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1. X AIAG-FMEA(4'" : 2008)
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1. §ixl VDA-FMEA(2'" : 2012)

The Five Steps for the Preparation of the FMEA
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2. New FMEA F 7|ttt

L AC A ol 1 =2 AD CAHZ= Moz =
DFMEAE= 6EHA 2 M 5|o1 L FMEAS +Aot7| 25iA 6THAIE HAX S
o) WS o oF A Ol
e 24 7RSS & = US
System Analysis Failure Analysis and Risk Mitigation
1st Step 2st Step 3st Step 45t Step 5st Step 65t Step
Score Definition Structure Analysis Function Analysis Failure Analysis Risk Analysis Optimization
£I$ "'_.: - s _-E + el C
—— — —_— - E ﬂ !l - . L.
ﬁ? = 54 — - - hbh—i
Project identific ston System stracture for a Overview of the huncthonality | stablishment of the ladure Assi of Pr * Identificaton of the actions
prodect of clements of & of the product of process Chasn (potwasial § ailure (o"ohpd‘qndu secessary 1o reduce rishs
process Efiects, Fallure Modes, Fallure planned) to the Fallure
C 8) for sach product o Causes and | allure Modes
process hunction (siep)
Progect plan Viswali s aton of the analywin Visualization of product o« Vissalization of product or Assig oA detec 500 Asssgrement of
MOope Uaing 4 structure Yee process hunctions using a process ladure relationah C I e ninting and or reapOnubadities and deadlines
or squivalent: block dlagram,  function tree (Tuncion ned) (asture sty “uﬂnlﬂl planned) 1o the | ailure ot s tion e phementation
boundary diagram  degrtal Nnclion Matric parameter wocksheet) Causes and | ailure Modes
model physical pats. o Brags wm o0 process Bow
process Bow diags em Biage aem
Analyvis boundaries. What s Identification of design Association of requir Creation of fallure struchsres  Rating of Severity, b plomentaticn and
incSuded and ent huded tiom Interiaces, interactions, close  of charscteristics 1o funcions by lnking the lalbures in the Ocourrence and Detection o docurnentation of acthons
e analyvis cleacances, Of process sheps  and lunclons 10 system of laiture chavn oo h talore chain taben
process slements
1Senrtific a0 o baseline Cascade of ¢ Identfication of product noise Confumation of the
FME A wath lessons learned (exdernal and internal) factons or process sources of eflectiveness of the
fonc ooy wAth e rated varlation (EM) uaing & i plemented s Bong
1o eeanty Ashbone diagram  (ar armetsr
diagram o tadure netwock
(uﬂ&u‘mm Collaborstion b A of vink aler
C upP: S vl suppl. o Do aben
ﬂduolbﬂ\) {Sevuriny)
Action Priocity (AP) ContBnwous lmpe overnent of
e product and process
Dania o the St hwe Baais 300 e | une bon Banls for the Fallure Asalynin  Dasis for e record of Basis for the product or Banis 1oe refinerment of the
Anatyvis stop Anabyvs step Wep follures in the FMEA form and  process Optimizetion step Mlmm
the iish Analysis step quir nd preventon

il



AIAG_VDA FMEA Introduction

2. New FMEA F 7|ttt

1. Next Higher
Level

Window Lifter
Motor

Characteristic
Type(Geometr

Coating, etc)

Electrical Motor

1. Next Higher
Level

Function and
Requirement

Convert
electrical energy
into mechanical
energy(acc..cont
rol signal)

2. Focus
Element
Function and
Requirement

Commutation
system
transports the
electrical
current between
coil pairs of the
electro magnetic
converter

3. Next Lover
Level
Function and
Requirement
or
Characteristic

Brush card body
transports forces
between spring
and motor body
to hold the
brush spring
system X, y, z
position(support
commutating
contact point)

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

Torque and
rotating velocity
of the window
lifter motor too
low

Sever

ity(S)
of FE

2. Failure Mode(FM) of
the Focus Element

Commutation system
intermittently connects the
wrong coils(L1, 3 and 2
instead of L1, 2 and 3),
resulting in angle deviation

R ° I
[DFMEA Spreadsheet Failure Structure]

STRUCTURE ANALYSIS(STEP2) FUNCTION ANALYSIS(STEP3) FAILURE ANALYSIS(STEP4)

3. Next Lover

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

Brush card body
bends in contact
area of the
carbon brush,
due to too low
stiffness in
carbon brush
contact area



STRUCTURE ANALYSIS(STEPI)

1. Next Higher | 2. Focus 3. Next Lover
Lewvel Element Lewvel or
i o
Type(Geometr
v, Material,
Coating, etc)
Window Lifter Electrical Motor Bruszh Card
Motor Base Body

FUNCTION ANALYSIS(STEP3)

1. Next Higher | 2. Focus 3. Next Lover
Level Element Level
Function and Function and Function and
or

o
Comrrert Commtation Brush card body
electrical energy system transports forces
inte mechanical transports the between spring
energyiacc. .comt electrical and motor body
rol mig current between to hold the

c:h]l P@JI: of the,- bru..]l 5]:!:1112

FAILURE ANALYSIS(STEP4)

low

- Failure Sever | 2. Failure Mode{FM) of 3. Failure
Eﬂ"ec.ts[FE] to ity(S) | the Focus Element Cause(FC) of
the INext of FE the Next
Higher Level Lover Element
Element and or
or Vehicle Characteristic
user
Torgque and [ Commtation systermn Brush card body
rotating velocity intermittently connects the bends in contact
of the window wrong colls(L1, 3 and 2 area of the
Lifter motor too instead of L1, 2 and 3}, carbon brush,

resulting in angle deviation | due fo too low

stiffness in
carbon brush
comtact area
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2. New FMEA F 7|ttt

[DFMEA Spreadsheet Failure Structure]
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2.1 Design FMEA 1°* Step: Scope Definition

Design Failure Mode and Effects Analysis(DESIGN FMEA)

SCOPE DEFINTION(STEP1)

Company Name :

Engineering Location :

Customer Name :

Name of Company N
responsible for DFMEA Subject :

Geographical location DFMEA Start Date :

Name of customer(s) or

[Product Family) DFMEA Revision Date :

1%t Step: Scope Investigation

Ri

5Ts
* FMEA Team

— Who needs to be on the team?
* FMEA Timing

— When is this due?
* FMEA Intent

— Why are we here?

* FMEA Task
— What work needs to be done?
* FMEA Tool

— How to conduct analysis?

Name of DEMEA project DFMEA ID Number :

Date DFMEA project . I
started Design Responsibility :

Latest revision date el:

Determined by company

Name of DFMEA owner

[Business Use, Confidential,
Proprietary, etc.]

Front Impact Airbag System

v

ars
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2.2 Design FMEA 2 Step: Structure Analysis

System
Elements

. / { Lifting Mechanism

In s<:ope\/
e

X f Electronk:ControlUnlt—]

Carbon Brush e]
Pole Housing 91

Magnets (Neodym)

= Armature Shaft }

Enameled CopperWire

1

\

[ Window Lifter System }(

| 1 —

Sintered Bearing 2

\

|
|
(windings) ]
]
|

\—’_’_’/J'/

Figure 2.2-2 Example of Structure Analysis using a Structure Tree

STRUCTURE ANALYSIS(STEP2)

1. Next Higher Level

Window Lifter

2. Focus Element

Electrical Motor

10

3. Next Lover Level
or Characteristic
Type(Geometry,
Material, Coating,
etc)

Brush Card Base
Body
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2.3 Design FMEA 3** Step: Function Analysis

: Function of
t > >
thie Item/System Element Output

Interface I/B:rush 'Card Base Body
unction
Brush card bodly transports forces between
spring and motor body to hold the brush
spring system x, y, z position
Foc us Ele ment Electrical Motor (support commutating contact point)
Function:
Commutation system transports Carbon Brush
Window Lifter the electrical between coil pairs Function
Functional Requirements: of the electro Magnetic converter Carbon brush transports electrical current
Move window glass up and down between carbon stranded wire and
with a define velocity commutator surface
Function:
Raise and tower Window according Brush Card Base Body
to parameterization Function: ...

Electrical Motor Carbon Brush

Function: Function: ...
Electro-magnetic converter transforms

he electric field into angel-dependent Brush Card Base Body
magnetic field(rotational field) Function: ...

What happens? Why?

[Example of Function Analysis using a Structure Tree]

11
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2.4 Design FMEA 4* Step: Failure Analysis (1/4)

Visualization of FAILURE ANALYSIS(STEP4)

the Failure
Analysis

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

FAILURE ANALYSIS

Severity 2. Failure Mode(FM) of the
(S) of Focus Element
FE

FMEA Form, Failure Net

12

3. Failure
Cause(FC) of the
Next Lover
Element or
Characteristic
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2.4 Design FMEA 4* Step: Failure Analysis (2/4)

What happens?
Failure Effect

Failure Cause

Why?

Failure Mode

Focus Element

Window Lifter
Functional Requirements:

Move window glass up and down
with a define velocity

Electrical Motor

Carbon Brush

Function

Carbon brush transports electrical current
between carbon stranded wire and

tion system transports
th ical between coil pairs
of the electro Magnetic converter

commutator surface

Function:
Raise and tower window according Brush Card Base Body
to parameterization Function: ...
Electrical Motor Carbon Brush
Function; Function: ...

Electro-magnetic converter transforms
he electric field into angel-dependent Brush Card Base Body
magnetic field(rotational field), Function: ...

Focus Element
What happens? Why?

Figure 2.4-3  Theoretical failure chain model

DFMEA interfaces
FMEA FMEA FMEA |
Analysis Level at at at |

'Product Y ~ 'Window Lifter System

Failures

'Window lifting speed to low

‘Yorque and rotating velocity of the
FE window lifter motor too low

'Commutation system intermittently
FM |connects the wrong coills (L1,3and 2
insteadofL1.2and 3)
Jod Carbon brush transports too little

FC  currentdue to high resistance to the
commutator surface

(Design)
Feature characteristic

FC

5 {
- -

[Failure Structure at different levels]

13
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2.4 Design FMEA 4* Step: Failure Analysis (3/4)

FMEA Failure Analysis : Relationships

Potential Potential
FMEA Effect Cause
System Vehicle does Brake system Brake Caliper Brake System
S not stop does not Assy does not
transmit force transmit forre
Potential Potential Potential
D-FMEA Effect Failure Cause
Subsystem Brake system Brake Caliper Piston Assy Brake Caliper Assy
S S does not Assy does not does not

transmit force transmit force transmit force

g

Potential Potential Potential
D-FMEA Effect Failure Cause
Component Brake Caliper Piston Assy Piston is
C Assy does not does not stuck
transmit force transmit force (Undersize
over size

L B |

14
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2.4 Design FMEA 4 Step: Failure Analysis (4/4)

FMEA Failure Analysis : Relationships

Potential Potential Potential
D-FMEA Effect Failure Cause
Subsystem Brake system Brake Caliper Piston Assy Brake Caliper Assy
S S does not Assy does not does not
transmit force transmit force transmit forre
Potential Potential Potential

D-FMEA Effect Failure Cause

Component Brake Caliper Piston Assy Piston is

C Assy does not does not stuck

transmit force transmit force (Undersize

over size

g

Potential Potential Potential
FMEA Effect Failure Cause
Manufacturing Process Piston is stuck Cylinder is Piston is
Process P too large stuck
(oversize) (Undersize
over size

15
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2.5 Design FMEA 5 Step: Risk Analysis

[Prevention and Detection in the Design FMEA]

Design element

PC: determined
Review & reaction |
Before decision, |
e.g. CAE, tolerance study |
PC: Ascertain
Theoretical tests —»| and decide %,
e.g. DOE, FEA on design

Confirm Prevention

Prevention Detection
) 100%

Design understanding |

!

Sample Time
Calculation- New calculation :
. . . - ‘ Tests with
@ ---Simulation- -New simulation---+¢ existing samples
DoE --New experiments
Figure 2.5-2 Roadmap of design understanding
Trial
L, Component, R
product,

system trials

DC:

-Good/Bad inspection
-Inspection for failures
-Function test over service life,
e.g. trend analysis

n

PC (Preventive) : Preventive actions

DC (reactive) : Detective actions

Design Failure

16
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2.5 Design FMEA 5% Step: Risk Analysis > ®7}7|&

Product General Evaluation Criteria Severity S

Potential Failure Effects rated according to what the ‘ Blank until filled
End User mi

Occurrence Potential O for the Product Design

Use of Best Practices for

SEV c Occurrence criteria product de-sign, Design Rules,
. for potential Failure Company Standards, Lessons
Causes resulting in Learned, Industry Standards,
the Failure Mode, History of product usaae with- Material Specifications. e
considering i Table D3 DFMEA DETECTION
Affects safe of Prevention Controls, ( . -
10 other vehicles rated for the intended
service life of the Detection Potential D for the Validation of the Product Design
passenger(s) 0 item(Qualitative
rating)

> Detection Controls rated for each detection activity performed prior to delivery of the design for production. The
9 Noncompllance timing of the detection control (before or after technical release) should also be considered as part of the
detection rating.

Estimated
Loss of essent| 0cc Oociience =
8 fOl' nOfm&' dl'l\ DET A;Illttvc:ﬂ Detection Criteria Corporate or Product Line Examples
. ete
life. Occurrence during
in-tended service life
seibahls te | 10 Absolute No test or test procedure.
determined at this ?ﬁ uncertainty
10 time, no preventive - =
controls, or 9 | Very remote Test procgdu re not designed to specifically detect the cause
occurrence during - and/or failure mode.
intandad aonen e Ability of detection control to detect the failure cause or
of the item is 8 Remote . . e I
failure mode is remote based on verification or validation
procedure, sample size, mission profile, etc.
2 Very Low Ability of detection control to detect the failure cause or
failure mode is very low based on verification or validation
procedure, sample size, mission profile, etc.

17
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2.5 Design FMEA 5% Step: Risk Analysis > Risk Action (1)

Priority High (H):

Highest priority for action.

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

Priority Medium (M): Medum priorify for action.

Priority: Low (L)

The teamn identify appropriate actions to
improve prevention and / or detection controls,

or, at the discretion of the company, justify and
document why controls are adequate.

Low priority for action.
The teamjcould dentify actions to improve
prevention or detection controls.

18
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2.5 Design FMEA 5% Step: Risk Analysis > Risk Action (2)

$ O D AP DFMEA Action Priority Logic
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2.5 New Design FMEA Summary

. °
&7
System Element I

System Element |
System Element
System Element |

®

Structural
Analysis

©

Functional Function Function Function
Analysis
Function —— Function Function
Failure Failure Failure Failure
Analysis Failure effect Failure cause
SCOpe Deflnltlon Failure Failure Failure
Failure effect Fallcljlre Failure cause
modade
- System Brush Card Base BodyP y) \\ @
Elements | |
In Scope\ e c] / Actions Existing Existing
- I( Pole Housing Q] (/ Agsbyns Preventi\l/e Action Detection Action
~mh,. < : \ |
— Magnets (Neodym) ) .
( / : . l ) Severity Occurrence Detection
‘ Windowimee — -\ ‘Armature Shatt N J ‘ S - Rating O - Rating D - Rating
. al ControlunnJ \ ——— — | I I |
r 1\ | Enameled Copper Wire /
R — % Lifting Mechanism \1 gs) { |
Wikdowtiictyoum | : ‘ Seaibox NN -~ ] J\ Risk Priority Number
= | Guiding Frame =
- \ L

~“In scope |

,ﬂvl ’\

Optimization
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2.5 Design FMEA 5 Step: Risk Analysis > Action Priority(AP)

1.6.4 FMEA Tools

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

for their project as required by the company and/or customer.
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The APIS 1Q-Software leverage a technically advanced product developed with the input of thousands of users. The APIS |Q-Software will

always comply with all applicable standards & guidelines providing you the support you need for product or process analyses and certification.

Supported standards include:

AS 13004 AS 9145

IATF 16949 SAE 1739

IEC 60812 ISO 14971

VDA Vol-4 Product & Process FMEA Q5 9000 (2nd and 3rd)

AIAG (4th edition) VDA 86, 96, & 2006

MIL Task 101 / MIL Task 102 Fault tree analysis according to DIN

Deadline tracking according to VDA Process flow diograms & Control Plans (Production)
DRBFM forms (Design Review based on Failure Mode) 1ISO 26262-2011 (IQ-FMEA PRO / 1Q-RM PRO Software)
IEC 61508:2010 (IQ-FMEA PRO / IQ-RM PRO Software) IEC 62304:2006 (IQ-FMEA PRO /1Q-RM PRO Software)
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These companies have adopted our APIS 1Q-Software in all of their worldwide locations:

Autoliv

Automotive Lighting

BMW

BROSE Fahrzeugteile

CONTINENTAL Automotive

DAIMLER

EPCOS

GKN Driveline

Hella KGaA Hueck & Co.

HOERBIGER

HYDRO

Infineon Technologies

QETIKER Connecting Technology

ISRINGHAUSEN

Dréximaier Group

MAGNA Steyr

MAHLE

MANN+HUMMEL

MIELE

MONTAPLAST

MTU Aero Engines

PIERBURG

..and more than 1500 other companies at individual locations.

BOSCH

SCHAEFFLER

Sensata Technologies

TAKATA-Petri

ThyssenKrupp Presta Steering

TRW Automotive

Vaillant

VALEO

WABCO

WEBASTO
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# Silicon Works

ASENTEC

Allied sensor Technology
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©

X| 24613 2O ()

AutoEverSystems

Moronic

Mando

convls

D& YUn

YURA CORPORATION

OomRonN

DAEYANG

ELECTRIC CO.LTD.

= I1E

connectivity

HYUNDAI

IHL

HYUNDAI

AUTRON

@ LG Chem

@ LGElectronics

Toclhm

The Best Automobile Partner

MOTOTECH

HYO SEONG ELECTRIC
EYHIZH 8N


http://www.autoeversystems.com/
http://www.autoeversystems.com/
http://www.hyundai.com/kr/
http://www.hyundai.com/kr/
http://keyang.com/global/index.asp
http://keyang.com/global/index.asp
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