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Webinar Overview

We are recording today’s webinar and will
distribute the video link following the close of the
webinar. It will also be posted on the AESQ
website for free viewing.
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We will take questions during today’s webinar
using the Chat feature.

Please remain on Mute during the presentation
to prevent background noise. We will also be
muting all lines at the start of the session.
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RM13004 DESIGN FMEA Webinars

June 22 & 23" 2022

AS13100 & RM13004 DESIGN FMEA - Understanding the Requirements

Led by Rob Farndon, these interactive webinars are designed to describe the intent of the AESQ AS13100 requirements for Design FMEAs and how they link to
the effective deployment of Advanced Product Quality Planning (APQP) and a Zero Defect Strategy.

These webinars shall explain how AS13100 Design FMEA can be developed, maintained and improved using real examples of best practice from across the
industry.

SESSION 1 SESSION 2

AS13100 DFMEA Requirements and Overview Key Care Points when Creating the Design FMEA
(June 2279 14.00-16.00 UK Time) (June 23rd 14.00-16.00 UK Time)

A closer look at some of the key steps when creating Design FMEAs to illustrate

Overview of the requirements for Design FMEA in Chapter C of AS13100 and e e G ASEEE Eaniarans, frd e

their link to the APQP / PPAP process
a) Requirements & Potential Failure Modes

b) Potential Effects & Severity Rating

Explanation of the intent of each requirement and what success looks like .
c) Potential Causes

d) Prevention Controls & Occurrence Rating
Overview of the Design FMEA approach aligned to the RM13004 Reference

Manual e) Detection Controls & Detection Rating

f)  Calculating the Risk Priority Number (RPN)

Links to further help and guidance g) Prioritizing Improvements

Questions & Answers Questions & Answers

AESO"

STRATEGY GROUP
A Program of SAEITC

AESQ - Aerospace Engine Supplier Quality Strategy Group
This document slidedoesnot contain ITAR or EAR technicaldata. The content of this presentation slide is proprietaryand
confidential information of the AESQ. Itis not permitted to be distributed to any third party without the written consent ofthe AESQ.



Rob Farndon Introduction

» Worked for Rolls-Royce for 33 years.

* Career including Design Practitioner, Manager and Specialist roles in Civil

Aerospace.
 Currently Chief of Mechanical Systems Capability .
» Design Process Specialist, and Subject Matter Expert for APQP/PPAP and

Defect Prevention toolset including DFMEA.

* Led creation of design processes as part of RR Civil Aerospace APQP/PPAP

transformation.

 Lead Design Coach for Civil Large Engines.

* Led authoring team for RM13004 and AS13100 DFMEA content.
* Deputy Team Leader for RM13004 Subject Matter Interest Group.

Aesd?)
CERTIFICATE OF APPRECIATION
IN TION OF OUTST BY

Rob Farndon

for leadership, initiative and dedication as a Member of the

AS13100 AESQ Quality I System Req ¢
for Aero Engine Design and Production Organizations
Standard Writing Team

N

lan Riggs
Chairman AESQ

AESQ - Aerospace Engine Supplier Quality Strategy Group

This document slidedoesnot contain ITAR or EAR technicaldata. The content of this presentation slide is proprietaryand
confidential information of the AESQ. Itis not permitted to be distributed to any third party without the written consent ofthe AESQ.
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Andrea Neumann Introduction AESQ%

STRATEGY GROUP
A Program of SAEITC

» Worked for MTU Aero Engines AG for 2 years

 Career including Type Inspector for Propulsion Systems at German Military

Airworthiness Authority

 Currently Safety- and Certification Engineer at Airworthiness Department MTU
» System Safety Assessment Specialist

» Subject Matter Expert for DFMEA

* Led process definition of interfaces between DFMEA and System Safety

Process

» Supported definition of Design Failure Mode and Effect Analysis Process at
MTU

AESQ - Aerospace Engine Supplier Quality Strategy Group
This document slidedoesnot contain ITAR or EAR technicaldata. The content of this presentation slide is proprietary and
confidential information of the AESQ. Itis not permitted to be distributed to any third party without the written consent ofthe AESQ.
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How to contribute AESQ

(7
C: Use the Chat Function to ask a question, at

CHAT NOW any time, or to make a comment.

STRATEGY GROUP"
A Program of SAEITC

Steven W. Finup Stéphan DAUX
Consulting Engineer APQP Leader & Master
GE Aviation Safran Aircraft Engines

AESQ - Aerospace Engine Supplier Quality Strategy Group
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confidential information of the AESQ. Itis not permitted to be distributed to any third party without the written consent ofthe AESQ.



P
Registration Status ez AES&@

STRATEGY GROUP
A Program of SAEITC

Over 210peopleregistered
from 20 Countries

AESQ - Aerospace Engine Supplier Quality Strategy Group
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confidential information of the AESQ. It is not permitted to be distributed to any third party without the written consent ofthe AESQ.



Webinar 1 : Overview AESQ%

STRATEGY GROUP"
A Program of SAEITC

Requirements

RM13004 DFMEA DESIGN FMEA WHERETO GET
REQUIREMENTS OVERVIEW FURTHER

K ) K ) K INFORMATION j

AESQ - Aerospace Engine Supplier Quality Strategy Group
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confidential information of the AESQ. Itis not permitted to be distributed to any third party without the written consent ofthe AESQ.



We do .. butthe consequences of poor AE/ ..\a\,\)
amazing things... guality can be very serious g

A Program of SAEITC

We have a great responsibility
to keep our customers,
passengers and our families
safe.

Planning for Quality is key.

AESQ - Aerospace Engine Supplier Quality Strategy Group
This document slidedoesnot contain ITAR or EAR technicaldata. The content of this presentation slide is proprietaryand
confidential information of the AESQ. Itis not permitted to be distributed to any third party without the written consent ofthe AESQ.



“QUALITY HAS TO BE
CAUSED,
NOT CONTROLLED.”

PHILIP B. CROSBY



AS13100 FMEA Requirements & Guidance AESQ*

STRATEGY GROUP™
A Program of SAEITC

AEROSPACE Ast3100™
INTERNATIONAL STANDARD Issued 202103
STRATEGY GROUP
& Pragram o SAL
AESQ Quality M; it System Requi for Aero Engine Design and
Production Organizations

RATIONALE RM13004

This standard has been created by the SAE G-22 Aerospace Engine Supplier Qualty [AESQ) Technical Commitiee to H H
halrnomze and simplify supplier quality requiremants that are in addition b: the of 8100 Quality DefeCt P eventl on Qua l Ity Too l s

to Support APQP & PPAP

Systems - Requirements for Aviation, Space, and Defense Organizations and 9145 Advanced Product Quality Planning
and Production Part Approval Process.

Previously the Aerospace Engine Manuf; based their supplier quality requirements on 9100 but had differing
supplemental requirements and guidance albeit with largely the same intent. These supplemental requirements originate
from the need to meet Regulatory, Customer, Industry, and Business requirements that are not explicitly covered by 9100
and 9145,

This standard sets out to create a common set nf 5upplsme||la| lsqulmmems with common reference materials to improve

understanding, efficiency, and the busi of suppliers with multiple

customers, the primary intent of this new slandanu |s Lonmprom averall pmmlqualily by focusing on the key systems and
currently deterring angine product quality.

These common supplemental requirements aim o raise the bar for anticipated performance in these key areas, and
therefore detailed guidance is provided to ensure clarity of expectations.

FOREWORD

To assure customer satisfaction, the aviation, space, and defense industry organizations have to produce and continually
improve safe, reliable products that equal or exceed customer and regulatory authority requirements,

The globalization of the indusiry and the resuling diversity of regh and jons have
complicated this objective. End-product organizations rammcnalhnoeofassuﬁng lmaualnlyol and integration of product
purchased from supphiers throughout the world and at all levels within the supply chain. Industry suppliers face the challange
of delivering product to multiple customers having varying quality expectations and requirements.

The SAE G-22 Aerospace Engine Supplier Quality (AESQ) Technical Committee was i under the SAE A
Council to develop, specify, maintain, and promote quality standards relating to the aercspace engine supply chain, “The
principles defined within this standard may be applicable to other segments of the aviation, space, and defense indusiries.

The AESQ strategy is to promote defect prevention approaches across the supply chain including those associated with
Advanced Product Quality Planning and Process Control to enable the supply chain to achieve Zero Defects.

An AESQ Reference Manual
Supporting SAE AS13100™ Standard

Commites “This report o advance The use of his report is
MWWM&W(MWMWU!MWU“M W here! e e user.”
SAE avitt sach biirical svpsrt o heatl ieiry v yous o which S I sy b swviie, realiiriod, sisbllned, o careoebed. AR iwies yosr mition commnls 40 Issued March 1, 2021
psetirieg
Copyright © 2021 SAE Intemasonal
Mo part of shored in ! Transmited, i 2y form of by an7y Means, seCTOnC, mechanical, pRoMCoyng.
maconing. o ferwite, wihoul [ha prior wiitin parmisson of SAE
TOPLAGE A ORDER: - Te: nd Canadal | For mare on this standard, visit
Tel: 1 T2-TT6-49T0 {outuide USA} h
Fax:  TA-TTEOTRO hinps-liwww. 588 100
Email:

SAEWEB ADDRESS: hitp:iww 4e.0rg

AESQ - Aerospace Engine Supplier Quality Strategy Group
This document slidedoesnot contain ITAR or EAR technicaldata. The content of this presentation slide is proprietaryand
confidential information of the AESQ. Itis not permitted to be distributed to any third party without the written consent ofthe AESQ.



AS13100 Chapter C Requirements AESQ.

A Program of SAEITC

Chapter C

AS13100 Chapter A Chapter B Quality Tools to Support
Requirements AS9100 Rev D Supplemental Requirements AS9145 Supplemental Requirements APQP i

DFMEA
Product KCs
Process
Flow Diag.
Process
KCs
Control Plan
Process
Capability

AS13100 RM13145 APQP & PPAP RM13004
Support Material

RM13003
RM13006

AS13100 Chapter C

21.1
21.2
21.3
21.4
21.5

Design Failure Mode & Effects Analysis (DFMEA) 21.6 Production Control Plan
Product Key Characteristics 21.7 Measurement Systems Analysis (MSA)
Process Flow Diagrams (PFD) 21.8 Initial Capability Studies

Process Failure Mode & Effects Analysis (PFMEA)

Process Key Characteristics

AESQ - Aerospace Engine Supplier Quality Strategy Group
This document slidedoesnot contain ITAR or EAR technicaldata. The content of this presentation slide is proprietary and
confidential information of the AESQ. Itis not permitted to be distributed to any third party without the written consent ofthe AESQ.
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Defect Prevention Key Quality Tools for Zero Defects

s’) ) We must focus on
; defect prevention
Inspection is never
100% effective

DESIGN RISK ANALYSIS
e.g. DESIGN FMEA
to RM13004

POTENTIAL DESIGN RISKS

PROCESS FAILURE MODE
& EFFECTS ANALYSIS
to RM13004

PRODUCT DESIGN

A W

CUSTOMER MEETING

" o

& MITIGATED

CONTROL PLAN
to RM13004

INSPECTION CAPABILITY
to RM13003

Variable gauge
= repeatability &
- reproducibility
ATTRIBUTE

AGREEMENT ANALYSIS
to RM13003

PROCESS DESIGN

RISKS IDENTIFIED , UNDERSTOOD

MISTAKE PROOFING

iy
=

IDENTIFIED , UNDERSTOOD

PECTION & TARGET SETTING

srcrons cer s
Y

Accurate and
‘ reliable inspection

INITIAL PROCESS
CAPABILITY

& MITIGATED

to RM13006

Process can make
defect free parts

/

MANUFACTURING

DESIGN TO REQUIREMENTS
TO RM13008

Design meets
customer
requirements

Process Capability
CONTROLS L \_CPK

B
{__ 8D PROBLEM SOLVING )

Advanced Product Quality
Planning & Process Control
to RM13145 and RM13006

PROCESS CONTROL
to RM13006

DATA FROM PROCESSES & INSPECTION

PROCESS CAPABILITY
IMPROVES & MANAGES THE PROCESS
Process must be on

target with minimum
variation

C TORM13000 )

AESQ QUALITY

QUNCTIONM W,
é REFERENCE ¢
MANUALS
3 [ 9
0N DEFECT 0@0
HUMAN PREVENTION
9
STRATEGY GROUP it : i
SUPPLIER UALITY
A Program of SAE ITC L SUFRHER: QUATE & tenpersn®
TO RM13007 RM13005

See Full Video at https://aesq.sae-itc.com
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Quick Chat 1 AESQ‘%

STRATEGY GROUP"
A Program of SAEITC

(a) Have you read AS131007?
F' - ) _ l. Yes
Use the Chat Function to ask a question, at

BT NOW any time, or to make a comment. . NoO

(b) Have you read RM130047
. Yes
Il.  No

(c) How would you judgeyour knowledge of Design FMEA?

l.  No Knowledge

Steven W. Finup Stéphan DAUX Il. 1 know of it but no experience of using it
Consulting Engineer APQP Leader & Master . .
GE Aviation Safran Aircraft Engines IIl. | have used it a few times

V. | consider myself to be an expert

14

AESQ - Aerospace Engine Supplier Quality Strategy Group
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1
DESIGN FMEA REQUIREMENTS IN
AS13100




FMEA in AS13100 AESO)

STRATEGY GROUP™
A Program of SAEITC

As a minimum, Design FMEA shall be applied;

(a) New Design (b) Changes to existing (c) Use of existing design in
(21.2.2.5Casel) design a new application,
(21.2.2.5Case 2) location, or environment.

(21.2.2.5Case 2)

AESQ - Aerospace Engine Supplier Quality Strategy Group
This document slidedoesnot contain ITAR or EAR technicaldata. The content of this presentation slide is proprietaryand
confidential information of the AESQ. Itis not permitted to be distributed to any third party without the written consent ofthe AESQ.



AS13100 DFMEA Requirements AESQ")

STRATEGY GROUP
A Program of SAEITC

Unless otherwise agreed with the customer the DFMEA shall be;

RM13004

Defect Prevention Quality Tools « Completed in line with the process laid out in Chapter 2 of the

to Support APQP & PPAP

S | neroseace
............ STANDARD [ 202003
AESQ System for g
Production Organizatons
RATIONALE
This saandand has boen ceated by Pt SAE G-22 Asrospace Engra Scopiier Quakty (AESQ) Technical Commitise
Farmonize and simpsty suppler ualcy requrtments that ane in addtion 13 e Fequiements of B100
Systars. . Anouremants for Avaton, Space, and and 3148 Cuaity Piasning
and Producson Pant Apgroval Process.
Prwviously the Aerospace Engine Manutachurers. based fhei suppler qually requiements on §100 bt had difeing
aper P pely P same it Thess - e
Customar, ndasy, T o by 91
anaaids
This standan comman set ]
wndentanding, eficency, and parfrmance. Whils wgrdficantly simpifying the busnesses of supplen wih muliple
customers. systems and
processes
These common sspplemental reguiements aim 1 rase T bar for antcipaled perormance in these ey aneas, and
artar ¥
FOREWOR
Tio assure customer safilaction, T aviaion, £9ace. anvd definss indusiry 0:gantations Rave 1o produce nd continually

The giobalzton of T industry and he fesuling dhersty of MgOAMNAIONS MqUEMENts and EDectatons. have

Tha SAE S — A
Connei o develop, specty, mastan. snd premelo ualty stasdard reliteg 1 he Bercanss ehgne susply han The
preeapins detred . space, and diliras ndusirien

e susgly chan 1o v Zer Defects.

S v s e g vy B . o i B Pty B e e, bt o o) SAR e o S S

Reference Manual RM13004, (21.1)

» Assessed using the scoring criteria in RM13004 for Severity,
Occurrence and Detection (21.1.3.1)

« RPNs shall be calculated for each Failure Mode — Potential Cause
combination (21.1.3.1)

 Prioritized for improvement actions in the following order (21.1.3.3
& 4);
« High Severity Failure Modes
« Combination of High Severity and Occurrence scores
* RPN scores

AESQ - Aerospace Engine Supplier Quality Strategy Group
This document slidedoesnot contain ITAR or EAR technicaldata. The content of this presentation slide is proprietaryand
confidential information of the AESQ. Itis not permitted to be distributed to any third party without the written consent ofthe AESQ.



AS13100 DFMEA FMEA Requirements AESQ%

STRATEGY GROUP
A Program of SAEITC

Must be Created & Maintained by
a CROSS FUNCTIONAL TEAM

(20.1.2.4) O
+ “engineers with expertise in design, analysis/testing, O OO

manufacturing, assembly, service, quality, and reliability” OO

« “stimulate the interchange of ideas between the functions
affected and thus promote a team approach”

* “is strongly recommended that manufacturing/assembly
engineering participate in the Design FMEA’

AESQ - Aerospace Engine Supplier Quality Strategy Group
This document slidedoesnot contain ITAR or EAR technicaldata. The content of this presentation slide is proprietary and
confidential information of the AESQ. Itis not permitted to be distributed to any third party without the written consent ofthe AESQ.



P (
Cross Functional Teamwork AES(ﬁ@

STRATEGY GROUP
A Program of SAE ITC

59% 99.9%

Chance of success Chance of success
Working alone With three subject matter experts
working as a team

Terricone & Luca, Successful Teamwork: A Case Study (2002)

AESQ - Aerospace Engine Supplier Quality Strategy Group
This document slidedoesnot contain ITAR or EAR technicaldata. The content of this presentation slide is proprietaryand
confidential information of the AESQ. Itis not permitted to be distributed to any third party without the written consent ofthe AESQ.



Typical Cross Functional Team AESQ%

STRATEGY GROUP
'7 ?.

A Program of SAEITC

Support also from other
functions and specialists as
required

JeffLee
Engineering Manager
Team Leader

|
o
o/
4 r

\

-

-

Asmaa Krupa Sarah Cracknell Derek Bell Daryl Jackman Richard Tandy
SeNICRe’IQE'Ell'“t;/y and Design Responsible DFMEA Manager Specialist Validation
eliabili

AESQ - Aerospace Engine Supplier Quality Strategy Group
This document slidedoesnot contain ITAR or EAR technicaldata. The content of this presentation slide is proprietary and
confidential information of the AESQ. Itis not permitted to be distributed to any third party without the written consent ofthe AESQ.



AS13100 Design FMEA Requirements AESQ%

STRATEGY GROUP

A Program of SAEITC

Must be Created & Maintained by
a CROSS FUNCTIONAL TEAM

(20.1.2.4)

DFMEAbe started during the

Planning Phase of APQP
(21.1.2.1)

* “The earlier the Design FMEA is started during the product development process
(PDP), the better the chances of optimizing the design in a cost and time effective
manner”

AESQ - Aerospace Engine Supplier Quality Strategy Group
This document slidedoesnot contain ITAR or EAR technicaldata. The content of this presentation slide is proprietary and
confidential information of the AESQ. Itis not permitted to be distributed to any third party without the written consent ofthe AESQ.



FMEA as part of an
Advanced Product Quality Planning (APQP) System

Kick Off End of Design Initial Production
Concept Release Production Launch
(PDR) (CDR) Approval

Product Development
Process (PDP)

oo = a8 o

1. Pl . 5 — On-going Production, Use
. Planning

and Post-delivery Service

Phases of Advanced Design FMEA

) . 4 — Product and
Product Qua | |ty 2 - Product Design and Development L Process Validation

Planning (APQP)

3 — Process Design and Development
Process FMEA

AESQ Production Part Approval @ @ @ @
Process (PPAP) Events .

5 Production
H Process Run

Prod uct Status Production trial

Prototype/test product products Production products



™
AS13100 Design FMEA Requirements AESO"

AProgram of SEITC

Must be Created & Maintained by
a CROSS FUNCTIONAL TEAM

(20.1.2.4)

DFMEAbe started during the

Planning Phase of APQP
(21.1.2.1)

Scope shall encompass the items
which the team is responsible for
designing

(21.1.2.5)

System Architecture and
Interfaces & Interaction have to be
considered

AESQ - Aerospace Engine Supplier Quality Strategy Group
This document slidedoesnot contain ITAR or EAR technicaldata. The content of this presentation slide is proprietary and
confidential information of the AESQ. Itis not permitted to be distributed to any third party without the written consent ofthe AESQ.



Design FMEA Scope AESO")

STRATEGY GROUP
A Program of SAEITC

What is the scope of DFMEA?

1. Foranew designthe complete designof the item shall be included to a level of detall
which is sufficientto establish risk level for all the Item’s intended functions

2. Forchangesto an existing designthe DFMEA shall focus on effective scope of
change (it is assumed that there is a previously completed Design FMEA available
foruse. If not a complete Design DFMEA should be conducted)

Why do we need the System

Architecture?

« At the beginning the scopehas
to be defined.

* Therole the item plays in the
overall designhas to be
considered.

* Thisincludes design
architecture specified by the
customer as a constraint

Why do we need Interfaces
and Interactions?

* Interfacesto other
components, subsystemsor
systems has to be discussed.

* Physical and functional
interfaces could be important
for safety impact

24

AESQ - Aerospace Engine Supplier Quality Strategy Group
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Design FMEA is Part of a System

Scope & Design

Y

Architectural
& Interface
analysis

Design
FMEA

Output of one is input to the other

PFMEA

FMECA

Risk Evaluation
&
Recommended
Actions

Design
Requirements

Verification
Plan

AESO"

STRATEGY GROUP
A Program of SAEITC

DFMEA could give
Information to different
further process steps.

DFMEA is an important part
of quality closed loop
approach.

AESQ - Aerospace Engine Supplier Quality Strategy Group

25
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Every Function, Every Feature & Every Failure Mode AESQ%

STRATEGY GROUP
A Program of SAEITC

The DFMEA is a process to highlightthe key
areas of risk of design—that is the output of the
DFMEA

If we pre-select the inputs based on what we
think’ is high risk then we may miss some
important issues

We must sift through all functions and features.

Our products are in service for 30 years or
more .

- Designs change

- Deviation exists

- Service experience is generated

=» Information could be documented and
assessed in DFMEAs

26
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AS13100 Design FMEA Requirements AESQ%

STRATEGY GROUP

A Program of SAEITC

Must be Created & Maintained by
a CROSS FUNCTIONAL TEAM

(20.1.2.4)

DFMEAs must DRIVE ACTIONS
to reduce risk

(21.1.2.10)
RM13004

| DFMEA
| Deployment

DFMEAbe started during the

Planning Phase of APQP
(21.1.2.1)

Keep up to date — They are LIVE
documents

(20.1)

Scope shall encompass the items
which the team is responsible for
designing
(21.1.2.5)

System Architecture and
Interfaces & Interaction have to be
considered

AESQ - Aerospace Engine Supplier Quality Strategy Group
This document slidedoesnot contain ITAR or EAR technicaldata. The content of this presentation slide is proprietary and
confidential information of the AESQ. Itis not permitted to be distributed to any third party without the written consent ofthe AESQ.



Design FMEA Updates AESQ%

STRATEGY GROUP

A Program of SAEITC

Information from
similar products

Changed interfaces or
Interactions during design —

phase : :
— Analysis and Testing Data

Design changes during design Desian EMEA
phase ’

—— In-Service Data

Changed application, location,
or environment during design —— Information In Aerospace products may be in production
phase for 30 years or more

The DFMEA should capture all of the ‘up to
date’ knowledge of how to make the part /

New/Changed assembly throughout its life

Design DFMEA There should be a continuous drive to lower
the associated RPN profile

28
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A Program of SAEITC
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DESIGN
FAILURE MODE &
EFFECTS ANALYSIS

QUICK OVERVIEW GUIDE

77>,
ZERO —

DEFECTS .’
TOOLKIT

STRATEGY GROUP
A Program of SAE ITC



FMEA Definition AESO"

STRATEGY GROUP

A Program of SAEITC
Potential Potential Potential Prevention Detection Improveme
ltem Function Requirement Failure Effect(s) of SEV Causes of Controls OCC Controls DET | RPN ntpActions
Mode Failure Failure
Bracket design
Increased high Standard work Conduct high
cycle fatigue document XYZ cycle fatigue
Prever_1t Stresses on Tube locating 2 Test — Engine XYX and tubg wear
excessive Fuel Tube lateral fuel tube . . analysis at
. ) Fuel Tube S hole allowable . Durability testing
Fuel Air lateral motion . tube cracking; . Analysis — tube . RSS
. . lateral motion . 10 diameter . 6 with post-test 8 480
Bracket motion of constrained to < Fuel leaking ) high cycle Worst-case
> X mm . defined as too . hardware o
fuel tube X mm leading to fire, laroe fatigue and wear inspections (8) combination
#XYZ explosion, 9 (conducted at P of max. hole
safety hazard nominal ID. Min tube

2)

3) Document the management of design risk

Failure Mode and Effects Analysis (FMEA) is a method designed to:

Identify actions that eliminate or reduce the chance of the potential failures occurring

1) Recognize and evaluate the potential functional failures of an item and the effects and design related causes of those
failures

AESQ - Aerospace Engine Supplier Quality Strategy Group
This document slidedoesnot contain ITAR or EAR technicaldata. The content of this presentation slide is proprietaryand
confidential information of the AESQ. Itis not permitted to be distributed to any third party without the written consent ofthe AESQ.




Different Types of FMEA AESQ%

STRATEGY GROUP
A Program of SAEITC

High-pressure  High-pressure
compressor turbine

Low-pressure Shomb:::mn lLoﬂw)v;pr!assure Nozzle
Design FMEA Process FMEA FMECA

The primary objective of an FMEA is to improve the product:

a) For Design FMEAs, the objective is to improve the design of the system, subsystem or component.

b) For Process FMEAs, the objective is to improve the design of the manufacturing & assembly
process.

c) For FMECA, the objective is to enumerate the risks associated with the operation of the product.

AESQ - Aerospace Engine Supplier Quality Strategy Group
This document slidedoesnot contain ITAR or EAR technicaldata. The content of this presentation slide is proprietaryand
confidential information of the AESQ. Itis not permitted to be distributed to any third party without the written consent ofthe AESQ.



Typical Inputs

Functional Requirements
(Boundary Diagrams, Parameter
Diagrams, etc.)

Design Concepts, Design Definition
or Model Based Definition

Manufacturing Data (e.g.
Capability, Feasibility)

DFMEA FMEA Inputs and Outputs

Bill of Materials (BOM)

Service Data and History

Lessons Learned

DFMEA

Failure Mode Risk
Assessment

Failure Mode Risk
Mitigation (& Actions)

Product Cls & KCs

Typical Outputs

Best Practices

Prelim. System Safety & Reliability
Analysis

Baseline DFMEA

Higher Level DFMEA

Frelim. Design Verification Plan

' I
Design
Verification
Plan
o /




The Design FMEA Template
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b N
p =

Section 1 Section 2 Section 3 Section 4 Sicgo Section 6

: : Potential e UG Prevention > , L Improvement
ltem Function Requirement Eailure Mode Effect(s) of SEV Causes of Controls C Detection Controls E RPN ACtions
u Failure Failure C T
What is the item that you are
' 2
Ereun ol it What could we get wrong in the : :
How could you get the . . How will you check if the
| . : design to causethe Failure :
What function does the item have? Requirements wrong . Cause and/or Failure ;
: . Mode to occur (Potential List of
(Function) (Failure Modes)? Mode occur .
Causes)? : Risk Improveme
(Detection Controls)? Priorit nax. hole .
What are you trying to achieve What could happen if it did go ;

(Product Requirements)? wrong (Potential Effects)? . y reqy'lred e

. . How could this be prevented How likely are you to Numb mitigate

. . . . Prevention Controls)?
Defined by Engineering Drawings (Prevention Controls) detect the Causeor (R(IEDrN) tg?siiy
& Specifications How bad would it be if it did go Failure Mode if it was Identified

Or Assembly Instructions

DFMEA mustinclude ALL
Functions

wrong
(Severity Score)?

How likely is it to be wrong
(Occurrence Score)?

Function and Requirement Focus

defective
(Detection Score)?

Design Process Focus

Risk Mitigation



Design FMEA Information Flow AESQ"

A Program of SAEITC
(]
_ _ 2 . c . S
: Requireme  Failure  Potential 5 : Prevention = Detection 5
Function ¢ Potential Cause = -
nt Mode Effect - Control 3 Controls =
7)) 8 Q
Fuel Air Prevent fire,
Bracket excessive lateral I Fuell TUb? Fuel Tube explosion
motion of fuel ater? motc;otn lateral motion safety M 10
tube #XYZ con: rained to > X mm hazard |
X mm (10) . .
Tube locating hole ATEEE = 1We2 g
» allowable diameter .| cycle fatigue and wear 5
defined as too large (conducted at nominal
dimensions only) (6)
I I
‘ ‘ Bracket thermal l
growth defined as Analysis — Components [l 4
' ' > tube thermal ' thermal growth (4)
| growth
| |
| | | | | | Test — Engine | ‘
XY X
Durability
testingwith > 6
| | | | | | post-test | ‘
hardware
. . inspections (8)




Design FMEA Information Flow AESQ"

A Program of SAEITC
(]
_ _ = _ S . S
: Requireme  Failure  Potential : Prevention L Detection 5
Function ® Potential Cause = 5
nt Mode Effect = Control 3 Controls <
0p) 8 (@)
Test — Engine
Fuel Air Prevent Tl fire, XrX
Bracket excessive lateral CERICLE i . - : Durabilit
motion of fuel lateral motion | tFueII TUI?[? eép;?estlon | Tube locating hole Analysis — tube high tesl:irr? Ivlvi)t/h 5
tube #XYZ constrained to ateral motion y allowable diameter cycle fatigue and wear 6 g
ube ~ % mm > X mm hazard defined as too large (conducted at nominal post-test
(10) dimensions only) (6) ~ hardware
| | inspections (8)
| | Bracket thermal Aralveis G t Test — Engine
TTRR rowth defined as nalysis —.omponents XYX
The deSCFIptIOH In e.aCh 2 > tube thermal thermal growth (4) N Durability
column must flow directly growth testing with 6
from the descriptionin the PO et
ardware
relevant cell inspections (8)

If the Requirements column
is incorrectthen everything
to the right will be incorrect. ‘

Precision of language is
vital ‘




DFMEA FMEA Data Sources AESO"
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_ _ Service Data
Architecture/Design Lessons Learned

Baseline DFMEA
Prelim. System Safety & Reliability Analysis

Severity Prevention Occ Detection Detection

Potential Potential
Causes of RPN

Function Requirement Failure Effe_cts of Score : Controls Score Controls Score
Modes Failure Failure

/ / /o \

Potential

_ _ Drawings, Assembly Standard Work Validation & Verification Plan
Functional Requirements Instructions & Service Data

Engineering Specifications Experience from other projects



Detection

Criteria: Likelihood of Detection

AESQ'

STRATEGY GROUP
A Program of SAEITC

used only if approved by the customer.

- . - . Ranking ¢ ot0g0ry {Design Verification) - DFMEA
10 Will not Mo current design control; Design control will not and/or cannot detect a
detect potential failure cause/mechanism
Mot Likely to
Detect or Demgn anal)rsns.fdehechon controls are not likely to detect a potential failure
9 detected 1; Testing is post Production Launch, virtual analysis is of
. post low fidelity and is not correlated fo anticipated actual product operating
EmIEY iteria: i Production conditions:
Ranking Category Criteria: Severity of Effect it -
(Product) Effect on Product — DFMEA
Failure cause/mechanism detected during product verification/validation
8 testing. Detected prior to Production Launch with "pass ffail” testing*or by
10 Potentially hazardous failure without waming. Failure potentially affects safe uncorrelated late detailed analysis.
Safety operation of the product or causes regulatory non-compliance. Post Design
andfor Freeze and Failure cause/mechanism detected during product verification/validation
Regulatory 7 Prior to testing. Detected prior to Production Launch with "test fo failure” testing®
Compliance Potentially hazardous failure with warning. Failure potentially affects safe Production or by late partially correlated detailed analysis.
9 operation of the product, causes regulatory non-compliance or results in a Launch
significant reduction in safety margins. Likelihood . Failure cause/mechanism detected during product verification/validation
Ranking of Design Criteria: Occurrence of Cause (DFMEA) 6 testing. Detected prior to Production Launch with "degradation” testing*,
Error or by correlated late detailed analysis.
8 Produet is not operational; safety not o i Failure causes major Mo guiding practices upon which to Bbase design are availsble for this technology - design system will
I - - - u u v ¥ -
. customer dissatisfaction and severe disruptions. devesoped for the first time for this technclogy in this appication 5 Failure cause/mechanism detected pnor fo Demgn Freeze usmg "pass/fail"
Primary 10 Inevitable | New with no history of in any industry. testing* or by unc y
Function Design process will almost cenainly produce & deficient design on frst attempt, reguiring design iters
| T 4 di Aad delaction actiilies. i

7 Operability d: primary fi be Pricr to Failure cause/mechanism detected prior to Design Freeze using “test to

Failure causes high degree of customer dissatisfaction or severe dlsruptlons ::B?J:mmﬂ guiding practices for this technology may be availabie from clher industries Upon which 1 4 [F)gg|gn failure” testing* or by partially comrelated detailed analysis.

- Teeze
] |n2:.",|:§le Mew technalogy wilh only Emited relevance | imited application in other industries.
3 Failure cause/mechanism detected prior to Design Freeze using
Operability significantly degraded; 5eoDnda g stems ma be inoperable. Design process will almost cenainly produce & ceficient tesign on Trel allempt, Fequiring design iters 3 f nisn ; €
6 Failure stg b .-ecguslnmer Y &Y Y disruptions. detecton actiities degradation testing* or by correlated detailed analysis.
Secondary Some siandand praciices for this lechnology may be available from other indusiries ugan which to ba
Function 8 Highly Likety | New i=chnalogy with mederate ameunt of successiul retevant application. Design analysis/detection controls are virtually assured to detect a

Moderate effect on operability; secondary systems may be degraded. Product Design process s highly likely 1o produce a deficient design on finst attempt, mest likely requiring des Robust Early potential failure cause/mechanism. Virtual analysis is conducted early in

5 secondary systems do not conform to operational requirements. Failure leralionts) aner detection sctitis. 2 Detection the design phase and is highly correlated with actual andfor expected
causes customer dissatisfaction, often resulting in operational disruption. Existing standard melhods are not applcable 1o The cument design situation. operating conditions.

: Likely Existing iec! ., bul extremely different duly cycle, op "] Pasl exp
- ) ] ) i i of imited to no relevance. ;

N Moderate effect on Bperabllfty. Non-c_ompllance to functional requirement, o in sty 1 s ek chatcoeion e i i, (ki eiing dseion saon Failure ) Failure cause/mechanism cannot occur because it is fully prevented
although all systems operational. Failure causes some customer E:m"g mcmgs 1 Prevented; through preventive design contrals (e roven design standard/best
dissatisfaction noticed by most customers, often requiring in-service repair. Detection not g p cti 9 -g-p terial tg

Annoyance Existing standard methods sre enly partly applicable to the eumrent design situation, Applicable practice, proven common material, etc.)
Minor effect on operability. Non-compliance to functional requirement. Failure [ Possible ;mn?:gm‘:fam_m - i highly aiferat duty cycle. 9 cency Past Experes

3 causes minor customer dissatisfaction noticed by many customers, often Design process could produce a deficient design on frst attempt, may require design fleration(s) afler detection

requiring action at next overhaul. actviles. h k C . [ f S [
Existing standard meihods are moderately applicable to the cument design situation. 1 T e Ran Ing rlterla Or eve rlty1
Slight effect on operability. Non-compliance to functional requirement. Failure 5 Plavsibi Exiating bt modesate in duty eyele, op ] o Past
2 Awareness | causes slight customer annoyance noticed by few customers, potentially auslble | base s of moderate relevence. . . .
i P it N process could produce a deficient o on first atternpt, ma: uire design eration(s) after detection
rosuling i adiiona overau cost e - " Occurrence and Detectiondefined in
1 Mo Effect | No discemible effect on product operation. :::: ‘szaam "":“m;g:‘:d:'fw ”"""a:':" :iw""':"'g":::" - . -
nology. erences in duty cycle, operating con or appication. Past experience
B I et RM13004 should be used
Design process is unlikely to produce a deficient design on first attempt, uniiely to require design teration(s) after
detection actiilies.
Similar succesaful past experience guiding design practices and cholces.
ighly | Exlsting technology. but minor diferences in duty cycle. operating condito Past b
3 Unikaly | 120f good relew . . - -
rocess is unliely o produce a deficient design on first attempi_ unlikely to requine desi
P e iy 2) Alternative Ranking Criteria may be
Probahiity of design error i significantly minimized through apelication of prevention controls - Kentical, highly
relevant, & successful pasl experience guiding design practices.
2 ly | Existing in duty cycle, operating Past =
Uniikely completely relevant, am of moderate exient,
Design process is extremely unikely 1o produce a deficient design on first atiempt, exremnely unlikely o require
desipn Aerations) after detection acivilies
Design ermer & either physically impessible or sliminated Mirough applcation of prevertion contrels - extensive,
identical, highly relevant, & successful past experience guiding design praciices.
1 Praventad | EXisting technalogy, no differences in duty cycle, aperating conditic Past base s

coMm@IElaly relevant, and of sgniicant extent
Design process will almost ceriainly not produce a deficient design on first altempt, wil nat require design
Iteration|s) ater detection activities.
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FMEA Risk Priority Number Scoring AESQ%

STRATEGY GROUP
A Program of SAEITC

Detection
Controls

Potential Prevention
Causes Controls

Failure Potential
Mode Effects

RPN

Severity x Occurrence x Detection = RPN

U1 | Occurrence
U1 | Detection

Y

| Severity

4x5x5=100

AESQ - Aerospace Engine Supplier Quality Strategy Group
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FMEA Risk Priority Number Scoring

AESQ 3
STRATEGY GROUP

A Program of SAE ITC

]
(%)
c c
Fo o ie)
Failure  Potential o Potential Prevention 9 Detection 8 RPN
Mode Effects 3 Causes Controls (@] Controls A
The Highest Each cause Lowest The Lowest An RPN Score
Severity Score gets Occurrence Score Detection Score For every Potential

corresponding  separate corresponding to
to the failure line in the best
effects DFMEA prevention control

Corresponding to
the bestdetection

Cause & Failure
Mode Combination



RPN Score

FMEA Action Prioritization AESO"

RPN PARETO LIEOR SSbl

700

600

500

400

300

200

100~

PRIORITY FOR IMPROVEMENT

1. High Severity Scores

2. Combination of Severity x Occurrence Scores

3. High RPN Scores

DO NOT USE THRESHOLDS!!!
4 A AN A LN M AAY. &

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Priority RPN
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Notes on Risk Mitigation

Severity Scores

Can only bereduced
through Product Redesign
e.g. removing the needfor a
function or providing a fail
safe’ solution.

)
AESQ"
STRATEGY GROUP
A Program of SAEITC

Db

usL

st

Occurrence Scores

Can be reduced through
generating more experience
with analysis and/or testing

during the designphase

Detection Scores

Can be reduced through
enhanced and/or earlier
testing

AESQ - Aerospace Engine Supplier Quality Strategy Group
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DFMEA FMEA Improvement Actions AESO"
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Hole Diameter Too Big IMPROVEMENT ACTIONS

Risk

Tube locating
hole allowable
diameter defined 480
as too large

Priority Recommended Actions
Number

Conduct high cycle fatigue and
tube wear analysis at RSS

Worst-case combination of max. Introduced
hole ID. Min tube OD Daryl Jackman July 7th June 25 10 2 8 160
(Improved OCCURRENCE
Score)

Improved Occurrence Score from6to 2 by gain more experiencewith design

Conduct accelerated stress test
to determine limits of max. hole

ID, min tube OD configuration Sarah st Introduced
Cracknell June 1 May 29th 10 6 4 240

(Improved DETECTION Score)

Improved Detection Scorefrom 8to 4 by changing verification
schedule

AESQ - Aerospace Engine Supplier Quality Strategy Group
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How long will it take? What is the benefit 2 AESQ"
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Logarithmic Cost of Defect Escapes

1000X-T~

100X =T~

Engineering Man Hours

$

10X~

x ——
15t nd 3w 4n 5 U, T =D e e Oot e
Number of DFMEAs completed by the team Time
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Quick Chat 2 AESQ‘%
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[ 4
| v Use the Chat Function to ask a question, at (@) HOW does your organization currently comply to AS13100
CHAT NOW any time, or to make a comment. and RM 13004

l.  Not at all, we do not do Design FMEASs
Il. It is very different to how we currently do it

l1l.  We comply with more than 75% of the requirements but
there is more we need to do

V. This is how we conduct Design FMEAs

Steven W. Finup Stéphan DAUX
Consulting Engineer APQP Leader & Master
GE Aviation Safran Aircraft Engines

45
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Rob Farndo'n
Rolls-Royce

Andrea Neumann
MTU

Steven W. Finup Stéphan DAUX
GE Auviation Safran Aircraft Engines

‘ﬂ«l//"
- i \
-~ o\ \
o ) )
\ |
A 4
Y /

il

STRATEGY GROUP
A Program of SAEITC

AESQ - Aerospace Engine Supplier Quality Strategy Group
This document slidedoesnot contain ITAR or EAR technicaldata. The content of this presentation slide is proprietaryand
confidential information of the AESQ. Itis not permitted to be distributed to any third party without the written consent ofthe AESQ.



3
DESIGN FMEA SUMMARY &
FURTHER INFORMATION




Design FMEA Efficiency : Success Factors AESQ%
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MEDIUM Tipsfor Efficient Deployment include;
S a) Do the right preparation

b) Work with a CROSS-FUNCTIONAL Team

c) Teams that are prepared to GET ON and try it,

Risk Priority Number : L
avoid procrastination

EFFECTIVE DFMEAs WILL '
TRANSFORM YOUR d) Have the right MIND-SET

DESIGN PERFOMANCE!
e) Right choice of SOFTWARE to manage data

AESQ - Aerospace Engine Supplier Quality Strategy Group
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Sources of Further Information & Guidance AESQ%

STRATEGY GROUP
A Program of SAEITC

AEs/ﬁ) 1. Reference Manual RM13004 is available free of

STRATEGY GROUP
A Program of SAE fTC

charge from the AESQ website

RM13004
Defect Prevention Quality Tools
to Support APQP & PPAP

2. Global FMEA training is available to support this
approach through the SAE.

3. Subject Matter Interest Group to support
RM13004 Deployment established and
An AESQ Reference Manual contactable through AESQ Website

Supporting SAE AS13100™ Standard

Issued March 1, 2021

https://aesq.sae-itc.com
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Subject Matter Interest Groups on the AESQ Website

AESQ Website
Landing Page

2020 Your Bnd Ragart

e e

GE Aviuten, Honeywet
Heowmes Adsotpace, ML MTU A Engines, ICC Structural, o & Whitsey. R Royce, aed Safon. Six

e - G2z ukdnce. forra sed
Chechtars are avadatie 15 skt i the Fnglementanon of SLandarts.

nassen. SAE
S0 the Deegane Product Reiease Verfcarion IDPRV) Fainig Regurements (AS3001AL which has vained
mare than

Thvough SAE (O Authennicanon™, » DPRY traning and

st . siobal eers-enine supaly
AESQ Mevter Lal
o @B o Moewel mmmm JHI
@TU PCC e G Proawney ] S SAFRAN

Interest Group
Landing Page

Defect Prevention Quality Tools for APQP
& PPAP Interest Group Landing Page

Tha ey wuin o o of s roud e

AESQ”)

STRATEGY GROUP
A Program of SAEITC

Further links to
support materials,
events, social
media pages, etc.

Submit questions

A

T
A SN TS . ==
%5 | I e, conche e
P o —
T R AR 2
@) o o,
B) S
e e
e R it T oI "
o 7 st 1 ot g s
2 i
5 S et e o
RO
et S b i b o
e —— o
T o s e 3
T
Webinar Ilnuwa Series - AS13100 Process FMEA & Control Pams - Meeting the Requirements while s8ding vatse 1o the Susiness [l
|
o erspsossyaneon
v
e s A e bt
: o
D S e W
Asgron I PAMEAL
Process PPAS) ||
e

Memurement Syerss Ansan (A

Fuman factens

PR Taing

ORI Sublect Matter Interest Group Team Laader
B O i

PN Custty & 1t twcave
oy eyer
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RM13004 DESIGN FMEA Webinars

June 22 & 23" 2022

AS13100 & RM13004 DESIGN FMEA - Understanding the Requirements

Led by Rob Farndon, these interactive webinars are designed to describe the intent of the AESQ AS13100 requirements for Design FMEAs and how they link to
the effective deployment of Advanced Product Quality Planning (APQP) and a Zero Defect Strategy.

These webinars shall explain how AS13100 Design FMEA can be developed, maintained and improved using real examples of best practice from across the
industry.

SESSION 1 SESSION 2

AS13100 DFMEA Requirements and Overview Key Care Points when Creating the Design FMEA
(June 2279 14.00-16.00 UK Time) (June 23rd 14.00-16.00 UK Time)

A closer look at some of the key steps when creating Design FMEAs to illustrate

Overview of the requirements for Design FMEA in Chapter C of AS13100 and e e G ASEEE Eaniarans, frd e

their link to the APQP / PPAP process
a) Requirements & Potential Failure Modes

b) Potential Effects & Severity Rating

Explanation of the intent of each requirement and what success looks like .
c) Potential Causes

d) Prevention Controls & Occurrence Rating
Overview of the Design FMEA approach aligned to the RM13004 Reference

Manual e) Detection Controls & Detection Rating

f)  Calculating the Risk Priority Number (RPN)

Links to further help and guidance g) Prioritizing Improvements

Questions & Answers Questions & Answers

AESO"

STRATEGY GROUP
A Program of SAEITC
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