Reservoir Assy
Fluid level sensor
Washer fluid
Fluid pump

Windshield Assembly
Other...

Figure 2 - System hierarchy example for windshield wiper system

bf the project is visually depicted by the system hierarchy (e.g., useyofa’structure
ct which FMEAs will be done from the system hierarchy.

iminary Risk Assessment for Design FMEA

d by the DFMEA methodology. New product designs can include hundreds o
ponents. Few companies have the resources to-properly do DFMEAs on everyth
lire a system FMEA. Lower-level FMEA projects can be identified based on W
nsider three basic cases for which DEMEAs are generated, each with a different s
5 or new technology. The scope, of:ithe DFMEA is the complete design.

s to existing design (assumes there is a DFMEA for the existing design). The {
on the modification to design, possible interactions due to the modification, an

Mments.

ng design in.a-new environment, location, or application (assumes there is an DR
bf the revisiofTis the impact of the new environment, location, application, duty cy
.

ovide-some guidance for scope identification; however, additional factors should

preliminary risk assq

ree), 5.1.2and 5.1.3

burce intensive. They should be performed when a certain level of change or othé¢r risk factors can be

even thousands of
ng. New or modified
ell-defined selection

scope or focus.

cope of the revision
d field performance.
product functions or

MEA for the existing
cle, or usage profile

be considered. The

ssSment can be used to determine which DEMEAs need to be done, to support

prioritization, and to

enhance the use of Cases 1, 2, and 3 for DFMEA project planning.

Preliminary risk assessment has three stages:

1.
include:

o Potential for
O

o

O

safety issues

Degree of new technology
Degree of design or application change

History of significant field problems

Companies identify important criteria and weight for selection of DFMEA projects. Example selection criteria may
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o Potential for important regulation issues

o Supplier capability

o Other risk criteria such as complexity, cybersecurity issues, safety-related software functions, high-risk interfaces,

etc.

2. Therisk criteria can each be assessed on a variable scale (such as high 3, moderate 2, or low 1) for each of the items
being considered for FMEAs. Preliminary risk assessment criteria can be tailored to the unique needs of any company.
The prioritization metric column is a multiplication of the risk columns.

3. Based on this assessment, the team can select FMEASs to be performed on the wiper project. The team may choose to
do all the FMEAs or select ones that have the highest scores. Determine number and types of FMEAs needed for

project.

Figure 3 shows a ficfitious example of preliminary risk assessment done on a wiper system. The exan

system or design FMEAs.

Preliminary Risk Agsessment
Wiper System Example

Method:

1. Project team agregs on risk factors

2. For each level of gystem hierarchy, assess risk related to associated risk factor (1, 2, 3%)

3. Multiply risk assegsments together to get prioritization metric

4. When the team d¢cides which items will receive an FMEA, enter Y/N in.last column

ple above applies to

* Assessment key: 1| = low risk, 2 = moderate risk, 3 = high risk
&\Q
& & & 1@9 ‘R%?-
§F & & & & &8 %ﬁ
& &“’69 gféb Q‘é& \éé* & 4 *:'Z; {é"g é‘gb

x

Item § é"? d’ﬁ t“é’@ w"% ca’QQ oé‘é q‘tﬁ &
Wippr system 3 3 2 3 2 3 324 Y
Wi{per motor 2 3|23 ]2]3 216 ¥
Wiper linkage 1 1 1 2 1 2 4 N
Wiper arm 3 1 3 3 2 2 108 Y
Wiper blade 2 2 1 2 2 1 16 | N
Coptro] Module 2 1 1 1 1 1 2 N
Wipértelay 3 1 1 2 2 3 36 | N
Reservoir Assy [incl sensor) | 2 2 2 3 2 3 1441y

! Project team may add other risk factors, as well as modify above risk factors.

Figure 3 - Preliminary risk assessment example for windshield wiper system

5.1.3 Determine Number and Types of FMEAs Needed for Project

The project team, with management agreement, determines the number and type of FMEAs needed for the project based
on the preliminary risk assessment. The number of FMEAs is influenced by scope and responsibilities within or outside the
organization. Types of DFMEAs include system, subsystem, or component and can include designation of mechanical,

electrical, or software.
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5.1.4  Prioritize Design FMEAs

Prioritization should emphasize conducting FMEAs for which the scopes are of greatest risk to the project based on the
results of a preliminary risk assessment. Prioritization allows the project team to determine which FMEAs to do and define
the order so they can be scheduled.

5.1.5 Develop DFMEA Plan for Project
The FMEA plan is the output of prioritization with added detail. By definition, a “plan” is a written account of intended future
course of action aimed at achieving specific goal(s) or objective(s) within a specific timeframe. It explains in detail what

needs to be done, when, how, and by whom.

An FMEA plan is the set of FMEASs that need to be done on a given program, including the types of FMEA (system, design,
process, DFMEA-M$R, supplier FMEAS, or others), when they will be done, and by whom.

5.2 DFMEA Prep3

ration (Step 2)

Deliverables: All pre
5.21

The scope of a DFM
that represent items
clearance conditions
concurrence.

The item is the subj
specified in the DF
block/boundary diag
scope should define
be analyzed. This is

Examples of items ir]

Step 1 Step 2 Step 3 Step 4 Step da Step 5 Step 6
Project FMEA Technical Risk Risk Monitoring & Reduce & Document
Planning Preparation Analysis Assessment & System Communicate Results
Prioritization Response Risks
(as needed)

Figure 1B - Step 2 of the FMEA six-step process map

baration steps for selected DFMEA have been‘completed and first meeting sched

Determine the Scope of the FMEA

EA can be defined by using diagrams, system hierarchy, bills-of-material, illustra
(also referred to as system eléments) being analyzed to facilitate the analysis of
. The DFMEA team is empowered to choose the scope of the analysis with manag

ect of the analysis¢/The item (system, subsystem, component, or software unit
MEA. Once the (item has been determined to be within the scope of the an
ram or bill-ofzmaterial) then the team can identify the functions and requiremen
the hardware.or software for which the team is responsible for designing. This def]
the item.for)which the engineering team has design ownership and risk reduction

cludeiwiper system, wiper arm, wiper motor, wash fluid-level sensing software, ¢

Liled.

ions, or similar tools
interfaces and close
ement and customer

‘algorithm”) must be
blysis (e.g., per the
ts for that item. The
nes the item that will
responsibility.

tc.

There are assembliesand components that are ouiside a company’s design and development respon
term is “black box.” The team may use the FMEA block/boundary diagram to show which components are make/buy.

5.2.2

Create Visual Depiction of Scope

sibility. The common

A visual depiction can be achieved using a block/boundary diagram. A system hierarchy created from a part list or
bill-of-material is recommended as an input to the block/boundary diagram.

5.2.2.1 Block/Bou

ndary Diagram

The block/boundary diagram is a pictorial tool to facilitate analysis of system or subsystem. A block/boundary diagram is

required.
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In the context of the selected DFMEA, the block/boundary diagram does the following:

Identifies interna

Visually depicts scope of analysis

Provides a foundation for Interface analysis, item/function analysis, P-diagram, and DFMEA

| and external interfaces which can then be shown as functions in DFMEA

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

The diagram may be in the form of boxes connected by lines as shown in Figure 4. Each box corresponding to a major
sub-system/component of a product. The lines correspond with how the product sub-systems/components are related to,
or interface with, each other; for additional clarity, arrows can be used at the end point(s) to indicate the direction of flow,

when appropriate. It
Interfaces and intere
analysis. Additional

This diagram illustra
Types of relationshif
e P: Physically toy

o

E: Energy transfi
o Electricity, h
e |: Information/da
o

Data, CAN 11

e M: Material exch

o Coolants, fu

Block/boundary diag
of the system or sub

Welded, bolled, clamped, adhesion, clearance

ta transfer

is recommended to label the blocks and interfaces with an alpha-numeric label:
ctions may be analyzed using an interface FMEA or included in a component, s
hterfaces and interactions include human-machine interface (HMI) and-hluman-ve
es the primary relationship between the items covered in the analysis.

S.

ching

er

bat, kinetic energy, torque, force

nessages, analogue signals, tell-tales
ange
bls, liquids/gases/sotid, material abrasion

rams are creatéd as early as possible in the product development cycle—as soon

Ibsystem, or system
hicle interface (HVI).

as a basic definition

system exists. Block/boundary diagrams are steadily refined as the design maturgs.
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Windshield Wiper Block/Boundary Diagram

B4. Body

Structure

BS.
Windshield

I

: Ad. Wiper AS. Wiper AB. Wiper Arms A7. Wiper

I Motor Linkage (incl nozzle) Blades

B3. Wiper | “\
Switch - I N -
A2, Wi
\\“- A3. Control |- Re‘alper
Module : Y

1
| Al. Reservoir
Assy

B2.Rain | ..
Sensor

5.2.3 Assemble th

The owner of the FI
analysis. The DFME
the design and are {
unique knowledge
appropriate, whom

The functional safety engineer and on-board diagnostic engineer'may be added to the FMEA-MSR ¢

e FMEA Team

MEA will establish the FMEA team, as necessary, to¢uit the needs of the scop
A team consists of subject matter experts who represent cross functional knowld
rained in the DFMEA process. DFMEA is a team effort and each team member

B1. Window
Molding

Figure 4 - Block/boundary diagram example for windshield wiper system

nd experience to identify risk in the design.The DFMEA team should inclu
t regularly and understand the details and history of the design to take the analys|

e and ensure timely
dge associated with
contribute with their
e a core team, as
s from start to finish.
bre team as needed.

This core team should expand based on the needs of the team (e.g., add disciplines, add more expefienced people, etc.).

See 4.3 for more inf

The reason for a cro
the potential for “blir
quality engineer, or [
to the overall project
DFMEA. One of the
members allows the

3

5.2.4 Establish Gr

d spots” while conducting thé_analysis. The project leader, who may be a syste
DFMEA engineer (facilitator/moderator) should develop a team roster that includes

ndispensable valuesiof DFMEA is the journey of discovery. The cross talk and sy
M to discover things-that individuals often miss.

pund Rules,and' Assumptions/Gather FMEA Information

rmation.

s-functional team is simply because one person cannot know everything. Multiple

disciplines minimize
m/product engineer,
resources assigned

program along with additional subject matter experts to ensure the proper expeftise is applied to the

nergy between team

Ground rules, assumptionsgand engineering inputs/information help the DFMEA team conduct the afalysis in an efficient

and effective manney.

-

5241 t

Suggested ground ru

L]
scope

Identify potential

Ground Rt

1Co

les to help DFMEA teams operate efficiently include:

failures that are reasonable and controllable by design

Work within the team’s knowledge and ask for input from others when needed

Keep the focus of the DFMEA on the item identified in the preliminary risk assessment, and stay within the agreed-upon

The block/boundary diagram will be updated based on additions and changes during the development of the DFMEA
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5.2.4.2 Assumptions

The DFMEA should address the design intent and assume the design will be manufactured/assembled to this intent. The
PFMEA should address manufacturing and assembly risk. The DFMEA, as an analytical engineering tool, records the ideas
and concerns of a design team; therefore, it is understood that failures shown in the DFMEA are potential. As such, failures
described in the DFMEA may or may not occur. The DFMEA team should agree on a set of assumptions for the analysis.
These assumptions are used to keep the team focused on what they have control over.

5.2.4.3 Gather Information

The purpose of this step is to gather the information that is necessary to perform the technical risk analysis for the selected
FMEA.

One of the more im(
missed or done inad
results potentially cq
should be determine
to the first FMEA m¢g

Bill of materials,
Past DFMEAs a
Warranty, recallg
Engineering req
Drawings, scher]
Applicable gove
Test procedures
Lessons learned
Industry standar|
Preliminary desi
FMEA block/boy

P-diagram (if pe

ortant steps in FMEA preparation is gathering all the relevant information, as av
equately, FMEA meetings can be burdened with extra tasks related to missinginf
mpromised. The specific list of information that needs to be gathered wheh prg
d by the company. The following are some of the categories of information\to rese
eting.

as covered in 5.2.1

nd/or generic DFMEA, with similar scope to the selected FMEA

, and other field history, preferably prioritized, so the-FMEA team knows the mos
Llirements (functional, performance, functional safety, operating environments, etg

hatics, software architecture models

nment or safety regulations

/best practices

of]

jn verification plan
ndary diagram

formed)

hilable. If this step is
brmation, and FMEA
paring for an FMEA
brch and gather prior

important issues

)

List of specific design changes and changes to operating environment

List of concerns

relating to the item being analyzed

¢ Other documents and information that highlight the nature of the design concept

NOTE: If new DFMEA being built from a past or generic DFMEA, the team needs to ensure it is an adequate DFMEA to be
used as a starting point.
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5.2.4.4 Identifying Information

The DFMEA documentation contains important information about the analysis. The identifying information must include a
project name, latest revision date, organization, department, and group or individual who is design responsible. Additional
information such as DFMEA number, start date, model year, program number, system/sub-system/component, core and
support team member names, and team facilitator, etc., may be documented to provide useful information for tracking or

storage and retrieval purposes. A team member list including names and departments is recommended.

5.2.5 Identify and

Prioritize Functions and Requirements

Functions and requirements provide a foundation for each of the selected items to be analyzed.

5251 Functions

The function describ
statements in the fo
items. Examples for

System and DFMEA
(including associate
Interface functions a
reviewing the FMEA

The more precise th
has more than one fi

5.25.2 Requirem

A requirement is a fheasurable characteristic of a function. A\product function may have multiple re

requirements (at a sy
requirements (at a
Examples for the Wi

Where possible, me
for the validation tes

es what the item is intended to do. An item (e.g., product) may have more than,o
m of “action verb” followed by “measurable noun” are key to accurately deseribg
the windshield wiper DFMEA are shown in Figure 5.

d requirements) and can be summarized from technical specifications or sub
re what the identified interface is supposed to do (including associated requirem
block/boundary diagram.

e function, the easier it is to identify potential failure medes for preventive/correct

bnts

stem and subsystem level) relate to thedesired output of a function such as power
component or part level) relate to_product characteristics such as features on
ndshield Wiper DFMEA are showntin Figure 5.

hsurable values for requirements are preferred in the DFMEA, as they help defin

ne function. Function
the functions of the

s must consider basic and interface functions. Basic functions are-what the itefn is supposed to do

ject matter experts.
bnts) and come from

ve action. If the item

inction with different potential modes of failure, then the functions should be listed separately.

quirements. Product
or fluid flow. Product
a product drawing.

b acceptance criteria

plan. Measurable values may be obtained from the product drawing and/or techmical specification.
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EA columns truncated

ltem Function(s) Requirement(s)
Clear windshield of ;ﬁpe quality is defined in document
Wiper System debris ;nd water on 2. Blades must not contact windshield
all wiper speed . i
settinas or body moldings at any time.
g 3. Reference FMVSS 104
1. Blade-glass pressure X
Transfer angular 2. Wiper arm length Y
Wiper arm motion from wiper |3 Wiper arm bending stiffness 2
pivot to wiper blade |[Reference wiper arm specification
Low washer
1 u;ﬁ;:ﬁ;e' level to instrument |display when the fluid level goes below i&
oftware display 25% of its reservoir capacity
Viper Motor Provides operational (1. Minimum output torgue "X" Nm
{includes mator § power to operate the |2. maximum current (Amps)
rounding) wiper system. 3. minimum rotational RPM, ¥
DFMEA rows truncated K
<
Rigure 5 - Functions and requirements examples forwindshield wiper DFME]
5.2.5.3 Design fon Assembly/Manufacturing
The DFMEA team should consider the design and its characteristics that help ensure the design can ea

without failures. Ondg

example might be a requirement to aligin'two parts in a manner that is error pro

there needs to be a

DFMEA function: prpduct assembly of Part A attaches to Part B with the requirement of A and B

self-aligning feature. This can be described by a function/requirement.

measurable requirement might be: Part A to Part:B_parallel edges within 0.2 mm.

The DFMEA for this function/requirement would identify potential failure modes, effects, causes and p

=

5ily be manufactured
bfed. In this example

parallel edges. The

bssibly end up with a

design improvement|with the use of recesses or bosses to properly locate components in a self-aligning manner.

5.2.5.4 Item/Function Matrix

An item/function mafrix is a too{6 identify and prioritize functions and requirements. Items that are gra
the block/boundary dliagram.ate’ correlated to the appropriate function. The windshield wiper item/fun

is shown in Figure 6

An item/function mattixchas-the. 'Fr\lln\uing nhjnnfi\lne-

phically displayed on
ction matrix example

1. Provide a visual listing of the basic and interface functions (and associated requirements) for the item being analyzed.

2. Provide a visual

listing of lower-level

items from the FMEA block/boundary diagram, and associated

functions/requirements for those lower-level items that will be getting FMEAs (see preliminary risk assessment).

3. Provide a visual listing of the interfaces and type of interface (from FMEA block/boundary diagram) and list the
associated interface function for the highest-priority interfaces.

4. Prioritize each of the listed basic and interface functions for the item being analyzed (for inclusion in the FMEA), as well
as the lower-level functions that will be getting FMEAs.
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An item/function matrix is developed as follows:

1.

2.

List the items from the FMEA block/boundary diagram.
List the basic functions for the item being analyzed.

List the lower-level items that will be receiving FMEAs, based on preliminary risk assessment. Other items that will not
be getting FMEAs (such as component FMEAs) can be grayed out.

List the functions and associated requirements for each of the lower-level items that will be getting FMEAs.

List the interfaces from FMEA block/boundary diagram and identify the type of interface.

Prioritize the bagic and interface functions, based on company-specific criteria, such as past field groblems, changes to
the design, and pew technology.

Assign the interface type for each of the interfaces based on FMEA block/boundary diagram.

List the function$ for each of the higher-priority interfaces.
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Wiper System Item-Function Matrix Example

Interface Key: Physical connection =P, Material exchange = M, Energy transfer = E, Data exchange =D, Physical clearance =P,

Items / Interfaces

Functions
(for items considered higher risk based on
prelim risk assessment)

Requirements

Function Priority

External
Interface Type

Internal
Interface Type

Clear windshield of precipitation on all

1. Wipe quality defined in doc. #XYZ
2. Blades must not contact windshield or body
moldings at any time.

H
ltem: Wiper System wiper speed settings 3. Swept Area (Reference FMVSS 104)
4. Cyclic wipe rate on low speed, high speed,
and intermittent settings
Rraovid qnini-np ration. Naoisaldascthan X dacibalc LWVl
Contain supply of washer fluid Contains X liters of washer fluid L
Al. Reservoir Assy Deliver washer fluid to nozzle Delivers X ml/sec of washer fluid M
Detect low washer fluid level Detects 25% volume threshhold H
Complete circuit to supply power to 1.5V signal
A2. Wiper Relay wiper motor when signal from 2.12V XX A fused power M
controlleris present 3. Isolated ground
A3. Control Module L
. Provide operational power to articulate[1. Torque specification
A4. Wiper Motor A ) R H
the wiper system 2. Stall resistance performance specification
AS5. Wiper Linkage L
h.Force-Deflection Spec
. Transfer motion from wiper pivot to 2. Wind Lift Spec
A6. Wiper Arm i H
wiper blade 3. Blade angle Spec
4. Durability
1. Contact glass throughout sweep, along
A7. Wiper Blade Sweep precipitation from,windshield |entire blade M
2. Durability
Interface: B1-A6 Wdo MJdg- Maintain Clearance on all wipe cycles |1. 25 mm clearance spec M P
Wiper Blade pecy ’ P ¢
Interface: A1-A3 Ctrl Mod -  |Communicates signal from fluid level
. 8 1. 0.XX voltage drop max H E
Reservoir sensor
Interface: A2-A3 Ctrl Mod -  ¢Send'signal to wiper relay according to .
: . - 1. 5V signal M E
Wpr Relay wiper switch position
Interface: A4-B4 Body Struct - R R 1. Noise transmission requirements
) Locate, secure, and isolate wiper motor . . H P
Wiper Motor 2. Electrical grounding
Interface: B5-A7 Windshield - Clear windshield of precipitation 1. Blade angle specification M P
Wiper Blade predp 2. SAE Blade pivot spec
Interface: A2-A4 Wpr Relay - |Switch wiper motor power supply 1. 5V input, 12V Output M E
Wpr Motor according to stalk switch position 2. Durability
Interface: A4-A5 Wpr Mtr-  |Actuate linkage by converting motor 1. Splined joint H P
Wopr Linkage torque to reciprocating motion 2. Nut tightening torque
Interface: A5-A6 Wpr Linkage L p
- Wpr Arm
Interface: A6-A7 Wiper Arm - L p

Wiper Blade

Figure 6 - Item/function matrix example for windshield wiper system
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5.2.5.,5 Prioritization of Functions
A final step in FMEA preparation is to identify and prioritize the functions that relate to the item being analyzed. These
become candidate functions to be brought into the FMEA. See 5.3.1.

Once basic and interface functions are listed, prioritizing the functions can be done based on company-specific criteria,
such as past field problems, changes to the design, and new technology. If the functions are prioritized (high, medium, low),
the FMEA team can begin with the high-priority functions and proceed with other priorities based on company or customer
guidance. Functions of greatest concern to the team should be discussed first, and in greatest detail. Not all functions need

to be included in the
5256

A parameter (P) diag
of the behavior of a f]
focusing on design @

A P-diagram is typig
P-diagrams are not
key functions affectg
one P-diagram may
FMEA team.

A P-diagram focuse
controlled (control fa

DFMEA analysis. It gnables teams to understand transformations and flow they are influenced. Inform

developing a P-diag
The P-diagram, com
o
Functions which
Control and noig
Failure modes a
Potential effects
¢ Recommended

P-diagrams are a us
e Sources of varia
o

Ways of controll

Factors, levels, fesponses, and signals necessary forsystem optimization

DFMEA.

Parameter Diagram for select Functions

ram is a graphical representation of the environment in which an item exists. Para
Linction. A P-diagram includes factors which influence the transfer function betwee
ecisions necessary to optimize output. An example of a parameter diagram'is shq
ally used to characterize the behavior of a system or component in the’ context
equired for all functions. Each P-diagram represents only one function/ Teams s

d by new conditions and those with history of robustness issues in previous ap
be needed in order to illustrate the function(s) of the system ar'component that

5 on achievement of function. It clearly identifies all jAfluences on that function in
Ctors), and what cannot reasonably be controlled (noise factors). The P-diagram is

am provides input to the test plan.

pleted for specific ideal functions, assists.in the identification of:

can be inputs to the FMEA

e factors which could affect functional performance
hd unintended system outputs (diverted outputs)
of failure

hctions

eful Wway of illustrating system behavior:

!

meters are attributes
n inputs and outputs,
wn in Figure 7.

of a single function.
nould focus on a few
lications. More than
re of concern to the

cluding what can be
A key input for robust
ation gained through

tion

ing performance

Links between failure modes and noise factors

As P-diagrams are completed on a specific function, there may be multiple P-diagrams for one DFMEA; in this case, attach
all of the P-diagrams to the DFMEA.


https://saenorm.com/api/?name=6c4ed7d910fe1d9f6e6b8a4a390a5133

SAE INTERNATIONAL

J1739™ JAN2021

Page 26 of 105

Noise 1
Piece to Piece

Noise 2
Change over Time

Noise 3
Customer Usage

Noise 4
External Environment

Noise 5
System Interaction

a) Wiper module spindle angle variation
b) Arm subassemblyvariation, twist
angle, springforce.

c) Blade subassemblyvariation, Attack
angle, length

d) Attack angle variation

e} Arm loadto bladevariation

f) pivot shaft sizes

q) pivot shaftbusing sizes

h) pivot housing sizes and orientation...

a) Wiper module's linklooseness due to
'wear out

b} Spring force relaxation

d) Corrosion (arm, blade, wiper module)
e) Fasteneriorque relaxation/ reduction
) Water seal degradation

g) Rubber material aging

h} Wiper blade aging, hardening or
degradation of rubber

i) Windshield contamination...

a) Frequency of use

b) Ice scraper damagelliting frozen
blade

c) Blade not cleaned

d) Blade not replaced

e) Carwash

) Aftermarket treatment (appliedto
windshield)

q) Dry glass operation

h) Detergentiwaterfluid used inwasher
iy Frozen blade to glass

) Glass chips/scratches/surface quality
k) Incorrect installation/aftermarket
components...

a) Dustdirt(abrasion)

b) Roadtarfindustrial fallout/acid rain
c) Salt (corrosive agent)

d) lceffrostisnow buildup on glass

e) High/low temperature

f) Solar exposure (UV)

g) Water (heavy rain)

h} Humidity

i} Ozone will accelerate rubberthe aging
j) Organic contamination (insect/bird...
debrisiree sap)

k) EMI/RFL...

Input Signal

Noise Factors

]

a) Emptyfrozen washerfluid reservoir
b) Windshield (curvature, contour, sag,
surface quality)

c) Pivat shaft orientation to glass

d) Wire harness and connector half

e) Washerpressure fanangle andaim
f) Defrost pattern and performance

q) Battery voltage/current fluctuations

h) Vehicle aerodynamics

i) Vehicle inducedvibration

j) Clearance to moldings, cowl grill, hood,
antenna, A pillars, engine, brake boaster
k) CowlWater management

Iy Under hoodtemperature heat

Ideal Function Output

b) Wiper activation signal Remove contamination from the
—

c) Ignition switch off position (voltage=9V)

a) Voltage (13.50V +~ 0.5V, range 9-16V) T
Front Wiper System

d) Contamination including rain snow, dirt windshield and produce EOOd
/ wipe quality
Control Factors
a) Cowl sheet metalflainess and Error States
tolerance (sheet metal engineer) a) Poorwipp quality
b) Cowl mounting towindshieldangle b) Wiper syftem fails during stall/snow pack
c) Connectorspec condition
d) Arm torque c) Missedwipe dueto loosearm

) Mounting bolttorque
f) Mounting bolt surface finish/type
g) Clearance to surrounding components

d) Excessivl
visonzone)
e) Pattern gfowth (due to inertiafwear)

f) Windlift (§traightand cross wind) resultingin

water pull back at reversal (clear

Supplier design:

o desi missedwipp areas
gﬁ.ﬂqgnde%ig\ngn ) Poor lowfemperature performance - missed
) wipe areas
Program Generic c) Wiper module and motor design h}%oorhig temperature perfarmance - missed
System Wiper and Washer d) Motor installationtorque spec wipe areas
Component Wiper %%{‘:;T::é?ﬂ:&iﬁgﬁﬂigsg locations !):.x!perpa sméncorrecttpoil{ion .
i Wiper syspem does not parkturn of
Design target 1.5 million tycles g) Pivat shaftlocation and orientation I Wiper sy p

k) Wiper sygtem above downvision plane

1) Poor appgarance -visible rust

m)Loss ofiperintermittentspeed

n} Incorrectpperation - low speed requested/
another spded produced etc.

o) Wiper dops notturn on after washerfunction
p) Wiper dops notturn off after wash

q) Interfered with radio reception

r) Hard to infstallis ervice...

Key function Clear windghield of contamination
Completed By John Doe /JJane Smith
Last revised 7/1/2019

h) Fastenerferrule length

i) Connector selection

) Wire routing for power & communication|
electronics

k) Studio design requiremeriis

Iy Water seals

m})Water management=

Figure 7 - Parameter-diagram example on windshield wiper system

5.3 Technical Risk Analysis (Step 3)

Step 1 Step 2 Step 3 Step 4 Step 4a Step 5 Step 6
Project FMEA Technical Risk Risk Moeonitoring 8 Reduce & Document
Planning Preparation Analysis Assessment & System Communicate Results
Prioritization Response Risks
(as needed)

Figure 1C - Step 3 of the FMEA six-step process map
Deliverables: The DFMEA procedure has identified the technical risks for the selected DFMEA.
5.3.1  Transfer Prioritized Functions and Requirements into Analysis

The team can begin the technical risk analysis once the item, functions, and requirements have been selected and
transferred to the DFMEA.
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5.3.2 Determine Potential Failure Modes

A potential failure mode is the manner in which an item could potentially fail to meet or deliver the intended function. Each
potential failure mode is considered separately from other failure modes allowing the team to address the unique reasons
(causes) for that failure mode. List each potential failure mode separately in the DFMEA worksheet. Examples for the
windshield wiper DFMEA are shown in Figure 8.

There are several categories (thought starters) of potential failure modes, including:

e Loss of function (i.e., inoperable, etc.)

e Partial function (i.e., performance loss, etc.)

e Degradation of function (i.e., performance loss over time, etc.)

e Over-achieving function (i.e., operation above acceptable threshold, etc.)

¢ Intermittent function (i.e., operation randomly starts/stops/starts, etc.)

¢ Unintended fungtion (i.e., operation at the wrong time, unintended direction, etc)
o Delayed function (i.e., operation after unintended time interval, etc.)

NOTE: Not all catedories will always result in failure modes.

Potential Fail

[tenp Function{s) Requirement{s) Mode(s)
caels
1. Wipesquality is defined in
) ) docuinent #XYZ
Wiper Systefn géi?irsﬂggi:];?é? s; 4 |2 ®lades must not contact Windshield is nof
wiper speed setlings :;Ir;ijr;ilril: ar body moldings of debris and W
. L=
3. Reference FMVSS 104 =
1. Blade-glass pressure X E
Transfer ahabiar 2. Wiper arm length Y ﬁ
e X g ) . 3. Wiper arm bending stiffness ) =
Wiper arm motioq frem wiper pivot |5 Wiper arm be| S
to ygReblade [Reference wiper arm =
specification #abc] =
— =
Low washeq fluid Communicate low fluid Send 5 volt signal to the Poes not send lop-fluid &
level warning level toinstrument hnuﬁiglfer::ln;g;sgpgaeﬁrﬁzggif I.EVEI indication
software SR its reservoir capacity o thrESDI
Wiper Motor Provides operational r‘lj.r::hmmum outputtorque X Insufficient power to
(includes motor power to operate the 2. maximum current (Amps) overcome static friction
grounding) wiper system. 3. minimum rotational RPM Y in system
DFMEA rows truncated

Figure 8 - Potential failure mode examples for windshield wiper DFMEA
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5.3.3 Determine Potential Effects of Failure

The effects of failure are consequences or results of each failure mode. The effect(s) are listed in the DFMEA for each
failure mode. The effects of the failure mode should be considered against the next level up assembly, the final product,
and the end user/customer (product operator). End effects should state what the user might notice or experience. They
should clearly state if the effect of a failure mode could impact safety or non-compliance to regulations, when applicable.
The intent is to forecast the potential effect(s) of failure consistent with the team’s level of knowledge. In some cases, the
team conducting the analysis may not know the end user effect (e.g., commodity parts such as catalogue parts or
off-the-shelf parts). When this information is not known, the effects should be defined in terms of the part function and
specification. The system integrator has the responsibility to ensure the commodity item addresses integration risks.

Examples for the windshield wiper DFMEA are shown in Figure 9.
Pnl.an.l.iaLEt[lrc:t:s}
of Failuge

Possible reductiop of driver
visibility and potentigl violation of
FIWMVES 1p4

Potantial Failura

Mode(s)

Item Function(s) Requirement(s)

1. Wipe guality is defined in
document #xXvE

2. Blades must not contact
windshield or body moldings
at any time.

3. Reference FMWSS 104

Windshield i not
clear of debriz and
water

Clear|windshield of
debrig and water on all
wipel speed settings

Wiper System

Wiper blade anglg changes
resulting in blade cHatter; glass
not fully cleared biit partially

1. Blade-glass pressure X
2. Wiper arm length "

3. Wiper arm bending
stiffness £

[Reference wiper arm
specification #abc]

Trangfer angular
matiop from wiper pivot
to wiper blade

Wiper arm Wiper arm bends

degraded wisibilty, without safety
implications (no vjolation of
FIMWSS 104)

Empty washer fluig container

DF ME & columns truncated

Low washer Send 5 volt signal to the Doesnot send low-

3. minimum retational RPK "

compliance with F

fluid-level Comrunicate low fluid ;o i ment display when the |fluid’level indication to || leading to insufficient clearing of
. level| to instrument . \ . : . .

warning disol fluid level goes below 25% ~fdisplay when below  Rwindshield with pote tial reduced
software Py of itz reservoir capacity threshold forward visi ilit‘f

. . . 1. Minimum output tofgue "X . Wiper arm stops|(thermal

1 . - .

J.'JIIDE.‘F Motor Provijes operational Nm Ingufficient pua..'.'er to averload interrupts ci I:Lllt}: loss of
(includes motor |powgr to operate the 2. maimum edQeNt (Ampe) overcome static L. ith ial
grounding} wipe[ system. ' PE) | friction in sy=tem wiping with potefitial non-

MWVSS 104

DFMEA rows truncated

Figure 9 - Potential effects of failure examples for windshield wiper DFMEA

NOTE: Some word$ may bé. part of the description of a failure mode, effect, or cause depending|on the function and

requirements of alsystem, subsystem, or component (e.g., leaks).

5.3.4 Determine Hatential Cause(s) of Failure

For each failure mode, the FMEA team identifies the causes. A “cause” is the specific reason for the failure, preferably found
by asking “why” until the root cause is determined. For DFMEAs, the cause is the design deficiency that results in the failure
mode. For process FMEAs, the cause is the manufacturing or assembly deficiency (or source of variation) that results in
the failure mode. If a cause occurs, the corresponding failure mode occurs. There can be many causes for each failure
mode. The cause should be described in actionable terms; i.e., something that can be corrected or controlled. Examples
for the windshield wiper DFMEA are shown in Figure 10.

Where possible the FMEA team should continue asking “why” until identifying the “root” cause. The only exception to this
is for higher levels of analysis, such as system FMEAs, in which the cause may remain at a higher level, such as a
component failure, and not carried all the way down to the reason for the component failure, which the subsequent DFMEA
would analyze for the component. It is often useful to use the phrase “due to” to help get the root cause. For example, in
the case of the projector lamp shattering, a possible cause could be “over pressure due to wrong gas.”
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When a system FMEA is being performed, and a supplier has responsibility for a subassembly or component, the system
FMEA team may need to request access to appropriate FMEA information, in order to be certain risk has been identified,

and high-risk issues

are properly addressed.

In DFMEAs, root causes are often described in terms of product characteristics, such as dimensions, weight, orientation,
hardness, strength, etc., where the design deficiency is associated with a product characteristic.

Causes should be listed as concisely and completely as possible, so that remedial efforts (controls and actions) can be
aimed at appropriate causes.

When identifying causes, it is useful to review the assumptions for the DFMEA, such as the following:

1.

The DFMEA team may assume the part is manufactured or assembled within engineering specifications. Based on this

assumption, failfire modes may be caused by potential deficiencies in design.

The DFMEA tea
manufacturing ¢

assembly mis-builds, but the mis-builds are due to potential design deficiencies.

In the SAE J1739

mechanisms are the
mechanism is the pr
mechanisms in the @
in effective resolutio

It is helpful to empha
in which the item or
for the failure, expre
the failure mode or t

Wherever possible, f
for system FMEAs o
to the precise root ca
with the “five whys”
wherever possible th

It is important that epgineers consider foreseeable misuse when evaluating factors that can lead to pd

and causes, especis
or component being
to misuse that is rea

Incorrect cause worg

M may assume the part design may include a deficiency that could cause unaccef
r assembly process. Based on this assumption, failure modes may be. a ‘fesult

DFMEA worksheet, the cause column can also include the uhderlying failure
physical, chemical, electrical, thermal, or other processes thatresult in failure. For
bcess of error propagation following a component failure thatleads to a system fai
ause description of FMEASs leads to a more thorough understanding of the physig
h of potential design deficiencies.

size the difference between failure mode, cause,.and failure mechanism. A failure
hssembly could fail to meet the intended function and its requirements. A cause i
5sed as a potential design deficiency. A failure mechanism is the actual physical

or high-risk issues the FMEA team should define the cause at the failure mechanis
subsystem FMEAs, the FMEA team should either proceed with a component FMH
use and failure mechanism that:explains the failure mode and place it in the caus
lintil isolating the cause atthe mechanism level. No matter how the FMEA team
e FMEA team should properly define the cause at the failure mechanism level fof

lly when there islaydirect interface between the customer/user/operator and the
sonably foréseen. Potential misuse should be considered in the context of definin

ing (motactionable): Using wiper system to clear ice or deep snow from windshie

table variation in the
of manufacturing or

mechanism. Failure
a system, the failure
ure. Including failure
s of failure, resulting

mode is the manner
5 the specific reason
phenomenon behind

ne process of degradation or chain of events leading to and resulting in a particular failure mode.

tm level. This means
A that can drill down
b column or continue
chooses to proceed,
high-risk issues.

tential failure modes
system, sub-system,

reviewed. Although potential misuse is not a cause by itself, a design can potentially be made robust

j requirements.

d.

Correct cause wordi

ngJ(actionable): Insufficient robustness to wiper blade blockage specified.
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ltem

Function(s)

Requirement(s)

Potential Failure
Mode(s)

Potential Effect(s)
of Failure

Potential Cause
of Failure

(s)

Wiper
System

Clear windshield of
debris and water
on all wiper speed
settings

1. Wipe guality is defined in
document #XvZ

2. Blades must not contact
windshield or body moldings
at any time.

3. Reference FMV35 104

Windshield is not
clear of debris and
weater

Possible reduction of driver visibility
and potential violation of FMVSS 104

Wiper linkage assembly
clearance to windshield
Jmolding is reduced over time
as linkage isolators degrade

Wiper arm

Transfer angular
motion from wiper
pivot to wiper blade

1. Blade-glass pressure X
2. Wiper arm length

3. Wiper arm bending
stiffness Z

[Reference wiper arm
specification #abc]

Wiper arm bends

Wiper blade angle changes resulting
in blade chatter; glass not fully
cleared but partially degraded
visibitty, without safety implications
(no violation of FMYSS 104)

Wiper arm has insufficient

stiffness due to wron
material

g arm

Low
washer
fluid-lewel
warning

Communicate low
fluid level to
instrument display

Send 5 volt signal to the
instrument display when the
fluid level goes below 25% of
fts regsrunic capacihy

Does not send low-
fluid level indication
to display when
helnwy threshold

Empty washer fluid container leading
to insufficient clearing of windshield
with potential reduced forward
yrigihiling

Algorithm does n

recognize faulty signal from
fluid-level sensor due to

missing fault-detec

ot

DF MEA columns truncated

tion

software

capability

Wiper Motor
(includes
motor
grounding)

Provides
pperational power
0 operate the

o/ iper system.

1. Minimum cutput torgue X"
Nm

2. Maximum current (Amps)

3. Minimum rotational RPM ¥

Insufficient power
to overcome static
friction in system

Wiper arm stops (thermal overload
interrupts circuit); loss of wiping with
potential non-compliance with FMVSS
104

weak groupd path re

Insufficient cufrent d

from ipsuffigient grg
tightenihgtorque spi

e to
ulting
und

cified

Failure causes in th
Part B misaligned m
the reason for misali
process perspective
5.3.5 Identify Curn

In DFMEAs, design
associated with each

5.3.51

Prevention-type des
currently planned or
are part of the basis
have an influence or

Prevention Design Controls

DFMEA rows truncated

ent Prevention and Detection Controls

Figure 10 - Potential causes of failure examples for windshield wiper DFMEA

e DFMEA may, or may not, relate to failure modes in the RFMEA. A failure cau
By be a failure mode in the PFMEA such as Part A to Part B misoriented. The DF|
gnment from a design perspective and the PFMEA would consider the reason for
In both cases, the FMEA teams discuss what is within their own control (i.e., the de

controls are actions or methods that are‘currently planned or in place to reduce
potential failure mode and cause. Examples for the windshield wiper DFMEA arg

gn controls describe howa failure mode, cause, or effect is prevented, based or
in place. Prevention controls may not be applicable for every failure mode, caus
for determining the.gceurrence rating. Table 1 provides examples of types of prg
the reduction of field failure.

be such as Part A to
MEA would consider
misalignment from a
sign or the process).

or eliminate the risk
shown in Figure 11.

actions or methods
e, or effect; but they
vention controls that
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Table 1 - Prevention control examples for DFMEA

Standards and Best Practices

Analysis Activities
Used for Design Decisions

Design Intent

Company design standards that have
been previously validated and used
(bill-of-design, template drawings,
heat treat standards, established best

Finite element analysis
Tolerance stack analysis

Margin of safety analysis that ensures
robustness regardless of

Protection against environmental
conditions (cold, hot, humidity),
driving conditions (water, sand,
rocks), etc., in mechanical systems

practices, etc.)

manufacturing method

Design of experiments

Catalog specificatig
recommended appli
limits, temperature

ranges, etc.)

Protection against
interference, etc., i
systems

Worst case circuit analysis methods
(extreme value analysis, root-sum-
squared, Monte Carlo analysis)

ns (use cases,
cations, load

blectro-magnetic
N electrical

etc.)

External design standards (ISO, SAE,

Protection‘against
malicious’ code, co

Virtual analysis methods (e"g.;'dual core pro

efrors, etc., in softv

Lindefined states,

cessing or
secondary sensing), hardware design

rupted code/data

are

NOTE: FMEA team
design” can
design has 3

is similar in ¢gonditions of use to the previous design, and (4) the new design has no new tech

any of these|

Document numbers,

created. Company policy may determine whether these document numbers must be kept up to date
program.

during the life of the

5.3.5.2 Detection

Detection-type design controls describe haw:the item’s failure mode and/or associated cause is detecte

or physical methods
design controls are
detected and/or proy

A detection control m
to be detailed enoug
should it occur. Detd

detect the failure. Tqble2 provides examples of types of detection controls.

5 should use caution when describing a prevention control as “carryover design.” T
be a prevention-control strategy to the degree that the following criteria are in pl

Design Controls

proven field history, (2) the new design is similar i content to the previous desig

criteria can lessen the value of “carryover désign” as a valid prevention control.

he use of “carryover

hce: (1) the previous
N, (3) the new design
nology. Deviations to

when used, are for reference only as.pointers to the associated documents at thg time the analysis is

that are currently planned or in place, before the product is released for produ
sed as input to the detection rating and are intended to increase the likelihood tha
e design intentlis‘confirmed, before it is released for production.

ay not be\applicable for every cause and/or failure mode. When listing detection cq
h for/subsequent reviewer to confirm how well that the design control will, in fa
ils should include test name, test number, and the paragraph or procedural stef

Table 2 - Detection control types for DFMEA

as they may change

] based on analytical
ction. Detection-type

t the problem will be

ntrols, it is important
ct, detect the failure
that will be used to

Analytical Methods

Physical Methods

Use of correlated models to determine if system or
component requirements are met

Use of simulations to determine if system or component
requirements are met

Use of analytical methods to determine if system or
component requirements are met

reliability requirements are met

performance requirements are met

are met

requirements are met

Use of physical system/component testing to determine if

Use of physical system/component testing to determine if

Use of design of experiments to determine if requirements

Use of functionality testing to determine if functional
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The DFMEA may include additional recommended actions to add additional testing to the test plan, or to modify tests in the

test plan.

NOTE: Manufacturing process controls (those test and inspection activities that are done a manufacturing plant) are not

valid detection-type design controls.

OFME Aergws bruncated

Figure 11 - Current design(control examples for windshield wiper DFMEA

Item P;;;::La' Potential Effect(s) | Potential Cause(s) | Current Design Controls - |Current Design Controls -
Mode[s] of Failure of Failure Prevention (P) Detection (D)
idshieldi Eosible redustion of di “"'I”F"E" lirk.age ?STE':'IE 1. Supplier best practice 1. Wiper gystem azzembly
Viper Claarof dabris|ishily andpoterwsl | meding ¢ reducad cusr | Standard for linkage cychc durabiity test
System and water violation of FMYSS 104 time as linkage isolators 2. Spgmﬁcﬂtlun for izolator 2. Vehicle level reliability test
deqrade material #123
T et T P - - T Wper grm force-
resulting in blade chatter; ) . - 1. WIS Wiper Design Guide :
= ‘wiper arm has insufficient deflgstion|test #123 -
‘Wiper arm 2 | wiper arrh bends glas= nat hully cleared but stifFness due to wrong #123 2. Wind lopd test #455 =
L partially degraded vizibilty, arm material 2. Wiper arm force-deflection Yourt - B
E without =fety implications study / simulation 2. Wiper Hlade stﬂrt—upmtest E
= [mo violation of FRYES 104] tcheck frjzen to blade) #789 § 5
= =
E E
= 1. Software designed ta =
o . o
Lo washer & |Does nofsend | Empty washer Auid container | Algorithm does not d!Splﬂ‘}f message when Solt 1. Functichal test of ECU &
Huid-leuel = (low-fluid jevel leading to insufficient recognize Faulty signal signal is received-pyECU processo =
warmin o |indicatiof to clearing of windshield with from Fluid-level sensor 2. Software architesture 3 aoft inl 1Ly =]
snftwagrle dizplay when potential reduced Forward due to miszing Fault- design - =oTware "_1 oop ( J'\
below thgeshald | vizibility detection capability 3. Modeling@f signal flow (ilo 3. Hardware in loop (HIL)
matriy
wiper Matar Iresuffisicht power | HIPET 31 Stops (thermal Inzufficient current due to 1. D”rﬂ_b"w t_est of the
[inzludes . :.ml::; owerload interrupts circuit]; [ weak ground path motar, including harness
motor static Fridtion in loss of wiping with potential | resulting from insufficient 81 . Wiper Motor design guide ground
rounding) sustem non-compliance with ground tightening torgie 2. Environmental Exposure -
g 4 4 FRVES 104 specified : i
Wehicle Spmmer/Winter Test

5.4 Risk Assessm

ent and Prioritization (Step 4)

Step 1 Step 2 Step 3 Step 4 Step 4a Step 5 Step B
Project FMEA Technical Risk Risk Monitoring S Reduce & Document
Planning Preparation Analysis Assessment & System Communicate Results
Prioritization Response Risks

(a5 needed)

Figure 1D - Step 4 of the FMEA six-step process map
Deliverables: The risks for the selected DFMEA have been assessed and prioritized.

The purpose of risk assessment and prioritization is to identify and prioritize risk areas that require special attention through
design reviews, DVP&R, design changes, and other recommended actions. There are three types of criteria used in DFMEA
to assess risks of failure. They are: severity, occurrence, and detection. Examples for the windshield wiper DFMEA are
shown in Figure 12.

It is not appropriate to compare the ratings of one team’s DFMEA with the ratings of another team’s DFMEA, even if the
products 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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5.4.1 Assess Severity of Effects

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

Severity should be estimated using the criteria in Appendix A. The table may be augmented to include product-specific
examples. The team should agree on an evaluation criteria and rating system, which is consistent, even if modified for
individual design analysis (e.g., passenger car, truck, motorcycle, tractor, golf cart, etc.).

Assessment of severity depends on the team’s understanding of product safety, product functions, and functional
requirements as related to the vehicle and sub-assembly or part being supplied. Assessing the severity may lie outside the
immediate design engineer’s/team’s field or experience or knowledge. In these cases, assumptions regarding intended
applications may be documented, or an interfacing system team or customer should be consulted in order to comprehend
the propagation of effects.

In the case of commpodity parts (e.g., design-responsible for screws, bolts, connectors, etc.), the severity rating criteria will
be limited to the iminediate function and its related requirements so that severity reflects_the'impagt on fit/finish, partial
function, and loss offunction rather than the impact on the system or end user.

One of the goals of the FMEA process is to mitigate risk or lessen the impact of a poténtial failure mod¢. The severity rating
itself can not be chapged without changing the design to reduce the effect to a lesserimpact or elimingting the failure mode
and its effects (e.g., ise of monitoring and system response). In addition, other techniques include fail-$afe, fail-operational,
and fault tolerance methods.

5.4.2 Assess Like|ihood of Occurrence

Likelihood of occurrgnce is a rating number associated with each cause for a given failure mode Heing evaluated. The
occurrence rating copsiders the likelihood of occurrence during the design life of the product. The occufrence rating number
has a relative meaning rather than an absolute value and is determined without regard for severity or dgtection. The DFMEA
team may consider prevention controls, field history for similar items, and degree of change as input to the occurrence
rating.

NOTE: The team should agree on an evaluation criteria and rating system that is consistent, even if njodified for individual
analysis. Any modifications to the table-should add value to the risk-mitigation process.

5421 Application of DFMEA Likelihood\Evaluation Criteria

Occurrence should e estimated using the criteria in Appendix B. The occurrence rating number is a|relative rating within
the scope of the FMEA and may notreflect the actual occurrence.

The assessment of likelihood 'of'occurrence for a specific cause can be identified by the DFMEA tean using a qualitative
(subjective) method.

When assessing likglihood of occurrence, the DFMEA team considers prevention controls, field hisfory for similar items
(when applicable), and degree of change as factors influencing the occurrence rating. This subjective assessment can be
made by using the word descriptions from the columns of the table in Appendix B.

5.4.3 Assess Ability to Detect

Detection is the rating associated with the likelihood of detecting the failure mode and/or associated cause, according to
defined criteria.

One of the goals of the DFMEA process is to increase the ability to validate a design prior to start of production. The FMEA
team has a responsibility to determine how well a specific simulation, test, or function check can detect the failure mode, or
the cause which results in the failure mode.

The detection rating scale combines considerations for both the robustness of the detection method in revealing design
weaknesses within specifications, and the timing of the findings within the design cycle. When no detection control has been
identified, a rating of 10 is used, and a recommended action is written to address the deficiency.
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5.4.3.1 Application of DFMEA Detection Evaluation Criteria

DFMEA detection should be estimated using the criteria in Appendix C. This table may be augmented with examples of
common detection methods used by the company.

Assessment of “ability to detect” is accomplished by assessing the likelihood that the current detection-type design controls
will be able to detect the failure mode or associated cause. This can be done by one of two methods:

1. In Method One, the DFMEA team considers the capabilities of all the current detection-type design controls (together)
for a given cause and/or failure mode and enters the resultant “ability to detect” rating in the detection column of the
DFMEA. In other words, if all the current detection controls are implemented, what is the likelihood that the failure mode
or cause will be detected? The “detection method maturity” and “opportunity for detection” columns in Appendix C
provide guidance in making this assessment. However, the key is for the DFMEA team to arrive at the “ability to detect”

rating using the pestIhinKing of the team. Figure TZ represents Method One.

2. In Method Two, the DFMEA team assesses the “ability to detect” for each of the current detection-fype design controls.
If this method is|used, the team considers the likelihood that the failure mode or cause will be detected by each of the
detection controfs separately. Like the first method, the “detection method maturity” and “opportunity for detection”
columns in Appéndix C provide guidance in making this assessment, but the DEMEA‘team arrives at the “ability to
detect” rating us|ng the best estimate of the team. When using this method, it is a’good practice to jnclude the detection
rating in parenthesis next to each of the detection methods in the “current design controls - detecjon” column, and the
lowest value is Used.

ftem Potential Cause(s) Current Design Controls - Cufrent Design Controls -
of Failure Prevention (P} Detection (D)
— _
.;Tépféﬂﬂﬁ?i?ﬁﬁfﬁ?ﬂ 1. Supplier best practice standard |1, Wiper system assembly
Wiper molding is reduced aver forlinkage cyclic durability test
System tim asglinka e isolators 2. Specification for isolator 2 Vehicle level reliability test
g material #123
- |degrade =
= 1. Wiper arm force-deflection =
£ |Wiger arm has insufficient 1. WIS Wiper @esign Guide #123  |test#123 =
Wiper arm £ |stiffhess due towrong arm |2, Wiper arm force-deflection 2. Wind load test #456 =
£ |maferial study /| gifmdlation 3. Wiper blade start-up test =
= (check frozen to blade) #789 =
E ) 1. Software designed to display E
Low washer | =C Alg r|thm does m_]t message when 5 volt signal is 1. Functional test of ECL =L
: W |recygnize faulty signal fram ) Ui
fluid-level = : received by ECU processor =
. i |fluig-level sensor due to . . ' L
warning o 1. . 2. Software architecture design 2. Software in loop (SIL) =]
misjsing fault-detectian ) ) - .
software i 3. Modelling of signal flow (ifo 3 Hardware in loop (HIL)
cappbility )
matrix)
Wiper Motor Insgfficient curkent due to 1. Durability test of the motar,
(includes wedk groupdpath resulting - . ' including harness ground
motor from insufficient ground 1. Wiper Motor design guide 2. Environmental Exposure -
grounding) tighfering torque specified Vehicle SummerfWinter Test

DFMEA rows truncated

Figure 12 - Assignment of severity, occurrence, detection
5.4.4 Assess Risks and Prioritize Actions
The purpose of risk prioritization is to help the team understand relative risk within an analysis. There are many methods
that have been used to assess combinations of severity (S), occurrence (O), and detection (D) ratings to prioritize risk and

determine action priority. These methods include risk priority number (RPN), SO, criticality analysis (CA), and action priority.

Organizations should adopt a prioritization system which may include one or more of the techniques described in this
standard.
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5441 RPN

The risk priority number (RPN) is the product of the severity (S), occurrence (O), and detection (D) rating. Within the scope
of the individual FMEA, this value is between “1” and “1000.” The use of RPN is optional.

RPN = (S) x (O) x (D)

Example: (S) 7, (O) 3, (D) 5 = RPN 105

A benefit of RPN is that it provides an indicator of improvement (before and after actions taken) that reduces any one factor
of severity, occurrence, or detection. It shows the distribution of RPN values for a project (pareto) giving a high-level
overview of the risk assessment.

A disadvantage of u
selecting an RPN th

5ing RPN is that the final RPN ratings are relative to a particular analysis and are

do not need improvement action. In other words, there is no value above which it is mandatory*to t

action or below whic]

Establishing such thfesholds may promote the wrong behavior causing team members to;spénd time tr

occurrence or deteg
underlies the cause
determining reasong
through the applicati

Another concern wit
of equal importance.
mode from getting tg

The focus of the FIV
beyond thresholds. (

5442 SO

The “SO” number is
this value is betweer

A benefit of SO is tha
SO by reducing th
improvements for th

h the team is automatically excused from an action.

tion rating value to reduce the RPN. This type of behavior avoids addressing t

ble risk is desirable, it should be based on an analysis of séyerity, occurrence, a
pn of RPN thresholds.

n RPN is that equal RPN values may not have equal risk levels due to the fact tha
Severity should be assessed first then occurrengefor prevention and then detect
the customer. High severity, low RPN can be-high risk.

Care should be taken to understand thedimitations of RPN.

“1” and “100.” The use of the SO number as a supplement to RPN is optional.
SO =(S)x (0)

Example: (S) 7, (O) 3, (D) 5= S0 21

)

L

pbse with the highest SO value.

feshold is not an acceptable practice. Thresholds give the impression that values

EA should be to identify opportunities toscontinually improve the product and @

the product of the severity (S) and occurrence (O) ratings. Within the scope of {

t it gives:additional information about equal RPN values. The organization may fog
valug, of “O” through preventive actions. Furthermore, this may lead to syibsequent detection

subjective; therefore,
below the threshold
hke a recommended

ying to justify a lower
ne real problem that

of the failure mode and merely keeps the RPN below the threshold. It is important to recognize that

hd detection and not

IS, O, and D are not
on to stop the failure

ustomer satisfaction

he individual FMEA,

us on how to reduce

The disadvantage of using SO is similar to that of RPN; i.e., thresholds. Table 3 illustrates how the SO can provide useful
information about RPN. While it helps prioritize equal RPN results for action, it does not consider the detection rating.

Table 3 - Contrast between RPN and SO

S, O, D Rating RPN SO
8,10, 2 160 80
8,2,10 160 16
10, 8, 2 160 80
10,2,8 160 20
2,10, 8 160 20
2,8,10 160 16
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5.4.4.3 Criticality Analysis (CA)

Criticality analysis (CA) is terminology used in aerospace and military handbooks and guidelines (i.e., MIL-STD-1629a,
ARP5580, AS9145). CA is a procedure by which each potential failure mode is ranked according to the combined influence
of severity and likelihood of occurrence. CA is performed concurrently as part of the product development process and is
updated as the design, manufacturing, and assembly processes evolve to production release. Criticality analysis risk
assessment supports identification of those items that could be defined as special characteristics.

Criticality Analysis may be visually shown as a “S&O risk graph.” This allows for a non-linear approach to characterize levels
of risk such as high (red), medium (yellow), and low (green). Figure 13 shows an example of a S&O risk graph. AN S&D
and/or O&D risk graph may also be used. The use of risk graphs is optional.

10T Y "R R R R R R R R R
o YIRIRIRIRIRIRIRIR:R
8] YiRiRiR:RiRiRiR:R:R
g 7| Y. RIRIRIRIR:R! R:R:R
& 6/Y!Y'RIR:R:R:R:R:R:R
S S| YiYIR RIR:R:R:R:R:F
S 4G VYiVYIYIVYIYIRIR:RGR
31GiGIGIYiY YiY YER R
2l6GiGIiGIiGIGiIiGIGiGAIG:G
11GiGiGIGIGIGiGIGIGIG

1 2 3 4 5 67 8 9 10
Severity

Figure 13 - Sample S&O risk graph

When using a risk gfaph, it is up to the company or.customer to assign R, Y, and G and make the resulting table available
to the DFMEA team,

5.4.4.4  Action Prigrity (AP)

Action priority (AP) table combines severity (S), occurrence (O), and detection (D) ratings with suggedted priority levels for
identification of potgntial actions to.reduce risk based on high (H), medium (M), and low (L) assessments. Individual
companies may devglop their own criteria for H, M, and L and make the company-specific action priofity table available to
the DFMEA team and customér'or supplier. The use of action priority is optional.

A complete AP tablg¢ example is shown in Appendix | and is not meant to be automatically used by companies without
review and agreemgnf-~Fhe table used to support the action priority method should reflect a company’s needs for action
prioritization. The S,"©; i i i i ix-J. If the organization

chooses to modify the S, O, D, rating criteria for specific products, processes, or projects, the AP table should also be
carefully reviewed for alignment. An example of an AP table used by the windshield wiper system project team is shown as
Figure 14. The AP assessment is shown in the risk prioritization section of the DFMEA.

The benefit of action priority is that it does not treat severity, occurrence, and detection as equal values (as RPN, SO does).
The principle of risk reduction through efforts to reduce severity, then occurrence, then detection drives the action priority
levels of high (H), medium (M), and low (L). The AP table provides an action prioritization system to focus the team’s time
and resources.

The disadvantage of using action priority is that action taken to reduce risk may or may not change the action priority level.
In other words, it is difficult to see incremental improvements.
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Care should be taken to avoid automatic action based on a combination of S, O, D that would require or eliminate the need
for action. For example, an AP assessment of low does not mean action should not be considered. The high, medium, or
low assessment should be used to prioritize action, not presume action is not necessary.

Likelihood of ACTION
No. Effect SEV Failure Cause ocCC Ability to Detect DET PRIORITY
Occurring (AP)
Action Priority rows truncated
9 Low - Very low 7-10 H
10 Moderate 5-6 H
11 Moderate 4-5 High 2.4 H
13 Low - Very low 7-10 H
14 Low 2.3 Mod.erate 5-6 M H*
15 High 2-4 L M*
16 Very high 1 L
17 Very low 1 Very low,~Very high 1-10 L
Action Priority rows truncated

* The windshield washg
from Medium to high
the AP method.

The example in Figu

Figure 14

| - Example of Appendix I - action priorityctable modified for windshield wipe

r project team reviewed the action priority table in Appendix R and)agreed to make two changes raisifg the AP level
hnd low to medium in two instances for their application. This issan‘example of how a company or proj

bct team can use

r system

re 15 is based on using a final “risk priaritization” rating of high (H), medium (M), @and low (L).

It Poftential Cause(s) Current Desigh.Controls - Current Design Controls - SEV | OCC
em of Failure Pregéntion (P) Detection (D) (8 | (0
Zation
—
."I.f|per nk?ge _asdsehmt?:jy 1. Suppliet best practice standard |1. Wiper system assembly
Wiper Enf]?t;?n C?S tr]ey:hncesd tljeuer for linkage cyclic durability test g 4 M
System i gl' K isolat 2 Specification for isolator 2. Vehicle level reliability test
= ime ag linkage isolators material #123
2 degradge
= 1. Wiper arm force-deflection
= |Wiper rm has insufficient | 1. WiS Wiper Design Guide #123 [test#123
Wiperarm | & |stifneqs due towrng arm |2, Wiper arm force-deflection 2. Wind load test #456 7 5
E materigl study / simulation 3. Wiper blade start-up test
= (check frozen to blade) #7589
o ) 1. Software designed o display
<=L
Low o (Algont En ?Oeff n?jn s, |MESsage when 5volt signal is 1. Functional test of ECU
washer T |fECcOmesTEey O Treceived by ECU processar
fluid-level -\ g fluid-level sensor due to 2. Software architecture design |2, Software in loop (SIL) 7 5
warning missing fault-detection 3. Modelling of signal flow (/o |3. Hardware in loop (HIL
software capability S gorsig ( : P (HIL)
matrix)
—
;Té‘tjsrr Insufficient current due to 1. Durability test of the motor,
V| . . .
} weak ground path resulting - . ' including harness ground
[Il"ll:tll.IdES from insufficient ground 1. Wiper Motor design guide 2. Environmental Exposure - ? 7
motor tightening torque specified Vehicle Summer/Winter Test
grounding)

For the purpose of assessing risks and prioritizing actions, individual companies should determine the method that suits

DFMEA rows truncated

Figure 15 - Assignment of risk prioritization

their goals for technical risk analysis and internal management or customer requirements.

DFMEA columns truncated
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The DFMEA team may choose to generate action plans at any time during the DFMEA development even prior to having
RPN, SO, criticality analysis, or AP assessment.

NOTE: It is recommended that potential severity 9 and 10 and potential effect(s) regardless of action priority assessment
be reviewed by management including any recommended actions that were identified.

545

Identify Potential Special Characteristics

A product characteristic is a feature of a product (e.g., dimension, relationship, finish, property, orientation, appearance,
composition, chemistry, performance, function) that is defined on a design requirement document (engineering drawing and
specification) and can be measured using variable or attribute measurement methods once the product has been produced.
Standard product characteristics will be produced to specifications using appropriate manufacturing methods and controls.

Standard product characteristics are NOT typically treated as special characteristics.

A special product (g
values/tolerances ar
performance, fit, an
manufacturing, asse

The DFMEA is pivof
requirements and/or|
process for determin

Finalized special pro
using a specific sym
DFMEA since the DF

Potential special ch
Figure 16. Custome
identified in the DFN
causes of failure, prg
provided the associg

esign) characteristic is a feature of a product that requires special care becau
d corresponding manufacturing/assembly variation may have significant influeng
j service life. The purpose of selecting special product characteristic_is\to com
mbly, and/or other interfacing design disciplines.

al in providing information about the severity of a potential faildre-effect. The D
failures/causes that are candidates for special characteristic designation during t
ing the classification of characteristics (standard or special)-is.company specific.

duct characteristics are normally shown on design recerds (e.g., engineering drawi
bol or typographic label defined by the company. Thése symbols and/or labels ate not required in the
FMEA is one of the inputs to the selection process \of a special characteristics.

bracteristics can be identified in the DFMEA by describing the product charag
[ specific symbols used to designate spécial characteristics in the DFMEA are
[EA are INPUTS (but not exclusive) toithe special characteristic selection proces
perly expressed as potential design deficiencies, can be an input to special charag
ted risk meets company special eharacteristic policy.

e incorrect nominal
e on product safety,
municate the risk to

FMEA team can flag
he risk analysis. The

ngs or specifications)

teristic as shown in
not required. Risks
s. Potential DFMEA
teristic identification,

tem Potenfial Cause(s) | Current Design-Controls - |Current Design Controls - |SEV |0CC |DET Pﬁ':r'i‘ti_llotential Special
f Failure Prevention (P) Detection (D) (5) | (O} | (D) zation 11 haracteristic(s)
Wiper Dimensional
Wiper linfage a;sem.bry 1. Suppler best practice 1. Wiper system assembly | f
. clearanc to windshield ) ) - placement o
Wiper molding i reduced over standard for linkage cyclic durability test g s 3 M isolalat ith
System time EE" kane isolators 2 \specification for isolator 2. Vehicle level reliability test ' Isolalators \ﬂ:fl
% | decrade ¢ material #123 espect to wiper |
& linkage 5
5 _ . _ . 1. Wiper arm force-deflection 1. Wiper arm E
» |YViper aryn has 1. WIS Wiper Design Guide #123 |test #123 material =
Wiper arm E insufficigntetiffness due |2. Wiper arm force-deflection 2. Wind load test #4585 T 5 3 M ificati E
% to wrong ETTITIEtETIET AN DN ) T L G L 3 SPEEI catian %
E {check frozen to blade) #7589 . Wiper arm lengthf E
(11} H H (1}
Low = | Algorithm does not 1. Software dengned to display ) =
= . . message when 5 volt signal is 1. Functional test of ECU =
washer O |recognize faulty signal . =]
) ) received by ECU processor c c
fluid-level from fluid-level sensor . ) ) . 7 5 5 ]
) o 2. Software architecture design |2. Software in loop (SIL)
warning due to missing faul- i ) ) ) N
) - - Modeling of signal flow (o 3. Hardware in loop (HIL)
software detection capability matrie)
)
Wiper Moter Ixr-I.-E;Jaf:CIrE;ILtn?jur;EtEt dueto 1. Durabkility test of the motor, ] ]
(includes 3 B ) . . . including harness ground c Ground tightening
resulting from insufficient |1. Wiper Moter design guide ) 5 7 5 H
moter . . 2. Envirenmental Exposure - torque spec
. ground tightening torgque . e
grounding) specified Vehicle Summer/Vinter Test

DFMEA rows truncated

Figure 16 - Potential special characteristics examples for windshield wiper DFMEA
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5.4.6 Supplemental FMEA for Monitoring and System Response (as needed)

Step 1
Project
Planning

Step 2 Step 3 Step 4 Step 4a Step 5
FMEA Technical Risk Risk Monitoring & Reduce &
Preparation Analysis Assessment & System Communicate

Prioritization Response Risks
(as needed)

Step 6
Document
Results

Figure 1E - Step 4a of the FMEA six-step process map

Deliverables: The risks are re-assessed based on the effectiveness of monitoring and system response.

54.6.1 FMEA-MSR - What is it?

Supplemental FMEA for monitoring and system response (FMEA-MSR) is an extension of thelDFMEA. Figure 17 shows

the linkage between
detection with a su
depiction of risk of fa|lure (including risk of harm, risk of noncompliance, and risk of notfulfilling requiren

DFMEA and FMEA-MSR. FMEA-MSR provides a means of assessing'risk reduct
pbsequent response during customer operation. These additional facters contrit

on due to diagnostic
ute to an improved
ents). As applicable,

the malfunctioning behaviors, hazards, and relevant operating situations that are identified in the hazard analysis and risk

assessment may be

associated with functions and/or requirements in the FMEA-MSR (refer to ISO 26262-3:2018).

In an FMEA-MSR, potential failure modes and causes that may occur under customer operating conditions are analyzed

with respect to their|[technical effects on the system, vehicle, people, and regulatory compliance. Th

e method considers

whether failure modgs or causes are detected, and whether the behayiorof the system can be changed prior to the formation

of an undesirable gffect. Customer operation is to be understood-as end-user operation or in-seg
maintenance operat

The detection of fail
switching to a degra

result of RELIABLE
less severe effect.

ons.

ed operational state (including disabling the vehicle) and informing the driver. In
iagnostic detection and response isito eliminate (prevent) the original effect, and

Inputs to FMEA-MSR DVP&R
(Test Plan)

Gather Information

rvice operation and

terms of FMEA, the
eplace it with a new,

}:jre modes and causes during customer;operation can be used to avoid the original effect of failure by

Hazard Analysis & Rigk Monitors DFMEA

Assessment (HARA)
Fault Handling ime Interval

Diagnostics;@te

Failure Mode
and/or Cause
Safety & Regulatory

Effect from DFMEA® +

DESign DFMEA failure mode FMEA ATSUZIES ST

_.Wm- Besnonse
> |-MSR

{Mechatronic Portion)? Other DFMEA
A 4
\ Mitigates Effect

information
of Failure, when
applicable?

1 DFMEA uses unmitigated effect
2 FMEA-MSR reduces severity for
mitigated effect, if warranted

System Design and
Requirements

Figure 17 - DFMEA to FMEA-MSR linkages
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The value of FMEA-MSR is effect mitigation during customer operation. Monitoring and system response have three key
attributes:

1. Sensing: System must be able to detect that a problem condition has occurred or will occur.

2. Control (e.g., micro-processor): Using preprogrammed logical alternatives (mechanical, electrical, or SW based, etc.),
one or more risk mitigating actions must be available.

3. Response (affects system and/or driver behavior): One or more responses must reliably act in time to ensure that the
original effect is mitigated.

5.4.6.2 Determine if FMEA-MSR is Needed

The decision-making process begins by understanding when the mechatronic system meets the crifefia for the application
of FMEA-MSR. See|3.9. A mechatronic system includes the signal flow from the sensor to the controller to the actuator.
However, a mechanijcal actuator may be external to the mechatronic system. In this case, a sensor or|diagnostic algorithm
may be used to detect a change of state of the external actuator.

Supplemental FMEA for monitoring and system response is most commonly applied when‘there are|potential effect(s) of
failure in the DFMEA that may be harmful to persons, involve regulatory noncompliance, or disable the vehicle. However,
FMEA-MSR may be used to assess the mitigation of other performance-related ‘effects that may odcur during customer
operation.

When a DFMEA identifies a hazard or noncompliance that can be preventedor mitigated by the appligation of a diagnostic
detection and respgnse, supplemental FMEA-MSR is used to assess ‘the effectiveness of the diagnostic. Failures of
diagnostic hardwarg and software are considered in the DFMEA,\but not in FMEA-MSR. Figufe 18 illustrates the
decision-making progess for the application of the supplemental FMEA-MSR.

1. Is the item part of & mechatronic system (includes sensing,
control, and actuation) with the item under consideration having No
a Severity 8-9-107

Continue Steps 5 & 6 of DFMEA:

L i

Consider including design actions to implenpent monitoring &
system response solutions based on the organizations strategic

Note: FMEA-MSR may |be applied when Severty is less than 8 ; X :
goals for future technology improvement acfions to reduce risk.

depending on company procedure.

Yes

Continue Steps 5 & 6 of DFMEA:

2. Does diagnostic mpnitoring and response exist for the No
specific Fault/Cause ¢r Failure Mode that could occur during
customer operation?

Consider adding diagnostic capability.

v

MNote: DFMEA may be used to analyze Functions
and Failures of diagnostics depending on compgny procedure.

Yes

L 4

3. Conduct FMEA-MSR, as a Supplement to the DFMEA to
document diagnostics (safety mechanisms) and their ability to
mitigate Effects of Failure.

Figure 18 - FMEA-MSR decision-making process

The windshield wiper motor is part of the windshield wiper system which includes sensing, control, and actuation; therefore,
is considered a mechatronic system and is a good candidate for the application of FMEA-MSR. The FMEA-MSR wiper
motor example will be used to demonstrate the FMEA-MSR decision-making process, using two scenarios: (A) no existing
diagnostic monitoring related to cause or failure mode in DFMEA, and (B) diagnostic monitoring exists related to cause or
failure mode in DFMEA.
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Scenario A: Cannot detect wiper motor over temp threshold (no existing diagnostic monitoring related to cause or failure
mode in DFMEA).

1. Is the item part of a mechatronic system (includes sensing, control, and actuation) with the item under consideration
having a severity of 8, 9, or 10?

a. Yes—qgo to next question.
b. No—continue DFMEA.
Answer: “Yes” (loss of windshield wiping function; e.g., severity 9). Go to question 2.

2. Does diagnostic monitoring and response exist for the specific fault/cause or failure mode that could occur during
customer operafjon?

a. Yes—consider adding MSR to DFMEA.
b. No—consid¢r adding diagnostic capability.

Answer: “No” (cgnnot detect wiper motor over temp threshold—consider adding diagnostic capabilify and consider doing
DFMEA on new [diagnostics; see recommended actions).

Scenario B: Wiper motor over temp diagnostic monitoring exists related to cause or failure mode in DEMEA.

1. Is the item part pf a mechatronic system (includes sensing, control, and actuation) with the item|under consideration
having a severity of 8, 9, or 10?

a. Yes—go to pext question.
b. No—continue DFMEA.
Answer: “Yes” (Ipss of windshield wiping function;‘e-g., severity 9). Go to question 2.

2. Does diagnostig monitoring and response~exist for the specific fault/cause or failure mode thaj could occur during
customer operatjon?

a. Yes—go to mext question.
b. No—consider adding diagnostic capability.
Answer: “Yes” (@ temp sehsor is part of the wiper motor assembly, and an algorithm has been dg¢veloped to read the

temp sensor signal ang-trigger intermittent wiping once the temp threshold has been reached—the infrastructure exists).
Go to question 3.

3. Conduct FMEA-MSR, as a supplement to the DFMEA.

Result: FMEA-MSR will be done to assess the effectiveness of the diagnostic monitoring and response FMEA-MSR
and recommended actions for MSR.

5.4.6.3 Identify Relevant Failure Scenarios

A failure scenario is comprised of a description of relevant operating conditions in which a cause results in malfunctioning
behavior that leads to an undesired system state (effect of failure). Relevant operating situations from the hazard analysis
and risk assessment (refer to 1ISO 26262-3:2018), and other relevant use cases form the basis for the identification of
FMEA-MSR failure scenarios. The description of the cause of failure and corresponding failure mechanism from the DFMEA
is essential to the description of the failure scenario in FMEA-MSR. Examples for the windshield wiper DFMEA are shown
in Figure 19.


https://saenorm.com/api/?name=6c4ed7d910fe1d9f6e6b8a4a390a5133

SAE INTERNATIONAL

J1739™ JAN2021

Page 42 of 105

54.6.4

Assess Frequency

Next, estimate the frequency of a cause of failure in the context of an operational situation, relevant throughout the service
life of the vehicle, represented by (F) (see Appendix D).

Failure Scenario

DFME & colunns truncated

MER isneaded

Figure 19 - Failure scenario example for windshield wiper DFMEA

Use Conditions: Use of wipers
in presence in road de-icing
chemicals

Chain_of Events: When there is

insufficient power delivered to
motor due to poor grounding,
along with the increased
frictional load on wiper because
of de-icing chemicals, wiper
motor is not able to supply
sufficient mechanical power

DFMEA and FMEA-MSR rows truncated

Potential
Item Cause(s)
of Failure
=
@
"
(%]
=
£ [Insufficient
@ (current due to
]’d'vpm—hwbm——g \.‘l’Gﬂln.HILIIJIIIj
includes E path resulting
notor < | from ingufficient
. LLI
rounding} = |ground
& [tightening torque
specified
5.4.6.5 Identify EX

Diagnostic monitoring is the detection of an abnormal condition that leads to an undesired state of o
function. Diagnostic monitoring of the performance of a fungtion may be provided by direct sensing, plal
or a combination of these. For example: sensor out of range detections, cyclic redundancy checks, pla
ecks. Examples for the windshield'wiper DFMEA are shown in Figure 20.

sequence counter chf

If the diagnostics are
may occur, with a cd

a lower severity con

In DFMEA, detection
or physical methods
FMEA-MSR assessd
are fulfilled. The mo
the assessment of th

not capable of reliably detecting the cause or failure mode that leads to the undeg
rresponding degree of severity. However, if the diagnostic can reliably detect the
a consistent system fesponse. If the response also reliably occurs prior to the effect occurring, the ney
pared to the originaleffect of failure. While it is beneficial to detect the cause or
diagnostic will not repult in a lower severity rating.

controls describe how the item’s failure mode and/or associated cause is detecte
that arescurrently planned or in place, before the product is released for prod

s thelgffectiveness of fault detection performance in customer operation, assuming that specifications
nitering rating also comprehends the reliability of system reactions to detected f%Fxlts. It contributes to

isting Diagnostic Monitoring (During Customer’Operation)

DFME & and FME &SR columns truncated

peration of a vehicle
usibility algorithm(s),
usibility checks, and

ired effect, the effect
failure, this leads to
v effect of failure has
mode, an unreliable

| based on analytical
Liction. Monitoring in

NOTE: In FMEA-MSR, the effectiveness of diagnostic monitoring and system response is assumed to have been validated.
Failures of diagnostics are not part of FMEA-MSR but can be added to the DFMEA section of the form. These

include:

e Does not detect failure

o Falsely detects failure (nuisance)

e Unreliable response to failure detection (variation in response capability)

NOTE: If diagnostic monitoring is not available, enter “none” and consider recommended actions.
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Scenario A - No existing diagnostic monitoring related to cause or failure mode in DFMEA

Scer

. ldentity
Potential _ _ FRQ Existing
Item Cause(s) Failure Scenario F . .
of Failure (F) Dlag.rms,.tlc
b b Monitoring
0 |Insufficient | T Uze Conditions: Use of wipers
5 current 5 g in presence in road de-icing
+ [due to = | 8 [chemicals
E weak E =
Wiper % ground % B |Chain of Events: When there is
Motor o |path o % insufficient power delivered to
(includes ﬁ resulting ﬁ = |motor due to poor grounding, 5 gnone
motor = |from = along with the increased
grounding) | 2 |insufficient | © frictional load on wiper
ground because of de-icing chemicals,
tightening wiper motor is not able to
torgue supply sufficient mechanical
specified power (stops wiping)

DFMEA and FMEA-MSR rows truncated

ario B - Diagnostic monitoring exists related to cause or failure mode in DF|
Potential P
Item Cause(s) Failure Scenario F:IT:? D'_Ems"ng_
of Failure lagnostic
z z Monitoring
ﬁ Insufficient E Use Condtions: Use'df wipers )
E current 5 2 in presence in roadhde-icing Function:
= |due to = | 7§ |chemicals Manitor motor
£ |weak S| c current (amps)
Wiper % ground % B [Chain ofEvents: When there is
Wotor 2 | path o % insufficient power delivered to
(includes E resulting ﬁ = |matordue to poor grounding, 3
motor = | from = along with the increased
grounding) | © |insufficient | & frictional load on wiper
ground because of de-icing chemicals,
tightening wiper motor is not able to
torgue supply sufficient mechanical
specified power (stops wiping)

5.4.6.6 Identify Sy

OFME A ahd FME A-MSR columns truncated

DFME A and FME A-MSR columns truncated

Figure 20 Diagnostic monitoring example for windshield wiper DFMEA

stemiResponse in Context of Failure Scenario

MEA

monitored cause of

Considering the fail

re Qr\annrin, the DEMEA team documents the nnfinipnfod cycfnm response to

failure or failure mode. The intent of a system response is to help achieve the goal of having a safe or compliant operational
state. System responses may consist of, for example, switching to a limp home mode, switching off the corresponding
function and/or display of a warning, transitioning to a different mode of operation, etc. Examples for the windshield wiper
DFMEA are shown in Figure 21.

5.4.6.7 Assess Monitoring

The monitoring value (M) rates technical possibilities to avoid or limit the effect via diagnostic detection and automated
response, combined with human possibilities to avoid or limit the effect via sensory perception and physical reaction.
Monitoring evaluates the potential that the cause, the failure mode, or the effect can be detected early enough so that the
initial effect can be mitigated before a hazard occurs or a noncompliant state is reached. The result of effective monitoring
and response is an end state effect with a lower severity. (See Appendix E.)


https://saenorm.com/api/?name=6c4ed7d910fe1d9f6e6b8a4a390a5133

SAE INTERNATIONAL J1739™ JAN2021 Page 44 of 105

NOTE: The effectiveness of diagnostic monitoring, the fault tolerant time interval, the fault handling time interval, and the
fault handling (detection/reaction) time need to be determined by a functional safety subject matter expert (refer to
ISO 26262-5:2018 Annex D for details) prior to rating (M) by the FMEA-MSR team. For all other non-human harm
effects (e.g., OBD compliance), a different subject matter expert would be needed.

In practice, three different monitoring/response cases may be distinguished:

1. No monitoring. 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 monitoring and system response. The original effect is virtually eliminated. Only the mitigated effect remains
relevant for the risk estimation of the product or system. In this instance only, the mitigated effect is relevant for the risk
assessment rating, not the original effect.

3. Less-than reliable monitoring. The original effect occurs less often. Most of the failures are detefted and the system
response leads {o a mitigated effect. However, the most serious effect retains the original severity

Scenarjo A - No existing diagnostic monitoring related to cause or failure mode in PFMEA

Potential Identify 5 vonl =
I - FRQ | Existing ystem I
Item Cause(s) Failure Scenario . g u
of Failure (F) | Diagnostic<§ Response | (M) 2
- = Monitoring E
2 ) = Use Conditions: Use of wipers £
B |insufficient | T —— e £
g £ | o |in presence in read de-icing 5
o |currentdue [ 5| 8 ) =
= E | § |chemicals 9
w |t0 weak w| @ >
E |ground c| 2 @
iper E ath E | & |Chain of Events: When there is =
Motor E] E&sultin q i |insufficient power deliverad to i
includes ﬁ from § E = |motor due to poor groundin gs 5 |none nane 10 E
notor = insufficient = aleng with the increased -
grounding) E round E frictional load on wiper &
ﬂ htenin because of de-icing ehemicals, E
tc?r e g wiper motor is not able to E
s :c:iﬂed supply sufficient mechanical (=]
P power (stops-eiping)

DFMEA-and FMEA-MSR rows truncated

Scenario B - Diagnostic monitoring exists related to cause or failure mode in DFMEA

: Identify
Potential _ _ FRQ | Existing System |MONJ &
ltem Cabse(s) Failure Scenario | bi ti E
StFailure (F) | Diagnostic § Response | (M) 2
A - Monitoring E
& ] " . W
= . = Use Conditions: Use of wipers c
2 :;rlf_:?j:te £ | o |in presence in road de-icing Function: §Vhen motor =
= 10 weak £ | & |chemicals Monitor moter | current g8
1

£ ground £l current amperage &
Wipef = ath 5| ® |Chain of Events: When there is (amps) reaches =
Motor = paih 2 | x |insufficient power delivered to <
re=ulting Il threshhpold w

TMCaes = == [TNotaT QUE 10 poor grognamg, T | ReqUIEment. "
& | from = ; - transition to L
motor = insufficient = along with the increased motor current . o
grounding) | & round & frictional load on wiper over ¥ amps |n_term|tt§nt ]
tgi htenin because of de-icing chemicals, intiates jwipe setting i
togr e g wiper motor is not able to system (3 cycles / =
N jciﬁed supply sufficient mechanical response min} =}

s power (stops wiping)

DFMEA and FMEA-MSR rows truncated

Figure 21 - System response example for windshield wiper DFMEA
5.4.6.8 Determine New Effect(s) After System Response

Considering the proposed diagnostic monitoring, the DFMEA team documents the new effect(s) of failure after system
response. The new effects after system response may consist of, for example, diminished capacity of a function, partial
function, disabling a function, etc., while maintaining a safe or compliant operating state. Examples for the windshield wiper
DFMEA are shown in Figure 22.
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5.4.6.9 Reassess Severity

Severity of harm, regulatory noncompliance, loss or degraded functionality, and unacceptable quality are represented by
an “S.” (See Appendix A.)

In order to reduce the severity rating, the diagnostic must detect the fault. The fault reaction must also occur prior to the
unintended effect. Depending on the effectiveness of the diagnostic monitoring and response, the end effect would occur
less often. However, the occurrence of the cause does not change. Company policy, customer requirements, and/or
management decision may be necessary to determine if the effectiveness of monitoring is acceptable, and whether the
effect may be changed as a result of fault monitoring.

Scenario A - No existing diagnostic monitoring related to cause or failure mode in DFMEA

—
X Identify New EffEC‘l:S:l of SEV ‘S}
Potential L -
) ) FRQ | Existing System |MON [ Failure after
tem Cause(s) Failure Scenario . . after 2
. (F) | Diagnostic |Response| (M) System
of Failure Monitoring y MSR =
Response
3 z — o
1‘% .{% Use Conditiens: Use of =
2 |insufficient | 2 - Wipers in presence in E
£ [current due | 2 | & |road de-icing chemicals SAME: 5
o |to weak 2 2 |Chain of Events: When iperarm stdps
[ =4 i .
Wider 5 gr?#nd 5 @ there |5d|n;3l‘ufﬂcclietnt . (thermal averload
Motpr E E:surling E % gﬂ\el‘lteurp;ul:::’zuncclli:-lg':l . ime”ums
3 = \ c N
E,I-:L Lurdes e P g along with the increased | none none 10 C|.rc.I.J|t}. |lUSS of 9
rolinding) L [insufficient | & frictional load on wiper |p|ng_W|th =
g a ground because of de-icing PUtE”t.'al nan-.
tightening chemicals, wiper motor compliance with
torque is not able to supply FWWSS 104
specified sufficient mechanical
power (stops wiping)

DFWMEA and FMEA-KMSR rows truncated

Scenario B - Diagnostic monitoring exists related to cause or failure mode in DFMEA

—
Potentia identiy [Rew Effectl of [ Sey ()
- : FRQ | Existing System |MON | Failure after k-]
fem Cause(s) Failure Scenario . . after =
of Failure [F) | Diagnostic |Response| (M) System E
Monitoring Response MSR E
=] =) -
= = Use ConditiohgN\lse of =
o] " I . W =
2 [Insufficient | 2 - wWipers in presence in I:I_:r:t?: E
£ |current due | 2 | & |roadde-icing chemicals Function: current Wi t 2
@ |to weak [ 2 |Chain of Events: When Menitor motor amperage Iper system o
- E (ground E | [there s insufficient current (amps) |2 Perad operates Z
Wipgr = 3|4 X reaches int ittentl
Matdr =z path 2 o faoiwer delivered to motor threshhald In_erm| ently >
. = |resulting < g due to peor grounding, = |Reguirement: Y ! instead of E
(inclides i i . ! 5 transiion hed N T =
matdr = |from = along with the increased motor current to |reach|ng thermal =
| & |insufficient\ NS frictional load on wiper over X amps |, . threshhold =
groupding) L N intermittent ! =
ground: because of de-icing inttiates wine [Whlc:h would =
tightening chemicals, wiper motor system 5egin e top th t } E
o g e is not able to supply response cleg.n' stop the mator (=}
specified sufficient mechanical ﬁn‘
power (stops wiping) !
DFMEA and FMEA-MSR rows truncated

Figure 22 - New effect(s) after system response example for windshield wiper DFMEA

5.4.6.10 Assess Risks and Prioritize Actions

The purpose of risk assessment and prioritization in FMEA-MSR is to qualitatively estimate the effectiveness of diagnostic
monitoring and response in reducing the risk of failure to an acceptable level. Risk is measured by evaluating severity,
frequency, and monitoring, and prioritizing the need for actions to reduce risk. Examples for the windshield wiper DFMEA
are shown in Figure 23. A sample MSR action prioritization is described in Appendix K.
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Scenario A - No existing diagnostic monitoring related to cause or failure mode in DFMEA

New
potential Identify Effect(s) | sev | MSR
. i FRQ | Existing System |MOM| of Failure | (5) Risk
Item Causels) Failure Scenario . . e ae
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of Failure o
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S |insufficient | 5§ | @ [wipers in presence in Wiper arm
= =8 ] T ;
- current due ; B |road de-icing chemicals stops
E to weak E 2 |chain of Events: When (thermal
Winer % ground % B lthere is insufficient overload
r'mliur O |path o % power delivered to motor interrupts
i, & |resutting & | = |due to poor grounding, . circutt);
(includes = = . ) 5 [none none 10 ] H
motar = | from = along with the increased loss of
ruundin N MU TTICIETIT TTTLLIT T U U W TR o [PITEL WILTT
§ o ground because of de-icing potential
tightening chemicals, wiper motor is non-
torque not able to supply compliance
specified sufficient mechanical with
power (stops wiping) FRVSS 104
DFMEA and FMEA-MSR rowes truncated
Scer

ario B - Diagnostic monitoring exists related to cause or failure mode in DF[VIEA

DFME A& and FME A-M SR columns truncated

New
Potontial Identify Effect(s) | SEV LJISR
otentia _ _ FRQ | Existing _| “System |MON| ofFailure | (5) | [Risk
tem Cause(s) Failure Scenario . g . ain
. (F) | Diagnostic\|\Response| (M) after after |Arioriti-
of Failure
Monitoring System MSR ation
3 2 Response [
ki T Use Conditions: Use of VWhen
E Insufficient 5 D |wipers in presence in Ehncton: ;numr Winer
+ |current due | | g |road de-icing chemicals P e
g a2 ) o Monitor motor |current system
gt weak E|l Chain of Events: When current amperage operates
i 4 |greund = | 2 lthere is insufficient N . .
Wiper ath S|l x ower delivered to motof {amps) reaches intermittenthy
Motor 4P . < |2 A ) threshhold instead of
(includes 5 resulting wi | = |due to poor grounding, 5 |Requirement: |transition l 2 |reachin T M
motor d | from E along with the g Cysed i mil?ur curren-t to thf.lrmﬂlEI
| Y |insufficient | 2 frictional lnad-an\wiper ; )
grounding) ground because of de-iting over X amps |intermittent threzhheld
tightening chemicals, wiper motor is initiates wlpg (which
torque not aBis 4 supply system setting (3 would stop
specified sufficient mechanical response fnﬁrlf,les’l the motar)
power (stops wiping) !

DFMEA and FMEA-MSR columns truncated

The DFMEA and MS

Figure'23 - MSR risk prioritization example for windshield wiper DFMEA

DFMEA and FMEA-MSR rows truncated

R risk prioritization are two separate indicators as shown in Figure 24.
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5.5

Scenario A - No existing diagnostic monitoring related to cause or failure mode in DFMEA
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of Fail

Potential
Cause(s)

SEV

ure (3)

oCccC
Q)

FRQ
(F

MON
(M)

SEV
(%)

after
MSR

Wiper
Motar
{includes

current

ground
path

frorm

Insufficient

to weak

resulting

due

MSR Infa

Lr

10

m
an

tar
punding)

DF ME & columns truncated
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Diagnostic monitoring exists related to cause or.failure mode in DF|
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ground

torgue,
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current due

resulting
insufficient
tightening

spegified

k

LFME A& columns truncated

MSR Info

£n
%}

DFMEA and FMEA-MSR rows truncated

Figure 24 - DFMEA and MSR risk prioritization example

Reduce and G

ommunicate Risks (Step 5)

DFME A and FME A-M SR columns truncated

MEA

Step 1
Project
Planning

Step 2
FMIEA
Preparation

Step 3
Technical Risk
Analysis

Step 4
Risk
Assessment &
Prioritization

Step 4a
Monitoring &
System
Response
[as needed)

Step 5
Reduce &
Communicate

Risks

Figure 1F - Step 5 of the FMEA six-step process map

Deliverables: Risks for the selected DFMEA are reduced and communicated.

Step 6
Document
Results
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5.5.1 Develop Recommended Actions

The intent of a recommended action is to improve the ability to prevent, mitigate, or detect a failure. This is achieved by
reducing the likelihood of failure (occurrence), improving the ability to detect failures prior to production release (detection),
and/or mitigating the effect of failure by changing the design (severity).

Recommended actions represent a commitment to take a specific, measurable, and achievable action, not potential actions
that could theoretically be taken. The purpose of documenting recommended actions is to formally commit to reducing risks
and improving the design. It is not recommended to include actions that are already documented in the prevention or
detection controls, and are already considered in risk prioritization.

For each line of analysis, the recommended actions field must include verbiage to reflect the fact that each risk was critically
evaluated. If engineering assessment leads to no recommended actions for a specific failure mode/cause/control
combination, indicat| out a written fomment, it may be
construed that the risk associated with the line item was overlooked. An entry of none” indicatescthat the assessed risk is
acceptable. Single-line excerpts of recommended actions for the wiper system FMEA-MSR example arg¢ shown in Figure 25.

5.5.1.1 Application of Recommended Actions for DFMEA

For DFMEA, if the rigk prioritization as influenced by severity, occurrence, and detection-is acceptable,[no action is needed.
If not, the DFMEA te@am needs to consider recommended actions. The intent of a DEMEA recommendeg action is to improve
the product design by reducing the likelihood of occurrence of the cause of failure, improving the abflity to detect failures
prior to production rglease, and/or mitigating the effect of failure by changingdhe design.

The DFMEA team may also add recommended actions to communicate questions to technical inferface risk partners
(e.g., gather input aljout potential effects of failures, gather input about'testing or performance feedbadk, gather information
about interfacing gegmetry, material composition, etc.) or for other tasks that are needed to accomplisih DFMEA objectives.

5.5.1.2 Applicatiop of Recommended Actions for FMEA-MSR

For FMEA-MSR, if the MSR risk prioritization as influenced by frequency, monitoring, and severity is gcceptable, no action
is needed. If not, the DFMEA team needs to consider MSR-related recommended actions. Th¢ intent of an MSR
recommended actiop is to improve the ability to detect and react to a fault during customer operatipn before it leads to
failure. This may be pchieved by adding new djaghostic capability or improving existing diagnostic capability.

5.5.1.3 Responsibility and Target Completion Date

Recommended actigns represent assignments given to specific individuals. When a recommended actipn is to be performed
by a supplier compdny, the name.of ‘an individual from the target company is also written, as a mgans of assigning an
oversight role and td ensuring closed loop completion of the activity. The individual to whom the actioh is assigned should
be well aware of conpmitment and should be present for the relevant aspects of the risk assessment digcussion. A due date
is also required for gach action. The due date represents acceptance of a commitment to take actior] by a certain date. If
the recommended agtiofris'not completed by the due date, then a new due date may be assigned.
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Scenario A - No existing diagnostic monitoring related to cause or failure mode in DFMEA

tern Potential Cause(s) sev|oce |oeT PR_'S'_‘t_ Potential Special I Recommended Action(s)
of Failure isy| o) | o) ”f_” " | characteristic(s)
zation
“Ir'p'“‘r ""kﬂtge E?TF':'_“?; Dl'me”*"'”r;ﬁ'f 1. Review supplier DFMEA for linkage design and ensure
) clearance to windshie acement o . [
Wiper B P . linkage degradation is root caused and addressed.
System § |Modingls reduced over | g | 3 ‘ : . solalators witn 2. Review supplier test profile and test resutls to ensure |8
+ |time as linkage isolators % respect to wiper s . pp p . %
9 |degrade i linkage no linkage isolator deformation i
% £ - 1. FEA to determine proper wiper arm stiffness z
@ |\yiper arm has insufficient E :ﬁﬂ‘tiﬁ:{ﬂrm 2. If FEA shows deficient stifiness, change the arm E
Wiper arm E |stiffness due to wrong S| 7 5 3 M specification material to meet stiffness requirement =]
° arm material = 2. Wiper arm lengtnl] 3- Modify Wiper Design Guide #123 to include correct 2
i g arm material 2
= - - -
= = 1_Develop fault-detection algorithm that will accurately &
L”"‘h Algorith df“i;”? | identify faulty washer fluid-level sengor|
washer recognizg faulty signa e .
fuidlevel from fluid level sensor ; c 5 u 12 A_dd Flault injection testing of sehsol system response
warning due to mgsing fault- o signal. i )
software detection] capabilty 3. Mqve fru_:m two algorithm(nput stratdgy to a four
algorithm input strategy.
DFMEA rows truncated
Scenario B - Diagnostic monitoring exists related to cause or, failure mode in DFMEA
- - Mew SEY
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(includes o | ek ground 5 Graund Interrupt= current carrying capacity of circuit -
makor 2 |path resulting i 3 N circuit); loss . . 51
grounding] | B |irom insuiicient [B| ® | T | % | H  |ughtening 5 nene e 0| wiping a H ) MSRActions: 2
SCEMARIO E ground E tarque spec with 1. Add diagnc!stic: capability|to moniter motor current § S
A o |tightening 2 2 potential and respond in a safe manger =z
E |torque specified g = non- 2. Perform DFMEA on the npw diagnostic capability E
El E 2 compliance 3. Perform FMEA-MSR to sqe if this new diagnostic § 3
z é with FRIVSS capability is adeguate to refuce severity 3
i i 104 Z
= = i
= b =1
{0 rmcer o | [0
Insuficient o current DMEA Actions:
Wiper Matar current dueto N [:::;sr]cu”em amperage ET::r:i:tsentlg 1. Increase ground tightenifg torque spec to ensure
E:Dctlzfes w:iklgz.‘ﬂ?: Ground {:?::::old instead of grounding integrity over anfcipated loads.
grounding] From insufficgient 9 7 5 H :ightening 5 F!eqtuirement:t wansition to 2 {:achinlg 7 M 2. Consider U_Sing CUnd!JCti ¢ grease to improve
SCEMARIO ground Drjuespes me °>’<°“”°" intermittent the'";; » current carrying capacity of circuit
B tightening QBT AR e setting resting MSR Actions:
tarque specified initiates [Zeyclest (which would None
que =p system min? stop the
response motar]
DFMEMS rows truncated
Figure 25 - Recommended actions example for windshield wiper DFMEA

5.5.2 ACCeptanCe D;OPUO;t;UI Ll Uf R;OIT\O by InV’:GI IQHUI el It

The company’s FMEA procedure should describe how DFMEA is reviewed and/or approved by management. Risk
prioritization methods allow review with others outside the team who share ownership/responsibility for the risk mitigation.

5.5.3 Implement Recommended Actions
Implementation of recommended actions is completed by entering a brief description of the action taken and effective date.
Documenting the closure of a recommended action is as important as writing the recommended action. If an action is not

implemented, note that is was rejected/discarded with reason given.

Closure of recommended actions should be documented before start of regular production (SORP). Missing closure
information may be challenged if the DFMEA is subjected to legal discovery.
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5.5.4 Reassess Risks

Severity, occurrence, and detection values are re-assessed when the action has been completed (action taken). The action
taken is the rationale for modifying the ratings. If “no action” is taken, S, O, D ratings remain as originally assigned.
Recommended actions must be completed and documented prior to any S, O, D re-ratings. Examples for the windshield
wiper DFMEA are shown in Figure 26.

The occurrence rating itself may not be changed without changing the design, experience in testing, and field exposure to
decrease the chance of the failure cause and subsequent failure mode from happening. The detection rating itself cannot
be improved without changing the sensitivity to detect failure modes during validation and/or verification activities as well
as the timing of such activities.

The DFMEA serves as a historical record for the design, therefore the original severity, occurrence, and detection numbers

are not modified onde actions have been taken. The compleied analysiS becomes a reposiory 10 cagture the progression
of design and design refinements. However, original severity, occurrence, and detection ratings may.bg modified for generic
or product family DFMEAs because the information is used as a starting point for an application-specific analysis.
Scenarjo A - No existing diagnostic monitoring related to cause or failure mode in PFMEA
New
) . . New |New [New | Risk
ltem Recommended Action(s) Action(s) Taken & Effective Date s) | o) | © |Priorit-
zation
. Review supplier DFMEA. for linkage 1. RE\:'iew of Supp_lier DFMEA was completed;
esign and ensure linkage degradation is Supplier took action to ensure linkage
Wiper - |[oot caused and addressed. degradation was root caused and addressed. 1. 31172019 g 5 2 L
System £ |} Review supplier test profie and test 2. Subsequent review of supplientest profile and 2. 4/1/2019
g |[esults to ensure no linkage isolator test results confirmed there #as)no deformation
£ |feformation of linkage isolatars.
E . FEA to determine proper wiper arm
= |§tiffness
8 |b 17 FEA shows deficient stiffness, 1. FEA confirmed wiper arm material does not 1. 3/2/2019
Viiper arm ﬁ hange the arm material to meet stiffness meet stifness, reguirements 2.4/M1/2018 7 2 3 L
£ |[equirement 2. Stiffer wiper\arm material implemented 3. 6/2/2019
O k. Modify Wiper Design Guide #123 to
hclude correct arm material
- Develop fault-detection algerithm that 1. Updated software to include fault-detection
Low bill accurately identify faulty washer fluid- code to monitor fluid-level sensor and send
washer Vel sensor. - - -
{24
fluid-level . Add Fault injection testing of sensor ey C.Ude iffluid level does not change during ; iﬁ;g]g 7 2 2 L
warning yetem response to signal. operation. L . S
software _Move from two algorithm input stratégy [ 2- Added fault injection 193“_”9 of sensor
o a four algorithm input strategy. system response to 5 volt signal.
~ DFMEA rows truncated
Scenario B - Diagnostic monitoring exists related to cause or failure mode in DFMEA
New
Item Recommended Action(s) Action(s) Taken & Effective Date Nr;; Nl%\f;l' N?[‘; P':i‘::rl:ti_
zation
B |DMEA Actions: 1. Change authorization 123 (increase
B |1. Increase ground tightening torgue spec to ensure | ground terminal fastener tightening spec to
E grounding integrity over anticipated loads _)(\(Z}
Wiper Motor |2 Censider using conductive grease to improve 2 Diagnostic capability added to monitar 1. 4/15/2019
(includes E |current carrying capacity of circuit mator current and respond in a safe 2402272019
motor = |MSR Actions: p iy 7 2 2 L
grounding) 2 1. Add diagnostic capability to menitor metor current manner. X X 3. 4/30/2109
SCENARIO A% | &5 |and respond in a safe manner 3 DFI"_u"I_EA completed on new diagnostic 4. 473072019
= |2 Perform DFMEA on the new diagnostic capabilty | capability.
S |3. Perform FMEA-MSR to see if this new diagnostic | 4. FMEA-MSR completed with severity
= |capability is adequate to reduce severity reduced to lower value
£ |DMEA Actions: N _
Wiper Motor 8 |1 Increase ground tightening torgue spec to ensure | 1- Change S_Uthor'zatm” 1_23 ('”Prease
(includes grounding integrity over anticipated loads. ground terminal fastener tightening spec to 1 4/15/2019
miotor 2. Congider using conductive grease to improve )(YZ} 2' 4..-’15.."2[119 T 2 2 L
grounding) current carrying capacity of circuit 2. FMEA-MSR completed with severity T
SCENARIO B* MSR Actions: reduced to lower value
None

DFMEA rows truncated

Figure 26 - Action results examples for windshield wiper DFMEA
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5.5.5 Continue FMEA Until Risks Have Been Reduced to an Acceptable Level

It is worthwhile to ask, “When is an FMEA completed?” Is an FMEA completed when each of the columns or sections have
been filled out? The answer is no. An FMEA is not completed merely by filling out the various columns or sections of the
FMEA.

Is an FMEA completed when the FMEA team has recommended and executed specific actions, based on risk prioritization?
The answer is no, not necessarily. An FMEA is not necessarily completed when all the actions have been executed.

The correct answer is an FMEA is completed when an acceptable level of risk has been achieved and agreed upon by the
FMEA team and management. Until this point, the FMEA is continued until the risk represented by each of the S, O, and
Ds is reduced to a level that is deemed acceptable by the company, considering input or requirements from the customer.

As each of the FMH
column or section, a
the FMEA team, bas
specific issue is add
deemed acceptable,
of risk is achieved.

When all the FMEA
considered completg
on guidance or polic

5.6 Document Re

A recommended acfions are executed, the FMEA team eniers what was done
nd re-scores the S, O, and D. If the combination of re-scored S, O, and Ds are\dg
ed on company policy and considering input or requirements from the custemer, t
ressed for the purposes of the FMEA. If the risk represented by the retscored S
the FMEA team continues to recommend and execute actions to reducerisk, unt

recommended actions have been executed, and the re-scored S, O, Ds are accs
for the purpose of the FMEA project. In the future, the FMEA may be updated, a
y covered in 5.6.5.

sults (Step 6)

Step 1 Step 2 Step 3 Step 4 Step da Step 5
Project FMEA Technical Risk Risk Monitoring & Reduce &
Planning Rreparation Analysis Assessment 8 System Communicate
Prioritization Response Risks
(as needed)

Deliverables: The re

5.6.1 Prepare Sur
A summary of the D
and associated desi
time interval (e.g., e

Figure 1G - Step 6 of the FMEA six-step process map
sults of the selected DFMEA are linked and documented.
nmary of Key<Eindings
FMEA results can be created and archived with the DFMEA. It highlights the high

pn actions. The content of the summary is company-specific and represents the
nd_ oPDFMEA project). It may include key findings determined by the team and m

in the actions taken
emed acceptable by
ne risk related to that
, O, and Ds are not
| an acceptable level

ptable, the FMEA is
5 appropriate, based

Step 6
Document
Results

risk potential failures
DFMEA at a certain
anagement, such as

the definition of new

functions, requirements, rating criteria (severity, occurrence, detection), risk prior

tization method, risk

analysis summary, actions to reduce risk, special characteristics, and conclusions; e.g., potential risks are reduced to an
acceptable level as determined by management.

5.6.2

Provide DFMEA Effectiveness Feedback

An evaluation form or audit checklist should be used during the development of a DFMEA to ensure the quality of the

analysis.
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DFMEA quality objectives can be used as follows:

1.

Become part of DFMEA training

2. Reviewed at each DFMEA meeting

3.

Incorporated as an essential part of DFMEA quality audits

4. Consider leaving the DFMEA open until quality objectives are met

A recommended approach is to consider effectiveness criteria that is aligned with the six-step process, such as:

Step 1: Project Planning

Step 2:

Step 3:

Step 4:

Deliverable:

FMEA plan:
into an exec|

FMEA Preparation

Deliverable:

Scope: The
properly refl

Interfaces: The DFMEA scope includes integration and interface failure modes in both block d

Lessons lea
input to failu

Team: The fight people are identified and partiCipate as part of the cross functional DFMEA

analysis and
Technical R
Deliverable:

Technical ri
correct FME|

Risk Assess

Set of FMEAs are identified, prioritized, and scheduled.

The right set of FMEAs have been identified and prioritized, based on gormpany
utable FMEA plan.

All preparation steps for selected FMEA have been completed and first meeting §

scope for the selected DFMEA is correctly defined,focused on areas of highes
bcted in the FMEA block/boundary diagram.

red: The DFMEA considers all major “lessons learned” (such as high warranty,
Fe mode identification.

are adequately trained in FMEA methods.

sk Analysis

The FMEA procedure has identified the technical risks for the selected FMEA.

bk analysis: Each portion of the technical risk assessment has been properly ¢
A fundamentals and procedure.

mentéand Prioritization

olicy, and organized

cheduled.

concern/value, and

agram and analysis.

campaigns, efc.) as

team throughout the

erformed, based on

Deliverable:

The risks for the selected EMEA have heen assessed and prinriti7pd

High-risk failures identified: All potential high-risk failure modes and associated causes are properly identified and
prioritized, including past field issues (for similar items) and potential new issues.

Special characteristics: The DFMEA identifies appropriate special characteristics candidates, based on company

policy.


https://saenorm.com/api/?name=6c4ed7d910fe1d9f6e6b8a4a390a5133

SAE INTERNATIONAL

J1739™ JAN2021

Page 53 of 105

Step 5: Reduce and

Deliverable:

Communicate Risks

Risks for selected FMEA have been reduced and communicated.

Design improvements: The DFMEA drives actions to improve product designs as the primary objective.

Test improvements: The DFMEA drives actions to improve the design verification plan and report (DVP&R), as a

secondary o

bjective.

High-risk failures addressed: The DFMEA addresses all high-risk failure modes, as identified by the FMEA team,

with executa

ble action plans. The result is risk reduced to an acceptable level.

Timing: The DFMEA is completed during the “window of opportunity” where it could most efficiently impact the

product des
Step 6: Document R
Deliverable:

Documentat

“action taken” and new risk prioritization values. The document is archived-for future reference.

Time usage
and efficient]

This evaluation or “s|

5.6.3 Implement [
The DFMEA must b
requirements. Itis u
level, program timin
system will show on
5.6.4 Identify DFM
The DFMEA is relat

FMEA. There is a tw
shown in Figure 27.

gn, the DVP&R, and the manutacturing process.

esults

Results of selected FMEA have been linked and documented.
on: Each portion of the DFMEA document is properly and completely filled out “by
Time spent by the DFMEA team, as early as possible and focused on areas of co
use of time, with a value-added result.

plf-assessment” may be company specific or customer specified.

FMEA Version Control

e retained by the organization according to the organization’s record retention

j, management review, customer.review, PPAP, etc.). In any case, a good dog
y the most recent version with-history available.

EA Linkages

bd to other documeénts such as the product design documents, design verificatig
o-way feedback loop in some cases. Recommended inputs and outputs covered

the book,” including

hcern, is an effective

policy and customer

b to the company to determine what version(s) of the DFMEA must be retained (¢.g., based on status

ument management

n plan, and process
in this standard are
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5.6.4.1

DFMEA improves de

Design requirement

INPUTS Design FMEA Linkages

Identify the DFMEA ijec?

Preliminary Risk Assessment
System Hierarchy

Make the Scope Visible

DVPER

Process Flow

Devegopment product drawings

: - Diagram
FMEA Block Diagram (req'd)
Functional Flow Down
Parameter Diagram, Etc @ﬁ' DFMEA recommends special
' ) product characteristics
Gather Information DFMEA Causes can be
Bill of Materials Dec<ign PFMIEA FMlodes Process
i 3 o >
E‘E"? H';‘“’ft (Cust UsaelOn. Ene | I DFMEA Effects & Severity feed
esign Reqisfoust Usage/Up. tov. PFMEA Effects & Severit
Past DFMEAs or Baseline FMEAs F M EA = e . F M EA

DFM/DFA and error proofing

Mg fleasibility study
Funclional safety goals %
)

i Test Plans/Procedures EN
) @,
Test Data, Etc. T e
: 9%
Other Preparation Tasks 2z, 8
%%

Grognd Rules & Assumptions

w h

Process Confjrol
Plan

Assg¢mble Expert Team
Estgblish Supplier Roles, Etc.

—

Product Design

Linkage between DFMEA and Product Design

requirements, for thg DFMEA.

5.6.4.2

DVP&R controls arg

Figure 27 - DFMEA linkages

Linkage between DFMEA and.Design Verification Plan and Report (DVP&R)

sign: The causes of the DFMEA are fixed or corrected by improving the design of the system or product.

s input to DFMEA: Product design requirements are input to the functions| and corresponding

input to DFMEA: The FMEA team includes representation from the testing department, in order to

ensure that the team considers‘all needed input from testing as part of the analysis. An example jof a DVP&R for the
windshield wiper DFMEA is<shown in Figure 28.
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Design Verification Plan and Report { DVP&R ) Example

System : Wiper System Supplier Name : ABC Wipers LLC Department : Wipers DVP Number: AB123
Component : Supplier Code : AB123 Prepared By : Joe Smith Original Date : 12/1/2019
Application : 2022 7Z Program Part Number : Design Engineer : Sally Jones Revision Date : 1/22/2020
Test Plan Test Report
Test S L Test Test Sample Test
Test Name Test Specification Acceptance Criteria Test Method - N Sample Type Test Start B Test Results Comments
Number Responsibility Phase Size Completion
N Blades must not contact
\Wiper System assembly cyclic |Wiper Performance standard # PS- ) . . . DV 6 Prototype 1/1/2020 3/1/2020
1 i~ N N L body moldings at any time | Degradation Test |Wiper Lab B
Durability 6543, Section 9.2 Cyclic durability PV 5 Pre Production | 9/1/2020 1/1/2021
for xo cycles
2 Vehicle Level Reliability Vehicle Reliability Test Procedure  |Blades mu!.»t not contact pass / Fail Vehlcl.e. DV 6 Prototype ] 3/1/2020 8/1/2020
AB1234 body moldings Durability PV 5 Pre Production | 9/1/2020 2/1/2021
Wiper Arm bending stiffness Wiper Arm Dv 6 Prototype 3/1/2020 3/15/2020
3 Wiper Arm force Deflection  |Wiper Arm specification # XY657 P & Test to Failure P . hia . /17 /151
Z+]-xx Supplier PV 6 Pre Production | 9/1/2020 9/15/2020

The wiper system shall wipe

N B 100 percent of the vision
Wiper Vehicle test WT-8765, I B N Proto

. area as specified in Pass / Fail Wind Tunnel A 3 Prototype 7/1/2020 7/15/2020
section 7.3 B N Vehicle
FMVS5104 at a relative wind

speed equal to 160 kmh.

a4 'Wind Load

Send S volt signalto the

c Functional test of ECU Viper ECU specification #98789 instrument display when pass/ Fail ECU supplier DV 3 Prototype 2/1/2020 3/1/po20
Processor ection 7.6, Fluid level signal fluid level goes below 25% PV 3 Pre Production | 10/1/2020 11/4/p020

of reservoir capacity
Send 5 volt signal to the

6 software in Loap (i) Vipfar ECU spec.ificatil)n .31 98789 ins.trumsnt display when pass/ Fail E/ELsb DV 1 Prototype ] 4/142020 » (a/15/20p0

ection 7.6, Fluid level signal fluid level goes below 25% PV 1 Pre Production 10/1/2020 |10/15/2p20

of reservoir Capacity

7 Continued...

Figure 28 - DVP&R example for windshield wiper'DFMEA

DFMEA improves DYP&R: When the FMEA team identifies failure modes and associated causes that fre not currently well
detected in test plans or procedures, the test plans and procedures should be updated and improved (ysing the recommend
actions column) so aJl failure modes of concern are detected during testing.,) The design verification planjand report (DVP&R)
provides input to th¢ detection-type design controls of the DFMEA. Additionally, the DFMEA may |dentify additional or
modified tests to be Jocumented in the DVP&R. See Figure 29.

o DFMEA Technical Risk Analysis
F - x NN
N . N a Current Design Currens Design
M e | Peton | Regvmens | PouFutur | Penes Ensosyof| Pessemn Constt MICY St 8 | e Detesion
Preventeon (F)] (o}
E .
A
D
v Test Plan Tevt Report
Test Test Tedt Sample Test Test
P Test N Test Specificatio A Criter Test Mathad : Sample T Test Start Ca t
& Number o fama e ceptance o - - Responsibility | Phase Siee s Ty | T - Completion | Results S—
R

Figure 29 - DFMEA and DVP&R connection

5.6.4.3 Linkage bgtween DFMEA and PFMEA

DFMEA recommends-potentiat-speciat-product-characteristics: Plupcliy defimedcausesimthe BFMEA can become inputs
to identification of potential special product characteristics, based on company policy.

DFMEA causes can be PFMEA failure modes: Causes in the DFMEA become inputs to identification of failure modes in the
PFMEA. See 6.3.2.

DFMEA effects can be PFMEA effects: Effects in the DFMEA become inputs to identification of product-related effects in
the PFMEA. When the effect of a potential failure mode is a safety hazard to the end-user, it is important that these potential
effects are clearly communicated to the manufacturing organizations and suppliers for consideration in the PFMEA. The
method for communicating issues from the DFMEA to the PFMEA may vary by company. See 6.3.2.

DFM/DFA and error proofing: Product designs must be able to be manufactured and assembled, and this can be supported
by the DFMEA team considering design improvements that help ensure the design can easily be manufactured without
failures.
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5.6.5 Change Management

Changes to the DFMEA are necessary to make sure the analysis reflects the design at start of production. Changes after
start of production may be necessary based on a review of the design change.

5.6.5.1 Update DFMEA to Reflect a Design Change
When design changes occur, the preliminary risk assessment may be used to determine if the DFMEA needs to be updated.
5.6.5.2 Update DFMEA with Lessons Learned

The company should determine the best method to secure and benefit from what was learned when something failed in the
past in order to avoid making the same failure again.

The company may:
a. Reference lessons learned in the DFMEA itself at the start of the project.

b. Update a generic DFMEA and not revise all the variants that exist.

c. Update all the variants as a look-across (without the existence of a generic DFMEA).

d. Maintain a datallase of lessons learned separately from the DFMEA uséd as input at the start of p new DFMEA (e.g.,
campaigns, recdlls, high warranty, etc.).

NOTE: A generic DFMEA includes data not related to a specific customer, but is used as a starting point for a new DFMEA.
It is revised based on failures that occur after validation is;complete, after start of regular production, and beyond
based on company policy. Generic DFMEAs should be revised to comprehend product and progess lessons learned
based on infernal quality issues, warranty, campaigns;.etc.

6. PROCESS FMEA

This standard defings a method for the identification; assessment, mitigation, and prevention of technjcal risks of failure in
manufacturing and @ssembly processes using process flow diagrams (PFDs), process failure mode [and effects analysis
(PFMEA), and process control plans (PCPs) throughout the life cycle of a product. Section 6.6.4 identifies linkages between
these tools.

6.1 PFMEA Plannjng (Step 1)

Step 1 Step(2 Step 3 Step 4 Step da Step 5 Step 6
Project FIVIEA Technical Risk Risk Monitoring & Reduce & Document
Planning Preparation Analysis Assessment & System Communicate Results
Prioritization Response Risks
@5 necded)

Figure 1A - Step 1 of the FMEA six-step process map
Deliverables: The set of PFMEAs are identified, prioritized, and scheduled.
6.1.1  Determine the Scope of the Project
A PFMEA project is the entire set of PFMEAs that need to be performed during the process development timeframe to

support the quality objectives of the manufacturing/assembly processes and how they relate to the safety, reliability, and
performance objectives of the product design.
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The scope should define the process operations required to manufacture and assemble the hardware, electrical, or software
for which the team is responsible. The partitioning of the overall project into individual PFMEAs depends on who is
responsible for the manufacturing, assembly, or aftermarket operations. The general rule is whomever has process
responsibility has ownership for the corresponding PFMEAs. If company “A” has responsibility for the assembly of the
windshield washer system, then they have responsibility for the windshield washer system assembly PFMEA. Companies
responsible for manufacturing individual components will have responsibility for completing the manufacturing PFMEAs.

6.1.2 Perform Preliminary Risk Assessment for Process FMEAs

PFMEAs can include hundreds of operations and be resource intensive. Few companies have the resources to properly do
PFMEAs on everything. PFMEAs should be performed when a certain level of change or other risk factors can be effectively
addressed. Therefore, companies can consider three basic cases for which PFMEAs are generated, each with a different
scope or focus:

Case 1: New plant|layout, new machines or new processing technology. The scope of the(RFMEA is the affected
manufacturing or asgembly process.

Case 2: Modificationp to an existing process (assumes there is a PFMEA for the existing process). The|scope of the revision
efforts should focuq on the modifications, or interactions due to the modifications 4o/thé manufacturing or assembly
processes. Modifications include removal or addition of processing operations or changes in tooling or gquipment to achieve
the process functiong or performance requirements.

Case 3: Use of existing process in a new environment, location, or applicatiofy (assumes there is a PAMEA for the existing
process). The scope| of the revision is the impact of the new environment,.JJocation, or application on the existing process.

Cases 1, 2, and 3 provide some guidance for scope identification; however, additional factors should |pe considered. Field
performance issues|can be an indicator of manufacturing problems. The preliminary risk assessnjent can be used to
determine which PFIMEAs need to be done to support prioritizatiofiy and to enhance the use of Cases 1} 2, and 3 for PFMEA
project planning.

Preliminary risk assgssment has four stages:

1. The manufacturing and assembly processes are-defined at the macro level (Figure 30 shows affictitious example of
Windshield Wipgr System assembly plant layout that will be used for preliminary risk assessment),

Op 5 Op 10 Op-20 Op 30 Op 40 Op $0 Op 60
Shipping and \Wiper arm Route wire Wiper System Washer System Final Augit and Repair
Receiving spbassembly harness Installation Installation Test Sfation Station

Figure 30-- Example for windshield wiper system macro assembly process

2. Companies identify important criteria for selection of PFMEA projects. Example selection criteria may include:

o Potential for safety issues

o Degree of new technology

o Degree of design or application change

o History of significant field problems

o History of manufacturing or assembly problems

o New tooling or product complexity
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o Potential for
e)

o

important regulation issues

Supplier capability

safety-related software functions, etc.

Other risk criteria such as traceability, complexity, packaging, supplier concerns, cybersecurity issues,

3. The risk criteria can be assessed on a variable scale (such as high 3, moderate 2, or low 1) for each of the items being
considered for PFMEAs. Preliminary risk assessment criteria can be tailored to the unique needs of any company. The
prioritization metric column is a multiplication of the criteria columns.

team may choose to do PFMEAs on all processes or select ones that have the highest scores.

Based on this assessment, the team can select which macro-level processes require PFMEAs to be performed. The

Figure 31 shows a fi

Preliminary Risk A{

Wiper System Ass¢mbly Example

Method:
1. Document the pro
2. Project team agre
3. For each macro-lg
4. Multiply risk asses
5. Select the proces

Ctitious example of PFMEA preliminary risk assessment done on a wiper system.

bsessment

cess steps at the macro level

s on risk factors

vel process, assess risk related to associated risk factor (1(2; 3%)
sments together

ses requiring PFMEAs to be performed

* Assessment key: 1= low risk, 2 = moderate risk, 3 = high risk (project.teams may modify the assessment key)
aﬂ.
5 AY
Yo
g Feglf
S$EETeFge sk
~ &%
< 2 3§ £ SQ- S~ f’
O g LD v O B
P e ) e'e_‘,:' ¥ 5 &
COFLLLIE & 3
ot SSIFTs § g
op- SESSTSES & &
Seq Process Description Qo SELeun0 a o
5 Shipping and Retceiving 11111 1 111 1 N
10 |Wiper arm subassembly 11211 1 2|2 8 | N
20 |[Route wireharness 11111 1 111 1 N
30 [Wiper System Installation 2131 2 13]|2 72 1Y
40 [Washer system installation 11111 1 111 1 N
50 |Final Audit and Test Station 2131 1 3|2 36 |Y
60 |[Repair Station 11211 2 121 8 | N

* Project team may add/modify risk factors.

Figure 31 - Preliminary risk assessment example for windshield wiper system assembly process

6.1.3

Determine the Processes that Require PFMEAs for a Project

The project team, with management agreement, determines the specific processes that require PFMEAs, based on the
preliminary risk assessment. The decision by the project team as to which specific processes will receive PFMEAs is

influenced by scope

and responsibilities within or outside the organization.

In the windshield wiper preliminary risk assessment example, Operations 30 and 50 were identified as requiring PFMEAs.
However, the PFD, PFMEA, and PCP examples will only focus on Op 30 analysis. See Figure 32.
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Opb Op 10 Op 20 Op 30 Op 40 Op 50 Op 60
Shipping and Wiper arm Route wire Wiper System Washer System Final Audit and Repair
Receiving subassembly harness Installation Installation Test Station Station

Macro operations not requiring PFMEA are shaded gray.

Figure 32 - Preliminary risk assessment defines windshield wiper system macro operations requiring PFMEA
6.1.4 Prioritize PFMEAs
PFMEA Prioritization should emphasize conducting PFMEAs for which the scopes are of greatest risk to the project based
on the results of a preliminary risk assessment. Prioritization allows the project team to determine which PFMEAs to do and

define the order so they can be scheduled. However, written customer requirements may supersede the decision and
require PFMEAs on gll operations.

6.1.5 Develop PFMEA Plan for Project

The PFMEA plan is the output of prioritization with added detail. By definition, a “plan” is a written acpount of an intended
future course of actipn aimed at achieving specific goal(s) or objective(s) within a specific‘timeframel. It explains in detail
what needs to be dohe, when, how, and by whom.

6.2 PFMEA Prepdration (Step 2)

Step 1 Step 2 Step 3 Step 4 Step 4a Step 5 Step 6
Project FMEA Technical Risk Risk Monitoring & Reduce & Document
Planning Preparation Analysis Assessment & System Communicate Results
Prioritizatien Response Risks
{as needed)

Figure 1B - Step 2 of .the FMEA six-step process map
Deliverables: All preparation steps for selected PEMEA have been completed and first meeting schedliled.
6.2.1 Determine the Scope of the PFMEA

The process flow diagram (PFD) is a.representation of the sequential steps of the process which in¢gludes all operations
from receipt of the material through\to storage, packaging, and shipment. The scope of a PFMEA, gs determined by the
preliminary risk assgssment, is further defined in the PFD from a macro level to the detailed incremgntal operation steps
(micro level) for a single operation. A PFD on a single operation (for example, Op 30 wiper system insfallation) includes the
primary process flow operations as well as secondary operations such as off-line inspection, off-line repair, or material
movement.

The PFD may not reflect all processes. For example, what companies call a *hidden factory” is not shown on the PFD. A
hidden factory step occurs when the material or product is handled other than in accordance with the planned PFD (any
operation not included in a PFD such as rework/repair, scrap, material movement, etc.). Other hidden factory examples
include: ad hoc repairs in a storage facility, handling of parts that have failed in-process tests, material returned to storage
due to cancelled (cut) product assembly, and extra parts at a station. Analysis of hidden factory processes may contribute
to the identification of failure modes (product defects) or errors in a manufacturing or assembly process (causes) because
a hidden factory is not documented and therefore not controlled. Hidden factory operations of concern to the PFMEA team
(e.g., hand torque due to equipment being down for repair) should be added to the micro PFD for prioritization and inclusion
in a PFMEA.

6.2.2 Create Visual Depiction of Scope
A visual depiction of scope can be achieved using a process flow diagram. Companies can decide if they want to include

all operations within one PFD or if they want to limit the PFD to each macro operation with associated micro operation steps.
Figure 33 illustrates what the PFD would look like for just the wiper system installation (Op 30).
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Process Flow Diagram Inspection Key Changeover Key Part# WS-2021-rev b
Operation 30 A=Automatic P=Product Customer Part# WprSys-2024
M=Manual T=Tooling Product: Wiper System
V=Visual S=Softw are Rev Date: 1/25/2020
Organization: Manufacturing Engineering Q=Quality Audit D=Dunnage Prepared By: Bill Haughey; Rhonda Brender;
Department: Wiper System - Quality L=Label Mike Bucala; Paul Baird, Ryan Winnicki; Ed Myzienski; Mike Dow n; Carl Carlson;
Operation Type Lee Daw son; Mary Row zee; MaryBeth Soloy
P 5 =
rocess = - © 2
. < 5 8 Operation Description S
Characteristics . Tl 818 g = £le P p § > Product .
Op- Sources of Special Process S T~ 5[ 2|2 |5 MR (Process Function) [ Characteristics Special Product Comments
Seq Variafi Characteristic S % S g E = > 8 2|3 (Do This - To This - With This) % £ (Outputs) Characteristic
ariation 2 sl |olg|x|<=]|D2|8 . utputs
€ 3lee|zlol8|5|alz|e (Purpose of Operation) 8 P
(Inputs) SR EHEEE: &
SE|lCH|S|5|e[x|a]|d]|O
30 Wiper System Installation H
Bar Code reader . " 1) Correct w iper linkage -
30.05 Bin Placard AIT X Get wiper linkage 2) No damage Traceability
Alignment of isolators to | Dimensional placement of
30.07 |Pacement of isolators X Get and manually installisolators L lwindshield molding | isolators with respect to
wiper linkage
Orient and secure w iper linkage to :)Alklggn:nltdof I.Iﬁvl:]age Speed control. rotation
30.10 |Torque tool setting X body structure w ith battery torque H 0 Windshiel X rm ! g Clearanee to'w infishield peed control, rotatio
tool 2) Torque within design control, torque control
specification
30.15 Eapeodelieatey T X Get wiper motor L i) ety moster Traceability will be needed
2) No damage
Locating feature in tray Orient and secure w iper motor to i) Ceizt al!gnrnent Qf . .
¥ . ¥ . motor to vehicle Secured with cgrrect |Speed control, rotation
30.20 |design X body and w iper linkage w ith battery at "
2) Torque within design torque control, torque control
Battery torque tool torque tool o
specification
1) Operation layout to I e ) 1
enable connector N . 1) Eiror proof design to . .
. 3 Degfee of connector Orient and secure w iper motor Connector orientafion .
orientation 3 ) ) . prevent connector Speed control, rotation
30.30 rotafion X ground wire to vehicle with battery H . 2:CC
2) Torque tool setup N rotation . control, torque control
2:KEC torque tool Ground wire fast¢ner
2) Torque tool 2) Torque
N Too|RPM torque spec
calibration
Figure 33|- Example of a micro-level process flow diagram for wiper system installation (Op 30)

The PFMEA team d
priority column adds
(see 6.2.2.9). Opera

additional informatio
the PFD. Regardle
description).

The following sections define the typicalicontent of a PFD and the order of which they are logical
hded to prescribe-a’mandatory PFD development sequence.

sections are not inte
6.2.2.1 Identifying
The PFD, PFMEA, {

revision date, organ

bfines and evaluates each micro level operation step to determine level of risk. T

he process function

the H-M-L as a clear designation of risk-assessment for both the macro and micio level of operations

ion steps are shaded when defined as-“low risk” and will not require further detail
important to understand the PFD is part of the continuous improvement process. As the PFMEA and
h will be identified that could add, modify, or delete defined operation steps and
ks of ranking level, each macro PFD operation step is populated within the

Information

nd PCR-documentation contains important information about the analysis and ig
the manufacturing pfocesses. The identifying information for each of the documents must include a
zation, department, and group or individual responsible for the operation. Additio

s in the PFMEA. Itis
PCP are completed
riority ranking within
PFMEA (operation

y completed. These

consistent between

project name, latest
nal information such

as PFMEA number -start—date—medelyrear—program—rumber—system/sub-systernfcompenent—eer

b and support team

member names, and team facilitator, etc., may be documented to provide useful information for tracking or storage and
retrieval purposes. A team member list including names and departments is recommended.

6.2.2.2

Operation Description

Operation description defines what is happening to the material, product, or assembly. Wording of the operation description
should consider the operation purpose (“do this”), the part or material (“to this”), and how the operation is being performed
(“with this”). The more precise the description of the operation (process functions), the easier it is to identify potential failure
modes for preventive/corrective controls and actions. If the operation has more than one step with different potential modes
of failure, list each of the detailed steps separately in the PFD worksheet.
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6.2.2.3  Outputs (Product Characteristics or Other Process Outputs)

Outputs may include product characteristics (such as adhesive thickness or metal thickness) or other process outputs (such
as no damage to paint during assembly). For example, scrap/contain may not have product characteristic outputs, but would
have process outputs (e.g., bad product quarantined).

Product characteristics define the primary desired outcome of the fabrication/transformation operations. Examples of
product characteristics are spline length, surface finish, width, quantity, and torque. They are dimensional, visual, functional,
mechanical, and material features or properties which describe and constitute the design of the article, as specified by
drawing or digital product definition requirements. These characteristics can be measured, inspected, tested, or verified to
determine conformance to the design requirements. The product characteristics in the PFD feed the product characteristics
in the control plan (PCP). The values for the product characteristics are shown on the product drawings and specifications
to define the acceptance criteria for the control plan (PCP).

Other process outpd
when defining the re
output (i.e., remove

As shown in Figure
the outputs (product

e The engineer or

outputs (product

The engineer or
cause(s) defined

The engineer of

ts are documented in the PFD worksheet as the desired result of the operation
quirements in the PFMEA. There may be operation steps that are performed\o 4
b part for repair, service equipment or tooling, etc.).

B4, the DFMEA (when available) can provide valuable information-as)inputs to th
characteristics) for a given operation.

team uses engineering judgement to establish/define the requirements from the I
characteristics).

feam uses engineering judgement to establish/definethe outputs that are intended
in the DFMEA. These are documented as the PED Outputs (product characterisi

team uses engineering judgement to establish/define the potential special chg

and are considered
ccomplish a process

e PFD to help define

DFMEA into the PFD

to address potential

ics).

racteristics from the

DFMEA into the|PFD special product characteristics.

D
. . . Current Current
F Potential | Potential_| Petential . . 5|0 D . .
. . . Design Design E C E Risk Potential
M | Item | Function | Requirement Failure Effect{s) of s Cause(s) s .
- . Controls - Controls - | ¥ C T |Pujioritization| Special Char
E Mode Falaie: | of Failure Prevention (P)| Detection (D) 51 | O o
A
___________ ‘h"'-... r.ua-
‘‘‘‘‘ - “‘"“-\. -
-------- - '\-.._“ a"
TS e—— s £ -
hhhhhhh o -
Inputs Sl | Areratian Pasem==—— ‘_n.g-'""t a
(Process A - E Operation Description E~-» Outputs
P Op- Ch | teriati Special Process g,‘: 5 § gle & (Process Function) T (Product Special Product c 1
F | Seqhio aSlac. ens 'Cfs o Characterist€ 5 z|= B gl E E g 5 | (Do This - To This - With This) | Z | Characteristics Characierigic omments
ources o IR == a|2| 3 ;
BEREC|s |5 2|52 Purpose of Operation # |or Process Outputs
D Variation) = g1z |0|® - 8 E & (Purp P ) g puts)
SEBE|E|=|2|2|5|2BI2 £
=l F|E[(S|E|E|(wm|a|O o

used to convert information from DFMEA to PFD.

[

Dashed lines indicate endineering judgement i

Figure 34 - DFMEA and PFD connection

6.2.2.4  Special Product Characteristics

Finalization of a special product characteristic is an iterative process between engineering and manufacturing. The DFMEA
along with other design tools provide input to potential special product characteristics (candidates). The PFD, PFMEA, and
PCP may begin with special product characteristic candidates and result in the agreed upon (final) special product
characteristics.

See 5.4.5 for information on special product characteristics.
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6.2.2.5 Inputs (Process Characteristics or Sources of Variation)

Inputs are process characteristics or sources of variation. A process characteristic is a characteristic such as temperature,
speed, feed, chemical concentration, pressure, voltages, etc., that is measured while the process is running. Lack of control
of a process characteristic can directly influence the ability to achieve the product characteristics (e.g., press load influences
a part being fully seated). Sources of variation are process variables that are defined from categories of a fishbone diagram:
man (human factors), machine, methods (systems), mother nature (environment), measurements, and materials.

6.2.2.6  Special Process Characteristics

A special process characteristic is a parameter that requires special care. Special process characteristics are monitored
during manufacturing/assembly. The purpose of the special process characteristic is to ensure the process is monitored to
maintain validated settings and identify variation anomalies requiring attention. Monitoring process characteristics is
preferred over measfiring the correlated product characterisiics.

6.2.2.7 Comments

Comments are collected during the development of the process flow diagram (PFD), the team might identify a concern,
control, or action neg¢essary to ensure the operation step will meet the product requirements” These ideas can be captured
and considered during the development of the PFMEA and/or PCP in the comments“section of the PFD.

6.2.2.8 Operation|Sequence Number

The process step operation sequence number is an identification of the operation, or steps in an opergtion, being analyzed
and must be written |[n the PFD. The process step identification (e.g., department number, operation nyimber, work element
number, etc.) should be consistent with other process documents including the PFMEA, PCP, and standardized work
instructions (SWI). A process step includes deviations from the main process flow.

6.2.2.9 Process Function Priority (Optional)
Process function priprity builds on the preliminary risk_assessment process and will identify and prigritize which detailed
operations require aglditional risk analysis to be documented in the PFMEA. The priority is optional anf criteria is company
specific. A high-medjum-low prioritization may be used.
6.2.2.10 Process (Jategories (Operation Types)

Process categories gre the starting point)for comprehensive analysis of the manufacturing process. [The PFD categories
type(s) will relate to|the defined scope jof the analysis. Companies can modify these suggested catggories to meet their
internal requirementg. Operation eategories define common tasks to enable variation reduction and |error proofing. They
can also be an input|to the procéss function priority.

6.2.2.10.1 Adminisfration/Iraceability

Administration and tfaceability activities are tasks that include verification of product delivery, movement, or shipment. The
tasks can be in the form of signing or scanning a document that defines the receipt or movement of material or confirmation
that the output of the process step was completed. These tasks are done in conjunction with another operation type. (i.e.,
material receiving and shipping, getting, movement, storage, inspection or verification, quarantine parts that require rework
or scrap, etc.).

6.2.2.10.2 Fabrication - Transformation

“Fabrication - transformation” refers to value-added activities that change the state of the material, product, or assembly
(i.e., assembly, machining, welding, paint, labeling, etc.). In a manufacturing operation, the outputs of these activities are
related to the product features (characteristics) identified on the product drawing. In an assembly operation, the output of
this activity is related to an interface as defined in 5.2.2.1 or on the drawing. These outputs are documented in the “product
requirements - outputs” section of the PFD.
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6.2.2.10.3 Move - Transport

“‘Move - transport” refers to the movement (i.e., hand-carried, fork truck, conveyor, or machine indexed) of material from
storage locations, between stations, or departments. Often there is a requirement to confirm the product is delivered to the
correct location by stamping the traveler. It may be necessary to ensure precautions are taken to protect the product during
transportation to the new location.

6.2.2.10.4 Lift - Get - Store

“Lift - get” is the act of retrieving product or tool from a storage location, a presentation device, or unloading a product from
a tool, fixture, or machine. “Store” is the act of installing or placing a product or tool in a particular location. Location can be
defined as where the product or tool is physically placed (i.e., presentation device, supermarket, storage dunnage, rack,
pallet, conveyor, or parts tray).

6.2.2.10.5 Inspect t Verify

“Inspect - verify” re
inspection, physical
associated task of d

Types of inspectiong

ers to any process step that evaluates the product for conformance(to"speci
measurement, functional testing, automatic gauging, etc.). With anyverificati
bcumenting the results of the test on a company-specific form.

can be classified by:

A = Automatic, or machine inspected (i.e., leak tester, vision system, torque €ontrolled)

M = Manually insped
V = Visually inspecte
Q = Quality audit, co

6.2.2.10.6 Rework

ted by the operator (i.e., hand gage)
d by the operator

ntrol plan check

“Rework” refers to priocess steps required to replace or repair rejected material. Rework operations ca

limited to, repair, tea
6.2.2.10.7 Scrap -

“Scrap” refers to per
red container, tote, b

rdown, reload, replace parts, etc.
Contain

manently removing rejected material from the value stream and placing it into a
asket, etc).

“Contain” refers to slispect orreject material that is temporarily held until it can be reworked or scrapp

6.2.2.10.8 Packagi

hg-lnterface

fications (i.e., visual
bn step, there is an

h include, but are not

scrap container (i.e.,

Bd.

“Packaging interface” considers the protection of the product or assembly from damage (i.e., packing a opening with material
to prevent damage during debur process, packaging a product for shipment, etc.). A packaging interface step is typically
associated with an operation that has an output of getting or storing of a component or assembly from line side dunnage.

6.2.2.10.9 Changeover

It is important to flag the process steps that are affected by changeover activities. Not controlling changeover activities can
lead to a potential cause of failure.
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Possible changeover activities can be classified as:

P = Product, material

T = Tooling, hard setup changes (adjustments)

S = Software, soft setup (menu, selector switches), job instructions

D = Dunnage, packaging

L = Labels (in-process labels, product labels, etc.)

6.2.2.10.10 Other

Companies can identify additional (other) types of operation categories not defined previously or'mg

operation types to

et their business criteria.

6.2.3 Assemble the PFMEA Team

The owner or facilitgtor/moderator of the PFMEA will establish the PFMEA Team,,as, hecessary, to
scope and ensure timely analysis. The PFMEA team consists of subject matter experts who repre
knowledge associat¢d with the manufacturing, assembly, or service operationsyand are trained in the PFMEA process.
PFMEA is a team effort and each team member contributes with their uniqgué‘/knowledge and experie
the design. The PFNIEA team should include a core team, as appropriate,"who meet regularly and u

and history of the m
expand based on th
information.

The reason for a cro

anufacturing or assembly operations to take the. analysis from start to finish. T
e needs of the team (e.g., add disciplines, add ‘tmore experienced people, etc

5s-functional team is simply because onesperson cannot know everything. Multiple

the potential for “blind spots” while conducting the analysis’ The project leader, who may be a mar

quality engineer, or R
to the overall project
PFMEA. One of the
members allows the

6.2.4 Establish Gr

PFMEA engineer (facilitator/moderator), should develop a team roster that includes

dify any the defined

Euit the needs of the
bent cross-functional

hce to identify risk in
derstand the details
e core team should
). See 4.3 for more

disciplines minimize
ufacturing engineer,
resources assigned

program along with additional subject matter experts to ensure the proper expeftise is applied to the

ndispensable values of PFMEA s the journey of discovery. The cross talk and sy
m to discover things that individuals often miss.

pund Rules and Assumptions/Gather FMEA Information

nergy between team

Ground rules, assumptions, and engingering Inputs/Information help the PFMEA team conduct the aalysis in an efficient

and effective manne|

6.2.4.1 Ground R

[

iles

Suggested ground rtrles to-help PFMEA teams operate efficiently include:

at the detailed operation level as defined by the PFD

control plan

Stay focused on

operator safety and meeting the requirements of the operation

The high level PFD steps are used to complete the preliminary risk assessment but the PFMEA analysis is completed

The PFD operation steps will be updated based on additions and changes during the development of the PFMEA and

There should be one or more special process characteristics for each agreed upon special product characteristic
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6.2.4.2 Assumptions

The PFMEA team should document the assumptions they made while completing the PFMEA. The PFMEA, as an analytical
engineering tool, records the ideas and concerns of a process team; therefore, it is understood that failures shown in the
PFMEA are potential failures which may or may not occur. The PFMEA should address manufacturing and assembly risks,
while assuming that the product will meet the design intent. It is assumed that parts/materials coming into the operation
from previous steps will conform to product specifications. Exceptions can be made as experience dictates (e.g., known
deficiencies in incoming part quality). These assumptions are used to keep the team focused on what they have control
over.

6.2.4.3 Gather Information

The PFMEA team gathers information necessary to perform the technical risk analysis for the selected PFMEA. Product
design documents include parts iSt, product functions and requirements, drawings speciiications, warranty and field history,
and DFMEA (if available). Process related documents include current PFDs, PFMEAs, and control| plans, plant issues,
tooling and fixtures, preventive maintenance schedules, manufacturing feasibility studies, and verification test procedures.
These are all inputs|to the PFMEA based on the level of analysis (i.e., final assembly, subsystem agsembly, component
manufacturing). If thjs step is missed or done inadequately, FMEA meetings can be burdened with gxtra tasks related to
missing information,|and FMEA results may be compromised.

6.2.5 Identify and Prioritize Functions and Outputs (Requirements)

Identify functions anfd requirements in the PFMEA provides a foundation forleach of the selected/prigritized operations to
be analyzed. The operation description (6.2.2.2) in the PFD becomes the)function within the PFMEA and the outputs
(product characteristics) (6.2.2.3) defined in the PFD establish/define. the requirements in the PFMEA. Priorities for the
functions and requir¢gments come from 6.2.2.9.

6.3 Technical Risk Analysis (Step 3)

Step 1 Step 2 Step 3 Step 4 Step 4a Step 5 Step 6
Project FMEA Technical Risk Risk Monitoring & Reduce & Document
Planning Preparation Analysis Assessment & System Communicate Results
Prioritization Response Risks
(as needed)

Figure)1C - Step 3 of the FMEA six-step process map
Deliverables: The PFMEA procedure has identified the technical risks for the selected DFMEA.
The PFMEA identifigs the’risks of failure of the operation steps to deliver the intended output. The grimary purpose is to

manufacture or assemblesthe product to design specifications (product characteristics); however, there fare some operations
that have an output {hatis not related to a product characteristic, such as contain, scrap, inspect, or verify.

The team should discuss and document the interfaces between operations where past problems have been identified.
Additional interfaces and interactions include the human-machine interface (HMI). The responsibility for each interface and
interaction must be defined either within the PFMEA team or between PFMEA teams. The PFMEA must take the
technical/physical limits of a manufacturing or assembly process into consideration, for example:

a. Operators might have trouble distinguishing similar parts (e.g., size, color, selection of software)

b. Operators might have trouble controlling variation of process characteristics (e.g., time, temperature, location)

c. Nonconforming products must be controlled

d. Operators could be injured based on repetitive work
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e. Error proofing is a continuous improvement process
f.  Need to verify correct completion of assembly process

Operations of greatest concern to the team should be discussed first, and in greatest detail. Other operations should receive
less, but appropriate, focus.

6.3.1  Transfer Prioritized Functions and Requirements into Analysis

Transfer of Prioritized Functions and Requirements by a designated team member (owner of the operation in scope) initiates
the PFMEA. To minimize the time in the PFMEA meetings, the information in the PFD (see Figure 35) is used to populate
the Item, Function, and Requirements section of the PFMEA analysis. Once the PFMEA is populated with all of the operation
steps, the team can define which operation steps will be discussed first.

e The operation slquence number in the PFD becomes the item (Op-Seq) in the PFMEA

e The process characteristics in the PFD are used by the engineer and/or the PFMEA team to define the causes in the
PFMEA

e The operation d¢scription becomes the function in the PFMEA

e The product characteristics in the PFD are used by the engineer and/or the PFMEA team to defing the requirements in
the PFMEA

e The product spegial characteristics in the PFD are entered as product'special characteristics in the PFMEA

=
Inputs 5 E
. = 5 Operatior’ Description Outputs
P (Process ) =y = " P P 5 P )
Op- o SpecialProcess |2 | Sl(a|2|= Els (Rrgtess Function) T (Product Special Prodfict
F Characteristics orf e SS|-%l2|2|E BlE|. > . . = . iy ! Comments
Seq No. Sources of Characteristic EZ|s E a|® |2 5|5 | 5 | (DoJHis - To This - With This) | 2 Characteristics Characterisfic
D Variation) E2IE2|S 3 =12 % S (Purpose of Operation) 8 |or Process Outputs)
(= A =
- ———lEc|EE|2|Z|EE|B|E Ll b= N
~~ e A T === M.
e e N e e ~
- e AN
r _— mmm—-eO e ———— N
P 1 |- -=.-=“"'-._ --..._.._______--"- \\‘
E “ =~y s |o| oo T em——— >
Function equirement . Potential . Current Process | Current Process .
Itemn _ Potential Potential Cause(s) of E C E Ris| Product Process
M (Operation Outcome of h Effect(s) of . Controls - Controls - A
(Op-5eq) L Failure Mode S Failure . . v C T Prioritigation Sp Char Sp Char
E Description) each Step) Failure Prevention (P) Detection (D) (s) e )
A

Solid lines indicate exact fopy and paste from\PFD to PFMEA and dashed lines indicate engineering judgement is used to conyert information.
Figure 35 - PFD and PFMEA connection

Based on the prelim|naryrisk assessment, Figure 36 provides an example for the windshield wiper PIFMEA. This example
shows how to transferthe Item (OP-Seq number), function (operation description), and requiremepts (outputs of each
operation step) from the PFD 1o the PFMEA. These Tinkages nitiate the PFMEA technical risk analysis step 3.

6.3.1.1  Item (Process Operation Sequence Number)

The item (process operation sequence number) is a direct copy from the PFD (see Figure 36). This is the first linkage of the
PFD to the PFMEA.

6.3.1.2 Process Function

The process function describes what is happening to the part within a detailed step of a given operation. The process
function should be identical to the operation description in the PFD. This enables the ability to connect the analysis of each
process operation and know when the scope is complete (see Figure 36). The team determines the priority with which to
analyze functions (6.2.2.9).
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6.3.1.3 Requirements

Requirements (see Figure 36) relate to the output of the function, such as length, depth, surface finish, torque, quarantine,
etc. A requirement is a measurable characteristic of a function which may be qualitative. It is recommended that quantitative
values for requirements, such as torque specifications and product specifications, only be included in the process control
plan and not the PFD or PFMEA. Therefore, as specifications change over time, only one document needs to be updated
with the new specification.

Process Function Requirements

Orient and secure wiper Torgue within
linkage to body structure with [design
battery torque tool Specmcation

Orient and secure wiper
motor ground wire to vehicle
with battery torque tool

Ground wire
alignment to body

Orient and secure wiper Torgue within
motor ground wire to vehicle [design
with battery torque tool specification

Figure 36 - PFMEA example for Operation 30 (wiper system installation)
6.3.2 Determine Hotential Failure Modes

Potential failure modes are the manner in which the manufacturing-and assembly process could potentially fail to meet the
defined outputs of thHe operation step, called “requirements” in\PFMEA. It is a description of a product| defect as a result of
the process failure (groduct non-conformance) within a specific operation. Potential failure modes can be in-process related
when the process fupction and requirement are specific to.process outcomes or a potential product def¢ct when the function
and requirement is related to a product outcome. Examiples for the windshield wiper PFMEA are shown in Figure 37.

Each potential failurT mode should be considered\independently of other potential failure modes. This|enables the team to
address the unique rleasons (potential causes of failure) independently of other failure modes.

There are several cdtegories of potential-failure modes, including:
e Does not meet finction
e Over-achieving function (i‘e.) operation output above acceptable threshold)

¢ Under-achieving function (i.e., operation output under acceptable threshold)

e Intermittent function (i.e., operation output randomly in and out of specification)

¢ Unintended function (i.e., operator safety)
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Item

Process Function Requirements Potential Failure Mode
(Op-Seq)

COrient and secure wiper linkage Torque within design

battery torque tool

. . =
3010 to body structure with battery specification Torgue too high b=
torgue tool 3

2

=

Orient and i t . - E

fient and S8cUTe WIPST MOtOr o ind wire Ground wire damaged =3

30.30 ground wire ta vehicle with . B . &)
alignment to body during torgue operation -

%

(=

COrient and secure wiper motor
30.30 ground wire to vehicle with
battery torgue tool

Torgue within design|

specification Torgue too low

The DFMEA also hap information the PFMEA team should consider when completing the-anhalysis (se

e The PFMEA team use engineering judgement to establish/define the failure mode in the PFMEA f

DFMEA (produc

e The PFMEA tea
from the produc

process effects. [The higher severity rating of all the effects is used-for risk assessment.

e The PFMEA teain use engineering judgement to establish/define potential special product characts

from the special

NOTE: The linkage petween DFMEA to PFMEA does not apply to purchased catalog parts; i.e., sprin

PFMEA Fosss Truncated

Figure 37 - Potential failure mode examples for windshield wiperPFMEA

characteristic).

m use engineering judgement to establish/define pfaduct effects and severity rg
effects and severity ratings DFMEA. The PFMEA-eonsiders two types of effects

product characteristic candidates in the-BFMEA.

e Figure 38).

rom the cause in the

tings in the PFMEA
product effects and

ristics in the PFMEA

gs, bolts, capacitors,

etc. There i no linkage between the product (application) DFMEA and the catalog part manufacturing PFMEA.
D C t C t
F Potential | Potential | Potential D‘;:ie: D‘;:ie: s |o|oD Risk | Potential
M| ltem Function |Requirement| Failure |Effect(s) of | Cause(s)of g g E c E | Prioritizhtio Special

Mode Eailure Failure Controls - Controls - . ol o n Char

f\ Prevention (P)| Detection (D) 5| @ m
P
F Item Function Requiremenit Potential Potential Potential C Ls1 Current Process [Current Process g g 2 Pri r:‘:Sk . Product P
M| (Op- [Operation [Outcome of Fail‘:lr:nh;:de Effects) of | = e:[I:a“:':se = Controls - Controls - v o T [R"e‘:"s:z E:z: Sm[:::' SIDET::'
E Seq) | Description]) each Step) Failure Prevention (P] | Detection (O] s | o | m 5 4.4 P P
A

Dashed lines indicate engineering judgement is used to convert information from the DFMEA to the PFMEA.

Figure 38 - DFMEA and PFMEA connection

6.3.3 Determine Potential Effect(s) of Failure

Effects are consequences or results of each potential failure mode and must be listed in the PFMEA. The effects, for each
potential failure mode, can be the effect at the operation, subsequent operations, customer operations, as well as the end
customer (operator of the vehicle). If known, the effects of a potential failure mode can include what the customer might
notice or experience such as the impact safety or non-compliance to regulations (as applicable). The intent is to forecast
the potential effect(s) of failure consistent with the team’s level of knowledge. Examples for the windshield wiper PFMEA

are shown in Figure

39.
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ltem Process Funchon Requirements Potential Failure Potential Effects of Failure
(Op-5eq) Mode
Orient and secure wiper linkage o _ In station repair to replace stripped
) Torgue within design ) fasteners (4) =
30.10 to body structure with battery . . Torgue too high - . =
specification Wiper blade angle changes leading to =
torque tool . e 3
partial loss of visibility (9) =
£
Orient and secure wiper motor . . . Major repair out of StEtIDﬂ.STEtID.ﬂ (8) 3
: . . Ground wire Ground wire damaged §* Intermittent ground leads intermittent =,
30.30 ground wire to vehicle with . . - S &}
battery torque tool alignment to body  |during torque operatiorfloss of visibility (9) o
* Potential injury to operator fingers (10) E
=
Orient and secure wiper motor T . . * In station repair to retargue fagteners (4)
. . . orque within design . . .
30.30 ground wire to vehicle with specification Torque too low Intermitten ground connection leads to
battgry torgue tool P intermittent loss efvisiblity (9)

6.3.4 Determine H

A potential cause of
to meet or achieve

which is the failure 1
may have multiple ¢
Causes should be d

PFMEA Rows Truncated

Figure 39 - Potential effects of failure examples for windshield wiper PFMEA
otential Cause(s) of Failure

Failure is an indication of why the potential failure mode could occur. It is defined in
he process function and requirement; as an jindication of a process weakness, |the consequence of
node. ldentify, to the extent possible, every\potential cause for each failure mod¢. Each failure mode
puses. List each potential cause separately in order to identify specific preventign/detection controls.
pfined in actionable terms (i.e., instead ©f “operator error,” use “operator selects wrong drill or operator

terms of the inability

release torque tool frigger prior to achieving torque”). Itsis'important that engineers consider “foresg¢eable user/operator

error” as a casual fa
or component being
wiper DFMEA are sh

Use of the following
failure mode.

Machine/equipm
inadequate or n
adjustment, fixtu
temperature too
reassembly, and

ttor, especially when there is a direct interface between the user/operator and the pystem, sub-system,
reviewed. All realistic potential-:causes should be listed in the PFMEA. Examplgs for the windshield
own in Figure 40.

6M typical cause categories may help with discussion leading to specific causes|for a given potential

ent (machine.capability, initial setup adjustment, machine wear over time, inadequate gating/venting,
o lubrication’~tool wear over time, tool breakage, tool-to-tool differences, fixtyre tolerance, fixture
re wear over time, chip on locator, worn locator, weld current too high or low, weld pressure, heat treat
high or low, conveyor speed too fast or too slow, equipment maintenance including|repair, replacement,
adjustment, inspection gauging failures including inaccuracies, and ineffectiveneps, etc.)

Methods/system

s (sequence, procedures, layout, off-line rework/repair, off-line inspection, material flow, process

control programming, scrap containment, etc.)

Material/components (part missing, part mislocated, incoming raw material, purchased parts, previous operations)

Manpower/operator (manual over torque, manual under torque, operator skill, ergonomic factors, time, missing or

inadequate visual aids, lack of concentration, etc.)

Measurements (

gauge wear out, gauge out of calibration, etc.)

Mother nature (environment) (e.g., plant temperature, lighting, humidity, dust, noise, etc.)
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NOTE: The above examples represent categories. Specific details need to be added to complete the cause description.
Only specific errors or malfunctions (e.g., part installed upside down) should be listed; ambiguous phrases
(e.g., operator error, machine malfunction) should not be used. The PFMEA team has direct or indirect responsibility
towards mitigating the causal risk. Three core risk management tools may be applied to reduce risk. These are:
(1) error proof the process or change the design, (2) add a preventative control, (3) add a detective control.

Documenting very specific causes makes the analysis more concise and useful.

Two assumptions for causes:

adequate warning(s) should be considered to mitigate the risk.

The incoming item is manufactured and assembled within engineering specifications.

The design may include a deficiency that may cause unacceptable variation (mis-builds, errors, etc.); in these cases,

Item : : Potential Failure : . . .
(Op-Seq) Hrocess Function Requirements Mode Potential Effects of Failure Potential, Cause(s) of Failure
* In station repair to replace
Orient gnd secure wiper linkage - . stripped fasteners (4) . .
30.10 to body|structure with battery Torqge Wl.thm design Torque too high * Wiper blade angle changes, Chptoper joint degraq mo.n due to B
specification h . torque tool out of calipration g
torque tpol leading to partial loss of o
visibility (9) 2
* . . \ (7]
Stl\;lt?é?]r(rg)palr out of Sgtitn Wire damaged during|torque §
Orient gnd secure wiper motor G ) ) N . operation due to inadg¢quate designj ©
) . X round wire Ground wire damaged Intermittent ground leads X o
30.30 ground pvire to vehicle with . . . . ) A, to prevent the ground|wire
alignment to body during torque operation [intermittent _loss’of visibility (9) L . ﬁ
battery forque tool . N, connector from twistifg during
Potential injury to operator N ti =
fingefs. (10) orque operation s
*{n.station repair to retorque JWiper ground wire noj torqued to
Orient gnd secure wiper motor Torque within desian fasteners (4) specification due to t¢rque tool
30.30 ground pvire to vehicle with a . . g Torque too low * Intermitten ground trigger released too spon to protect
specification . " | T
battery forque tool connection leads to against connector twisting in
intermittent loss of visiblity (9) Joperator hand (humar} factors)
PFMEA Rows T runcated
Figure 40 - Potential causes of failure examples for windshield wiper PFMEA
6.3.5 Identify Current Prevention and Detection*Controls
In PFMEAs, procesg controls are actionster'methods that are currently planned or in place to reduce| or eliminate the risk
associated with each potential failure mode and associated cause.
6.3.5.1  Prevention Controls
Prevention controls $hould bé.considered when developing the PFMEA, as applicable. A prevention cpntrol describes how
a cause, failure mode or éffect is prevented based on the current or planned actions, but may not bel applicable for every
cause and/or failure /mede: Prevention process controls are based on the application of standards, specifications, process
rules, process guide i he occurrence of the

cause. Product and process error proofing features and devices and automated process controls are examples of prevention
controls. When not applicable, the prevention controls field can be left blank.

Document numbers, when used, are for reference only as pointers to the associated documents at the time the analysis is
created. Company policy determines whether these document numbers must be kept up to date as they may change during
the life of the program.

6.3.5.2 Detection Controls

Detection controls describe how the operation failure mode and/or cause is detected based on automated or manual
methods that are currently planned or in place, before the manufacturing or assembly process is released for production.
The detection control assumes a failure has occurred and describes how a cause and/or failure mode is detected during
the production process. The process control may occur at the subject operation or at subsequent operations and are used

as an input to the detection ranking. When not known or not applicable, the detection controls field can be left blank and
should be rated according to the detection rating criteria (i.e., detection 10).
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A detection control may not be applicable for every cause and/or failure mode. When listing detection controls, it is important
to be detailed enough for subsequent reviewer to confirm how well that the process control will, in fact, detect the failure
mode and/or cause should it occur. Details should include the type of automated or mechanical equipment/tooling, operator
inspection, and when the detection will occur (in-station or subsequent operation).

The PFMEA form shown in Appendix N has two columns for the process controls (i.e., separate columns for prevention
controls and detection controls) to assist the team in clearly distinguishing between these two types of process controls.
This allows for a quick visual determination that both types of process controls have been considered. Examples for the
windshield wiper PFMEA are shown in Figure 41.

. . Current Process Current Process Controls
Item Potential Failure

Potential Effects of Failure | Potential Cause(s) of Failure Controls - Prevention - Detection
(Op-5eq) Mode P) (D)
*In station repair to replace *Wiqual inspection of
3010 1 100 lhigh ft{:ﬁpedglasdtenersl(d}h Fastener joint degradation due to Preventive Maintenance 1c_a||b atl_?n lStch-(er an
’ orque toafmig Iper Diade angle changes torque tool out of calibration Schedule (PM-2020R1) kor.q g oo N
leading to partial loss of Firgt piece verification

visibility (9) durirjg torque calibration

* Major repair out of station
station (8)
Ground wirg damaged | Intermittent ground leads

Wire d.amaged dqung torque . W1} Work, Instytictions )
operation due to inadequate desigr] (SAE-2049-TorqueXYZ) Tactfe feel of ground wire

FEMEA Columns Truncated
PFMEA Columns Truncated

30.30 during torgyie operation |intermittent loss of visibility (9) to prevent the grDL.II"I.leII'E . 2) Owgerator training tWIStm.g during togue

. S connector from twisiting during opergtions

Potential injury to operator ) [Form-2019-123xy)
torgue operation

fingers (10)

* In station repair to retorque  [Wiper ground wire not torquad\o -

fasteners (4) ° ’ 5 Eciﬁgation due to tor ugtoul 1) Work Instructions

. . P q (SAE-2019-TorqueXYZ) |Tact{e feel torque tool
30.30 Torque toofow Intermitten ground trigger released too s000MbD protec o

: : A 2) Operator training stopped
connection leads to against connector twisting in

intermittent loss of visiblity (3) |operator hand (huehan factors) (Form-2013-123xy)

PFMEA Fows Truncated

Figure 41 - Current prevention and detection control examples for windshield wiperf PFMEA

6.4 Risk Assessment and Prioritization (Step 4)

Step 1 Step 2 Step 3 Step 4 Step 4a Step 5 Step b
Project FMEA Technical Risk Risk Monitoring & Reduce & Document
Planning Preparation Analysis Assessment & System Communicate Results

Prioritization Response Risks
(a5 needed)

Figure 1D - Step 4 of the FMEA six-step process map

Deliverables: The risks for the selected PFMEA have been assessed and prioritized.

The purpose of risk assessment and prioritization is to identify and prioritize risk areas that require special attention through
process reviews, process changes, process control planning, and other recommended actions. There are three types of
criteria used in PFMEA to assess risks of failure. They are: severity, occurrence, and detection. Examples for the windshield
wiper PFMEA are shown in Figure 42.

It is not appropriate to compare the ratings of one team’s PFMEA with the ratings of another team’s PFMEA, even if the
processes 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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6.4.1  Assess Severity of Effects

Severity of effects is a rating number associated with the most serious effect for a given failure mode for the operation being
evaluated. It is a relative rating within the scope of the individual PFMEA and is determined without regard for occurrence
or detection.

Severity should be estimated using the criteria in Appendix A. The table may be augmented to include product/process
specific examples. The team should agree on an evaluation criteria and rating system, which is consistent, even if modified
for individual process analysis.

Assessment of severity depends on the team’s understanding of the consequences of failure for each operation and the
intended output (requirements). If the customer affected by a failure mode is the next manufacturing or assembly plant or
the product user, assessing the severity may lie outside the PFMEA team’s field of experience or knowledge. In these cases,

the design engineer e consulted in order
to comprehend the g

One of the goals of t
have both process 1
reduced by changing
of each effect is recq
6.4.2  Assess Likg
Likelihood of occurr
occurrence rating cg
meaning rather than

takes into account th
similar items, and dg

The occurrence rati
e.g., error proofing o

NOTE: The team sh
process ana
in the report

6.4.2.1  Applicatio

Occurrence should |

the scope of the FM

The assessment of
method (Method On

and/or SUbSEqUENT manuracturing or assembly plant process engineer, should {
ropagation of effects.

he PFMEA process is to mitigate risk or lessen the impact of a potential failure mg
elated effects and product related effects. For the process related effects, the s
) the manufacturing or assembly process. Writing the individual sevetity’'number
mmended if multiple effects are identified for a given potential failure.

lihood of Occurrence

ence is a rating number associated with each causefor a given failure mode b
nsiders the likelihood of occurrence during production. The occurrence rating n
an absolute value and is determined without regard for severity or detection. T
e prevention-type process controls. The PFMEA team considers prevention cont
gree of change as input to the occurrence rating.

ng itself may not be changed withoutZ’changing the process (or influencing ch
F DFM/DFA) to decrease the chance of the failure cause and subsequent failure m
ysis. Any modifications to thetable should add value to the risk reduction process
of PFMEA results (step 6):

n of DFMEA Likelihood Evaluation Criteria

e estimated using the criteria in Appendix G. The occurrence rating number is a
EA and may.net reflect the actual occurrence.

ikelihood of occurrence for a specific cause, can be identified using either a qu
b), Or-a’quantitative (objective) method (Method Two).

de. The PFMEA can
bverity rating can be
vithin the description

eing evaluated. The
imber has a relative
ne occurrence rating
rols, plant history for

ange to the design;
pde from happening.

ould agree on an evaluation criteria and rating system that is consistent, even if mpodified for individual

and be documented

relative rating within

alitative (subjective)

In Method One, the PFMEA team considers prevention controls, plant history for similar items, and degree of change as
input to the occurrence rating. This method is used when there are sufficient changes to the manufacturing or assembly
processes that the occurrence assessment cannot be made from the new processes directly and quantitatively. When using
Method One, a subjective assessment can be made by using the word descriptions from the first three columns of the table
in Appendix G.

In Method Two, the PFMEA team considers the statistical performance of the process being evaluated, using objective,
measurable data relating to the process causes. This method is used when the process has not changed significantly and
quantitative data for the current process is available. When using Method Two, an objective assessment can be made by
using the fourth column in Appendix G.

The best practice for the selection of the likelihood of occurrence rating should be applied at the most objective data driven
level possible, given the degree of change or the processes that are being analyzed. It should be an organization’s goal to
capture knowledge of process performance and reuse the data to improve predictive capability relentlessly and
continuously.
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The statistical performance and behavior of the process parameters can be used instead of a product conformance
approach. Monitoring the process parameters correlated to product characteristics permits a faster response to an event
that could result in a defective product. Reacting to parameter instability is more effective for the prevention of product failure
than identifying defective products “after the fact” through traditional quality control.

6.4.3 Assess Ability to Detect

Detection is the rating associated with the likelihood of detecting the failure mode and/or associated cause, according to
defined criteria.

Ability to detect is the rating number associated with the combined capabilities of all the current process controls for a given
cause and/or failure mode. Do not automatically presume the detection rating is low because the occurrence rating is low,
instead assume the failure has occurred, then assess the capabilities of all the detection-type design controls to detect low-

frequency failure m

Detection is a relati
Appendix H. This ta
should agree onan €

One of the goals of
start of regular prod
modes during proce
determine how well

mode. The detection rating scale combines considerations for both the rebustness of the detection

process weaknesses

6.4.3.1 Applicatio

PFMEA detection sk

Assessment of “abilit
will be able to detect

In Method One, the
a given cause and/o
In other words, if all
will be detected? Th
in making this asses|
thinking of the team.

In Method Two, the
this method is used,

€S anda/or causes.

e rating, within the scope of the individual FMEA. Detection should be estimateq
le may be augmented with examples of common detection methods uséed, by the
valuation criteria and rating system, which is consistent, even if modified for individ

iction. The detection rating itself cannot be improved without'changing the sensi
s validation activities, as well as the timing of such activities; The PFMEA team h
B specific process control check can detect the failure mede, or the cause which

within specifications, and the timing of the findings.

h of PFMEA Detection Evaluation Criteria

y to detect” is accomplished by assessing the likelihood that the current detection-{
the failure mode or associated cause. This can be done by one of two methods:

PFMEA team considers the-Capabilities of all the current detection-type process ¢
I failure mode and enters the resultant “ability to detect” rating in the detection cq

b “detection method maturity” and “opportunity for detection” columns in Appendi
sment. However; the key is for the PFMEA team to arrive at the “ability to detect”
Figure 42 represents Method One.

PFMEAfeam assesses the “ability to detect” for each of the current detection-typ
he team considers the likelihood that the failure mode or cause will be detected by

occurrence.

using the criteria in
company. The team
Lial process analysis.

he PFMEA process is to increase the ability to validate a manufacturing or asseinbly process prior to

ivity to detect failure
as a responsibility to
results in the failure
method in revealing

ould be estimated using the criteria in Appendix H. This table may be augmented with examples of
common detection methods used by the company.

ype process controls

ontrols (together) for
lumn of the PFMEA.

bf the current detection controls are implemented, what is the likelihood that the failure mode or cause

N provide guidance
rating using the best

p process controls. If
pach of the detection

controls separately.

Similar to the first method, the “detection method maturity” and “opportunity for d

etection” columns in

Appendix N provide guidance in making this assessment; but the PFMEA team arrives at the “ablility to detect” rating using
the best estimate of the team. When using this method, it is a good practice to include the detection rating in parenthesis
next to each of the detection methods in the “current process controls - detection” column, and the lowest value is used.
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It Current Process Current Process Controlsj
em Potential Cause(s) of Failure Controls - Prevention - Detection
(Op-Seq) (P) (D)
*Wisual inspection of
- . . . calibration Sticker on
30.10 — |Fastener joint degradation due to  [Preventive Maintenance T Tool =
) 2 |torque tool out of calibration Schedule (PM-2020-R1) *T:ri?;ltepisse erification =
E during torgue calibration E
= =
% Wire damaged during torgque 1) Waork Instructions %
= |operation due to inadequate design (SAE-2019-TorqueXYZ) Tactile feel of ground wire =
30.30 g to prevent the ground wire 2) Operator trai?ﬂn twisting during togue g
E connector from twisiting during P g operations E
= |tofque operation \POTRATS= L easy) £
= =
Wlper ground wire not torqued to 1) Work Instructions
specification due to torque tool | g aF 9019 Torquexyz)  [Tactile feel torqL tool
30.30 trigger released too soon to protect o
. o 2} Operator training stopped
against connector twisting in (Form-2019-123xy)
operator hand (human factors) i
PFMEA Fows Truncated
Figure 42 { Assignment of severity, occurrence, detection examples for windshield wiper PFMEA
6.4.4  Assess Risks and Prioritize Actions

The purpose of asse
There are many met
action priority. Orgar

ssing risks and prioritization of actions is toeélp the team understand relative risg
nods that have been used to assess combinations of S, O, and D ratings to prioritiz
izations should select a prioritization method such as: risk priority number (RPN), S

k within an analysis.
e risk and determine
O, criticality analysis

(CA), action priority (
may find value in pe

AP), or develop an internal process that better fits company and industry requirements. An organization
forming more than one prioritization method.
In addition to risk as can also be used to
identify issues for re

sessment methods being used to prioritize PFMEA recommended actions, they
iew by management.
6.4.4.1 RPN

The risk priority num
of the individual FME

ber (RPN) is the.product of the severity (S), occurrence (O), and detection (D) rat
LA, this valuglis between “1” and “1000”. The use of RPN is optional.

ng. Within the scope

RPN = (S) x (O) x (D)

Example: (S) 7, (O) 3, (D) 5 = RPN 105

A benefit of RPN is that it provides an indicator of improvement (before and after actions taken) that reduces any one factor
of severity, occurrence or detection. It shows the distribution of RPN values for a project (pareto) giving a high-level overview
of the risk assessment.

A disadvantage of using RPN is that the final RPN ratings are relative to a particular analysis and are subjective; therefore,
selecting an RPN threshold is not an acceptable practice. Thresholds give the impression that values below the threshold
do not need improvement action. In other words, there is no value above which it is mandatory to take a recommended
action or below which the team is automatically excused from an action.

Establishing such thresholds may promote the wrong behavior causing team members to spend time trying to justify a lower
occurrence or detection rating value to reduce the RPN. This type of behavior avoids addressing the real problem that
underlies the cause of the failure mode and merely keeps the RPN below the threshold. It is important to recognize that
determining reasonable risk is desirable, it should be based on an analysis of severity, occurrence, and detection, and not
through the application of RPN thresholds.
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Another concern with RPN is that equal RPN values may not have equal risk levels due to the fact that S, O, and D are not
of equal importance. Severity should be assessed first then occurrence for prevention and then detection to stop the failure
mode from getting to the customer. High severity, low RPN can be high risk. The focus of the PFMEA should be to identify
opportunities to continually improve the manufacturing and assembly processes. Care should be taken to understand the

limitations of RPN.

6442 SO

The “SO” number is the product of the severity (S) and occurrence (O) ratings. Within the scope of the individual FMEA,

this value (between *

1” and “100”). The use of the SO number as a supplement to RPN is optional.

A benefit of SO is the
SO by reducing th
improvements for th

The disadvantage of
information about RH

6.4.4.3 Criticality
Criticality analysis (
ARP5580, AS9145).
of severity and likeli
updated as the deg
assessment support
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of risk such as high
and/or O&D risk gra

Example: (S) 7, (O) 3, (D) 5= S0 21

tit gives additional information about equal RPN values. The organizationmay foc

b

7

bse with the highest SO value.

using SO is similar to that of RPN, i.e., thresholds. Table 4 illustrates how the S
PN. While it helps prioritize equal RPN results for action, it dees not consider the g

Table 4 - Contrast between RPN and SO

S, O, D Rating RPN SO
8,10, 2 160 80
8,2,10 160 16
10, 8, 2 160 80
10,2, 8 160 20
2,10, 8 160 20
2,8,10 160 16

A\nalysis (CA)

CA) is terminology used‘in aerospace and military handbooks and guidelines (i
CA is a procedure by:which each potential failure mode is ranked according to the
nood of occurrence. CA is performed concurrently as part of the product develop
gn, manufacturing;, and assembly processes evolve to production release. Cn
5 identificatiofvef those items that could be defined as special characteristics.

By be visually shown as a “S&O risk graph.” This allows for a non-linear approach f{
(red),smedium (yellow), and low (green). Figure 43 shows an example of a S&
pbh-may also be used. The use of risk graphs is optional.

us on how to reduce

value of “O” through preventive actions. Furthermore, this may Jdead to siyibsequent detection

D can provide useful
etection rating.

e., MIL-STD-1629a,
combined influence
ment process and is
ticality analysis risk

0 characterize levels
D risk graph. A S&D
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Severity

Figure 43 - Sample S&O risk graph
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When using a risk graph, it is up to the company or customer to assign R, Y, and G and make the resulting table available
to the PFMEA team.

6.4.4.4  Action Priority

Action priority (AP) table combines severity (S), occurrence (O), and detection (D) ratings with suggested priority levels for
identification of potential actions to reduce risk based on high (H), medium (M), and low (L) assessments. Individual

companies may develop their own criteria for H, M, and L and make the company-specific action priority table available to
the DFMEA team and customer or supplier. The use of action priority is optional.

A complete AP table example is shown in Appendix | and is not meant to be automatically used by companies without
review and agreement. The table used to support the action priority method should reflect a company’s needs for action
prioritization. The S, O, D rating charts provide the structure for the groupings as shown in Appendix J. If the organization

chooses to modify t able should also be
carefully reviewed fg
Figure 44. The AP 4§
based on using a fin

The benefit of action
The principle of risk
levels of high (H), m
and resources.

The disadvantage of
In other words, it is

Care should be take
for action. For exam
low assessment sho

Ne S, U, D, rating criteria for speciic products, processes, or projects, the AP

r alignment. An example of an AP table used by the windshield wiper system proj
ssessment is shown in the risk prioritization section of the DFMEA. Figure 45
bl “risk prioritization” rating of high (H), medium (M), and low (L).

priority is that it does not treat severity, occurrence, and detection as’equal values
reduction through efforts to reduce severity, then occurrence, then-detection driv
edium (M), and low (L). The AP table provides an action prioritization system to f

ifficult to see incremental improvements.

n to avoid automatic action based on a combination of S, O, D that would require
ple, an AP assessment of low does not mean-action should not be considered. T
uld be used to prioritize action, not presume action is not necessary.

pct team is shown as
rovides an example

(as RPN, SO does).
es the action priority
bcus the team’s time

using action priority is that action taken to reduce risk'may or may not change the¢ action priority level.

br eliminate the need
he high, medium, or

Likelihoodof ACTION
No. Effegt SEV Failure.Cause occC Ability to Detect DET PRIORITY
Occlirring (AP)
9 Low - Very low 7-1D H
10 Moderate 5-6 H
11 Moderate 4-5 High 2-4 H
Product of plant .
12 effect very high 9310 Very high 1 M
13 Low - Very low 7-1D H
14 Moderate 5-6 M H*
Low 2-3 -
15 High 2-4 EM*
16 Very high 1 L
17 Very low 1 Very low - Very high 1-10 L

* The windshield washer project team reviewed the action priority table in Appendix R and agreed to make two changes raising
the AP level from medium to high and low to medium in two instances for their application. This is an example of how a
company or project team can use the AP method.

Figure 44 - Example of Appendix I - action priority table modified for windshield wiper system
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It Current Process Current Process Controls| | | _ Risk
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= |operation due to inadequate design Tactile feel of ground wire =
0 : (SAE-2019-TorquexYZ) - . &
30.30 = |to prevent the ground wire 2) Operator trainin twisting during toque 077 H =
E connector from twisiting during P g operations E
= |torque operation (Form-2013-123xy) 3
(=5 =5
Wlpe.;griunddwlret ntut tquLlEdlm 1) Work Instructions
Specticaion fue 1o forque 100 1(SAE-2019-TorqueXYZ) |Tactile feel torque tool
30.30 trigger released too soon to protect L S| 7 H
; AT 2) Operator training stopped
against connector twisting in (Form-2019-123xy)
operator hand (human factors) | | —

For the purpose of a
goals for technical ri

The PFMEA team m

RPN, SO, criticality @analysis, or AP assessment.

Note: It is recomme
reviewed by manage
6.4.5 Confirm Sp

The PFMEA must in

bcial Characteristics

PFMEA Fows Truncated

Figure 45 - Assignment of risk prioritization for the windshield wiper system

Esessing risks and prioritizing actions individual companiés should determine the n
5K analysis and internal management or customer requirements.

ay choose to generate action plans at any time ‘during the PFMEA development

hded that potential Severity 9-10 and potential effect(s) regardless of action pri
ment including any recommended actions that were identified.

clude agreed upon specialproduct characteristic(s) to determine process cause

can result in the prodiuction of nonconforming products. The PFMEA process controls strategy is to:

e Prevent failure through error proofing (product and process design).

o Reduce variation through process selection, variation reduction and product tolerance design.

e Develop Detecti

The PFMEA identifie

bn Controls to ensure nonconformances are identified and removed.

sthe special process characteristic, when applicable, that contribute to the procs

ethod that suits their

even prior to having

prity assessment be

5/mechanisms which

ss controls strategy.

special process characteristics influence the conformance of a special product characteristic.

A special process characteristic is a parameter that requires special care which identifies where variation must be controlled
to ensure process performance remains stable. The purpose of the special process characteristic is to ensure the process
is monitored to maintain validated settings and identify variation anomalies requiring attention. These characteristics are
measured while the process is running; e.g., machine settings, temperature, pressure, current, fluid level, speed, etc.
Process characteristics may be standard or special as shown on a control plan.

Product and process special characteristics must be shown in their respective sections of the PFMEA (see Figure 46). If
special product or process characteristics have not been defined, the PFMEA entry for product or process special
characteristic may be left blank. Company policy may direct the PFMEA team to enter “none” or “standard” in the PFMEA.

All special product characteristics and special process characteristics must be shown on the process control plan.
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It Current Process Current Process Controls| | | _ Risk Product p
em Potential Cause(s) of Failure | Controls - Prevention - Detection x & | & | Prioriti- rodu rocess
(Op-5eq) P) D) ? zation Sp Char Sp Char
*Visual inspection of
. : . . calibration Sticker on
30.10 — |Fastener joint degradation due to  |Preventive Maintenance T Tool 9l4l6 u =
: 2 |torgue tool out of calibration Schedule (PM-2020-R1) |, 2rdue ‘oo =
E] First piece verification g
= during torgue calibration E
= =
E Wire dlamaged dL.mng torque . |1) Work Instructions . . KCC __,5
= |operation due to inadequate design Tactile feel of ground wire cc =
&} A (SAE-2019-TorqueXYZ) - - Degree of § o
30.30 = |to prevent the ground wire 2 S twisting during toque 10077 H Connector =
. . ) Operator training : - . connector
E connector from twisiting during (Form-2019-123xy) operations orentation ratation E
& |torgue operation .l =
Wlpel;gr?l nddwwet ntut mqu;EdltD 1) Waork Instructions c
Specmcatipn due to torgue tao (SAE-2019-TorqueX¥Z) |Tactile feel torgue tool Groupd wire KCC
30.30 trigger reldased too soon to protect e 9147 H
> RV 2) Qperator training stopped fasfener Tool RFM
against cgnnector twisting in (Form-2019-123xy) torade spec
operator hpnd (human factors) * q P
PFMEA Rows Truncated
CC - Critical Characteristic, KCC - Key Control Characteristic
Figure 46 - Special characteristics examples for windshield wiper PFMEA
6.5 Reduce and Jommunicate Risks (Step 5)
Step 1 Step 2 Step 3 Step 4 Step 4a Step 5 Step 6
Project FMEA Technical Risk Risk Monitoring & Reduce & Document
Planning Preparation Analysis Assessment & System Communicate Results
Prioritization Response Risks
(as needed)

Deliverables: Risks f

6.5.1 Develop Re
Development of recd
potential actions tha
and increase custor
controls. It is not rec
are already conside

commended Actions

or the selected PFMEA are reduced and communicated.

Figure 1F - Step'5 of the FMEA six-step process map

mmended agctions represent a commitment to take a specific, measurable, and aghievable action, not
could be(taken. The primary objectives of the recommended actions of the PFMEA are to reduce risks
her satisfaction by improving the manufacturing or assembly process and/or infproving the process
bmmended to include actions that are already documented in the prevention or detection controls and
red-in risk prioritization. Single-line excerpts of recommended actions for the w

per system PFMEA

example are shown

= A7
mrigurc =r.

For each line of analysis, the recommended actions field must include verbiage to reflect the fact that each risk was critically
evaluated. If engineering assessment leads to no recommended actions for a specific failure mode/cause/control
combination, indicate this by entering “none” in the recommended actions field. Without a written comment, it may be
construed that the risk associated with the line item was overlooked. An entry of “none” indicates that the assessed risk is

acceptable.

Recommended actions may either be preventative or detective. Prevention-type recommended actions reduce the likelihood
of occurrence of a cause and its resulting failure mode and/or effect by removing or controlling one or more causes of failure
through revision of process (e.g., addition of a fail-safe mechanism to protect an operator) or error proofing. Detection-type
recommended actions increase the ability to detect the cause and/or failure mode at the subject operation or at a subsequent
verification operation prior to shipping the product during production.


https://saenorm.com/api/?name=6c4ed7d910fe1d9f6e6b8a4a390a5133

SAE INTERNATIONAL J1739™ JAN2021 Page 79 of 105

The order of precedence for recommended actions:

Actions for prevention:

e Prevent the characteristic from being incorrect (cannot make bad part—error proofing)
¢ Reduce variation (increase process capability)

e Review product design for process optimization

Actions for detection (when prevention actions are not effective or feasible):

¢ Communicate the need for developing detection methods to expose nonconforming parts.

e Mistake proof (cannot pass a bad part) (e.g., ability to detect the failure mode and not allow produfct acceptance)
¢ Increase the serjsitivity of simulation/testing to exhibit the failure mode
e Emphasis shouldl be placed on preventing causes of failures (i.e., reducing the ogcurrence) rather{than detecting them

e Responsibility apd target completion date

It is acceptable to [nclude the name of an organization or department{with a recommended actlon. However, since
recommended actions represent a commitment by an individual to do something, recommended action$ should be assigned
to one person who fs present for the discussion; or subsequently agreed-to by someone who wag not present for the
discussion. A due date is also required. The due date represents aceeptance of a commitment to take action by a certain
date. If the recommgnded action is not completed by the due date,then a new due date may be assighed. A history of due
date extensions may be preserved by striking through the original' date and entering the new date belgw (in the same cell).

Risk
Item b . =lEle A Product Process . - Target
(Op-Seq) Potential Cause(s] of Failure 2|8|A Pzr;?ir{::- Sp Char Sp Char Recommended Action (P or D} | R¢sponsibility Date
Fastener joirg degradation due to Change from battery torque tool to
B I E o g 105200 B
3010 = [torgue tool ofit of calibration = 9|46 H Digital Controlled (DC) torque tool Carl Carlson 01/05/20 =
= £ =
= = =
=1 - ) £ g
= = =
= Wire d.amage d dgrmg torque =, KCC Add an anti-rotation feature on the =
5 |operation dug to inadequate design & ce Degree of Jground wire connector and body to 5
30.30 2 to prevent th¢ ground wire 3 1077 H Connector 9 9 ) v Ed Myzienski | 10/06/19 2
L . : . connector §prevent ground wire damage during
g connector frofm twisiting dusing E orientation ot N i E
Z |rorque operation 2 rotation orque operation =
o q p o o
Wiper ground wire nottefqued to ce
specification [due-toctorgue tool Ground wire Kee Change the torgue to a 2 speed
30.30 trigger releaged too soon to protect 90417 H P — , oug BiOrgue tool to prevent twisting the Bil Haughey 10/15/19
against connector twisting in tor u:a S Iec " 7 Jconnector during torque operation
operator hand (human factors) i P
PFMEA Pows Truncated

Figure 47 - Recommended actions example for windshield wiper PFMEA
6.5.2 Acceptance/Disposition of Risks by Management

The company’s FMEA procedure should describe how PFMEA is reviewed and/or approved by management. Risk
prioritization methods allow review with others outside the team who share ownership/responsibility for the risk mitigation.

Management acceptance/disposition of risks methods for the manufacturing and assembly processes should describe how
the PFD, PFMEA, and process control plan (PCP) are reviewed and/or approved by management within the company’s
FMEA procedure.
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6.5.3 Implement Recommended Actions

Implementation of recommended actions is completed by entering a brief description of the action taken and effective date.
Documenting the closure of a recommended action is as important as writing the recommended action. If an action is not
implemented, note that is was rejected/discarded with reason given.

Closure of recommended actions should be documented before start of regular production (SORP). Missing closure
information may be challenged if the PFMEA is subjected to legal discovery. After SORP, new recommended actions to
implement product design changes that impact the process should be validated with the same degree of robustness as the
original process; e.g., production trial run.

6.5.4 Reassess Risks

Reassessment of rifks 1S when severily, occurrence, and detection values are re-scored when the action has been
completed. If no actipns were taken, leave the related rating columns blank. Examples for the windshig¢ld wiper PFMEA are
shown in Figure 48.
In order to reassess [the risks, the following can to be considered:

a. Severity may be|reduced as the result of a design change impacting the end user\

b. Severity may be|reduced as a result of a process change impacting the plantjoperator.

c. Occurrence may| be reduced by removing or controlling one or more ofthg causes of the failure mogle through a process
revision.

d. Detection may he reduced by changing detection methods or increasing the process capability|to detect the failure
mode or cause.

. New Risk
Item Recommended Action (P or D) Actions Taken Effective | New) New| Npw Prioriti-
(Op-Seq) Date (S) | (O} | {PY| zation
Replaced all battery
Change from battery torque toblto torque tools for severity 9
04/
3010 | =lIpigital Controlled (DC) tofque'tool | B [or 10 with digital 02104120 | & | 2 | p L
5 S |controlled torque tools.
g g
E E
2| |Add an anti-refation feature on the E Ch.anged wne.cnnm.actnr
=| |ground wipe€onnector and body to = to include anti-rotation tab
30.30 0 g . . U |and added anti-rotation 10/06/19 8 2 4 L
= | |prevent ground wire damage during = |t2b location hole t
g torqué, operation g db ‘ocation hale to
= = |position the connector.
s s
Added 2 speed O torque
Change the torgue to a 2 speed tool to ensure ground wire
30.30 torque tool to prevent twisting the is torqued to specification |10/15/19 9 2 2 L
connector during torque operation and avoid wire damage
during torgue operation

PFMEA Pows Truncated

Figure 48 - Action results example for windshield wiper PFMEA
6.5.5 Continue FMEA Until Risks Have Been Reduced to an Acceptable Level
It is worthwhile to ask, “When is a PFMEA completed?” Is the PFMEA completed when each of the columns or sections

have been filled out? The answer is no. PFMEA is not completed merely by filling out the various columns or sections of
the FMEA spreadsheet or software.
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Is a PFMEA completed when the PFMEA team has recommended and executed specific actions, based on risk
prioritization? The answer is no, not necessarily. PFMEA is not necessarily completed when all the actions have been
executed.

The correct answer is a PFMEA is completed when an acceptable level of risk has been achieved and agreed upon by the
PFMEA team and management. Until this point, the PFMEA is continued until the risk represented by each of the S, O, and
Ds is reduced to a level that is deemed acceptable by the company, considering input or requirements from the customer.

As each of the PFMEA recommended actions are executed, the PFMEA team enters what was done in the actions taken
column or section, and rescores the S, O, and D. If the combination of rescored S, O, and Ds are deemed acceptable by
the PFMEA team, based on company policy and considering input or requirements from the customer, the risk related to
that specific issue is addressed for the purposes of the PFMEA. If the risk represented by the rescored S, O, and Ds are
not deemed acceptable, the PFMEA team continues to recommend and execute actions to reduce risk, until an acceptable
level of risk is achiejed:

When all the PFMEA
is considered compl
based on guidance ¢

recommended actions have been executed, and the rescored S, O, and Ds-are ac
bte for the purpose of the PFMEA project. In the future, the PFMEA may be upd
r policy covered in 6.6.5.

eptable, the PFMEA
hted, as appropriate,

6.6 Document Results (Step 6)

Step 1
Project
Planning

Step 2 Step 3 Step 4 Step 4a Step 5
FIVIEA Technical Risk Risk Monitoring & Reduce &
Preparation Analysis Assessment & System Communicate
Prioritization Response Risks

(as needed)

Deliverables: The re

6.6.1  Prepare Sur
A summary of the P
and associated proc
time interval (e.g., e
the definition of nev
controls (technology
method, risk analysi
potential risks are re|

Figure 1G - Step 6 of the FMEA six-step process map
sults of the selected PFMEA are linked and documented.
nmary of Key Findings

FMEA results can be created and archived with the PFMEA. It highlights the high
ess actions. The cantent of the summary is company-specific and represents the
nd of PFMEA project). It may include key findings determined by the team and m
manufacturinghand assembly operations, new outputs of operations (requiren
equipment,detection methods, etc.), rating criteria (severity, occurrence, detecti
5 summary,/actions to reduce risk, special product and process characteristics, a
duced to.an acceptable level as determined by management.

6.6.2

Step &
Document
Results

Fisk potential failures
PFMEA at a certain
anagement, such as
nents), new process
bn), risk prioritization
nd conclusions; e.g.,

Provide PFNIEA Effectiveness Feedback

An evaluation form or audit checklist may be used during the development of a PFMEA to ensure the quality of the analysis.
This evaluation or self-assessment may be company specific or customer specified.

PFMEA quality objectives can be used as follows:

1.

Become part of PFMEA training

2. Reviewed at each PFMEA meeting

3. Incorporated as

an essential part of PFMEA quality audits

4. Consider leaving the PFMEA open until quality objectives are met
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A recommended approach is to consider effectiveness criteria that is aligned with the six-step process, such as:

Step 1: Project Planning

Step 2:

Step 3:

Step 4:

Step 5:

Deliverable:

Set of PFMEAs are identified, prioritized, and scheduled.

PFMEA plan: The right set of PFMEAs have been identified and prioritized, based on company policy, and

organized in

to an executable PFMEA plan.

FMEA Preparation

Deliverable: All preparation steps for selected PFMEA have been completed and first meeting scheduled.

Scope: The
properly refl

scope for the selected PFMEA is correctly defined, focused on areas of highes
bcted in the PFMEA process flow diagram.

concern/value, and

Interfaces: The PFMEA scope includes integration and interface between the PFD,.PFMEA, gnd PCP.

Lessons lea
issues, man

Team: The
analysis and

Technical R
Deliverable:

Technical ri

rned: The PFMEA considers all major “lessons learned” (such as<high warran
Lifacturing guidelines, etc.) as input to failure mode identification?

ight people are identified and participate as part of the cross'functional PFMEA
are adequately trained in PFD, PFMEA, and PCP methods.

sk Analysis
The PFMEA procedure has identified the technical risks for the selected PFMEA.

5k analysis: Each portion of the technical risk assessment has been properly ¢

correct PFMEA fundamentals and procedure.

Interfaces: T]
Risk Assess
Deliverable:

High-risk fai
prioritized, in

Special cha
characteristi

Interfaces:

he PFMEA includes integration ofinformation from the PFD and the DFMEA and
ment and Prioritization

The risks for the seleeted PFMEA have been assessed and prioritized.

cluding past.field issues (for similar items) and potential new issues.

Facteristics:’ The PFMEA identifies appropriate special product characteristics
Cs, based on company policy.

y, campaigns, plant

team throughout the

erformed, based on

or product design.

ures identified: All.potential high-risk failure modes and associated causes are pioperly identified and

bnd special process

he-PEMEA team and management also use information from the control plan (

CP) to assess and

prioritize risk.

Reduce and

Deliverable:

Communicate Risks

Risks for selected PFMEA have been reduced and communicated.

Process improvements: The PFMEA drives actions to improve process designs as the primary objective.

High-risk failures addressed: The PFMEA addresses all high-risk failure modes, as identified by the PFMEA team,
with executable action plans. The result is risk reduced to an acceptable level.

Timing: The PFMEA is completed during the “window of opportunity” where it could most efficiently impact the
manufacturing and/or assembly processes.
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Step 6: Document Results

Deliverable: Results of selected FMEA have been linked and documented.

Documentation: Each portion of the PFMEA document is properly and completely filled out “by the book,” including
“action taken” and new risk prioritization values. The document is archived for future reference.

Time usage: Time spent by the PFMEA team, as early as possible and focused on areas of concern, is an effective
and efficient use of time, with a value-added result.

This evaluation or self-assessment may be company specific or customer specified.

6.6.3

Implement PFMEA Version Control

The PFMEA must b
requirements. It is u
level, program timin
system will show on
6.6.4 Identify PFM
The PFMEA is relate

control plans, inspe
assess, mitigate, an

A process control pl
be component or prg
plan describes the

processing, material
plan provides the pr|

EA Linkages

e retained by the organization according to the organization’s record retention
p to the company to determine what version(s) of the PFMEA must be retained (¢.g., based on status
j, management review, customer review, PPAP, etc.). In any case, a.good dod
y the most recent version with history available.

d to other documents such as the product design documents,"DFMEA, process fl
tion records, and operator work instructions. The PFD{PFMEA, and PCP work
I prevent technical risks of failure in the manufacturing.ahd assembly processes.

hn (PCP) provides written descriptions of the systems used for controlling parts 3
cess specific, or family where multiple parts are produced using the same proces
pctions that are required at each phase and detailed operation of the process
handling, and periodic requirements to_assure that all process outputs will be in
bcess monitoring and control methods(that will be used to control product or pro

policy and customer

ument management

bw diagram, process
together to identify,

nd processes. It can
5ing line. The control
including receiving,
control. The control
cess characteristics.

Typical PCP types include prototype, pre-launch and prdduction. An example of a process control plan for the windshield

wiper installation is

The process control
practice should cong
than detection (e.g.,
the earliest possible

hown in Figure 49.

plan should place emphasis.on pro-active controls at the point of manufacture.
ider: the control of the process inputs to obtain the desired product outputs; emp
use of error-proofing.instead of operator dependent work or inspection); and ve
operation/step withinjthe process.

(Good manufacturing
oy prevention rather
rification of output at

CONTROL PLAN Control Plan No:  WWs-0p-30-rev b
Part Number/Latast Change Level Key ContastRnong Date (Orig.) Date (Rev.)
WS-2021-rev b Bill HaugheyT 810-516-1157 121312019 1i21/2020
Customer Part Number Corg Team Customer Engineering ApprovalDate (If Req'd.)
Wik Buedla; Paul Baird, Ryan Winnick; Ed Myzienski; Mike Down; Lee Dawson; Mary Rowzee Rhonda Brender - 1/21/2020
Part Name/Description Supplier/Plant ApprovalDate Customer Qualtty ApprovaliDate (If Req'd.)
Wiper System Installation MaryBeth Soloy - 1/21/2020 Carl Carlson - 1/21/2020
Supplier/Plant upplie{Cod Other ApprovalDate (If Reg'd.} Other ApprovaliDate (If Req'd.)
NiA WA
Characteristics Wethods
Op-Seq|  Process Name/ Operation WMachineDEm=-TT, " - Reaction
o Description Toortoriie. o oraduct orocess Special Char. Class. ProductiProcess. Operation Evaluation Sample Control o
Specification/ Tolerance: Evaluation Measurement Technique Size Freq. Method

30 Wiper System Installation

Orient and secure wiper linkage o Torque spec 10nm to Operator torques fastener until the Light on the torque tool Quarintine product since last
3110 [body structure with battery torqus |Battery torque tool | [Torque specification battery torque tool stops and light | 100% | A

12nm QC audit every shift audit and change torque tool

tocl turns green

Orient and secure wiper inkage fo Battery torque tool Torque spec 10nm to|First piece to confirm torque Caliorate procedure TI-SAE-2D18RA | arintine product since last
3210 |body structure with battery torque N N 1 Each Shift | Calibration label

ool calibration 12nm calibration meets specifications Batiery charging procedure audit and calibrate torque tool

Orient and secure wiper motor cc Tool Calibration Procedure
3030 |ground wire to vehicle with 2 speed DC Torque tool| 5 |Torque specification Ground wire fastener Torque spec: Tighten until torque tool completes cyele | gy oo | qppgg | (SAEPHM 2019.567) Inspect all assembies since last

pattery torque tool torque spec 15 +-2 Nt and light turns green Nonconforming material Procedure (SAE | calibration check.

NCM ABC123)

Orient and secure wiper motor Tool callbration procadure

20.30  [ground wire to vehicle with 2 speed DC Torque tool| 5 Tool RPM Kee 200 RPI-TWOMNS | o o roietes torque tool calibration 1 |each shin | S4E-2019.0C122 Replace torque tool if incapable of
Tool RPI 80 RPM - Final Torque Form signed off and dated achieving torque
battery torque tool i
Update calibration sticker on torque tool
Orient and secure wiper molor Connector oriented per N X -
cc Operator aligns anti-rotation feature Design anti-rotation error proofin

30.30 |ground wire to vehicle with Connector orientation Connector orientation drawing (SAE-1739- {J | " gh I Each part| 100% feat 9 P 9 Realign per SWI-SAE-2024

batery torque tool 5 2020) into focation hole eature

Orient and secure wiper molor KCC Connector ariented per

D i ch Design anti-ratation error proofin

3030 |around wire to vehicie with egten OTCOMEEON | Degree of connector  [drawing (SAE-1735- | Error Proofed by design o | s |00 9 Prooing | pealign per SWI-SAE-2025

battery torque tool 5 rotation [2000) eature

Figure 49 - Process control plan example for the windshield wiper system
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The flow of information is shown in Figure 50 between the PFD and the PCP.

M

P
c
P

The operation sequence number in the PFD becomes the operation sequence number in the PCP

The operation description in the PFD becomes the operation description in the PCP

The operation description in the PFD identifies the machine, device, jig, tool in the PCP (the “with this”)

The engineer or PFMEA team uses engineering judgement to convert process characteristics in the PFD to the process
characteristics in the PCP

The engineer or PFMEA team uses engineering judgement to convert product characteristics in the PFD to the product

characteristics in

the PCP

The engineer or
special characte

ristics in the PCP

PFMEA team uses engineering judgement to convert special product charagcteris

ics in the PFD to the

£
c £
Cha:::cf:ﬁsstics z = 'E Operation Description n& Outputs.
Op- Sources of SpecialProcess |2 = §| & E £ r % (Process Function) £ (Product Special Prodjics Comments
Seq Variation Characteristic |2 =T § Elo|s E | = | & |(Do This - To This - With This)| 5 | Characteristics or Characterisfc
Inputs) r E E B '_-': I 21ElE (Purpose of Operation) = | Progess Outputs)
(np R AN EHEEHH 5
2= s[2ls|el2|a|s)s &
'b-.h - - -
=t S - -
““"'-.. - — -’—_,. -‘-__-.-
. = " -
iy " T
- — -
4 =17 7=~ _CharacEnsticg.-=" Kow" Methods
Machine, Davice, Sk T T
Op-Seq| Process Name P PU, LN ;;ECJ PahctProcess | CPeration Evaluation Sample contra N
Me. Cperation Descrippon Tool for Mfg. No Product Process Char. Specification!  |evaluation Measurement size | Freg Method Plan
Telerance Technigue -
Solid lines indicate exact popy and paste from PFD to PCP and dashed linés indicate engineering judgement is used to converfinformation.

The flow of informati

PmET0

Q

The engineer or
methods in the R

The engineer or
measurement te

The

engineer o

identified in the

CP

Figure 50 - PFD and PCP connection

pn is shown in Figure 51 between the PFMEA and the PCP.

PFMEA team uses engineering judgement to convert prevention controls in the H

PFMEA team uses engineering judgement to convert detection controls in the PFIV
chnique and‘the control methods in the PCP

PEMEA team uses engineering judgement to convert product and process s
PFMEA to the special characteristics in the PCP

FMEA to the control

EA to the evaluation

ecial characteristics

- _ - 5 [n] 1] Risk
Item Function Requirement . Potential . Current Process |Current Process S
N Potential Potential Causels) E C E Prioritization Product |Process
(Op- [Operation [(Outcome of _ Effect(s] of ; Controls - Controls - N
Seql | Description] each Stepl Failure Made Failure of Failure Prevention [P] | Detection (O] v c T (Ref. section Sp Char | Sp Char
N (51| (O) | (M 5.4.4)
IR ozt
~—— - I
-"‘..i""h_-‘_ '--..._: et -
} _‘;..:--"""‘5-:""""'-«._ -
Characteristics _oe===2 ——— Methods ~=eo _ ~~eo_
Machine, Device, I ‘ ——
Op-Seq Process Name/ =P EroductProcess Ope'r‘atlon Ewvaluation Samghe ., | . .
No Operation Description g, N Product P Special Specification X Control Reaction
. Tool for Mfg, o- rodu rocess Char. pecification/ | Evaluation Measurement| Freq Method Blan
Tolerance Technigue -

Dashed lines indicate engineering judgement is used to convert information.

Figure 51 - PFMEA and PCP connection
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