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FOREWORD

This reference Manual and Reporting Format was developed by the Failure Mode and Effects Analysis
(FMEA) teams at Chrysler, Ford and General Motors, working under the auspices of the Automotive
Division of the American Society for Quallty Control {ASQC) and the Automative Endustry Ac’uon Group
= . = A-,J _f‘u A Y e .
(AIAG). /“;?_ B e (i ,‘ - {.‘;1 5 /_q/f\,,/ SRR S SEe T A
The ASQC/AIAG Task Force charter is to standardize the reference manuals, procedures, reporting formats
and technical nomenclature used by Chrysler, Ford, and General Motors in their respective supplier quality
systems. Accordingly, this manual and format, which is approved and endorsed by Chrysler, Ford and
General Motors, should be used by suppliers implementing FMEA techniques into their design/

manufacturing processes,

In the past, Chrysler, Ford and General Motors each had their own guidelines and formats for insuring
supplier FMEA compliance. Differences between these guidelines and formats resulted in additional
demands on supplier resources. To improve upon this situation, Chrysler, Ford and General Motors agreed
to develop, and, through AIAG, distribute this Manual. The work group responsible for the Manual was led
be George Baumgartner of Ford Motor Company.

This Manual provides general guidelines for preparing an FMEA. |t does not give specific instructions on
how to arrive at each FMEA entry, a task best left to each FMEA team. This Manual also is not intended to
be a comprehensive FMEA reference source or training document.

While these guidelines are intended to cover all situation normally occurring either in the design phase or
process analysis, there will be questions that arise. These questions should be directed to your customer's
Supplier Quality Assurance (SQA) activity. Hf you are uncertain as to how to contact the appropriate SQA
activity, the buyer in your customer's Purchasing office can help.

The Task Force gratefully acknowledges: the leadership and commitment of Vice Presidents Thomas T.
Stallkamp at Chrysler, Norman F. Ehlers at Ford, and J. Ignasio Lopez de Arriorfua of General Motors; the
assistance of the AIAG in the development, production, and distribution of the Procedure; the guidance of
Task Force principals Russ Jacobs (Chrysler), Steve Walsh (Ford), Dan Reid (General Motors), and Rad
Smith; and the assistance of the ASQC Automotive Division Reading Team. This team, led by Tripp Martin
(Peterson Spring), reviewed the Manual for technical content and accuracy and made valuable
contributions to form and content. Since the Manual was developed to meet specific needs of the
automotive industry, the ASQC voluntary standards process defined by ASQC policies and procedures was
not used in its development.

Additional copiés can be ordered from AIAG and/or permission to capy portions of this Procedure for use
within supplier organizations shouid be obtained from AIAG at 810-358-3003.
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GENERAL INFORMATION

Overview ‘This manual introduces the topic potential Failure Mode and
Effects Analysis {FMEA) and gives general guidance in the
application of the technique. An FMEA can be described as a
systemized group of activities intended to: 1} recognize and
evaluate the potential failure of a product/process and its effects,
2) identify actions which could eliminate or reduce the chance of
the potential failure occurring, and 3) document the process. It is
complementary to the design process of defining positively what a
design must do to satisfy the customer.

History Although engineers have always performed an FMEA type of
: analysis on their designs and manufacturing processes, the first
formal application of the FMEA discipline was an innovation of the

aerospace industry in the mid-1960s.

Manual Format For ease of use, this reference manual retains the presentation of
' the FMEA preparation instructions in two distinct sections (design
and process). However, having both sections in the same manual
facilitates the comparison of techniques used to develop the
different types of FMEAs, as a means to more clearly demonstrate
their proper application and interrelation.

FMEA implementation " Because of a company’s commitment to continually improve its
products whenever possible, the need for using the FMEA as a
disciplined technique to identify and help eliminate potential
concem is as important as ever. Studies of vehicle campaigns
have shown that a fully implemented FMEA program could have
prevented many of the campaigns.

Although responsibility for the “preparation” of the FMEA must, of
necessity, be assigned to an individual, FMEA input shouid be a
team effort. A team of knowledgeable individuals should be
assembled; e.g., engineers with expertise in Design,
Manufacturing, Assembly, Service, Quality, and Reliability.

One of the most important factors for the successful
implementation of an FMEA program is timeliness. It is meant to
be a “before-the-event” action, not an “after-the-fact” exercise. To
achieve the greatest value, the FMEA must be done before a
design or process failure mode has been unknowingly designed
into the product, Up front time spent in doing a comprehensive

M when product/process changes can be most easily
and inexpensively implemented. will alleviate late change crises.
An FMEA can reduce or eliminate the ghance of implementing a

corrective_change which ¢ reaie_an_even larger concern.
Prope I it is an_interactive process which is never

ending,
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DESIGN FMEA

INTRODUCTION

A Design potential FMEA is an analytical technique utilized
primarily by a Design Responsible Engineer/Team as a means to
assure that, io the extent possible, potential failure modes and
their associated causes/mechanisms have been considered and
addressed. End items, along with every related system,
subassembly and component, should be evaluated. In its most
rigorous form, an FMEA is a summary of an engineers and the
team’s thoughts (including an analysis of items that could go
wrong based on experience and past concems) as a component,
subsystem or system is designed. This systematic approach
parallels, formalizes and documents the mental disciplines that an
engineer normally goes through in any design process.

The Design potential FMEA supports the design process in
reducing the risk of failures by:

* Aiding in the objective evaluation of design requirements
and design alternatives.

¢ Aiding in the initial design for manufacturing and assembly
reguirements.

¢ |Increasing the probability that potential failure modes and
their effects on system and vehicle operation have been
considered in the design/development process,

e Providing additional information to aid in the planning of
thorough and efficient design test and development
programs. :

¢ Developing a list of potential failure modes ranked
according fo their effect on the “customer,” thus establishing
a priority system for design improvements and development
tesfing.

* Providing an open issue format for recommending and
tracking risk reducing actions.

- Providing future reference to aid in analyzing field concerns,
evaluating design changes and developing advanced
designs.

Customer Defined The definition of “CUSTOMER” for a Design potential FMEA is not
only the “END USER”, but also the design responsible engineers/
teams of the vehicle or higher level assemblies, and/or the
manufacturing process responsible engineers in activities such as
Manufacturing, Assembly, and Service.

When fully implemented, the FMEA discipline requires a Design
FMEA for all new parts, changed parts, and carryover parts in new
applications or environments. It is initiated by an engineer from the
responsible design activity, which for a proprietary design may be
the supplier.
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DESIGN FMEA

INTRODUCTION (Continued)

Team Effort During the initial Design potential FMEA process, the responsible
: engin i cted irectly and actively i

representatives from all affected areas. These areas should
include, but are not limited to: assembly, manufacturing, materials,
quality, service and suppliers, as well as the design area
responsible for the next assembly. The FMEA should be a
catalyst to stimulate the interchange of ideas between the
functions affected and thus promote a team approach. In
addition, for any (internal/external) supplier designed items, the
responsible design engineer should be consulted.

The Design FMEA is a living document and should be initiated
before or at design concept finalization, be continually updated as
changes occur or additional information is obtained throughout the
phases of product development, and be fundamentally completed
before the production drawings are released for tooling.

Considering that manufacturing/assembly needs have been
incorporated, the Desigh FMEA addresses the design intent and
assumes the design will be manufactured/assembled to this
intent. Potential failure modes and/or causes/mechanisms which
can occur during the manufacturing or assembly process need
not, but may be included in a Design FMEA, when their
identification, effect and contro! are covered by the Process
FMEA.

The Design FMEA does not rely on process controls {o overcome
potential weaknesses in the design, but it does take the technical/
physical limits of a manufacturing/assembly process into

consideration, e.g.:
¢ necessary mold drafts
® Iirﬁited surface finish
» assembling spacefaccess for tooling
® |imited hardenability of steels

- & process capability/performance

DEVELOPMENT OF A DESIGN FMEA

The design responsible engineer has at his or her disposal a number
of documents that will be useful in preparing the Design potential
FMEA. The process begins by developing a listing of what the
design is expected to do, and what it is expected not to do, i.e., the
design intent. Customer wants and needs, as may be determined
from sources such as Quality Function Depioyment (QFD), Vehicle
Requirements Documents, known product requirements and/or
manufacturing/assembly requirements should be incorporated. The
better the definition of the desired characteristics, the easier it is to

identify potential failure modes for corrective action.

-7-
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. DESIGN FMEA

1)

2)

3)
4)
5)
6)
7)

8)

DEVELOPMENT OF A DESIGN FMEA (Continued)

FMEA Number

System, Subsystem,
or Component Name
and Number

Design Responsibility
Prepared By

Model Year(s)/
Vehicle(s)

Key Date

FMEA Date

Core Team

A Design FMEA should begin with a block diagram for the system,
subsystemn, and/or component being analyzed. An example block
diagram is shown in Appendix A. The block diagram can also
indicate the flow of information, energy, force, fluid, etc. The
object is to understand the deliverables {input) to the block, the
process (function) performed in the block, and the deliverables

" {output) from the block.

The diagram illustrates the primary relationship between the items
covered in the analysis and establishes a logical order to the
analysis. Copies of the diagrams used in FMEA preparation
should accompany the FMEA.

In order to facilitate documentation of the analysis of potential
failures and their consequences, a form has been designed and is
in Appendix F.

Application of the form is described below; points are numbered
according to the numbers encircled on the form shown on the
facing page. An example of a completed form is contained in

Appendix B and on the facing pages of this section.

Enter the FMEA document number, which may be used for
tracking.

indicate the appropriate level of analysis and enter the name
and number of the system, subsystem or component being

. analyzed.

Enter the OEM, department and group. Also include the supplier
name if known. _

Enter the name, telephone number, company of the engineer
responsibile for preparing the FMEA.

Enter the intended model year(s) and vehicle line(s) that will utilize
and/or be affected by the design being analyzed (if known},

Enter the initial FMEA due date, which should not exceed the -

. scheduled production design release date.

Enter the date the originalt FMEA was compiled, and the latest
revision date.

List the names of the responsible individuals and depariments
which have the authority to identify and/or perform tasks. (It is
recommended that all team members names, departments,
telephone numbers, addresses, efc. be included on a distribution
fist.)



> [

X

DESIGN FMEA

QNN YIWS

SISATVYNY S103d43 ANV IA0W IHN V4

TYLNILOd

peay Aeids pue
sse0de eyenbepe Nong pie ubisap s58008
pamoys| sdQ Assy | Guisn uonenjzas $52008 peay Aeids jo peay feids o sjpued
L hj]s openreag| g 8i6u3 Apog WEea) pev | 21| ¢ uopeneas Buelq | p | USPMNEQ wool Juaaiyasy)
$TaIE palosje )
i pepinoid sejoy &5 B[] pue ucpiesidde
1L3A [BUOIEPE xem SSED 1SI0M, $8I0| UIRIp Joop
£ ‘188 us paseg BURN L2 | B Buisn isey Lojeloqe | g sBnid uoheoydde xepm
xem paijvads
pue ewdinbe
St LE X8| Aeuds uonanposd peay Aeids gswooe ebpojiauion
sdo Assy | Buisn uclienieas BuiLotoun}-Lou yim Bulielus Wwosy xem
e (ef {2 7 Bi6u3 Apog weal £pY | 0gz| @ ucpebisaaul pe ugiseq | ¢ sjuaaaid Jie peddenuy
COZL'ON Hoday -1s8} payseds vallenwicy
suoN | gz | 2 qe wayq) pue [easiyd | 2 xem aleidorddeu;
“s|exdazoe 51 SSBLNOIY]
SSBUNIIL) PRytoads) §1 10 XB| xem Lo (30Q)
L) UL e Gifuy Apog | suewpadxs jo
52 SMOYS Ble} v | uBiseq wnpuog
30Q "senbape
St sseUyaIYl
payjcads moys|  uonedsa ebpe | Buiss; uoisouoo
{L8F1 "oN 1891) saddn xem Joj psjemsjpace snoge se -Buysay payioads
w2 lglz |l sinsaiisal| lSSymeulquod|  Aoizicde| ppY [aeL| £ |  Amge:np jmisueB apiuas | ¢ | SSRIRIUIXEM WUSolNSU]
gz
pasiel sads abpa LoE-L 0| a0}
laddn {L8pL 0e 60 X8| Bunse) uoisouod 680k-L 1 $jeurd Joop Jsuu|
“ON 150} ) s)nsel B16ug pejess|eace aii-L yea 159 10} peljoads uoneaydde xem
g2 lelels 158} U paseg fpog-slel v| Aoescqeippy |peg| 2| Amqeinp jeseuaB aomap {9 easlod 1o ebips saddn
n[ifsfs] @2 @ (@) | @ h @) .
d |al2 (e uaqey aleq] uonajdwon N|e8 sjonuen n njied jo s
H |ajols suonay jebie) g {s)uonoy a1 ubisag a (shwsjueyoapy e
Anoisuodsay | papuswoosy | Y e waLns 3 fis)esnen .
[elluelod
€ o L@ @l e
£y
=/
(el 22 €0 X8 (Bu0) sieg vans @ U T0 €0 X6 218 Aay 1 (s)sioenls)suva) wacon
] Ag patedoly DUIISBUIEIT Ao Aljliqisuodsey ubisag wauodwony —
welshsqng %~
o Frafeg {vand N9Is3a) weishs




DESIGN FMEA
DEVELOPMENT OF A DESIGN FMEA (Continued)

9) [Hem/Function Enter the name and number of the item being analyzed. Use the
nomenclature and show the design level as indicated on the
engineering drawing. Prior to initial release, experimental
numbers should be used. :

Enter, as concisely as possible, the function of the item being
analyzed to meet the design intent. Include information regarding
the environment in which this system operates (e.g., define
temperature, pressure, humidity ranges). If the item has more
than one function with different potential modes of failure, list all
the functions separately.

10) Potential Failure Potential Failure Mode is defined as the manner in which a
Mode component, subsystem, or system could potentially fail to meet
the design intent. The potential failure mode may alsc be the
cause of a potential failure mode in a higher level subsystem, or
system, or be the effect of one in a lower level component.

List each potential failure mode for the particular item _and item
function. Th sumption is made that the failur

may not necessarily occur. A recommended starting point is a

review of past thlngs-gone»wrong, concerns reports, and group
“brainstorming”.

Potentiaf failure modes that could only occur under certain
operating conditions (i.e. hot, coid, dry, dusty, etc.} and. under
certain usage conditions {L.e. above average mileage, rough
terrain, only city driving, etc.} should be considered.

Typical failure modes could be, bt are not limited to:

Cracked Sticking

Deformed Short circuited (electnca!)
L.oosened Oxidized

Leaking Fractured

Note: Potential failuré modes should be described in “physical” or
technical terms, not as a symptom noticeable by the customer.

11) Potential Effect(s) Potential Effects of Failure are defined as the effects of the failure
of Failure : mode on the function, as perceived by the customer.

Describe the effects of the failure in terms of what the customer
might notice or experience, remembering that the customer may
be an internal customer as well as the ultimate end user, State
clearly if the function could impact safety or noncompliance o
regulations. The effects should always be stated in terms of the
specific system, subsystem or component being analyzed.
Remember that a hierarchial relationship exists between the
component, subsystem, and system levels. For example, a part
could fracture, which may cause the assembly 1o vibraie, resuiting
in an intermittent system operation. The intermittent system
operation could cause performance to-degrade, and ultimately-
lead o customer dissatisfaction. The intent is to forecast the

failure effects to the Team's level of knowledge.

S I -
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DESIGN FMEA

DEVELOPMENT OF A DESIGN FMEA (Continued)

11) Potential Effect(s) Typical failure effects could be, but are not limited to:
of Failure (Continued) Noise - Rough
Erratic Operation Inoperative
Poor Appearance Unpleasant Odor
Unstabie Operation Impaired

Intermittent Operation

Severity is an assessment of the seriousness of the effect (listed
in the previous column) of the potential failure mode to the next
component, subsystem, system or customer if it occurs. Severity
applies to the effect only. A reduction in Severity Ranking index
can be effected only through a design change. Severity should
be estimated on a “1" {o “10” scale.

12) Severity (S)

Suggested Evaluation Criteria:
(The team should agree on an evaluation criteria and ranking system, which is consistent, even if modified for
individual product analysis.)

Effect ~ Criteria: Severity of Effect Ranking
Hazardous- Very high severity ranking when a potential failure mode affects safe vehicle 10
without operation and/or involves noncompliance with government regulation without
warmning warning.

Hazardous- | Very high severity ranking when a potential failure mode affects safe vehicle g

with warning | operation and/or involves noncompliance with government regulation with warning

Very High Vehicle/item inoperable, with loss of primary function.

High Vehicle/item operable, but at reduced level of performance. Customer dissatisfied. 7

Moderate Vehicle/item operable, but Comfort/Convenience item(s) inoperable. Customer 8
experiences discomfort.

Low Vehiclefitem operable, but Comfort/Convenience itemm(s) operable at reduced level 5
of performance. Customer experiences some dissatisfaction.

Very Low Fit & Finish/Sgueak & Rattle tem does not conform. Defect noticed by most 4
customers.

Minor Fit & Finish/Squeak & Ratile item does not conform. Defect noticed by average 3
customer. .

Very Minor Fit & Finish/Squeak & Rattle item does not conform. Defect noticed by discrimi- 2
nating customer. o

None No Effect. _ 1

13) Classification This column may be used to classify any special product

characteristics (e.g., critical, key, major, significant) for
components, subsystems, or systems that may require additional
process controls.

13-
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DESIGN FMEA

DEVELOPMENT OF A DESIGN FMEA (Continued)

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

15) ' Occurrence (O)

Any item deemed to require special process controls should be
identified on the Design FMEA form with the appropriate character
ot symbol in the Classification column and should be addressed in
the Recommended actions column.

Each item identified above in the Design FMEA should have the
special process controls identified in the Process FMEA.

Potential Cause of Failure is defined as an indication of a design
weakness, the consegquence of which is the failure mode.

List, to the extent possible, every conceivable failure cause andfor
failure mechanism for each failure mode. The cause/mechanism
should be listed as concisely and completely as possible so that
remedial efforts can be aimed at pertinent causes.

Typical failure causes may include, but are not limited to:

Incorrect Material Specified
Inadequate Design Life Assumption
Over-stressing '

Insufficient Lubrication Capability
Inadeguate Maintenance instructions
Poor Environment Protection
Incorrect Algorithm '

Typical failure mechanisms may include, but are not limited to:

Yield Creep
Fatigue _ Wear
Material Instability Corrosion

Occurrence is the likelihood that a specific cause/mechanism
{listed in the previous column) will oceur. The likefihood of occur-
rence ranking number has a meaning rather than a value. Remov-
ing or controlling one or more of the causes/mechanisms of the
failure mode through a desigh change is the only way a reduction
in the occurrence ranking can be effected.

Estimate the likelihood of occurrence of potential faiiure cause/
mechanism on a “1” to “10” scale. In determining this estimate,
questions such as the following should be considered:

e What is the service historyffield experience with similar
components or subsystems?

® |s component carryover or similar to a previous level
component or subsystemn?

e How significant are changes from a previcus level
component or subsystem?

* |5 component radically different from a previous level

- component?

= [s component completely new?

- 15—
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DESIGN FMEA

DEVELOPMENT OF A DESIGN FMEA (Continued)

Has the component application changed?

o What are the environmental changes?

¢ Has an engineering analysis been used fo estimate the
expected comparable occurrence rate for the application?

A consistent occurrence ranking system should be used to
ensure continuity. The "Design Life Possible Failure Rates® are
based on the number of failures which are anticipated during the
design life of the component, subsystem, or system. The
occurrence ranking number is related to the rating scale and
does not reflect the actual likelihood of occurrence.

15) Occurrence (O)

Suggested Evaluation Criteria:
(The team should agree on an evaluation criteria and ranking system, which is consistent, even if modified for
individuat product analysis.)

Probability of Failure | Possible Failure Rates Ranking

Very High: Failure is almost inevitable >1in2 10

' 1in3 9

High: Repeated failures 1in8 8

1in20 7

~ Moderate: Occasional failures 1in 80 6

1in 400 5

| 7 1in 2,000 4

Low: Relatively few failures 1in 15,000 3

| 1 in 150,000 D

Remote: Failure is uniikely < 1in 1,500,000 1
16) Current Design List the prevention, design validation/verification (DV), or other
Controls activities which will assure the design adequacy for the failure

mode and/or cause/mechanism under consideration. Current
controls (e.g., road testing, design reviews, fail/safe (pressure
relief valve), mathematical studies, rig/lab testing, feasibility
reviews, prototype tests, fleet testing) are those that have been or
are being used with the same or similar designs.

There are three types of Design Controls/features to consider;
those that : (1) Prevent the cause/mechanism or failure mode/
effect from occurrng, or reduce their rate of occurrence,(2) detect
the cause/mechanism and lead to corrective actions, and (3}
detect the failure mode.

17 -
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DESIGN FMEA

DEVELOPMENT OF DESIGN FMEA (Continued)

The preferred approach is to first use type (1) controls if possible;
second, use the type (2) controls; and third, use the type (3)
controls. The initial occurrence rankings will be affected by the
type (1) controls provided they are integrated as part of the design
intent, The initial detection rankings will be based upon the type
(2) or type (3) current controls, provided the prototypes and mod-
els being used are representative of design intent.

17) Detection (D) Detection is an assessment of the ability of the proposed type (2)
current design controls, listed in column 16, to detect a potential
cause/mechanism (design weakness), or the ability of the proposed
type (3) current design controls to detect the subsequent failure
mode, before the component, subsystem, or system is released for
production. In order to achieve a lower ranking, generally
the planned design control {e.g., preventative, validation, and/or

verification activities) has to be improved.

Suggested Evaluation Criteria:
(The team should agree on an evaluation criterla and ranking system, which is consistent, even if modified for

individual product analysis.)

Detection ' ~ Criteria: Likelihood of Detection by Design Control Ranking
Absolute- Design Control will not and/or can not detect a potential cause/mechanism and 10
Uncertainty subsequent failure mode; or there is no Design Control. : .
Very Remote | Very remote chance the Design Control will detect a potential cause/mechanism 9
and subsequent failure mode

Remote Remote chance the Design Control will detect a potential cause/mechanism and 8
subsequent failure mode :

Very Low Very low chance the Design Control will detect a potential cause/mechanism and -7

 subsequent failure mode

Low Low chance the Design Control will detect a potential cause/mechanism - 6
and subsequent failure mode

Moderate Moderate chance the Design Contro! will detect a potentiat cause/mechanism and 5
subsequent failure mode

Moderately Moderately high chance the Design Contro! will detect a potential cause/ mecha- 4

High nism and subsequent failure mode

High Hi%h chance the Design Control will detect a potential cause/mechanism and 3

_ subsequent failure mode _

Very High Very high chance the Design Control will detect a potential cause/mechanism 2
and subsequent failure mode

Almost Design Control will almost certainly detect a potential cause/mechanism and 1

Certain subsequent failure mode

— 18-



DESIGN FMEA

A1dNVYS

@D

ssa008
ssaooe prey Auids o ~ pesy feids 104 sjoued
v wopenEns Duimeiq | p | U6OMIEd WODS IeoyIns ]
8715 g0y pue vopeaydds
XEM. BSED [SION, B0 UjRIp JOOp
v Bujsn 1set Aojioqe] | € sBajd uojreayidde xem
. uun yos
pesy Anids $53008 6Gpe/1eUI03 PUE iR -
BUUGHION-LOL L Bupalue wWoly xem Siway
8 uoneBnsenu pie ubjseg { ¢ slundld Jje paddeius gounseadde
103 B0RpAS
Jladoid apiold »
1oienBat
MOpLIm pue
yole; 'sabugy
5oz} '0N vodey -iset paioads uce|nuuoj SO
z| oetweyppue eoshug |z xem aepdosdden Buprtoul
alempuey 100p
10} afizioyoue
yoddng
10edwy eps
pue ‘asIou
‘Jaljleem Woly
uejtosjord
' ednaaQ -
anoqe sy -Bujisal payoads m_o_:%
2| Augemp (eisues soiyap, | p | FESLHOIM XA UBRINSLY SIBMPIBY J00p JOLBIU] wosy ssalba
10 vy pasiBduy « pue 0] ssaibU|
2 1en0 jured yBnoiy
1081 0] 00} 1501 0} anp BouBiEadde
8011, 51 s|puid Joop Jauus Keopespesup) .
alt-l ‘yen 158 40y payoads uoneo)|dde xem 01 Bupesy|  sjeued J00p Jamof ¥-0000-XHEH
| Aupgeinp pisust apes | o enosiond jo efipe Jeddn | |, 100D {0 By pAlROUGIAGE  JOMBI} pepoLIoD “H™ JoOgE o1
10 @ ] ] @ uanouny
] S|ONUeH n s|a amney spo
4y ubisag 9 (shusiueyzapy ele 10 {Shoayg sinfed
s waung 2 HFIGENED - ils | [Eslod {EusIog
a o . Rjuaied @vo A@ . wol

(‘nedi™ 22 €0 X8 (Bro) ereq ¥IWd @ YT 10 £0 X6 21Eq fey ; (s)eporyapy(s)suva) 1acop
& - Ag pasedely Buleaubey Apog  Aylgsuodsay ubisaq J] wavedwony ™
@ @ walsAsqng — %X

o [ebed (vaw4 Nois3a) wershg

SISATYNY S1.03443 ANV 300N 2ENRTIVS
TYIANTLOd

m M o JBquINN YN




DESIGN FMEA

DEVELOPMENT OF A DESIGN FMEA (Continued)

18) Risk Priority
Number (RPN)

19) Recommended
Action(s)

20) Responsibility (for the
Recommended Action)

21) Actions Taken

22) Resulting RPN

The Risk Priority Number is the product of the Severity (S),
Occurrence (O}, and Detection (D) ranking

RPN = (S) X (0) X (D)

The Risk Priority Number, as the product S X O X D, is a measure
of design risk. This value should be used to rank order the
concerns in the design (e.g., in Pareto fashion). The RPN will be
between “1" and “1,000". For higher RPNs the team must
undertake efforts to reduce this caiculated risk through corrective

action{s). In general practice, regardiess of the resultant RPN,
special attention shouid be given when severity is high.

When the failure modes have been rank ordered by RPN,
corrective action should be first directed at the highest ranked
concerns and critical terns. The inteni of any recommended
action is to reduce any one or all of the occurrence, severity, and/
or detection rankings. An increase in design validation/verification
actions will result in a reduction in the detection ranking only. A
reduction in the occurrence ranking can be effected only by
removing or controlling one or more of the causes/mechanisms of
the failure mode through a design revision. Only a design revision
can bring about a reduction in the severity ranking. Actions such
as the following should be considered, but are not limited to:

Design of Experiments (particularly when muitiple or
interactive causes are present).

Revised Test Plan.

Revised Design.

Revised Material Specification.

If no actions are recommended for a specific cause, indicate thls
by entering a “NONE” in this column.

Enter the Organization and individual responsible for the
recommended action and the target completion date.

After an action has been implemented, enter a brief description of
the actual action and effective date.

After the corrective action have been identified, estimate and
record the resulting severity, occurrence, and detection rankings.
Calculate and record the resulting RPN. H no actions are taken,
feave the “Resulting RPN” and related ranking columns blank.

All Resulting RPN(s) should be reviewed and if further action is
considered necessary, repeat steps 19 through 22.
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DESIGN FMEA

DEVEL.OPMENT OF A DESIGN FMEA (Continued)

Follow-Up The design responsible engineer is responsible for assuring that
_ all actions recommended have been implemented or adequately
addressed. The FMEA is a living document and should always
reflect the latest design level, as well as the latest relevant
actions, including those occurring after start of production.

The design responsible engineer has several means of assuring
that concerns are identified and that recommended actions are
implemented. They include, but are not limited to the following:

* Assuring design requirements are achieved.

* Review of engineering drawings and specifications.

¢ Confirmation of incorporation to assembly/manufacturing
documentation.

» Review of Process FMEAs and Control Plans,

— 23~
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POTENTIAL
FAILURE MODE AND EFFECTS ANALYSIS
IN
MANUFACTURING AND ASSEMBLY PROCESSES

(PROCESS FMEA)

REFERENCE MANUAL
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PROCESS FMEA

INTRODUCTION

A Process potential FMEA is an analytical technique utilized by a

Manufacturing Responsible Engineer/Team as a means to assure

that, to the extent possible, potential failure modes and their

associated causes/mechanisms have been considesred and

addressed. In its most rigorous form, an FMEA is a summary of

the engineer'sfteam’s thoughts {including an analysis of items that
could go wrong based on experience and past concems) as a

process is developed. This systematic approach parallels and

formalizes the mental discipline that an engineer normally goes

through in any manufacturing planning process.

The Process potential FMEA:

s ldentifies potential product related process failure modes.

» Assesses the potential customer effects of the failures.

« ldentifies the potential manufacturing or assembly process
causes and identifies process variables on which to focus
contrels for occurrence reduction or detection of the failure
conditions. . '

e Develops a ranked list of potential failure modes, thus
establishing a priority system for corrective action
considerations.

o Documents the results of the manufacturing or assembly

process.

Customer Defined The definition of “CUSTOMER” for a Process potential FMEA
- should normally be seen as the “END USER.” However,
customer can also be a subsequent or downstream manufacturing
or assembly operation, as well as a service operation.
When fully implemented, the FMEA discipline requires a Process
FMEA for all new parts/ processes, changed parts/processes, and
carryover parts/processes in new applications or environments. It
is initiated by an engineer from the responsible process

engineering department.

Team Effort During the initial Process potential FMEA process the responsible
' ' engineer is expected to directly and actively involve
representatives_from all affected areas. These areas should
inciude, but are not limited to, design, assembly, manufacturing,
materials, quality, service and suppliers, as well as the area
responsible for the next assembly. The FMEA should be a
catalyst to stimulate the interchange of ideas between the
functions effected and thus promote a team approach.
The Process FMEA is a living document and should be initiated
before or at the feasibility stage, prior to tooling for production, and
take into account all manufacturing operations, from individual
components to assemblies. Early review and analysis of new or
revised processes is promoted to anticipate, resolve or monitor
potential process concerns during the manufacturing planning

stages of a new model or component program.

The Process FMEA assumes the product as designed will meet
the design intent. Potential failures which can occur because of a
design weakness need not, but may be included in a Process
FMEA. Their effect and avoidance is covered by the Design
FMEA.
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PROCESS FMEA

INTRODUCTION (Continued)

The Process FMEA does not rely on product design changes to
overcome weaknesses in the process, but does take into
consideration a product's design characteristics relative to the
planned manufacturing or assembly process to assure that, to the
extent possible, the resultant product meets customer needs and
" expectations.

The FMEA disciptine will also assist in developing new machines
or equipment. The methodology is the same, however, the
machine or equipment being designed is considered the product.
When potential failure modes are identified, corrective action can
be initiated to efiminate them or continuously reduce their potential
for occurrence.

DEVELOPMENT OF A PROCESS FMEA

A Process FMEA should begin with a flow chari/risk assessment
(see Appendix C} of the general process. This flow chart should
identify the product/process characteristics associated with each
operation. ldentification of some product effects from the
corresponding Design FMEA, should be included, if available.
Copies of the flow chart/risk assessment used in FMEA
preparation should accompany the FMEA. :

In order to facilitate documentation of the analysis of po’tentral
failures and their consequences a Process FMEA form was
developed and is in Appendix G.

Application of the form is described below, points are numbered
according to the numbers encircled on the form shown on the
facing page. An example of a completed form is contained in

Appendix D.
1) FMEA Number Enter the FMEA document number, which my be used for
tracking.
2) Hem Enter the name and number of the system, subsystem or
_ component, for which the process is being analyzed.
3} Process Responsibility Enter the OEM, department and group. Also include the supplier

name if known.

4) Prepared By Enter the name, telephone number and company of the engineer
responsible for preparing the FMEA.

5) Modei Year(s)/ Enter the intehded model year(s) and vehicle line(s) that will utilize
Vehicle(s) and/or be affected by the design/process being analyzed (if known).
6) Key Date Enter the initial FMEA due date, which should not exceed the

scheduled start of production date.
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PROCESS FMEA

DEVELOPMENT OF A PROCESS FMEA (Continued)

7) FMEA Date Enter the date the original FMEA was compiled, and the latest
: revision date.

8) Core Team List the names of the responsible individuals and departments
: which -have the authority 1o identify and/or perform tasks, (it is

recommended that all team members names, depariments, tele-

phone numbers, addresses, etc., be included on a distribution list.)

9) Process Function/ Enter a simple description of the process or operation being
Requirements analyzed (e.g., turning, drilling, tapping, welding, assembling).

. Indicate as concisely as possible the purpose of the process or
opseration being analyzed. Where the process involves numerous

operations (e.g. assembling} with different potential modes of

failure, it may be desirable to list the operations as separate

processes.
10) Potential Failure Potential Failure Mode is defined as the manner in which the
Mode : process could potentially fail to meet the process requirements

and/or design intent. It is a description of the non-conformance at
that specific operation. It can be a cause associated with a
potential failure mode in a subsequent {downstream) operation or
an effect associated with a potential failure in a previous
(upstreamn) operation. However, in preparation of the FMEA, the
assumption should be made that the incoming pari(s)/material(s)
are correct.

List each potential failure mode for the particular operation in
terms of a component, subsystem, system or process
characteristic. The assumption is made that the failure could
occur, but may not necessarily occur. . The process engineer/
team should be able io pose and answer the following questions:

e “How can the process/part fail to meet specifications?”

* “Regardless of engineering specifications, what would a
customer (end user, subsequent operations, or service)
consider objectionable?”

A comparison of similar processes and a review of customer (end .
user and subsequent operation) claims relating to similar
components is a recommended starting point. In addition a
knowledge of the purpose of the design is necessary. Typical
failure modes could be, but are not limited to:

Bent Cracked Grounded
Binding : Deformed Open Circuited
Burred Dirty Short Circuited

Handling Damage improper Set-up  Tool Worn
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PROCESS FMEA

DEVELOPMENT OF A PROCESS FMEA (Continued)

11) Potential Effect(s) Potential Effects of Failure are defined as the effects of the failure
of Failure mode on the customer(s). The customer(s) in this context could
be the next operation, subsequent operations or locations, the
dealer, and/or the vehicle owner. Each must be considered when
assessing the potential effect of a failure.

Describe the effects of the failure in terms of what the customer{s)
might notice or experience. For the End User, the effects should
always be stated in terms of product or system performance, such

as:
Noise Rough
Erratic Operation Excessive Effort Required
Inoperative Unpleasant Odor
Unstable Qperation kmpaired
Draft - = Intermittent Operation
Poor Appearance Vehicle Control Impaired

if the customer is the next operation or subsequent operation(s)/
location(s) the effects should be stated in terms of process/
operation performance, such as:

Can not fasten Does not fit
Can not bore/tap Does not connect
Can not mount Does not match
Can nct face Damages equipment
Endangers operator
12) Severity (S) Severity is an assessment of the seriousness of the effect (listed

in the previous column)} of the potential failure mode to the
customer. Severity applies to the effect only. If the customer
affected by a failure mode is the assembly plant or the product -
user, assessing the severity may lie outside the immediate
process engineersfteam’s field of experience or knowledge. In
these cases, the design FMEA, design engineer, and/or
siibsequent manufacturing or assembly plant process engineer
should be consulted. Severity should be estimated on a “1” to

“10" scale.
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PROCESS FMEA

DEVELOPMENT OF A PROCESS FMEA (Continued)

12) Severity (S) (Continued)

Suggested Evaluation Criteria:
(The team should agree on an evaluation criteria and ranking system, which is consistent, even if modified for

individual process analysis.)

Effect Criteria: Severity of Effect Ranking
Hazardous- | May endanger machine or assembly operator. Very high severity ranking when a 10
without potential failure mode affects safe vehicle operation and/or involves noncompli-
warning ance with government regutation, Failure will occur without warning.

Hazardous- | May endanger machine or assembly operator. Very high severity' ranking when a 9

with warning | potential failure mode affects safe vehicle operation and/or involves noncompli-

' ance with government regulation. . Fallure will cccur with warning.
Very High Major disruption to production line, 100% of product may have to be scrapped. 8
_ Vehicle/item inoperable, loss of primary function, Customer very dissatisfied.

High Minor disruption to production fine. Product may have to be sorted and a portion 7
(less than 100% ) scrapped. Vehicle operable, but at a reduced level of perfor-
mance. Customer dissatisfied.

Moderate Minor disruption to production line. A portion (less than 100%) of the product may 6
have to be scrapped (no sorting). Vehicle/item operable, but some Comfort/
Convenience item(s) inoperable. Customers experiences discomfort.

Low Minor disruption to production tine. 100% of product may have to be reworked. 5
Vehicle/itern operable, but some Comfort/Convenience item(s) operable at
reduced level of performance. Customer experiences some dissatisfaction.

Very Low Minor disruption to Broduction line, The product may have to be sorted and a 4
portion (less than 100%) reworked. Fit & Finish/Sgueak & Rattle item does not
conform. Defect noticed by most customers.

Minor - Minor disruption to production line. A portion (less than 100%) of the product may 3

: have to be reworked on-line but out-of-station. Fit & Finish/Squeak & Rattle item
does not conform. Defect noticed by average customers.

| Very Minor Minor disruption to production line. A portion (less than 100%) of the product may 2

have to be reworked on-iine but in-station. Fit & Finish/Squeak & Rattle item
does not conform. Defect noticed by discriminating customers.

None No effect. 1

13) Classification

This column may be used to classify any special process

characteristics (e.g., critical, key, major, significant) for
components, subsystems, or systems that may require additional

process controls,

If a classification is identified in the Process

FMEA, notify the design responsible engineer since this may
affect the engineering documents concerning control item

identification.
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PROCESS FMEA

DEVELOPMENT OF A PROCESS FMEA (Continued)

14) Potential Cause(s)/ Potential Cause of Failure is defined as how the failure could
Mechanism(s) of Failure occur, described in terms of something that can be correcied or
can be controfled.

List, to the extent possible, every conceivable failure cause
assignable to each potential failure mode. If a cause is exclusive
to the failure mode, i.e., if correcting the cause has a direct impact
on the failure mode, then this portion of the FMEA thought
process is completed. Many causes however are not mutually
exclusive, and to correct or control the cause, a design of
experiments, for example, may be considered to determine which
root causes are the major contributors and which can be maost
easily controlled. The causes should be described so that
remedial efforts can be aimed at those causes which are
pertinent. Typical failure causes may include, but are not limited
to:

Improper torgue - over, under
Improper weld - current, time, pressure
Inaccurate gauging _
Improper heat treat - time, temperature
Inadequate gating/venting
Inadeguate or no lubrication

Part missing or mislocated

Oniy specific errors or malfunctions (e.g., operator fails to install |
seal) should be listed; ambiguous phrases (e.g., operator error,
machine malfunction) should not be used.

15) Occurrence (O) Occurrence is how frequently the specific failure cause/
mechanism is projected to occur (listed in the previous column).
The occurrence ranking number has a meaning rather than a
value.

Estimate the likelihood of the occurrence on a “1" to “10" scale.
Only occurrences resulting in the failure mode should be
considered for this ranking; failure detecting measures are not
considered here.

The following occurence ranking system should be used to
ensure consistency. The "Possible Failure Rates" are based on
the number of failures which are anticipated during the process
execution.

If available from a similar process, statistical data should be used
to determine the occurrence ranking. In all other cases, a
subjective assessment can be made by utilizing the word
descriptions in the left column of the table, along with any
historical data available for similar processes. For a detailed
description of capability/performance analysis, refer to
publications such as the ASQC/AIAG Fundamental SPC
Reference Manual.

—-37-



S0'3=4d0)|
|anuod Wy
i $58004d mOyS
SUEYD [OAUCD
HOIOYS §|0UCD
JE) ‘Aeids
spets Jojesado
- pa|jEISu| Jawn) Sl 60 X8 rown
gy (2] v [2] Aexdsonewopy aoueuEN Aeads yEisy| | gge uatoynsu awn Aesds
A pedu) oy
E auoN | g2 anp pawlosp peal Aeidg
M Sg'1=4dD
[o43UGa U
F 8| sse00Hd MmOy UQISGLIOD PRI
SUELD |OLjUCD o) ssaoIy)
S - paE||RISU; aunssard XeM WL
S usaq BARY s ainjesadwis) 12 SeOEpns
S|oIjuss i) “5A AS09SIA MOL 00} INSSAr - Jamol ‘loop
E pue paussiep| uo (30a) Moj a0} eamjeladway - 18U JBAOD OF
C alam S 10 OF X8 sswiedxs yBiy ool Ausoas|p -
w2 el 1 V2t ssesdpue dwsy BiBuz Bin|  joubissg esn | so1 pebBop speay Avidg
o BUI| BMBS UQ arempley Joop Jouau)
R SIG0p JUBIBP gl 2l X6 Bufeids 1o uonouny paljedw) «
D.. 0 Axejdwan B:6u3 By ejgwIny awy rano sujed ynolyl
o @np paralay 50 O} NP soLvieadde .
By us TeReids . yBrous Asojomjsiesun « as8pns palyoeds 10CR BRISUL
PoNOeYD Jokeids Sk OF X6 ©} dois yidep 3B} papesy) jou peey :0} Bujpas) 1er0 abeiaros|  xam jo uoneo)dde
oL lsleglz ‘pappe dojg BIBUZ 4 enpsod ppy | 0gg| ARids payesu Afenueyps Ly J00p jo 9y pajgIoUsaQ XEM UBIINSU| fenue
N li|o2]aA @ @ @ s @ e sjuswainbey
FRCIRRE uBeL 8ieq uonsdwen ‘N ane4 jo sha anpey SpOW
W lalo|s sty 1eBieL @ (sluanoy d {s)wsjueLep Bfe jo {shaoyg amye
Aupqsuodsay pepuawLoIay H fs)esnen N [etjuaed =huajod uchaundg
@@ synsey uonoy 9 > |egusiod N o] A@ $5800)d
ﬁwv GoUEUBIUIeN-SeUOT [ LOJONNGId-SaIWEl ‘0 OIS P ID0S APOd BIBL ¥ WEB) 8100
(aag) 21780 RE (Bug) #ieq vawd TFI0r 02 80 X6 OT 10 TO W8 eeq Aoy @ (s)eloiteas(s)suva 1acopw
@ T g Ag pasedaiy @ pog Auicisuodsay ssesold @ V-UE0- X T 1000 ol wal)
"A T [~efieq {(vand ss300ud)
‘y SISATYNY S1Od-H43 ANV JA0N FHATVA
@ JequinN 3w IVIINTLOd




PROCESS FMEA

- DEVELOPMENT OF A PROCESS FMEA (Continued)

15) Occurrence (O) (Continued)

Suggested Evaluation Criteria: :
(The team should agree on an evaluation criteria and ranking system, which is consistent, even if modified for
individual process analysis.)

Prabability of Failure Possible Failure Rates Cpk Ranking
Very High: Failure is almost inevitable z1in2 <0.33 10
' 1in3 =0.33 9
High: Generally associated with processes similarto | _1in8 >0.51 8
prévious processes that have oﬂen failed "1in 20 50.67 Z
Moqiera%te: Generally associateﬂ.wl’i)ﬂ% processes | 1in80 | =083 6
similar to previous processes which have experi- .
enced gccpasionaf failures, but not in major P 1in 400 21.00 5
proportions 1in 2,000 2117 4
_ t_g:gelgolated failures associated with similar pro- 11in 15,000 5133 3
Very Low: Only isolated failures associated with . 2
almost identical processes ' 1in 150,000 21.50
Remote; Failure is unlikely, Nao failures ever associ- .
ated with aimost indentical processes < 1in 1,500,000 >1.67 1
16) Current Process Current Process Controls are descriptions of the controls that
Controls - either prevent to the extent possible the failure mode from
occurring or detect the failure mode should it occur. These
controls can be process controls such as fixiure error-proofing or

Statistical Process Contrel (SPC), or can be post-process
evaluation. The evaluation may occur at the subject operation or
at subsequent operations. There are three types of Process
Controls/features to consider; those that:

(1} prevent the cause/mechanism or failure mode/effect
from oceurring, or reduce their rate of occurrence,

(2) detect the cause /mechanism and lead to corrective
actions, and

(3} detect the failure mode.

The preferred approach is to first use type (1) controls if possible; .
second, use the type (2) controls: and third, use the type (3)
controls. The initial occurrence rankings will be affected by the
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PROCESS FMEA

DEVELOPMENT OF A PROCESS FMEA (Continued)

16) Current Process
Controls (continued)

17) Detection (D)

used is representative of process intent.

type (1) controls provided they are intergrated as part of the
design intent. The initial detection rankings will be based on the
type (2) or type (3) current controls, provided the process being

Detection is an assessment of the probability that the proposed

type (2) current process controls, listed in column 16, will detect a
potential cause/mechanism (process weakness), or the probability
that the proposed type (3) process controls will detect the
subsequent failure mode, before the part or component leaves the
manufacturing operation or assembly location. A “1” to "10” scale
is used. Assume the failure has occurred and then assess the
capabilities of all “Current Process Controls” to prevent shipment
of the part having this failure mode or defect. Do not automatically
presume that the detection ranking is low because the occurrence
is low (e.g., when Control Chars are used), but do assess the
ability of the process controls to detect low frequency failure

modes or prevent them from going further in the process,

Random quality checks are unlikely to detect the existence of an
isolated defect and should not influence the detection ranking.
Sampiing done on a statistical basis is a valid detection control,

Suggested Evaluation Criteria: .
{The team should agree on an evaiuation criteria and ranking system which is consistent, even if modified for
individual process analysis.) :

Criteria: Likelihood the Existence of a Defect will be Detected by

Detection Process Controls Before Next or Subsequent Process, or Before Part Ranking
or Component Leaves the Manufacturing or Assembly Location

Almost No known control{s) avaitable to detect failure mode 10
Impossible _ :
Very Remote | Very remote likelihood current control({s) will detect failure mode 9
Rermote 'Remote likelihood current control(s) will detect failure mode 8
Very Low Very low likelihood current control(s) will detect faflure mode 7
Low Low likelihood current control{s) will detect failure mede 6
Moderate = | Moderate likelihood current control(s) will detect failure mode 5
Mi%%erately Moderately high likelihood current control(s) will detect failure mode 4
High - High likelihood current control(s) will detect failure mode
Very High Very high likelihood current control(s) will detect failure mode
Almost Current control(s) almost certain to detect the failure mode. Reliable detection 1
Certain controls are known with similar processes.
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PROCESS FMEA

DEVELOPMENT OF A PROCESS FMEA (Continued)

18) Risk Priority
Number (RPN)

19) Recommended
Action(s)

The Risk Priority Number is the product of Severity (S),
Occurrence (0), and Detection (D) rankings.

RPN = (S) X (O) X (D)

This value should be used to rank order the concerns in the
process (e.g., in Pareto fashion). The RPN will be between “1”
and "1,000". For higher RPN’s the team must undertake efforts to
reduce this calculated risk through corrective action(s). In geperal

practice. regardiess of the resultant RPN, special attention should
be given when severity is high.

When the failure modes have been rank ordered by RPN,
corrective action should be first directed at the highest ranked
concerns and critical items. If for example, the causes are not
fully understood, a recommended action might be determined by a
statistical designed experiment (DOE). The inient of any
recommended action is {o reduce the severity, occurrence, and/or
detection rankings. If no actions are recommended for a specific
cause, then indicate this by entering a “NONE” in this column.

In all cases where the effect of an identified potential failure mode
could be a hazard to manufacturing/assembly personnel,
corrective actions should be taken to prevent the failure mode by
eliminating or controlling the cause(s), or appropriate operator
protection should be specified.

The need for taking specific, positive corrective actions with
quantifiable benefits, recommending actions to other activities and
following-up all recommendations cannot be overemphasized. A
thoroughly thought out and well developed Process FMEA will be
of limited value without positive and effective corrective actions. It
is the responsibility of all affected activities to implement effective
follow-up programs to address all recommendations.

Actions such as the following should be considered:

¢ To reduce the probability of occurrence, process and/or
design revisions are required. An action-oriented study of
the process using statistical methods could be implemented
with an ongoing feedback of information to the appropriate
operations for continuous improvement and defect
prevention. :

* Only a design and/or process revision can bring about a
reduction in the severity ranking.

* To increase the probabilty of detection, process andfor
design revisions are required. Generally, improving
detection controls is costly and ineffective for quality
improvements. increasing quality controls inspection
frequency is not positive corrective action and should only
be utilized as a temporary measure, permanent corrective
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- APPENDIX B |
Design FMEA Example
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APPENDIX C
Process FMEA Flow Chart/Risk Assessment Example

(Application of Wax to Inside of Door)

Process Step Risk Assessment
1) Get wax applicator wand from holder Low risk
2). Open vehicle door : Low risk
* 3) Insert wand and pull trigger for 12 seconds while High risk

making three passes

4) Release trigger wait 3 seconds | Medium risk
5} Remove wand Medium risk
6) Close vehicle door Low risk
7) Replace applicator wan.d in holder Low risk

* FMEA Required (high risk)
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APPENDIX D
Process FMEA Example
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Control Plans
Design Intent
Design .Life
Design Validation/
Verification (DV)

Design' of Expériments
(DOE)

Feature
Pareto

Process

- Process Change

Quality Function
Deployment (QFD)

Special Product
C arac_teristic
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APPENDIX E
Glossary

Written description of the system used for controlling the
manufacturing/assembly process.

What a given component/subsystem/system is expected to do or not
fo do.

~ The time period for which the design is intended to perform its

requirements.

A program intended to assure that the design meets its
requirements.

An efficient method of experimentation which identifies factors that
affect the mean and variation with minimum testing.

A product characteristic (e.g., radius, hardness) or a process

characteristic (e.g., insertion force, temperature).

A simple tool for problem solving that involves ranking all potential
problem areas.

The combination of people, machines and equipment, raw materials,
methods and environment that produces a given product or service.

A change' in processing concept which couid alter the capability of
the process to meet the design requirements or durability of the
product.

A structured method in which customer requirements are translated
into appropriate technical requirements for each stage of product
development and production.

A special product characteristic (e.9., critical, key, major, significant)
is a product characteristic for which reasonably anticipated variation
could significantly affect a product's safety or compliance with
governmental standards or regulations, or is fikely to significantly
affect customer satisfaction with a product.
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APPENDIX E
Glossary

Special Process A special process characteristic {e.g., critical, key, major, significant)

Charateristic is a process characteristic for which variation must be controlled to
some target value to ensure that variation in a special product
characteristic is maintained to its target value during manufacturing
and assembly.

Vehicle Campaigns Recall of vehicles for rework or safety inspection.
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APPENDIX F
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APPENDIX G
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