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7 EMEA

Grumman 1950 FMEA
Aircraft Company

Boeing & Martin Marietta 1957
Aerospace Company EMEA
Nation Aeronautics and 1960 FMEA

Space Administration (NASA)

Defense Department 1974  Mil-STD-1629
FMECA
Chryser, Ford 1080  Mil-STD-1629A
GM, ASQ, AIAG | EMECA
1993 FMEA International Electrical 1985  |EC812 FMEA
1995 FMEA Commission (I1EC)
2001 FMEA
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Timing & Quality
of Potential Failures

Failures

JOB 7 Time
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FMEAs are living documents, and are updated when ...
FMEA

 New design or process Is planned

* Modification to a component, process or system Is
planned, including those due to Global 8D

. 8D

« Componentis to be used in new environment,
location, or application
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Boundary
Diagram
Interface
Matrix
— Identifies Noise and Control Factors and Error States
P-Diagram

P

' FMEA (with
Robustness
Linkages)
FMEA

Design Verification
Plan (DVP)
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Grill
Opening
Panel
*Body to (e T—
Headlamp Housing i *Headdlamp |
— ! ! Housingto
Frequent BodY > oy | LAllechment |
IS i i
e G
adjustments et o i Hood
create wear |
overtime N\ = = = = = =l == =a = === - - = -
Ny 11 *Hood adjuster
: N l I depth to Housing
GOP Align. Adjustment Headlamp I
Tabs 1| LScrews@_ _ _ _ Je— (Hdim) I
*Aligntabs ;1 P TShapfittopdm Housing
; toScrews | o= m === . A R
1 *Snap fittoHdim | 1 Change Over Time
I -Materia Fatigue
Change Connector . -Material Wear
]
Over Time A I 1 -Material Set
-Materidd /= == === | ___________ =TI
Wear pTTTTmmmT ey
' *Elect Sys. |
Change ' to connector.
Over Time R Environmental
-Material Electrical “Road salt Environmental
Set stem. ity —
¥ I ' *Elect Sys. -Road Material
| ' location to
i Housing

m—p Physical

Relationship

:> Other

Relationship
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Headlamp Assembly
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Assembly — Service
4

Hood Adjuster User
(Clearance) Socket €

| : Location S
Vehicle Body ocation Screw

-~ =l Clips 2
S5 2 Reflector
r Cr . 5
Upper Cross Wr) <&,
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« Recommended robustness tool that acts as an input to a Design
FMEA

. FEMA
» I|dentifies and guantifies the strength of system interactions by:

— Showing whether the relationship is necessary or adverse

— Identifying the type of relationship
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. 2 2|12 2|2 112 2
Adjuster
. 2|2 2 1 2|1 2
Headlamp Housing
21212 -1 -1

Upper Cross Member

Hood

p [ g | P: Physically touching E: Energy transfer

| [m] I: Information exchange ~ M: Material exchange

Adjuster socket

Numbers in each corner represent the above
interface types, with values denoting the following:

+

N

Interaction is necessary for function

+1 Interaction is beneficial, but not absolutely necessary
for functionality

o

Interaction does not affect functionality

KN

Interaction causes negative effects but does not
prevent functionality

-2 Interaction must be prevented to achieve
functionality




,.' o F S N
il ) A >

CHIA B5S00 1A NN
JLLAL [T /

T el SN UGECILEUET - U 7L el Ly
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Adjuster
: ( 2|2
Headlamp Housing
*
2|2
Upper Cross Member
-2|-1
Hood
[Z72]

Adjuster socket

plE P: Physically touching E: Energy transfer

| |m | I: Information exchange ~ M: Material exchange

Numbers in each corner represent the above
interface types, with values denoting the following:

+2 Interaction is necessary for finction

+1 Interaction is beneficial, but not absolutely necessary
for functionality

0 Interaction does not affect functionality

-1 Interaction causes negative effects but does not
prevent functionality

-2 Interaction must be prevented to achieve
functionality
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« Recommended structured tool to identify intended inputs and outputs
for a function

e P
 Describes noise factors, control factors, ideal function, and error states

e Assists in the identification of:

— Potential Causes for failure
— Failure Modes

— Potential Effects of failure
— Current Controls

— Recommended Actions




,l.l wEEE R T T el SN UGECILEUET - U 7L el Ly
"~

Y | oo /P

Noise Factors
(Causes)
System Interactions Customer Usage/Duty Cycle Environment
(External) -Frequent Adjustments -Road Salt
-GOP Align. Tabs to Screws
-Hood Adj. Depth to Housing Change Over Time
-Headlamp Housing to Attach -Material Wear
-GOP Housing to Headlamp
-GOP Housing to Adj Screws Manufacturing Variation
-Electrical Sys. location to Housing -GOP Alignment Tabs (piece to piece)
-Adjustment Screws to Housing. -Headlamp Housing to Attachment Clearance
-Headlamp Housing to Connector -Headlamp Housing to Hood Clearance
-Electrical Sys. to Connector -Body to Headlamp
Headlamp Vertical LU .
Input Tri A bl (Lower level functions)
Signal factor rimmer Assembly —p -Flolds new position
-Revision (Torque) -Steady beam (no shudder)
of aiming Feature -Looks good, (correct gaps)
-Low effort adjustment
v
Control Factors ﬁgilgffsntates (Effects)
. -Hi 0
(Design Controls) -Does not hold newly adjusted setting
-Fastener SAE guidelines -Difficult to determine upward adj. Technique
-Material Stiffness -Unsteady Light beamn, vibrates when driving
-Lamp‘Loaq -Looks bad (uneven/incorrect margins)
-Material Stiffhess
-Light beam angle
calculations
-Light beam position
tests
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" FAILURE MODE AND EFFECTS ANALYSIS
Item C Potential [e] Current D Action Results
i i | c Design e -

e SEOC 0 I O Y IS 1Y 3 v ol B I H T H

i : u — Prevention g i Taken .

Function Mode Failure v s of Failure '  Doteotion el N Completion Date vle N




CHIA B5S00 1A NN
FOell QiR 7Y

1 cl WO 1l © 1 JCIC A
F‘- el EA R TRy —7 T el SN UGECILEUET - U 7L el Ly
TS




F"' bt o fev b —7 T el SN UGECILEUET - U 7L el Ly
L CHIA B5S00 1A NN .
' POl QUiRLITY

/

I Verb I I Noun \

Indicates action, Indicates what the
occurrence, being action relates to
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ITEM FUNCTION

DESCRIPTION
FUNCTION:

What is the item supposed to do?

W hat is the item not supposed to do?
List all the functions and separate them from the specifications.

List All Functions Specifications
Function Description: How Much?
Verb — Noun

When?
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Exercise in creative thinking Method to generate ideas




T el SN UGECILEUET - U 7L el Ly

F' o B
iih sl CHIA B5S00 1A NN

\\

H

il
I

. “spoke” “unspoke”




2 (9 I‘- M‘ 1 = D ’ re) ‘
F‘I | v E W T el SN UGECILEUET - U 7L el Ly
L CHIA B5S00 1A NN .
' POl QUiRLITY

WHY ? HOW ?

q h

Second Level

Third Level

[
]
]

First Level

—___ ]
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WHY ?

q

— 10 150,000

10 150,000

HOW ?

h

10 150,000

10 150,000
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tem, Current ‘Action Results.
Potential

Potential Recommended
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Function -unction
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Function Function Function

Sub-
Function
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Item (I: Potential [e} %u;sr_egnr: 2 Action Results
Potential Potential Cause(s)/ ¢ ! ibili -
S| a © c Controls t] R H A S|O|D|R
cunction Railure Effect(s) of e | Mechanisrn(s) u —prevenion | ¢ | . Action(s) Compleionbate | Yaken elclelr
What can be done?
>| . Design Changes
e Process Changes
» Special Controls
* Changes to
Standards,
> > > Procedures, or
Guides
What can go wrong?
¢ No Function
« Partial/Over
Function/Degraded < s
Over Time
¢ Intermittent
Function I\
« Unintended S
Function
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Item

Function

Potential
Failure
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o Current
Potential s Design
Cause(s)/ H Controls
Mechanism (s) u — Prevention
of Failure r - Detection
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Recommended
Action(s)

Action Results

Responsibility
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Completion Date

Actions

\

'\




’.‘ Ed T T
L CHISE ESSOCTAT

-. | FOME QUAALITY

= el AN UGIECLIUN L 0 Ul LJL|C|| 1 L‘/
Lot s
184
T Tl -]
it ffiter ' e POTENTIAL
N FAILURE MODE AND EFFECTS ANALYSIS
Item (I: Potential o) Current D Action Results
Potential Potential Cause(s)/ c Design € R R ibili -
F’:"‘t‘"e EfLe‘?l‘(S) of : Mechanism(s) M Corltglesvenﬁon ; E Action(s) c &IT?_'QGID ; A_Ifati?e'l‘_ls 2 (c) g g
Function ode ailure s of Failure p _ betection b ompletion Date el R




L Iel SN UGECILECU L v U C/UTell Ly
o RS 1 e e gUCtiLy
CHIA B5S00 1A NN
FOell QiR 7Y

L5

Effect Criteria: Severity of Effect Ranking
Hazar_dous Without ... affects safe vehicle operation and/or government
Warning regulation without warning 10
/
Hazardous ... affects safe vehicle operation and/or government
With Warning regulation with warning 0
/
... operable at reduced level of performance. Customer
experience some dissatisfaction 5
Low
No Effect
None
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item Potential Effects of Failure

Mode

Potential Failure E
unction Part: May be stripped during adjustment (7) V

\Next Higher Assembly: Headlamp

Does not maintain

Vertical adjustment cannot be adjusted (6) 10
Tri mm er/ System: Misaligned lightbeam (8)
Vehicle: Impaired night/fog performance (7)
Govt Reqs:/Non-compIiance (10)
Retains “Customer: Impaired night/ fog (7)

Setting ’
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Item

Function

Potential
Failure
Mode

Potential
Effect(s) of
Failure

woe—=0

Potential
Cause(s)/
Mechanism(s)
of Failure

~coo00

Current
Design
Controls
— Prevention
— Detection

om~00

zom

R
Action(s)

R -
& Target
Completion Date

Action Results

Actions | S
Taken S

o000

o0
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000
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000

3

*

Effects -- Severity

Potential Special
Characteristics

e

<

/
000

/
000

&

Recommended Actions

J

*

3

*

4

Practice Exercises
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J
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t el s i u — Prevention el p v Taki elclelr
Function Mode Failure M of Failure u ~ Freventio 9 Completion Date aken |efc|e]P
Function
Function

Sub- Sub-Sub-
Function Function

Function Sub- Sub-Sub-

Function Function

Sub- Sub-Sub-
Function Function
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Item (IZ Potential o %uerrent D Action Results
Potential Potential Cause(s)/ c Sign Recommended Responsibility -
B H R P T -l e i Wl =S HH R
Funci lode allure s of Failure ' _ Detecti mpletion e v N
, Mode 1 ——
Function ' \\
1 \~§
“I
. -

Failure
Mode n

Potential Effects of Failure Modes:

Function|

2 *Part / Sub-component /
*Next Higher Assembly
System
Function *\/ehicle

" *Government Regulations
sCustomer (Internal and End User)
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= - FAILURE MODE AND EFFECTS ANALYSIS
Item ? Potential o Current D Action Results
Potential Potential Py c Design e -

Failure Effect(s) of a Mechanism(s) c ontrols LR Action(s) & Target Actions | S D|R

i s i - P i el P i e e|P

Function Mode Failure s of Failure lrj - Dfl‘éggo'g" el N Completion Date Taken e e

What can go wrong?

* No Function

* Partial/Over

Function/Degraded >

Over Time

¢ Intermittent
Function

¢ Unintended
Function

P>

What can be done?
» Design Changes

* Process Changes

» Special Controls

» Changes to
Standards,

Procedures, or
Guides

A
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Path/Step 2:

/ 2
% Causes — Occurrence
% Special Characteristics
% Actions
Path/Step 3:

/ 3
% Design Controls
% Assessing Risk

<+ Actions
Practice Exercise 3
3
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What can go wrong?
* No Function

 Partial/Over
Function/Degraded
Over Time

¢ Intermittent
Function

¢ Unintended
Function

A

Item (I: Potential [o) CDurrgn( D Action Results
Potential Potential Cause(s)! c Pyl ¢ R \ded ibili -
a ¢ c ontrols R. 1 &T Acti s D|R
Fhﬁ::‘.‘;l[ee By of 2 Megfhégiﬁ?gs) ;l :Sree‘\eltzgggn g :" Action(s) Comple?i’ctgr:e })a(e 'IPaL%r:f s g (t* :":
What can be done?
» Design Changes
e Process Changes
» Special Controls
* Changes to
What How often gtandzrdrs, ;
Pr| arethe [—Pp| doesit Guc:gisu 50
Cause(s)? happen?
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Interface not
Broken Bracket Understood by User

Support Area
too Small

No Adjustment

Thread Fusion Material Propagation

Screw Thread Specification

Thermostat Geometry Oversize

Thread Seizure
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Material
cracked

Part
Bends

Level 1
1

Support area

Level 2 too small

2

Level 3
3
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Probability of Failure Possible Failure Rates

> 100 per thousand vehicles/items
50 per thousand vehicles/items “
50 /

5 per thousand vehicles/items “
Moderate: 2

Per3|stent failure

Occasional failures 2 per thousand vehicles/items
2 /
1 per thousand vehicles/items
1 /
1

Remote: Failure unlikely > 0.01 per thousand vehicles/items
>0.1/
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Item (II Potential g (:Dugsrlznl: E Action Results
Potential Potential Cause(s)/ Recc P ibility )
S a © Controls t| R ! S|O|D|R
uncton| e L “pmewn 2| G| MO | comilibee | T |5l [8
What can be done?
| . Design Changes
* Process Changes
» Special Controls
» Changes to
Standards,
> > Procedures, or
Guides
What can go wrong?
¢ No Function
Partial/ How can
© Fartla. O\//;r ded thIS be
Ounct_:_qn egraded ¢ P prevented
ver Time and
. detected?
* Intermittent How d
Function 9 gpo
is this
« Unintended nhl| method at
Function detecting
it?
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Detection Criteria: Likelihood of detection by design Ranking
control

Absolute Design control will not and/or cannot detect a potential
Uncertainty cause/mechanism ... or there is no design control
/ /

Moderately high chance the design control will detect
MOderater potential cause/ mechanism and ...

High !

Almost Design control will almost certainly detect a potential

. cause/mechanism ...
Certain /
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Action Results

Item (IZ Potential o Current D Action Results
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Customer
wants/GQRS/
brand profile
@ p-diagrams* Interface Matrix/ DVMs,
¢ 58| 8 Boundary KLTs,
D0 IS Diagram* CETP etc.
Prioritized il g T T
targets/ c go| = |—|— / /
cascades* -% S =
%] —
8 w5 \Q&c’;\\oo e
5 25 5P 8 <3
Y ov YY = 4 & YO8
DESIGN FMEA
e Potential Potential ? (P:olentéa;/ ((::) (:D\gsrrgn"t E = ity Action Resuts
a ause(s Controls t . Recom i s|lo]|D
Function Tode A ? s Mechanism(s) g -Prevention | & | b. Action(s) Complbtioh Date Taen e clefr
Duration of perceived Shift takes longer than X ... Low satisfaction, smooth # Too much D/L # D/L system compliance # D/L system (Engineer names)
shift less than X sec ... trans & overall trans suspension wind-up ... test, engine to tires ... compliance
operation ... requirements
cascaded to
/\ componems
DVP/Robustness/Reliability —
Checklist*
« Key preventive design actions DVP prioritization Design actions,
+ Coordinated DV plan (Criticality/RPN) new SDSs, DVMs,
— Reuse plans subsystem FMEA, DOE
— CAE plans
— Benchfrig test plans
— Prototype build/test plans
l
1
* Tools applied from vehicle to subsystem level, then cascaded from subsystems to components
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Test Interactions
Records which test can
detect which Error States

{l and check for Ideal function

Noisesand Metrics
Noises identified with metric, and upper
and lower limits.

Contract column to indicate
agreement between the creator of
the noise and the receiver.

Blue highlighted X indicates a key
noise that the team are concerned
about based on history or
engineering judgement. Key noise
rows are indicated by a larger font.

e -

Error State
Interactions
Noises that could
possibly cause the
error state.

X indicates a
strong interaction,
0O indicates aweak
interaction

NFMS

Strategy that the team have
adopted (X) or are
investigating (1) to become
more robust to the noise
Description records basic
details

Test Coverage
Required to Test

. indicates which error
states (letter
correspond to error
states) should be
tested for this noise,
base on the Error

State Interactions

Plan Shortfall
indicates which error
states no test is
planned for that
includes this noise.
DV Status indicates
which error states
have been tested for
against this noise,
with a pass results.
Overall Shortfall is the
combination of the
plan shortfall, and
tests which have not
yet been completed.

10 i o BS0 008 bl o | L8 : i i I |
Fhubavar oocun soooar [} 1111 .- J il 30! |
[ A1 } B AR (1] 8 : i
1 | et Lol AEIESR k|Ele]l|B| | |
I i : S - - -
A Ll e =4 A | &4 | i I | I |
- | SEEHEE B R I P -

Test Coverage

Shows the composite of the two
Test Interaction matrices. It
indicates for each noise, and each
test, which error states will be
tested for. This provides a
measure of the efficiency of the
test - a test with very few letters is
inefficient, while a test with a
column full of letters is very
efficient. Resource should be
focused on the efficient tests.

Test Interactions

Records which test includes
the noise

Not shown on the printed
version
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Path/Step 2:
/ 2
Causes — Occurrence

Special Characteristics

Actions
Path/Step 3:
/ 3

O |
2 T
=
L
T

= [
s (D

Design Controls

O
72

Assessing Risk

LR/ LR/ J J O/ LR/ J O/ J
0.0 0.0 000 000 0.0 000 000 000 000 000 000 000

Actions
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Assemble Bulb to
@ Reflector
Assemble Bulb Holder

Bulb Test
Assemble Lens to

Reflector Assemble

Vertical Trimmer to
Reflector Assemble Rear Cover
Assemble Horizontal

Trimmer to Reflector Photometric Test

ORONONO
>-E1 O E©

Load onto Pallet

Inspection D Operation O Storage A Transportation
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Operations

Product Characteristics 30.1 30.2 | 30.3

 Correct orientation —base A
plate

» Correct location —base X
plate

e Two (2) XYZ screws A

e Correct torque X +-y X

» Correct orientation X
spring/screw assembly

» Correct location X
spring/screw assembly

 Positively located X
spring/screw assembly

Legend

X - Characteristic is created or changed

C -  Characteristic is used for clamping

L —  Characteristic is used for locating

T- Common tool creates more than one characteristic

M —  Characteristic is automatically monitored

A-— One finished product characteristic has a strong

effect on another
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ITEM FUNCTION

DESCRIPTION

FUNCTION:
What is the item supposed to do?

What is the item not supposed to do?

List all the functions and separate them from the specifications.

List All Functions Specifications

Function Description: How Much? When?
Verb — Noun
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Operator safety

Next user

Downstream users

Machines/equipment
. /
Vehicle operation

e Ultimate customer

« Compliance with government Regulations
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Ranking

Criteria: Severity of Effect

Hazardous Without May endanger machine or assembly operator ...
Warning noncompliance with government regulation ... without
warning

0

Hazardous With May endanger machine or assembly operator ...
Warning noncompliance with government regulation ... with
warning

-

L T

Very High Major disruption to production line. 100% ... may have
to be scrapped ... vehicle/ item inoperable
/

M L L O L L L L L L

None | No discernible effect or no effect

-

-
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What can go wrong?

* No Function

* Partial/Over

Function/Degraded >

Over Time

* Intermittent
Function

» Unintended
Function

A

St -u'v-':'-\."'l"".-'.-r;.-‘?.-'r.rr POTENTIAL
"'.l;rf- "'r FAILURE MODE AND EFFECTS ANALYSIS
Item ? Potential o CDlgsr%nr: E Action Results
Potential Potential c
: s|a e(s)/ c Controls t|R R N - Acti s D|R
Fﬁgg'ee E"Fea?fﬁsrlc" el Megfh,?giﬁ':‘és) u :Ereet\éigggn e z: Action(s) (:omg;;lz‘?i?: tDate 'Igalgks e e ﬁ'.
What can be done?
« Design Changes
¢ Process Changes
« Special Controls
* Changes to
What How often ﬁtandzrds,
Pr| arethe =] doesit Gro_ge ures, or
Cause(s)? happen? ekss
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Probability of Failure Likely Failure Rates Ranking

»100 per thousand pieces

»100 / 10
Very High: Persistent failures
50 per thousand pieces o)
50 /
NN NN e P A R AR R,
Low: Relatively few failures 0.5 per thousand pieces
05 / 3
A A AN A AR AR AN AR AR AN

Remote: Failure is unlikely <0.01per thousand pieces

<001 / 1
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Criteria Ranking

Almost Absolute certainty of
Impossible

non-detection

B P FEEREFRERRERRERFERERERRERRRERRRERERRERERRERRRERERRERERRERERREE PRSP RPEERPEREREEPERPEN

Moderately Controls have a good
High chance to detect

B EEERRERERRERERRERERERRERRERRRERRRERRRERRRERRRERRRRERRRRREE R PR R PR R P L N

Very High Controls certain
to detect
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