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1. Scope—Geheral Information

1.1 Overview—This SAE Recommended Practice was jointly developed by DaimlerChrysler, Fqrd, and General
Motors.

This document introduces the topic of potential Failure Mode and Effects Analysis (FMEA) and gives general
guidance in the application of the technique.

All FMEA's focus on the design, whether it be of the product, the process or the machinery dised to build the
product. An Applications Section (see Section 5) has heen added to provide information Jon applying the
FMEA techrjique to plant machinery and equipment using the Machinery FMEA (MFMEA).

1.2 Recommenjded Practice Format—For ease of usg/ this reference document presents the two basic types of
FMEA (Des|gn FMEA and Process FMEA) in thelr own separate sections. This document also contains an
Applicationy Section (Section 5) which discusses in some detail how an FMEA is applied to Plant Machinery
and Equipment (Machinery FMEA).

The Machinery FMEA (MFMEA) information has been provided due to the importance of Plantt Machinery and
Equipment functioning as intendédiin manufacturing and assembly plants. The use of the MFMEA, on Plant
Machinery and Equipment, will-assist with the identification of potential failure modes, so fthat design and
processing @lternatives can.be’considered, prior to finalizing the Plant Machinery and Equipmient Designs.

It should be|noted thatthis document is a recommended practice, and as such, each Team i free to use the
guidelines listed herein in the manner which will be most effective for a given situation. ection 5.2.17.1
contains a tpble.0f*Suggested Detection Evaluation Criteria” for MFMEA which has rankings of 10, 7, 5, 3,
and 1 (does|notycontain rankings of 9, 8, 6, 4, and 2). This Applications Section Detection Tabje illustrates that
the Team c ificati - oS, it wi effective for the
Team's situation and application.
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Figure 1 illustrates an approximate time line where the Design FMEA (DFMEA) for the product is started
somewhat before the Process FMEA (PFMEA) for producing the product. Figure 1 shows that the Machinery
FMEA (MFMEA) should be started at about the same time as the PFMEA. The “OEM Product Development
Time Line” refers to the “Original Equipment Manufacturer's Time Line” which is used for the design,
development, and production of the product. In some situations, all three FMEAs (i.e., DFMEA, PFMEA, and
MFMEA) might be started at the same time. In general, the earlier that FMEAs are started, the better the
chances of optimizing the various activities/designs/processes in a cost and time effective manner.

Design FMEA
Failure mode & Causes
h 4 * Machinery FMEA may or
Process FMEA may not follow OEM
Product Development time
Failure mode & Causes line
\ 4
Machinery FMEA*
- **Design FMEA on
Machinery Component 1,** machinery components follqw
Design FMEA

Supplier component
development time line and i

Machinery Component 2, independent of OEM Produ
> Design FMEA : :
Development time line

L3

—— Machinery Component N,
Design FMEA

OEM Product Development Time Line

FIGURE 1*-OEM PRODUCT DEVELOPMENT TIME LINE

What is an FMEA?—An-EMEA can be described as a systemized group of activities |ntended to: (a)
recognize and evaluatethe potential failure of a product/process and its effects, (b) identify actions which could
eliminate o1l reduce-the chance of the potential failure occurring, and (c) document thel process. It is
complimentgry to‘the process of defining what a design or process must do to satisfy the custpmer.

FMEA Implémentatior—Beeatse—of—the—general—inrdustry—trena—to—eontintatly—impreve products and
processes whenever possible, the need for using the FMEA as a disciplined technique to identify and help
minimize potential concern is as important as ever. Studies of vehicle campaigns have shown that fully
implemented FMEA programs could have prevented many of the campaigns.

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 product or process failure mode has been incorporated into a product or
process. Up front time spent properly completing an FMEA, when product/process changes can be most easily
and inexpensively implemented, will minimize late change crises. An FMEA can reduce or eliminate the
chance of implementing a preventive/corrective change which would create an even larger concern.
Communication and coordination should occur between all types of FMEAs (i.e., Design - DFMEA, Process -
PFMEA, and Machinery - MFMEA). (See Figure 1).
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FIGURE 2—FMEA PROCESS SEQUENCE
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Figure 2 depicts the sequence in which an FMEA should be performed. It is not simply a case of filling out the
column, but rather understanding the process and how to eliminate risk and plan the appropriate controls to
protect customer satisfaction.

There are three basic cases for which FMEA's are generated, each with a different scope or focus:

Case 1:
The

New designs, new technology, or new process.
scope of the FMEA is the complete design, technology, or process.

Case 2: Moadifications to existing design or process (assumes there is a FMEA for the existing design or

proc

ess).

The scope of the FMEA should focus on the modification to design or process. possible interactions

due

Case 3:
an |
envi

Although res
be a team e
Design, Ana
initiated by t
produces thg

It is not appropriate to compare the ratings of one team's FMEA with the ratings of another tea

if the produg
individual raj

Review of fhe FMEA document against FMEA-guality objectives (see Appendix A and

recommend

Follow-Up—
recommend

thoroughly thought out and well developed FMEA will be of limited value without positi

preventive/c
The respong
adequately 3
latest releva

The respong

to the modification, and field history.

FMEA for the existing design or process). The scope of the FMEA-is)the im
fonment or location on the existing design or process.

ponsibility for the preparation of the FMEA is usually assigned te"ar’individual, FN
fort. A team of knowledgeable individuals should be assembled.(e.g., engineers
ysis/Testing, Manufacturing, Assembly, Service, Recycling,Quality, and Reliabilit
he engineer from the responsible activity, which can be the Original Equipment M
p final product) supplier, or a subcontractor.

t/process appear to be identical, since each team environment is unique and thus
ings will be unique (i.e., the ratings are subjective).
bd including a management review.

-The need for taking specific,
ng actions to other activiti€s and following-up all recommendations cannot be ove

Drrective actions.
ible engineer is in“charge of assuring that all recommended actions have been

iddressed. The:FMEA is a living document and should always reflect the latest lev
ht actions;ineluding those occurring after the start of production.

Use of existing design or process in a new environment, location, or application (fassumes there is

pact of the new

IEA input should
with expertise in
y). The FMEA is
anufacturer (i.e.,

Im's FMEA, even
their respective

Appendix B) is

preventive/corrective actions with quantjfiable benefits,

remphasized. A
e and effective

implemented or
el, as well as the

ible_efgineer has several means of assuring that recommended actions are implemented. They

include, but

are-not limited to the following:

Rev

coop

Assuring design/process/machine requirements are achieved

iew of engineering drawings, processes, and specifications

Plans

References—There are no referenced publications specified herein.

Confirmation of incorporation of changes to design/assembly/manufacturing documentation
Review of Design/Process FMEAs, special FMEA applications such as Machinery FMEA and Control
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FIGURE 3—POTENTIAL FAILURE MODE AND EFFECTS ANALYSIS IN DESIGN (DESIGN FMEA)
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3.1

3.1.1

3.1.2

Potential Failure Mode and Effects Analysis in Design (Desigh FMEA)

Introduction—A Design potential FMEA is an analytical technique utilized primarily by a Design Responsible
Engineer/Team as a means to assure that, to 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 the
team's thoughts (including an analysis of items that could go wrong based on experience) 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 (including unintended

changes, and developing advanced designs.

outcomes)

a. Aidi
b. Eva
c. Incr
hav{

d. Pro
and

e. Dev
estq

f. Pro
g. Pro
CUSTOMER

USER,” biit also the design responsible engineersiteams of the vehicle or higher level as

the manu
Service.

TEAM EFF

directly apd actively involve representatives from all affected areas.

responsib
materials,
assembly
interchang

Unless th¢
experienc

Y-

ng in the objective evaluation of design, including functional requirements and\des
uating the initial design for manufacturing, assembly, service, and recycling’requi
pasing the probability that potential failure modes and their effects on system and
p been considered in the design/development process.

iding additional information to aid in the planning of thorough and-efficient desig
validation programs.

loping a ranked list of potential failure modes according te-their effect on the
blishing a priority system for design improvements, development, and validation t
iding an open issue format for recommending and tratcking risk reducing actions.
iding future reference, e.g., lessons learned, to aid if analyzing field concerns, €

DerFINED—The definition of “CUSTOMER?\for a Design potential FMEA is no
acturing process responsible engingérs in activities such as Manufacturing,
RT—During the initial Design_potential FMEA process, the responsible engineg
These areas 0
ity should include, but.are not limited to: assembly, manufacturing, design, analys|

or system, sub-assembly or component. The FMEA should be a catalyst
e of ideas between' the functions affected and thus promote a team approach.

p responsible engineer is experienced with FMEA and team facilitation, it is hg
bd FMEA-Facilitator assist the team in its activities.

The Desig

ign alternatives.
ements.
ehicle operation

n, development,

‘customer,” thus
bsting/analysis.

valuating design

I only the “END
semblies, and/or
Assembly, and

r is expected to
f expertise and
sltest, reliability,

quality, service, and.suppliers, as well as the design area responsible for the next higher or lower

fo stimulate the

Ipful to have an

NEMEA is a living document and should:

a.
b.

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,

C.

And be fundamentally completed before the production drawings are released for tooling.

Considering that manufacturing/assembly needs have been incorporated, the Design 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 not included, their identification, effect, and control are covered

by the Pro

cess FMEA.



https://saenorm.com/api/?name=47a172132363e264fa83759284aaaaa3

SAE J1739 Revised JUN2000

3.2

3.21

3.2.2

3.221

The Design FMEA does not rely on process controls to overcome potential design weaknesses, but it does
take the technical/physical limits of a manufacturing/assembly process into consideration, e.g.:

o Oo

Necessary mold drafts

Limited surface finish

Assembling space/access for tooling
Limited hardenability of steels
Tolerances/process capability/performance

The Design FMEA can also take into consideration the technical/physical limits of product maintenance
(service) and recycling, e.g.:

a. Too
b. Diag
c. Mat

Developme

access
nostic capability
brial classification symbols (for recycling)

Nt of a Desigh FMEA—The design responsible engineer has at-~their dispos

documents that will be useful in preparing the Design FMEA. The process begins by devel

what the de
and needs,
Requiremen
requirement
identify pote

A Design H
analyzed.

An examplg
information,
process (fun

5ign is expected to do, and what it is expected not to do, i.e., the*design intent.
as may be determined from sources such as Quality Function Deployment
ts Documents, known product requirements and/or manufacturing/assembly/
5 should be incorporated. The better the definition of the desired characteristics,
htial failure modes for preventive/corrective action.

MEA can begin with a block diagram, for the “system, subsystem, and/or c
block diagram is shown in Appendix,”C. The block diagram can also indi

energy, force, fluid, etc. The objective is to understand the deliverables (input)
ction) performed in the block, and the deliverables (output) from the block.

The diagram illustrates the primary relationship between the items covered in the analysis a

logical orde

In order to f4
available in

An example
of reference

(1) FMEA

to the analysis. Copies of'the diagrams used in FMEA preparation should accon

cilitate documentation®of the analysis of potential failures and their consequences
\ppendix D.

of a compléeted form is contained in Appendix E, including numbered headings (1
to the follewing descriptions.

NuUMBER—EnNter the FMEA document number, which may be used for tracking.

(

Al a number of
bping a listing of
Customer wants
(QFD), Vehicle
service/recycling
the easier it is to

bmponent being

cate the flow of
to the block, the

hd establishes a
pany the FMEA.
, a blank form is

) — (22) for ease

See Figure 3.)

(2) SYSTEM, SUBSYSTEM, OR COMPONENT NAME AND NUMBER—Indicate the appropriate level of analysis and
enter the name and number of the system, subsystem, or component being analyzed. The FMEA team must

decide on what constitutes a system, subsystem, or component for their specific activities.

The actual

boundaries that divide a System, Subsystem, and Component are arbitrary and must be set by the FMEA
team. Some descriptions are provided below and some examples are provided in Appendix F (See Figure

3)

System FMEA Scope—A system can be considered to be made up of various subsystems.

These

subsystems often have been designed by different teams. Some typical System FMEAs might cover the
following systems: Chassis System, or Powertrain System, or Interior System, etc. Thus, the focus of the
System FMEA is to ensure that all interfaces and interactions between the various subsystems that make
up the system as well as interfaces to other vehicle systems and the customer are covered.
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3.22.2

3.2.2.3

3.2.3

3.24

3.25

3.2.6

3.2.7

3.2.8

3.2.9

3.2.10

Subsystem FMEA Scope—A subsystem FMEA is generally a sub-set of a larger system. For example, the
front suspension subsystem is a sub-set of the chassis system. Thus, the focus of the Subsystem FMEA
is to ensure that all interfaces and interactions between the various components that make up the
subsystem are covered in the Subsystem FMEA.

Component FMEA Scope—A component FMEA is a generally an FMEA focused on the sub-set of a
subsystem. For example, a strut is a component of the front suspension (which is a subsystem of the
chassis system.)

(3) DESIGN RESPONSIBILITY—Enter the OEM, department, and group. Also include the supplier name if

applicable

. (See Figure 3.)

(4) PREPA
preparing

(5) MoDEL|
affected b

(6) KeY DA
release dg

(7) FMEA
3)

(8) CorE T
identify an
numbers,

(9) ITEM/F
the item b
drawing.

(See Figu

Enter, as

informatio
temperatu
potential n

(10) PoTE

subsysteny, or.system could potentially fail to meet or deliver the intended function descr

RED By—Enter the name, telephone number, and company of the engineen
the FMEA. (See Figure 3.)

YEAR(S)/PROGRAM(S)—Enter the intended model year(s) and program(s) that will
the design being analyzed (if known). (See Figure 3.)

TE—Enter the initial FMEA due date, which should not exceed\the scheduled p
te. (See Figure 3.)

[EAM—List the names of the responsible individuals and departments which havg
d/or perform tasks. (It is recommended that*all team members names, departn
hddresses, etc., be included on a distribution list). (See Figure 3.)

UNCTION—Enter the name and other, pertinent information (e.g., the number, the p
bing analyzed. Use the nomenclature and show the design level as indicated on
Prior to initial release (e.g.,.in,the conceptual phases), experimental numbers

e3)

concisely as possibles:the function of the item being analyzed to meet the desig
n (metrics/measurables) regarding the environment in which this system oper
Fe, pressure, humidity ranges, design life). If the item has more than one funct
nodes of failure;*list all the functions separately.

NTIAL FAILURE MODE—Potential Failure Mode is defined as the manner in whig

responsible for

utilize and/or be

oduction design

DATE—Enter the date the original FMEA was compiled, and the latest revision date. (See Figure

b the authority to
nents, telephone

art class, etc.) of
the engineering
should be used.

intent. Include
es (e.g., define
on with different

h a component,
bed in the item/

function cglumn (i.e., intended function fails). The potential failure mode may also be the calise of a potential
failure modeﬂh@hwbﬂmWﬁWﬁmWﬁﬂlmponent (See

Figure 3.)

List each potential failure mode associated with the particular item and item function. The assumption is
made that the failure could occur, but may not necessarily occur. A recommended starting point is a review
of past things-gone-wrong, concerns, reports, and group brainstorming.

Potential failure modes that could only occur under certain operating conditions (i.e., hot, cold, dry, dusty,
etc.) and under certain usage conditions (i.e., above average mileage, rough terrain, only city driving, etc.)

should be

considered.
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Typical failure modes could be, but are not limited to:

3.2.11

3.2.12

3.2.12.1

old full torque)

cracked deformed loosened

leaking sticking oxidized

fractured does not transmit torque slips (does not h
no support (structural) inadequate support (structural) harsh engagement

disen

no s

gages too fast
ignal

inadequate signal

EMC/RFI drift

intermittent signal

NOTE—Potential failure modes should be described in “physical” or technical terms, not as a symptom
necessarily noticeable by the customer.

(11) PoTeE
mode on t

Describe {
that the cU

could impact safety or non-compliance to regulations. The effects shouldalways be state

specific syistem, subsystem, or component being analyzed. Remember that a hierarchical re
between the component, subsystem, and system levels. For example,’a part could frad
cause thg assembly to vibrate, resulting in an intermittent system operation. The intg
operation fould cause performance to degrade, and ultimately lead to customer dissatisfacti
to forecast the failure effects, to the team'’s level of knowledge.
Typical faijure effects could be, but are not limited to:

Noige Rough Leaks

Erratic Operation Inoperative Regulatory Non

Poof Appearance Unpleasant Odor

Unsjable Operation Impaired

Inte

(12) SEVE
Severity i
can be eff
guideline:

Suggested Evaluation Criteria—The team should agree on an evaluation criteria and

which is

NOTE 1

NTIAL EFFECT(S) OF FAILURE—Potential Effects of Failure are defined as the effe
ne function, as perceived by the customer. (See Figure 3 and 3.1.1)

he effects of the failure in terms of what the customer might notice or lexperiend
stomer may be an internal customer as well as the ultimate end user, .State cleal

mittent Operation Thermal Event

RITY (S)—Severity is the ‘rank associated with the most serious effect from the

a relative ranking, within the scope of the individual FMEA. A reduction in Severi
bcted only through'a.design change. Severity should be estimated using the foll

consistent, even if modified for individual product analysis. (See Table 1.)

<It.is not recommended to modify criteria ranking values of 9 and 10. Failure

cts of the failure

e, remembering
rly if the function
] in terms of the
lationship exists
fure, which may
rmittent system
bn. The intent is

Compliance

revious column.
y Ranking index
pwing table as a

ranking system,

Modes with rank

= e, 1 1l —l 1 (I )
QCVCTIly L, SITOUIU TIUU DT dllalyZSU TUurtricT.

NOTE 2—High Severity Rankings can sometimes be reduced by making design revisions that

compensate or mitigate the resultant severity of failure. For example, “run flat ti

res” can mitigate

the severity of a sudden tire blowout and “seat belts” can mitigate the severity of a vehicle crash.
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3.2.13

3.2.14

TABLE 1—SUGGESTED DFMEA SEVERITY EVALUATION CRITERIA

Effect Criteria: Severity of Effect Ranking
Hazardous Very high severity ranking when a potential failure mode affects 10
without safe vehicle operation and/or involves noncompliance with
warning government regulation without warning.
Hazardous Very high severity ranking when a potential failure mode affects 9
with warning safe vehicle operation and/or involves noncompliance with
government regulation with warning.
Very High Vehicle/item inoperable (loss of primary function). 8
Hig Vehicle/ltem operable but at a reduced level of performance. 7
Customer very dissatisfied.
Moderate Vehicle/ltem operable but Comfort/Convenience item(s) 6
inoperable. Customer dissatisfied.
Low Vehicle/ltem operable but Comfort/Convenience item(s) operable 5
at a reduced level of performance. Customer somewhat
dissatisfied.
Very Low Fit and finish/Squeak and rattle item does not conform? Defect 4
noticed by most customers (greater than 75%).
Mingr Fit and finish/Squeak and rattle item does-not'conform. Defect 3
noticed by 50% of customers.
Very Minor Fit and finish/Squeak and rattle item*does not conform. Defect 2
noticed by discriminating customers (less than 25%).
Nonge No discernible effect. 1
(13) CLASS$IFICATION—This column may be used to classify any special product characterist
key, majof, significant) for components, subsystems, or systems that may require add
process controls. (See Figure-3v)
This column may also be used to highlight high priority failure modes for engineering as
Team findp this helpful)or'if local management requires same.
Special Poduct.or-Process Characteristic symbols and their usage is directed by specific
and is not|standardized in this document.

ics (e.g., critical,
tional design or

sessment, if the

company policy

(14) PoTE

a design weakness, the consequence of which is the failure mode. (See Figure 3.)

NTIAL CAUSE(S)/MECHANISM(S) OF FAILURE—Potential Cause of Failure is defined as an indication of

List, to the extent possible, every potential cause and/or 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.

-10-
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Typical failure causes may include, but are not limited to:

Incorrect Material Specified Inadequate Design Life Assumption
Over-stressing Insufficient Lubrication Capability
Inadequate Maintenance Instructions Incorrect Algorithm

Improper Maintenance Instructions Improper Software Specification
Improper Surface Finish Specification Inadequate Travel Specification
Improper Friction Material Specified Excessive Heat

Improper Tolerance Specified

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

3.2.15 OCCURREN
column) w
meaning father than an absolute value. Preventing or controlling the causes/mechanis
mode thrd
guide) is t

Estimate

determinin
a. Wha
b. Is cq
c. How
d.
e. lIscq
f. Has
g.
h. Has
i. Hav
A consist
number i
occurrence!

Yiel

Fatigue Electromigration
Material Instability

Cre¢p

Weaqr

Corfosion

Is component radically different-from a previous level component?

What are the environméntal changes?

occlirrence rate far.the application?

ne only way a reduction in the occurrence ranking-can be effected. (See Figure 3

1nt occufrence ranking system should be used to ensure continuity. The ocg

Chemical Oxidation

CE (O)—Occurrence is the likelihood that a specific cause/mechanism (listed
ill occur during the design life. The likelihood of oceurrence ranking numbe

in the previous
r has a relative
hs of the failure

ugh a design change or design process change_(e.g., design checklist, design review, design

he likelihood of occurrence of potential failire cause/mechanism on a “1” to
g this estimate, questions such as the following should be considered:

t is the service history/field experience 'with similar components, subsystems, or §
mponent carryover or similar to aprevious level component, subsystem, or syste
significant are changes from aprevious level component, subsystem, or system/]

mponent completely new?
the component application changed?

an engineering\.analysis (e.g., reliability) been used to estimate the exped

P preventiveécontrols been put in place?

a relative rating within the scope of the FMEA and may not reflect the act

)

“10” scale. In

ystems?
m?

ted comparable

urrence ranking
pal likelihood of

3.2.15.1 Suggested Evaluation Criteria—The team should agree on an evaluation criteria and ranking system,
which is consistent, even if modified for individual product analysis. (See Table 2.) Occurrence should be
estimated using the Table 2 as a guideline:

NOTE—The ranking value of 1 is reserved for “Remote: Failure Is unlikely”.
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TABLE 2—SUGGESTED DFMEA OCCURRENCE EVALUATION CRITERIA

Probability of Failure Likely Failure Rates Over Design Life Ranking
Very High: Persistent failures 3100 per thousand vehicles/items 10
50 per thousand vehicles/items 9
High: Frequent failures 20 per thousand vehicles/items 8
10 per thousand vehicles/items 7
Moderate: Occasional failures 5 per thousand vehicles/items 6
2 per thousand vehicles/items 5
1 per thousand vehicles/items 4
Low: Relatively few failures 0.5 per thousand vehicles/items 3
0.1 per thousand vehicles/items 2
Remotg: Failure is unlikely £ 0.01 per thousand vehicles/items 1

3.2.16 (16) CURH
activities v
and/or cad
designs s
tests, fleef]
3.) The T
system tes

There are

a. Typ
the

b. Typ
met

The prefe
affected b
rankings W
representa

When ent
the Detec

RENT DESIGN CONTROLS—List the prevention, design alidation/verification
hich are completed or committed to and that will assure/thedesign adequacy for
se/mechanism under consideration. Current controls{(e.g., road testing, design
ich as a pressure relief valve, mathematical studies; rig/lab testing, feasibility r
testing) are those that have been or are being used with the same or similar desig
eam should always be focused on improving,design controls, for example, the
ts in the lab, or the creation of new system:modeling algorithms, etc.

two types of Design Controls/features.to)consider:

b 1. Prevention: Prevent the catise/mechanism or failure mode/effect from occ
rate of occurrence,

b 2. Detection: Detect thecause/mechanism or failure mode, either by analy
nods, before the item is released to production.

red approach is tofirst use type (1) controls if possible. The initial occurrence
the type (1) contrals provided they are integrated as part of the design intent. Th
ill be based an'the type (2) current controls, assuming the prototypes and model
itive of design-intent.

bring the. design controls, place a 'P' before the Prevention Type Controls and p
ion\Pype Controls. The Occurrence Ranking may need to be revised after the

Type (1) A

(DV), or other
the failure mode
eviews, fail/safe
bview, prototype
ns. (See Figure
creation of new

irring, or reduce

tical or physical

rankings will be
E initial detection
5 being used are

ace a 'D' before
identification of

revention Controls.

3.2.17

(17) DETECTION (D)—Detection is the rank associated with the best type (2) design control from the list in

the previous column. Detection is a relative ranking, within the scope of the individual FMEA. In order to
achieve a lower ranking, generally the planned design control (e.g., validation, and/or verification activities)

has to be i

mproved.

3.2.17.1 Suggested Evaluation Criteria—The team should agree on an evaluation criteria and ranking system,

which is

consistent, even if modified for individual product analysis. (See Table 3.)

-12-



https://saenorm.com/api/?name=47a172132363e264fa83759284aaaaa3

SAE J1739 Revised JUN2000

3.217.2

3.2.18

3.2.19

TABLE 3—SUGGESTED DETECTION EVALUATION CRITERIA

Detection Criteria: Likelihood of Detection by Design Control Ranking
Absolute Uncertainty Design Control will not and/or can not detect a potential cause/mechanism 10
and subsequent failure mode; or there is no Design Control
Very Remote Very remote chance the Design Control will detect a potential cause/ 9
mechanism and subsequent failure mode
Remote Remote chance the Design Control will detect a potential cause/mechanism 8
and subsequent failure mode
Very Low Very Low chance the Design Control will detect a potential cause/mechanism 7
and subsequent failure mode
Low Low chance the Design Control will detect a potential cause/mechanism and 6
subsequent failure mode.
Moderate Moderate chance the Design Control will detect a potential causet. 5
mechanism and subsequent failure mode.
Moderately High Moderately High chance the Design Control will detecta‘potential cause/ 4
mechanism and subsequent failure mode.
High High chance the Design Control will detect a ‘poténtial cause/mechanism and 3
subsequent failure mode.
Very High Very High chance the Design Contrelwill detect a potential cause/ 2
mechanism and subsequent failure’mode.
Almost Ceftain Design Control will almosticertainly detect a potential cause/mechanism and 1
subsequent failure mode..
It is bes{to have type two design controls in place as early as possible in the design develppment process.
NOTE—After making the Detéction Ranking, the Team should review the Occurrence Ranking and ensure
that the OccurrenceRanking is still appropriate
Detection should beestimated using Table 3 as a guideline:
NOTE—The ranking value of 1 is reserved for “almost certain.”
(18) Risk PRIORITY NUMBER (RPN)—The Risk Priority Number is the product of the Severity|(S), Occurrence

(O), and Detection (D) ranking. (See Figure 3.)

RPN = (S)" (O)" (D)

(Eq. 1)

Within the scope of the individual FMEA, this value (between “1” and “1000”) can be used to rank order the
concerns in the design (e.g., in Pareto fashion).

(19) RecomMENDED ACTION(S)—Engineering assessment for preventive/corrective action should be first

directed at high severity, high RPN, and other items designated by the team.

The intent of any

recommended action is to reduce rankings, in the following preference order: severity, occurrence, and
detection rankings. (See Figure 3.)
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3.2.20

3.2.21

3.2.22

In general practice when the severity is a “9” or “10”, special attention must be given to assure that the risk is
addressed through existing design controls or preventative or corrective action(s), regardless of the RPN. In
all cases where the effect of an identified potential failure mode could be a hazard to the end-user,
preventive/corrective actions should be considered to avoid the failure mode by eliminating, mitigating, or
controlling the cause(s).

After special attention has been given to Severity(s) of 9 or 10, the team then addresses other Failure
Modes, with the intent of reducing Severity, then Occurrence, and then Detection.

Actions such as, but are not limited to, the following should be considered:

a Rev d Daocioan Coomatnrandlortalarancac
. SCU DTS oC oMty a7 o torCTarc S

b. Rev|sed Material Specification

c. Des|gn of experiments (particularly when multiple or interactive causes are present)/pr other problem
solvjng techniques.

d. Rev|sed Test Plan

The primdry objective of recommended actions is to reduce risks and increase customer satisfaction by
improving [the design.

Only a depign revision can bring about a reduction in the severity ranking. A reduction in the occurrence
ranking can be effected only by removing or controlling one or moreof the causes/mechanigms of the failure
mode throligh a design revision. An increase in design validatien/verification actions will result in a reduction
in the defection ranking only. Increasing the design validation/verification actions is @ less desirable
engineerirlg action since it does not address the severity oroccurrence of the failure mode.

If enginedring assessment leads to no recommended actions for a specific failure mope/cause/control
combinatipn, indicate this by entering a “NONE" irrthis column.

(20) RESPONSIBILITY (FOR THE RECOMMENDED-ACTION)—Enter the individual responsible |for the recom-
mended aftion and the target completion‘date. (See Figure 3.)

(21) AcTigns TAKEN—After an action-has been implemented, enter a brief description of the actual action
and effective date. (See Figure.3)

(22) REVISED RATINGS—Afterthe preventive/corrective action has been identified, estimatg¢ and record the
resulting severity, occurrerice, and detection rankings. Calculate and record the resulting RPN. If no actions
are taken,|leave the related ranking columns blank. (See Figure 3.)

All revised ratings should be reviewed, and if further action is considered necessary, repegt 3.2.19 through
3.2.22.
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FIGURE 4—POTENTIAL FAILURE MODE AND EFFECTS ANALYSIS IN
MANUFACTURING AND ASSEMBLY PROCESSES (PROCESS FMEA)
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4.1

411

4.1.2

Potential Failure Mode and Effects Analysis in Manufacturing and Assembly Processes (Process

FMEA)

Introduction—A Process potential FMEA is an analytical technique utilized by a Manufacturing/Assembly
Responsible Engineer/Team as a means to assure that, to the extent possible, potential failure modes and

their associated causes/mechanisms have been considered and addressed.

In its most rigorous form, an

FMEA is a summary of the engineer's/team's thoughts (including an analysis of items that could go wrong
based on experience) 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:

Ider
Iden
Ass
Iden
whig
Iden
Dev
corr
g. Doc

apow

bl )]

CUSTOMER
as the “E
assembly

TEAM EFF
to directly
not limited
responsibl
between t

Unless th¢
experienc

The Procd
a. Befq

b. Prio
c. And

tifies the process functions and requirements.

tifies potential product and process related failure modes.

psses the potential customer effects of the failures.

tifies the potential manufacturing or assembly process causes and identifies prod
h to focus controls for occurrence reduction or detection of the failute,cenditions.
tifies process variables on which to focus process controls.

blops a ranked list of potential failure modes, thus establishing a priority syster
bctive action considerations.

Liments the results of the manufacturing or assembly pracess.

ND USER.” However, customer can also becaysubsequent or downstream N
pperation, a service operation, as well as government regulations.

RT—During the initial Process potential EMEA development, the responsible engi
and actively involve representatives from all affected areas. These areas should
to design, assembly, manufacturing, materials, quality, service, and suppliers, as
e for the next assembly. The FMEA should be a catalyst to stimulate the inter
he areas affected and thus praniote a team approach.

p responsible engineer is experienced with FMEA and team facilitation, it is hg
bd FMEA Facilitator assist the team in its activities.

ss FMEA is a living document and should be initiated:
re or at theyfeasibility stage,

I to tooling for production,
take into account all manufacturing operations, from individual components to as

less variables on

n for preventive/

DEerFINED—The definition of “CUSTOMER?” for a Process potential FMEA should normally be seen

nanufacturing or

neer is expected
include, but are
well as the area
change of ideas

Ipful to have an

semblies.

The PFME

Ashould be addressed according to the 3 cases outlined in 1.4

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 failure modes
which can occur because of a design weakness may be included in a Process FMEA. Their effect and

avoidance

is covered by the Design FMEA.

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

expectatio

ns.
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4.2

421

4.2.2

4.2.3

424

Development of a Process FMEA—The process responsible engineer has at his or her disposal a number of
documents that will be useful in preparing the Process FMEA. The FMEA begins by developing a listing of
what the process is expected to do, and what it is expected not to do, i.e., the process intent.

The Process FMEA can begin with a flow chart of the general process. This flow chart should identify the
product/process characteristics associated with each operation. Identification of some product effects from the
corresponding Design FMEA, should be included, if available. Copies of the flow chart used in FMEA
preparation should accompany the FMEA.

In order to facilitate documentation of the analysis of potential failures and their consequences, a Process
FMEA form was developed and is in Appendix G. (See Figure 4.)

of a completed form is contained in Appendix H, including numbered headings{{]) — (22) for ease
to the following descriptions.

An example
of reference

(1) FMEA

(2) ITEM—
being anal

(3) PROCE
known. (S

NumMBER—EnNter the FMEA document number, which may be used for tracking. (9

LEnter the name and number of the system, subsystem, or compenent, for whig
yzed. (See Figure 4.)

5S RESPONSIBILITY—Enter the OEM, department, and group. Also include the
ee Figure 4.)

RED By—Enter the name, telephone number,and company of the engineer

bee Figure 4.)

h the process is

supplier name if

responsible for

425

4.2.6

4.2.7

4.2.8

4.2.9

4.2.10

(4) PREPA
preparing the FMEA. (See Figure 4.)
(5) MoDEL utilize and/or be

affected b

YEAR(S)/PROGRAM(S)—Enter the intendedimodel year(s) and program(s) that will
the design/process being analyzed (ifknown). (See Figure 4.)

(6) KeY DA
date. (Se

TE—Enter the initial FMEA due date, which should not exceed the scheduled start of production
b Figure 4.)

(7) FMEA
4)

DATE—Enter the date the original FMEA was compiled, and the latest revision date. (See Figure

(8) Core TEAM—List the.names of the responsible individuals and departments which hav¢ the authority to
identify and/or performytasks. (It is recommended that all team members names, departments, telephone
numbers, pddresses; etc., be included on a distribution list.) (See Figure 4.)

(9) PROCEBS FUNETION/REQUIREMENTS—ENter a simple description of the process or [operation being
analyzed [(€:g¥, turning, drilling, tapping, welding, assembling). The team should rgview applicable
performance, materiat, process,environmentat,and-safety-standards—indicateas—concisety as possible the
purpose of the process or operation being analyzed, including information about the design (metrics/
measurables) describing the system, subsystem, or component. 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 elements. (See Figure 4.)

(10) PoTENTIAL FAILURE MODE—Potential Failure Mode is defined as the manner in which the process could
potentially fail to meet the process requirements and/or design intent as described in the process function/
requirements column. It is a description of the nonconformance 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 (upstream) operation. However, in preparation of the FMEA, the assumption
may be made that the incoming part(s)/material(s) are correct. Exception can be made by the FMEA team
where historical data indicates deficiencies in incoming part quality. (See Figure 4.)

-17-



https://saenorm.com/api/?name=47a172132363e264fa83759284aaaaa3

SAE J1739 Revised JUN2000

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 to pose and answer the following questions:

a.

How can the process/part fail to meet specifications?

b. Regardless of engineering specifications, what would a customer (end user, subsequent operations, or

Serv

ice) 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:
Ben Burred Hole off-location
Crag¢ked Hole too shallow Hole missing
Handling damage Dirty Hole too deep
Surfiace too rough Deformed Surface too smoeth
Opéen Circuited Short Circuited

4211

Describe

that the cu
could imp
operation,
considere

For the En

Noise
Inope
Draft

Vehicl

If the cust
terms of p

Cann
Cann
Damal

(11) PoTENTIAL EFFECT(S) OF FAILURE—Potential Effects of Failure are defined as the effe
mode on the customer(s). (See Figure 4 and 4.1.1.)

he effects of the failure in terms of what the customef might notice or experiend
stomer may be an internal customer as well as the titimate end user. State cleal
hct safety or noncompliance to regulations.
subsequent operations or locations, the dealer, and/or the vehicle owner.
l when assessing the potential effect of a failure.

d User, the effects should always be stated in terms of product or system perforn

bmer is the next ©peration or subsequent operation(s)/location(s), the effects sh
rocess/operation, performance, such as:
Dt fasten Does not fit Can not bore/tap Does nq
Dt mount Does not match Can not face Excessi
pesiequipment Endangers operator

Cts of the failure

e, remembering
rly if the function

Thercustomer(s) in this context cguld be the next

Each must be

ance, such as:

Rough Erratic Operation Excpssive Effort
ative Unpleasant Odor Unstable Opagration Impaired
Intermittent Operation Poor Appearance Lears
e Control Impaired  Rewerk/Repairs Customer Dissatisfaction Scrap

puld be stated in

t connect
e tool wear

4.2.12

(12) SEVERITY(S)—Severity is the rank associated with the most serious effect from the previous column.

Severity is a relative ranking, within the scope of the individual FMEA. A reduction in Severity Ranking index
can be effected through a design change to system, subsystem or component, or a redesign of the process.
(See Figure 4.)

If the customer affected by a failure mode is the manufacturing or assembly plant or the product user,
assessing the severity may lie outside the immediate process engineer's/team's field of experience or

knowledge.

assembly

plant process engineer, should be consulted.

In these cases, the design FMEA, design engineer, and/or subsequent manufacturing or

4.2.12.1 Suggested Evaluation Criteria—The team should agree on an evaluation criteria and ranking system,

which is

consistent, even if modified for individual process analysis. (See Table 4.) ,
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Severity should be estimated using the Table 4 as a guideline:

NOTE—It is not recommended to modify criteria for ranking values of 9 and 10. Failure Modes with rank

Severity 1, should not be analyzed further.

TABLE 4—SUGGESTED PFMEA SEVERITY EVALUATION CRITERIA

Criteria: Severity of Effect

Criteria: Severity of Effect

This ranking results when a potential failure mode This ranking results when a potential failure mode

results in a final customer and/or a manufacturing/ results in a final customer and/or a manufacturing/

ac-nmhly plnnf annl\f' Thaefinal cuctamar chaould aecnmhly plnnf rlufnr\f. Thafinal cuctaom or Should

alyvays be considered first. If both occur, use the always be considered first. If both occul, use the
higher of the two severities. higher of the two severities.

Effect (Customer Effect) (Manufacturing/Assembly~Effect) Ranking
Hazardous Very fhigh severity ranking when a potential failure mode Or may endanger operator ( ntachine or asfembly) 10
without warning  affecjs safe vehicle operation and/or involves without warning.

noncpmpliance with government regulation without warning.

Hazardous Very high severity ranking when a potential failure mode Or may endanger opérator (machine or assembly) with 9

with warning affec]s safe vehicle operation and/or involves warning.
noncpmpliance with government regulation with warning.

Very High Vehigle/item inoperable (loss of primary function). Or 100% of{product may have to be scrapped, or 8

vehicle/itemyrepaired in repair department With a repair
time gfeater than one hour.

High Vehigle/ltem operable but at a reduced level of Or product may have to be sorted and a poytion (less 7
perfoymance. Customer very dissatisfied. than’100%) scrapped, or vehicle/item repaifed in repair

tepartment with a repair time between half pn hour and
an hour.

Moderate Vehigle/Item operable but Comfort/Convenience item(s) Or a portion (less than 100%) of the produdt may have 6
inopgrable. Customer dissatisfied. to scrapped with no sorting, or vehicle/item|repaired in

repair department with a repair time less thpn half an
hour.

Low Vehigle/ltem operable but Comfort/Convenjenee item(s) Or 100% of product may have to be reworked, or 5
opergble at a reduced level of performance: Customer vehicle/item repaired off-line but does not do to repair
somgwhat dissatisfied. department.

Very Low Fit & ffinish/Squeak and rattle item.does not conform. Or the product may have to be sorted, with|no scrap, 4
Defe¢t noticed by most customersy(greater than 75%). and a portion (less than 100%) reworked.

Minor Fit & ffinish/Squeak and rattle‘item does not conform. Or a portion (less than 100%) of the produgt may have 3
Defegt noticed by 50% aof customers. to be reworked, with no scrap, on-line but opt-of-station.

Very Minor Fit & finish/Squeak and:rattle item does not conform. Or a portion (less than 100%) of the produgt may have 2
Defe¢t noticed by.discriminating customers (less than 25%).  to be reworked, with no scrap, on-line but ip-station.

None No discernible_effect. Or slight inconvenience to operation or opefator, or no 1

effect.

4.2.13 (13) CLASY

IFIGATION—This column may be used to classify any special product or proces|

5 characteristics

(e.g., critical, key, major, significant) for components, subsystems, or systems that may require additional
process controls. (See Figure 4.)

This column may also be used to highlight high priority failure modes for engineering assessment.

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.

Special Product or Process Characteristic symbols and their usage is directed by specific company policy
and is not standardized in this document.
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4.2.14 (14) POTENTIAL CAUSE(S)/MECHANISM(S) OF FAILURE—Potential Cause of Failure is defined as how the failure

4.2.15

could occur, described in terms of something that can be corrected or can be controlled. (S

ee Figure 4.)

List, to the extent possible, every 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
portion of the FMEA thought process is completed. Many causes, however, are not mutual
to correct or control the cause, a design of experiments, for example, may be considered to

mode, then this
ly exclusive, and
determine which

root causes are the major contributors and which can be most 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:

Inagcurate gauging Improper heat treat - time, temperature
Inadequate gating/venting Inadequate or no lubrication
Part| missing or mislocated Worn locator

tool Chip on locator
BroKen tool Improper machine setup

RRENCE (O)—Occurrence is the likelihood that a spécific cause/mechanism (liste
column)
absolute alue. Preventing or controlling the causes/mechanisms of the failure mode thrg
process change is the only way a reduction in the occurrence ranking can be effected. (Seq

Estimate the likelihood of occurrence of potential failure cause/mechanism on a “1” to “10” s

A consistént occurrence ranking system should be used to ensure continuity. The ocq
number iy a relative rating within the Scepe of the FMEA and may not reflect the act
occurrence.

The “Posdible Failure Rates” arethased on the number of failures which are anticipated du
execution| If available from a Similar process, statistical data should be used to determing
ranking. In all other cases, ‘a subjective assessment can be made by utilizing the word desc
column ofthe table, along\with any historical data available for similar processes.

4.2.15.1 Suggested Evaluation Criteria—The team should agree on an evaluation criteria and

which is|consistent, even if modified for individual process analysis. (See Table 5.)

biguous phrases

] in the previous

ill occur. The likelihood of occurrence ranking tumber has a relative meaning rather than an

ugh a design or
Figure 4.)

cale.
urrence ranking

pal likelihood of

ring the process
b the occurrence
iptions in the left

ranking system,

Occurrdance should be estimated using the following table as a guideline:

NOTE—The ranking value of 1 is reserved for “Remote: Failure Is unlikely.”
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TABLE 5—SUGGESTED PFMEA OCCURRENCE EVALUATION CRITERIA

Probability Likely Failure Rates Ranking

Very High: Persistent failures 3100 per thousand pieces 10
50 per thousand pieces 9

High: Frequent failures 20 per thousand pieces 8
10 per thousand pieces 7

Moderate: Occasional failures 5 per thousand pieces 6
2 per thousand pieces 5

1 per thousand pieces &

Low: Relatively few failures 0.5 per thousand pieces 3
0.1 per thousand pieces 2

Remote]

Failure is unlikely £ 0.01 per thousand pieces 1

4.2.16 (16) CURR
prevent to
should it 0
Control (S
subseque

There are

a. Typ
thei

b. Typ

The prefe
affected b
detection

When entg
the Detec
Type (1) B
4.2.17 (17) DETE
previous (

the extent possible the failure mode/cause from occurfing or detect the failure

PC), or can be post-process evaluation. The evaluation may occur at the subjed
Nt operations. (See Figure 4.)

two types of Process Controls/features to consider:

b 1. Prevention: Prevent the cause/mechanism or failure mode/effect from occ
rate of occurrence
b 2. Detection: Detect the causé&/mechanism or failure mode, and lead to correc

red approach is to first usetype (1) controls if possible. The initial occurrence
y the type (1) controls previded they are integrated as part of the process in
ankings will be based on the type (2) current process controls, planned for produ

bring the process(controls, place a 'P' before the Prevention Type Controls and g
ion Type Controls. The Occurrence Ranking may need to be revised after the
revention Controls.

CTION/{(D)—Detection is the rank associated with the best type (2) process con
olumn? Detection is a relative ranking, within the scope of the individual FM

achieve a

ENT PROCESS CONTROLS—Current Process Controls are descriptions of the comtrols that either

mode or cause

ccur. These controls can be process controls such aséeryor/mistake proofing or Statistical Process

t operation or at

irring, or reduce

ive action(s)

rankings will be
fent. The initial
Ction operation.

lace a ‘D’ before

identification of

trol listed in the
EA. In order to

ower ranking, generally the planned process control has to be improved. (See F

gure 4.)

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 Charts 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. Sampling done on a statistical basis is a valid detection control.
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4.2.17.1 Suggested Evaluation Criteria—The team should agree on an evaluation criteria and ranking system,
which is consistent, even if modified for individual product analysis. (See Table 6.)

Detection should be estimated using Table 6 as a guideline:

NOTE—The ranking value of 1 is reserved for “Certain to Detect.”

TABLE 6—SUGGESTED PFMEA DETECTION EVALUATION CRITERIA

Inspection Inspection Inspection

Type Type Type Suggested Rnnge of Detection Methods
Detection Criteria A® B c® Ranking
Almost Abkolute cerfainty of non- X Cannot defect or 1s not checked, 10
Impossible dejection
Very Remote Cdntrols will probably not X Cotnrol is Achieved with indirect of random 9
defect checks only.
Remote Cantrols have poor chance of X Control is achieved with.visual inspection 8
defection only.
Very Low Cdntrols have poor chance of X Control is achieved with double vigual 7
dejection inspection only.
Low Cantrols may detect. X X Control s achieved with charting methods, 6
such as SPC
{Statistical Process Control}
Moderate Cantrols may detect X Control is based on variable gaugihg after 5
parts have left the station, OR Go/No Go
gauging performed on 100% of thg parts
after parts have left the station.
Moderately Cantrols have a good chance X X Error detection in subsequent opefations, 4
High to Hetect OR gauging performed on septup pnd first-
piece check (for set-up causes only).
High Cantrols have a good chance X X Error detection in-station, OR errolf detection 3
to pletect in subsequent operations by multiple layers
of acceptance: supply, select, instdll, verify.
Can not accept discrepant part.
Very High Cdntrols almost certain to X X Error detection in-station (automat|c gauging 2
defect. with automatic stop feature). Can|not pass
discrepant part.
Very High Cdntrols certain to detect. X Discrepant parts can not be made|because 1
item has been error proofed by prqgcess/
product design.
1. Inspection Typgs:
A. Error Proofed
B. Gauging
C. Manual Inspgction
NOTE—X’s indigate-the inspection type(s) used for a given rank.

4.2.18 (18) Risk PrIORITY NUMBER (RPN)—The Risk Priority Number is the product of the Severity (S), Occurrence
(O), and Detection (D) ranking. (See Figure 4.)

RPN = (S)" (O)" (D) (Ea. 2)

Within the scope of the individual FMEA, this value (between “1” and “1000") can be used to rank order the
concerns in the process (e.g., in Pareto fashion).
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4.2.19

4.2.20

4221

4.2.22

(19) REcoMMENDED ACTION(S)-—Engineering assessment for corrective action should be first directed at
high severity, high RPN, and other items designated by the team. The intent of any recommended action is
to reduce rankings, in the following preference order: severity, occurrence, and detection rankings. (See
Figure 4).

In general practice when the severity is “9” or “10”, special attention must be given to assure that the risk is
addressed through existing design actions/controls or process preventive/corrective action(s), regardless of

the RPN. In all cases where the effect of an identified potential failure mode could
manufacturing/assembly personnel, preventive/corrective actions should be taken to avoid

be a hazard to
the failure mode

by eliminating or controlling the cause(s), or appropriate operator protection should be specified.

O 1 e

s other Failure

Aft il _attantion hac Ibhaan anan 0 Cavapri (o) ~f O _thao o than
er Spe T attCT oo oS- DT grveTT tO—OCVeTty (S~ O 7 Of TO, ic tear—thei—aaafres

Modes, with the intent of reducing Severity, then Occurrence, and then Detection.

Actions such as, but not limited to, the following should be considered:

red. An action-
vith an ongoing

a. To feduce the probability of occurrence, process and/or design revisions/are requ
oriented study of the process using statistical methods could bé, implemented
feedback of information to the appropriate operations for continuous improvement and defect
prevention.

b. Only a design and/or process revision can bring about a reddetion in the severity rank

nt control system may be implemented.te.increase this probability.
hasis must, however, be placed on preventing defects (i.e., reducing the occurrg
cting them. An example would be the use of Statistical Process Control and proce

rather than random quality checks or associated inspection.

If enginedring assessment leads to-ne recommended actions for a specific failure mo
combinatipn, indicate this by entering-a “NONE?” in this column.

(20) RESPONSIBILITY (FOR THE RECOMMENDED ACTION)—Enter  the individual
recommerjded action, and the target completion date. (See Figure 4.)

respong

(21) AcTigns TAKEN=After an action has been implemented, enter a brief description o
effective d

(22) REVI

ing.

creasing quality
should only be
uired. In some

.| Changes to the

nce) rather than
ESS improvement

He/cause/control

ible for the
the action and

and record the

resulting
are taken, leave the related ranking columns bIank (See F|gure 4.)

. If no actions

All revised ratings should be reviewed and if further action is considered necessary, repeat 4.2.19 through

4.2.22.
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FIGURE 5—MACHINERY FMEA FORM
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51

511

51.2

Potential Failure Mode and Effects Analysis for Machinery (Machinery FMEA), An Application of

Design and

Process FMEA Concepts to Plant Machinery and Equipment.

Introduction—A Machinery FMEA (MFMEA) for tooling and equipment is an analytical technique utilized
primarily by a machinery responsible engineering team. The purpose of the FMEA is to assure that potential
failure modes and their associated causes/mechanisms have been addressed. In its most rigorous form, an
FMEA is a summary of the team’s thoughts (including analysis of items that could go wrong based on
experience and past concerns) as the machinery is designed. The systematic approach parallels, formalizes,
and documents the mental disciplines that an engineer/team normally goes through in any design/
development process.

The MachingrrPeteptiaH-MEA-SHpPportS-the-gdesighprecessiaredueingrisket-falureshy:

a. Aidipg in the objective evaluation of equipment functions, design requitemer
altefnatives.

b. Increasing the probability that potential failure modes and their effects on the mach
considered in the design and development process.

c. Proyiding additional information to aid in the planning of thorough and efficient desigr
devélopment programs.

d. Devploping a ranked list of potential failure modes ranked according to their effect or
thug establishing a priority system for design improvemernts, development, and v
analysis.

e. Proyiding future reference, e.g., lessons learned to aid in analyzing field concerns, e
changes, and developing advanced machinery designs:

When fully implemented, the MFMEA discipline can be\performed on new, modified, or carry

new applications or environments. An engineer from theresponsible design source should ini

process, wh

CUSTOMER
installed fq
support pe

TEAM EFF
involve re
production
should be
team appr
the compg

Unless thg

ch for a proprietary design, may be thezstpplier.

DEerFINED—The definition of “Custemer” for a MFMEA is the “Plant” where the m
r production. The word “Plant™refers to plant engineers, maintenance, productior]
rsonnel.

RT—During the MFMEA process, the machinery responsible engineer is exp4
presentatives fronl all affected areas. These areas should include, but ar
, manufacturing ‘engineering, safety, quality, suppliers, and product engineerin
a catalyst tosstimulate the interchange of ideas between activities affected and
pach. In addition, for any commercial “Catalog” components, the responsible ref
nent supplier should be consulted as required.

p responsible engineer is experienced with FMEA and team facilitation, it is hg

experienc

ts, and design
nery have been
, validation, and

the “customer”,
hlidation testing/

valuating design

-over designs in
iate the MFMEA

hchinery is to be
, and other plant

bcted to actively
b not limited to
). The MFMEA
thus promote a
resentative from

Ipful to have an

pd -EMEA Facilitator assist the team in its activities

The Machinery FMEA is a living document and should:

a.
b.

Be initiated during design concept development,
Be continually updated as changes occur or additional information is obtained throughout the phases

of machinery development,

c. And

should be completed before engineering release for construction.

The MFMEA analyzes functions, design requirements, needs, and assumes the machinery will be built to
specification. The focus of the MFMEA is to eliminate potential failures by removing design weaknesses
before the machinery is built as opposed to relying on machinery controls and/or preventive maintenance to
reduce the occurrence of the failures.
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5.2

521

5.2.2

Development of a Machinery FMEA—The machinery design responsible engineer has at his/her disposal a
number of formal and informal documents that will be useful in the preparation of the Machinery FMEA. The
process of preparing the MFMEA begins with the full understanding of what the machinery is expected to do or
not to do, in a given environment, under stated conditions, and for a defined period of time. These
expectations may be determined from sources such as the Reliability and Maintainability specification
statement, design requirements, performance reports, maintenance history, program objectives, and federal or
local regulatory requirements.

A Machinery FMEA should begin by prioritizing the subsystem improvements necessary to meet the overall
system expectations.
A Machinery——MEA-car-begirwith-a-block-diagrarm-forthe-systermer-subsysterm-beirganal

of the block diagram is shown in Appendix C.

yaed. An example

In order to facilitate documentation of the Machinery FMEA, a form is available in Appendix I.
An example|of a completed form is contained in Appendix K.

An example|of a welding station with five subsystems is shown in series, as illustrated in Figute 6. All of them
have to fundtion correctly for the welding station to operate at the required’rate. In order to jncrease system
reliability, impprovements should focus on subsystems with lower réliability’s or higher failufe rates. In the
example sh@wn, improvements should first focus on the robot end;effector.

Papel View Programmabl_e Pedestal Welder Robot End Accumulator

Failure Rate Controller Failure Failure Rate: Effector Failure Failute Rate:

0.0001/houry |y lRate: —»{0.02/hour p.Rate: —40.100/hour
0.008/hour 0.125/hour

FIGURE 6—~WELDING STATION SERIES SYSTEM
FMEA NuMBer—Enter the FMEA 'document number, which may be used for tracking. (See|Figure 5.)

MACHINERY/SYSTEM NAME~The name of the machinery/system being analyzed along withl the appropriate
level of analysis. (Se€igure 5.)

5.2.2.1 Subsystem—if, subsystem was checked off, enter the name and description of the qubsystem being

5.2.3

524

525

analyzedl. Theidentification of a subsystem will determine the boundaries for analysis. ($ee Figure 5.)

A subsystem is an organized composition of components, parts, details, fixtures, or tooling which
collectively support the performance of the design intent or engineering requirement (i.e., hydraulic,
electrical, controls, automatic loader, conveyor, station etc.).

DESIGN RESPONSIBILITY—The OEM, department, group, and the supplier name as applicable. (See Figure
5.)

PREPARED By—Enter the name, telephone number, and the company of the engineer responsible for
preparing the MFMEA document. (See Figure 5.)

MODEL YEAR(S)/PLANT(S)—Enter the intended model year(s) and plants that will utilize and/or be affected by
the machinery being analyzed. (See Figure 5.)
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5.2.6

5.2.7

5.2.8

5.2.9

5.2.10

5211

Key DATE—Enter the initial MFMEA due date, which should not exceed the scheduled engineering release
date for construction. (See Figure 5.)

FMEA DATE—Enter the date the original MFMEA was compiled, and the latest revision date. (See Figure 5.)

Core TEam—List the names of the lead individuals and departments, which are responsible for the decisions
and actions taken through the MFMEA. (It is recommended that all team members’ names, departments,
telephone numbers, addresses, etc., be included on the distribution list.) (See Figure 5.)

SUBSYSTEM/FUNCTION REQUIREMENTS—Enter the name of the subsystem being analyzed,
additional information such as design level, system class, etc., as appropriate for the team.
informatiop-metresss i i i ieh-the y tes.

including
Include

Enter as cpncisely as possible, the function of the subsystem. If the subsystem has_mare than one function
with differ¢nt potential modes of failure, list all the functions separately.

Performarjce Requirement Examples:

To pumpp sealant to panel at the rate of X cubic centimeters per minute
To pumi coolant to work piece at not less than X gallons per minute

To achigve a torque of X N-m in Y seconds

To ramg up to X degree Celsius in Y seconds and maintain temperature for Z seconds

POTENTIAY
potentially,
column (i.
machinery

FAILURE MoDE—Potential Failure Mode is defined*as the manner in which the machinery could
fail to meet or deliver its intended function described in the subsystem/functibn requirements
., intended function fails). For every potential failure an action is required is required to bring the
back to its production capability. (See Figure 5.)

List each

made that|the failure could occur, but may net necessarily occur. A recommended starting

of machin

group braipstorming.

Potential failure modes that couldonly occur under certain operating conditions (i.e., tempe

high humi

potential failure mode associated with the particular item and item function. TH

pry supplier correction action_reports, lessons learned documents, machinery doy

lity, external shoek/vibration) and under certain usage conditions (increased ling

e assumption is
point is a review
vn time logs and

Fature extremes,
rate) should be

consideredl.

EXAMPLHS:

Failyre to 'operate at prescribed time Failure to stop operating at a prescribed time

Interimittent operation Degraded output
Inaqummne—tosvuhmtpurdmﬁg-W

Partial or complete loss of function

POTENTIAL EFFECTS OF FAILURE—The effects should be stated in terms of a specific system, subsystem
being analyzed, and the impact of the failure mode on upstream and downstream processes.

State clearly if the function could impact safety or noncompliance to regulations. The effects should always
be stated in terms of the specific system, subsystem, or component being analyzed. List all effects and rank
the most severe effect. Typical failure effects could be, but are not limited to:

Machinery breakdowns
Setup and adjustment
Non-conforming parts

Increased cycle time
Impaired performance
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5.2.12 SeVeERITY—Severity is the rank associated with the most serious effect from the previous column. Severity is
a relative ranking, within the scope of the individual FMEA.

A reduction in Severity Ranking index can be effected only through a machinery design change. Severity
should be estimated using Table 7:

5.2.12.1 Suggested Evaluation Criteria—The team should agree on an evaluation criteria and ranking system,
which is consistent, even if modified for an individual system. (See Table 7.)

NOTE—It is not recommended to modify criteria for ranking values of 9's and 10's. Failure Modes with
rank Severity 1, should not be analyzed further.

TABLE 7—SUGGESTED SEVERITY EVALUATION CRITERIA

Effpct Severity of Effect Ranking

Hazardous — Without Warning Very high severity ranking — Affects operator, plant or maintenance personnel, 10
safety, and/or affects non-compliance with government regulations, without
warning.

Hazardous — With Warning High severity ranking — Affects operator, plant or maintenance ‘personnel, safety, 9
and/or affects non-compliance with government regulations with warning.

Very High Downtime of more than 8 h or the production of defective-parts for more than 4 h. 8

High Downtime of between 4 and 8 h or the production of‘defective parts for between 7
2and 4 h.

Moderate Downtime of between 1 and 4 h or the productiof of defective parts for between 6
land2h.

Low Downtime of between 30 min and 1 h or.the production of defective parts for up 5
tolh.

Very Low Downtime of between 10 and 30 minbut no production of defective parts. 4

Minor Downtime of up to 10 min but no production of defective parts 3

Very Minor Process parameter variability\not within specification limits. Adjustment or other 2
process controls need to e taken during production. No downtime and no
production of defective parts.

None Process parameter variability within specification limits. Adjustment or other 1

process controls can be done during normal maintenance

5.2.13 CLAssIFIcATION—Optional column; may be used to highlight failures with a high severity

company mandated usage.

ranking or other

5.2.14 POTENTIAY CAUSES/MEEHANISM’S OF FAILURE—Potential Cause of Failure is defined as the mpachinery design
weakness|or machinery process variation that results in a failure. (See Figure 5.)

List, to th¢ exteqt possible, every potential cause and/or failure mechanism for each fai
cause/meg¢hanism should be listed as concisely and completely as possible so that remed

ure mode. The
al efforts can be

aimed at pertmentcauses:

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

Mis-located parts

Contamination

Component misapplication Over stressing

Material fatigue Corrosion

Inadequate or no lubrication

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

Yield
Creep
Wear

Corrosion Fatigue

Abrasion Material instability
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5.2.15 (15) OccurRENCE (O)—Occurrence is the likelihood that a failure mode will occur within a specific time
period. Preventing or controlling (via design change or preventive maintenance) are the only ways to reduce
the occurrence rating.

A consistent occurrence ranking system should be used to ensure continuity. The occurrence ranking
number is a relative rating within the scope of the FMEA and may not reflect the actual likelihood of
occurrence.

5.2.15.1 Suggested Evaluation Criteria—The team should agree on an evaluation criteria and ranking system,
which is consistent, even if modified for an individual system. (See Table 8). The following suggested
criteria allows for the use of standard operating time or reliability as a means for determining the

occurrenee ran!\:r‘.gs.
a. Relipbility is the probability that manufacturing machinery/equipment can_{perform continuously,
withput failure, for a specified interval of User’s time when operating under stated conflitions.
b. Usel's time is the span of time the machinery is required to run without failure (time, cjcles, etc.). The
Usel’s time frame should be defined in terms of an operating pattern that\s.important|to the user.
NOTE—The ranking value of 1 is reserved for “Failure occurs every 5.years”.
TABLE 8—SUGGESTED OCCURENCE EVALUATION CRITERIA
Probability of Criteria: Possible Number of or Critefia:"The Reliability based on the Ranking
Failure Failures within Hours of Operation Users Required Time

Failure Occurs everly Hour linl R{)<1 %: MTBF is about 10% of the 10
Wser’s required time.

Failure occurs every shift 1in8 R(t) = 5%: MTBF is about 30% of User’s 9
required time

Failure occurs every day 1lin24 R(t) = 20%: MTBF is about 60% of the 8
User’s required time.

Failure occurs every week 1in 80 R(t) = 37%: MTBF is equal to the User’s 7
required time.

Failure occurs every month 1in 350 R(t) = 60%: MTBF is 2 times greater than 6
the User’s required time.

Failure occurs every 3 months 1\in 1000 R(t) = 78%: MTBF is 4 times greater than 5
the User’s required time.

Failure occurs every 6 months 1in 2500 R(t) = 85%: MTBF is 6 times greater than 4
the User’s required time

Failure occurs every year 1in 5000 R(t) = 90%: MTBF is 10 times greater than 3
the User’s required time.

Failure occurs every 2 years 1in 10,000 R(t) = 95%: MTBF is 20 times greater than 2
the User’s required time.

Failure occurs every 5years 1in 25,000 R(t) = 98%: MTBF is 50 times greater than 1
the UUser's required time

NOTE—The Occurrence table rankings utilizing reliability calculations, as shown in this Section, assumes
the machines have a constant failure rate and are repairable. See Appendix J for sample
calculations for the Occurrence table.
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5.2.16 CURRENT DESIGN/MACHINERY CONTROLS—Current Design/Machinery controls are methods, techniques,

devices or

tests, classified into two types of controls, used to:

a. Type 1. Prevention: Prevent the cause/mechanism or failure mode/effect from occurring, or reduce
their rate of occurrence,
b. Type 2. Detection:

1.

methods, before the item is released to production.

2.

the root cause.

Detection in Design: Detect the cause/mechanism or failure mode, either by analytical or physical

Detection in Manufacturing/Assembly Plant: Detect the occurrence of the failure mode and isolate

ABLE 9—EXAMPLES OF DESIGN CONTROLS AND MACHINERY CONTRQL

92)

Examples of Design Controls Examples of Machinery Controls

Preventative maintenance
Machinery diagnostics
Predictive techntlogies

Visual management.itechniques
Fault-sensors

Component de-rating
Safety margins
Design guidelines
Standardization
Robot reach analysis
Finite element analysis
Simulations studies

When entg
‘D' before
identificati

5.2.17 DETECTION
mode. D
acceptanc
failure mo
number. (

ring the design/machinery controls, place a 'P; before the Prevention Type Con
the Detection Type Controls. The Occurrence Ranking may need to be r
bn of Type (1) Prevention Controls.

—The assessment of the ability of the current controls to detect the potential
bsign related controls that detect_and/or prevent the potential failure mode b
e by the user will have a low detection ranking number. Machinery related c
les and causes and prevent them from occurring during production would have
Controls that detect failure modes and causes after they occur will have high rank

5.2.17.1 Suggested Evaluation Criteria=sThe team should agree on an evaluation criteria and

which is

consistent, even if modified for an individual system.

rols and place a
bvised after the

cause or failure
efore machinery

orItroIs that detect

oderate ranking
ng numbers.

ranking system,

NOTE—{The rankingyalue of 1 is reserved for “Very High.”
TABLE 10—SUGGESTED DETECTION EVALUATION CRITERIA
Detection Criteria Ranking
Very Low Design or Machinery Controls cannot detect a potential cause and subsequent failure, or 10
there are no design or machinery controls.
Low Design or Machinery controls do not prevent the failure from occurring. Machinery controls 7
will isolate the cause and subsequent failure mode after the failure has occurred.
Medium Design controls may detect a potential cause and subsequent failure mode. Machinery 5
controls will provide an indicator of imminent failure.
High Design controls may detect a potential cause and subsequent failure mode. Machinery 3
controls will prevent an imminent failure and isolate the cause.
Very High Design controls almost certainly detect a potential cause and subsequent failure mode, 1

machinery controls not required.

Teams are free to use rankings of 2,4,6,8, and 9 as needed in addition to those listed previously.
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5.2.18

5.2.19

5.2.20

5221

5.2.22

5.2.23

Risk PRIORITY NUMBER—The Risk Priority Number is the product of the Severity (S), Occurrence (O), and
Detection (D) ranking. (See Figure 5).

RPN = (S)" (0)" (D) (Eq. 3)

Within the scope of the individual FMEA, this value (between “1” and “1000") can be used to rank order the
concerns in the design (e.g., in Pareto fashion).

(19) REcoMMENDED ACTION(S)-—Engineering assessment for corrective action should be first directed at
high severity, high RPN, and other items designated by the team. The intent of any recommended action is
to reduce rankings, in the following preference order: severity, occurrence, and detection rankings. (See
Figure 5.)

In general|practice when the severity is a “9” or “10”), special attention must be given(ta-asgure that the risk
is addressed through existing design controls or preventative or corrective action(s);regardjess of the RPN.
In all casg¢s where the effect of an identified potential failure mode could be a |hazard t¢ manufacturing/
assembly personnel, preventive/corrective actions should be taken to avoid.the failure mode by eliminating
or controlling the cause(s), or appropriate operator protection should be spécified.

After spedial attention has been given to Severity(s) of 9 or 10, theeam then addresses other Failure
Modes, with the intent of reducing Severity, then Occurrence, and{then Detection. The prithary objective of
recommerjded actions is to reduce risks and increase customes-satisfaction by improving thg design.

Only a depign revision can bring about a reduction in the.Severity ranking. A reduction in the occurrence
ranking can be effected only by removing or controlling ene or more of the causes/mechanigms of the failure
mode throligh a design revision. An increase in design.walidation/verification actions will result in a reduction
in the defection ranking only. Increasing the design validation/verification actions is @ less desirable
engineerirlg action since it does not address the-severity or occurrence of the failure mode.

If enginedring assessment leads to no recommended actions for a specific failure moge/cause/control
combinatipn, indicate this by entering a {NONE” in this column.

RESPONSIBILITY (FOR THE RECOMMENDED ACTION)—Enter the organization and/or individua| responsible for
the recommended action and jts:target completion date. (See Figure 5.)

ACTIONS TAKEN—After an.action has been implemented, enter a brief description of the acfual action taken
and its effective date. (See Figure 5.)

REVISED RATINGS=—ATfter the preventive/corrective action has been identified, estimate [and record the
resulting severity,-occurrence, and detection rankings. Calculate and record the resulting RPN. If no actions
are taken,|leave the related ranking columns blank. (See Figure 5.)

All revised ratings should be reviewed and if further action is considered necessary, repeat 5.2.19 through
5.2.22.

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

In order to facilitate documentation of the analysis of potential failures and their consequences, a sample
form is provided in Figure 1.
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6.1

Notes

Marginal Indicia—The change bar (l) located in the left margin is for the convenience of the user in locating
areas where technical revisions have been made to the previous issue of the report. An (R) symbol to the left
of the document title indicates a complete revision of the report.

PREPARED BY THE SAE J1739 TASK FORCE (2000)
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10.

APPENDIX A

DESIGN FMEA QUALITY OBJECTIVES
NOTE: SPECIFIC PROGRAM REQUIREMENTS TAKE PRECEDENCE

DESIGN IMPROVEMENTS

The

FMEA drives Design Improvements as the primary objective.

HIGH RISK FAILURE MODES
The FMEA address all high risk Failure Modes, as identified by the FMEA team, with executable Action
Plans. All other failure modes are considered.

A/D/V OR DVP&R PLANS

The

dation LA NAN _ond/o

con
INT
The
LES
The
failu
SPE
The
selg
TIM
The
prod
TEA
The
train
DO(
The
valu
TIM
Tim
valu
are

iders the failure modes from the Design FMEA.
FRFACES

FMEA scope includes integration and interface failure modes in both black-diagra
SONS LEARNED

FMEA considers all major “lessons learned” (such as high warranty}ycampaigns,
re mode identification.

CIAL OR KEY CHARACTERISTICS

FMEA identifies appropriate Key Characteristics candidates; as input to the Ke
ction process, if applicable due to company policy.

NG

FMEA is completed during the “Window of opportunity” where it could most effic
uct design.
M

right people participate as part of the FMEA" team throughout the analysis, ang
ed in the procedure. As appropriate, a fagcilitator should be utilized.
CUMENTATION

FMEA document is completely filled out “by the book”, including “Action Takern
eS.

- USAGE
b spent by the FMEA team, ;as early as possible, is an effective and efficient us
e-added result. This assumes Recommended Actions are identified as required
mplemented.

A=Y alDaviala. EIAWANH L D \ L 1f1 +1 Rl aR
AralysistBevelopmentiratdaton—ABA A —andforBesigiverfieation—laranrd-Report (DVD&R)

m and analysis.

etc.) as input to

Characteristics

ently impact the

are adequately

" and new RPN

e of time, with a
and the actions
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10.

APPENDIX B

PROCESS FMEA QUALITY OBJECTIVES
NOTE: SPECIFIC PROGRAM REQUIREMENTS TAKE PRECEDENCE

PROCESS IMPROVEMENTS
The FMEA drives Process Improvements as the primary objective, with an emphasis on Error/Mistake
Proofing solutions.

HIGH RISK FAILURE MODES
The FMEA addresses all high risk Failure Modes, as identified by the FMEA team, with executable
Action Plans. All other failure modes are considered.

PRC\/“EC‘C‘ CONMTIROL _PL AN
T  CUOITN T I\oOTT T 7 ay

The
INT
The
Con
LES
The
failu
SPH
The
sele
TIM
The
desi
TEA
The
train
DO
The
valu
TIM
Tim
add
impl

Process Control Plan considers the failure modes from the Process FMEA.
FGRATION

trol Plan. The Process FMEA considers the Design FMEA as part of its analysis.
SONS LEARNED

FMEA considers all major “lessons learned” (such as high warranty, campaigns,
re mode identification.

CIAL OR KEY CHARACTERISICS

FMEA identifies appropriate Key Characteristics candidates, as input to the Ke
ction process.

NG

FMEA is completed during the “Window of opportunity” where it could most effic
gn of product or process.

M

right people participate as part of the FEMEA team throughout the analysis, ang
ed in the procedure. As appropriate, @facilitator should be utilized
CUMENTATION

FMEA document is completely, filled out “by the book”, including “Action Takern
es.

E USAGE

pd result. This assumes Recommended Actions are identified as required and
emented.

Process FMEA is integrated and consistent with the Process Flow Diagram and the Process

etc.) as input to

Characteristics

ently impact the

are adequately

" and new RPN

b spent by the FMEA team, as early as possible, is an effective & efficient use of tilne, with a value-

the actions are
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APPENDIX C

DESIGN FMEA BLOCK DIAGRAM EXAMPLE

FAILURE MODE AND EFFECTS ANALYSIS (FMEA)
BLOCK DIAGRAM/ENVIRONMENTAL EXTREMES

SYSTEM NAME: FLASHLIGHT
YEAR VEHICLE PLATFORM: 1994 NEW PRODUCT
FMEA 1.D. NUMBER: XXXI110D001

OPERATIONAL ENVIRONMENTAL EXTREMES

TEMPERATURE:|-20t0160°F  CORROSIVE:_TEST SCHEDULE B

SHOCK:_6 FOOQI DROP FOREIGN MATERIAL: _DUST HUMIDITY:__0 -100% RH

FLAMMABILITY: (WHAT COMPONENT(S) ARE NEAR HEAT SOURCE(S)?

OTHER:

VIBRATION: (NOTAPPLICABLE

LETTERS = COMPONENTS

NUMBERS = ATTACHING METHODS

= ATTACHED/JOINED ----- = INTERFACING, NOT JOINED

I
z
(o]

INCLUDED IN
FMEA

The example below is a relational block diagram. Other<types of block diagrams may be use

Team to clarify the item(s) being considered in their analysis.

i by the FMEA

SWITCH
ON/OFF
C
2
[ BULB U3
| AsSEMBLY, —— HOUSING
! D !
""""""""" 4 :
i N
PLATE SPRING
= BATTERIES F
5 5
+ B -
COMPONENTS ATTACHING METHOD
A. HOUSING 1. SLIP FIT
B. BATTERIES (2 D Cell) 2. RIVETS
C. ON/OFF SWITCH 3. THREAD
D. BULB ASSEMBLY 4. SNAP FIT
E. PLATE 5. COMPRESSIVE FIT
F. SPRING

FIGURE C1—DESIGN FMEA BLOCK DIAGRAM EXAMPLE
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APPENDIX D

STANDARD FORM FOR DESIGN FMEA
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FIGURE D1—STANDARD FORM FOR DESIGN FMEA
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APPENDIX E

DESIGN FMEA EXAMPLE
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FIGURE E1—DESIGN FMEA
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