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1. Scope—General Information

1.1 Overview—This SAE Recommended Practice was jointly developed by DaimlerChrysler Cprporation, Ford
Motor Compgany, and General Motors Corporation.
This documeént introduces the topic of potential Failure Mode and Effects Analysis (FMEA) apd gives general
guidance inthe application of the technique.
All FMEA's focus on the design, whether it be of the product, the process or the machinery ysed to build the
product. Am Applications Section (see Section 5) has heen added to provide information jJon applying the
FMEA technjique to plant machinery and equipment using the Machinery FMEA (MFMEA).

1.2 Recommended Practice Format—For ease of Uusg/ this reference document presents the two basic types of

FMEA (Design FMEA and Process FMEA) in their own separate sections. This document &lso contains an

Applicationg Section (Section 5) which discusses in some detail how an FMEA is applied to
and Equipmnt (Machinery FMEA).
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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

L Failure mode & Causes

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

Supplier component
development time line and is

Machinery Component 2,** independent of OEM Product
P! Design FMEA Development time line

| Machinery Component N, **
Design FMEA

1.3

1.4

> Time

OEM Product Development Time Line

FIGURE 1—OEM PRODUCT DEVELOPMENT TIME LINE

What is an FMEA?—An_EMEA can be described as a systematic group of activities intended to: (a) recognize
and evaluat¢ the potentjal failure of a product/process and the effects of that failure, (b) ideptify actions that
could eliminpte or reduce the chance of the potential failure occurring, and (c) document tHe process. It is
complementary to.the process of defining what a design or process must do to satisfy the cusfomer.

FMEA|mp|F mentation—Because of the cnnnrnl inrhlctry trend to r\nnfinnnlly imprn\/n products and
processes whenever possible, 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 FMEASs (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 in order to eliminate risk and plan the appropriate controls to

ensure custo

mer 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: Modifications to existing design or process (assumes there is a FMEA for the existing design or

proce

Sss).

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

due

Case 3:
an K
envi

Although res
be a team e

to the modification, and field history.

ronment or location on the existing design or process.

Use of existing design or process in a new environment, location, or applieation (
MEA for the existing design or process). The scope of the FMEA-is)the im

ponsibility for the preparation of the FMEA is usually assigned to"an‘individual, FM
fort. A team of knowledgeable individuals should be assembled-(e.g., engineers

hissumes there is
pact of the new

EA input should

Wwith expertise in

Design, Anajysis/Testing, Manufacturing, Assembly, Service, Recycling-Quality, and Reliability). The FMEA is

initiated by t

ne engineer from the responsible activity, which can be the Original Equipment M
produces th¢ final product), a supplier, or a subcontractor.

anufacturer (i.e.,

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

if the prody
respective irj

A review of]
recommend
1.5 Follow-Up—
actions canrf
without posit

The respons
adequately 4

latest relevant actions, in¢luding those occurring after the start of production.

The respons
include, but

ct/process appear to be identical, since eaeh  team’s environment is unique
dividual ratings will be unique (i.e., the ratings are subjective).

the FMEA document against FMEAQuality objectives (see Appendix A and
bd including a management review.

-The need for taking effective; preventive/corrective actions, with appropriate fo
ive and effective preventive/corrective actions.

ible engineer is jn'‘charge of assuring that all recommended actions have been
iddressed. ThesFMEA is a living document and should always reflect the latest lev

are not limited to the following:

and thus their

Appendix B) is

low-up on those

ot be overemphasized. Athoroughly thought out and well developed FMEA will b¢ of limited value

implemented or
b, as well as the

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

Rev
impl
Revi

a.

o

and

2.

UVViIIU ull;'bigllb, PIULESSES, d.llljl’UI IIIab;IiIICIy tU CIrisSure ﬁlai ICl.,UIIIIIICIIk..IIUl..II dl
emented
ew of engineering drawings, product/process specifications, and process flow,

Installation FMEA, Control Plans, and Operation Instructions.

References—There are no referenced publications specified herein.

ions have been

Confirmation of incorporation of changes to design/assembly/manufacturing documentation, and
Review of Design/Process FMEAs, special FMEA applications such as Machinery FMEA and Build
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FIGURE 3A—POTENTIAL FAILURE MODE AND EFFECTS ANALYSIS IN DESIGN (DFMEA)
— TWO COLUMNS, CURRENT DESIGN CONTROLS —
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FIGURE 3B—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 (Design FMEA)

Introduction—A Design potential FMEA is an analytical technique utilized primarily by a Design-Responsible
Engineer/Team as a means to ensure 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

outcomes) by
a. Aidipg in the objective evaluation of the design, including functional requireme
altefnatives.
b. Evaluating the initial design for manufacturing, assembly, service, and recycling requi
c. Incrgasing the probability that potential failure modes and their effects ofisystem and

have been considered in the design/development process.

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

bloping a ranked list of potential failure modes according to their effect on the

blishing a priority system for design improvements, development, and validation t
iding an open issue format for recommending and-tracking risk reducing actions.
iding future reference (e.g., lessons learned), ta.aid in analyzing field concerns, €

chamges, and developing advanced designs.

d. Pro
and

e. Dev
esta

f. Pro
g. Pro
CUSTOMER

DerINED—The definition of “CUSTOMER” for a Design potential FMEA is no

USER,” blit also the design-responsible engineers/teams 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

facturing/process-responsible engineers in activities such as Manufacturing,

RT—During the initial DeSign potential FMEA process, the responsible engines
These areas o
ity should include, but-are not limited to assembly, manufacturing, design, analys
quality, service, and.-suppliers, as well as the design area responsible for the nex
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.

Unless th

responsible engineer is experienced with FMEA and team facilitation, it is he

experiencgéd FMEA Facilitator assist the team in its activities.

The Desig

a.
b.

nts and design

ements.
ehicle operation

n, development,

customer,” thus
bsting/analysis.

valuating design

[ only the “END
temblies, and/or
Assembly, and

r is expected to
f expertise and
s/test, reliability,
t higher or lower
o stimulate the

pful to have an

A FEN] ! - Ll 1l
ATS Aa TIVITTY UOLUITIETIU artu ST1outd.

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

C.

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 that 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

Process F

MEA.
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3.2

3.2.1

3.2.2

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, for example:

®ao0 o

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, for example:

a. Too
b. Diag
c. Mat
Developme

access
nostic capability
prial classification symbols (for recycling)

nt of a Design FMEA—The design responsible engineer has at his/her dispog

al a number of

documents that will be useful in preparing the Design FMEA. The process begins by develpping a listing of

what the de
and needs

Requiremen
requirement
to identify pg

A Design F
analyzed.

An examplég
information,
process (fun

The diagran
logical orde

In order to f4
available in

An example
of reference

(1) FMEA

bign 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
s Documents, known product requirements and/or manufacturing/assembly/
5 — should be incorporated. The better the definition of'the desired characteristig
tential failure modes for preventive/corrective action.

MEA should begin with a block diagram, for_the system, subsystem, and/or c
block diagram is shown in Appendix,C. The block diagram can also indiq
energy, force, fluid, etc. The objective is to understand the deliverables (input)

ction) performed in the block, and the deliverables (output) from the block.

illustrates the primary relationship between the items covered in the analysis a
to the analysis. Copies of'the diagrams used in FMEA preparation should accon

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

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

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

(s

Customer wants
(QFD), Vehicle
bervice/recycling
S, the easier it is

bmponent being

ate the flow of
fo the block, the

nd establishes a

pany the FMEA.

, a blank form is

— (22) for ease

bee Figure 3A or

3B.)

(2) SYsTEM, SuBsYSTEM, OR ComMPONENT NAME AND NumMBER—INndicate 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

3A or 3B.)
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3.22.1

3.2.2.2

3.2.2.3

3.2.3

3.24

3.25

3.2.6

3.2.7

3.2.8

3.29

3.2.10

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.

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.

chassis

(3) DESIGN
applicable

(4) PREPA
preparing

(5) MoDEL
affected b

(6) Key DA
release dg

(7) FMEA
3A or 3B.)

(8) CoRE
identify an
number, @

(9) ITeEM/F
the item b
drawing.

(See Figu

Enter, as
informatio

¢m. For example, a strut is a compo

nent of the front suspension (which is-a(s

System.)

ResponsiBILITY—Enter the OEM, department, and group. Also include the 9
(See Figure 3A or 3B.)

RED By—Enter the name, telephone number, and company ‘of the engineer
the FMEA. (See Figure 3A or 3B.)

YEeAR(S)/IPROGRAM(S)—Enter the intended model yeaf(s) and program(s) that will
the design being analyzed (if known). (See Figure 3A or 3B.)

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

DATE—ENnter the date the original FMEA was compiled, and the latest revision da

'EAM—List the names of the.résponsible individuals and departments which have
fdress, etc., be included-on a distribution list). (See Figure 3A or 3B.)

hNCTION—Enter thesname 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

e 3A or 3BY)

he sub-set of a
Lbsystem of the

upplier name if

responsible for

utilize and/or be

oduction design

ite. (See Figure

the authority to

d/or perform tasks. (It is fecommended that each team member’'s name, department, telephone

brt class, etc.) of
the engineering
Should be used.

intent. Include

Concisely as possible, the function of the item being analyzed to meet the desigr

temperatu

potential modes of failure, list all the functions separately.

N ((metrics/measurables) regarding the environment in which this system opertanres (e.g., define

fon with different

(10) POTENTIAL FAILURE MOoDE—Potential Failure Mode is defined as the manner in which a component,
subsystem, or system could potentially fail to meet or deliver the intended function described in the item/
function column (i.e., intended function fails). The potential failure mode may also 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. (See

Figure 3A

or 3B.)

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.
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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.

Typical failure modes could be, but are not limited to:
cracked deformed loosened
leaking sticking oxidized
fractured does not transmit torque

no support (structural)
disen

inadequate support (structural)
inadequate signal

[l W VY I Y |
CIVICTTNT |

gages too fast

Arifs
e

slips (does not hold full torque)
harsh engagement
intermittent signal

no Sy

NOTE—P
ne

3.2.11 (11) PoTE

mode on t

Describe {|
that the cU

e

btential failure modes should be described in “physical” or technical terms,~no
cessarily noticeable by the customer.

NTIAL EFFECT(S) OF FAILURE—Potential Effects of Failure are definéd)as the effe
he function, as perceived by the customer. (See Figure 3A or 3Bl\and 3.1.1)

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

t as a symptom

cts of the failure

e, remembering
ly if the function

could impact safety or non-compliance to regulations. The effeets should always be stated in terms of the

specific sy
between t
cause the
operation
to forecas

Typical fai

Nois

Erratic Operation

Poo
Uns
Inte
3.2.12 (12) SEVE
Severity IS
can be eff

3.2.12.1 Sugges

stem, subsystem, or component being analyzed. Remember that a hierarchical re
he component, subsystem, and system levels..For example, a part could frac

could cause performance to degrade, and ultimately lead to customer dissatisfacti
the failure effects, to the team's level of knowledge.

ure effects could be, but are not limited to:

Leaks
Regulatory Non

Rough

Inoperative
Unpleasant Odor
Operation Impaired
Thermal Event

e

[ Appearance
able
mittent Operation

RITY (S)—Severity is the rank associated with the most serious effect for a giv
a relative'ranking, within the scope of the individual FMEA. A reduction in Severi
bcted onlrthrough a design change. Severity should be estimated using Table 1

lationship exists
ure, which may

assembly to vibrate, resulting in an intermittent system operation. The int¢rmittent system

pn. The intent is

Compliance

bn failure mode.
y Ranking index
S a guideline.

king system that

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

is consi ;

NOTE 1—lt is not recommended to modify criteria ranking values of 9 and 10. Failure Modes with rank

Severity 1, should not be analyzed further.

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

-10-
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3.2.13

3.2.14

TABLE 1—SUGGESTED DFMEA SEVERITY EVALUATION CRITERIA

fional design or

sessment, if the

company policy

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
High 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 Rattlesitem does not conform. Defect 2
noticed by discriminating customers (less than 25%).
Nong No discernible effect. 1
(13) CLassgIFicaTION—This column may be used to classify any special product characteristics (e.g., critical,
key, majof, significant) for components, subsystems, or systems that may require addi
process controls. (See Figure-3A*or 3B.)
This columin may also bée used to highlight high-priority failure modes for engineering as
Team finds this helpful)0r if local management requires same.
Special Product-0r-Process Characteristic symbols and their usage is directed by specific
and is notstandardized in this document.

(14) POTENTIAL CAUSE(S)/MECHANISM(S) OF FAILURE—Potential Cause of Failure IS defined as an indication of

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

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.

-11-
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3.2.15

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:

Yiel Chemical Oxidation

Fatigue Electromigration

Material Instability

Cregp

Weagr

Corfosion
(15) OccuRrRENCE (O)—Occurrence is the likelihood that a specific cause/mechanism will
design lifd. The likelihood of occurrence ranking number has a relative meaning rather t
value. Preventing or controlling the causes/mechanisms of the failure mode through a d
design prdcess change (e.g., design checklist, design review, design guide) is the only way 3

occurrenc

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

determinir
a. Wha
b. Iscq
c. How
d. Is cq
e.
f. Has
g. Wha
h. Has
i. Hav
A consistg
number is
occurrenc

Is component completely new?

occyrrence rate forthe application?

b ranking can be effected. (See Figure 3A or 3B.)

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 a\previous level component, subsystem, or system?
mponent radically different-from a previous level component?

the component application changed?
t are the environméntal changes?
an engineering\analysis (e.g., reliability) been used to estimate the expec

e preventivedcontrols been put in place?

nt occufrence ranking system should be used to ensure continuity. The ocg
a relative rating within the scope of the FMEA and may not reflect the act

a}

bceur during the
han an absolute
bsign change or
reduction in the

“10” scale. In

ystems?
n?

ted comparable

urrence ranking
hal likelihood of
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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 Table 2 as a guideline:

NOTE—The ranking value of 1 is reserved for “Remote: Failure Is unlikely”.

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: Ffequent failures 20 per thousand vehicles/items
10 per thousand vehicles/items
Modergte: Occasional failures 5 per thousand vehicles/items
2 per thousand vehicles/items
1 per thousand vehicles/items 4
Low: Relatively few failures 0.5 per thousand vehicles/items
0.1 per thousand vehicles/items
Remotgq: Failure is unlikely £ 0.01 per thousand vehicles/itenis 1

3.2.16 (16) Curr
which are
cause/me
such as a
testing) ar
3B.) The
system tes

There are

a. Pre
rate

b. Detg
met

ENT DESIGN CONTROLS—LIst the prevention, desigh'validation/verification (DV), O

hanism under consideration. Current controls (e.g., road testing, design reviews,
pressure relief valve, mathematical studies, rig/lab testing, feasibility review, prot
e those that have been or are being uséd with the same or similar designs. (Se
[Team should always be focused onimproving design controls; for example, the
ts in the lab, or the creation of new-system modeling algorithms, etc.

two types of Design Contrgls\to consider:

ention: Prevent the ealise/mechanism of failure or the failure mode from occurrir]
of occurrence,

ection: Detect the.cause/mechanism of failure or the failure mode, either by anal
nods, before.the item is released to production.

The prefefred approach is to first use prevention controls, if possible. The initial occurrenceg
affected by the/prevention controls, provided they are integrated as part of the design in
detection fankings will be based on design controls that either detect the cause/mechani
detect the|failure mode.

r other activities

completed or committed to and that will assure the design adequacy for the faillire mode and/or

fail/safe designs
Dtype tests, fleet
e Figure 3A and
creation of new

g, or reduce the

ytical or physical

rankings will be
tent. The initial
sm of failure, or

The Design FMEA form in Figure 3A has two columns for the design controls (i.e., separate columns for
Prevention Controls and Detection Controls) to assist the team in clearly distinguishing between these two
types of design controls. This allows for a quick visual determination that both types of design controls have
been considered. Use of this two-column form is the preferred approach. (See Figure 3A.)

NOTE— In the example included here, it is clear that the team has not identified any prevention controls.
This could be due to prevention controls not having been used on the same or similar designs.

If a one-column (for design controls) form is used, then the following prefixes should be used. For prevention
controls, place a ‘P’ before each prevention control listed. For detection controls, place a ‘D’ before each
detection control listed. (See Figure 3B.)
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Once the design controls have been identified, review all prevention controls to determine if any occurrence
rankings need to be revised.

3.2.17 (17) DetecTIoN (D)—Detection is the rank associated with the best detection 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 improved.

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

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

TABLE 3 SIUGGESTED DETECTION EVALUATION CRITERIA

ranking system,

|
Detlection

Criteria: Likelihood of Detection by Design Control Ranking

Absolute Uncertainty Design Control will not and/or can not detect a potential cause/mechanism |0
and subsequent failure mode; or there is no Design Control

Very Remgte 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 cadse/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(ajpotential cause/mechanism and 6
subsequent failure mode.

Moderate Moderate chance the Design Contfol will detect a potential cause/ 5
mechanism and subsequent fdilure mode.

Moderately High Moderately High chancelthe Design Control will detect a potential cause/ 4
mechanism and subseguent failure mode.

High High chance the Design Control will detect a potential cause/mechanism and 3
subsequentfailure mode.

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

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

subsequent failure mode.

3.2.17.2 1t is begt“t0 'have detection design controls in place as early as possible in the desi

pn development

process.

NOTE—After making the Detection Ranking, the Team should review the Occurrence Ranking and ensure
that the Occurrence Ranking is still appropriate

Detection should be estimated using Table 3 as a guideline:

NOTE—The ranking value of 1 is reserved for “almost certain.”

3.2.18 (18) Risk PrioRITY NuMBER (RPN)—The Risk Priority Number is the product of the Severity (S), Occurrence
(O), and Detection (D) ranking. (See Figure 3A or 3B.)
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3.2.19

3.2.20

3.2.21

3.2.22

3.2.23

RPN = (S)" (0)" (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 3A or 3B.)

In general practlce When the seventy isa*“9” or “10", speC|aI attentlon must be given to assure that the risk is

addressed
cases whe
corrective
cause(s).

After spec
Modes, wi

Actions su

a. Reyv
b. Rev
c. Des

solv
d. Rev

The primg
improving

Only a de

ranking can be effected only by removing or controlling one or more of the causes/mechanig

mode thro

in the defection ranking only.

engineerin

If enginesg
combinatig

(20) REsP
responsibl

re the effect of an |dent|f|ed potential fallure mode couId be a hazard to the ends
actions should be considered to avoid the failure mode by eliminating, mitigating,

al attention has been given to Severity Rankings of 9 or 10, the tearitheh addres
h the intent of reducing Severity, then Occurrence, and then Detéction.

ch as, but are not limited to, the following should be considefed:

sed Design Geometry and/or tolerances,

sed Material Specification,

gn of experiments (particularly when multiple or.interactive causes are present)/|
ng techniques, and

sed Test Plan.

ry objective of recommended actions¢s to reduce risks and increase custome
the design.

5ign revision can bring about atreduction in the severity ranking. A reduction i
Ligh a design revision. An inCrease in design validation/verification actions will res
g action since it does)not address the severity or occurrence of the failure mode.

ring assessment leads to no recommended actions for a specific failure mo
n, indicate-this by entering a “NONE” in this column.

DNSIBILUTY (FOR THE RECOMMENDED ACTION)—Enter the name of the organizatio
e for'the recommended action and the target completion date. (See Figure 3A or

the RPN. In all
ser, preventive/
br controlling the

bes other Failure

Dbr other problem

satisfaction by

the occurrence
ms of the failure
LIt in a reduction

Increasing the design validation/verification actions is @ less desirable

de/cause/control

h and individual
3B.)

(21) AcTions TAKEN—ATfter an action has been implemented, enter a brief description of the actual action
and effective date. (See Figure 3A or 3B.)

(22) 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,

All revised ratings should be reviewed.

leave the related ranking columns blank. (See Figure 3A or 3B.)

focus should always be on continuous improvement.

FoLLow-UpP AcTIONS—See 1.5.

If further action is considered necessary, repeat the analysis. The
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FIGURE 4A—POTENTIAL FAILURE MODE AND EFFECTS ANALYSIS IN MANUFACTURING

AND ASSEMBLY PROCESSES (PROCESS FMEA)
— TWO COLUMNS, CURRENT PROCESS CONTROLS —

-16-


https://saenorm.com/api/?name=209a689187700a3560923e329f7e53b4

SAE J1739 Revised AUG2002

sjuewesinbey

SISATVNV S103443 ANV 3AOW 3HNTIvd

TVILN3LOd

IRREIE) N2 uonosieg — 1 s A
dlefdle ueyep ejeq uonqidwo) (s)uonoy dfe uonuansid — n ainjiey jo S|e ainjeq OpON
‘H|a|0|s suonoy 106sef B papuswwoday |H |} slonuoy 3 (s)wsjueyoen els 10(shoey3a eanjiey
Aunaisupdsey ° §80001d 2 As)esneo 1 fepueiod 1enueiod uopouny
sHnsay uondy a usun)y ) Jenuatod 9 $50901d
weay 3100
(nay) (‘6uQ) areq Y34 eieq Aoy (s)wreiBoicy/(s).ean fopopy
Ag pasedaid Apqisuodsay ssa8201d way
o .y (vawd ss3o0Hd)
S3SS3004Hd AT9INASSV ANV ONIHNLIVANNVYIN NI
JaquinN YIWA

FIGURE 4B—POTENTIAL FAILURE MODE AND EFFECTS ANALYSIS IN

MANUFACTURING AND ASSEMBLY PROCESSES (PROCESS FMEA)

— ONE COLUMN, CURRENT PROCESS CONTROLS -
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4.1

4.1.1

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:

a. ldentifies the process functions and requirements,

b. Identifies potential product and process related failure modes,

c. Assgsses the effects of the potential failures on the customer,

d. Identifies the potential manufacturing or assembly process causes and idehtifies procgss variables on
whigh to focus controls for occurrence reduction or detection of the failuré,conditions,

e. ldentifies process variables on which to focus process controls,

f.  Devplops a ranked list of potential failure modes, thus establishing-a priority system for preventive/
corrgctive action considerations, and
g. Docphments the results of the manufacturing or assembly process.

CustoMmER DerINED—The definition of “CUSTOMER” for a ProcCess potential FMEA should normally be seen
as the “END USER.” However, customer can also beca‘jsubsequent or downstream npanufacturing or
assembly pperation, a service operation, as well as government regulations.

TeAM EFFQRT—During the initial Process potential EMEA development, the responsible engineer is expected
to directly fand actively involve representatives from all affected areas. These areas should|include, 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 areas affected and thus praniote a team approach.

Unless th¢ responsible engineer is experienced with FMEA and team facilitation, it is helpful to have an
experiencgéd FMEA Facilitator gssist the team in its activities.

The Procgss FMEA is a living'document and should be initiated:
a. Befqre or at the\feasibility stage,

b. Priof to tooling for production, and
c. Take into'aecount all manufacturing operations, from individual components to assemplies.

The PFMHEAshould he addressed according to the 3 cases autlinedin 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.
However, it 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.
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4.2

421

4.2.2

4.2.3

4.2.4

425

4.2.6

4.2.7

4.2.8

4.2.9

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 should begin with a flow chart 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 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 has been developed and is in Appendix G.

An example [of a completed form is contained in Appendix H, including numbered headings(1]) — (22) for ease
of reference|to the following descriptions.

(1) FMEA NumBer—EnNter the FMEA document number, which may be used for tracking. ($ee Figure 4A or
4B.)

(2) ITEM—Enter the name and number of the system, subsystem, or camponent, for whigh the process is
being analyzed. (See Figure 4A or 4B.)

(3) PrRoCEBSs REsPONSIBILITY—Enter the OEM, department, and\group. Also include the supplier name if
known. (See Figure 4A or 4B.)

(4) PREPARED By—Enter the name, telephone number;, and company of the engineer|responsible for
preparing the FMEA. (See Figure 4A or 4B.)

(5) MoDEL| YEAR(S)/PROGRAM(S)—ENnter the intended model year(s)/program(s) that willl use and/or be
affected by the design/process being analyzed (if known). (See Figure 4A or 4B.)

(6) Key DATE—ENter the initial FMEA due“date, which should not exceed the scheduled start of production
date. (Se¢ Figure 4A or 4B.)

NOTE— |n the case of a supplier, the initial FMEA due date should not exceed the customer required
Production Part Approval Process (PPAP) submission date.

(7) FMEA paTe—Ententhe date the original FMEA was compiled, and the latest revision date. (See Figure
4A or 4B.)

(8) CorE TEAM—<List the names of the responsible individuals and departments which havg the authority to
identify and/or'perform tasks. (It is recommended that each team member’'s name, department, telephone
number, a i istribotiomti i

(9) ProcEss FUNCTION/REQUIREMENTS—ENter a simple description of the process or operation being
analyzed (e.g., turning, drilling, tapping, welding, assembling). The team should review applicable
performance, material, process, environmental, and safety standards. Indicate as concisely 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 4A or 4B.)

-19-



https://saenorm.com/api/?name=209a689187700a3560923e329f7e53b4

SAE J1739 Revised AUG2002

4.2.10 (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. Exceptions can be made by the FMEA team
where historical data indicates deficiencies in incoming part quality. (See Figure 4A or 4B.)

List each potential failure mode for the particular operation in terms of a component, subsystem, system, or
process characteristic. Assume 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. Regprdless of engineering specifications, what would a customer (end user, subSequent operations, or
service) consider objectionable?

Start by cpmparing similar processes and reviewing customer (end user andcsubsequent dperation) claims
relating to|similar components. In addition, a knowledge of the design intentis necessaryl Typical failure
modes couild be, but are not limited to:

Ben Burred Hote off-location
Cragked Hole too shallow Hole missing
Handling damage Dirty Hole too deep
Surface too rough Deformed Surface too smooth
Open Circuited Short Circuited Mis-labeled

NOTE— Potential failure modes should be described in “physical” or technical terms, ngt as a symptom
hoticeable by the customer.

4.2.11 (11) PoTepnTiAL EFFECT(S) oF FAILURE—Potential Effects of Failure are defined as the effefts of the failure
mode on the customer(s). (See Figure 4Aor 4B and 4.1.1.)

Describe the effects of the failure in“terms of what the customer might notice or experienge, remembering
that the cystomer may be an intérnal customer as well as the ultimate end user. State clefrly if the failure
mode could impact safety or cause noncompliance to regulations. The customer(s) in this fontext could be
the next operation, subsequent operations or locations, the dealer, and/or the vehicle ownef. Each must be
consideregl when assessing the potential effect of a failure.

For the End User, the‘effects should always be stated in terms of product or system performance, such as:

Noise Rough Erratic Operation Excpssive Effort
Inopena'ri\/p llnplpac;anr QOdar Linstable Opsd ration Impaired
Draft Intermittent Operation Poor Appearance Leaks

Vehicle Control Impaired Rework/Repairs Customer Dissatisfaction Scrap

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 not face Causes Excessive tool wear
Damages equipment Endangers operator
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4.2.12 (12) SEVERITY(S)—Severity is the rank associated with the most serious effect for a given failure mode.
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 4A or 4B.)

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.

In these cases, the design FMEA, design engineer, and/or subsequent manufacturing or
assembly plant process engineer, should be consulted.

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

which is

Bolcetant rat-H-ma-ackifirad-faor-tadihcditalas Bt L Takl 4
COTTSTSTCTTL C Ve T T roUme U ToOT OV O O ar pTOCC SSAITAry StS5 (OC T TAuTC™.7

Severity|should be estimated using 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 EVAEUATION CRITERIA
Criteria: Severity of Effect Criteria: Severity of Effect
Th|s ranking results when a potential failure mode Thissranking results when a potential failyire mode
reqults in a final customer and/or a manufacturing/ regsults in a final customer and/or a manufacturing/
aspembly plant defect. The final customer should assembly plant defect. The final custompr should
aljvays 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 high severity ranking when a potential failure mode Or may endanger operator (machine or as§embly) 10
without warning  affecys 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 operator (machine or assembly) with 9

with warning affecys safe vehicle operation and/or ifivolves warning.
noncpmpliance with government regulation with warning.

Very High Vehidle/item inoperable (loss oftprimary function). Or 100% of product may have to be scrappgd, or 8

vehicle/item repaired in repair department With a repair
time greater than one hour.

High Vehigle/Item operablesbut at a reduced level of Or product may have to be sorted and a poftion (less 7
perfofmance. Custémer very dissatisfied. than 100%) scrapped, or vehicle/item repaifed in repair

department with a repair time between halfgn 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
inopgrablel Customer dissatisfied. to be scrapped with no sorting, or vehicle/item repaired

in rplnnir r\lnpnrtmnnt with a rnpnir time lesslthan half an
hour.

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

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

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

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

None No discernible effect. Or slight inconvenience to operation or operator, or no 1

effect.
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4.2.13

4.2.14

4.2.15

(13) CLassIFIcATION—This column may be used to classify any special product or process characteristics
(e.g., critical, key, major, significant) for components, subsystems, or systems that may require additional
process controls. (See Figure 4A or 4B.)

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.

(14) PoTENTIAL CAUSE(S)/MECHANISM(S) OF FAILURE—Potential Cause of Failure is defined as how the failure
could occyr, described in terms of something that can be corrected or can be controlled;~ ($ee Figure 4A or
4B.)

List, to th¢ extent possible, every failure cause assignable to each potentialfailure mod¢. If a cause is
exclusive o the failure mode, i.e., if correcting the cause has a direct impact’on the failurel mode, then this
portion of fhe FMEA thought process is completed. Many causes, however, are not mutually exclusive, and
to correct pr control the cause, a design of experiments, for example, may’be considered to gdetermine which
root causgs are the major contributors and which can be most @asily controlled. The cgquses should be
described|so that remedial efforts can be aimed at those causes\which are pertinent. Typicpl failure causes
may include, but are not limited to:

Impioper torque - over, under Improperweld - current, time, pressure
Inadcurate gauging Impropérheat treat - time, temperature
Inadequate gating/venting Inadequate or no lubrication

Part] missing or mislocated \\ern locator

Worh tool Chip on locator

Broken tool Improper machine setup

Impfoper programming

Only specffic 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) OccuRrReNCE (O)—Oceuirence is the likelihood that a specific cause/mechanism of failure will occur.
The likelifood of occurrence ranking number has a relative meaning rather than an |absolute value.
Preventing or controllingthe causes/mechanisms of the failure mode through a design or pfjocess change is
the only why a reduction in the occurrence ranking can be effected. (See Figure 4A or 4B.)

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

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.

The “Possible Failure Rates” are based on the number of failures which are anticipated during the process
execution. If statistical data are available from a similar process, the data should be used to determine the
occurrence ranking. In all other cases, a subjective assessment can be made by using the word descriptions
in the left column of the 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 ranking system, that

is consistent, even if modified for individual process analysis. (See Table 5.)
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Occurrence should be estimated using the following table as a guideline:

NOTE—The ranking value of 1 is reserved for “Remote: Failure Is unlikely.”

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
Moderatp: Occasional failures 5 per thousand pieces 6
2 per thousand pieces 5
1 per thousand pieces 4

Low: Re

Remote]

atively few failures 0.5 per thousand pieces

0.1 per thousand pieces

Failure is unlikely £ 0.01 per thousand pieces

1. Fo
4.2.16 (16) Curr
prevent to
should it 9
Control (S

 associated Ppk calculations and values, see Appendix M.

ENT PROCESS CONTROLS—Current Process Controls ‘are descriptions of the cor
the extent possible the failure mode/cause from/occurring or detect the failure
ccur. These controls can be process controls Such as error/mistake proofing or St
PC), or can be post-process evaluation. The evaluation may occur at the subjec

subsequent operations. (See Figure 4A or 4B.)

There are

Pre
of o
b. Detg

a.

The prefe

r
affected bl/

rankings f
detect the

The Procs
Preventiorn

two types of Process Controls/features to consider:

ention: Prevent the cause/mechanism or failure mode/effect from occurring, or
Ccurrence
ction: Detect the cause/mechanism or failure mode, and lead to corrective actio

ed approach is te first use prevention controls if possible. The initial occurrence

the prevention controls provided they are integrated as part of the process in
r detection will-be based on process controls that either detect the cause/mechan
failure mode:

ss EMEA form in Figure 4A has two columns for the process controls (i.e., sepa
Cantrols and Detection Controls) to assist the team in clearly distinguishing be

trols that either
mode or cause
atistical Process
t operation or at

educe their rate

N(s)
rankings will be
tent. The initial

ism of failure, or

rate columns for
ween these two

types of p

P e I £ el : e : " P TR MY RS r
OLESS LUNUUIS. TS alluws TUT a4 QUILK visudl UCtETTiiatvurt tialt DUt types Ul

brocess controls

have been considered. Use of this two-column form is the preferred approach. (See Figure 4A.)

If a one-column (for process controls) form is used, then the following prefixes should be used.

For

prevention controls, place a ‘P’ before each prevention control listed. For detection controls, place a ‘D’
before each detection control listed. (See Figure 4B.)

Once the process controls have been identified, review all prevention controls to determine if any occurrence

rankings n

4.2.17

eed to be revised.

(17) DeTECTION (D)—Detection is the rank associated with the best detection control listed in the process

control column. Detection is a relative ranking, within the scope of the individual FMEA. In order to achieve
a lower ranking, generally the planned process control has to be improved. (See Figure 4A or 4B.)
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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.

4.2.17.1 Suggested Evaluation Criteria—The team should agree on an evaluation criteria and ranking system, that
is consistent, even if modified for individual product analysis. (See Table 6.)

Detectign should be estimated using Table 6 as a guideline:
NOTE—The ranking value of 1 is reserved for “Controls certain to Detect.”
TABLE 6—SUGGESTED PFMEA DETECTION EVALUATION CRITERIA
Inspection Inspection
Type Type
Detection Criteria BW cw Suggested Range of Detectior] Methods Ranking
Almost Absglute certainty of non-detection X Cannot detect or is not checked. 10
Impossible
Very Remote Confrols will probably not detect X% Control is Achieved with indirect orfrandom 9
checks only.
Remote Confrols have poor chance of X Control is achieved with visual insgection only. 8
detegtion
Very Low Confrols have poor chance of X Control is achieved with double vispal 7
detegtion inspection only.
Low Confrols may detect. X X Control is achieved with charting methods, such 6
as SPC {Statistical Process Contro|}
Moderate Confrols may detect X Control is based on variable gaugirlg after parts 5
have left the station, OR Go/No Gg gauging
performed on 100% of the parts aftgr parts have
left the station.
Moderately Confrols have a good chance to X Error detection in subsequent operptions, OR 4
High deteft gauging performed on set-up and f|rst-piece
check (for set-up causes only).
High Confrols have a good ehance to X Error detection in-station, OR error|detection in 3
deteft subsequent operations by multiple Jayers of
acceptance: supply, select, install, yerify. Can
not accept discrepant part.
Very High Confrols almgst certain to detect. X Error detection in-station (automati¢ gauging 2
with automatic stop feature). Can fot pass
discrepant part.
Certain Controls certain to detect. Discrepant parts can not be made because item 1

has been error proofed by process/product

design.

1. Inspection Types:
A. Error Proofed

B. Gauging

C. Manual Inspection

NOTE—X’s indicate 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 4A or 4B.)

RPN = (S)" (0)" (D)

(Eq. 2)
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4.2.19

4.2.20

4.2.21

4.2.22

4.2.23

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).

(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 4A or 4B).

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 be a hazard to
he failure mode

- rabhr—taar PN BTN U -Gt HE P~V ) P CIW) TP bha+ld-lba-tal Bt P
manufaCtLl|||yluooc|||u|y PCTSOUTTCT, PTC VTV e CUTTC U UV E AT U TS STTOUTO T TARTTT O avoTa

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

After speclal attention has been given to Severity Rankings of 9 or 10, the team then-addres

Modes, wi

h the intent of reducing Severity, then Occurrence, and then Detection.

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

fied.

bes other Failure

a. To tleduce the probability of occurrence, process and/or desigfrevisions are requifed. An action-
oriented study of the process using statistical methods €ould be implemented with an ongoing
feedback of information to the appropriate operations\for continuous improvenment and defect
prevention.

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

c. To increase the probability of detection, process-and/or design revisions are requifed. A preferred

method for generating possible process and/or design revisions, to increase th
detdction, is Error/Mistake Proofing. Generally, improving detection controls is costl
for jquality improvements. Increasing quality controls inspection frequency is T
preventive/corrective action and should only be utilized as a temporary measure, {
preVentive/corrective action is required. In some cases, a design change to a speq
reqyired to assist in the detection:;* Changes to the current control system may be
incr¢ase this probability.

Emphasis must, however, be placed on preventing defects (i.e., reducing the occurrg
detgcting them. An example'would be the use of Statistical Process Control and procg
rather than random quality checks or associated inspection.

If enginegring assessment leads to no recommended actions for a specific failure moj

e probability of
and ineffective
ot an effective
ince permanent
ific part may be
implemented to

nce) rather than
ss improvement

de/cause/control

combinatign, indicate-this by entering a “NONE” in this column.

(20) RESPPNSIBILTY (FOR THE RECOMMENDED ACTION)—Enter  the  individual for the

recommer]ded\action, and the target completion date. (See Figure 4A or 4B.)

respongible

(21) AcTions TAKEN—ATfter an action has been implemented, enter a brief description of the action and
effective date. (See Figure 4A or 4B.)

(22) 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 4A or 4B.)

All revised ratings should be reviewed and if further action is considered necessary, repeat the analysis. The
focus should always be on continuous improvement.

FoLLow-UpP AcTIONS—See 1.5.

-25-



https://saenorm.com/api/?name=209a689187700a3560923e329f7e53b4

SAE J1739 Revised AUG2002

FIGURE 5A—MACHINERY FMEA FORM

—TWO COLUMN, CURRENT MACHINERY DESIGN CONTROLS —
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FIGURE 5B—MACHINERY FMEA FORM
— ONE COLUMN, CURRENT MACHINERY DESIGN CONTROLS —
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51

Potential Failure Mode and Effects Analysis for Machinery (Machinery FMEA). An Application of
Design FMEA to Plant Machinery, Tooling, and Equipment.

Introduction—Failure Mode and Effects Analysis concepts can be applied to machinery (the term machinery,
as used throughout this text includes tooling and equipment) to reduce the probability that potential failure
modes, related to machinery, will occur. The Machinery potential FMEA (MFMEA) supports the machinery
design process from design development through design approval. The MFMEA is a thorough review of each
step, or function, in the overall operation of the machinery. This section addresses the concepts used to
develop an effective MFMEA, which is an application of a Design FMEA (Section 3) for Plant Machinery,
Tooling, and Equipment.

This section i i Meachirery verity—Oe€ etection Rankings.

the extent ppssible, potential failure modes and their associated-causes/mechanisms have peen considered
and addressed. In its most rigorous form, an FMEA is a summary-of the team’s thoughts (inclliding analysis of
items that cpuld go wrong based on experience) as the machinery is designed. The syst¢matic approach
parallels, fofmalizes, and documents the mental disciplings that an engineer/team normally [goes through in
any design/development process.

Since the MFMEA should be used as an input to thelmachinery preventive maintenance progfam, and used to
assist in thg determination of machinery controls that will be used, it is impossible to deveglop an effective
MFMEA without the plant machinery personneland the various supplier field service activitieg represented on
the team. The team (see 5.1.2) should_also focus on improving the reliability, durability, majntainability, and
availability of the machine while conducting the analysis.

The Machingry Potential FMEA stipports the design process in reducing risk of failures by:

a. Aidipg in the objective-evaluation of equipment functions and sequence of steps, design requirements,
and|design alternatives;

b. Incrgasing theprobability that potential failure modes and their effects on the customef (see 5.1.1) and
the fEnd User have been considered in the design and development process;

c. Proyviding‘additional information to aid in the planning of thorough and efficient desigr, validation, and
dev¢lopment programs, including the planning of an efficient and effective process for preventive
mainternance;

d. Developing a ranked list of potential failure modes ranked according to their effect on the “customer”,
thus establishing a priority system for design improvements, development, and validation testing/
analysis;

e. Providing future reference, e.g., lessons learned to aid in analyzing field concerns, evaluating design
changes, and developing advanced machinery designs;

f.  Improving the reliability and durability of the machinery, resulting in reduced life cycle costs;

g. Improving machinery maintainability, resulting in reduced mean time to repair; and,

h. Improving reliability, durability, and maintainability, resulting in increased availability.

When fully implemented, the MFMEA discipline can be performed on new, modified, or carry-over designs in
new applications or environments. An engineer from the responsible design source should initiate the MFMEA
process, which for a proprietary design, may be the supplier.
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5.1.1

51.2

5.2

521

CusTOMER DEFINED—The definition of “Customer” for a MFMEA is the manufacturing facility where the
machinery is to be installed for production. The manufacturing facility includes plant engineers,
maintenance, production, and other plant support personnel.

TeaMm EFFORT—During the MFMEA process, the machinery-responsible engineer is expected to actively
involve representatives from all affected areas. These areas should include, but are not limited to
production, manufacturing engineering, safety, quality, suppliers, product engineering, and the “customer” of
the machinery as described in 5.1.1. The MFMEA should be a catalyst to stimulate the interchange of ideas
between activities affected and thus promote a team approach. In addition, for any commercial “Catalog”

components, the responsible representative from the component supplier should be consulted as required.

Unless thg
experiencs

The Mach

a. Bei
b. Bed

of m
c. Sho

The MFM
specificati
before the|
reduce the

Developme
number of fq
process of p
not to do,

expectations
statement,
history, prog

Prior to begi

pd FMEA Facilitator assist the team in its activities.

nery FMEA is a living document and should:

hitiated during machinery design concept development,
ontinually updated as changes occur or additional information is\obtained throug
achinery development, and

Lild be completed before engineering release for construction,

FA analyzes functions, design requirements, needs, and assumes the machine
bn. The focus of the MFMEA is to eliminate potential failures by removing des
machinery is built as opposed to relying on machinery controls and/or preventive
occurrence of the failures.

Nt of a Machinery FMEA—The machinery design responsible engineer has at h
rmal and informal documents that will e useful in the preparation of the Machin
Feparing the MFMEA begins with thefull understanding of what the machinery is €

may be determined from seurces such as the Reliability and Maintainabi
jesign requirements, perfermance reports, preventive/corrective action repor
ram objectives, and federal-or local regulatory requirements.

hning the MFMEA, (the'team should have at their disposal a minimum of:

Det4

apow

A Machiner

Equ|pment literature,
Eng|neering ‘drawings of the machinery, and,
Madghinery reliability and maintainability information (estimated or actual).

iled description,of the sequence of steps in the overall operation of the machinery

FMEA should begin by prioritizing the subsystem improvements necessary to

Ipful to have an

hout the phases

y will be built to
gn weaknesses
maintenance to

s/her disposal a
ery FMEA. The
Xpected to do or

n a given environment, under ‘stated conditions, and for a defined period ¢f time. These

ity specification
S, maintenance

Mmeet the overall

system expectations.

A Machinery FMEA should begin with a block diagram for the system or subsystem being analyzed. An

example of t

he block diagram is shown in Appendix C.

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.

FMEA NumBer—Enter the FMEA document number, which may be used for tracking. (See Figure 5A or

5B.)
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5.2.2

5221

5.2.2.2

5.2.2.3

5.2.3

524

5.2.5

5.2.6

5.2.7

5.2.8

5.2.9

MACHINERY/SYSTEM, SUBSYSTEM, OR COMPONENT NAME—Indicate the appropriate level of analysis and enter
the name and identification number of the system, subsystem, or component being analyzed. The FMEA
team members 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

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

FMEA team. (See Figure 5A or 5B and Appendix F.)

These

subsystems often have been designed by different teams. Some typical Machinery System FMEAs might
cover the following systems: Underbody Welding System, or Chassis Decking/Marriage System, etc.
Thus, the focus of the System FMEA is to ensure that all interfaces and interactions are covered among
the various subsystems that make up the system.

Subsystem FMEA Scope—A Subsystem FMEA is generally a sub-set of a larger systenl\. For example,
the robdts are a sub-set of the underbody welding system. Thus, the focus of the/Mach

FMEA i

to ensure that all interfaces and interactions are covered among the (various (

make up the subsystem.

nery Subsystem
omponents that

Comporjent FMEA Scope—A Component FMEA is generally an FMEA-focused on the sub-set of a

subsyst
robot (w

DESIGN RH
Figure 5A

PREPARED)
preparing

PROGRAM
machinery

Key DATEA
date for cd

FMEA DA
or5B.)

CORE TEA
identify an
number, a

ITEM/FUNC]

m. For example, end-of-arm tooling (e.g., weld gun, sealer 'gun, gripper) is a c
hich is a subsystem of the underbody welding system.)
or 5B.)

By—Enter the name, telephone number, and the company of the engineer
the MFMEA document. (See Figure 5A or5B?)

5)/PLANT(S)—Enter the intended programs(s) and plant(s) that will utilize and/or b
being analyzed. (See Figure 5A or 5B.)

—Enter the initial MFMEA due date, which should not exceed the scheduled eng
nstruction. (See Figure 5A or5B.)

E—Enter the date the:original MFMEA was compiled, and the latest revision date

M—List the names of the responsible individuals and departments that have
Hdressetc., be included on the distribution list.) (See Figure 5A or 5B.)

TION'REQUIREMENTS—ENnter the name of the item and enter a simple descriptio

sPONsIBILITY—Enter the OEM, department, group, and the supplier name as gpplicable.

bmponent of the

(See

responsible for

b affected by the

ineering release

(See Figure 5A

the authority to

d/or performrtasks. (It is recommended that each team member’'s name, department, telephone

n of the step, or

function,

environmental, and safety standards.

I o ! ! =1 - 1 1l : 1 1l £
rnat 15 Uiy dllialyZcu. e iedirt STuuid 1eview dppiiaduic Periurimiarce, T

aterial, process,

Indicate as concisely as possible the purpose/requirements of the

step, or function, being analyzed, including information about the design (metrics/measurables) describing
the system, subsystem or component.

If the subsystem has more than one function with different potential modes of failure, it may be desirable to

list the fun

ctions as separate elements.
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Performance Requirement Examples:

To pump sealant to panel at the rate of X cubic centimeters per minute

To pump coolant to work piece at not less than X gallons per minute

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

To ramp up to X degree Celsius in Y seconds and maintain temperature for Z seconds
To transfer power from point A to point B

To move product X meters in Y minutes

5.2.10 POTENTIAL FAILURE MoDE—Potential Failure Mode is defined as the manner in which the machinery could
potentially fail to meet or deliver its intended function described in Item/Function Requirements column (i.e.,

5211

intended f

The potential failure mode is a description of the nonconformance at that specific step{ orfu
a cause asgsociated with a potential failure mode in a subsequent (downstream) step:or an ¢
with a potgntial failure in a previous (upstream) step. However, in preparation of the MFM§

a.

point is a feview of machinery supplier correction action reports, lessons learned documen
user and qubsequent operations reports), machinery down time logs and group brainstormir

Potential failure modes that could only occur under,certain operating conditions (e.g., tempe]
high humigity, external shock/vibration) and under certain usage conditions (increased ling
considered.

hction. It can be
ffect associated
FA, the following

or step. The
mended starting
s (including end
g.

rature extremes,
rate) should be

The mach|nery engineer/team should-be able to pose and answer the following questions:
a. How can the machinery/sequence step fail to meet engineering specifications?
b. What could fail to meéei customer (end user, subsequent steps of functions, ¢r field service)
expectations?
Typical faijure modes¢cauld be, but are not limited to:
Bent Broken Worn
Cracked Warped Short circuit
Dirty Binding Open circuit
Grounded

PoTENTIAL EFFECTS OF FAILURE—The effects should be stated in terms of a specific system, subsystem, or

component being analyzed. Any impact of the failure mode on upstream and downstream p
also be stated.

rocesses should

State clearly if the function could impact safety or noncompliance to regulations and if operators and safety
are potentially affected. The effects should always be stated in terms of what the customer might notice or

experience (see 5.1.1). List all effects and rank the most severe effect.
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Typical failure effects could be, but are not limited to:

Machinery breakdowns Increased cycle time

Degraded Output
Inadequate torque

Impaired performance
Loss of production during operation

Intermittent operation Partial or complete loss of function
Excessive Noise Excessive vibration

Excessive effort required Lack of repeatability

Endangers operator/technician Excessive backlash

5.2.12 SEvVEeRITY—Severity is the rank associated with the most serious effect for a given failure mode. Severity is a

AL A

relative rapiag—within-th

A reductign in Severity Ranking index can be effected only through a machinery deSign ¢

= £t H=2 TP PPN Bl ¥
IC-SCOP T OT UTC OV IO O T IV Y,

should be [estimated using Table 7.

5.2.12.1 Suggested Evaluation Criteria—The team should agree on an evaluatiornieriteria and

which is|consistent, even if modified for an individual system. (See Tablé, 7-)

NOTE—It is not recommended to modify criteria for ranking values ef. 9's and 10’s. Faill
Severity rank of 1 should not be analyzed further.

TABLE 7—SUGGESTED SEVERITY EVARUATION CRITERIA

hange. Severity

ranking system,

re Modes with a

Effpct Severity of\Effect Ranking

Hazardous — Without Warning Very high severity ranking — Affects eperator, 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 merexthan 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
2 and4h.

Moderate Dewntime of between 1 and 4 h or the production of defective parts for between 6
tand 2 h.

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 min, but 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 be 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
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5.2.13 CLAssIFICATION—This column may be used to classify any special product characteristics (e.qg., critical, key,
major, significant) for components, subsystems, or systems that may require additional design or process

5.2.14

5.2.15

controls. (See Figure 5A or 5B.)

This column may also be used to highlight high-priority failure modes for engineering assessment, if the

Team finds this helpful, or if local management requires same.

Special Product or Process Characteristic symbols and their usage is directed by specific
and is not standardized in this document.

company policy

PoTENTIAL CAUSES/MECHANISM’S OF FAILURE—Potential Cause of Failure is defined as an indication of a

el

design wepknressthe-conseguenree-ofwhichis-the-failure-mode—(SeeHgure-SA-o+-5B
List, to th¢ extent possible, every potential cause and/or failure mechanism for each fail
cause/meg¢hanism should be listed as concisely and completely as possible so thatiremedi
aimed at gertinent causes.

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

Too| Drift Contamination

Incdrrect Material Specified Inadequate Design Life Assumption
Ovef-stressing Insufficient Lbrication Capability
Inadequate Maintenance Instructions Incorrect Algorithm

Improper Maintenance Instructions Improper Software Specification
Impioper Surface Finish Specification Inadeguate Travel Specification
Impfoper Friction Material Specified Excessive Heat

Improper Tolerance Specified \Worn Locator

Chip on Locator

Typical faijure mechanisms may include, but'are not limited to:

Yield Chemical Oxidation
Fatigue Electromigration
Material Instability Wear

Cregp Corrosion

(15) OccuRrRENCE (O)—==Qccurrence is the likelihood that a potential cause/mechanism of

ure mode. The
al efforts can be

ailure will occur

within a specific timeperiod. Preventing or controlling the cause/mechanism of failure through a design

change is the prefétred way to reduce the occurrence ranking.

urrence ranking

A consistgnt- oCcu ity. The ocd

occurrence.

hal likelihood of

5.2.15.1 Suggested Evaluation Criteria—The team should agree on an evaluation criteria and ranking system that
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
rankings.

a. Reliability is the probability that manufacturing machinery/equipment can perfor

the occurrence

m continuously,

without failure, for a specified interval of User’s time when operating under stated conditions.
b. User’s time is the span of time the machinery is required to run without failure (time, cycles, etc.). The

User’s time frame should be defined in terms of an operating pattern that is important

to the user.
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NOTE—The ranking value of 1 is reserved for “Failure occurs once in 25 000 hours of operation”.

TABLE 8—SUGGESTED OCCURRENCE EVALUATION CRITERIA

Criteria: Possible Number of or Criteria: Possible Number of Criteria: The Reliability based on the Ranking

Failures within Hours of Operation Failures within Cycles of Users Required Time

Operation
linl 1in 90 R(t) <1%: MTBF is about 10% of the 10
User’s required time.
1in8 1in 900 R(t) = 5%: MTBF is about 30% of User’s 9
required time
1in24 1in 36000 R(t) = 19%: MTBF is about 60% ofthe 8
User’s required time.
1in 80, 1in 90000 R(t) = 37%: MTBF is edual to the User’s 7
required time.
1in35 1in 180000 R(t) = 61%: MTBFis 2 times greatgr than 6
the User’s,required time. |
1in 100p 1in 270000 R(t)= 78%: MTBF is 4 times greatgr than 5
the\User’s required time.
1in 250p 1in 360000 R(t) = 85%: MTBF is 6 times greatgr than 4
the User’s required time.
1in 500p 1in 540000 R(t) = 90%: MTBF is 10 times greater than 3
the User’s required time.
1in 10 000 1 in 900000 R(t) = 95%: MTBF is 20 times greater than 2
the User’s required time.
1in 25 000 Linumore than R(t) = 98%: MTBF is 50 times greater than 1
900000 cycles the User’s required time.
NOTE—The reliability valuestlisted previously assume the machines have a constant failure rate and are
fepairable. See Appendix J for sample calculations for the occurrence table.

5.2.16 CURRENT MACHINERY CONTROLS—List the prevention, detection, design validation/verificatign (DV), or other
activities that have been completed or committed to and that will assure the design adequagy for the failure
mode andfor cause/mechanism under consideration. Current controls (e.g., design reviews, mathematical
studies, fdasibility’ review, prototype tests) are those that have been or are being used with the same or
similar desighs. The team should always be focused on improving design controls; for example, creating
new systehrtests;orcreatingmew systemmrmodetingatgorithms,etc—Therearetwotypesof design controls
to consider:

a. Prevention:

their rate of occurrence.
b. Detection: Detect the cause/mechanism of failure or the failure mode, either by analytical or physical
methods.

Prevent the cause/mechanism of failure or the failure mode from occurring, or reduce

The preferred approach is to first use prevention controls, if possible. The initial occurrence rankings will be

affected by the prevention controls provided they are integrated as part of the design intent.

The initial

rankings for detection will be based on design controls that either detect the cause/mechanism of failure, or

detect the

failure mode.
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For example, consider a failure mode of “belt breaks”. A detection control could be a sensor that detects the
breakage and notifies through the use of an alarm or light that the belt has broken. A prevention control
could be a sensor with a feedback system to an automatically adjustable pulley system that continuously
adjusts the tension to prevent the belt from breaking, and thus, reduces the rate of occurrence of the belt
breaking due to improper tension.

The Machinery FMEA form in this manual has two columns for the machinery controls (i.e., separate
columns for Prevention Controls and Detection Controls) to assist the team in clearly distinguishing between
types of machinery controls. This allows for a quick visual determination that both types of
machinery controls have been considered. Use of this two-column form is the preferred approach. (See

these two

Figure 5A.

)

If a one-c
prevention
before ead
controls to

5.2.17 DETECTION
Detection

generally fhe planned machinery control has to be improved. (See Tahkle 9.)

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

plumn (for machinery controls) form is used, then the following prefixes shoul

h detection control listed. Once the machinery controls have been identified, revi
determine if any occurrence rankings need to be revised. (See Figure 5B.)

—Detection is the rank associated with the best detection contral listed in the ma
s a relative ranking, within the scope of the individual FMEA. *In~order to achieve

|l be used. For

controls, place a ‘P’ before each prevention control listed. For detectioh conlrols, place a ‘D’

w all prevention

chinery controls.
a lower ranking,

king system that

is consigtent, even if modified for an individual system.
NOTE—The ranking value of 1 is reserved for “Almost-Certain.”
TABLE 9—SUGGESTED DETECTION EVALUATION CRITERIA
Detection Criteria: Likelihood of Detection by Design and/or Machinery Control Ranking
Almost Impossible Design and/or Machinery Controls<cannot detect a potential cause and subsequent failure, 10
or there are no design or machinery controls.
Very Remote Very remote chance that design’and/or machinery controls will detect a potential cause and 9
subsequent failure mode!
Remote Remote chance thatdesign and/or machinery controls will detect a potential cause and 8
subsequent failure.mode. Machinery control will provide indication of failure.
Very Low Design and/orrMaehinery controls do not prevent the failure from occurring. Machinery 7
controls will isolate the cause and subsequent failure mode after the failure has occurred.
Low Low chanee‘that design and/or machinery controls will detect a potential cause and 6
subsequent failure mode. Machinery controls will provide an indicator of imminent failure.
Medium Medium chance that design controls will detect a potential cause and subsequent failure 5
maode. Machinery controls will prevent imminent failure.
Moderately High Moderately high chance that design controls will detect a potential cause and subsequent 4
failure mode. Machinery controls will prevent imminent failure.
High High chance that design controls will detect a potential cause and subsequent failure 3
mode. Machinery controls will prevent an imminent failure and isolate the cause.
Very High Very high chance that design controls will detect a potential cause and subsequent failure 2
mode. Machinery controls may not be required.
Almost Certain Design controls almost certain to detect a potential cause and subsequent failure mode, 1

machinery controls not required.
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5.2.18

5.2.19

5.2.20

5.2.21

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 5A or 5B).

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 5A

In general
addressed
of the RP
manufacty
by elimina]

After sped
Modes, wi
recommer

Pl = T
O IO

practice when the severity is a “9” or “10”, special attention must be given 16 assu
through existing design and/or machinery controls or preventative/corrective acti
N. In all cases where the effect of an identified potential failure mode could
ring/ assembly personnel, preventive/corrective actions should be taken to avoid
ling or controlling the cause(s), or appropriate operator protection should be spec

ial attention has been given to Severity(s) of 9 or 10, theteam then address
th the intent of reducing Severity, then Occurrence, anddthen Detection. The prin
ded actions is to reduce risks, increase customer satisfaction, and improv|

maintainability, and durability of the machine.

Only a de

5ign revision can bring about a reduction in the severity ranking. A reduction in

ranking can be effected only by removing or controlling.0ne or more of the causes/mechanis

mode thrg
inspection
Increasing
address th

If enginegq
combinatig

ugh a design revision. An increase insdesign validation/verification actions, mj
and/or preventive/predictive maintenafice will result in a reduction in the detect
the design validation/verification actions is a less desirable engineering action
e severity or occurrence of the failure mode.

ring assessment leads t0 no recommended actions for a specific failure mo
n, indicate this by entering a “NONE” in this column.

REsPONSIBILITY (FOR THE RECOMMENDED ACTION)—Enter the organization and individual re

e that the risk is
bn(s), regardless
be a hazard to
the failure mode
fied.

s other Failure
hary objective of
b the reliability,

the occurrence
ms of the failure
achine controls,
on ranking only.
bince it does not

de/cause/control

bponsible for the

recommer]ded action and.its-target completion date. (See Figure 5A or 5B.)

AcTIoNs TlakeN—After an action has been implemented, enter a brief description of the acfual action taken
and its effective date.” (See Figure 5A or 5B.)

REvVISED RATING s—After the preventive/corrective action has been identified, estimate |and record the
resulting severity;occurrence,anddetectionmrankings—Catcutateandrecord-theresultmgRPN. If no actions
are taken, leave the related ranking columns blank. (See Figure 5A or 5B.)

All revised ratings should be reviewed and if further action is considered necessary, repeat the analysis. The
focus should always be on continuous improvement.

FoLLow-U

P ACTIONS—See 1.5.
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6.1

Notes

Marginal Indicia—The change bar (I) 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 AUTOMOTIVE QUALITY AND PROCESS IMPROVEMENT G}

ROUP
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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

V8 W inViWAY

The
con
INT
The

LESSONS LEARNED

The|FMEA considers all major “lessons learned” (such as high warranty\campaigns,
failure mode identification.

SPHCIAL OR KEY CHARACTERISTICS

The|FMEA identifies appropriate Key Characteristics candidates; as input to the Key
selection process, if applicable due to company policy.

TIM|NG

The|FMEA is completed during the “Window of Opportunity” where it could most effic
product design.

TEAM

The|right people participate as part of the FMEA" team throughout the analysis, and

trair]
DO¢
The
valu
TIM
Tim
valu
are

Anabicic/NDavalania ot N\ Jo Al o4 oo adlarID e \Laoxif fion D B

I I(.AIyQIQIIJUVCIUPIIIUIII.I v anuauuvurt \I_\IIJI V}, QATTUrut IJUQIHII v eTITToeAauuTrT T 1Al a1
iders the failure modes from the Design FMEA.

FRFACES

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

ed in FMEA methods. As appropriate, afacilitator should be used.
CUMENTATION

FMEA document is completely filled out “by the book”, including “Action Taker
bs.

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

; AreHReport (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.

CONFROEPHEANS

The|Pre-launch and Production Control Plans consider the failure modes from the-Rrgcess FMEA.
INTEGRATION

The|Process FMEA is integrated and consistent with the Process Flow Diagram and the Process
Control Plan. The Process FMEA considers the Design FMEA as part of its analysis.

LESSONS LEARNED

The|FMEA considers all major “lessons learned” (such as high warranty, campaigns,|non-conforming
product, customer complaints, etc.) as input to failure mode identification.

SPHCIAL OR KEY CHARACTERISICS

The|FMEA identifies appropriate Key Characteristics candidates, as input to the Key Characteristics
selection process, if applicable due to company policy.

TIM|NG

The|FMEA is completed during the “Window of Opportunity” where it could most efficlently impact the
design of product or process.

TEAM

The|right people participate as part of the EMEA team throughout the analysis, and are adequately
traired in FMEA methods. As appropriate;.@facilitator should be utilized

DOCUMENTATION

The|FMEA document is completely, filled out “by the book”, including “Action Takern” and new RPN
valups.

TIME USAGE

Timé spent by the FMEA team, as early as possible, is an effective & efficient use of tifne, with a value-
added result. This assumes Recommended Actions are identified as required and| the actions are
implemented.
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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 |.D. NUMBER: XXX110D001

OPERATIONAL ENVIRONMENTAL EXTREMES

TEMPERATURE:|-20 to 160 °F CORROSIVE:_TESTSCHEDULEB ~ VIBRATION:_(NOT APPLICABLE
SHOCK:_6 FOOI DROP FOREIGN MATERIAL: _DUST HUMIDITY:__0 -"100% RH

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

OTHER:

LETTERS = COMPONENTS = ATTACHED/JOINED ----- = INTERFACING, NOT JOINED = NOJr INCLUDED IN
NUMBERS = ATJACHING METHODS THIS FMEA

The example

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

below is a relational block diagram. Otherdypes of block diagrams may be use

i by the FMEA

SWITCH
ON/OFF
C
2
[ BuLB 3
| ASSEMBLY, 1 HOUSING
! D ;
""""""""""" 4 :
i N
PLATE SPRING
2 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

N A|A el ) S uonoung
d s2]e uexe| ejeQ uone|dwo) ‘N|e uonoeleq uonueneld n e.ne 4 jo s|a enpey opopn
ulalols suonoy \e0iey (s)uouay dl s011u0) sjosuon 2 (SwsyuEysepy ele| jofnoena ainpey
Aupqisuodsey pepuewwodsy | Y| e ubiseq uBiseg ) As)esneny tls tetfueiog lenueiog
sinsey uoNoy a weund eund o st ° wel
wee] 8100
(rey) (BuO) eleq vaw4 eieQ Aoy (s)weiBoidi(s)rean jopopy
Ag pesedeid Aypqisuodsey ubise weuodwo)
10 obay (vawd NoIs3a) weishsang
SISATVNY S103443 ANV 3AOW 34NV weisAs
18QUINN VIS TYUNILOL

FIGURE D1—STANDARD FORM FOR DESIGN FMEA
— TWO COLUMNS, CURRENT DESIGN CONTROLS -
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FIGURE D2—STANDARD FORM FOR DESIGN FMEA
— ONE COLUMN, CURRENT DESIGN CONTROLS -
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APPENDIX E

DESIGN FMEA EXAMPLE
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FIGURE E1—DESIGN FMEA
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F.1

APPENDIX F
SYSTEM FMEA

Section 3.2.2 discusses the scope of System, Subsystem, and Component FMEA's. To h

elp illustrate the

meaning of these FMEA's, two examples have been constructed in Figure F1 (for Interfaces and Interactions)

and in Figure F2 (for Item, Function, and Failure Modes).

EXAMPLE 1: Interfaces and Interactions

Subsystem A Subsystem B Subsystem C

System —+ >

Subsystem "D

Environment

FIGURE F1—INTERFACES AND INTERACTIONS

It is the responsibility of the FMEA Téam to specify the scope of their respective FMEA's.
Figure F1 dhows that the Team has specified Subsystems A, B, C, and D along with
environment as comprising the System that must be considered while completing the System

INTERFACES: SUBSY.STEMS ARE DIRECTLY CONNECTED VIA INTERFACES.

F1, interfaces between subsystems are shown where Subsystem A touches
Subsystem B, B touches C, C touches D, A touches D, and B touches D. It should b
Environment also touches each of the subsystems listed in Figure F1, which reg
'‘Environmentalinterfaces' be considered when completing the FMEA.

NOTE—Each Subsystem FMEA should have its Interfaces included in its respective Subg

The example in
the surrounding
FMEA.

(connects with)
e noted that the
quires that the

ystem FMEA.

INTERACTIONS: A CHANGE IN ONE SUBSYSTEM MIGHT CAUSE A CHANGE IN ANOTHER

SUBSYSTEM.

In Figure F1, interactions between subsystems can occur between any of the interfacin

g systems (e.g.,

Subsystem A heats up resulting in Subsystem D and Subsystem B also gaining heat through the
respective interfaces, as well as the Subsystem A giving off heat to the environment). Interactions might
also occur between 'non-contacting' systems via transfer through the ‘environment' (e.g., if the
environment is composed of high humidity and Subsystems A and C are dissimilar metals separated by a
non-metal composing Subsystem B, Subsystems A and C can still have an electrolytic reaction due to the

moisture from the environment). Thus, interactions between non-contacting subsystems
difficult to predict, but are important and should be considered.

can be relatively
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EXAMPLE 2: Items, Functions, and Failure Modes

Figure F2 (see next page) describes a method of showing the Items, Functions, and Failure Modes in a 'tree
arrangement’ that can assist the team in visualizing the System, Subsystems, and Components. At the
System Level, the descriptions will tend to be much more general than for the Subsystems and Components
(Components will usually have the most specific descriptions).

The 'tree arrangement' is arranged as follows for the System, Subsystem, and Components:

ITEM
Design Objectives{astatementof-desigrobiectivesis-oftenhelpfuh
--FUNCTION 1

FAILURE MODE A
FAILURE MODE B

--FUNCTION 2

FAILURE MODE A
FAILURE MODE B
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