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Scope of Today’s Lecture

The objectives for this session include:

1. Understand what a FMEA is, why it is used,
and when it can it be deployed

2. Understand the different components,
definitions, and calculations used in an
FMEA

3. Learn the steps to developing an FMEA



The Bigger Picture

FMEA is a tool which fits into a wider approach
called:

Black Belt

Green Belt

Six Sigma
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The Bigger Picture

The industrial Average is Around 30

Short term Long term
Sigma Level without 1.5 o shift with 1.5 o shift Cpk
Defect Rate (DPMO) Yield Defect Rate (DPMO)| Yield
1o 317,311 68.26% 697,672 30.9% 0.33
20 45,500 95.44% 308,770 69.1% 0.67
30 2,700 99.73% 66,811 93.3% 1.00
Ag 63.37 99.9937% 6,210 99.4% 1.33
50 0.574 99.999943% 233 99.98% 1.67
bo 0.002 99.9999998% 3.4 99.9997% 2.00

So why is the 60 target so arbitrarily high?




What does 99.9% Quality Mean?

f | One hour of unsafe drinking water per year
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What does 99.9% Quality Mean?

2 unsafe landings at Gatwick Airport per day
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What does 99.9% Quality Mean?




What does 99.9% Quality Mean?

o

6,000 lost pieces of mail per hour
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What does 99.9% Quality Mean?

20,000 incorrect drug prescriptions per year



What does 99.9% Quality Mean?

107 incorrect general medical procedures performed daily
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What does 99.9% Quality Mean?
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What does 99.9% Quality Mean?

268,500 defective tires shipped per year
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What does 99.9% Quality Mean?

880,000 credit card magnetic strips with the wrong information



The Bigger Picture

The industrial Average is Around 30

Short term Long term
Sigma Level without 1.5 o shift with 1.5 o shift Cpk
Defect Rate (DPMO) Yield Defect Rate (DPMO)| Yield
1o 317,311 68.26% 697,672 30.9% 0.33
20 45,500 95.44% 308,770 69.1% 0.67
30 2,700 99.73% 66,811 93.3% 1.00
Ag 63.37 99.9937% 6,210 99.4% 1.33
50 0.574 99.999943% 233 99.98% 1.67
bo 0.002 99.9999998% 3.4 99.9997% 2.00

So why is the 60 target so arbitrarily high?




“Catastrophic failures in operational risk
management are rarely caused by a single and
major point of failure. Rather they are the
cumulative effect of smaller and inter-related
failures. ...FMEA is the tool of choice to address
these complex operational risk failures at any
level of an organization, whether tactical,
strategic, or enterprise-wide. It works in every
type of organization.”

A leading Operational Risk Authority



“To me, Failure Modes and Effects
Analysis (FMEA) is a versatile, powerful,
process-centred tool that belongs in
every Process Owner’s and Six Sigma
practitioner’s toolbox.”

A leading Six Sigma Authority



History of the FMEA

1940s - First developed by the US military
in 1949 to determine the effect of system
and equipment failures

1960s - Adopted and refined by NASA (used
in the Apollo Space program)

1970s — Ford Motor Co. introduces FMEA
after the ‘Pinto affair’. Soon adopted
across automotive industry

Today — FMEA used extensively in both the
manufacturing and service industries
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Defining Reliability

Product reliability is one of the qualities of a product. Quite
simply, it is the quality which measures the probability that the

product or device “will work.”
As a definition:

“Product reliability is the ability of a unit to perform a required
function under stated conditions for a stated period of time”.

Source: Feigenbaum, A. V. (1991). Total Quality Control. New
York: McGraw-Hill, Inc.



When Reliability is Lacking - Categories of Failure Mode

Safety

Any failure mode that directly affects the ability of a product to meet Safety
Standards, or creates a potential product liability issue, or can result in death or
extensive property damage.

Major (Hard)

Any failure mode that stops the operation of a product or system which requires
immediate repair.

Evidenced by a catastrophic event, i.e, TEPCO Nuclear Plant Meltdown

Failure mechanism might be due to a “shock” to the system or an accumulation of
shocks to the system

Minor (Soft)

Any failure mode that results in a product not meeting one of its intended functions
but does not preclude it from satisfying its most important functions.

Any failure mode which results in a gradual but not complete ability of the product to
meet its intended function.

Degradation of performance over time, wear are examples of soft failures.




FMEA Defined

What is a Failure Modes & Effects Analysis?
 An FMEA is a systematic method to:
1. Recognize, evaluate, and prioritize (score)
potential failures and their effects

2. ldentify actions which could eliminate or reduce
the chance of potential failure occurring

3. Document and share the process
* FMEA generates a Live document that can be used to anticipate and
prevent failures from occurring.

* In DMAIC and Design For Sigma Projects, FMEAs can be used in various
stages and revised as the project moves forward.



Why Use a FMEA?

Use of quality tools such as Statistical Process Control (SPC)
encourage the use of FMEAs to help problem-solve quality
problems

1ISO/QS 9000 and product liability directives of the EC 1985
strongly encourage its use.

Helps identify/select alternatives (in system, design,
process, and service) with high reliability and high safety
potential during the early phases (Blanchard, 1986)

Ensures that all conceivable effects on operational success
have been considered.

Many risk management regimens and standards, such as
1SO 31000/31010 used in finance and operations are based
on FMEA logic — probability vs. severity scoring and risk
matrix etc.



Why Use a FMEA - Continued

mproves the quality, reliability and safety of
oroducts and processes in a proactive manner.

Helps to increase customer satisfaction, by
oroactively addressing failures that keep us from
meeting critical customer requirements in
orocesses or products.

Reduces product development timing and cost

Reduces operational risk

Documents and tracks actions taken to reduce
risk; Prioritize areas of focus



FMEA is a Team Process (ldeally)

Team Formation

* Product Development * Sales/Marketing

e Design e Suppliers

* Manufacturing * Reliability and testing
* Quality

Team Roles

= Facilitator
= Champion

= Recorder/librarian

6-10 members is optimal



Elements of a Successful FMEA

1. All problems are not the same. This is perhaps the most
fundamental concept in the entire FMEA methodology. Unless a
priority of problems (as a concept) is recognized, workers are likely
to be contenders for chasing fires. They will respond to the loudest
request and/or the problem of the moment. (In other words, they
will manage by emergency.)

2. The customer must be known. Acceptance criteria (quality) are
defined by the customer, not the engineer.

3. The function must be known.

4. One must be prevention (proactively) oriented. Unless continual
improvement is the force that drives the FMEA, the efforts of
conducting FMEA will be static. The FMEA will be conducted only to
satisfy customers and/or market requirements to the letter rather
than the spirit of the requirements. Unfortunately, this is a common
problem in implementation of an FMEA program.)




Sample PFMEA Form

Process 5 0 D
Step/Part = ( E Actions
Ste Number Potential Failure Mode Potential Failure Effects Vv Potential Causes C Current Controls T Recommended
p
What are the In what ways can the What is the impact of the & = |What are the causes of the 5 & |What are the existing controls == S |What are the actions
y p = = q
rocess steps? rocess step go wrong?  |[Failure Mode on the o £ |Failure Mode? & & |and procedures that prevent the = 5 |for reducing the
p p p pg q & = 25 p p = = Y
customer? SE & 2 |Cause or Failure Mode? b= = [occurrence,
= i . .
20 2 2 == O |decreasing severity or
= = f ZE improving detection?
2 g5 S5
g =5 0w
b 2" ==
z 5 z O
T % o
= I

k



A very basic, process example...



Sample FMEA Process - Adding Milk to a Cake Mix

Process [Input ) [Potential  [Potential | Z{Potentidl  [Z[Curent | E[Z[Actions < [Actions Taken [ 2] 2] ]
Step Failure Modes |Failure Effects | | Causes £ [Controls T - Recommended : 2z
= o =&

# - 5|2 @l 8%

& - o=

Ris k PH|




Sample FMEA Process - Adding Milk to a Cake Mix

Procass
Step

Input (X}
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Failure Modes
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Failure Effects
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| Detectio
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Add milk ta
cake mix




Sample FMEA Process - Adding Milk to a Cake Mix

Procass
Step

Input (X}
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Failure Modes
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Sample FMEA Process - Adding Milk to a Cake Mix

Process  |Input (X} |Potential Potential Patential & [Current - = [Actions g [Actions Taken
Step Failure Modes |Failure Effects E Causes £|Controls %  [Recommended g
; : HE
8 =

Add milk to |k Wrong amount |
cake mix of milk

Flour shill n
measuring cup




Sample FMEA Process - Adding Milk to a Cake Mix

Process |Input (f) [Potential  [Potential Patentid | 2 [Current £ ZlActions < [Actions Taken [ 2] 2] £[Z
Step FolraMuden |Fabo o | 8 Covee £ |Contrals %inmmmdﬂ g 2 Egg
; : e HHE
6 | o|°
Add milk to Mk Wrong amount |Cake oo dryor [ | -
cake mi of milk tao £a 00y §
i
) B
Flour still i~ |Too Itle milk -
measuning cup |59 cake too dry 5
0r 100 5001y

Lumps in cake




Sample FMEA Process - Adding Milk to a Cake Mix

Process |Input (f) [Potential  [Potential Patential Current £ ZlActions < [Actions Taken [ 2] 2] £[Z
Step Failure Modes |Failure Effects ECmu Cantrals %i Recommended } 2 Eg -
5
; 2 HEHE
& ale
Add milk to |k Wrong amount |Cake too dryor [ |Small marks on B
cake mi of milk tao £a 00y § |measuring cup
Faded marks on
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) 5 |Milk spilled
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measuning cup |59 cake too dry 5E3FE|EE-E:1E?E
0r 100 5001y
Lumps incake | |Employes

arelessngss




Sample FMEA Process - Adding Milk to a Cake Mix

Process |Input (f) [Potential  [Potential Patential Current £ ZlActions < [Actions Taken [ 2] 2] £[Z
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Lumps incake | |Employes Training
carelessness




Sample FMEA Process - Adding Milk to a Cake Mix
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Sample FMEA Process - Adding Milk to a Cake Mix
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Sample FMEA Process - Adding Milk to a Cake Mix
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Sample FMEA Process - Adding Milk to a Cake Mix
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Sample FMEA Process - Adding Milk to a Cake Mix
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Types of FMEAs

Design FMEA - examines the functions of a
component, subsystem or main system.

* Potential Failures: incorrect material choice, inappropriate
specifications.

 Example: Air Bag (excessive air bag inflator force).

Process FIMIEA - examines the processes used to make
a component, subsystem, or main system.

* Potential Failures: operator assembling part incorrectly,
excess variation in the process resulting in out-spec
products.

 Example: Air Bag Assembly Process (operator may not
install airbag properly on assembly line such that it may
not engage during impact).



Definitions

Failure Mode

 The way in which the product or process
could fail to perform its intended function.

e Failure modes may be the result of upstream
operations or inputs or may cause
downstream operations or outputs to fail.

Failure Effects

e The outcome of the occurrence of the failure
mode on the system, product, or process.

* Failure effects define the impact on the
customer.

* Ranking is translated into “Severity” score
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Definitions

Failure Causes

* Potential causes or reasons
the failure mode could occur

e Likelihood of the cause
creating the failure mode is
translated into an
“Occurrence” score

Current Controls

 Mechanisms currently in place
that will detect or prevent the
failure mode from occurring

* Ability to detect the failure
before it reaches the
customer is translated in
“Detectability” score
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Calculations
Risk Priority Number

The Risk Priority Number (RPN) identifies the
greatest areas of concern.

RPN is the product of:
(1) Severity rating

(2) Occurrence rating
(3) Detection rating

RPN is not always used — somewhat of a clumsy
metric!



Calculations - FMEA Variables

* Severity

— Arating corresponding to the seriousness of an effect of a potential failure
mode. (scale: 1-10. 1: no effect on the customer, 10: hazardous effect)

e (Occurrence

— A rating corresponding to the rate at which a first level cause and its resultant
failure mode will occur over the design life of the system, over the design life
of the product, or before any additional process controls are applied. (scale: 1-
10. 1: failure unlikely, 10: failures certain)

e PDetection

— A rating corresponding to the likelihood that the detection methods or current
controls will detect the potential failure mode before the product is released
for production for design, or for process before it leaves the production
facility. (scale: 1-10. 1: will detect failure, 10: almost certain not to detect
failures)



Calculations - Risk Priority Number (RPN)

Severity x Occurrence x Detection =
Risk Priority Number (RPN)

For a given potential failure mode, how bad the
outcome is multiplied by how likely it would
happen multiplied by what things are in place
today to prevent or notice it before it happens.



FMEA Tips

No absolutes rules for “what is a high RPN number”.
Rather, FMEA often are viewed on a relative scale (i.e.,
the highest RPN addressed first)

It is a team effort

Motivate the team members

Ensure cross-functional representation on the team
Treat as a living document, reflecting the latest changes
Develop prioritization with the process owners!

Assigh an owner to the FMEA; ensure it is periodically
reviewed and updated




FMEA & The DMAIC/DMADYV Lifecycle

Q: At what phase can/should the FMEA be used in a DMAIC project?

A: FMEA can be used in most phases of the DMAIC lifecycle for various purposes

MV 4

How it can be How it can be How it can be How it can be How it can be
used: used: used: used: used:
* Project * Understand * |dentify * Assist with new * Manage and
selection the process (w/ process process control the
* Project scope process variables / root development / process on an
mapping) cause analysis understand ongoing basis
failures in design

FMEA can also be used in each stage of Design for Six Sigma - DMADV



More FMEA Notes — Bicycle Example

« These notes are taken from the book Effective FMEAs, by Carl S.

Carlson, published by John Wiley & Sons, © 2012
« Information about the book and links to useful FMEA articles and
aids can be found on www.effectivefmeas.com.

Generic FMEA Worksheet
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Item -1

An “item” is the focus of the FMEA project.
For a System FMEA this is the system itself.

For a Design FMEA, this is the subsystem or component
under analysis.

For a Process FMEA, this is usually one of the specific
steps of the manufacturing or assembly process under
analysis, as represented by an operation description.

Example: Bicycle hand brake subsystem



All-Terrain System Hierarchy
(with components for Hand Brake Subsystem)

1.0 CAll-Terrain Bicycle System
1.1 Frame SUBsystem Item identification for

1.2 Front Wheel Subsystem All-Terrain System FMEA
1.3 Rear Wheel Subsystem
1.4 Sprocket-Pedal Subsystem

1.5 Chain-Derailleur Subsystem
Item identification for

All-Terrain Hand Brake
Design FMEA

1.6 Seat Subsystem
1.7 Handle Bar Subsystem

1.8

and Brake Subsystem
ver

o . Item identification
1.8.2 Brake Cable for All-Terrain Cable
1.8.3 BrakePat Design FMEA

1.8.4 Brake Calliper

1.9 Suspension Subsystem




Function -2

A “function” is what the item or process is intended to do,

usually to a given standard of performance or requirement.

* For Design FMEAs, this is the primary purpose or design
intent of the item.

* For Process FMEAs, this is the primary purpose of the
manufacturing or assembly operation.

* Functions are typically described in a verb-noun format.

There can be many functions for each item or operation.

Example: Provides the correct level of friction between brake
pad assembly and wheel rim to safely stop bicycle in the
required distance, under all operating conditions.



ltem/Function

Potential Failure
Mode

Hand Brake S/S:
Provides the
correct level of
friction between
brake pad
assembly and
wheel rim to safely
stop bicycle in the
required distance,
under all operating
conditions.

Insufficient
friction delivered
by hand brake
subsystem
between brake
pads and wheels
during heavy
rain conditions.

TRUNCATED

TRUNCATED



Failure Mode - 3

Dictionary Definitions

The term “failure mode” combines two words that both have unique meanings.

* The Concise Oxford English Dictionary defines the word “failure” as the act of
ceasing to function or the state of not functioning.

 “Mode” is defined as a way in which something occurs

A “failure mode” is the manner in which the item or operation potentially fails to

meet or deliver the intended function and associated requirements.
* may include failure to perform a function within defined limits

* inadequate or poor performance of the function

* intermittent performance of a function

* and/or performing an unintended or undesired function

Example: Insufficient friction delivered by hand brake subsystem between brake pads and
wheels during heavy rain conditions.



Potential Failure

Potential

Item/Function Mod Effect(s) of
s Failure
Hand Brake S/S: Insufficient Bicycle wheel
Provides the friction delivered |does not slow
cc.)rr.ect level of by hand brake down when.the
friction between brake lever is
subsystem

brake pad pulled
assembly and between brake potentially
wheel rim to pads and wheels |resulting in
safely stop bicycle | during heavy rain Jaccident.

in the required

distance, under all

operating
conditions.

conditions.

TRUNCATED

TRUNCATED



Effect - 4

An “effect” is the consequence of the failure on the system or

end user.

* This can be a single description of the effect on the top-level system

and/or end user, or three levels of effects (local, next-higher level, and end
effect)

* For Process FMEAs, consider the effect at the manuf. or assembly level, as
well as at the system or end user.

 There can be more than one effect for each failure mode. However,
typically the FMEA team will use the most serious of the end effects for
the analysis.

Example: Bicycle wheel does not slow down when the brake lever is pulled
potentially resulting in accident.



Potential Failure

Potential Effect(s)

Item/Function ) E
Mode of Failure Y
Hand Brake S/S: Insufficient Bicycle wheel does| 10

Provides the
correct level of
friction between
brake pad assembly
and wheel rim to
safely stop bicycle
in the required
distance, under all
operating

conditions

friction delivered
by hand brake
subsystem
between brake
pads and wheels
during heavy
rain conditions.

not slow down
when the brake
lever is pulled
potentially
resulting in
accident.

TRUNCATED

TRUNCAATED



Severity - 5

“Severity” is a ranking number associated with the most serious effect for a given

failure mode

e based on the criteria from a severity scale.
* Arelative ranking within the scope of the specific FMEA
determined without regard to the likelihood of occurrence or detection.

Example: 10

X Potential | Potential | 5 | potontial Cause(s) | ©
Item/Function Failure |Effect(s)of | E £ Fail c
Mode Failure e c
Bicycle System: Does not |Potential 10 | Insufficient friction] 5
The bicycle must stop in accident o] delivered by hand
. . . . 1 [injury t
Suggested DFMEA Severity Evaluation Criteria ¢ & "q "y brake subsystem
— = between brake
Criteria: Severity of Effect on Product opfrator
Effect Rank i pads and wheels
(Customer Effect) ; "
warning. during heavy rain
Failure to Meet Potential failure mode affects safe vehicle operation and/or involves 10 conditions.
Safetyand/or |Moncompliance with government regulation without warning.
S
Rneg}lla(ow Potential failure mode affects safe vehicle operation and/or involves 9 Brake system mis-| 3 | &
equirements li ith : ith A b 3 8
noncompliance with government regulation with waming. adjusted by bicycle 5
Loss of primary function (vehicle inoperable, does not affect safe 8 user ¥
Loss or vehicle operation). g
Degradation of
Primary Function |Degradation of primary function (vehicle operable, but at reduced 7 TRUNCATED
level of performance).
Hece Loss of secondary function (vehicle operable, but comfort / 6
B i o [convenience functions inoperable).
Seoom.iary Degradation of secondary function (vehicle operable, but comfort / 5
Function C e functions at reduced level of performance).
[Appearance or Audible Noise, vehicle operable, item does not 4
iconform. Defect noticed by most customers (> 75%).
[Appearance or Audible Noise, vehicle operable, item does not
A 3
TR iconform. Defect noticed by many customers (50%).
[Appearance or Audible Noise, vehicle operable, item does not 2
iconform. Defect noticed by discriminating customers (< 25%).
No Effect No discernible effect. 1 This illustration is from the book Effective FMEAs, by
Carl S. Carlson, published by John Wiley & Sons, © 2012



Cause -6

A “cause” is the specific reason for the failure, preferably found by

asklng ‘why” until the root cause is determined.
For Design FMEAs, the cause is the design deficiency that results in the
failure mode.

* For Process FMEAs, the cause is the manufacturing or assembly deficiency
that results in the failure mode.

* at the component level, cause should be taken to the level of failure
mechanism.

* if a cause occurs, the corresponding failure mode occurs.

* There can be many causes for each failure mode.

Example: Cable breaks



: ; Potential .
_ Potential Failure > | potential Cause(s) ©
Item/Function Noe Effect(s) of E £ Fail C
Failure v or railure c
Hand Brake S/S: Insufficient Bicycle wheel 10 | Cable Binds dueto | 4
Provides t_hg correct|friction delivered|does not slow inadequate
level of friction by hand brake |down when‘the lubrication or poor
between brake pad |subsystem brake lever is i
assembly and wheellbetween brake |pulled routing
FI.ITI to s.afely stop pad.s and wheels poten.t|all.y External foreign 3
bicycle in the during heavy resulting in )
. . . N . material reduces
required distance, [rain conditions. |accident. o
under all operating friction
conditions.
- Cable breaks 6

TRUNCATED

TRUNCATED



Occurrence -7

“Occurrence” is a ranking number associated with the likelihood

that the failure mode and its associated cause will be present in the

item being analyzed.

* For System and Design FMEAs, consider the likelihood of
occurrence during the design life of the product.

* For Process FMEAs consider the likelihood of occurrence during
production.

* based on the criteria from the corresponding occurrence scale.

* has arelative meaning rather than absolute value, determined
without regard to the severity or likelihood of detection.

Example: 6



. Potential | Potential | s Potential Cause(s) o
Item/Function Failure |Effect(s)of| E  Fail c
Mode | Failure |V of Faliure
Bicycle System: Does not |Potential 10 | Insufficient frictio
The bicycle must stop in accident or delivered by han
provide safe and required [injury to brake subsyste
reliable distance |bicycle
Suggested DFMEA Occurrence Evaluation Criteria or
pads and
Likelihood Criteria: Occurrence of Cause Rank
of Failure | (Design Life/Reliability of item/Vehicle)
VeryHigh  |New technology/new design with no history.

High

or change in duty oycle/operating conditions.

|Failure is inevitable with new design, new application,

|Failure is likely with new design, new application, or
change in duty cycle/operating conditions.

Failure is uncertain with new design, new application,
change in duty cycle/operating conditions.

or

Moderate

IFrequent failures assodiated with similar designs or in
design simulation and testing.

Occasional failures associated with similar designs or i
design simulation and testing.

n

|Isolated failures associated with similar design or in
design simulation and testing.

Low

Only isolated failures associated with almost identical
design or in design simulation and testing.

|No observed failures associated with almost identical

TRUNCATED

design or in design simulation and testing.

This illustration is from the book Effective FMEAs, by

Very Low

Failure is eliminated through preventative control.

Carl S. Carlson, published by John Wiley & Sons, ©) 2012




Controls - 8

“Controls” are the methods or actions currently planned, or are already in

place, to reduce or eliminate the risk associated with each potential cause.

* Controls can be the methods to prevent or detect the cause during product
development, or actions to detect a problem during service before it
becomes catastrophic.

* There can be many controls for each cause.

Prevention Detection
N AN . R\

/ . \/ \‘
l Process quality | |
[ | >
0 Product characteristic Ti|me
[ EEERT Operator instruction - - - =~ -« =<« ceeass..-..9 .. - Visual Inspection--- - - ‘

|
g =w=smvso-—Rndhing Capabliity- =~ ~-msaans -:0 --Sensory Inspection-- - -

|

e e Process monitoring - ---------- ®------ ... Inspection - - =~ - -~



Prevention-type Controls

For System or Design FMEAs, prevention-type design controls describe how a cause,
failure mode, or effect in the product design is prevented based on current or planned

actions
* they are intended to reduce the likelihood that the problem will occur, and are used

as input to the occurrence ranking.

Example: Cable material selection based on ANSI #ABC.

Detection-type Controls

For System or Design FMEAs, detection-type designs controls describe how a failure
mode or cause in the product design is detected, based on current or planned actions
before the product design is released to production, and are used as input to the

detection ranking.
* They are intended to increase the likelihood that the problem will be detected before

it reaches the end user.

Example: Bicycle system durability test # 789



Potential S 0 5 . D
Current Desi Current Design
{tem/Function Potennt;a IdFailure Effect(s) of . Potenft?l_::ause{s) . gn g. .
ode Failure v of Failure ¢ | Controls (Prevention) | Centrols (Detection) |
Hand Brake S/S: |Insufficient Bicycle wheel | 10 |Cable Binds due to| 4 Hand Brake Design Bicycle system 2
Provides the friction delivered|does not slow inadequate Guide #123 durability test # 789
correct level of by hand brake  |down when the lubrication or poor
friction between |subsystem brake lever is routing
brake pad between brake |pulled External foreign 5 3
assembly and pads and wheels |potentially .
) material reduces
wheel rim to during heavy resulting in friction
safely stop bicycle |rain conditions. |accident.
Cable breaks 6 Cable material Bicycle system 4

in the required
distance, under all
operating
conditions.

selection based on
ANSI HABC.

durability test # 789

TRUNCATED

TRUNCATED



Detection - 9

“Detection” is a ranking number associated with the best control from the list of

detection-type controls, based on the criteria from the detection scale.

» considers the likelihood of detection of the failure mode/cause, according to
defined criteria.

* a relative ranking within the scope of the specific FMEA

* determined without regard to the severity or likelihood of occurrence.

: Potential | Potential | s f, @ el Cause(s)| © | Current Design Controls|  Current Design =
Item/Function Failure |Effect{s)of | E of Filure c Pr ti Controls [Detecti E
Exa le R 4 Mode Feiwe |V ¢ (Prevention) ontrols (Detection) L
‘ ] ] p . [Bicycie System: Doesnot [Potential | 10 [Insufficient friction| 5 All-Terrain braking All-Terrain bicycle | 5
The bicycle must stop in [accident or delivered by hand system design guide stopping test # ABC,
provide safe and required  |injury to brake subsystem [dncu ment & 123)
reliable distance  |bicycle between brake
transportation, loperator pads and wheels =
induding safe without during heavy rain g
Suggested DFMEA Detection Evaluation Criteria P
3
Opportunity Criteria: Rank Likelihood of )h
for Detection Likelihood of Detection by Design Control Detection
No detection Absolute z
N No current design control; Cannot detect or is not analyzed. 10 . pgfformance testing
Uncerta .
opportunity '““'// to design
Not likely to detect Design z\alvsi-s/dzted‘inn controls I\_av- a weak detection capability; / requirements
atany stage Virtual Analysis (e.g. CAE, FEA, etc.) is not correlated to expected actual 9 Very Remote
i operating conditions.
Product verification/validation after design freeze and prior to launch s /
with pass/fail testing (Sub-system or system testing with acceptance 8 Remote
criteria e.g. ride & handling, shipping evaluation, etc ) /
Post Desien F Product verification/validation after design freeze and prior to launch
e ol h":;' with test to failure testing (Sub-system or system testing until failure 7 Very
prior 10 1aUnch | occurs, testing of system interactions, etc)

Product verification/validation after design freeze and prior to launch
with desradation testing (Sub-system or system testing after durability 6 Low
test e_g. function check).

Product validation (reliability testing, or vali tests)
prior to design freeze using pass/fail testing (e.g. acceptance criteria for Moderately

performance, function checks, etc)

Prior to Design | Product validation y testing, or ion tests)
Freeze prior to design freeze using test to failure (e.g. until leaks, yields, cracks, 4 Moderately High
etc ).
Product validation (s ity testing, jom tasts) This illustration is from the book Effective

prior to design freeze using degradation testing (e.g. data trends, 3 High FMEAs, by Carl S. Carlson, published by
before/after values, etc) John Wiley & Sons, © 2012




em/Functi P:ahre : Eme'::;:f : Potential Cause(s) g Current Design Controls|  Current Design ‘E"
Mode Foilare | V of Failure c (Prevention) Controls (Detection)
Bicycle System: |Coes not  |Potential 10 |Insufficent friction| 5 All-Terrain b[akins All-Terrain b|c1ﬂ:le 5
The bicycle must stop in accident or delivered by hand system design guide stopping test # ABC
provide safe and required |injury to brake subsystem (document # 123)
reliable distance |bicycle between brake
transportation, operator pads and wheels a
induding safe without during heavy rain "6'
Suggested DFMEA Detection Evaluation Criteria o~ =
=
Opportunity Criteria: Rank Likelihood of 1. Bicygfe syste; 9
for Detection Likelihood of Detection by Design Control Detection durab 789
cle system
No detection Absolute &
. |Mo current design control; Cannot detect or is not analyzed. 10 . pgriormance tE'Stlng
portun Uncerta .
. " . / to design
Not likely to |Design ana Iysi-sfdetecﬁnn controls |'I-i\l'l! a weak detection capability; requilements
at any stage Virtual Analysis (e_g. CAE, FEA, etc ) is pot correlated to expected actual 9 Very Remote
|o-pera'u'ng conditions.
[Product verification/validation after design freeze and prior to launch
with pass/fail testing (Sub-system or system testing with acceptance 8 Remote
criteria e g ride & handling, shipping evaluation, etc )
Post Desi |Product verification/validation after design freeze and prior to launch
e=ien Freeze | ith 1es1 1o failure testing (Sub-system or system testing until failure 7 Very
Wl peior @ lswnch occurs, testing of system interactions, etc.)
Product verification/validation after design freeze and prior to launch
with desradation testing (Sub-system or system testing after durability [ Low
test e g function check).
Product validation (reliability testing, development or validation tests)
prior to design freeze using pass/fail testing (e g. acceptance criteria for Moderately
performance, function checks, etc.)
Prior to Design  |Prodiict validation (reliability testing, development or validation tests)
Freeze prior to design freeze using test to failure (e.g. until leaks, yields, cracks, 4 Moderately High
etc).
Product validation (reliability testing, development or validation tests) This illustration is from the book Effective
prior to design freeze using degradation testing (e.g. data trends, 3 High FMEAST,. by Carl S. Carlson, published by
before/after values, etc.) John Wiley & Sons, © 2012




Risk Priority Number (RPN) 10

“RPN” is a numerical ranking of the risk of each potential failure

mode/cause, made up of the arithmetic product of the three elements:
eseverity of the effect

elikelihood of occurrence of the cause
elikelihood of detection of the cause.

Example: 240 (10 x 6 x 4)



Limitations of RPN

RPN is not a perfect representation of the risk associated with a failure mode
and associated cause.

esubjective
enot continuous

High severity must be considered regardless of RPN value



Recommended Actions 11

“Recommended actions” are the tasks recommended by the FMEA team to
reduce or eliminate the risk associated with potential causes of failure. They
should consider

eexisting controls

erelative importance (prioritization) of the issue

ecost and effectiveness of the corrective action.

ethere can be many recommended actions for each cause.

Example: Require cable DFMEA/PFMEA from cable supplier approved by
All-Terrain FMEA team.



. . Potential 5 . 0 | Current Desij Current Desi D| R
Item /Function L il Effect(s) of | E Potem:lal-Cause{s] C Controls'sn Controls . E| P Recommended Actions
Mode Failure | V of Failure C | (Prevention) | (Detection) | T | N
Hand Brake S/S: |Insufficient Bicycle wheel 10 |Cable Binds due to 4 [Hand Brake Bicycle system 2 | 80 Redesign hand brake cable routing to
Provides the friction delivered |does not slow Inadequate Design Guide durahflity test # reduce friction and make system
cc.;rrfect level of |by hand brake |down when.the Iubri.cation or poor #123 789 insensitive to lubrication degradation
friction between |subsystem brake lever is routing
brake pad between brake |pulled Modify bicycle durability testing to
assembly and |pads and wheels |potentially include periodic brake cable checks for
wheel rim to during heavy resulting in binding
safely stop rain conditions. |accident.
bicyde in the External foreign 2 3| 60
required material reduces
distance, under friction
zﬂr?dﬁ:i:ring Cable breaks & |Cable material |Bicycle system | 4 | 240 | Require cable DFMEA/PFMEA from cable
) selection based  |durability test # supplier approved by All-Terrain FMEA
on ANSI #ABC.  [78% team.
Based on results of Cable DFMEA,
develop cable strength test and modify
cable design to improve strength
Brake Lever breaks | 1 |Hand Brake Bicycle system | 1 | 10
Design Guide durability test #
#123 789
Selected brake pad | 2 2| 40

material does not
apply required
friction to wheel

TRUNCATED

TRUNCATED



Actions Taken 12

“Action Taken” is the specific action that is implemented to reduce risk to an
acceptable level.

eit should correlate to the specific recommended action

eand is assessed as to effectiveness by a revised severity, occurrence, detection
ranking, and corresponding revised RPN.

Example: Cable supplier completed DFMEA/PFMEA and approved by All-
Terrain team



Is that all there is to FMEA?

If FMEA were only an exercise in “filling out a form” then
the definitions would be all you need to know.

e There is much more to learn about FMEAs!

FMEA has the potential to anticipate and prevent

problems, reduce costs, shorten product development

times, and achieve safe and highly reliable products and

processes.

* To obtain the best possible results from FMEA,
companies need to focus on key success factors.



FMEA Success Factors

Understanding the fundamentals and procedure of FMEAs,
including the concepts and definitions

e preparation steps for each FMEA project

* applying lessons learned and quality objectives
e providing excellent facilitation

* implementing an effective company-wide FMEA process.

Implementing FMEA success factors will uniformly ensure
FMEAs achieve safe, reliable and economical products and
processes.



Preparation Steps for Each FMEA Project

Determine the scope of the FMEA project

* Make the scope visible and get consensus on boundaries

* Assemble the right FMEA team (not done by one or two people)
* Establish ground rules and assumptions

* Gather information

* Prepare for the FMEA meetings

Applying Lessons Learned & Quality Objectives

Much is learned by observing the mistakes companies have made in doing FMEAs.
Based on the experience of over two thousand FMEAs and working with hundreds of
companies in a wide variety of applications, certain common mistakes show up
repeatedly.

 What are the primary ways that FMEAs can be done wrongly (mistakes made)
 What are the leading factors that make for effective FMEAs (quality objectives)?



Providing excellent facilitation

FMEA facilitation is a different subject than FMEA methodology.
To be successful, FMEA leaders need to develop expert facilitation skills:

* Brainstorming

* Encouraging Participation

* Active Listening

e Controlling Discussion

* Making Decisions

e Conflict Management

* Managing Level of Detail

* Managing Time

* Unleashing Team Creativity



Implementing an effective FMEA process

A company-wide FMEA process is the entire set of systems and tasks essential to
support development of high-reliability products and processes through timely
accomplishment of well-done FMEAs.

 Management support for strategy and resources

* Roles and responsibilities

* Management review of high risk issues

 FMEA quality audits

e Execution of FMEA recommended actions

* Feedback loop to incorporate lessons learned

In Summary...

Everyone wants to support the accomplishment of safe and trouble-free products
and processes while generating happy and loyal customers.

When done correctly, FMEA can anticipate and prevent problems, reduce costs,
shorten product development times, and achieve safe and highly reliable products
and processes.



