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Omnex provides training, consulting and software solutions to the
international market with offices in the USA, Canada, Mexico, China (PRC),
Germany, India, the Middle East, and SE Asia. Omnex offers over 400
standard and customized training courses in business, quality,
environmental, food safety, laboratory and health & safety management
systems worldwide.

Email: info@omnex.com

Web: www.omnex.com
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Course Objectives

Demonstrate an ability to properly and effectively complete all steps in the
PFMEA process.

— Demonstrate an ability to properly construct a Process Flow Diagram.

— ldentify steps, requirements, failure modes, causes and controls and properly
enter the information into a PFMEA.

e Explain the relationships among a Process Flow Diagram, PFMEA and Control
Plan.

e |dentify special characteristics in manufacturing process design.

* Explain how to prioritize continual improvements.
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Agenda
e Course Overview and Introductions
* Chapter 1 — Introduction to Failure Modes and Effects Analysis (FMEA)
 Chapter 2 — Developing an FMEA
* Chapter 3 — Process FMEA Prerequisites
— Breakout Exercise 1: Process Flow Diagram
— Breakout Exercise 2: Structure Analysis
— Breakout Exercise 3: Function Analysis
 Chapter 4 — Developing the Process FMEA
— Breakout Exercise 4: Failure Modes
— Breakout Exercise 5: Failure Net
— Breakout Exercise 6: Process Controls

— Breakout Exercise 7: Indices and Action Plans
 Chapter 5 - Control Plan

— Breakout Exercise 8: Control Plan
e Chapter 6 — Effectively Using the AIAG-VDA FMEA Approach
* Summary
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Course Overview

* Focus of the course is on the AIAG-VDA FMEA Handbook
15t Edition method for the development of Failure Modes and
Effects Analysis.
— Published by AIAG and VDA.

* Alllearning objectives relate to the AIAG-VDA FMEA method.
* Breakouts will be conducted using the AIAG-VDA FMEA method.

— There are two views of FMEA examples shown in the manual. The
Software View depicts what the user sees when developing a FMEA using
specialized software that utilizes system element structure, function net,
failure net, etc. The Form View depicts what the user sees when
developing an FMEA in a spreadsheet.

— This class will use the Form View during the breakout exercise
development, but will demonstrate the results using the Software View.
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A BRIEF INTRODUCTION TO OMNEX
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Omnex Introduction

* International consulting, training and software development
organization founded in 1985.

* Specialties:
— Integrated management system solutions.
— Elevating the performance of client organizations.

— Consulting and training services in:
* Quality Management Systems, e.g. ISO 9001, IATF 16949, AS9100, QOS
* Environmental Management Systems, e.g. ISO 14001
* Health and Safety Management Systems, e.g. ISO 45001

* Leader in Lean, Six Sigma and other breakthrough systems and
performance enhancement.

— Provider of Lean Six Sigma services to Automotive Industry via AIAG
alliance.

OMNEX

WWW.OMNEX.COM Copyright 2019 Omnex, Inc. All Rights Reserved.



About Omnex

Headquartered in Ann Arbor, Michigan with offices in major global markets.

In 1995-97 provided global roll out supplier training and development for
Ford Motor Company.

Trained more than 100,000 individuals in over 30 countries.
Workforce of over 400 professionals, speaking over a dozen languages.

Former Delegation Leader of the International Automotive Task Force (IATF)
responsible for ISO/TS 16949.

Served on committees that wrote QOS, ISO 9001, QS-9000,
ISO/TS 16949 and its Semiconductor Supplement, and ISO IWA 1
(ISO 9000 for healthcare).

Former member of AIAG manual writing committees for FMEA, SPC, MSA,
Sub-tier Supplier Development, Error Proofing, and Effective Problem Solving
(EPS).
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o Omnex Global Head Quarters (Michigan, USA)
West Coast Operations (San Jose, CA)

o Asia Pacific HQ (Chennai, Pune, Delhi, Bangalore)
o China (Shanghai, Guangzhou, Wuhan, Chengdu)
o Canada (Mississauga)

o Europe (Berlin, Germany)

o Middle East (Dubai, Saudi Arabia, Bahrain)
o Thailand (Bangkok)

Mexico (Monterrey)
o Singapore

o Malaysia (Kuala Lumpur)




Rules of the Classroom

v’ Start and end on time

v’ Return from breaks and lunch on time

v All questions welcome

v" Your input is valuable and is encouraged

v Don’t interrupt others

v' One meeting at a time

v’ Listen — and respect others’ ideas

v" No “buts” — keep an open mind

v Phones in Do Not Disturb (silent) mode
- v' No e-mails, textin eeting during class

or answer a text please

Copyright 2019 Omnex, Inc.



e

Icebreaker

e |nstructor Information:
— Name
— Background

e Student Introductions:
— Name
— Position / Responsibilities
— What is your involvement in the
new product development process?

— What are your experiences with PFMEA?
— What are your expectations of this course?
— Please share something unique and/or interesting about yourself.
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Chapter 1
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Chapter 1: Introduction to FMEA —

What We Will Cover

Learning Objectives Chapter Agenda

What is an FMEA?
Maintaining FMEAs
Types of FMEAs

At the end of this chapter, you will be
able to:

e Describe an FMEA
e Describe the benefits of an FMEA
e Describe the types of FMEAs




Alignment of APQP Processes

CONCEPT
INITIATION PROGRAM

7

PHASE | ‘

#
PLANNING

|
Q\
PHASE I PLANNING é
PRODUCT DESIGN & DEVELOPME

PROCESS DESIGN & DEVELOPMENT

PHASE V

FEEDBACK ASSESSMENT & CORRECTIVE ACTION
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FMEASs are Deliverables of APQP

PHASE | PHASE | Determine Customer Expectations; ability to meet requirements, plan
e OUTPUTS the program; provide inputs to development processes.

PHASE I

Conduc DFMEA. reate and test prototypes; finalize
PHASE II PHASE Ii : Cetina-
Py liyy OUTPUTS features, funcuon and S_peC|aI C_hgr_acterlstlcs,
DVP&R and manufacturing feasibility.

PHASE Il
INPUTS

facturing Process: Process

. PHASE Il PHASE llI
@ ontrol Plan, W..s; ACTIVITY OUTPUTS
g process controls, methods for
monitoring and recording results.

PHASE IV
INPUTS

Management Review, monitor and measure manufacturing processes & PHASE V PHASE V
product; manage continual improvement. ACTIVITY OUTPUTS

OMNEX
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e

FMEAs are also PPAP Requirements

Product Definition

Design Record
Engineering Change Documents
Customer Engineering Approval

AN

o Process Flow

o Process Control Plan (Prototype)

e Measurement Systems Analysis

e Dimensional Results

@ Material Performance Tests

PPAP Core Elements

Initial Process Studies

Qualified Laboratory
Documentation

Appearance Approval Report
Sample Production Parts
Master Sample

Checking Aids

Customer Specific Requirements

000066 06

Part Submission Warrant

WWW.OMNEX.COM

PPAP Approval

€ PrAP Review and Sign-Off
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WHAT IS AN FMEA?

Purpose and Benefits
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FMEA: Process Definition

* The FMEA process is a disciplined analytical process that allows
the design team to anticipate potential failures and prevent their

occurrence early in product design, and manufacturing process
development.

 The FMEA is integrated into the work of the design and
development teams (departments) and aimed at system
optimization and risk mitigation.

Risk Assessment and

Knowledge Management

OMNEX
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e
Why Perform FMEA?

* Prevention is the only effective way to achieve zero defect
launch goals.

 S/D/P FMEA are used extensively in the automotive industry to
effectively reduce defect levels:
— Many automotive manufacturers are at <20 ppm
— Automotive industry average is 0.23% defects
— Aerospace industry average is 2% defects

* FMEA enables building an engineering knowledge base
providing shorter lead times and fewer delays.

* FMEAs are integral in Problem Solving.

We Need a Paradigm Shift from Detection to Prevention
OMNEX
4
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Considerations of the FMEA

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

Clear:

Potential failure modes are described in technically precise, specific terms; enabling a
specialist to assess failure causes and possible effects.

Descriptions are free from possible misunderstanding. “Elastic” or emotionally laden
terms (dangerous, intolerable, irresponsible, etc.) are not appropriate.

True:
The consequences of potential failures are described accurately, even if they may
sometimes be disagreeable (re-development, delivery backlog, etc.).

Realistic:
Failure causes are reasonable. Extreme events are not considered.

Complete:

Foreseeable potential failures are not concealed. Concern about revealing too much
know-how by creating a correct and competent FMEA does not lead to restricted
representations.

OMNEX
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e
Purposes and Benefits of FMEA

* The FMEA process is a structured approach to...

— Improve the quality, reliability, and safety of products, processes, and
services.

— Increase customer satisfaction.

— Reduce development timing and cost.

— Document and track actions taken to reduce risk.
— Enable knowledge management.

Concept

Identify ways the product or process can fail

Then plan to prevent those failures

OMNEX
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Purposes and Benefits of FMEA

Feasibility / Risk Analysis

Technical Risks
(FMEA)

Has the product or
process been
analyzed for

potential failures?

IN SCOPE

Financial Risks

Does the

remain profitable
after counter
measures?

OUT OF SCOPE

Time Risks Strategy Risks
product Can the Are the
improvements be improvements
realized within the introduced,
time schedule? although the

OUT OF SCOPE unprofitable?

product is

Information
about

|

i OUT OF SCOPE

Product Risks
Process Risks

OMNEX
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Decision for Further
Improvement

of the Product and Process

v

Product and Process
with Reduced Risk
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Risk Reduction and FMEA

 FMEA distinguishes between System, Subsystem, and
Component design risk.

* Prevention is built into the FMEA format for S/DFMEA and
PFMEA.

* FMEA links with controls and strives for better and earlier
controls in design; e.g. DFMEA with DVP&R and PFMEA with

Control Plans.
* Links PFMEA with Control Plans to shop floor controls.

 FMEA focus is on improvement actions to reduce risk.

OMNEX
A

WWW.OMNEX.COM Copyright 2019 Omnex, Inc. All Rights Reserved. 24



e
FMEA Advantage

Graph of Timing and Quality
Related to Potential Failures

With FMEA
and reuse

Without
FMEA or
reuse

Failures

Launch

OMNEX
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Design and Process FMEA Links

Current

Control
(DVP&R)

Failure
Mode
A

DFMEA

| Design

| Problems
_ Ongoing
_ . Testing,
Historical Data Monitoring, &
}-@ -Warranty _ Improvement
- External Quality Problems
P F M EA - Internal Quality Problems
Mfg.
| Problems
Operation Failure gurrten:
b Mode ontro

(CP)
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FMEA Relation to Other Standards

FMEA is part of APQP

PPAP requires many components of FMEA:

— DFMEA (if design responsible)

— PFD (Process Flow Diagram showing special characteristics)

— PFMEA (Process FMEA)

— Control Plan (Showing special characteristics)

— Work Instructions (Special Characteristics)
One of the tools for prevention of failures and continuous
improvement highlighted in 8D Problem Solving

ISO 26262 requires FMEA
|ATF 16949 requires FMEA
... and many others

OMNEX
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MAINTAINING FMEAS




e

Maintaining FMEAs

The FMEA documents living information and should be reviewed
whenever there is a product design change, and should be updated
as required.

* To have value, FMEA updates must occur at these change points:
— New design or process is planned
— Modification to a component, system or process is planned

— Component or system is used in a new environment, location or
application

— Important — Update FMEA to capture continual improvement and
problem solving analyses and results (like 8D Problem Solving)

Knowledge Management

OMNEX
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TYPES OF FMEAS
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Primary Types of FMEAs

 System FMEA: Used to analyze systems and subsystems in the

early concept and design stages.

— Focuses on potential failure modes associated with the functions and
interfaces of a system inherent in the design.

* Design FMEA: Used to analyze products before they are released

to production.

— Focuses on potential failure modes associated with the functions of a
product inherent in the design.

— NOTE: VDA uses the term Product FMEA instead of Design FMEA

* Process FMEA: Used to analyze processes before they are
released for use in serial production.

— Focuses on potential failure modes associated with the deliverables of a
process due to design and operation.

OMNEX
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Other Scopes of FMEAs

OMNEX
A

Design and Process FMEA may take on different names depending
on the application

Process Design FMEA: Used to improve process design; capability, efficiency,
productivity, reliability.

Maintenance FMEA: Used to improve maintenance process and Overall
Equipment Effectiveness (OEE).

Machinery FMEA: Used to improve the design of plan machines and
equipment.

EHS FMEA: Used to reduce risk of accident and injury experience to those
operating the process, as well as reduce damage to the process, facilities and
equipment.

Inspection Process FMEA: Used to analyze and improve the inspection
process.

Logistics / Shipping FMEA: Used to improve the logistics / shipping process.

WWW.OMNEX.COM Copyright 2019 Omnex, Inc. All Rights Reserved. 32



Chapter 1: Introduction to FMEA —

What We Covered

Learning Objectives Chapter Agenda

You should now be able to: e Whatisan FMEA?
* Describe an FMEA * Maintaining FMEAs

* Describe the benefits of an FMEA * Types of FMEAs
e Describe the types of FMEAs




Chapter 2

OMNEX




Chapter 2: Developing an FMEA —

What We Will Cover

Learning Objectives Chapter Agenda
At the end of this chapter, you will be * Conducting an FMEA

able to: e Basic Structure of an FMEA
e Describe the structure of an FMEA

* Describe the steps to conduct an
FMEA




CONDUCTING AN FMEA




NAG »

Fahure Mode and  Secty Anatyvir

FMEA Handbook

Quaitty Asswranies n e
Poiw avn | webe agw

The intent is to provide a common foundation for FMEA
across the sectors of the automotive industry represented
by these organizations.
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e

Not a “Blue Book”

 The VDA-AIAG Handbook is not part of the “Core Tools” set, but
may be required by the major OEMs as per their CSRs.

* The core tools belong to GM-Ford-FCA....
the “Handbook” is co-owned by VDA and AIAG.

AAG D | tommee= YDA | e

Failure Mods and Effects Analysis

FMEA

Tashan PV @ Frosasd Flsta
Hi sk
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FMEA Model — AIAG-VDA FMEA Handbook

Linking Failure Mode
to Cause and Effect
EffeCt |< Results in Failure MOde Results in Cause |

i TIME

We must understand the risks involved in these linkages

OMNEX
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e
Conducting an FMEA — General Approach

Complete necessary prerequisites
— Define the scope of the analysis
— ldentify and list all the requirements

For each requirement
— ldentify potential failure modes

For each failure mode
— Assess potential effects of failures

— ldentify the cause(s)

For each cause

— Identify what control(s) are/will be in place to prevent or detect the
cause or failure mode

— ldentify and implement continual improvement actions

OMNEX
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Omnex 7-Step PFMEA Process

@ PLANNING & PREPARATION e RISK ANALYSIS
5Ts
@ PLANNING SHOP FLOOR CONTROL
@ STRUCTURE ANALYSIS Work Instructions, PM, Setup,

Other

Process Flow Diagram
Structure Tree

Note: Omnex software will e OPTIMIZATION
generate Structure automatically

@ FUNCTION ANALYSIS 0 RESULTS DOCUMENTATION

Link to Process Control Plan and Work
Instruction/
Shop Floor Standardization

Characteristics for Focus Level
Do not populate Lower Level @

@ FAILURE ANALYSIS Legend:

Omnex improvements over

the AIAG-VDA PFMEA process
Omnex-specific changes to the
AIAG-VDA P

Failure modes in Focus Level

Causes in Lower Level,
then populate 4M Italic font

OMNEX
L4
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7-Step Process — AIAG-VDA FMEA Handbook

Seven Step Approach

System Analysis

Failure Analysis and Risk Mitigation

‘ ‘ Risk Communication |

1zt Step
Planning &
Breparation

2nd Step

Structure Analysis

3rd Step

Function # )

SthStep

TthStep

Results Docum entation

—

Froject Visualization of product or vz | [Assignment of existing Communication of actions
identification precess fundions and/for planned con trol s taken to reduce risks
and rating of failures
Project plan: DFMEA: DFMEA & PFMEA: The layout of the document
InTent, Timing, Function treefnet, function Assignment of Prevention may be company specific. The
Team, Tasks, matrix parameter diagam Contrels to the Failure content mayindude the
Tools (5T) d {p-diagram} fauses foll owing:
phyzical part: = Executive summary
= scope of the FMEA
PFMEA: PFMEA: DFMEA & PFMEA: = & reference to the spedfic
Etruct ent:| |Function treefnet or Assignment of Detection =/C/D Rating Tables usedin
equivalent process flow contrals to the Failure the analysis
diagram causes and/for Failure = Action Priority
Modes = gesults and condusions of
the analyzsiz
FME A-MS5R:
Aanalyzis of provisions for
functional zafety and
regulatory compliance
analysiz DFMEA: DFMEA & PFMEA: Documentation of actions
boundaries: cascade of customer Ratingof Severity, taken induding confirmation
whatis induded {external and internal} Ooourrence and Detection of the effectiveness of the
and exduded functions with assodated for each failure chain implemented actions and

from the analysis

requirements

DFMEA & PFMEA:
Aszsociation of
requirements or
charactens tics to functions

FME A-MSR:

Ratingof severity,
Frequency and Monitoring
for each failure chain

assessment of s kafter
actions taken

Identification of
baseline FMEA
with lessons
learned

collaberation between
enginesnngteams
(zy=tems, safety, and
components )

Collaboration between
customer and supplier
[severitg

aboration between the

The content of the
documentation fulfills the
requirements of the
organization, the intended
reader, and relevant
stakeholders, and details
maybe agreed between the
relevant paries.

Basis for the
Structure Analysis
tep

Basis for the Failure
Analysis step

Basis for the product or
proces s Optimization step

record of iskanalysis and
reduction to acceptable
levels.




Transition Strategy

e Existing FMEAs conducted with an earlier version of the FMEA handbook may
remain in their original form for subsequent revisions.

 When practical, existing FMEAs used as a starting point for new programs
should be converted to comply with the new format. However, if the team
determines that the new program is considered a minor change to the
existing product, they may decide to leave the FMEA in the existing format.

 New projects can follow the FMEA method presented in this guidebook
unless company procedure defines a different approach. The transition date
and project milestone after which new projects follow this method should
be defined by the company taking into consideration any customer specific
requirements and standards.

AIAG-VDA FMEA Handbook 15t Edition

OMNEX
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Optimizing the FMEA Process

e Communicate effectively

» Utilize / build upon existing product information
— Requires an acceptable DFMEA of the referenced product

— Focus is on the “new” stuff in the product; i.e. differences and changes in
the product requirements and use

— Can utilize design and process segments

e Acquire and deploy needed information before meetings

— Historical information on the same or surrogate products; this can impact
effects, causes, occurrence, etc.

OMNEX
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FMEA STRUCTURE




AIAG-VDA FMEA Handbook Form

This process requires the identification / analysis for at least three
levels of product flow-down

STRUCTURE ANALYSIS FUNCTION ANALYSIS FAILURE ANALYSIS RISK ANALYSIS
3. Function of Component [ 2 0 i = S=
1. Function of System and | 2. Function of System Element } ‘ = . . ‘ 5. Current Detection |8 « < =
1. System (item) * sysﬁmrzir:mu > c(ﬁ?rﬁc/r:;n;iir:)em Requirement or Intended and Intended Performance Elemlf';';:d": dR;ﬁ'J':'riT::“ o IFE'I"'(':E)M”‘S 55 2 Fa";‘F':A)M EEe & Fa"::g)ca”se g::;li%e:; fcn 3 03 Control (D) of FCor [§ o 55| % 2 2
Output Output & % 52 FM = 25
Characteristic i) O o a] £
OPTIMIZATION
] —
Prevention Action Detecton Action Responsible Person Co-rr:;?e?ion B‘hm"s;a:?um" Action Taken with Completion H & ; g |- =) %
Da Consideration, In Progress, Painter ta Evidence Date i - § @
e P
Completed, Discarded]
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AIAG-VDA FMEA Handbook Form

This process requires the identification / analysis for at least three
levels of product flow-down

STRUCTURE ANALYSIS
Function of Component [ =
1. Function of System and 2. Function of System Element h . = . - i D W Current Detection  [S « < e
1. System (Item) 2 SVS(IEM Element / |3. Component Element e e e and Intended Performance Element and Requirement or 1 Failure Effects ,E & 2. Failure Modle 3. Failure Cause Current Prevention £ S | comrol ©C)of FCor |G 132 E = 85
nterface (Item / Interface) Gl Output Intended Output or (FE) 20 (FM) (FC) Control {PC) of FC 50 M 5 S @ g8
i e Characteristic 3 Qo =2 e

ngher H|gher ngher
Level Level Level
Focus Focus Focus
Level Level Level

Lower Lower Lower
Level Level Level p—

OMNEX
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e
Sequence — AIAG-VDA FMEA Handbook

WHIED 0 e WhaF are the _ How often How effective
scope/ functions and How bad is it? daEs Wife = e
structure requirements occur detection?

gy 2wy @0 ] I

STRUCTURE ANALYSIS FUNCTI( ANALYSIS FAILURE ANALYSIS RISK ANALYSIS
. . 3. Function of Component @ e . c g=
1. System (item) 2. System Element / | 3. Component Element ;EFun::ﬂZ:::ﬁ:;n“jgj z'a:';nfii:; yps:gr’tin\zr“ﬂ:ent Element and Requirement or 1 Failure Effects z e 2. Failure Mode 3. Failure Cause Current Prevention E’ tm Cg:{zr‘;?ffgglr '% E Zl = § g
o Interface (item / Interface) G e o Intended Output or (FE) g% (FM) (FC) Control (PCjof FC | 2 5 ‘FM’ 80 < [g&
Ly Y Characteristic 3 Ou c e
How does this|
impact the
customers? 4
|
What How can :
. at can go this b What is the
i wrong? 'S be isk?
E INSK:
prevented?
a
How can
What are the this b
> IS be
causes? -
detected?
OPTIMIZATION
Target Status: =z g s
[Untouched, Under Action Taken with Compietion | S = | E£EC |55 &
Haler O Heler T Corrg;;l:,:-on Consideration, In Progress, Pointer to Evidence Date i = § - § e =
Completed, Discarded] =3 Y

How can
this be

OMNEX : improved?
L4
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7-Steps and the Form

15t Step
Planning and Preparation

e RESIGK FALLEE AMD FFFFCTE AN M-S
! EE} ! T
r—E v Fameany dans
|I || Evg oormm by, Sule ..
Lz Lare: 1A Al G
| | Fseed J ear S 2tk PO Toater
RIE

- Frize "oonn.

System Analysis
2"d Step
Structure Analysis

O
| |

31 Step
Function Analysis

LEd=s 1 M

[E TR O R

Tadamny e e

R BTN

Failure Analysis

=id Lk b BT O

and Risk Mitigation

4th Step 5th Step

Risk Analysis

STRUCTURE ANALYSIS

FUNCTION ANALYSIS

1. Function of System and
Requirement or Intended
Output

3. Component Element
(Item / Interface)

2. System Element /

1. System (Item) Interface

2. Function of System Element
and Intended Performance
Output

3. Function of Component
Element and Requirement or
Intended Output or
Characteristic

6th Step
Optimization

7th Step
Results
Documentation

OMNEX
A
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FAILURE ANALYSIS RISK ANALYSIS
— g = @ =
N 2 . N R s @ Current Detection s 5 3
1 Failure Effects Flir 2. Failure Mode 3. Failure Cause Current Prevention 9 o g o o S §
g £ o | Control (DC)of FCor | § &« < P
(FE) g o (FMm) (FC) Control (PC) of FC oy M £ 0o g a
& ge ag £9
OPTIMIZATION
. 1
Target [Untoj;ﬁ::’Under Action Taken with | Completion | £ | § = | &
. . y ; : . ction Taken wi ompletion | T — =8 =
Prevention Action Detection Action Responsible Person Completion ) X ! N ) P § slt0| g2 B
Date Consideration, In Progress, Pointer to Evidence Date D 2 &
"
Completed, Discarded] IS @
-~




Chapter 2: Developing an FMEA —

What We Covered
Learning Objectives Chapter Agenda
You should now be able to: e Conducting an FMEA

 Describe the structure of an FMEA e Basic Structure of an FMEA

* Describe the steps to conduct an
FMEA




Chapter 3

System Analysis (Prerequisites)

15t Step 2 Step 3rd Step
Preparation Structure Analysis Function Analysis

Project Visualization of the  Visualization of
Identification Analysis Scope Product or Process
Functions




L — ————
Chapter 3: Process FMEA Prerequisites —
What We Will Cover

Learning Objectives Chapter Agenda

At the end of this chapter, you will be  Step 1: Planning and Preparation
able to: — Scope of Analysis

* Explain process characteristics e Step 2: Structure Analysis

* Explain product characteristics — Process Flow Diagram

* Describe Planning and Preparation — Breakout Exercise 1

» Describe the scope of analysis — Structure Tree

« Complete a Process Flow Diagram — Breakout Exercise 2

and structure analysis * Step 3: Function Analysis
— Breakout Exercise 3

OMNEX
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FMEA Prerequisites

“If | had six hours to cut down a tree, | would spend four hours
sharpening the axe.”

— Abraham Lincoln

OMNEX
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The Process Design is Your Friend

Get to Know it Well
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e
Steps 1-3 — AIAG-VDA FMEA Handbook

System Analysis (Prerequisites)

1stStep

Planning & Preparation

2" Step
Structure Analysis

3 Step
Function Analysis

Project
identification

Project Plan: InTent,
Timing, Team,
Tasks, Tools (5Ts)

Visualization of the
Analysis Scope

Structure Tree or
equivalent Process
Flow Diagram

Visualization of
Product or Process
Functions

Function Tree/Net or
equivalent Process
Flow Diagram

Analysis boundaries:
What is included and
excluded from
analysis

Identification of
process steps and
sub-steps

Association of
requirements or
characteristics to
functions

Identification of
baseline FMEA with
lessons learned

Collaboration
between customer
and supplier
engineering teams
(interface
responsibilities)

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

Basis for the
Structure Analysis
step

Basis for the
Function Analysis
step

Basis for the Failure
Analysis step




_ 15t Step Planning and

PROJECT PLANNING

[ — — — — —

I @ PLANNING & PREPARATION

| 5Ts

e e————————— — — — — — — — — —
@ STRUCTURE ANALYSIS

Process Flow Diagram
Structure Tree

Note: Omnex software will
generate Structure automatically

@ FUNCTION ANALYSIS

Characteristics for Focus Level
Do not populate Lower Level

6 FAILURE ANALYSIS

Failure modes in Focus Level

Causes in Lower Level,
then populate 4M

OMNEX
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Preparation

2
el

Project Identification

PLANNING SHOP FLOOR CONTROL

e RISK ANALYSIS

Work Instructions, PM, Setup,

Other
a OPTIMIZATION
a RESULTS DOCUMENTATION

@ Link to Process Control Plan and Work
Instruction/
Shop Floor Standardization

Legend:

Italic font

Omnex improvements over

the AIAG-VDA PFMEA process

Omnex-specific changes to the
AIAG-VD




Step 1: Project Planning and Preparation =

The purpose of the Process FMEA Preparation Step is to define
what product/processes are to be included and excluded for review

in the PFMEA project.

The main objectives of Process FMEA Preparation are:
— Project identification and boundaries
— Project plan: InTent, Timing, Team, Tasks, Tools (5T)

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

— Identification of baseline FMEA with lessons learned
— Basis for the Structure Analysis step

OMNEX
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Step 1: Project Planning and Preparation '

The following criteria which may be considered in defining the
scope of a single FMEA include, but are not limited to:

Novelty of Technology/ Degree of Innovation

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

Complexity of Design

Safety of People and Systems

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

Catalog and Standard Parts

OMNEX
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Understanding the Scope of the Analysis

1%t Step: Planning and Preparation

o>Ts Key Aspects:
* FMEAinTent « What to include and what to
— Why are we here? exclude in FMEA
* FMEA Team * FMEA project plan including
— Who needs to be on the team? important dates, responsible
* FMEA Timing persons, potential team
— When is this due? members, timelines...
 FMEA Task * Boundaries of the analysis

— What work needs to be done?
e FMEA Tool
— How do we conduct the analysis?

OMNEX
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5Ts — 1. FMEA InTent )

* Itis recommended that members of the FMEA team are
competent in the method, based on their role on the team.

* When members of the team understand the purpose and intent
of the FMEA, they will be more prepared to contribute to the
goals and objectives of the project.

OMNEX
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5Ts — 2. FMEA Timing b

* One of the most important factors for the successful
implementation of an FMEA program is timeliness.

e Up-front time spent properly completing an FMEA, when
product/process changes can be most easily and inexpensively
implemented, will minimize late change crises.

e The FMEA should be carried out according to the project plan
(APQP) and be evaluated at the project milestones according to
the state of the analysis.

* The FMEA as a method for system analysis and failure
prevention is best initiated at an early stage of the product
development process.

OMNEX
4

WWW.OMNEX.COM Copyright 2019 Omnex, Inc. All Rights Reserved. 67



5Ts — 2. FMEA Timing L

* |tis used to evaluate the risks, valid at that time, in order to
initiate actions to minimize them. In addition, the FMEA can
support the compilation of requirements.

* The FMEA should be carried out according to the project plan
and evaluated at the project milestones according to the state of

the analysis.

* |tis recommended that a company define desired maturity
levels for their FMEAs according to overall company-specific
development project milestones, etc.

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

OMNEX
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5Ts — 2. FMEA Timing =

Senior Management Commitment to Timing:

e The FMEA workshop needs to start on time and should be part
of the Design Timing Schedule.

 Companies have more success with FMEAs when allotted time is
built into the schedule.

* Engineers need to have FMEA activities built into the schedule
and have interest shown by senior management.

 Senior Management interest is shown by:
— Regular FMEA gate reviews
— Being educated in FMEA
— Supporting FMEA education
— Supplying any resources required

OMNEX
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5Ts — 3. FMEA Team L

 The FMEA team consists of multi-disciplinary (cross-functional)
members who encompass the necessary subject matter
knowledge.

* This should include facilitation expertise and knowledge of the
FMEA process.

 The success of the FMEA depends on active participation of the
cross-functional team as necessary to focus on the topics of
discussion.

OMNEX
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THE FMEA TEAM

Purpose and Benefits

OMNEX _
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Team Approach o

* Conducting an FMEA is a “creative” process involving a
cross-functional team.

* Alarge portion of the benefit of the FMEA process comes from
the increase in knowledge generated by team discussions and
related activities.

This, in itself, is sufficient justification for using
the FMEA process.

FMEA 4 Edition

Without a team, very little analysis is likely to occur and the associated
risks may be either underestimated or missed entirely

OMNEX
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The FMEA Team -

e Why?
— Shared experience
— Shared level of understanding
— Capture knowledge base
— Assist in problem solving
— Consensus decision-making

Without a team, very little analysis is likely to occur and the associated
risks may be either underestimated or missed entirely

OMNEX
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FMEA Team

The Core Team may consist of the following people:

e Facilitator

* Process Engineer

* Design Engineer

* Production Supervisor and Team Members

e Quality/Reliability Engineer

e Others responsible for the development of the product
The Extended Team may consist of others that may have

specialized knowledge that will help the core team analyze specific
aspects of the product.

OMNEX
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Roles on the FMEA Team | |

e Team Leader
— Typically the responsible engineer
* Facilitator / Moderator

— |Is an FMEA process expert
e Skilled in the FMEA methodology and facilitation methods

— Not a requirement for every team
* May not need a full-time facilitator
e Applicable for novice teams

e Team Members
— Core Team
— Expanded Team

e Scribe or Recorder
— Skilled in the use of the appropriate software
— Role should be rotated, if possible

OMNEX
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FMEA Meetings o

* Acquire and deploy needed information before the meeting
 Book meetings in advance

* Prepare an agenda with objectives
e Assign roles

 Communicate effectively

* Define, assign and track
tasks

OMNEX
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Keys to FMEA Team Success

Support by Management
* Ensure competency of team

members

e Team sized for the task

* Scope not too large

* Objectives well-defined

* Follow a well-defined process

* Objectives considered relevant and significant

e A measurable for success identified

 Time is allotted for analysis and improvement
* Activity integrated with organization’s development process

* Inputinformation and data are available
OMNEX

WWW.OMNEX.COM

Copyright 2019 Omnex, Inc. All Rights Reserved.

77



Management Responsibility -

“Ultimately, management has the responsibility and
ownership for development and maintenance of the

FMEAs”
FMEA 4t Edition

“Management carries the responsibility for the
application of FMEA. Ultimately, management is
responsible for acceptance of the risks and risk

minimization actions identified in the FMEA”
AIAG-VDA FMEA Handbook 15t Edition
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Senior Management Commitment

The FMEA process can take considerable time to complete!
Important to FMEA development are the active participation of the
product and process owners and commitment from senior
management. Senior Management carries the responsibility for the
application of FMEA:

— Ultimately, senior management is responsible for acceptance of the risks
and risk minimization actions identified in the FMEA.

— Senior management needs to make FMEAs a critical topic during Design
Reviews.

— Senior management needs to take an active interest in the results of an
FMEA and support the mitigation of the risk, whatever time and
resources are required

e Senior management is responsible for the “FMEA” culture in the
company.
OMNEX
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Senior Management Commitment .

e Senior Management interest is shown by:
— Regular FMEA reviews
— Being educated in FMEA
— Supporting FMEA education
— Supplying any resources required

 Companies have more success with FMEAs when allotted time is
built into the schedule.

* Engineers need to have built FMEA activities into the schedule
and have interest shown by senior management.
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5Ts — 4. FMEA Tasks

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

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

OMNEX
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5Ts — 4. FMEA Tasks

Seven Step Approach
‘ System Analysis ‘ | Failure Analysis and Risk Mitigation ‘ ‘ Risk Communication
1zt Step 2nd Step 3rd Step Ath Step SthStep 6th Step TthStep
Planning &
B . 5 ; ) E ian A . Fai ; ) 0 ptimizati R D .

charactens tics to functions for each failure chain

Froject Visualization of product or vz | [Assignment of existing Communication of actions
identification precess fundions and/for planned con trol s taken to reduce risks
and rating of failures
Project plan: DFMEA: DFMEA: DFMEA & PFMEA: The layout of the document
InTent, Timing, Function treefnet, function Potential Failure Effects, Assignment of Prevention may be company specific. The
Team, Tasks, matrix parameter diagam Fz Contrels to the Failure content mayindude the
Tools (5T) dizgram,digta {p-diagram} = fauses foll owing:
phyzica parts fun = Exgcutive summary
= scope of the FMEA
PFMEA: PFMEA: PFMEA: DFMEA & PFMEA: = & reference to the spedfic
Etruct ent:| |Function treefnet or Fotential Fa Assignment of Detection =/C/D Rating Tables usedin
equivalent process flow Fz contrals to the Failure the analysis
diagram cz causes and/for Failure = Action Priority
fun Modes = gesults and condusions of
the analyzsiz
FME A-MS5R:
Aanalyzis of provisions for
functional zafety and
regulatory compliance
analysiz DFMEA: DFMEA & PFMEA: Documentation of actions
boundaries: cascade of customer Ratingof Severity, taken induding confirmation
whatis induded {external and internal} Ooourrence and Detection of the effectiveness of the
and exduded functions with assodated for each failure chain implemented actions and
from the analysis requirements zzzeszment of s kafter
actions taken
DFMEA & PFMEA: FME A-MSR:
Azzociation of Ratingof severity,
requirements or ng s Frequency and Monitoring

Identification of collaberation between Collaboration between tollaboration between the

The content of the

bazeline FMEA enginesnngteams = =0 and s customer and supplier documentation fulfills the

with leszonz (zy=tems, safety, and Fz [severty) requirements of the

learned components ) organization, the intended
reader, and relevant
stakeholders, and details
maybe agreed between the
relevant parties.

Basis for the Basisz for the Failure Basis for the dod Basis for the product or record of iskanalysis and

Structure Analysis Analysis step of fa n the FMEA proces s Optimization step reduction to acceptable

step znd levels.
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5Ts — 5. FMEA Tools

 There are numerous FMEA software packages that can
be used to develop a DFMEA and PFMEA as well as
follow up on actions.

* This software ranges from dedicated FMEA software to
standard spreadsheets customized to develop the
FMEA.

e Companies may develop their own in-house database
solution or purchase commercial software.
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5Ts — 5. FMEA Tools

* In any case, the FMEA team needs to have knowledge of how to
use the FMEA software selected for their project as required by
the company.

* There are two views of FMEA examples shown in the manual.

* The Software View depicts what the user sees when developing
a FMEA using specialized software that utilized e.g. system
element structure, function net, failure net, etc.

 The Form (or Matrix) View depicts what the user sees when
developing a FMEA in a spreadsheet.

Note: The development of the steps will be shown using the
“Form” (manual) approach with Excel and the software approach
using the web-based software from OnmexSystems EwQIMS.
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Project Plan

The Project Plan is the output from the 5T process.
* The Project Plan should be developed once the PFMEA project
is known.

 The PFMEA activities (The 7-Step Process) should be
incorporated into the plan.

OMNEX
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Identification of the Baseline or Foundation ‘E-’
FMEA “

Part of the preparation for conducting the PFMEA is knowing
what information is already available.
e This includes the use of a baseline (foundation) PFMEA or

product family PFMEA which allows for variances based on
different customers buying similar product or systems.

* Like brake systems, in general they basically are the same, but
have variances based on the customer.

OMNEX
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Identification of the Baseline or Foundation L
L

FMEA

A Family PFMEA is a specialized foundation process FMEA for

products:

e Common Boundaries
e Related Functions

* A “New Product” in the family, the new specific components and
functions would be added to the family

Note: This requires a subject matter expert design engineer to decide if the
variance is unique or may drive a change to fundamental system.

OMNEX
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Header Information -

During Scope Definition, the header of the PFMEA document
should be completed. The header includes some of the basic
PFMEA scope information, as follows =»

* The FMEA header should clearly identify the focus of the FMEA
as well as information related to the document development
and control process.

* This may include an FMEA number, identification of the scope,
design responsibility, completion dates, etc.

 Needs to be consistent with the other Desigh and Process
documentation information.

OMNEX

WWW.OMNEX.COM Copyright 2019 Omnex, Inc. All Rights Reserved. 89



-~ ——

Header Information -

e Company Name: Name of company of the PFMEA

 Manufacturing Location: Location of the plant — geographical designation for
manufacturing and/or line unique identifier

e Customer Name: Name of customer(s) or Product Family

* Model Year / Program(s): Customer Application or Company Model / Style
e Subject: Name of PFMEA project

 PFMEA Start Date: The date the team initiates the PFMEA

* PFMEA Revision Date: The revision of the specific unique PFMEA document (latest
date it was changed)

* Cross-Functional Team: PFMEA development team members
*  PFMEA ID Number: A unique identification number for the PFMEA document
* Process Responsibility: Name of person who is responsible for PFMEA

* Confidentiality Level: The level of confidentiality determined by the PFMEA owner,
e.g. Internal Business Use, Proprietary, Confidential

OMNEX
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Interactive Example using EwQIMS Software

OMNEX —
g _



_ 2" Step

Structure Analysis

STRUCTURE ANALYSIS %

Analysis Scope
5Ts
o . e RISK ANALYSIS
I @ STRUCTURE ANALYSIS : @ PLANNING SHOP FLOOR CONTROL
Process Flow Diagram .
Structure Tree | W(;lrk Instructions, PM, Setup,
Note: Omnex software will I e
generate Structure automatically |
- O OPTIMIZATION
@ FUNCTION ANALYSIS
G RESULTS DOCUMENTATION

Characteristics for Focus Level

Do not populate Lower Level @ Link to Process Control Plan and Work
Instruction/
6 FAILURE ANALYSIS Shop Floor Standardization

Failure modes in Focus Level Legend:

Italic font

Causes in Lower Level,
then populate 4M

Omnex improvements over

the AIAG-VDA PFMEA process

Omnex-specific changes to the
AIAG-VD

OMNEX
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Step 2: Structure Analysis v

Boundary or Extent of the PFMEA
Defines what is included and excluded from the analysis

Need to know:

e What isincluded e Common Tools Used
* Whatis not included — Process Flow Diagram
— That s, what is the scope — Step 2 Activities
of the analysis? e Structural (Tree) Analysis

 Characteristic Matrix

OMNEX
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P e . -

Process Flow Diagram

o)

Objectives

— Diagram the entire process graphically from receiving to shipping
— Map requirements to operations / steps
— ldentify potential sources of variation

A comprehensive Process Flow Diagram provides the foundation

for the development of an effective Process FMEA, Control Plan
and Work Instructions.

* Note: in the AIAG-VDA FMEA Handbook, the Process Flow
contains information from Steps 1-3
— It defines the scope of the activities
— |t contains the overall structure of the process
— It identifies the requirements (functions) for each step

OMNEX
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Process Flow

Common Elements in a Process Flow

Process Step / Process Function (description)

— Graphical flow of the process
Sources of Variation
Operation Type and/or Symbol

Product Characteristic I.D.
— Product characteristic description

Process Characteristic I.D.
— Process characteristic description

Special Characteristics

OMNEX

WWW.OMNEX.COM

Identify
Product Characteristics

(PC)

Contract Review @
Customer
—>

Requirements

(ex: specifications, design
performance specification, @

protoype requirement)
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Associate PCs
with Operational Steps

Process

Flow
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Process Flow Header Information | |

Common Header information: must be consistent with other
PFMEA information
— FMEA Number
— Iltem
— Model Year/Vehicle(s)
— Process ldentification
— Core Team
— Process Responsibility
— Key Date
— Prepared by
— Dates

OMNEX
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Preparing a Process Flow v

Process Step / Process Function (description) recommendations:
— Consecutive
— Consistent identification convention
— Consistent with other APQP documentation
— Appropriate level of detail

High Level Process Map Too little detail will not expose the problem.

CE-E-EEEOC

Too much detail will hide the problem.

Detailed Process Flow Diagram

O-O-6-O- -6 10

OMNEX
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Preparing a Process Flow

o

Process Flow Graphics
* Each process step should be represented by a symbol (icon).

 Some customers have specified a specific format or graphics but
there is no single approach — be consistent.

 Example symbols:

Operation or Machine D Delay

]
"{";'H] Operation with Automatic Inspection Decision
S
Operation with Multiple Product Streams Primary Path
[—]
35 Inspection 0 | .. Alernate Path

|:> Transportation (:j Operator

A Storage @ Partial Operator
OMNEX
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Manufacturing Process Flow Example

S

20

30

35

40

Operation # &
Description

Wash

Inspect — inside diameter

Grind - cutzide diameter

Step Experienced Process Flow Diagram
— Sources of
Mum Description \ariations
oo Supplier
0s Receive Hot Bars Sources of

Variation

machine caphbility;
operator training;
tool variation; setup
wariation

Flow Diagram

OpErd

tool wear variation,
setup variation

Process
Characteristi

Product

Characteristics

07
12

HDO3
14
WDO4

ignificant

CS

tube surface
condition

tube inside
diameter

OAL
hamfer degree
Chamfer length

Spacer inside
diameter

free of machine oil

Best-In-Class

Characteristics

correct decizio

inventory
protocal

inventory
protocal

tool replacement

Washer Acid
concentration

Approach

Copyright 2019 Omnex, Inc. All Rights Reserved. ynog
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Manufacturing Process Flow

Step Experienced Process Flow Diagram Funct Requirerment
— Sources of ion
Description \ariations . Product Process
Supplier
0o 0o [11]
Receive Hot Bars delivery timing @ N1 correct decizion
wvariation o5 '
1
| i
store bars inside storage time; rack i 01 tube zurface
protection; humidity 1: condition
| ND02 inventory
! protocal
store bars cutside storage time; humidity | iy tube zurface
At ! condition
— ND02 inventory
P protocal
Screw Machine machine caphbility; : : @ 04 tube inside
operator training; 20 20 diameter
tool variation; setup
wariation 05 OAL
05 Chamfer degree
irs Chamfer length
12 Spacer inside
diameter
NDO3 tool replacement
Wash “ariation in solution; @ 14 free of machine oil
solution lite <30 30 30) ND04 Washer Acid
| concentration
Inspect — inside diameter |operator skill; gaging ‘ = ‘ NI correct decision

Grind - cutzide diameter

tool wear variation,
setup variation

|
+ 08
NDOS

Copyright 2019 Omnex, Inc. All Rights Reserved. ynog
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Manufacturing Process Flow v
adapted for AIAG-VDA FMEA Method

Process Flow

Item Process Responsibility Process ldentification
Lower
Product Prepared By OWe
Core Team Key Date Date (Orig) Date (Rev) Level
. Experienced
Step. / Brief . Product Process Work .
Description Sources of Process Flow Diagram 12 Characteristics|Characteristics = Element Function
Variation
Focus
Level
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Process Functions / Requirements v

 What SHOULD the Operation/Process Step be doing?

 What are the expected outcomes for all uniquely identified print
items and process characteristics at each step?

« What do we expect to see if the process step is operating
correctly, in terms of:
— Product characteristics?
— Process characteristics (parameters)?
— Etc.

OMNEX
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Preparing a Process Flow v

Characteristics
e List all Product and Process Characteristics (requirements) for

each process step.
— “what is this step in the process supposed to do or produce?”

* |tis recommended that each requirement be identified by a

unique ID.
— This should be consistent with the PPAP dimensional report IDs
(Ballooned Drawing).

OMNEX
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Special Characteristics v

Special Characteristics are, as defined by IATF 16949,

a product characteristic or manufacturing process parameter that
can affect safety or compliance with regulations, fit, function,
performance or subsequent processing of product.

 Some companies require that all characteristics on the print be
part of the process review. That is, all characteristics need to be
included in the FMEA and Control Plan, and need to be studied
for capability in PPAP. All types of measurement systems need to
be studied for MSA as well.

* Control of characteristics designated as safety critical, function
critical, and customer interface need to follow the customer-
specific requirements or organization requirements, whichever
IS most stringent.

OMNEX
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Special Characteristics

o

The organization shall identify special characteristics and...
* Include all special characteristics in the Control Plan.
 Comply with customer-specified definitions and symbols.

* |dentify special characteristics on process control documents:
— Drawings
— PFMEAs
— Control Plan
— Operator Instructions

OMNEX
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Preparing a Process Flow

o

Sources of Variation (Experienced-based)
e This column is used to identify those sources of variation that
can affect the process step.

* |tis notintended to be a collection of all possible sources of
variation, but only the dominant ones.

Recommendation:
* Enter only those sources of variation that have caused problems
— for this step — in the past.
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Other Process Flow Information v
Organizations use the Process Flow Diagram to document other process related
information:
* (Capacity
— Current process meets capacity requirements?
* Cost

— Eliminate non-value added steps
— Cost saving modifications

Ergonomics and Safety

— Minimize potential safety risks to employees, reduce operator fatigue and
increase productivity

Lead Time
— Meet customer-established lead times

Other Techniques
— Value Engineering, Simulation, Testing, Line Balancing

OMNEX
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O
Breakout Exercise 1: Process Flow Diagram v

Handouts
e Description of a manufacturing process.

Instructions

* Draw a Process Flow Diagram using the proposed manufacturing
path.

OMNEX
A

For this exercise, do not include all the characteristic descriptions but
only list the ID number.

|dentify special characteristics.
Use the enlarged 11x17 Process Flow sheet or flip chart.

Be prepared to present your team’s Process Flow Diagram to the class;
rotate the team spokesperson.

Recommend improvements to the proposed flow.
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Appreciation of a System v

Dr. W. Edwards Deming includes Appreciation of a System within
his System of Profound Knowledge

e Synthesis — Explains the reason for the system and how the
system works.

— Take the thing you want to understand as part of a larger whole.
— Explain the behavior of the containing whole.

— Disaggregate the understanding of the containing whole into the role or
function of the parts.

* Understanding of a system never lies inside the system; it always
lies outside the system.

— To manage a system effectively, focus on the interactions.

— Improve the performance of a part only if it improves the performance of
the whole.

OMNEX
A
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Step 2: Structure Analysis v

Information gathered in the Planning step is transferred to visualize

the relationships and interactions between the design or process

elements.
Product /

Process
Item

Process Influencing

Steps Factors

* Goal of Structure Analysis
— An overview of the system structure of the product
— Visual indication of the interaction between process steps and its work
elements, i.e. the Influencing Factors; 4Ms
— Allows for the reuse of process elements
— Allows for the Function Analysis and Failure Analysis steps that follow

Note: the AIAG-VDA FMEA requires at least 3 levels in the structure:

OMNEX Higher Level > Focus Level > Lower Level
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Structure Analysis: Structure Trees

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

* This pictorial structure allows for an understanding of the

relationships between the Process Item, Process Steps and
Process Work Elements.

* Each of these is a building block that will have functions and
failures added in subsequent steps.

Collaboration between Customer and Supplier Engineering Teams
(interface responsibilities)

The output of the Structure Analysis (visualization of the Process Flow)
provides a tool for collaboration between customers and suppliers (including

machine suppliers) during technical reviews of the process design and/or
PFMEA project.

OMNEX
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Structure Analysis: Tree Structure v

Process Step Influencing Factors

Man
— Machine
roduct
/ Process Step
Process Item \ Material
Method
The lowest levels in the
PFMEA constitute the

Other

“4M” (Man, Machine,

Method, Material) \

Environment

Process Step

Etc.

Note: the AIAG-VDA FMEA requires at least 3 levels in the structure:

Higher Level > Focus Level > Lower Level
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Levels of Examination: 4M+

o

Man
— Fitter
— Machine operator
* Machine
— Robot
— Mixing unit
* Material
— Bearing surface
— Granules
e Method
— Heat
— Dust
— Conditions / Contamination

e Other

OMNEX
A
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Structure Analysis: System Structure in Excel

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

O
| §
S

STRUCTURE ANALYSIS (STEP 2)

NNNNNNN

Element

rocess Work 1. Funct

ion of the Process

1. Process Item
System, Subsystem,
Part Element or
Name of Process

2 Process Step

Station No. and

Name of Focus
Element

3. Process Work
Element
[Man, Machine,
Indirect Material,
Environment, etc.]

argel
esponsible Person | Completion

ttttttt

OMNEX

WWW.OMNEX.COM

To assist in function and
failure analyses, it is
recommended that this
relate to a DFMEA
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Breakout Exercise 2 — Structure Analysis ¥

Instructions

e Using the previous example, develop a System Structure.

— Develop a structure tree with at least three levels with the Focus Level
being the Handle Stem Manufacturing

— Develop the Structure tree graphically
— Apply to Form

* Prepare to present and review as a class.

The system structure described by the Structure Elements provides the basis so that each
Structure Element can be analyzed and differentiated as necessary with regard to its
functions and failures in the system.

OMNEX
L_4
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FUNCTION ANALYSIS

®

PLANNING & PREPARATION

5Ts

STRUCTURE ANALYSIS

Process Flow Diagram
Structure Tree

Note: Omnex software will
generate Structure automatically

FUNCTION ANALYSIS

Characteristics for Focus Level
Do not populate Lower Level

FAILURE ANALYSIS

OMNEX
L4
WIQMNEX.COM

Failure modes in Focus Level

Causes in Lower Level,
then populate 4M

- Copyright 2019 Om‘néx, Inc. All Rights Reserved.

Function Analysis

Visualization of Product
or Process Functions

RISK ANALYSIS

@ PLANNING SHOP FLOOR CONTROL

Work Instructions, PM, Setup,

Other

OPTIMIZATION

I G RESULTS DOCUMENTATION

Link to Process Control Plan and Work
Instruction/
Shop Floor Standardization

Legend:

Omnex improvements over

the AIAG-VDA PFMEA process

Omnex-specific changes to the
AIAG-VD

Italic font




Goal of Function Analysis v

* Overview of the product functionality and the flow of the
functional requirements through the structure

* Flows down the functional requirements of the item to the
lower level elements

* Answers the question “What is the Function/Requirements of
the specific level element?”

» Verification against the customer requirements / specifications
* Overview of cause and effect relationships

e Creating the basis for the failure analysis

OMNEX
A
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Function Analysis @

Expands the Structure Tree by including function and
requirements at each level

Process Step Influencing Factors

Activities

Product /
Process Item

Tasks

Process Step

Process Characteristics

Process Step Activities

Expands the system structure to include Tasks
functional requirements — at all levels

B
OMNEX P
B Process Characteristics
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Process Functions / Requirements s

The results of this activity should be...

At the Product/Process Item Level: a list of all the functional
requirements of the product being assembled or manufactured as
well as any process or logistical requirements in the process.

At the Focused (Process Step) Level: a list of all
requirements/deliverables for each step of the process (from the
Process Flow Diagram)

e List each requirement separately
— Provide a name and number for each deliverable to be evaluated
— Show process design level per engineering drawing

* Requirements should be described by an action verb followed by a noun
— Describe the requirement in terms that can be measured

OMNEX
4
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Product or Process functionality is ensured by allocating a
description of activities, purposes or tasks intended for the product
performance.

FUNCTION ANALYSIS (STEP 3)

1. Function of the
Process ltem

[In-plant, Ship-to-plant,
Process Item, Vehicle End

User, when known]

2. Function of the
Process Step and
Product
Characteristic

(Quantitative value is
optional)

3. Function of the
Process Work
Element and Process
Characteristic

OMNEX
L__4

WWW.OMNEX.COM
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Function Analysis %

Functional Statements for the Specific Level Elements

1st Level 2nd Level 3rd Level
* Whole Process * Process Steps * Influencing Factors
* Root Element * Sub-processes
Functions are: Functions are: Functions are:
e Technical product e Results after process e Activities to be
specifications step executed
* Process results * Product state to be e Tasks to be completed
* Health and safety achieved * Process
. Logistical results * Product characteristics to be
characteristics to be achieved
achieved

We will defer identifying the influencing factors
until we have a better understanding of the
OMNEX Focus Level failure mode
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Special Characteristic Classification 6

* The Special Characteristic (SC) column should be used to

highlight characteristics designated as safety, significant, and
special.

* |f product characteristics/attributes can have normal variation
resulting in movement outside their design-intended robust
range which results in significant impact experienced by the

customer, they are designated special, and must be controlled
by special controls.

Special product or process characteristic symbols and their usage are

directed by specific company policy and is not standardized

OMNEX
A
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Function Analysis

Collaboration between Engineering Teams (Systems, Safety, and

Components)

* Engineering teams within the company need to collaborate to
make sure information is consistent for a project or customer
program, especially when multiple PFMEA teams are
simultaneously conducting the technical risk analysis.

— For example: design information from systems, safety,
and/or component groups helps the PFMEA team understand
the functions of the product they manufacture. This
collaboration may be verbal (program meetings) or written as
a summary.

OMNEX
4

WWW.OMNEX.COM Copyright 2019 Omnex, Inc. All Rights Reserved. 130



L —

Matrix Function Analysis

When using a spreadsheet approach, the following three templates
should be used (see handout)

Higher Level

STRUCTURE ANALYSIS

FUNCTION ANALYSIS

FAILURE ANALYSIS

1. Product / Process Item

/ Process Item

1. Function of the Product

Higher Level
Failure Mode
1 Failure Effects
(FE)

OMNEX
A

WWW.OMNEX.COM

Focus Level

STRUCTURE ANALYSIS

FUNCTION ANALYSIS

FAILURE ANALYSIS

2. Process Step

2. Function of the
Process Step and
Product Characteristic

Focus Level
Failure Mode
2. Failure Mode
(FM)

Lower Level

(Influencing Factors)

and Process
Characteristic

STRUCTURE ANALYSIS FUNCTION ANALYSIS| FAILURE ANALYSIS
3. Function of the Lower Level
3. Process Work Element | Process Work Element Failure Mode

3. Failure Cause
(FC)

Copyright 2019 Omnex, Inc. All Rights Reserved.
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Breakout Exercise 3: Function Analysis =

Instructions

For each entry (for the Higher and Focus Levels) in the structure
tree related to the focused element, identify the product
functions and feature functions.

— i.e. what product functions would the different customers find
important?

Include the process steps 20 and 50 and focus on the
characteristics (ID) numbers 01, 02, 05 and 14.

Allocate the functions to the proper levels of the system
structure.

Prepare to present and review as a class.

OMNEX
A
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Characteristic Matrix

What is It?
A matrix which...

K4

Displays relationships among requirements

Identifies how one requirement can impact others ‘Q

Indicates where common tooling is used (¢

Aids in identifying the vital few

How to construct one:

* List all design or print (final or output) requirement (BPs) in
order on top row of matrix

* List all operations in order by step # on left column of matrix
* Place relationship symbols in the interior cells of the matrix

OMNEX
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Characteristic Matrix

ILegend _
* - Requirement _ Common Toolin
° - Interrgrf:?t:ged ;_AC‘SSOCiatedT "
Requirements
Z ZT::;?C“ Dimensions
OP 05 *
0
5| OP10 | C * * x
©
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Chapter 3: Process FMEA Prerequisites —
What We Covered

Learning Objectives Chapter Agenda
Step 1: Planning and Preparation

You should now be able to:

* Explain process characteristics — Scope of Analysis
Step 2: Structure Analysis

e Explain product characteristics

« Describe Planning and Preparation — Process Flow Diagram

 Describe the scope of analysis — Breakout Exercise 1

* Complete a Process Flow Diagram — Structure Tree

and structure analysis — Breakout Exercise 2

Step 3: Function Analysis
— Breakout Exercise 3

OMNEX
A
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Chapter 4

Failure Analysis and Risk Mitigation

4th Step 5th Step 6th Step
Failure Analysis Risk Analysis Optimization

Establishment of the Assignment of Identification of the
Failure Chain Existing and/or Actions Necessary
Planned Controls and to Reduce Risks

Rating of Failures

OMNEX
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Chapter 4: Developi

What We Will Cover

Learning Objectives

At the end of this chapter, you will be
able to:

Explain process failure modes
Identify failure modes from
requirements

Explain causes of failure modes
Identify three key items for causes
Explain process controls
Distinguish between prevention
and detection controls

Explain the key elements of the
risk analysis

Complete a Process FMEA

OMNEX
A

WWW.OMNEX.COM

ng the Process FMEA —

Chapter Agenda

Potential Process Failure Modes

Step 4: Failure Analysis
— Breakout Exercise 4
— Potential Effects of Failure
— Potential Causes of Failure
— Breakout Exercise 5
Step 5: Design Controls and Risk
Analysis
— Indices and Action Plans
— Breakout Exercise 6
— Breakout Exercise 7
Step 6: Optimization
Step 7: Results Documentation
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FAILURE ANALYSIS

®
®

WIQMNEX.COM

PLANNING & PREPARATION

Failure Analysis

Establishment of the
Failure Chain

RISK ANALYSIS

STRUCTURE ANALYSIS

5Ts e
©

PLANNING SHOP FLOOR CONTROL

Process Flow Diagram
Structure Tree

Note: Omnex software will
generate Structure automatically

Work Instructions, PM, Setup,

Other

OPTIMIZATION

FUNCTION ANALYSIS

RESULTS DOCUMENTATION

Characteristics for Focus Level
Do not populate Lower Level

FAILURE ANALYSIS

Causes in Lower Level, -

I

Failure modes in Focus Level I Legend:
I
I

then populate 4M

———————————— = Italic font

- Copyright 2019 Om‘néx, Inc. All Rights Reserved.

Link to Process Control Plan and Work
Instruction/
Shop Floor Standardization

Omnex improvements over

the AIAG-VDA PFMEA process

Omnex-specific changes to the
AIAG-VD
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Potential Process Failure Mode '

1. ldentify and List All the Requirements
— Use information from the Process Flow Diagram
2. For Each Requirement
I:> — Identify Potential Process Related Failure Modes

How a process step could potentially fail to
operate as defined




Potential Process Failure Mode ﬁ

Defines how the output of the process could fail to:
— Meet the functional requirements
— Meet the design intent (fit, form)
— Meet the processing intent

FAILURE ANALYSIS (STEP 4)

1. Failure Effects (FE)

2. Failure Mode (FM)| 3. Failure Cause (FC)

[In-plant, Ship-to plant, | of the Process Step |of the Work Element

Process Item, Vehicle End
User, when known]

OMNEX
4
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Potential Failure Mode(s)

Traditional Approach: Brainstorm Failure Modes

Bent Distorted Porous
Binding Eccentric Rounh
Blistered Hole Missing Circuited
Burred Leaking _cratched
Brittle Se- (\636 Tight
e .
Broken v\eco‘“ e Under Size
C_orrodf’ “0‘- Melted Warped
Misaligned Sticky

wormed Omitted Viscosity
Dirty Open Circuited Excessive TIR
Discolored Oversize Out of position

OMNEX
A
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Potential Failure Mode(s) '

e Recommended - BIC: Analyze the requirements and use subject
matter expertise to determine the failure modes.

* |f more than 4 -5 failure modes are identified, then the
requirement definition is too “vague”; i.e. not operationally
defined.

Note: this requires that the “pre-work” is

complete and comprehensive

OMNEX
4
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Example

Process Function

Operation 20:

Attach seat cushion to
track using a torque
gun

Requirement

Four screws

Failure Mode

Less than four screws

Specified screws

Wrong screw used (larger dia)

Wrong screw used (smaller dia)

Assembly sequence:
First screw in right
front hole

Starting screw placed in any other
hole

Screws fully seated

Screw not fully seated

Screws torqued to
dynamic torque
specification

Screw torqued too high

Screw torqued too low




|

Failure Analysis =» Potential Failure Modes

/Whole Process Level\

(Root Element)
Level 1 - Potential
Effects of Failure

Product / Process

/ Process Steps \

Process Level

(Sub-processes)
Level 2

/ Influencing Factors \

Level
Level 3 - Potential Causes
of Failure

Process Step

Item

(&

WWW.OMNEX.COM

)

Process Step

Influencing Factors

Tasks

Process Characteristics

Activities

Tasks

\_ /

Copyright 2019 Omnex, Inc. All Rights Reserved.
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Failure Analysis

Failures of functions are deduced from the functions already
identified in Step #3 and in this step (#4); i.e. for all levels

Product: Airbag

\_

e Deploy on
demand

e During a collision
> 13 mph

e Airbag does not
deploy on
demand

Process Step: Secure

Sensor

\_

e Identify collision
event to activate
airbag

e Solder joint to
provide electrical
path

e Open path

J

\_

e Solder connector

e Electrically
complete solder
joint

e Open solder joint

|

J




Breakout Exercise 4

FAILURE ANALYSIS (STEP 4)

| 1. Failure Effects (FE)

[In-plant, Ship-to plant,
Process Item, Vehicle End
User, when known]




Breakout Exercise 4: Failure Modes '

Working with the Function and Requirements worksheet related to the
previous breakout:

* For each Function/Requirement at the three levels, identify known or
potential failure modes, creating a separate branch for each in the form.

* Be as specific as possible; quantify when possible.

— Include the process steps 20 and 50 and focus on the characteristics (ID) numbers
01, 02, 05 and 14.

— Provide a unique identification (ID) for each failure mode at all levels
— Include any process characteristics identified in the Process Flow Diagram.
— Use the recommended format or the workbook provided by the instructor.

— Be prepared to present your team’s PFMEA to the class; rotate the team
spokesperson.

OMNEX
A
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POTENTIAL EFFECTS OF FAILURE
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FMEA Process '

1. ldentify and List All the Requirements
— Use information from the Process Flow Diagram

2. For Each Requirement
— ldentify Potential Design Related Failure Modes

3. For Each Failure Mode N
|:> — Assess Potential Effects of Failures — Failure Net Analysis
— ldentify the Cause(s)

—

Higher Level Focus Level Lower Level

Failure Effect Failure Cause

Failure Effect Failure Mode Failure Cause

List all potential List all potential
effects of failure. Focus is the causes of failure.

potential failure
mode.

Failure Effect Failure Cause

OMNEX
__4
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Effect of a Failure Mode '

* Answers the “So What” question.

e Describes the effect of the failure mode on the customer
including:

— Vehicle operation _ _
Typically available from the

= related DEMEA

— Government regulation
— Operator safety

— Next user

— Downstream users

— Machines/equipment

OMNEX
A
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Effect Linkages '

r .
H -Process Failure Mode X due to
Effects -propagate through the design o Causes Y1 Y2, ... Y
levels till they reach the customer.

Op 10 Op 20 op... OP 120

|
i
i
|
! Process for Part 2

The effect of a
Process Failure Mode is a

The effect of a Failure Mode at a Part 2 Failure Mode or a

downstream process effect

lower level is a Failure Mode at a [P S o |
higher level and all its effects and
severity.

| Design Failure Mode X due to
4 Design Process Causes Y1, Y2, ... Yn

The effect of a
Part 2 Failure Mode is a
Module 3 Failure Mode

OMNEX
A
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Effect Linkages

The effect of a Effects propagate through
Modulr;r gelf::irﬁj?'teohfﬂide isa sublfevellrFaiI:J I-Ie ho th d i I I t | I th
Subsystem 4 Failure Mode sysirl.l-. ;Zﬁlu?eylaode € €S Ig nlevels 1 ey
and its customer effect reach the customer.

- Module
4

The effect of a
Subsystem 4 Failure Mode is a

Su hsyste‘ﬁ"

|

I |
2 .

| | Subsystem . Subsystem | |
. 1 5 i
| Subsystem '
| 3 |
|

Effect on the end user
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Effect in AIAG-VDA FMEA Handbook

In the AIAG-VDA FMEA approach, an effect is the failure mode of
the higher level structural element.

Lower Level

Higher Level Focus Level

Failure Effect Failure Cause

Failure Effect Failure Mode Failure Cause

List all potential
effects of failure.

List all potential

Focus is the causes of failure.

potential failure
mode.

|

Failure Effect Failure Cause

FAILURE ANALYSIS (STEP 4)

OMNEX
A

WWW.OMNEX.COM

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

2. Failure Mode
(FM) of the Focus
Element

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

Copyright 2019 Omnex, Inc. All Rights Reserved.
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Effect in AIAG-VDA FMEA Handbook '

Failure Effects should be described in terms of what a customer
might notice or experience even if they are not directly in the
higher level. Failures that could impact safety or cause
noncompliance to regulations should be clearly identified in the

PFMEA.

What is the potential impact on the End User?

* Independent of any controls planned or implemented including error or
mistake-proofing, consider what happens to the process item that leads to
what the End User would notice or experience.

* This information should be available within the DFMEA. If an effect is carried
from the DFMEA, the description of the product effects in the PFMEA should
be consistent with those in the corresponding DFMEA.

OMNEX
A
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Effect in AIAG-VDA FMEA Handbook

e E——

|

Does the failure mode physically impact downstream processing or
cause potential harm to equipment or operators? Examples could
include:

Unable to assemble at operation x
Unable to attach at customer facility
Unable to connect at customer facility
Cannot bore at operation x

Causes excessive variation at operation x
Causes excessive tool wear at operation x
Damages equipment at operation x
Endangers operator at customer facility

OMNEX
A
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POTENTIAL CAUSES OF FAILURE




—-————————ﬁ

Potential Cause(s) of Failure

1. ldentify and List All the Requirements
— Use information from the Process Flow Diagram

2. For Each Requirement
— ldentify Potential Process Related Failure Modes

3. For Each Failure Mode 0
— Assess Potential Effects of Failures = Failure Net Analysis

|:> — Identify the Cause(s)

—

Higher Level Focus Level Lower Level

Failure Effect Failure Cause

Failure Effect Failure Mode Failure Cause

List all potential List all potential
effects of failure. Focus is the causes of failure.

potential failure
mode.
Failure Effect Failure Cause

OMNEX
__4
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Cause in AIAG-VDA FMEA Handbook '

In the AIAG-VDA FMEA approach, a cause is the failure mode of the

lower level structural element.
Higher Level Focus Level Lower Level

Failure Effect Failure Cause

Failure Effect Failure Mode Failure Cause

List all potential
effects of failure.

List all potential

Focus is the causes of failure.

potential failure
mode.

|

Failure Effect Failure Cause

FAILURE ANAL

1. Failure Effects (FE) 3. Failure Cause (FC)

2. Failure Mode

to the Next Higher (FM) of the Focus of the Next Lower
Level Element and/ Element Element or
or Vehicle End User Characteristic

OMNEX
A
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Potential Cause(s) of Failure ﬁ

Potential cause of failure is defined as how the failure mode could
occur, described in terms of something that can be corrected or

controlled.

* Each cause assignable to a failure mode should be listed and
considered separately.

* Inthe development of the FMEA, the identification of all
potential causes of the failure mode is key to subsequent

analysis.

— Although varied techniques (such as brainstorming) can be used to
determine the potential cause(s) of the failure mode, it is recommended
that the team should focus on an understanding of the failure mechanism

for each failure mode.

OMNEX
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Cause vs. Mechanism of a Failure Mode '

* A failure mechanism is the physical, chemical, electrical,
thermal, or other process that results in the failure mode.

— For a system, the failure mechanism is the process of error propagation
following a component failure which leads to a system failure.

— A product or process can have several failure modes which are correlated
to each other because of a common failure mechanism behind them.

e (Causes are the circumstances that induce or activate a failure
mechanism.

* Failure mechanisms are used to determine and understand the
causes of a failure mode.

* Control methods and improvement actions are focused on the
causes, not failure mechanism.

OMNEX
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Potential CaUSE(S) of Failure '

* Investigation of causes needs to focus on the failure mode and
not on the effect(s).

* In determining the cause(s), the team should assume the
existence of the cause under discussion will result in the failure
mode.

— i.e. assume the failure mode does not require multiple causes to occur.

 FMEAs assume Single Point Failures (SPF); i.e. the cause will produce the
failure mode.

* Fault Tree Analysis (FTA) allows for analysis of Multiple Point Failures (MPF)
(i.e. redundancies).

e |f there are several causes for a failure mode, this should result
in multiple lines (cause branches) for the failure mode.

OMNEX
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Causes of Failure '

Consider the Functional Statements for the System Elements at the third
level for the causes of failures

1st Level 21d Level 3rd Level
* Whole Process * Process Steps * Influencing Factors
* Root Element * Sub-processes
Functions are: Functions are: Functions are:
e Technical product e Results after process * Activities to be
specifications step executed
* Process results * Product state to be * Tasks to be completed
e Health and safety achieved * Process
. Logistical results * Product characteristics to be
characteristics to be achieved
achieved

These are candidates
for causes =

OMNEX
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Example

[OP 30] Sintered Bearing Press-In Process

Process Characteristic:

Press in sintered bearing to achieve axial
positionin pole housing to max gap per
print

Machine
Function

Machinealigns sintered bearingto the
bearing seatin pole housing

Machine
Function

Machine centers the sintered bearing to the
bearing seatin pole housing

Machine
Function

Machine press in the sintered bearing into
the bearing seatin pole housing until the
defined axial position

(Extracted)




Potential Cause(s) of Failure '

A failure cause is an indication of why a failure mode could occur.

 The consequence of a cause is the failure mode. Identify, to the
extent possible, every potential manufacturing or assembly
cause for each failure mode.

* The cause should be listed as concisely and completely as
possible so that efforts (controls and actions) can be aimed at
appropriate causes.

OMNEX
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Potential Cause(s) of Failure '

Typical failure causes categories may include the classic Ishikawa's

4Ms, but are not limited to:
— Man: set-up worker, machine operator / associate, material associate,
maintenance technician etc.
— Machine/Equipment: robot, hopper reservoir tank, injection molding
machine, spiral conveyor, inspection devices, fixtures, etc.
— Indirect Material: machining oil, installation grease, washer
concentration, (aid for operation), etc.

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

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

indicate deficiencies in incoming part quality.
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Cause Analysis Tools '

Why Ladder/5-Why

Ask “Why?” until there is
no verifiable answer

Fallure Mode

Why?

Why?

Why?

Why?

Do not confuse a causal chain with multiple causes

OMNEX _
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Example

Requirement Failure Mode Cause

Screws torqued until | Screw not fully seated | Nut runner not held
fully seated perpendicular to work
surface by operator

Screws torqued to Screw torqued too Torque setting set too high
dynamic torque high by non-set-up personnel
specification

Torque setting set too high
by set-up personnel

Screw torqued too low | Torque setting set too low
by non-set-up personnel

Torque setting set too low
by set-up personnel

OMNEX
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Using the Spreadsheet Form

OMNEX
A

WWW.OMNEX.COM

Higher Level
STRUCTURE ANALYSIS FUNCTION ANALYSIS FAILURE ANALYSIS
Higher Level Failure
1. Product / Process | 1. Function of the Product / Mode
Iltem Process Item 1 Failure Effects
(FE) ID
Focus Level
STRUCTURE ANALYSIS FUNCTION ANALYSIS FAILURE ANALYSIS

2. Process Step

2. Function of the Process

Step and Product
Characteristic

Focus Level Failure
Mode
2. Failure Mode
(FM)

Lower Level

STRUCTURE ANALYSIS

FUNCTION ANALYSIS

FAILURE ANALYSIS

3. Process Work

(Influencing Factors)

Element

3. Function of the Process
Work Element and Process

Characteristic

Lower Level Failure
Mode
3. Failure Cause
(FC)
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Failure Net Analysis

Higher Level Focus Level Lower Level

Failure Cause

Failure Effect

List all potential

Focus is the causes of failure.
potential failure

mode.

Failure Effect

List all potential
effects of failure.

Failure Effect

The relationships among the failure causes, modes and effects of the
different levels are identified to show their relationships to enable
risk assessment
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Failure Net Analysis '

* At this point in the analysis, the functions and requirements and
their relayed failure modes have been determined for all levels.

 To determine the causes and effects for each failure mode in
each step, Failure Chains need to be developed.
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The Failure Chain '

There are three different aspects of failures analyzed in an FMEA:
— Failure Effect (FE) the consequences of a failure mode

— Failure Mode (FM) manner in which an item could fail to
meet or deliver the intended function

— Failure Cause (FC) indication of why the failure mode could
occur

Note: these are all failure modes at different levels

Higher Level Focus Level Lower Level

What happens?
Failure Effect

Focus Element

OMNEX
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FMEA Failure Analysis: Relationships

FMEA

System

S

OMNEX
A
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Potential _ _

* Brake system * Brake Control e Piston is
malfunction does not stuck
open
DFMEA Potential Potgntial Potential
Effect Failure Cause
Product * Brake Control » Piston is stuck e Cylinder is too
D does not open small
PFMEA Potential Potential Potential
Effect Failure Cause
Process » Piston is stuck e Cylinder is too e Wrong/Worn
small Cutting Tool
P e Wrong
Parameter
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Breakout Exercise 5

Failure Effect Failure Cause

=

Failure Effect Failure Mode Failure Cause

List all potential List all potential
effects of failure. Focus is the causes of failure.

potential failure
mode.
Failure Cause

OMNEX
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Breakout Exercise 5: Failure Net '

Working with the Function and Requirements / Failure Modes
worksheet related to the previous breakout:

* For each focused Failure Mode, identify related
Effects (higher level) and Cause (lower level).

— The IDs can be used instead of writing the entire failure modes.
 Update the form.

* Prepare to present and review as a class.
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AIAG VDA

Interactive Example using EwQIMS Software
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RISK ANALYSIS

Assignment of Existing
@ PLANNING & PREPARATION and/or Planned Controls
and Rating of Failures
5s | =——=" — _
| G RISK ANALYSIS |
@ = e e = e = = = = = = = —
STRUCTURE ANALYSIS @ PLANNING SHOP FLOOR CONTROL

Process Flow Diagram

Structure Tree Work Instructions, PM, Setup,

Other

Note: Omnex software will
generate Structure automatically

OPTIMIZATION

@ FUNCTION ANALYSIS

RESULTS DOCUMENTATION

Characteristics for Focus Level
Do not populate Lower Level Link to Process Control Plan and Work

Instruction/
6 FAILURE ANALYSIS Shop Floor Standardization

Failure modes in Focus Level Legend:

Causes in Lower Level,
then populate 4M

Omnex improvements over

the AIAG-VDA PFMEA process

Omnex-specific changes to the
AIAG-VD

Italic font
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Process Controls

1. ldentify and List All the Requirements
— Use information from the Process Flow Diagram

2. For Each Requirement
— ldentify Potential Process Related Failure Modes

3. For Each Failure Mode
— Assess Potential Effects of Failures
— ldentify the Cause(s)

4. For Each Cause

|:> — Identify what control(s) are/will be in place to prevent the cause or detect
the cause or failure mode

— ldentify and implement continual improvement actions

OMNEX
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Process Controls v

Process Controls are descriptions of actions or activities that are
(or will be) in place to:

* Prevent the cause of failure mode; thereby preventing the
failure mode.

e Detect the cause of the failure mode.
e Detect the failure mode.

Types of Process Controls:

Prevention (P): Detection (D):
* Prevent the cause thus * Detect the cause
preventing the failure mode « Detect the failure mode

OMNEX
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Process Controls

* The preferred approach is to first use prevention controls, if
possible.

* The initial occurrence rankings will be affected by the prevention

controls provided they are integrated as part of the design
intent.

First consider how to prevent,

then how to detect

OMNEX
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Variation and Control Methods ¥

e Strategy for Selecting Control Methods
— Meet all customer requirements.
— Control Process rather than Product.
— Prevention rather than Detection.
— Targeting Nominal rather than Limits.
— Error-proofing rather than Inspection.
— At the process step rather than at the end of the line.
— Managing the control method.

e Determine Control Method based on Sources of Variation

OMNEX
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Process Controls |

Controls should be based on the dominant source(s) of variation:
— Setup
— Machine/Equipment
— Maintenance
— Component
— Operator
— Fixture/pallet
— Tooling
— Measurement System
— Environment, etc.

OMNEX
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Examples of Preventive Controls | |
Type Control Methods
Preventive Cycle Based

Maintenance Time Based

Error Proofing Product Design
Process Design
Fixture Design
Tooling Sensing
Equipment Sensing
Other Off-line Set-up

Set-up Verification with SPC
Process Control (SPC)

OMNEX
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Examples of Detection Controls

Type

Control Methods

Audits

Dock Audits
Process Parameter

Checking

Operator Checks
100% Automatic Gauging
Visual Inspection

Inspection

In-process
Final (dimension, functional)

Other

Mistake Proofing
Set-up Validation
Lab Test

Alarms

OMNEX
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Types of Controls

There are three main types of controls. These are as follows:

Level 1

Level 2

Eliminates an error
at its source
before it oc

Level 3

Detects a defe
after it iIs ma

Detects an erro
It occurs bef

results in a
Error!m not Error 0!1 occur Error O!JI’S and
occur: No Defect No Defect is Defects are made
can be made made
Error-Proofing Mistake-Proofing / Mistake-Proofing /
Error-Prevention Cause Detection Defect Detection o

OMNEX
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Error Proofing Example v

Upside-down Nut Prevention — Process Design

Right side up
Hole in the upper electrode is
positiocned to seal when the fastener

is in position.

Upside-down nut

» Projections break the seal and the
sensor picks up the flow of air.

«  The weld control doesn't initiate a
weld

It is often possible to eliminate the error condition through a re-design of
the process or part (e.g. to be symmetrical or asymmetrical).

OMNEX
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Mistake Proofing Example

e A contact method functions by detecting whether a sensing
device makes contact with a part or object within the process.

Cylinder

. - resent
Limit switches are pressed p

when cylinders are driven into

a piston. The switches are
connected to pistons that hold
the part in place. In this

example, a cylinder is missing
and the part is not released to
the next process.

Missing cylinder
alarm sounds; process
stops.

Cannot proceed
to next step.

Contact Method using
limit switches identifies

missing cylinder.

OMNEX
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Types of Mistake Proofing Devices

* The types of devices useful in mistake proofing include:

1.

© 0NV R WN

Sensors

Limit switches

Stop gates

Defect delivery chute

Odd-part-out isolation

Counters

Templates

Guides/reference point/interference pins
Sequence restriction

10. Critical condition indicator
11. Standardize and solve
12. Mistake-proof the mistake-proof device

* Mistake proofing devices should be planned in the product and or process design
stage, rather than implementing these after a problem occurs. The PFMEA can
identify areas where Mistake Proofing (and Error Proofing) should be applied.

OMNEX
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Process Controls |

e Process Control columns in the PFMEA describes the methods
that will be used to control the process.

* The Control Plan provides the details of those controls.

OMNEX
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Confirmation of Current Prevention and

Detection Controls

* The effectiveness of the current prevention and detection
controls should be confirmed.
— Additional action may be needed if they are proven to not be effective.

e Such confirmation can be documented within the PFMEA, or
within other project documents, as appropriate, according to
the team's normal process development procedure and controls.
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Example

Requirement Failure Mode

Prevention Control

Detection Control

Screws Screw not fully [ Nutrunner not Operator training; Angle sensor included in unit to detect
torqued until seated held perpendicular | Visual Aids at station; cross-threading not allowing part to be
fully seated to work surface by | Mistake proofing (angle removed from fixture until value is satisfied
operator sensor)
Screws Screw torqued | Torque setting set Password protected Torque validation box included in set-up
torqued to too high too high by non- control panel (only set-up procedure to validate setting prior to
dynamic set-up personnel personnel have access) running
torque
specification Torque setting set | Training of set-up Torque validation box included in set-up
too high by set-up personnel procedure to validate setting prior to
personnel running
Set-up instructions define
torque settings
Screw torqued | Torque setting set Password protected Torque validation box included in set-up
too low too low by non-set- | control panel (only set-up procedure to validate setting prior to
up personnel personnel have access) running
Torque setting set Training of set-up Torque validation box included in set-up
too low by set-up personnel procedure to validate setting prior to
personnel running
Set-up instructions define
torque settings

OMNEX
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gvaluate!

Evaluate!

EVALUATIONS

Indices and Action Plans

NOTE : It is not appropriate to compare the ratings of one team's FMEA
with the ratings of another team, even if the product / process appear to
be identical, since each team's environment is unique and thus their
respective individual ratings will be unique (i.e. the ratings are subjective).
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Severity of Effect v

Severity is the rank associated with the most serious effect of the
failure mode on the customer which can include the rest of the
process (manufacturing and assembly):

— Assess the severity of each effect by team consensus using the ranking
table, in the Effects column.

— Enter the ranking for the most serious effect in the “S” (Severity) column.

Recommendation: record the severity for each effect

OMNEX
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SEV

10

Effect

High

Impact to Your Plant

Failure may resultin an
acute health and/or safety
risk for the manufacturing or
assembly worker

Impact to Ship-to Plant
(when known)

Failure may result in an acute

health and/or safety risk for the

manufacturing or assembly
worker

Impact to End User
(when known)

Affects safe operation of the
vehicle and/or other vehicles,
the health of the driver or
passenger(s) or road users or
pedestrians.

Corporate or
Product Line
SENIES

Failure may result in in-
plant regulatory
noncompliance.

Failure may result in in-plant
regulatory noncompliance.

Noncompliance with
regulations.

Moderately
High

100% of production run
affected may have to be
scrapped. Failure may
result in in-plant regulatory
noncompliance or may have
a chronic health and/or
safety risk for the
manufacturing or assembly
worker.

Line shutdown greater than full
production shift; stop shipment
possible; field repair or
replacement required
(Assembly to End User) other
than for regulatory
noncompliance. Failure may
result in in-plant regulatory
noncompliance or may have a
chronic health and/or safety
risk for the manufacturing or
assembly worker

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

Product may have to be
sorted and a portion (less
than 100%) scrapped;
deviation from primary
process; decreased line

Line shutdown from 1 hour to
full production shift; stop
shipment possible; field repair
or replacement required
(Assembly to End User) other
than for regulatory

speed or added manpower.

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

noncompliance.

Copyright 2019 Omnex, Inc. All Rights Reserved.
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Corporate or

Impact to Ship-to Plant

Impact to End User

SEV  Effect Impact to Your Plant Product Line
(when known) (when known)
SENIES
100% of product run may Loss of secondary vehicles
6 have to be reworked off-line| Line shutdown up to one hour. dary
function.
and accepted.
A portion of the production | Less than 100% of product
run may have to be affected; strong possibility for | Degradation of secondary
5 |Moderately : " : _ ) .
reworked off-line and additional defective product; vehicle function.
Low : .
accepted. sort required; no line shutdown.
5 . , .
100% of production run may D(.afe'cpve produgt trlgger§ Very objectionable
have to be reworked in- significant reaction plan; L
4 ; e e : appearance, sound, vibration,
station before it is additional defective products :
. ) : harshness, or haptics.
processed. not likely; sort not required.
A portion of the production .Defectlve. producF tngggrs Moderately objectionable
run may have to be minor reaction plan; additional L
3 . . . ) : | appearance, sound, vibration,
reworked in-station before it| defective products not likely; :
. . harshness, or haptics.
is processed. sort not required.
Low Defective product triggers
Slight inconvenience to | minor reaction plan; additional Slightly objectionable
2 process, operation, or defective products not likely; | appearance, sound, vibration,
operator. sort not required; requires harshness, or haptics.
feedback to supplier.
. . No discernible effect or no , .
1 | Very Low No discernible effect. offect No discernible effect.

OMNEX
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Occurrence

a

* Occurrence is an index linked to the likelihood that a specific
cause will occur.
— This has a relative meaning rather than an absolute value.
— A consistent scale must be used to ensure continuity.

* Occurrence is directly related to identified special causes acting

on the process.

— Process capability and performance is considered only if the process is
unacceptable.

* Best-in-Class: identify whether the index is based on...
— Consensus
— Historical data on the same or similar processes
— Statistical study (e.g. DOE) on the process

OMNEX
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Prevention Control Effectiveness

Consider if prevention controls are

e Technical (rely on machines, tool life, tool material, etc.), or use
best practices (fixtures, tool design, calibration procedures, error
proofing, preventive maintenance, work instructions, statistical
process control charting, process monitoring, product design,
etc.),

— or —

e Behavioral (rely on certified or non-certified operators, skilled
trades, team leaders, etc.)

when determining how effective the prevention controls will be.
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Prediction of Corporate or

OCC Failure Cause Type of Control Prevention Controls Product Line
Occurring Examples
10 | Extremely High None No prevention controls.
° P [ Is will h little effect i i
Very High Behavioral revention controls will have ittle effect in preventing
failure cause.
8
7 - - - -
High Prevention controls somewhat effective in preventing
6 9 failure cause.
Behavioral or
. Technical
Prevention controls are effective in preventing failure
Moderate
cause.
4
3 Low Best Practices: Prevention controls are highly effective in preventing
Behavioral or failure cause.
Prevention controls are extremely effective in preventing
failure cause from occurring due to design (e.g. part
1 Extremely Low Technical geometry) or process (e.g. fixture or tooling design).
Intent of prevention controls — Failure Mode cannot be
physically produced due to the Failure Cause.
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Detection

Detection is the index associated with the best detection control

shown in the Current Control (Detection) column.

— When more than one control is identified, it is recommended that the
detection ranking of each control be included as part of the description of

the control.
— Record the value with the lowest (most effective) ranking.
— Only detection controls are ranked and recorded.
— Remember: Prevention controls only affect occurrence.
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PFMEA Detection — AIAG-VDA FMEA Handbook =

DET Ability to

Detect

Detection Maturity
Method

No testing or inspection

Opportunity for Detection

The failure mode will not or cannot be

D)
¥}

Corporate or
Product Line
Examples

process or this application,
etc.)

10 method has been detected
established or is known. '
Very Low - i
It |s_unI|ke_Iy that t_he The failure mode is not easily
testing or inspection :
9 : detected through random or sporadic
method will detect the :
: audits.
failure mode.
Human inspection (visual, tactile,
Test or inspection method | @audible), or use of manual gauging
8 has not been proven to (attribute or variable) that should
be effective and reliable detect the failure mode or failure
(e.g. plant has little or no cause.
Low experience with method, | Machine-based detection (automated
gauge R&R results, or semi-automated with notification by
. marginal on comparable | |ight, buzzer, etc.) or use of inspection

equipment such as a coordinate
measuring machine that should
detect failure mode or failure cause.

OMNEX
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DET Ability to Detection Maturity
Detect Method

Opportunity for Detection

Corporate or
Product Line

Test or inspection method
has been proven to be
effective and reliable (e.g.
plant has experience with
method, gauge R&R
results are acceptable on
5 comparable process or
this application, etc.)

Moderate

Human inspection (visual, tactile,
audible), or use of manual gauging
(attribute or variable) that will detect

the failure mode or failure cause
(including product sample checks).

Examples

Machine-based detection (semi-
automated with notification by light,
buzzer, etc.) or use of inspection
equipment such as a coordinate
measuring machine that will detect
failure mode or failure cause
(including product sample checks).

OMNEX




PFMEA Detection — AIAG-VDA FMEA Handbook

DET Ability to
Detect

Detection Maturity Opportunity for Detection Corporate or

Method Product Line

High

Examples

Machine-based automated detection
method that will detect failure mode
downstream, prevent further
processing or system will identify the
product as discrepant and allow it to
automatically move forward in the
process until the designated reject
System has been proven unload area. Discrepant product will
to be effective and reliable | be controlled by a robust system that
(e.g. plant has experience will prevent outflow of the product

with method on identical from the facility.

process or this Machine-based automated detection
application), gauge R&R | method that will detect failure mode
results are acceptable, | in-station, prevent further processing
etc. or system will identify the product as
discrepant and allow it to
automatically move forward in the
process until the designated reject
unload area. Discrepant product will
be controlled by a robust system that
will prevent outflow of the product
from the facility.
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DET Ability to Detection Maturity Opportunity for Detection Corporate or
Detect Method Product Line
Examples

Detection method has
been proven to be Machine-based detection method that
: effective and reliable (e.g. | will detect the cause and prevent the
2 High : : : :
plant has experience with failure mode (discrepant part) from
method, error-proofing being produced.
verifications, etc.)
Failure mode cannot be physically produced as-designed or
Very :
1 High processed, or detection methods proven to always detect the
9 failure mode or failure cause.




Breakout Exercise 6




Breakout Exercise 6: Process Controls

Working with the PFMEA form from the previous breakout:

* For each cause of failure, identify current process controls,
placing them, as appropriate, in the “Prevention” and
“Detection” columns in the form.

— Note that a current process control which operates by detecting the
presence of the “Cause” is listed in the Detection column.
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Breakout Exercise 6: Process Controls

Referring to the previous index tables:
Determine the likelihood of occurrence of the failure mode due

to that cause, considering the effect of any preventive process

control.
— Since there is a greater or lesser likelihood of occurrence for each cause,

provide a separate occurrence rating for each.

Rate each “Detection” control in the control column. Select the

rating for the most effective (lowest number) control.

— Note that the same controls may operate for different
causes or failure modes, and are repeated.

OMNEX
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AIAG VDA

Interactive Example using EwQIMS Software
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Action Priority

e At this point in the FMEA process, the team needs to decide if
further efforts are needed to reduce any risks identified.

 Due to the inherent limitations on resources, time, technology,
and other factors, the team needs to choose how to best
prioritize these efforts.

OMNEX
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s
Action Priority

The initial focus of the team should be oriented towards failure
modes with the highest severity rankings.

— When the severity is 9 or 10, it is imperative that the team needs to
ensure that the risk is addressed through existing design controls or
recommended actions (as documented in the FMEA).

The priority of an action should be based on the discussions

among the team considering the concerns and product/process

knowledge as well as based on information captured by the
FMEA process.

The actual logic to drive prioritization is left to each company

and is not on the form
OMNEX
Y
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e
Action Priority (AP) — AIAG 4" Edition

e Risk Priority Number (RPN)
— RPN is calculated as:

RPN = Severity x Occurrence x Detection

— RPN is used to rank relative risk associated with specific
failure modes.

— Corrective action is taken thereafter to reduce the RPN, as
appropriate.
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Cautions |

“The use of an RPN threshold is NOT an acceptable practice for

determining the need for recommended actions.”
Source: FMEA Fourth Edition, 2008

 There is no RPN value that requires mandatory action.

— Applying thresholds assumes that RPNs are an accurate measure of
relative risk (which they often are not) and that continuous improvement
is not required (which it is).
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Action Priority (AP) — AIAG-VDA FMEA Handbook ®

The previous FMEA manuals include using RPN to determine action
priorities. The AIAG-VDA FMEA Handbook uses an Action Priority
(AP) Table.

 The AP Table provides the logic details for the FMEA team for all
1,000 possible combinations of S, O and D.
— Itincludes a logic-based description for each of the action priority levels.

— Actions may be prioritized based on individual evaluations of each of the
S,0,D values and combinations of the values to identify the possible need
to reduce risk.
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Action Priority (AP) — AIAG-VDA FMEA Handbook =

* |F the organization chooses to modify the S,0,D tables for
specific products, processes, or projects, the AP table should
also be carefully reviewed and modified if necessary.

* Itis recommended that potential Severity 9-10 failure effects
and Action Priority High and Medium, at a minimum, be
reviewed by management including any recommended actions
that were taken.

Note — Interpretation:

* This is not a prioritization of High, Medium, or Low risk, it is
the prioritization of the need for actions to reduce risk.

OMNEX
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Action Priority (AP) — AIAG-VDA FMEA Handbook
Priority High (H): Highest priority for action

— The team needs to either identify an appropriate action to improve
prevention and / or detection controls or justify and document why

current controls are adequate.
Priority Medium (M): Medium priority for action
— The team should identify appropriate actions to improve prevention and
/ or detection controls, or, at the discretion of the company, justify and

document why controls are adequate.

Priority Low (L): Low priority for action
— The team could identify actions to improve prevention or detection
223

controls.
At a minimum the statement: "No Further Action is Needed”
must be included.

Copyright 2019 Omnex, Inc. All Rights Reserved.
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Action Priority (AP) — AIAG-VDA FMEA Handbook ¥

PFMEA

$9-10
o/D

10

10

224
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Action Priority (AP) — AIAG-VDA FMEA Handbook v

PFMEA

$7-8
o/D

10

10

225
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Action Priority (AP) — AIAG-VDA FMEA Handbook

PFMEA

S4-6
o/D

10




Action Priority (AP) — AIAG-VDA FMEA Handbook

PFMEA

$2-3
o/D

10




Action Priority (AP) — AIAG-VDA FMEA Handbook

PFMEA

S1

10

o/D




Evaluation — Airbag

Function Requirements Potential Failure Mode | Potential Effects of Sev | ASIL | Potential Cause(s) | Preventive Design | Occ | Detective Design | Det
>\ o] Description Failure: Sew Controls Controls: Det
U Deploy on IR0 frontal collizion at =peed = | full deployment = n mz |Occupant hitz 10 software timing coporate 3 Fault injection 5
3 Demand 14mph (23 km/h) (=olid daszhboard or steering priorities not architectural testing:S
o barrier}; "full deployment wheel, Serious consistent with design and
U) within n ms injuries: 10 needs medeling guidelines
excessive delay in 4 degradation 3
CD ignitor circuits testing:3
m incomplete deployment (Occupant hits 10 gas generant De=sign Manual 3 variation 2
CU dashboard or steering specification allow 31240 simulation:2
O wheel, Serious for contamination
injuries:10 gas generant Design manual 84522 variation 2
U-) packaging inhibits simulation:2
m full igniticn
no deployment Driver hit by airbag, 10 failure in ECU SROS, SR13, SR16 (2 degradation 3
CU Injury of driver;10 testing:3
( ) failure in =ensors  |SR14, SRZ23 SR24 |3 degradation 3
testing:3
communications SROG 2 Fault injection 5
failure testing.S
failure in igniters SR 13 3 Fault injection 5
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Breakout Exercise 7




s

Breakout Exercise 7: Indices and Action Plans Vv

Working with the PFMEA form from the previous breakout:

* For each failure mode identified:
— Referring to the index table, determine an appropriate rating for each
effect, cause and control.
— In the appropriate columns, enter the “highest” (most severe) index from
among those identified.

OMNEX
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AIAG VDA

Interactive Example using EwQIMS Software
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RISK ANALYSIS

Assignment of Existing
@ PLANNING & PREPARATION and/or Planned Controls
and Rating of Failures
5Ts
e RISK ANALYSIS

Process Flow Diagram
Structure Tree

Note: Omnex software will
generate Structure automatically

Work Instructions, PM, Setup,

@ STRUCTURE ANALYSIS |r @ PLANNING SHOP FLOOR CONTROL | |
I Other

OPTIMIZATION

@ FUNCTION ANALYSIS

Characteristics for Focus Level
Do not populate Lower Level Link to Process Control Plan and Work

Instruction/
6 FAILURE ANALYSIS Shop Floor Standardization

a RESULTS DOCUMENTATION

Failure modes in Focus Level Legend:

Causes in Lower Level,
then populate 4M

Omnex improvements over

the AIAG-VDA PFMEA process

Omnex-specific changes to the
AIAG-VD

Italic font

OMNEX
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e
Planning Shop Floor Control

Identify
Product
Characteristics

Contract Review @ l
Customer _
Requirements Associate PCs
(ex: specifications, design @ with Operational Step
performance specification,

prototype requirement) Process
@ Flow

Process Identify

Identify Process Root Cause
Characteristics =
(sources/causes

of variation)

Team Problem
Solving

At this point of the process
Implement ) o

development, we should oiocess (i run
plan the activities necessary

for process implementation,
control and maintenance on Control

Work
Instructions

the shop floor. i

OMNEX

~WWW.OMNEX.COM Copyright 2019 Omnex, Inc. All Rights Reserved. 234



OPTIMIZATION

®

PLANNING & PREPARATION

5Ts

®

STRUCTURE ANALYSIS

Process Flow Diagram
Structure Tree

Note: Omnex software will
generate Structure automatically

FUNCTION ANALYSIS

Characteristics for Focus Level
Do not populate Lower Level

FAILURE ANALYSIS

OMNEX
L4
WIQMNEX.COM

Failure modes in Focus Level

Causes in Lower Level,
then populate 4M

- Copyright 2019 Om‘néx, Inc. All Rights Reserved.

Optimization

Identification of the
Actions Necessary to
Reduce Risks

RISK ANALYSIS

@ PLANNING SHOP FLOOR CONTROL

Work Instructions, PM, Setup,
Other

a RESULTS DOCUMENTATION

@ Link to Process Control Plan and Work
Instruction/
Shop Floor Standardization

Legend:

Omnex improvements over

the AIAG-VDA PFMEA process

Omnex-specific changes to the
AIAG-VD

Italic font




New Preventive New Detection

Severity Rating (S) Action Action

Lower Occurrence Lower Detection
Rating (O) Rating (D)

OMNEX
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e
Key Characteristics @

ldentification of Key Characteristics

Criteria

Sewerity = 9 or 10 Safety Related

Sewerity = 51t0 8
and Candidate
Occurrence =410 10

Note: Use customer specific symbols/designations as requireH

OMNEX
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Recommended Actions @

Intent of any recommended action is to reduce any one or all of the
occurrence, detection, and/or severity rankings.

To Reduce: Consider This Action: To Accomplish this:
Severity * Change the design * Eliminate or reduce the
severity of the failure
mode
Occurrence * Change the design or improve * Prevent the cause or
engineering specification failure and its effect from
* Error proofing occurring
Detection * Increase or change in the design * Detect that the cause has
validation / verification actions occurred and take
* Design change to enhance detection corrective action
likelihood * Detect that the failure
* Revised test plan mode has occurred and
correct

OMNEX
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Recommended Actions @

AIAG-VDA FMEA Handbook: Recommended actions are split into
prevention and detection actions.

OPTIMIZATION
Status: a
/" ‘\ rre atus ) ) _ = ! <
: : : i . i [Untouched, Under Action Taken with Completion | = — | ¢ — £ =| =
Prevention Action Detection Action esponsible Person | Completio A ) T als 2| of <
Consideration, In Progress, )| Pointer to Evidence Date 2 E =
O
&)

Date
> ;/ Completed, Discarded]

NEW!

OMNEX
A
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Recommended Actions

Suggested levels for Status of Actions:

Open
The action has neither been defined nor discussed.

Decision Pending (optional)
The action has been defined but has not yet been decided on. A decision paper is
being created.

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

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

Discarded

Discarded status is assigned when a decision is made to not implement an action.

This may occur when risks related to cost, implementation timing, or business strategy
are greater than technical risks.

OMNEX
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Recommended Actions @

Status of the Actions

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

e Closure of all actions should be documented before the FMEA is
placed under revision control (or released) to Serial Production.

If no actions are recommended, at a minimum, the

statement that “No Further Action is Needed’' must be
included

OMNEX
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I
Recommended Actions @

e As the living document is updated to reflect activity in the
“Recommended Actions” columns, consider changes that will:

Eliminate the cause of the failure mode
Eliminate the failure mode
Mitigate the effect

Change the design related to the product characteristic (geometry,
material, etc.)

Change the effect of failure mode on the product performance

“Recommended Actions” should focus on “Prevention”

OMNEX
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L —
Recommended Actions — Assessment of @

Action Effectiveness

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

* However, the status of the action remains "implementation

pending" until the effectiveness has been verified. Only then
should it be changed to "completed."

OMNEX
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Action Priority (AP) — AIAG-VDA FMEA Handbook®

* |F the organization chooses to modify the S,0,D tables for
specific products, processes, or projects, the AP table should
also be carefully reviewed and modified if necessary.

* Itis recommended that potential Severity 9-10 failure effects
and Action Priority High and Medium, at a minimum, be
reviewed by management including any recommended actions
that were taken.

Note — Interpretation:

* This is not a prioritization of High, Medium, or Low risk, it is
the prioritization of the need for actions to reduce risk.

OMNEX
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Continual Improvement

The PFMEA serves as a historical record for the process.

 Therefore, the original Severity, Occurrence, and Detection
(S, O, D) numbers need to be visible or, at a minimum, available
and accessible as part of version history.

* The completed analysis becomes a repository to capture the
progression of process decisions and design refinements.

 However, original S, O, D ratings may be modified for
foundation, family or generic PFMEAs because the information is
used as a starting point for a process specific analysis.

OMNEX
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RESULTS DOCUMENTATION

®
®

PLANNING & PREPARATION

5Ts

STRUCTURE ANALYSIS

Process Flow Diagram
Structure Tree

Note: Omnex software will
generate Structure automatically

FUNCTION ANALYSIS

Characteristics for Focus Level
Do not populate Lower Level

FAILURE ANALYSIS

OMNEX
L4
WIQMNEX.COM

Failure modes in Focus Level

Causes in Lower Level,
then populate 4M

=
Q
—
a

®
>
~
Il
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Results Documentation

:

Communication of Actions
Taken to Reduce Risks

RISK ANALYSIS

PLANNING SHOP FLOOR CONTROL

Work Instructions, PM, Setup,

Other

OPTIMIZATION

RESULTS DOCUMENTATION

Link to Process Control Plan and Work
Instruction/
Shop Floor Standardization

Omnex improvements over

the AIAG-VDA PFMEA process

Omnex-specific changes to the
AIAG-VD




e
FMEA Results Documentation @

* The scope and results of an FMEA should be summarized in a
report.

* This report can be used for communication purposes within a
company, or between companies. In this way, it is also ensured
that all details of the analysis and the intellectual property
remain at the developing company.

Note

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

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

OMNEX
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FMEA Results Documentation @

The content of the documentation must fulfill the requirements
of the intended reader and details may be agreed between the
relevant parties.

The layout of the document may be company specific. The content
may include the following:

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

FMEA InTent: Purpose of this FMEA?

FMEA Timing: FMEA due date?

FMEA Team: List of participants?

FMEA Task: Scope of this FMEA?

FMEA Tool: How do we conduct the analysis method used?

a.
b.
c.
d.
e.

OMNEX
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FMEA Results Documentation @

The layout of the document may be company specific. The content
may include the following:

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

C. A summary of how the functions were developed.

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

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

OMNEX
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FMEA Results Documentation @

The layout of the document may be company specific. The content
may include the following:

F. A planand commitment of timing for ongoing FMEA
iImprovement actions.
a. Commitment and timing to close open actions.

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

c. Commitment to capture "things gone wrong" in foundation PFMEAs for
the benefit of future analysis reuse, when applicable.

OMNEX
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FMEA Results Documentation @

The layout of the document may be company specific. The content
may include the following:

G. Implementation of the planned linkages to the process control
plan, work instructions and shop floor standardization.

a. Verify development and implementation of Work Instructions, PM,
Setup, Others.

b. Verify consistency of the Work Instructions, PM, Setup, and Others
process documents with the Process FMEA.

OMNEX
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AIAG VDA

Interactive Example using EwQIMS Software
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Chapter 4: Developi

What We Covered

Learning Objectives

You should now be able to:

Explain process failure modes
Identify failure modes from
requirements

Explain causes of failure modes
Identify three key items for causes
Explain process controls
Distinguish between prevention
and detection controls

Explain the key elements of the
risk analysis

Complete a Process FMEA

OMNEX
A

WWW.OMNEX.COM

ng the Process FMEA —

Chapter Agenda

Potential Process Failure Modes

Step 4: Failure Analysis
— Breakout Exercise 4
— Potential Effects of Failure
— Potential Causes of Failure
— Breakout Exercise 5
Step 5: Design Controls and Risk
Analysis
— Indices and Action Plans
— Breakout Exercise 6
— Breakout Exercise 7
Step 6: Optimization
Step 7: Results Documentation
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Chapter 5
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Chapter 5: Process Control Plan —

What We Will Cover

Learning Objectives Chapter Agenda

At the end of this chapter, you will be * Whatis a Control Plan?

able to: * |ATF 16949 Requirements

* Explain the purpose of a Control  Control Plan Header Information
Plan * Control Plan Fields

* |dentify where Control Plan S Breakolt Exercisels
requirements can be found in
IATF 16949

* Complete a Control Plan

OMNEX
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WHAT IS A CONTROL PLAN?




APQP

Contract Review

Program Plan Phase |
Develop
Design & DFMEA Phase ll
Risk Feasibility.
DVP&R and , Risk and Feasibility
Team Feasibility Phase Il

Safety ) 4.4.1.2,8.3.4,
,8.2.3.1.3

Commitment

Produce
Process Flow
Diagrams

ate Characteristics with Process

ps and Identify Special Characteristics Phase IlI P d t
.3.1.2,8.3.3.3, 8.3.5.2,8.7.1 ro u C
Expose Sources of Variation and D eve I o p m e n t
Finalize Special Characteristics Phase Il
8.2.3.1.2,8.3.3.3, 8.3.5.2,8.7.1 P
Develop Document Proces§/Pr_oduct Contrtfls and
Control Methods for Monitoring & Recording Phase Il M O d e I
Results of Controls IATF Annex A,

Plan
8.3.5.2,8.5.1.1,8.7.1.4,8.7.1.5

Create
Process
FMEA

Work Document Work Instructions for
Instruction Operation of the Manufacturing Process Phase Il
Development (including safety) 8.5.1.2,8.5.6.1.1,

8.7.1.4,8.7.15

Ensure Customer Expectations are Met,
Assemble PPAP Phase IV
PPAP Manual 8.3.4.4

N Product and Process
Validation

Ensure Management Review, Monitor and
— Continual Measure Manufacturing Processes & Phase V
Improvement Product, and Continual Improvement

9.1.1.1,9.1.3,9.3.1, 10.3, 10.3.1, 5.1.1.2

OMNEX
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System Diagram

Identify
Product
Characteristics

Contract Review @ l
Customer

Requirements @ Associate PCs

(ex: specifications, design with Operational Step
performance specification,
Process

prototype requirement)
@ Flow

Process Identify
[\ =V2N )

Team Problem
Solving
Action Plan

Identify Process
Characteristics
(sources/causes
of variation)

Verify
and
Validate

IATF 16949
Procedures

Control
. Plan
Analysis
of Data
Work
Instructions



What is a Control Plan?

e Written description of systems for controlling product and
process variation in manufacturing and assembly processes

e Contract between the supplier and the customer

* Summarizes entire control strategy for a system, subsystem or
component

e Basis for development of process work instructions—not a
substitute for it!

* |dentifies statutory, regulatory, customer, supplier, special and
critical characteristics

OMNEX
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Control Plan

 The PFMEA (current process controls) describes the methods
which will be used to control the process from Receiving to
Shipping.

* The Control Plan provides the details of those controls.

* Control Plan is maintained and used throughout the product life
cycle.

* A Control Plan may apply to a group or family of products
produced by the same process.

OMNEX
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Sources of Information

Primary Source: the Related Process FMEA and Process Flow
Diagram

Other information

* System / Design / Special Characteristics

* Lessons Learned from similar parts and/or processes
« Team knowledge of the Process (and Product)
 Development Reviews (Design and Process)

e Robust Design Analysis (DFSS, QFD, DOE)

OMNEX
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Sample Form

Control Plan
EreenTyre | | ety rick | I Eraduoion Ky Lo lactiPhane Dale (gl Dt | Fevaad |
Contra Flan Marm tar
Fart HurmbserLaiess charge Level Carm Tanm Cutiomer Engiresnng Apzrooel/Date (1 Regquired
Fait. Hase /Do plien SamapherBan da ol Tet: Chcsirre Chidliny Apgioal/TeLe ar A sgured)
Seppbes®™eer | Suppierrase rrer ApperarliTins |H Bsquires] rtess Appesan i Toss | H Erruined]
Charactaristics Mathads
Speaial PordurmiPrrase | Ceshuerd = Sample Fezaition P
ParnyFriess Frapems R Charstnerkh Hicath
Fumiser Cseatian e rigtizn Tazl andy or Teckrius e, Frafier Perwen s f— by = ousery rresl Kisthod

‘An alternate format may be used as long as it contains the
same information, as a minimum”—APQP 2"? Edition




IATF 16949 REQUIREMENTS




e
IATF 16949 Requirements: Control Plan

General Data
— Control Plan Number
— Issue Date, and Revision Date, if any
— Customer Information (see customer requirements)
— Organization Name/Site Designation
— Part Number(s)
— Part Name/Description
— Engineering Change Level
— Phase Covered (Prototype, Pre-launch, Production)
— Key Contact
— Part/Process Step Number
— Process Name/Operation Description
— Functional group/area responsible

OMNEX Ref: Annex A, TATF 16949
4
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e
IATF 16949 Requirements: Control Plan

Product Control
— Product-related Special Characteristics
— Other Characteristics for Control (Number, Product or Process)
— Specification/Tolerance

Process Control
— Process Parameters (including process settings & tolerances)
— Process-related Special Characteristics

— Machines, Jigs, Fixtures, Tools for Manufacturing (including identifiers, as
appropriate)

OMNEX Ref: Annex A, TATF 16949
4
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e
IATF 16949 Requirements: Control Plan

Methods
— Evaluation Measurement Technique
— Error-proofing
— Sample Size and Frequency
— Control Method

Reaction Plan and Corrective Actions
— Reaction Plan (include or reference)

Ref: Annex A, TATF 16949

OMNEX
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CONTROL PLAN HEADER
INFORMATION

OMNEX _
4



Header Information

e Document Control
e Revision Control

 Must be consistent with * For Efficiency
— DFMEA — Group by commonality
— DVP&R * parts

— Process Flow * assemblies

— PEMEA * features
e design

®* processes
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Header Information

1. Indication of CP type:
Prototype, Pre-launch , Production

2. Control Plan Number

3. Part Number Latest Change Level

4. Part Name / Description

5. Organization / Plant

6. Organization Code (Supplier Code)

7. Key Contact / Phone And Other Contact Information
8. Core Team

9. Organization / Plant Approval / Date
10. Date (Orig.)

11. Date (Rev.)

12. Customer / Engineering Approval Date
13. Customer / Quality Approval Date

14. Other Approval/Date

OMNEX
A

WWW.OMNEX.COM Copyright 2019 Omnex, Inc. All Rights Reserved. 272



CONTROL PLAN FIELDS




e

Control Plan

Part/Process Number

Process Name / Operation

Description

Machine, Device, Jig,
Tools For Manufacturing

OMNEX
A

WWW.OMNEX.COM

@

Part/
Process
Number

Process Name/
Operation Description

@

Tool and/or
Technique

20

Turn Profiles and
Bore Inside
Diameters on
Screw Machines

From PFD and

PFMEA

Acme Screw
Machines 101
&102

C002 Cutoff Tool
FOO1 Form Tool
S001 Shave Tool

Copyright 2019 Omnex, Inc. All Rights Reserved.
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e

Control Plan

Characteristics
* Number

* Product

* Process

* Special / Classification

— Customer Specific,
when required

OMNEX
4

WWW.OMNEX.COM

Characteristics @D
Special
Characteristic
No. Product Process Class
04 Spacer ID D
05 OAL D
06 Chamfer
Degree

Chamfer

g Length
Tool

Replacement

From PFD and

PFMEA

Speed Control

Copyright 2019 Omnex, Inc. All Rights Reserved.
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Specifications
What the characteristic will be controlled to; information can be

found in:
— Drawings / Prints

— Specifications / Tolerances

— Standards

— CAD Data

— Manufacturing / Assembly Standards
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Control Plan

Evaluation @ Sample @
Measurement
Technique Size Frequency Control Method
At Setup First Piece inspection & Documented on First
Inside mic IM--001 6 pcs minimum Artide Checksheet
Every 300 Xbar - R
Control Method Pleces & at
Inside mic IM--001 6 pcs Tool Change
 From the PFMEA
At Setup First Piece inspection & Documented on First
. Hgt Stand GV--002 6 pcs minimum Artide Checksheet
Sam p I e SI Ze Every 300 Sample Inspection and Documented on
Hgt Stand GV--002 6 pcs Pieces & at Inprocess Checksheet
° HOW many Tool Change
At Setup First Piece inspection & Documented on First
Comparator C--001 6 pcs minimum Artide Checksheet
Every 300 Sample Inspection and Documented on
Freq u e n Cy Comparator C--001 6 pcs _I;ieclegh& at Inprocess Checksheet
oo ange
* How often —
Comparator C--001 6 pcs o From PFM EA
1 Every 300
Eval u atl on / Comparator C--001 6 pcs Pieces & at OCE ECKSnee
Tool Change
M eaS u rem e nt As Indicated by | Tool Change Verification Log
. CRT Display
Technique Tool schedule lo0%  |Lihts
* By what means
1 Test Record Result on Setup Checksheet
Meter
1 Test Record Result on Setup Checksheet
OMNEX Diagnostic Test 002 At Setup
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Control Methods

e The current controls in the Control Plan must be consistent with
the control methods in the PFMEA.

e Evidence must be available for each control method.




—-—_—f—
Control Method

* Determining the sample size and frequency:
— The “how many” and “how often”

 Depends on:
— The importance / impact level (severity) of the failure mode
— The control factors — the dominant source(s) of variation
— The capability and performance of the process

OMNEX
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e
Control Intensity and Process Capability

Robustness of Control Strategy is Based on Risk and Capability

Capability Control Intensity
Less than 1.33 Fix
1.33<Cpk =1.67 High
Greater than 1.67 Low

OMNEX
L_4
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Control Method Details

Determine the Evaluation / Measurement System that should be
used.
* For equipment-based evaluation, identify the measurement

system.

— For equipment uniquely designed for the product, include identification
name and/or number.

* For non-equipment based evaluation, identify the methodology,
instructions, aids, etc. as appropriate.

OMNEX
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Reaction Plans

Reaction plan specifies what to do when:
— Failure occurs
— Process goes out of control
— Process improves
— The extent of operator authority

* Typical reactions:
— Contain
— Investigate
— Record (good and bad incidents)
— Problem Solving and verification of Corrective and Preventive Actions
— Re-verify product

OMNEX
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Breakout Exercise 8




e

Breakout Exercise 8: Creating a Control Plan

Handouts:
e Blank Control Plan Form

Instructions
e Create a Production Control Plan for the XJ-770 part, operation OP 20,
characteristic ID 14 and OP 50, ID 02.
* Use the data provided from the previous breakouts as inputs.
* Focus on:
— Prevention rather than detection.
— Process rather than product.
— Enough but not too much.
 Be prepared to report to the class:
— The recommended actions your team has developed.
— The reasons leading to the actions.

OMNEX
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Chapter 5: Process Control Plan —

What We Covered

Learning Objectives
You should now be able to:

e Explain the purpose of a Control
Plan

* |dentify where Control Plan
requirements can be found in IATF
16949

* Complete a Control Plan

OMNEX
A

Chapter Agenda

What is a Control Plan?

IATF 16949 Requirements
Control Plan Header Information
Control Plan Fields

Breakout Exercise 8
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Chapter 6: Effectively Using the AIAG-VDA FMEA
— What We Will Cover

Learning Objectives

At the end of this chapter, you will be

able to:

List the top changes to the
AIAG-VDA PFMEA

Evaluate PFMEAs

Identify the linkages from design
to shop floor using AIAG-VDA
FMEAs

Describe Change Management,
PPM and Design Reuse and
application of AIAG-VDA FMEAs
Make the organizational changes

necessary and get started with
AIAG-VDA FMEA

OMNEX
A
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Chapter Agenda

Key Changes to PFMEAs
Evaluating PFMEAs

Changes to the Organization and
Supply Chain
— Supply Chain Standards

— Requirements Management and
Decomposition

Organization of DFMEA and
PFMEA Libraries
— Design and Process Reuse

— PPM Defect History, Cost of Poor
Quality and FMEA Linkages

— APQP and Supply Chain Changes
— Change Management
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Key Changes to PFMEA (AIAG-VDA FMEA)

e 7-Step FMEA Development Process
* Use of Structure Tree as an option instead of the Process Flow
 Use of 4M and 1E, or Cause and Effect Diagram for identifying causes to a failure

* Three levels of analysis including Production Line, Operation, and 4M/1E as Higher,
Focus, and Lower Levels

e Addition of Characteristics to the Function Analysis

* More prescriptive Risk Analysis forms, which include a significant addition to the
number of columns of data

e Use of Structure, Function and Failure Analysis Nets

* New definitions of Severity, Occurrence and Detection indices for Design and Process
FMEA analyses

e Separation of Preventive and Detective Improvement Actions

e Results documentation and reporting

* Use of a new composite index called “Action Priority” to categorize relative risk
 Management oversight and approval of Acceptable Risk

OMNEX
A

WWW.OMNEX.COM Copyright 2019 Omnex, Inc. All Rights Reserved. 291




EVALUATING PFMEAS
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Evaluating PFMEAs —
Did the Supplier Use the Seven Steps?

Step 1 - Planning and Preparation

Is there evidence of the use of the 5Ts?
Project Plan — inTent, Timing, Team, Tasks, Tools

Has supplier defined the scope of the analysis (e.g. using a Process Flow
Diagram)?

Was this PFMEA event planned with a family PFEMEA document for process
reuse?

Is failure history from Warranty, Customer, and internal plant data for
surrogate parts available and considered for process improvement purposes?

Is DFM and DFA being considered for product/process redesign for
manufacturability?

Is there a System PFMEA, Subsystem PFMEA, and Component DFMEA
planned? What is the planning for linkages between the documents?

OMNEX
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Evaluating PFMEAs

Did the Supplier Use the Seven Steps?

Step 2 — Structure Analysis:

Was the Structure Analysis conducted? The structure should include the
product, operations, and influencing factors (4M).

Is there a Process Flow Diagram conducted to show the relationship between
operations and characteristics? When possible, do they include both product
and process characteristics?

Step 3 — Function Analysis

Does the Function Analysis include Functions and Characteristics? Are all
characteristics from the ballooned diagram included?

— If software is being used, does it check it?

Are the functions of the production line linked to functional requirements in
the DFMEA?

Are the focused level functions linked to 4M functions?
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Evaluating PFMEAs
Did the Supplier Use the Seven Steps?

Step 4 - Failure Analysis
e Are the failure modes in the “Focus Element” a negation of the
characteristic? Are there failure modes for different failures of a

characteristic?

— Example: for a diameter — there is undersize diameter, oversize diameter,
out of round diameter, marks on the diameter, etc. based on the product.

 |sthe effect a DFMEA-related failure mode?

* Are the causes linked to 4M failure modes? When possible, are
these linked to the actual documents for easy access and study.
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Evaluating PFMEAs —

Did the Supplier Use the Seven Steps?

Step 5 — Risk Analysis
 Has the PFMEA applied the Severity, Occurrence and Detection correctly
from the tables? Have a few been sampled for consistency?

— The Severity should be based on the “highest” failure looking at the cause and
effect linkage up to the next customer.

— The Occurrence is based on prevention controls. Is significant error-proofing
applied?
— Is the Detection control and rating based on the most effective detection control?
* Was the Action Priority (AP) logic correctly applied and sampled?

* Are the detection and prevention controls carefully transferred to the Control
Plans and sampled?

* Are the Special Characteristics identified for Severity 9 & 10 Requirements /
Functions and Severity 8 & 7 Requirements / Functions with High
Occurrence?
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Evaluating PFMEAs —
Did the Supplier Use the Seven Steps?

Step 6 — Optimization
* Does the recommended action follow the logic of the AP tables:
— Severity 9 & 10 with High and Medium AP rating
— Severity 8 & 7 with High Occurrence or High Detection?
— Is “none” recorded when there are no recommended prevention and detection
controls actions?

e Is collaboration between the customer or supplier (including internal
supplier) considered for severity reduction?

* Are there opportunities for error-proofing or mistake-proofing?

* |sthere aresponsible party, promised date, status, and action taken with
evidence of actions taken, completion date, and a reassessment of Severity,
Occurrence, and Detection?

* Are there promised dates which have been missed? Are promised dates too
far out into the future? Are action taken dates and promised dates showing
consistent discrepancies?
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Evaluating PFMEAs —

Did the Supplier Use the Seven Steps?

Step 7 — Results Documentation

* |Is there evidence of risk communication? Did it go to the right
parties?

* How is the organization communicating and linking to supplier
DFMEAs and PFMEAs? Customer DFMEAs?

* How much improvement was seen in this AIAG-VDA PFMEA
activity?

* How is this information captured for change management and
lessons learned?

See Appendix for a Suitability Review checklist

that can be used to evaluate PFMEAs
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CHANGES TO THE ORGANIZATION
AND SUPPLY CHAIN
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Historical Failures at System Level

Design Levels Operational Levels
Due to
System Failure i LSEETT I
y Process Failure
or
Due to
Sub System design or Sub Assembly
Failure Process Failure
or

Component Manufacturing
Failure Process Failure
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Requirements Management

The industry is moving a “V” model approach for relating
requirements and testing, including traceability

Functional Safety, SOTIF, ASPICE, and Cybersecurity Standards
require this!

Stakeholder

Requirements Acceptance Tests
Stakeholder
System
System System Tests
Requirements
System
Architecture - Desigi

Subsystem — /
Requirements

Subsystem

/ Tests

SW /HW
Requirements

/ SW /HW Tests '
e

Implementation
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Characteristics and Requirements —

Special Characteristics

Characteristics

Functions & Requirements

Characteristics
Characteristics

Link the Design to Manufacturing to Shop Floor Controls

Sample rules for Special Functions

Severity = 9 or 10 Safety Related

Severity = 5 to 8 Candidate

with High Occurrence
OMNEX
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ORGANIZATION OF THE DFMEA AND
PFMEA LIBRARIES

Design and Process Reuse

OMNEX



Linkages Between DFMEA, PFMEA and the Shop
Floor

Requirements Manager / Flow Down and Risk Analysis

DASHBOARD
> Requirements —— — — — — — — — —
Manager All requirements in FMEA?
All requirements tested?
- T SEMEA / DEMEA All requirements in PPAP/FAI?
Linkages to
v Indicated via color coding
DVP&R » _ System/Design
(Test Plan) h - FMEA
{System)
Cause and Effect ‘
Relationship ‘
— > Sub-system
As per Bill of DFMEA
Materials < <> ’ (Component)
(BOM) DVP&R Cause and Effect ‘
(Test Plan) Relationship |
DFMEA
DVP&R
(Test Plan)

Cause and Effect
Relationship

(requirements decompose to characteristics)

‘, ! }

Process Flow PFMIEA Control Plan

> PPAP / FAI




e
Family of Parts & AQuApro

Creating Design and Process Documents using Inheritance

Documents - )
Global Tables

Documents .= Funct
Parent Tables ) . Voice
a2
. Documents
Child Tables ’

<General Aircraft Seating £

Func

A 4

A 4

Grand- Documents
Child Tables
J . Documents
" Child Tables




Design and Process Reuse Libraries <& AuApo,

.\o,

Pick the Process you need from

Manufacturing
Process
Libraries

the Library

Product A ProductB Product C

Receivin

" Receivin Receivin

Mill

“Receivin
Polish
For each Process,
create PFD, PFMEA,

Assembl
y | Control Plan

Heat
Treat

Mill

.
_—

Heat

Treat Grind

Grind

ot
=
=

Wash Pack

Pack

Pack

Polish

Assembly

EHELER
CEEn

Ship
Ship

PROCESS EXAMPLE
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APQP and Supply Chain Changes

Sales and Purchasing may need to have language on
collaboration between customer, supplier and subsupplier

Phase IV -
Phase | - Planning Higse - i 11 - HIEEILE: Feedback
Design Process and
Process




e
Change Management and AIAG-VDA FMEA

AlIAG-VDA DFMEA

Includes Customer, Supplier and Subsupplier Information

I
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o WWW.OMNEX.COM E e CORYIGHIZOTS Orﬁng)_(,olnc‘. All Rights Reserved.

—



— e s

Getting Started Checklist and Action Plan

Conduct Executive Overview
Train Facilitators and Team

Procure AIAG-VDA Software that incorporates the 7 steps and
provides linkages to DVP&R and Control Plans

Incorporate AIAG-VDA FMEA into APQP Process
Establish Customer and Supply Chain Linkages
Update Purchasing

Establish Requirements Management Process

Procure Software and Establish Libraries and Reuse Strategy

Develop strategy for pilot and launch program

OMNEX
A

WWW.OMNEX.COM Copyright 2019 Omnex, Inc. All Rights Reserved. 311




Chapter 6: Effectively Using the AIAG-VDA FMEA
— What We Covered

Learning Objectives
You should now be able to:

List the top changes to the
AIAG-VDA PFMEA

Evaluate PFMEAs

Identify the linkages from design
to shop floor using AIAG-VDA
FMEAs

Describe Change Management,
PPM and Design Reuse and
application of AIAG-VDA FMEAs
Make the organizational changes

necessary and get started with
AIAG-VDA FMEA

OMNEX
A
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Chapter Agenda

Key Changes to PFMEAs
Evaluating PFMEAs

Changes to the Organization and
Supply Chain
— Supply Chain Standards

— Requirements Management and
Decomposition

Organization of DFMEA and
PFMEA Libraries
— Design and Process Reuse

— PPM Defect History, Cost of Poor
Quality and FMEA Linkages

— APQP and Supply Chain Changes
— Change Management
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FMEA Summary




FMEA Summary

 FMEA is a systematic analysis tool that, if used by an
experienced team of qualified SMEs and performed with reliable
evaluation of concepts, allows for fewer potential failures in
systems, products or processes

* FMEA ensures that potential failure modes and their causes are
recognized and prevented

 FMEA puts process and product knowledge together

 FMEA provides the strategic underpinnings to make
development and operational processes as bug-free as possible

Knowledge Management!
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FMEA Objectives

Risk reduction through:

* Support of the development and improvement processes

* |dentification of potential types of errors and their causes, and the effects in
products, and process-related activities

* Assistance in the analysis of new or modified products, machinery,
manufacturing and assembly processes

e Evaluation of potential failure consequences for the customer, the operator
of the process or the environment

* |dentification and development of process characteristics and key variables
on which inspection checks are to be concentrated

 Development of a ranking for errors, mainly for instituting corrective and
preventive actions
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e
Analytical Approach

 How could the product fail and not meet expectations?
— In the application?
— In the assembly process?
— In the field / service, or in testing?

 What would be the consequence of error?
— For customers?
— For the sites?
— During the life of the program?
— How might the failure effects be noticed or perceived?
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Analytical Approach

 What is the acceptable level of risk?
— Health, safety, compliance?
— Compared to others products / processes?

 What should we do about those potential risks?
— Who is responsible for corrective actions?
— What actions are appropriate?
— What risks will we accept?
— How can we reduce the RPN?

OMNEX
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FMEA Advantage

Graph of Timing and Quality
Related to Potential Failures

With FMEA
and reuse

Without
FMEA or
reuse

Failures

Launch

OMNEX
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Maintaining FMEAs

The FMEA documents living information and should be reviewed
whenever there is a product design change, and should be updated
as required.

* To have value, FMEA updates must occur at these change points:

— New design or process is planned
— Modification to a component, system or process is planned

— Important — Update FMEA to capture problem solving analyses and
results (like 8D Problem Solving)

— Component or system is used in a new environment, location or
application

Knowledge Management
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Thank You!

Questions?

InNfo@omnex.com
734.761.4940

OMNEX
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e
VDA

I LLCY-CEEEIOl Application Areas & Themes  Figures & Facts  Events & Campaigns  Reports & Press ~ Publications SR

o

Verband der
Automobilindustrie

VDA

* Quality Management Steering Committee
— 7 OEMs

— 7 Suppliers

— 2 VDA-QMC
The Quality Management Center (QMC) has existed for the benefit of the - WO r k G ro u pS

since August 1, 1997. The roles and responsibilities undertaken by the Q
quality management in the automotive industry which occupy us on a dai L Ihess 1 O E M
systems and methods to shaping the future of quality management syste
developments as well as the direction of QMC are steered by the top-lev:

German automotive industry, the QM Commission, chaired by Mr. Tuch i —_ S u p pl |e s

composed of the QM Directors of the VDA members and a VDA Executn

Link to QMC-Website £ www vda-gmc de — D raft 1{0) V D A
The Team : — Comments
Click here for 3 listing of the Depariment Team -
members — Revision

— Published as a new “red book E

OMNEX
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VDA Publications

* A total of 30 Volumes available in the English language.

* VDA volumes which impact the APQP Training Initiative:

— Vol 2: Quality Assurance for Suppliers: Production Process and Product
Approval

— Vol 4: Quality Assurance in the Process Landscape
e Chapter 5: Product and Process FMEA

— Vol 5: Capability of Measurement Processes (and Systems)

— Vol 6: Quality Standard of the German Automotive Industry
e Part 3: Process Audit
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Comparison of AIAG FMEA 4" Edition and
AIAG-VDA FMEA Handbook

STRUCTURE ANALYSIS

FUNCTION ANALYSIS

FAILURE ANALYSIS

2. System Element /

3. Component Element

1. Function of System and

2. Function of System Element
and Intended Performance

3. Function of Component
Element and Requirement or

1 Failure Effects

2. Failure Mode

Severity (S)
of FE

3. Failure Cause

A, Syt (i Interface (Item / Interface) iR er (e Intended Output or (FE) (FM) (FC)
U I Characteristic
L [=
- . . S . Current g Cirrent c
Potential Potential | £ | £ | Potential . = . i)
. . ) = Design e Design 5|z
Iterm Function | Reguirements Failure Effect(s) of @ | £ | Cause(s) = o | =
Mode Faiwre | & | B |ofFailure | COMVOS | 3| Controks | g |
' = '
e 8 Prevention | QO | Detection |©
\;—‘_________-_—_-&-
RISK ANALYSIS
= % Metion Results c p t' % &£ | CurrentDetection | & % § E
= a Urrent ErEVention | £ %5 | control (DC)ofFCor | § = | % | Q &
F=] -E = ¥ o Control (PC) of FC §6 ™ g = 1] 8.
& m.2 ZlEle o~ a T2
Recommended| 5 | 55 | Actions | Efective [£|E|5|Z
Action ﬁ FE | Taken Date j; 3 2l
v 3 a|=
OPTIMIZATION
Status: 3 c
Target = = 5]
. Untouched, Under Action Tak ith leti T | 9 =B =
Prevention Action Detection Action Responsible Person Completion [, . c.tlon 2 er.1 wit Completion tu|t0o|g2 &
Consideration, In Progress, Pointer to Evidence Date 1 3 =
Date ) %) o a
Completed, Discarded] o




—— System Level

Item:
Jet engine

Function:
provide propulsion
on demand

Requirements:
Fuel combustion on
demand xxxx

L

Failure Mode
Combustion without
demand

Cause:
Design allows
internal leak
(pooling of fuel
outside
chamber)

Effect:
Uncontained
Failure

- — — —

&

T

Sub-System Level Component Component Mfg
ltem: .
Fuel Transfer Item._ Step xx
: Fuel Tubing
Ass'y
Function:
transfer fuel to Function: S
combustion Contain fuel from g:ﬁ;ﬁn
chamber on storage to chamber ne
demand
Requirements: ,| Requirements: Reguirements:
O HHHO0EK RN
v r
Failure Mode Failure Mode Failure Mode
Fuel transfer Out of Spec:
— = Leakage external [ —
external to R Geometry or wall
chamber thickness
l . J l
'LZEUSE_: Ca I.ESE_: Cause:
Ass'y design tube design * Fixture setup:
allows integrity allows Integrity RS ; p; |
failure due to failure due to 2 E::E ;ﬁ;%ﬁrna
function or function or &
manufacturing manufacturing pressure applied
Effect: | fEffect | | Fftect
Ll ikiat integrity failure |« integrity failure
of tube ass’y of tube

| | |




7-Steps and the Form

15t Step
Planning and Preparation

e RESIGK FALLEE AMD FFFFCTE AN M-S
! EE} ! T
r—E v Fameany dans
|I || Evg oormm by, Sule ..
Lz Lare: 1A Al G
| | Fseed J ear S 2tk PO Toater
RIE

- Frize "oonn.

System Analysis
2"d Step
Structure Analysis

O
| |

31 Step
Function Analysis

LEd=s 1 M

[E TR O R

Tadamny e e

R BTN

Failure Analysis

=id Lk b BT O

and Risk Mitigation

4th Step 5th Step

Risk Analysis

STRUCTURE ANALYSIS

FUNCTION ANALYSIS

1. Function of System and
Requirement or Intended
Output

3. Component Element
(Item / Interface)

2. System Element /

1. System (Item) Interface

2. Function of System Element
and Intended Performance
Output

3. Function of Component
Element and Requirement or
Intended Output or
Characteristic

6th Step
Optimization

7th Step
Results
Documentation
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Completed, Discarded] IS @
-~




[ e
Evaluating PFMEAs —

PFMEA SR Checklist

OMNEX AQP - PFMEA Suitability Review Checklist

m Recommendation:

Product/Component:
Date of Review:
Prepared For: Supplier [ X ] Peer[ ]
Supplier/Peer Name:
Prepared By: FMEA Number:
Indicate Yes/No by Checking the appropriate box
Note: Items checked No indicate improvement is needed

General
1) Are the Failure Modes, Effects, Causes and Process Controls properly distinguished?

2) Is there evidence that a cross-functional team was used to develop the FMEA?
3) Are applicable entries in the Header completed?
4) Does the PFMEA appear to drive Process Improvements as the primary objective?

5) Is the PFMEA document completelyfilled out, including header information, action plans and recalculated RPN?

QOO0

6) Does the PFMEA address RNCs, Fracas, Hardy Perennials, and other Quality indicators?

7) Is there a Process Flow Chart and does itinclude all process steps /IDs and requirements. Are these also found in the PFMEA
with the same process step identification and descriptions

LO00O00-
[]
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Evaluating PFMEAs —

PFMEA SR Checklist

Y N Step / Function/Requirements
I:I I:I 8) Is the process intent, or purpose clear? Are Performance Requirements specified?

9) Are characteristics fro each operation clearly identified?

Failure Modes
10) Are failure modes related to process requirements and interrelationships?

11) Does the PFMEA address all failure modes identified with High Severity and Occurrence

Effects of Failure
12) Are effects on safe operation/manufacturing and government regulation considered?

13) Are multiple effects on the process step, next higher assembly, system, customer (end user) «

Cause(s)
14) Are the Root Causes identified appropriate?

15) Are process deficiencies considered that may result in subsequent manufacturing / assembly variation or misbuilds?
16) Are design / supplier and assembly causes excluded? (addressed in DFMEA and Supplier PFMEA)
17) Are all causes listed on a separate line?

18) Are causes described in terms of the process implementation activities?

Current Prevention Controls
19) Can the Controls listed eliminate or ameliorate the Cause(s) of Failure Modes prior to end of line?

20) Is error proofing used for high risk items?

O0O0< O0000-|00<(00<{| 0
O0C=| 000000 0=00=||1O

21) Do Controls stress Prevention and Analytical Evaluation over inspection?

OMNEX
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Evaluatmg PFMEAs —
PFMEA SR Checklist

Current Detection Controls
22) Can the Controls listed detect the Cause(s) of Failure Modes, or detect the Failure Modes prior to end of line?

23) Are customer Control methods excluded?
24) Is there a distinction between Prevention and Detection type design controls?

25) Are the Detection Type Controls individually ranked?

Severity Rating
26) Are Severity ratings based on the most serious consequence of the Failure Mode?

Occurrence Rating
27) Are Occurrence ratings based on the projected cause probability and reflect the effect of Prevention Controls?

Detection Rating
28) Are ratings based on the likelihood of detecting the Failure Mode prior to End of line release?

Classification
29) Are Special Characteristics identified as appropriate ?

AP
30) Does the optmization focus on the AP High and Medium Risks?

HIERERERIEN NS
101000 0= (L= 0= (L= == DD L=

[ 1]

OMNEX
4

Recommended Actions

31) Are Recommended Actions listed that reduce the Severity Occurrence and Detection for the hi
32) Are responsibility and timing for Recommended Actions listed?
33) Are preventive, instead of detection, actions listed?

34) Are Severity, Occurrence, Detection, and the resulting risk recalculated for the identified Recommended Actions?

35) Are the Recommended Actions actionable and executable?

WWW.OMNEX.COM Copyright 2019 Omnex, Inc. All Rights Reserved.
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TEAM INFORMATION




5Ts — 3. FMEA Team L

The Core Team may consist of the following people:
* Facilitator

Design Engineer

* System Engineer

* Component Engineers

* Test Engineer

e Quality/Reliability Engineer

e Others responsible for the development of the product

OMNEX
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5Ts — 3. FMEA Team

The Extended Team may consist of the following people:

Technical Experts
Process/Manufacturing Engineer
Service Engineer

Project Manager

Functional Safety Engineer
Purchasing

Supplier

Customer Representative

Others that may have specialized knowledge which will help the
core team analyze specific aspects of the product

OMNEX

WWW.OMNEX.COM Copyright 2019 Omnex, Inc. All Rights Reserved. 332



-~ ——

5Ts — 3. FMEA Team

Management, e.g. project manager:

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

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

Management has the ultimate responsibility of selecting and applying
resources and ensuring an effective risk management process is
implemented within scheduled project timing

Responsibility and ownership for development and maintenance of the
FMEAs

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

Responsible for budget

OMNEX
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5Ts — 3. FMEA Team

Lead Design/Process Engineer (Technical Lead):
* Technical responsibility for the FMEA contents

* Preparation of the Business Case for technical and/or financial
decisions

e Definition of elements, functions, requirements, and interfaces
* Focusing on the topics
* Procurement of the necessary documents and information

* Incorporating lessons learned

OMNEX
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5Ts — 3. FMEA Team

FMEA Facilitator:

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

Participation in the team formation

Participation in the preparation of the rough schedule

Participation in the invitation to the first team meeting for the
analysis phase

Participation in the preparation of the decision
guidelines/criteria

Development of corporate or product line examples for rating
tables (optional) with support from Design/Process Engineer

OMNEX
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5Ts — 3. FMEA Team

FMEA Facilitator (cont’d):

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

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

 Competent moderator, ability to convince, organization and presentation
skills

* Managing execution of the 7 steps of FMEA method
* |f necessary, preparation or wrap-up of FMEA meetings
* Moderation of the FMEA workgroup

NOTE: Any team member with the relevant competence and training in the VDA FMEA
Handbook, and software or spreadsheet method, may fulfill the role of facilitator. It’s
recommended the team member must have been actively involved in FMEASs using the
AIAG-VDA FMEA Handbook methods to be able to facilitate or be certified.
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5Ts — 3. FMEA Team

Core Team Members:

Contribute knowledge from relevant product and process
experience

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

Contribution of existing experiences from previous FMEAs
already known

Participation in the execution of the 7 steps of FMEA
Involvement in the preparation of the Business Case

Incorporating lessons learned

OMNEX
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5Ts — 3. FMEA Team L

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

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

* Involvement in the preparation of the Business Case

OMNEX
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PFMEA Severity — AIAG-VDA FMEA Handbook

Impact to Your Plant

Failure may resultin an
acute health and/or safety
risk for the manufacturing or
assembly worker

Impact to Ship-to Plant
(when known)

Failure may result in an acute

health and/or safety risk for the

manufacturing or assembly
worker

Impact to End User
(Wwhen known)

Affects safe operation of the
vehicle and/or other vehicles,
the health of the driver or
passenger(s) or road users or
pedestrians.

Corporate or
Product Line
Examples

Failure may result in in-
plant regulatory
noncompliance.

Failure may result in in-plant
regulatory noncompliance.

Noncompliance with
regulations.

SEV  Effect
10
High
9
8
Moderately
High
7
WWW.OMNEX.COM

100% of production run
affected may have to be
scrapped. Failure may
result in in-plant regulatory
noncompliance or may have
a chronic health and/or
safety risk for the
manufacturing or assembly
worker.

Line shutdown greater than full
production shift; stop shipment
possible; field repair or
replacement required
(Assembly to End User) other
than for regulatory
noncompliance. Failure may
result in in-plant regulatory
noncompliance or may have a
chronic health and/or safety
risk for the manufacturing or
assembly worker

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

Product may have to be
sorted and a portion (less
than 100%) scrapped;
deviation from primary
process; decreased line
speed or added manpower.

Line shutdown from 1 hour to
full production shift; stop
shipment possible; field repair
or replacement required
(Assembly to End User) other
than for regulatory

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

noncompliance.

Copyright 2019 Omnex, Inc. All Rights Reserved.

340



e
PFMEA Severity — AIAG-VDA FMEA Handbook

Corporate or

Impact to Ship-to Plant

Impact to End User

SEV  Effect Impact to Your Plant Product Line
(when known) (when known)
SEN]IES
100% of product run may Loss of secondary vehicles
6 have to be reworked off-line| Line shutdown up to one hour. dary
function.
and accepted.
A portion of the production | Less than 100% of product
run may have to be affected; strong possibility for | Degradation of secondary
5 [Moderately : " . _ : .
reworked off-line and additional defective product; vehicle function.
Low . .
accepted. sort required; no line shutdown.
5 . , .
100% of production run may D'efe'cpve produgt tngger:s Very objectionable
have to be reworked in- significant reaction plan; L
4 : e e ; appearance, sound, vibration,
station before it is additional defective products )
. ) : harshness, or haptics.
processed. not likely; sort not required.
A portion of the production .Defectlve. produc'.[ trlgggrs Moderately objectionable
run may have to be minor reaction plan; additional L
3 . : : ) . | appearance, sound, vibration,
reworked in-station before it| defective products not likely; .
: . harshness, or haptics.
is processed. sort not required.
Low Defective product triggers
Slight inconvenience to | minor reaction plan; additional Slightly objectionable
2 process, operation, or defective products not likely; | appearance, sound, vibration,
operator. sort not required; requires harshness, or haptics.
feedback to supplier.
1 | Very Low No discernible effect. No dlscerrggfcfﬁect orno No discernible effect.

OMNEX
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Prediction of Corporate or
OCC Failure Cause Type of Control Prevention Controls Product Line
Occurring Examples
10 | Extremely High None No prevention controls.
° P i Is will h little effect i [
Very High Behavioral revention controls will have ittle effect in preventing
failure cause.
8
7 - - - -
High Prevention controls somewhat effective in preventing
6 9 failure cause.
Behavioral or
. Technical
Prevention controls are effective in preventing failure
Moderate
cause.
4
3 Low Best Practices: Prevention controls are highly effective in preventing
Behavioral or failure cause.
Prevention controls are extremely effective in preventing
failure cause from occurring due to design (e.g. part
1 Extremely Low Technical geometry) or process (e.g. fixture or tooling design).
Intent of prevention controls — Failure Mode cannot be
physically produced due to the Failure Cause.

-}A&MFLQ[_\_/I_ NEX.COM Copyright 2019 Omnex, Inc. All Rights Reserved.
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DET  Ability to

Detect

Detection Maturity
Method

Opportunity for Detection

Corporate or
Product Line

10

Very Low

No testing or inspection
method has been
established or is known.

The failure mode will not or cannot be
detected.

Examples

It is unlikely that the
testing or inspection
method will detect the
failure mode.

The failure mode is not easily
detected through random or sporadic
audits.

Low

Test or inspection method
has not been proven to
be effective and reliable
(e.g. plant has little or no
experience with method,

gauge R&R results,
marginal on comparable
process or this application,
etc.)

Human inspection (visual, tactile,
audible), or use of manual gauging
(attribute or variable) that should
detect the failure mode or failure
cause.

Machine-based detection (automated
or semi-automated with notification by
light, buzzer, etc.) or use of inspection
equipment such as a coordinate
measuring machine that should
detect failure mode or failure cause.

OMNEX
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DET Ability to Detection Maturity
Detect Method

Opportunity for Detection

Corporate or
Product Line

Test or inspection method
has been proven to be
effective and reliable (e.g.
plant has experience with
method, gauge R&R
results are acceptable on
5 comparable process or

this application, etc.)

Moderate

Human inspection (visual, tactile,
audible), or use of manual gauging
(attribute or variable) that will detect

the failure mode or failure cause
(including product sample checks).

Examples

Machine-based detection (semi-
automated with notification by light,
buzzer, etc.) or use of inspection
equipment such as a coordinate
measuring machine that will detect
failure mode or failure cause
(including product sample checks).

OMNEX
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DET Ability to Detection Maturity Opportunity for Detection Corporate or
Detect Method

Product Line
Examples

Machine-based automated detection
method that will detect failure mode
downstream, prevent further
processing or system will identify the
product as discrepant and allow it to

4 automatically move forward in the

process until the designated reject

System has been proven unload area. Discrepant product will
to be effective and reliable | Pe controlled by a robust system that

(e.g. plant has experience will prevent outflow of the product

High with method on identical from the facility.

process or this Machine-based automated detection

application), gauge R&R | method that will detect failure mode
results are acceptable, | in-station, prevent further processing

etc. or system will identify the product as

discrepant and allow it to
3

automatically move forward in the

process until the designated reject
unload area. Discrepant product will
be controlled by a robust system that

will prevent outflow of the product
from the facility.
— a__\AL'yv,WLw_NE)(.CO‘NﬁI
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DET Ability to Detection Maturity Opportunity for Detection Corporate or
Detect Method Product Line
Examples
Detection method has
been proven to be Machine-based detection method that
: effective and reliable (e.g. | will detect the cause and prevent the
2 High : : : .
plant has experience with failure mode (discrepant part) from
method, error-proofing being produced.
verifications, etc.)
Failure mode cannot be physically produced as-designed or
Very :
1 High processed, or detection methods proven to always detect the
g failure mode or failure cause.
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_ C2.3.1 PFMEA Occurrence (O) with Incidents per Thousand Values

Occurrence Potential (O) for the Process
Potential Failure Causes rated according to the criteria below. Consider Prevention
Controls when determining the best Occurrence estimate. Occurrence is a predictive
qualitative rating made at the time of evaluation and may not reflect the actual Blank until filled
occurrence. The occurrence rating number is a relative rating within the scope of the in by user
FMEA (process being evaluated). For Prevention Controls with multiple Occurrence
Ratings, use the rating that best reflects the robustness of lhe control.
. Corporate or
o Ins:;den;s ;:‘gr l1000 zypt: ot Prevention Controls Product Line
items/vehicles ontro Examples
10 2 100>I;;e: ti:c;l.:)sand None No prevention controls.
9 50 per thousand
1in 20 Behaviors) Prevention controls will have little
8 20 per thousand effect in preventing failure cause.
1in 50
7 L p:ri't‘h1o :os e Prevention controls somewhat
effective in preventing failure
6 2 per thousand CaLse.
1in 500 Behavioral or
5 .5 per thousand Technical
1in 2000 Prevention controls are effective
4 .1 per thousand in preventing failure cause.
1in 10,000
3 '011'1?:3: l(;:(a)nd Best Practices: Prevention controls are highly
<.001 per tl;ousan d Behavio_ral or effective in preventing failure
2 1 in 1,000,000 Technical cause.
Prevention controls are
extremely effective in preventing
failure cause from occurring due
Failure is eliminated to design (e.g. part geometry) or
1 through prevention Technical process (e.g. fixture or tooling
control design). Intent of prevention
controls - Failure Mode cannot
be physically produced due to
the Failure Cause.

Prevention Control Effectiveness: Consider if prevention controls are technical (rely on machines, tool
life, tool material, etc.), or use best practices (fixtures, tool design, calibration procedures, error-proofing
verification, preventive maintenance, work instructions, statistical process control charting, process
monitoring, product design, etc.) or behavioral (rely on certified or non-certified operators, skilled trades,
team leaders, etc.) when determining how effective the prevention controls will be.

Table C2.3.1 - Alternate PFMEA OCCURRENCE (0O)
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— C2.3.2 PFMEA OCCURRENCE (0) with Time Based Failure Prediction
Values
Occurrence Potential (O) for the Process
Potential Failure Causes rated according to the criteria below. Consider Prevention
Controls when determining the best Occurrence estimate. Occurrence is a predictive
qualitative rating made at the time of evaluation and may not reflect the actual Blank until filled
occurrence. The occurrence rating number is a relative rating within the scope of the in by user
FMEA (process being evaluated). For Prevention Controls with multiple Occurrence
Ratings, use the rating that best reflects the robustness of the control.
. : Corporate or
Time Based Failure Type of = :
(0] s Prevention Controls Product Line
Cause Prediction Control Examples
10 Every time None No prevention controls.
e Alwinet avery titme Behavioral Preveu:ltion contr_ols w!ll have little
8 More than once per effect in preventing failure cause.
shift
7 Mors th%’; i Prevention controls somewhat
y effective in preventing failure
6 More than once per _ cause.
week Behavioral or
5 More than once per Technical
month Prevention controls are effective
4 More than once per in preventing failure cause.
year
3 Once per year Best Practices: Prevention controls are highly
Less than once per Behavioral or effective in preventing failure
2 year Technical cause.
Prevention controls are
extremely effective in preventing
failure cause from occurring due
to design (e.g. part geometry) or
1 Never Technical process (e.g. fixture or tooling
design). Intent of prevention
controls - Failure Mode cannot
be physically produced due to
the Failure Cause.
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Prevention Control Effectiveness: Consider if prevention controls are technical (rely on machines, tool
life, tool material, etc.), or use best practices (fixtures, tool design, calibration procedures, error-proofing
verification, preventive maintenance, work instructions, statistical process control charting, process
monitoring, product design, etc.) or behavioral (rely on certified or non-certified operators, skilled trades,

team leaders, etc.) when determining how effective the prevention controls will be.

Table C2.3.2 — Alternate PFMEA OCCURRENCE (0O)
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PFMEA

$9-10
o/D

10

10
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PFMEA

$7-8
o/D

10

10
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PFMEA

S4-6
o/D

10
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PFMEA

$2-3
o/D

10
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PFMEA

S1

10

o/D




