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Concept FMEA

Introduction to Concept FMEASs

Introduction The scope of a Concept FMEA can be a Design Concept at a system,
subsystem, or component level, or a manufacturing or assembly
Process Concept FMEA.

Most of the Concept Design FMEA will be performed like a "normal”

Design FMEA. Most of the Concept Process FMEA will be performed

like a "normal" Process FMEA. Therefore, this section of the FMEA
CAUTION Handbook will only highlight the differences.

FMEA Team, Refer to the relevant DFMEA or PFMEA section in the FMEA
FMEA Handbook.

Scope, and

FMEA Extent

Process Flow Refer to the relevant Process FMEA section in the FMEA Handbook.
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Concept FMEA

Inputs to Concept FMEA

Inputs to The graphic below denotes typical inputs to a Design Concept FMEA.
Concept
FMEA
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Boundary Refer to the relevant Design FMEA section in the FMEA Handbook.
Diagram and

Interface
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Continued on next page
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Concept FMEA

Inputs to Concept FMEA, Continued

P-Diagram Refer to the relevant DFMEA or PFMEA section in the FMEA
Handbook.

Characteristic  Refer to the relevant Process FMEA section in the FMEA Handbook.
Matrix

The process flow, boundary diagram, interface matrix, and P-diagram

may be less detailed in a CFMEA than in a normal DFMEA or PFMEA.
L Also, their creation may be in several iterations with input from the
1P| othertools.
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Concept FMEA

FMEA Form Header

Filling In The graphic below is a Design Concept FMEA form header. Refer to
Header the relevant DFMEA or PFMEA section in the FMEA Handbook for
Information definitions of the header items.
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Ford FMEA
Model

Working
Model
Path/Step 1

Function/
Require-
ments

Concept FMEA

FMEA Model / Function

Refer to the relevant DFMEA or PFMEA section in the FMEA
Handbook.

Refer to the relevant DFMEA or PFMEA section in the FMEA
Handbook.

Refer to the relevant DFMEA or PFMEA section in the FMEA
Handbook.
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Potential Failure Mode / Potential Effect(s) of Failures

Potential Refer to the relevant DFMEA or PFMEA section of the FMEA
Failure Mode Handbook.

Potential Refer to the relevant DFMEA or PFMEA section of the FMEA
Effect(s) of Handbook.
Failures

Note: There may be less detail available in this field in a Concept
Design FMEA and a Concept Process FMEA than in a "normal”
Design or Process FMEA.
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Concept FMEA

Severity / Classification

Severity

Consider
Recom-
mended
Actions

Classifi-
cation

Working
Model
Path/Step 2

3-10

Refer to the relevant DFMEA or PFMEA section of the FMEA
Handbook.

Refer to the relevant DFMEA or PFMEA section of the FMEA
Handbook.

This column is not currently used for Concept Design or Concept
Process FMEAs. In the early stages of development, hardware has not
yet been defined. Therefore, until hardware is defined, potential
Special Characteristics cannot be identified because Special
Characteristics are hardware-specific. After hardware is defined, a
Design FMEA can be used to identify potential Special Characteristics
or a Process FMEA to confirm Special Characteristics.

Refer to the relevant DFMEA or PFMEA section of the FMEA
Handbook.
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Concept FMEA

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

Potential
Cause(s) /
Mecha-
nism(s) of
Failure

™

Refer to the relevant DFMEA or PFMEA section of the FMEA
Handbook.

Note: It is rarely possible to provide root cause in this field in a
Concept Design or a Concept Process FMEA because hardware has
not yet been defined.

Analyzing the interfaces and interactions is especially important. A
major benefit of the Concept FMEA is the identifying of potential failure
modes caused by interactions that must be addressed before the
concept can be approved and implemented.

Human factors are sources of potential failure modes at the concept
level and must be included in the analysis. Remember, the customer
may interface with an element in the boundary diagram or an element
in the process flow diagram.

Some Failure Modes and Causes may be eliminated by major concept
changes like adding a redundancy to the proposed system.
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Occurrence / Working Model Path/Step 3

Occurrence

“'/“/77//!({/{//"6;////1/(11%

Working
Model
Path/Step 3

See the relevant DFMEA or PFMEA section of the FMEA Handbook.

Note: A Concept FMEA often has an Occurrence of 10 because the
rating cannot be estimated at this time.

If an Occurrence rating of 10 is entered because the rating cannot be
estimated at the present time, a Recommended Action should be
immediately entered. The first priority of the action should be to
eliminate the cause. If elimination of the Cause is not possible or
practical, enter an action that will permit the team to determine a rating
to better assess risk.

Any unacceptably high Occurrence rating will require an action to
reduce the Occurrence.

Refer to the relevant DFMEA or PFMEA section of the FMEA
Handbook.
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Concept FMEA

Current Controls

Current
Controls

See the relevant DFMEA or PFMEA section of the FMEA Handbook.

Note: The team will enter a description of the control method(s) that
will be used to detect the first-level causes (element failure modes) of
the Failure Mode. If a method, test, or technique cannot be identified,
then enter “None identified at this time” or "No known detection."

Examples of
Controls

e

7

Examples of controls include engineering analysis tools (e.g., load
calculation, finite element analysis), tests, design review, or other
advanced inspection or control methods.

Specific examples of methods may include some of the following:
»  Computer simulation

* Mathematical models

e Breadboard tests

» Laboratory tests on surrogate elements

FMEA VERSION31 — QOPYRIGHT2000 3-
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Concept FMEA

Detection / Risk Priority Number

Detection See the relevant DFMEA or PFMEA section of the FMEA Handbook.

In a Concept FMEA, there may be instances of "no detection at this
time," which requires a rating of 10 to be entered in the Current

; Controls column. If a Detection rating of 10 is entered, a

lp Recommended Action should also be listed to identify and implement
a detection method.

ﬁiskg’riority See the relevant DFMEA or PFMEA section of the FMEA Handbook.
umber
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Concept FMEA

Recommended Actions

Recommended
Actions

CAUTION

How to Identify
Recommended
Actions

o

MECHANICS

See the relevant DFMEA or PFMEA section of the FMEA Handbook.

Note: Corrective action should be first directed at the highest ranked
concerns and critical items. Only a product design revision can bring
about a reduction in the Severity ranking if the effect is due to the
failure of a product function. A process change can reduce the
severity for in-process effects only (i.e., machinery operator safety
concerns). A reduction in the Occurrence ranking can be effected only
by removing or controlling one or more of the causes/mechanisms of
the failure mode through a concept proposal revision. An increase in
validation/verification actions will reduce the Detection ranking only.
The intent of any Recommended Action is to reduce one or all of the
Severity, Occurrence, and/or Detection rankings, in that order.

Design requirements may be translated into system or hardware
Engineering Specifications and incorporated into a System Design
Specification for future programs. Process Concept FMEAs may
determine actions that include changes to machinery and equipment
specifications.

If no actions are recommended for a specific cause, indicate this by
entering a “None” or “None at this time” in this column.

Typical actions may include the following:

e Modify the proposal to eliminate its failure mode or reduce its rate
of occurrence.

* Add a redundant system that allows system operation to continue
at the same or at a degraded functional level.

* Provide other modes of operation that allow proposed operation to
continue at the same or at a degraded functional level.

« Add built-in detection devices to alert the customer to take action
that will prevent a failure mode, or reduce its rate of occurrence.

» Specify a certain type of material.
» Utilize alternate concept.

Continued on next page
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Concept FMEA

Recommended Actions, Continued

Examples of Examples of potential actions are:

Recommended _ ) _

Actions « Revise SDS to include temperature range requirements.
\ « Perform computer simulation to assure functioning in required

temperature range.

e Add an audible and illuminated dashboard warning to indicate
imminent system failure.

* Implement strategy to disable automatic operation and revert to
full manual upon failure.

* Reuvise specifications to add a safety curtain.

* Review present operator training plans for adequacy and
determine necessary modifications.
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Actions Taken / Resulting RPNs

Actions
Taken

Revised
Severity,
Revised
Occurrence,
Revised
Detection,
and Revised
RPN

Gered otor Gemprany

See the relevant DFMEA or PFMEA section of the FMEA Handbook.

See the relevant DFMEA or PFMEA section of the FMEA Handbook.
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Concept FMEA

Outputs from Concept FMEA

Outputs
from
Concept
FMEA

Typical outputs from a Concept FMEA developed for a design

proposal are shown in the graphic below. Many of these outputs are
inputs to the Design FMEA.

PROCESS CONCV \

DESIGN CONCEPT

Specific System/Sub-System or
Component Design Specifications

« Specific SDSs

« GDT Information

« Validation Criteria including:
« ES Specifications

« Reliability Targets and
Robustness Needs

* Imperatives

Recommendations for New
Generic Process Controls

Program Target Values or
Recommendations
Y

Recommendations for
New Generic testing Now
Required DVP Input

Program Target Values or
Recommendations

-18
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Concept FMEA

Design Concept FMEA Quick Reference

Design
CFMEA Quick
Reference

Conditions to do an FMEA and the FMEA scope assuming
complete, accurate FMEA is available for current model.
1.1. For anew design, complete the entire FMEA

Inputs may include:

2.1. P-diagram (see FMEA Handbook page 4-12)

2.2. Boundary diagram (see FMEA Handbook page 4-7)
2.3. Interface matrix (see FMEA Handbook page 4-9)
2.4. Perform SDS/regulatory requirement review

2.5. Attach these documents to your FMEA

Team

3.1. Obtain a team facilitator (See Appendix B)

3.2. To assure cross functionality, include Subject Matter
Experts as required

3.3.  Assure names are in header

Function

4.1. List all functions remembering service, assembly,
manufacturing, and disassembly

4.2. Functions are verb-noun, measurable, and include special
conditions

4.3. Include all SDS requirements

Failure Mode: For each Function and all its measurables, use
the 4 Thought Starters:

5.1. No Function

5.2. Partial/Over Function/Degraded Over Time

5.3. Intermittent Function

5.4. Unintended Function

Continued on next page
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Design Concept FMEA Quick Reference, Continued

6. Effects: Include the Effects (all in the same data entry field)
to:
6.1. Parts or sub-components
6.2. Next higher assembly
6.3. System
6.4. Vehicle
6.5. Customer
6.6. Government regulations
6.7. If the effect is non-compliance with a regulatory
requirement or hazard, state this clearly

7. Severity

7.1. Use the rating table (see FMEA Handbook page 4-32)

7.2. For the Effect set listed, and assign one Severity per
Failure Mode

7.3. Severity is based on the highest ranking (worst) effect in
the Failure Mode set

7.4. 9 and 10 are reserved for hazard or non compliance with a
regulatory requirement

8. Classification
8.1. In all circumstances, leave this column blank in this FMEA

9. Cause
9.1. List all Causes for the Failure Mode, each in its own field
9.2. Consider both “assumptions” for this Cause list:
9.2.1. The item is manufactured/assembled within engineering
specifications
9.2.2. The design includes a deficiency that may cause
unacceptable variation in the manufacturing or assembly
process.

Continued on next page
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Concept FMEA

Design Concept FMEA Quick Reference, Continued

10. Occurrence

10.1. Use the rating table (see FMEA Handbook page 4-43)

10.2. For the Cause listed, assign one Occurrence representing
the likelihood that this Cause will Occur over the design
life of the item

10.3. If between two values in the table, use the higher value

10.4. Use a 10 if the Occurrence cannot be estimated at this
time

10.5. Use a 10 if the team cannot agree to the Occurrence

11. Current Design Controls
11.1. List those prevention controls that have already reduced or
will reduce the Occurrence of this Failure Mode or Cause
(identified by (P))
11.2. List the testing or other Detection methods best able to
induce or discover this Failure Mode or Cause and which
WILL be performed (identified by (D))

12. Detection

12.1. Use the rating table (see FMEA Handbook page 4-54)

12.2. For the Detection type controls listed, pick the best (most
likely to detect) and assign the Detection representing the
likelihood that this Cause or Failure Mode will be detected
by this method

12.3. If between two values in the table, use the higher value

12.4. Use a 10 if there is no Detection method

12.5. Use a 1 only when this method is guaranteed to Detect

12.6. Remember that there is a difference between “if it happens
this test will detect it” and “this test will make it happen if
its ever going to happen in the field and we’ll know that it
happened by this test.” The second is what we are rating
in Detection

13. RPN — Multiply Severity times Occurrence times Detection
13.1. RPN is a value between 1 and 1000
13.2. There is no threshold value above which an action must
be taken or below which we are excused from considering
an action

Continued on next page
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Design Concept FMEA Quick Reference, Continued

14.

15.

16.

17.

18.

Recommended Action

14.1. Enter an action on any YS or YC classified item

14.2. If there are no YS or YC items in this FMEA, consider
actions for the highest Severity times Occurrence
combinations (Criticality) and the highest RPNs

14.3. |If there is no action planned, enter “None” or “None at this

time”

Responsibility and Target Completion Date
15.1. Enter the individual (name or job title) for this action
15.2. Enter a due date not “TBD” or “ongoing”

Action Taken
16.1. Enter a brief description of the completed action
16.2. Do not enter “completed” or “done”

Revised Severity, Revised Occurrence, Revised Detection

and Revised RPN

17.1. Enter the numbers in the appropriate column for the
Severity, Occurrence, and Detection and therefore the
Revised RPN

Submit the FMEA to the FMEA core book at
WWW.CTIS.Ford.com
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Concept FMEA

Process Concept FMEA Quick Reference

Process 1. Conditions to do an FMEA and the FMEA scope assuming
CFMEA Quick complete, accurate FMEA is available for current model.
Reference 1.1. New process — complete entire FMEA

2. Inputs may include:
2.1. P-diagram (see FMEA Handbook page 5-8)
2.2. Process flow with boundary indicated
2.3. Process characteristic matrix
2.4. Regulatory requirement review
2.5. Attach these documents to your FMEA

3. Team
3.1. Obtain a team facilitator (see Appendix B)
3.2. Assure cross functionality — include Subject Matter Experts
as required
3.3. Assure names are in header

4.  Function
4.1. List all functions within scope
4.2. Functions are verb, noun, measurable and include special
conditions

5. Failure Mode: For each Function and all its measurables,
use the 4 Thought Starters:
5.1. No Function
5.2. Partial/Over Function/Degraded Over Time
5.3. Intermittent function
5.4. Unintended Function

Continued on next page
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Process Concept FMEA Quick Reference, Continued

6. Effects: Include the Effects (all in the same data entry field)

to:

6.1. Operator safety

6.2. Next user

6.3. Downstream users

6.4. Machines /equipment

6.5. Vehicle operation

6.6. Ultimate customer

6.7. Government regulations

6.8. If the effect is non-compliance with a regulatory requirement
or hazard to a customer or to an in-plant operator, state this
clearly

7. Severity

7.1. Use the rating table (FMEA Handbook page 5-26)

7.2. For the Effect set listed, assign one Severity per Failure
Mode

7.3. Severity is based on the highest ranking (worst) effect in
the Failure Mode set

7.4. 9 and 10 are reserved for hazard or non compliance with a
regulatory requirement

8. Cause
8.1. List all Causes for the Failure Mode, each in its own field
8.2. Consider both “assumptions” for this Cause list:
8.2.1. Incoming parts/materials to the operation are correct
8.2.2. There are incoming sources of variation

9. Occurrence

9.1. Use the rating table (FMEA Handbook page 5-38)

9.2. For the Cause listed, and assign one Occurrence
representing the likelihood that this Cause will Occur over
the process life of the item

9.3. If between two values in the table, use the higher value

9.4. Use a 10 if the Occurrence cannot be estimated at this time

9.5. Use a 10 if the team cannot agree to the Occurrence

Continued on next page
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Process Concept FMEA Quick Reference, Continued

10. Current Process Controls

10.1. List those prevention controls that have already reduced or
will reduce the Occurrence of this Failure Mode or Cause
and are in the control plan (identified by (P))

10.2. List the testing or other Detection methods best able to
induce or discover this Failure Mode or Cause and which
WILL be performed (identified by (D))

10.3. Current controls can only be listed if they will be completed
before the item leaves the production facility

11. Detection

11.1. Use the rating table (FMEA Handbook page 5-46)

11.2. For the Detection type controls listed, pick the best (most
likely to detect) and assign the Detection representing the
likelihood that this Cause or Failure Mode will be detected
by this method

11.3. If between two values in the table, use the higher value

11.4. Use a 10 if there is no Detection method

11.5. Use a 1 only when this method is guaranteed to Detect

12. Classification
12.1. Leave the column blank in all circumstances

13. RPN — Multiply Severity times Occurrence times Detection
13.1. RPN is a value between 1 and 1000
13.2. There is no threshold value above which an action must be
taken or below which we are excused from considering an
action

Continued on next page
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Process Concept FMEA Quick Reference, Continued

14.

15.

16.

17.

18.

Recommended Action

14.1. Consider actions for the highest Severities, for the highest
Severity times Occurrence combinations (Criticality), and
the highest RPNs

14.2. If there is no action planned enter “None” or “None at this
time”

Responsibility and Target Completion Date
15.1. Enter the individual (name or job title) for this action
15.2. Enter a due date, not “TBD” or “ongoing”

Action Taken
16.1. Enter a brief description of the completed action
16.2. Do not enter “completed” or “done”

Revised Severity, Revised Occurrence, Revised Detection,

and Revised RPN

17.1. Enter the numbers in the appropriate columns for Severity,
Occurrence, or Detection, and therefore the Revised RPN

Submit the FMEA to the FMEA core book at
WWW.CTIS.Ford.com
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Design FMEA

Design FMEA Information Flow

Design FMEA
Information

Flow

The graphic below denotes some typical inputs to a Design FMEA.
Many of these input items are fed from the Concept FMEA, or from
the results of the Recommended Actions of the Concept FMEA.
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Diagram & B /’

-y

Performance

Information Including

Reliability

Historical Design

Recommendations for
New Generic testing Now

Specific System/Sub-System or Required DVP Input

Component Design Specifi cations
« Specific SDSs
« GDT Information

FDVS/DVPSOR
Methods and Schedule
Interface
Matrix
!

 Validation Criteria including:
* ES Specifications

« Reliability Targets and
Robustness Needs

+ Imperatives DESIGN

P-Diagram

7/
~

Ll
B4
—
fm—

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

One application of a DFMEA is an Attribute FMEA. This vehicle level
FMEA assists the team in analyzing potential trade-offs as well as the
present design for the risk of compromising customer satisfaction. For
more on an Attribute FMEA, see Appendix E.

Continued on next page
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Design FMEA Information Flow, Continued

Design FMEA
Information
Flow
Continued

FMEA Team

f/,’;/,/v//(f({//{//"(/}«////mﬂ%

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

During the initial Design potential FMEA process, the responsible engineer is
expected to directly and actively involve representatives from all affected
areas. These areas of expertise and responsibility should include, but are not
limited to: assembly, manufacturing, design, analysis/test, reliability,
materials, quality, service, and suppliers, as well as the design area
responsible for the next higher or lower assembly or system, sub-assembly or
component. The FMEA should be a catalyst to stimulate the interchange of
ideas between the functions affected and thus promote a team approach.

At Ford, the team is often separated into two distinct groups — the
"core" team members and the "support” team members. Core
members are typically involved in all phases of the FMEA, are
stakeholders and decision-makers and are responsible for carrying out
actions. Support team members are generally utilized on an “as
needed” basis to provide specific insight and input. For more
information, see Appendix B.

FMEA VERSION3.1 — GOPYRIGHT2000 4-5
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FMEA Scope

FMEA Scope

Extent of
FMEA

f/,’;/,/v//(f({//{//"(/}«////mﬂ%

Scope is the boundary or extent of the analysis and defines what is
included and excluded. Setting the correct boundaries prior to doing
an FMEA analysis will focus the FMEA and avoid expanding the
FMEA analysis into areas not being revised or created. This will
prevent setting the incorrect scope, lengthening or missing the
analysis and establishing the wrong team membership.

« Early management support is crucial for getting the team started,
generating motivation, and maintaining momentum.

e Support must be visible and active; for example, chief program
engineer reviews of the FMEAs for Priority Systems or
components.

Refer to Appendix B, page B-10 for more information.

To determine the extent of the FMEA, the following decisions are
made by the team or responsible engineering activity:

» Determine the stability of the design or process development. Is
the design or process approaching or just past a check point?

 How many attributes or features are still under discussion or still
need to be determined?

* How close is the design or process to completion? Can changes
still be made?

As many open issues as possible should be addressed prior to
starting the FMEA. The design of the product or process must be
stable, or it will be necessary to re-visit the FMEA after every change.
Design stability does not mean the final release level has been
reached or that the process is finalized. Changes must be able to
occur as the FMEA is developed so that Recommended Actions can
be implemented where possible.

FMEA VERSION3.1 — GPYRIGHT2000 ‘917(//(({/”’%”%””%/
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Inputs to Design FMEA

Boundary
Diagram

The FMEA's scope, is defined using a boundary diagram lllustrating its
subsystems/components. Further more, to insure that all sources of
failure mode causes and effects are considered, It also illustrates
elements outside the FMEA.

Boundary diagrams are mandatory breaking the FMEA into
manageable levels. It does this by graphically illustrating the
relationships between the subsystems, assemblies, subassemblies
and system components. When correctly constructed it provides
detailed information to the interface matrix, P-diagram, and the FMEA.
It is important to note that when completed or revised, the boundary
diagram must be attached to the FMEA.

Although boundary diagrams can be constructed to any level of detail,
it is important to identify the major elements, understand how they
interact with each other, and how they may interact with outside
systems.

Furthermore, early in the design program, a boundary diagram may be
no more than a few blocks representing major functions and their
interrelationships at the system level. Then, as the design matures,
boundary diagrams may be revised, or additional ones developed to
illustrate lower levels of detail, all the way down to the component
level.

For example, a completed system FMEA boundary diagram has
blocks representing the subsystems within its scope. Then, moving
into the subsystem, another boundary diagram is developed showing
components of the subsystem as the block elements. In addition, on
large systems a third or fourth level boundary diagram may be
necessary to fully identify smaller subsystems, components and their
relationships to the lowest level.

Continued on next page

FMEA VERSION3.1 — GOPYRIGHT2000 4-7



Design FMEA

Inputs to Design FMEA |, Continued

Boundary The following graphic is an example of a boundary diagram.
Diagram
Continued
Grill
Opening
Panel
*Body to (GOP) |
Headlamp Housing i *Headdlamp !
- ! Housingto |
Frequent Body |q 4 "GOPt0 ' Agtachment
' headlamp ! leoooooooooooooo
adjustments | S SCTeWS ttachment Hood
create wear |
OVErtime N\ = = == == == | o= o e o == - _— = = -
\_ |-I *Hood adjuster
: N ¢ v | depth to Housing
GOP Align. Adjustment «—— p| Headlamp I
Tabs 1| LScrews @) - _ _ le— (Hdim) :
! *Align tabs | | P *Snap fitto Hdim | Housing
- to Screws JE
L2 - : : %! .
1 *Snap fitto Hdm | Change Over Time
C t -Material Fatigue
Change 1 onnector -Material Wear
Over Time A | -Material Set
-Material /== === EmEmEEEEEEEEEmE= - -—-—-
Wear
' *Elect Sys. |
Change ' to connector. |
Over Time e Environmental
-Material Electrical -Road salt .
Set System. L Enwronmentgl
I . *Elect Sys. -Road Material
' location to
' Housing

_> Physical
Relationship

Other
Relationship

box with a dotted line and an

ak

Note: GOP is the abbreviation for Grill Opening Panel

* Denotes Relationship between hardware that goes on Interface Matrix

Note: Only the hardware components appear in boxes on a boundary diagram. Once all of
the hardware is identified by blocks, the relationships between the blocks, indicated by a

, are then transferred to the Interface Matrix.

Note: Boundary Diagram items not shown in boxes are P-Diagram noise factors that can
lead to failures.
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Inputs to Design FMEA, Continued

Interface The interface matrix shown on the following page is a recommended

Matrix robustness tool that acts as an input to Design FMEA. The interface
matrix identifies and quantifies the strength of system interactions. It is
important to note that not addressing interactions at this point can lead
to potential warranty and recall issues. Therefore, the interface matrix
should always be used. Especially on new designs. The interface
matrix is also an input to the Potential Causes / Mechanisms Failure
column of the DFMEA, the boundary diagram, and the P-diagram's
noise section. When completed or revised, attach the interface matrix
to the FMEA.

The example on the following page shows an interface matrix which
identifies and quantifies the strength of system interactions by:

» Showing whether the relationship is necessary or adverse

» Identifying the type of relationship (e.g., energy transfer,
information exchange, etc.)

The interface matrix is also used to check the validity of the completed
Causes. In addition, every interaction, both positive and negative,
should be verified. Then, negative values are analyzed for corrective
action recommendations.

Visit the following web site for more information on creating an
interface matrix:
http://www.dearborn2.ford.com/avtqual2/fmea/index.htm

Continued on next page
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Inputs to Design FMEA, Continued

Interface Simple Headlamp Interface Matrix, partially completed to illustrate
Matrix technique
Continued
£
o
E 2 i
= 2 A=
= T = ‘=
2| ElE S|z |2
Slzlz|z|:s|2|E|=
= =] (k] O = = = =
] I T T o = o &
GHll Opening Panel -1-2)-1 -1 2 -2
Hood -1i-2 1 1)1 2
Headlamp Housing -1i-1]-18-1 3
2i-21-1i-1) 2
Headlamp
Screwsifastners

Wirinofelectrical systermn

Cannectar

Body

ple]P: Physically touching E: Energy transfer

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

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

+2 Interaction is necessary for function

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

Interaction does not affect functionality

= o

Interaction causes negative effects but does not
prevent functionality

N

Interaction must be prevented to achieve
functionality

Continued on next page
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Design FMEA

Inputs to Design FMEA, Continued

Interface The facing page shows an example of an interface matrix which
Matrix identifies and quantifies the strength of system interactions by:
Continued

» Showing whether the relationship is necessary or adverse

» Identifying the type of relationship (e.g., energy transfer,
information exchange, etc.)

The interface matrix is an input to the Potential Causes/Mechanisms
Failure column of the DFMEA form.

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

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

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

+2 Interaction is necessary for function

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

0 Interaction does not affect functionality

-1 Interaction causes negative effects but does not
prevent functionality

-2 Interaction must be prevented to achieve
functionality

Using the headlamp interface matrix as an example:

e The +2 in the Top-Left Quadrant means that there is physical
contact between the systems and is necessary for function.
Examples of system interactions include exhaust manifold and
exhaust pipe.

* The -1 in the Top-Right Quadrant means that there is an

energy transfer (e.g., vibration) which causes negative effects
but does not prevent functionality.

* The +2 in the Bottom-Right Quadrant means that there is a
material exchange (e.g., exhaust gases) that is necessary for
function.

Negative values are analyzed for recommended actions.

Continued on next page
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Inputs to Design FMEA, Continued

P-Diagram

4-12

A P-diagram is a structured tool recommended to identify intended
inputs (Signals) and outputs (Functions) for the subject under
investigation. Once these inputs and outputs are identified for a
specific Function, error states are identified. After the error states are
identified, the noise factors that could lead to the error states are listed
(according to the five basic sources of noise):

» Piece to piece variation

» Changes in dimension over time or mileage/ e.g. wear, fatigue
e Customer usage

» External conditions of usage/ e.g. road, climate

* Internal conditions of usage, i.e. System interactions

Finally, control factors are identified and means for the Noise Factor
Management settled to compensate for the noise factors as identified.

Depending on the level of detail contained in the P-diagram, this
information will input to various FMEA columns. When completed or
revised, attach the P-diagram to the FMEA.

The P-diagram:
« Describes noise factors, control factors, ideal function, and
error states
* Assists in the identification of:

o Potential Causes for failure (i.e., system interactions,
piece to piece variation, external climatic and road
conditions, and customer usage)

Failure Modes (i.e., degradation)

Potential Effects of failure (i.e. error states)
Current Controls (i.e., control factors)
Recommended Actions (i.e. control factors)

o O O O

The P-diagram blank template is found on the following page. The
subsequent page contains an example of a completed P-diagram.

Continued on next page
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Inputs to Design FMEA, Continued

P-Diagram
Continued

Blank P-Diagram

Piece-to-Piece Variation Neighboring Subsystems

Environmental Changes Over Time/Mileage Customer Usage & Duty Cycle

Noise Factors

H

Signal =———» Response (Y)
Factor (M) (Ideal Function)

M o

Control Factors

A Control Factor is a list of the factors already incorporated in the
design that tend to reduce the likelihood of the Error States existing.
Control Factors are the means to make the items” function more
robust.

An Error State can be classified into two categories:

e Deviation of intended Function
Deviation of intended Function is equal to Potential Failure Modes
in the FMEA.
Degrees of Potential Failure Modes are:
- No Function,
- Partial Function (including Degraded Function over time),
- Intermittent Function,
- Over function
* Unintended system output (e.g. engine vibrations)

Noise Factors are unintended interfaces, or conditions and
interactions that may lead to failure of the function (i.e. vibration —
induced part wear).

Responses are ideal, intended functional output (i.e. low beam
activation).

Signal Factors are what the input, which triggers the function being
analysed, is (i.e. when user activates headlamp switch).

The following page is an example of a completed P-diagram.

Continued on next page
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Inputs to Design FMEA, Continued

P-Diagram
Continued

Sample Headlamp P-Diagram

System Interactions
(External)

-GOP Align. Tabs to Screws

-Hood Adj. Depth to Housing

-Headlamp Housing to Attach

-GOP Housing to Headlamp

-GOP Housing to Adj Screws

-Electrical Sys. location to Housing -GOP Alignment Tabs (piece to piece)
-Adjustment Screws to Housing.
-Headlamp Housing to Connector

-Electrical Sys. to Connector

Noise Factors
(Causes)

Customer Usage/Duty Cycle Environment
-Frequent Adjustments -Road Salt

Change Over Time
-Material Wear

Manufacturing Variation
-Headlanmp Housing to Attachment Clearance

~Headlamp Housing to Hood Clearance
-Body to Headlamp

Input

Signal factor
-Revision (Torque)
of aiming Feature

Output
(Lower level functions)
-Holds new position
-Steady beam (no shudder)

-Looks good, (correct gaps)
-Low effort adjustment

Headlamp Vertical
Trimmer Assembly

I

-Lamp Load

calculations

tests

Control Factors

(Design Controls)
-Fastener SAE guidelines
-Material Stiffness

-Material Stiffhess
-Light beam angle

-Light beam position

Error States (Effects)

- High Effort

-Does not hold newly adjusted setting

- Difficult to determine upward adj. Technique
-Unsteady Light beam, vibrates when driving
-Looks bad (uneven/incorrect margins)
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FMEA Form Header

Filling In
Header

Information

Design FMEA

The FMEA form, slightly different for each FMEA type, is a repository
for FMEA data. Items defined on the following pages comprise the

typical Design FMEA header.

c?[;(//((ﬂ‘mﬂ%jfwyzai%

POTENTIAL

FAILURE MODE AND EFFECTS ANALYSIS

Gord cter Gomprany,

___System (DESIGN FMEA) FMEA Number
——Subsystem Page —of
—Component Design Prepared By
Model Year(s)/Program(s) Key Date FMEA Date (Orig.) ______(Rev.)
Core Team:
ltem . | c potential ° %ﬂ?’: ° B Action Results
it Eoci ot 2 Mepre) c Controls t|r e & Target Actions S| O] D[R
Function Mode Failure s of Failure u “prevention | e | R Completion Date Taken |efc|e|F

‘/\/\/\/
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Design FMEA

FMEA Form Header, continued

Filling In
Header
Information
Continued

4-16

System, Subsystem or Component Name and Number — —

Indicate the appropriate level of analysis and enter the name and
number of the system, subsystem, or component being analymeed.
FMEA team must decide on what constitutes a system, sub-system, or
component for their specific activities. The actual boundaries that
divide a System, Sub-System, and Component are arbitrary and must
be set by the FMEA team. Some descriptions are provided below:

A system can be considered to be made up of various sub-systems.
These sub-systems have often 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 sub-systems that make up the system as well as
interfaces to other vehicle systems and the customer are covered.

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

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

Enter the name and Corporate Product System Classification
(CPSC) code and number of the system or subsystem being
analyzed.

Continued on next page
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FMEA Form Header, continued

Filling In
Header
Information
Continued

Model Years/Program(s)— Enter the intended model year(s) and
programs(s) that will utilize and/or be affected by the design being
analyzed. Enter Generic, if appropriate.

Core Team— List the names of core team members. It is
recommended that all team members’ names, departments,
telephone numbers, addresses, etc. be included on a separate
distribution list and attached to the FMEA.

Design Responsibility— Enter the organization, department, and
group. Also, include the supplier name if known.

Key Date— Enter the next milestone FMEA due date. The date
should not exceed the scheduled design release date.

FMEA Number — Enter the FMEA document number, which may be
used for trackinglt is recommended that each vehicle line and/or
model year develop and maintain a discrete numbering system.

Prepared By— Enter the name, telephone numi@S ID,and
company of the engineer responsible for preparing the FMEA (team
leader).

FMEA Date — Enter the date the original FMEA was compiled and the
latest revision date.
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Design FMEA

The following is the standard format called out in the SAE
Recommended Practice J1739 for Design FMEASs.

Design FMEA Form
Design FMEA

Form
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ictor Gompany,

Gord,
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FMEA Model

Design

FMEA

Ford FMEA The FMEA methodology is not “form driven” but model driven. Note
Model how the Ford FMEA Model components relate to the column headings
on this FMEA form.
—
%74/5({/{(” %W FAILURE MODEPAONTEfAEIg?ELCTS ANALYSIS
| o HHEE - e R e A R AR
What can be done?
> . Design Changes
« Process Changes
« Special Controls
« Changes to
What How often Standgrds,
Ppt| arethe =P doesit > gro_;e e, @y
Cause(s)? happen? uides
What can go wrong?
* No Function
) How can
. Pama]/Over this be
Functhn/Degraded = P! prevented
Over Time and
. detected?
* Intermittent H d
Function ow goo
is this
* Unintended Lt methoq at
Function detgtc;mg
it?

The Ford FMEA Model has three distinct paths/steps that should be
executed according to the directions on the following pages.

Gord eter Gompany,
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Design FMEA

Working Model Path/Step 1

Path/Step 1

The first path/step that should be followed is illustrated here:

%d/c({%ﬂ(@fwymw% POTENTIAL

FAILURE MODE AND EFFECTS ANALYSIS

Item

Function

Current Action Results
Design

Potential

Potential Potential
Failure Effect(s) of
Mode Failure

Cause(s)/ 2

ctions

Mechanism(s) nt ) commen
of Failure Prevention P.

D
Controls Sl s | Recommended Resparsiity ~Ts
e Completion Date Taken elc
— Detection c v

o0
wop—0
~co000

~00

What can be done?
> . Design Changes

« Process Changes
« Special Controls
« Changes to

Standards,
Procedures, or

g I > Guides
What can go wrong?

¢ No Function

« Partial/Over
Function/Degraded > >
Over Time

* Intermittent

Function I\
.

* Unintended
Function

Starting with Path/Step 1, identify the:

* Functional Requirements within scope.

» Corresponding Failure Modes for each function.
» Effects of each Failure Mode.

e Severity (S) rating with highest Severity for each effect set
recorded in Severity column which prioritizes the Failure Modes.

« Recommended Actions to change the design of the product to
eliminate failure or reduce/mitigate the effects.

Note: Only a small number of Failure Modes will typically be resolved
at Path/Step 1.
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ltem/Function

Item/Function

A/A
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Determine
Function
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Enter the name and other pertinent information (e.g., the number, the part
class, etc.) of the item being analyzed. Use the nomenclature and show the
design level as indicated on the engineering drawing. Prior to initial release
(e.g., in the conceptual phases), experimental numbers should be used.

This information should be contained in the form header as system,
subsystem, or component including the CPSC code.

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

Describe the Function in terms that can be measured. A description of
the Function should answer the question: “What is this item supposed
to do?” Functions are design intent or engineering requirements.

Functions are:

Written in Verb/Noun/Measurable format.

e Measurable, which includes all relevant SDSs:
[0 Can be verified/validated.

0 Includes additional constraints or design parameters such as
reliability specs, serviceability specs, special conditions,
weight, size, location, and accessibility.

0 Includes pertinent standards and requirements (i.e., FMVSS
numbers).

» Design intent or engineering requirement.

* Representation of all wants, needs and requirements, both spoken
and unspoken for all customers and systems.

Remember, Functions cannot be “failed” if they do not have
measurables or specifications.

Continued on next page
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ltem/Function, cContinued

How to
Identify Iltem/
Functions

f/,’;/,/v//(f({//{//"(/}«////mﬂ%

W

MECHANICS

Examples of
Item/
Functions

Ford FMEAs must be developed using the functional approach, which
involves listing each level, its functions, and the Failure Modes leading
to the loss of each function.

List all Functions in the Function column in a Verb/Noun/Measurable
format. Avoid the use of verbs like “provide”, "facilitate", or "allow”
which are too general. See Appendix B for lists of verb and noun
thought starters

One tool to identify a Function is called Function Tree Analysis. See
Appendix B for more information on Function Tree Analysis. Also
review the boundary diagram to assure all functions are listed.

The following are examples of acceptable descriptions:

e Support transmission, X kilograms per specification xyz

o  Store fluid, X liters with zero leaks

» Control flow, X cubic centimeters/second

» Conduct current, X amps

e  Stops vehicle within X feet from Y speed to meet FMVSS xyz

* Send signal, X amps continuous in all WCR environmental
conditions

*  Open with X effort
» Maintain fluid quality for X years under all operating conditions

Continued on next page
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ltem/Function, cContinued

Item/Function
Worksheet

The Item/Function worksheet is one tool that may assist the team in
determining Functions and its corresponding specifications and
organizing its work effort prior to completing the Item/Function or
Process/Function column of the FMEA Form.

ITEM FUNCTION

DESCRIPTION

FUNCTION:

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

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

FMEA VERSION3.1 — GOPYRIGHT2000
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Potential Failure Modes

Potential
Failure Modes

l"(

[\
A

W

MECHANICS

How to
Identify
Failure Mode
Types

f/,’;/,/v//(f({//{//"(/}«////mﬂ%

4-24

A 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.

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

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

Four types of Failure Modes occur. The first and second types apply
often and should be the most commonly seen. The third and fourth
types are typically missed when performing the FMEA.

1. No Function: System or design is totally dysfunctional or
inoperative.

2. Partial/Over Function/Degraded Over Time:  Degraded
performance. Meets some of the specifications or some
combination of the specifications but does not fully comply with all
attributes or characteristics. This category includes over function
and degraded function over time.

This Failure Mode thought starter is significant because high
mileage customer satisfaction is a key Ford initiative. This Failure
Mode has high leverage, and is often overlooked on many
FMEAs.

Continued on next page
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Design FMEA

Potential Failure Modes , Continued

How to 3. Intermittent Function : Complies but loses some functionality or
Identify becomes inoperative often due to external impacts such as
Failure Mode temperature, moisture, environmental, etc. This Failure Mode
Types provides the condition of: on, suddenly off, recovered to on again
Continued function or starts/stops/starts again series of events.

4. Unintended Function : This means that the interaction of several
elements whose independent performance is correct, adversely
impacts the product or process when synergy exists. Their
combination performance leads to an undesirable performance
and hence “unintended function.”

Each Failure Mode must have an associated function. A good check
to discover “hidden” functions is to match all possible failures with the
appropriate functions.

Ford FMEAs should be developed using the functional approach,
which involves listing each function and the Failure Modes leading to
the loss of each function.

MECHANICS
For each function use the 4 Thought Starter Failure Modes to
determine the Failure Modes for this function. Be sure to consider
each function’s measurable or condition for its Failure Mode list.

Continued on next page

Gord Yeter Gompany, FMEA VERSION3.1 — QPYRIGHT2000 4-25



Potential Failure Modes,

Sample
Functions and
Failures
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Design FMEA

Continued

The following table is a sample of functions and their failures:

Iltem / Function

Failure Mode(s)

Jack Assembly

Part Number xxxx.Xxxxxx.ab
Raise Vehicle for tire change
To + X feet above ground level
Within Y minutes

Under Z force limits

In all weather conditions

No Function:
Does not raise the vehicle at all
(inoperative)

Partial/Over Function/Degraded
Over Time:
Raises the vehicle to less than )}
feet above ground level initially

Raises the vehicle in greater thd
Y minutes

Requires more than Z force to
raise the vehicle

Raises vehicle less than X feet
over time

Intermittent Function:

Inoperable in wet weather

Inoperable when below 0° C

Unintended Function:

Positions, raises but cannot
support other vehicle

Raises lighter, smaller vehicle

Vehicle unstable

1N
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Design FMEA

Potential Failure Modes , Continued

How to
Identify
Potential
Failure Modes

o

MECHANICS

Techniques can be used to identify potential Failure Modes for no
function, partial/over function/degraded over time, intermittent
function, and unintended function. In addition to ensuring that the
degradation issues are covered in the P-diagram, ask some of the
following questions:

In what way can this item fail to perform its intended function?

What can go wrong, although the item is manufactured/assembled
to print?

When the function is tested, how would its Failure Mode be
recognized?

Where and how will the design operate?

In what environmental conditions will it operate?

Will the item be used in higher-level assemblies?

How will the item interface/interact with other levels of the design?

Do not enter trivial Failure Modes, (Failure Modes that will not, or
cannot occur). If you are not sure, add the Failure Mode to the list.

Continued on next page

FMEA VERSION3.1 — GOPYRIGHT2000 4-27



Design FMEA

Potential Failure Modes, Continued

Functional Assume the function:
Approach e Store fluid

e\ « Xliters
)
o * Oleaks

e 10 years, 150,000 miles

General types of Failure Modes for the component-level Design FMEA
for the function above include:

e Stores < X liters
e Leaks
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Design FMEA

Potential Effect(s) of Failure

Potential Potential Effect(s) of Failure are defined as the effects of the Failure Mode on
Effect(s) of the function, as perceived by the customer.
Failure

peins ‘ Describe the effects of the failure in terms of what the customer might notice

or experience, remembering that the customer may be an internal customer as

\ él well as the ultimate end user. State clearly if the function could impact safety
or noncompliance to regulations. The effects should always be stated in terms
of the specific system, subsystems, or component being analyzed.

Remember that a hierarchical relationship exists between the component,
subsystem, and system levels. For example, a part could fracture, which may
cause the assembly to vibrate, resulting in an intermittent system operation.
The intermittent system operation could cause performance to degrade, and
ultimately lead to customer dissatisfaction. The intent is to forecast the failure
effects to the team’s level of knowledge.

How to Identify the potential effects by asking “If this Failure Mode happens,
Identify what will be the consequences” on:
Potential « The operation, function, or status of the item’s subcomponents?

Effect(s) of . . .
Failure * The operation, function, or status of the next higher assembly?

* The operation, function, or status of the system?
w » The operation, drive-ability, or safety of the vehicle?
MECHANICS * What the customer will see, feel, or experience?

» Compliance with government regulations?

If a potential Failure Mode could have an adverse effect on safe
product or vehicle operation, or result in non-compliance with a
government regulation, then enter an appropriate statement such as
“May not comply with F/CMVSS #108.”

Continued on next page
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Potential Effect(s) of Failure, cContinued
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Examples of
Potential
Effect(s) of
Failure

4-30

Describe the consequences of each Failure Mode identified on:
* Parts or subcomponents

* Next higher assembly

e System

* Vehicle

»  Customer

» Government regulations

Place all effects for the Failure Mode being analyzed in one field or
box.

Note: All error states from the P-diagram need to be included in the
Effects or Failure Mode column of the FMEA. However, the error
states from the P-diagram may not be comprehensive for the effects
of the Failure Mode.

Typical failure effects could be, but are not limited to:

Noise Rough

Erratic Operation Inoperative

Poor Appearance Unpleasant Odor

Unstable Operation Impaired
Intermittent Operation Thermal Event

Leaks Regulatory Non Compliance

Electromagnetic Compatibility (EMC)
Radio Frequency Interface (RFI) noise
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Severity

—ad |

™

A/A

How to
Identify
Severity
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o

MECHANICS

Design FMEA

Severity is the rank associated with the most serious effect from the previous
column. Severity is a relative ranking, within the scope of the individual
FMEA. A reduction in Severity ranking index can be effected only through a
design change. Severity should be estimated using the table on the following

page.

The FMEA team reaches consensus on Severity ratings using the
Severity rating table. Enter the rating for only the most serious effect in
the Severity column. Therefore, there will be one Severity column
entry for each Failure Mode.

Assess the seriousness of each effect (listed in the Effects column).
Optionally, enter a number behind the effect representing its Severity.

The Severity rating must match the wording of the effect on the FMEA.

Continued on next page
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Severity, Continued

Design
Severity
Rating Table

4-32

Design FMEA

Effect Criteria: Severity of Effect Ranking
Hazardous | Very high Severity ranking when a potential 10
without Failure Mode affects safe vehicle operation and/or
warning involves noncompliance with government

regulation without warning.
Hazardous | Very high Severity ranking when a potential 9
with Failure Mode affects safe vehicle operation and/or
warning involves noncompliance with government

regulation with warning.

Very high Vehicle/item inoperable (loss of primary function). 8
High Vehicle/item operable but at a reduced level of 7
performance. Customer very dissatisfied.

Moderate Vehicle/item operable but comfort/convenience 6
item(s) inoperable. Customer dissatisfied.

Low Vehicle/item operable but comfort/convenience 5
item(s) operable at a reduced level of performanice.
Customer somewhat dissatisfied.

Very low Fit and finish/squeak and rattle item does not 4
conform. Defect noticed by most customers
(greater than 75%).

Minor Fit and finish/squeak and rattle item does not 3
conform. Defect noticed by 50 percent of
customers.

Very minor | Fit and finish/squeak and rattle item does not 2
conform. Defect noticed by discriminating
customers (less than 25 percent).

None No discernible effect. 1

FMEA VERSION3.1 — GOPYRIGHT2000
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Classification

Classification

A/A

YC
Classification
Rating

“'/“/77//!({/{//"6;////1/(11%

This column may be used to classify any special product characteristics (e.g.,
critical, key, major, significant) for components, subsystems, or systems that
may require additional design or process controls.

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 are
directed by specific company policy.

When a Failure Mode has a Severity rating of 9 or 10, then a potential
Critical Characteristic exists. When a potential Critical Characteristic is
identified, the letters “YC” are entered in this column and a Process
FMEA is initiated.
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Recommended Actions

Consider
Recommended
Actions
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Path/Step 1 of the Working Model is completed by considering
appropriate Recommended Actions to:

a. Eliminate the Failure Mode
b. Mitigate the Effect

Special emphasis on possible actions is required when Severity is 9 or
10. Lower Severities may also be considered for actions.

To reduce Severity, consider this action:

» Change the design (e.g., geometry, material) if related to a
product characteristic.

To accomplish this:

» Eliminate Failure Mode(s) or change its effect on the product
performance.

If the Failure Mode cannot be eliminated, continue with the Working
Model Path/Step 2.
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Design FMEA

Working Model Path/Step 2

Ford FMEA For Failure Modes not able to be eliminated in Path/Step 1, continue
Model by following Path/Step 2:
Path/Step 2
(7 7076
J(WMCQ/Z?//((}(”W#% FAILURE MODEPAOI\;rgAEIE:ELCTS ANALYSIS
fem Potential Potential 7 Potential 2 %g?;r: ° Acton Results
| R e R e R H
What can be done?
* Design Changes
* Process Changes
 Special Controls
* Changes to
What How often itand;irds,
Pt| arethe = doesit P Gro_ge URses, @
Cause(s)? happen? uides
A
What can go wrong?
* No Function
* Partial/Over
Function/Degraded > >
Over Time

* Intermittent

Function I\

* Unintended L
Function

Identify:
 The associated Causes (first level and root).
e Their estimated Occurrence ratings.

*  Prioritization by Failure Mode/Causes by the product of Severity
(S) rating and Occurrence (O) rating.

* Recommended Actions to change the design of the product to
reduce Occurrence or impact the prioritization of the
S x O (Criticality) combinations.

Gord Yeter Gompany, FMEA VERSION3.1 — QOPYRIGHT 2000 4-35



Design FMEA

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

Potential Potential Cause of Failure is defined as an indication of a design weakness,
Cause(s)/ the consequence of which is the Failure Mode.

Mechanism(s)

of Failure

__— List, to the extent possible, every conceivable Failure 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.

Root cause must be determined when Severity is 9 or 10. Use a “why
ladder" to determine root cause. On a component DFMEA, root cause
is a part characteristic.

“'/“/77//!({/{//"6;////1/(11%

How to Considering that manufacturing/assembly needs have been
dentify incorporated, the Design FMEA addresses the design intent and
Potential assumes the design will be manufactured/assembled to this intent.

Cause(s) of

Failure Potential Failure Modes and/or Causes/Mechanisms which can occur

during the manufacturing or assembly process need not, but may be
included in a Design FMEA. When not included, their identification,
effect and control are covered by the Process FMEA.

Continued on next page
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Design FMEA

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

How to This FMEA Handbook assumes a one-to-one correlation between a
Identify Cause and its resultant Failure Mode: i.e., if the Cause occurs, then
Potential the Failure Mode occurs.

Cause(s) of

Failure Brainstorm potential Cause(s) of each Failure Mode by asking:
Continued

 What could cause the item to fail in this manner?

w *  What circumstance(s) could cause the item to fail to perform its

function?
MECHANICS

 How could the item fail to meet its engineering specifications?
* What could cause the item to fail to deliver its intended function?

* How could interacting items be incompatible or mismatched?
What specifications drive compatibility?

 What information developed in the P-diagram and interface matrix
may identify potential Causes?

* What information in the boundary diagram may have been
overlooked and which may provide causes for this Failure Mode?

* What can historic 8Ds and FMEAs provide for potential Causes?

* Are you considering subsystems or components that do not lead
to the specified loss of function (or effect)?

Initially identify the first level Causes. A first level Cause is the
immediate Cause of a Failure Mode. It will directly make the Failure
Mode occur. In a Failure Mode and Effect diagram, the Failure Mode
will be an item on the major “fishbone” of the diagram. In a Fault Tree
Analysis (FTA), the first level Cause will be the first Cause identified
below the Failure Mode.

Separate Causes are recorded and rated separately. Some design
Failure Modes may result only when two or more Causes occur at the
same time. If this is a concern, then these Causes should be listed
together. Causes are never combined unless they must both occur
together to have the failure occur (one will not cause the failure
mechanism alone). They are joined by an AND condition not an OR
condition.

Continued on next page
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Design FMEA

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

How to
Identify
Potential
Cause(s) of
Failure
Continued

o

MECHANICS

Assumption 1

f/,’;/,/v//(f({//{//"(/}«////mﬂ%

4-38

As a minimum, enter all “first level” causes. Describe each Cause in
concise engineering terms so that remedial design actions can be
focused on eliminating the Cause or reducing its Occurrence.

Root causes, described in terms of part characteristic(s), should be
identified when:

* An effect of a Failure Mode with Severity rated 9 or 10 (YC).

* The ranking of the Severity times Occurrence (Criticality) ratings
results in a YS classification. If the FMEA does not have any YC
or YS items, develop root cause for some of the highest Severity
times Occurrence (Criticality) items. For more on YS items see
page 4-43.

For additional assistance in determining root cause, review the Global
8D methodology.

Two assumptions should be used when developing Causes in a
Design FMEA.

Assumption 1: The item is manufactured/assembled within
engineering specifications.

If following Assumption 1, identify potential Cause(s) of each Failure
Mode by asking:

« What could cause the item to fail in this manner?

*  What circumstance(s) could cause the item to fail to perform its
function?

* How or why can the item fail to meet its engineering intent?
« What can cause the item to fail to deliver its intended function?

* How can interacting items be incompatible or mismatched? What
specifications drive compatibility?

Continued on next page
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Design FMEA

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

Examples of Examples for Assumption 1 include:
Assumption 1, Material porosity specification too high for application.

le « Edge radius designed too sharp for export market.

» Material hardness specified too low.

e Lubricant specified too viscous.

» Actual stress load higher than assumed load.
e Torqgue specified too low.

» Too close to adjacent part.

* Incorrect material specified.

* Inadequate design life assumption.

e Incorrect algorithm.

* Sneak (unwanted circuit)

e Improper EMC/RFI design

» Component parameter degradation or drift
» Excessive heat

Assumption 2 Assumption 2: Assume the design may include a deficiency that may
cause unacceptable variation (e.g., misbuilds, errors) in the

manufacturing or assembly process.
‘& Review past design deficiencies that have caused manufacturing or

assembly misbuilds that in turn have caused a Failure Mode.

f/,’;/,/v//(f({//{//"(/}«////mﬂ%

If following Assumption 2, identify potential design deficiencies

(Causes) by asking:

* s orientation or alignment important to how the item will function?
e Can the component be assembled upside down or backwards?
w » Are the engineering specifications/tolerances compatible with the

manufacturing processes?

MECHANICS  What possible Causes may be identified by reviewing the

P-diagram noise factors?

If design deficiencies are identified that may cause unacceptable
manufacturing/assembly variation, then they should be listed and

remedial design actions should be taken. Information on

manufacturing/assembly variability should be communicated to the

responsible manufacturing/assembly activity.

Continued on next page
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Potential Cause(s) / Mechanism(s) of Failure,  cContinued

Examples of
Assumption 2

CAUTION

Examples of Assumption 2 include:

» Specifying a material heat treatment such that some material (on
the high side of the tolerance limit) cannot be machined to
conform to specification.

« A symmetrical design that allows a part to be installed backwards.
* Item installed upside down because design is symmetrical.
e Torqgue incorrect because access hole is designed off-location.

* Wrong fastener used because design is similar to standard
fastener also in use.

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

Necessary mold drafts

Limited surface finish

Assembling space/access for tooling

Limited hardenability of steels
Tolerancerocess capability/performance
Limited ESD (electro-static discharge) control

~oo0 oW

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

a. Tool access
b. Diagnostic capability
c. Material classification symbols (for recycling)

One objective is to identify the design deficiencies that may cause
unacceptable variation in the manufacturing or assembly process.
With cross-functional representation on the FMEA team,
manufacturing/assembly causes of variation that are NOT the direct
result of design deficiencies may also be identified during the
development of the Design FMEA. These should be addressed in the
Process FMEA. Another objective is to identify those characteristics
that may improve the robustness of a design. A robust design can
compensate for expected process variation.

Continued on next page
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Occurrence

Occurrence

A/A

How to
Identify
Occurrence

o

MECHANICS

Design FMEA

Occurrence is the likelihood that a specific Cause/Mechanism (listed in the
previous column) will occur during the design life. The likelihood of
Occurrence ranking number has a relative meaning rather than an absolute
value. Preventing or controlling the Causes/Mechanisms of the Failure Mode
through a design change or design process change (e.g. design checklist,
design review, design guide) is the only way a reduction in the Occurrence
ranking can be effected.

Estimate the likelihood of Occurrence of potential failure Cause/Mechanism
on a 1to 10 scale. In determining this estimate, questions such as the
following should be considered:

a.

What is the service history/field experience with similar components,
subsystems or systems?

Is the component carryover or similar to a previous level component or
subsystem or system?

How significant are the changes from a previous level component,
subsystem or system?

Is the component radically different from a previous level component?
Is the component completely new?

Has the component application changed?

What are the environmental changes?

Has an engineering analysis (e.g., reliability) been used to estimate the
expected comparable Occurrence rate for the application?

Have preventive controls been put in place?

Has a reliability prediction been performed using analytical models to
estimate the Occurrence rating?

Continued on next page
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Design FMEA

Occurrence, Continued

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

Continued

The Occurrence table on the following page will be used without
modification. Enhancements to the criteria for clarification are
CAUTION accepted and if utilized, should then be attached to the FMEA.

>

the Cause and its resultant Failure Mode will occur over the design life

If the Failure rate cannot be estimated, then judge the likelihood that
x (150,000 miles or 10 years in service standard).

f/,’;/,/v//(f({//{//"(/}«////mﬂ%

If the Failure rate is between ranges, use the next higher rating. If the
Occurrence rating cannot be estimated, or the team cannot reach
consensus, then enter a rating of 10.

An Occurrence value is entered for each Cause. After the Occurrence

rating is established, the team then returns to the Classification
column to designate potential Special Characteristics in the Design
MECHANICS FMEA.

This FMEA Handbook assumes a one-to-one correlation between a
Cause and its resultant Failure Mode (i.e., if the Cause occurs, then
the Failure Mode occurs).

ip * There is a very large change between the Failure rates
represented by ratings 1, 2, and 3.

» For a 100% cross-vehicle commodity (i.e., on all 6M vehicles), an
Occurrence = 1 would indicate only 4 failures per model year,
whereas an Occurrence = 2 would represent 40 failures per model
year and an Occurrence = 3 would represent 400 failures per
year.

» For this reason, ratings of 1 and 2 are examined very closely.

Determine whether your FMEA will be analyzed for Occurrence from
the perspective of the vehicle or the item and remain consistent
throughout the FMEA. Include in the notes of the FMEA which
perspective was used.

Continued on next page
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Occurrence, Continued

Occurrence The following table is used to estimate the failure rate and/or criteria to
Rating Table develop a rating for each Cause.

Probability of Likely Failure rates Over Design Life Ranking
Failure
Very High: Persistent >100 per thousand vehicles/items 10
failures
50 per thousand vehicles/items 9
High: Frequent 20 per thousand vehicles/items 8
failures
10 per thousand vehicles/items 7
Moderate: 5 per thousand vehicles/items 6
Occasional failures
2 per thousand vehicles/items 5
1 per thousand vehicles/items 4
Low: Relatively few 0.5 per thousand vehicles/items 3
failures
0.1 per thousand vehicles/items 2
Remote: Failure is <0.01 per thousand vehicles/items 1
unlikely

Continued on next page
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Classification

YS
Classification
Rating

4-44

When a Failure Mode/Cause combination has a Severity rating 5 to 8
and an Occurrence rating of 4 or higher, then a potential Significant
Characteristic exists. When a potential Significant Characteristic is
identified, the letters “YS” are entered in this column and a Process
FMEA is initiated.

These product characteristics affect safe vehicle or product function,
compliance with government regulations, or customer satisfaction, and
may require special manufacturing, assembly, supplier, shipping
monitoring and/or inspection actions or controls. These characteristics
become potential “Critical Characteristics” or potential “Significant
Characteristics.”

See Section 6 for further definitions and details of Special
Characteristics and their required actions.

Continued on next page
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Continued

Design FMEA

Design
Classification
Possibilities

The following table contains the possible characteristic designations
for a Design FMEA.

Classification

To Indicate

Criteria

YC

A potential Critical
Characteristic
(Initiate PFMEA)

Severity = 9, 10

YS

A potential Significant
Characteristic
(Initiate PFMEA)

Severity=5 -8 and

Occurrence =4 - 10

Blank

Not a potential
Critical Characteristic

or Significant
Characteristic

Other

Gord, /L([W %W%

Design FMEA
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Design FMEA

Working Model Path/Step 3

Working For Failure Modes and their Causes that cannot be eliminated in
Model Path/Step 1 or in Path/Step 2, continue by following Path/Step 3:
Path/Step 3

%/d/‘({%m(gfw FAILURE MODEPSNTDEg;?ELCTS ANALYSIS

What can be done?
> . Design Changes

« Process Changes
« Special Controls

« Changes to
Standards,

Procedures, or
> P > Guides
What can go wrong?
* No Function
) How can
« Partial/Over this be
Function/Degraded | | prevented
Over Time and
) detected?
« Intermittent H d
Function I\ (?:vtﬁi(;o
» Unintended i rgetthot(_:l o
Function c eit(;mg
Identify the:

» Design verification actions (Detection methods) to ensure
readiness to release.

e Corresponding Detection (D) ratings.
» Associated Recommended Actions.
e The Risk Priority Number (RPN).

Continued on next page
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Design FMEA

Current Design Controls

Current
Design
Controls

Types of
Design
Controls

List the prevention, design validation/verification (DV), or other activities
which are completed or committed to and that will assure the design
adequacy for the Failure Mode and/or Cause/Mechanism under
consideration. Current controls (e.g., fail/safe designs such as pressure relief
valve, design reviews, feasibility review, CAE, Sneak Path Analysis,
Analytical Reliability and Robustness, other analytical studies, vehicle
testing, rig/lab testing and other DVP or Key Life tests) are those that have
been or are being used with the same or similar designs. The team should
always be focused on improving design controls, for example, the creation of
new system tests in the lab, or the creation of new system modeling
algorithms, etc.

There are two types of design controls/features to consider:

1. Prevention: Prevent the Cause/Mechanism or Failure Mode/effect from
occurring, or reduce the rate of Occurrence.

2. Detection: Detect the Cause/Mechanism or Failure Mode, either by
analytical or physical methods, before the item is released to production.

Continued on next page
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Current Design Controls, cContinued

Types of
Design
Controls
Continued

o

MECHANICS

The preferred approach is to first use Type 1 controls if possible. The initial
Occurrence rankings will be affected by the Type 1 controls provided they are
integrated as part of the design intent. The initial Detection rankings will be
based on the Type 2 current controls, assuming the prototypes and models
being used are representative of design intent.

When entering the design controls, place a ‘P’ before the prevention type
controls and place a 'D' before the detection type controls. The Occurrence
ranking may need to be revised after the identification of Type 1 prevention
controls.

The desired outcome of applying a design control method is to expose
a potential design deficiency (Cause). Then, corrective design actions
can be taken to eliminate the Cause or reduce its rate of Occurrence.
A thorough Design FMEA can lead to an effective design verification
test program for new or changed designs.

Continued on next page
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Current Design Controls, cContinued

How to
Identify
Design
Controls

W

MECHANICS

If a potential Cause is overlooked, a product with a design deficiency
may go into production. A way to detect the existence of an
overlooked Cause is to detect its resultant Failure Mode. If the Failure
Mode is detected, then the design engineer needs to look for an
overlooked Cause (assuming all known Causes are accounted for by
one or more design control methods). If an overlooked Cause can be
identified, then corrective design action can be taken.

To identify design controls, proceed as follows:

1. Identify and list all historical methods that can be used to detect
the Failure Mode listed. References include:
- Previous FMEAs
- Previous DV Plans
- Reliability and robustness checklists
- 8Ds (actions to correct “escape” root cause)

2. List all historical design controls that can be used to detect the
first-level causes listed. Review historical test reports (proving
ground, laboratory, etc.).

3. ldentify other possible methods by asking:

* In what way can the Cause of this Failure Mode be
recognized?

« How could | discover that this Cause has occurred?
* In what way can this Failure Mode be recognized?
« How could | discover that this Failure Mode has occurred?

Design control methods used to prevent Causes of Failure Modes may
affect the Occurrence of the Cause. If this is the case, these methods
should be taken into account when estimating the Occurrence rating.
For instance, a method may lead to a design action that reduces the
Occurrence. In this instance, the reduced Occurrence rating is entered
in the Occurrence rating column.

The noise factors from the P-diagram may permit the team to
recognize that present testing/analysis is not adequate for 1 or more
noise factors. If so, a Recommended Action should be entered to
modify the testing/analysis to address this shortcoming.

Continued on next page
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Current Design Controls, cContinued

Examples of  pesign controls can include design reviews, analytical studies, and
Design computer model programs, as well as tests derived from or equivalent
Controls to design verification tests.

Engineering specification tests or inspections conducted as part of the
manufacturing and/or assembly process are NOT acceptable design
controls. These are applied after the part is released for production.

CAUTION
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Design FMEA

Detection is the rank associated with the best Type 2 design control from the
list in the previous column. Detection is a relative ranking, within the scope
of the individual FMEA. In order to achieve a lower ranking, generally the
planned design control (e.g. validation, and/or verification activities) has to
be improved.

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

It is best to have Type 2 design controls in place as early as possible in the
design 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 the table on page 4-54.

Note: The ranking value of 1 is reserved for “almost certain.”

Continued on next page
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Detection, Continued

How to
Identify
Detection
Rating
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MECHANICS

4-52

When estimating a Detection rating, consider only those controls that
will be used to detect the Failure Mode or its Cause. Controls
intended to prevent or reduce the Occurrence of a Cause of a Failure
Mode are considered when estimating the Occurrence rating. Since
prevention controls do not detect, these controls would be rated 10.

Only methods that are used before engineering production release are
to be considered when estimating the Detection rating. Design
verification programs should be based on the overall effectiveness of
the design controls.

The FMEA team should collectively rate the capability of each design
control to detect the cause of the Failure Mode. When several
Detection controls are listed, enter the lowest rating (the best
Detection method or lowest in combined Detection ratings). Optionally,
if all controls will be used concurrently, determine a composite
Detection rating based upon the accumulated controls.

First, determine if any of the design controls listed can be used to
prevent the cause of a Failure Mode. If a control is a prevention
control, place a (P) after it and enter it in the Current Controls column.
Remember that the Occurrence rating may be affected.

Next, estimate the effectiveness of each Type 2 design control mode
listed. When estimating effectiveness, consider the effectiveness
factors on the next page. Estimate the capability of each design
control to detect the Failure Mode or the Cause. Assume the Failure
Mode has occurred. Rate the detection control based upon its overall
effectiveness.

Continued on next page
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Detection, Continued

Effectiveness ~ When estimating the overall effectiveness of each design control,
Factors consider the following categories, and the factors in each category.

O\,J The degree of effectiveness is listed from high to low in each category.

The list below is for illustration only and is not intended to be all-
inclusive.

» Design analysis methods:
[1 Proven modeling/simulation (e.g., finite element analysis)

[l Tolerance stackup study (e.g., geometric dimensional
tolerance)

[l Material compatibility study (e.g., thermal expansion,
corrosion)

[l Subjective design review
e Development test methods:

[l Design of experiments/worst case experiment (e.g., noise)
[] Tests on pre-production samples or prototype samples
[1 Mockup using similar parts
[1 Vehicle durability (design verification) tests
» Experience with similar designs
*  Number of samples planned to be tested
[1 Statistically significant sample size
[1 Small quantity, not statistically significant
» Timeliness of design control application
[l Early in design concept stage (e.g., theme decision)
[] At engineering prototype readiness
(] Just prior to engineering/manufacturing design sign-off

Continued on next page
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Detection, Continued

Design For each control method the following table is used to establish the
Detection Detection rating.
Rating Table

DETECTION CRITERIA: LIKELIHOOD OF DETECTION BY RANKING

DESIGN CONTROL

Absolute Design control will not and/or cannot detect a 10
Uncertainty | potential Cause/Mechanism and subsequent
Failure Mode; or there is no design control.

Very Remote| Very remote chance the Design Control will 9
detect a potential Cause/Mechanism and
subsequent Failure Mode.

Remote Remote chance the Design Control will detecta 8
potential Cause/Mechanism and subsequent
Failure Mode.

Very Low Very low chance the Design Control will deteqta 7
potential Cause/Mechanism and subsequent
Failure Mode.

Low Low chance the Design Control will detect a 6
potential Cause/Mechanism and subsequent
Failure Mode.

Moderate Moderate chance the Design Control will detecta 5
potential Cause/Mechanism and subsequent
Failure Mode.

Moderately | Moderately high chance the Design Control will 4
High detect a potential Cause/Mechanism and
subsequent Failure Mode.

High High chance the Design Control will detect a 3
potential Cause/Mechanism and subsequent
Failure Mode.

Very High Very high chance the Design Control will detegta 2
potential Cause/Mechanism and subsequent

Failure Mode.
Almost Design Control will almost certainly detect a 1
Certain potential Cause/Mechanism and subsequent

Failure Mode.
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Risk Priority Number

Risk Priority  The Risk Priority Number (RPN) is the product of Severity (S) times

Number Occurrence (O) times Detection (D) ranking.
i | FORMULA: RPN = (S) x (O) x (D)

value above which it is mandatory to take a Recommended Action or
below which the team is automatically excused from an action.

(& There is no threshold value for RPNs. In other words, there is no

“'/“/77//(/({////"6;////1/(17%
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Recommended Actions

Recommended
Actions

A/A
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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.

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

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

The purpose of an action is to eliminate potential Failure Modes. The
FMEA team should prioritize actions based on those Failure Modes:

» With effects that have the highest Severity ratings

* With Causes that have the highest Severity times Occurrence
(Criticality) ratings

e With the highest RPNs

The control factors from the P-diagram will provide insight to
Recommended Actions. Some Recommended Actions may be
modifications to the DV Plan. Be sure that these are included on both
the DVP&R as well as the reliability and robustness checkilist.

Continued on next page
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Recommended Actions, Continued

How to Identify
Recommended
Actions

o

MECHANICS

Examples of
Recommended
Actions

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

a. Revised design geometry and/or tolerances
Revised material specification

c. Design of experiments (particularly when multiple or interactive causes
are present)/or other problem solving techniques

d. Revised test plan

e. Redundant systems — warning devices — failure status (fail to on
or fail to off)

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

Only a design revision can bring about a reduction in the Severity ranking. A
reduction in the Occurrence ranking can be effected only by removing or
controlling one or more of the Causes/Mechanisms of the Failure Mode
through a design revision. An increase in design validation/verification
actions will result in a reduction in the Detection ranking only. Increasing
the design validation/verification actions is a less desirable engineering
action since it does not address the Severity or Occurrence of the Failure
Mode.

If engineering assessment leads to no Recommended Actions for a specific
Failure Mode/Cause/control combination, indicate this by entering a
"NONE" or "None at this time" in this column.

Examples of potential actions are:

Perform computer simulation to assure functioning in required
temperature range.

* Revise hole depth to X.
* Implement strategy to revert to “on” condition if input signal is lost.
* Perform mud bath test.
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Actions Taken

Actions Taken
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How to
Identify
Actions Taken

o

MECHANICS

CAUTION

ip

Responsibility for the Recommended Action — Enter the individual responsible

for the recommended action and the target completion date.

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

Recommended Actions cannot be overemphasized. A thorough
Design FMEA will be of limited value without positive and effective
actions to prevent Failure Modes or mitigate their effects.

It is the responsibility of the DFMEA team leader, who is responsible
for the Design FMEA, to implement a follow-up program to ensure all
Recommended Actions have been implemented or adequately
addressed.

Note: The design engineer’s goal is to make design robust so that special
manufacturing/assembly controls are not required. Detection controls do not
decrease Criticality. Remember, the design engineer CANNOT rely on
manufacturing/assembly process controls to overcome potential design
weaknesses.

The DFMEA team leader is responsible for updating the Design
FMEA. The FMEA is a living document and should reflect the latest
item level and the latest relevant actions. The responsibility could also
belong to a supplier.

It is not appropriate to compare the ratings of one team's FMEA with the
ratings of another team's FMEA, even if the product/process appear to be
identical, since each team environment is unique and thus their respective
individual ratings will be unique (i.e., the ratings are subjective).

Review of the FMEA document against FMEA quality objectives is
recommended including a management revieefer to Appendix B for
copies of the SAE FMEA Quality Objectives.

Continued on next page
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Actions Taken, continued

Responsibility
and Target
Date
Completion

pefes) |

Enter the individual responsible for the Recommended Action and the target
completion date.

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

To assure all Recommended Actions are implemented or adequately
addressed, it is necessary to implement a follow-up and/or tracking
program.

At a minimum:

» Develop a list of potential special characteristics and provide
this list to the responsible engineer for appropriate
consideration and action in the Design FMEA.

* Follow through on all Recommended Actions and update the
FMEA actions.
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Resulting RPN

Revised
Severity,
Revised
Occurrence,
Revised
Detection,
and Revised
RPN

[7.)

A
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After the preventive/corrective action has been taken, 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. All revised ratings should be reviewed, and if further action is
considered necessary, repeat the appropriate steps.

If no actions are listed, leave these columns blank. If the actions are
completed, enter the revised Severity, Occurrence, or Detection rating,
even if these actions did not result in a change to the ranking.
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Outputs from Design FMEA

Outputs from
Design FMEA

Typical outputs from a Design FMEA are shown in the graphic below.
Many of these outputs will be inputs to the Process FMEA. Many of
these output items are fed from the Design FMEA, or from the results
of the Recommended Actions of the Design FMEA. There is also a
strong correlation between many of the columns in a Design and
Process FMEA. Effects and their corresponding Severity will relate
directly, with unique process effects added to the Process FMEA.
Other relationships are more subtle; for example, design causes often
relate to process Failure Modes.

DESIGN

Other Recommended

Potential Critical and/or

Actions for Product
Robustness

—

Significant Characteristics
Reliability
and Robustness Target Performance
Checklist Review and Validation
Design Information
I ntial
™ v
A4 New FDVS/DVPSOR Other Recommended
. T\isil TethOds orn Actions for Future
c:n?(tncl)tg?:ns Re;,jé’ AsAizls;sdiso Products or Programs
Reliability and ~ The robustness and reliability checklist is an output of the robustness
Robustness integrated FMEA process. The following page is an example of a
Checklist

Gered otor Gemprany

robustness and reliability checklist. The robustness and reliability
checklist:

e Summarizes key robustness Attributes and Design Controls.

» Links the DFMEA to the Design Verification Plan (DVP),
(an input into the DVP).

» Should be a key document to review as part of the design
review process.
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Tool Integration

Customer
wants/GQRS/
brand profile
di " Interface Matrix/ DVMs,
+ ol o P-diagrams Boundary KLTs,
2] -% % Diagram* CETP etc.
L 2.2 7
Prioritized =8 @ T T
targets/ c 28| 8 ! / /
cascades* o " T w | |
< o
[%] -
B 8 S 5S¢
] [S) S 55
g 53 Bt &5
Y =) 4 YVY zZ5Y & Yog
DESIGN FMEA
Item C Potential o Current D Action Results
] c Design e "
Potential Potential Responsibility
Failure Effect(s) of s|e M) ¢ Conwdls on | L] B ReCmened S Target actons [ SO0 IR
Function Mode Failure M of Failure u ~ Prevento e Completion Date aken cle|p
Duration of perceived Shift takes longer than X ... Low satisfaction, smooth | # Too much D/L # | DILsystem compliance | # DIL system (Engineer names)
shift less than X sec ... trans & overall trans suspension wind-up ... test, engine to tires ... compliance
operation .. requirements
cascaded to
| | components
DVP/Robustness/Reliability
Checklist* T . .
« Key preventive design actions DVP prioritization Design actions,

(Criticality/RPN) new SDSs, DVMs,
subsystem FMEA, DOE

« Coordinated DV plan
— Reuse plans
— CAE plans
— Benchfrig test plans
— Prototype build/test plans

* Tools applied from vehicle to subsystem level, then cascaded from subsystems to components

Tool The illustration above shows where the Robustness Tools are input
Integration into the DFMEA.

The following process elements/tools provide input to the DFMEA:

* Failure Mode — Degradation from the P-diagram

» Effect — Error States from the P-diagram

e Cause of Failure — Noise Factors from the P-diagram and
Systems Interactions from the boundary diagram and interface
matrix

» Actions — Control Factors from the P-diagram
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ROBUSTNESS and RELIABILITY

CHECKLIST
Source: Shift Quality FMEA Team/Eureka

EXAMPLE

<!:| Inputs from other

tools

ific description, and metric (continuous function preferred)

Note

cCDh132

e applicable)

Wand/or “Noises*for other subystems (detail descption)

DFMEA

eenError Statesand ldeal Functid

th test reference for notable effec|

ANUFACTURING VARIABILIT

P-diagram

m

_;D

NOISE FACTOR MANAGEMEN

cat Slra\EKxI |

I iChame Technolay

I iApplyParameter Degn
Il Upgrade Desan Spec I

IV iReduce/Remove Noise
Add Cpemsation Device
VI isise / Divert

egy
Specific

F Jused

Thissection bthe Checklist can be substituted with a direc ligedo a DVP databse g.FPVS,

Design Controls, CAD / CAE ... Component => Subsystem ==> System ===>Veh

| DFMEA

* Design
controls
CAD/CAE

« Component
tests
System tests

rawmateria

» Vehicle tests

machinim

assemby variability

wearl

fatigue|

humidity

temperature

TOMER USAGE -- over Useful Life

Period

ncy use stop-and-gol
high / uniimite d pee d
shortjourneys|

o trailer to

water /chemicals, Inh pressuree

ke fluid, coolant, batterelectroyte

poor service, uncontrolled flui

NMENT
ndition 1 {Condition 2
jd dry
jd humid
ioad dry

wet

salt
h aititude ™ Flormdownhill

heal

vibration|

electromanetic field|

oise Factor to Error State / Functicn
tion Noise Factorto Error State / Function

IF1,IF2, IF3

A, B, C ErrorStates

Source: CD132 Program; Toni Brockers; Tim Davis

Ideal Functions

Noise Factrorncatedin the test - letter(s) indicates the Error State (3)
Noise Factor scheduled, but niett incomorated inthe test- letter(s) indicatesthe Error State(s)
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Sample Design FMEA

Sample See a complete sample of a Design FMEA on the next two pages.
Design FMEA

Continued on next page

4-64 FMEA VERSION3.1 — GOPYRIGHT2000 ‘C//;djfﬂ?/"%”%””%



Design FMEA

)]
[0IRI0D SATIEIISARY
L00Z/LL/G ()
Jawpedsp {7} 00D uoppaieq
pus aumu 813y uopoe (@
¥ G MW s ue g 1SN el 08 | € ) jonuco uopaeq | € zesnessisiyy | OA
(e
Ewwocﬁwmmw% P — 10300 BATITIUBABIY
EAXSONS © %9 PIRc 1oL [{s)l (L) etpusy jeg siealmepio z-
BEEL/LE/ (2) [onueo ucpRRBE SUISY OSUBIRIBYY ) HOUS # (0 u>-
wewpadep @iay uopor [¥e)] jaoadg 10} 88080 seab uo speeny pedduyg SEYoU X~
ZAX "0 A ug oq 19NN aBuLl oF | 2 {€) lonuco uoppaleq | Z ooy, sq WAy [ OA | O (01) ean ebueyp ouued SPILSA Y1 108 880( DIHOA YN
(c) weibep o
‘veid AQ snomaad
ejep 58] Sy o
repussnoneid "ML
‘(18 ‘R
L002/0L/G “spopy sphjou sindkg
eeuniedep anjie Jo esnen
X 2 puiphe suotpp (o) @O0 843
‘auey eRu B aidmnauw aaey 4O PolE ve oAy
2q pROYS 9204 ] oy ejqissod 53 S{OAUOD LONSARI HUEK)
18U JequiBWay eep 10 GA JO DAz SRp S
158} "weibetp soepsul jo sy “oogpuey st jo
{cd) ey achy weafep o 'SVINS § UoRIes JO L34€0 dvd
S} Joy Auoisns ispsnomnaid 9E HONEISSBIO 0y
PUE [RLLOY MDL 8 Aueaem
SEIOIEeY 2 0 ‘poued apnjou sduyl SYIW A IS snonasd
Apeaip aie si0Nuos MOL
uogre ap UMD IXaU W 08 “Awesei Kaew
40 158l au (Q) o8P ou Ji 01 nd- BOUBNMON os sorpaw] weibep o [¢Fte]
128yes 03 }bi: REEEsleedilettelible] ey (2 uostRIg epnpu sindy) MB) ureuep 808 | weiBeip Ampunog 'gas
24} 0} Joqun ot} U] 9s0dUIoe {1 1spouen YIS BWIS X | ‘svand sejwissnopaaid
uoEsa 10 (i5eMma]) LU0 KoY soepau; weabep g B8R LOROUNZ
pesinay 199q g {Z joame? uoneyes uriseyfiy Ind yoes sey apnisul sndu) apniul sndy)
10 BBUNOSC BAPSIEp YITe oqedenseun esnes wWiosuRIg
POSINGY Wy oRsusRIEYD Sy {1 Spouen Kow yeuy Aousioysp SPOLIBIN piay oiedss vl yoed 181 wnosuRg
‘AIoAeG oady ® sepryou) ubiseq (z sisyE)8 1y Bnoy; SPOLISIN
pasinGY Aue 1o uofoy {c1) eunptey uopesyiaads B0IAISSE  BUISN LUOJSUIRIG SIURITBLCO
@ aeug P pUSLLEIOO Sy 10 wispeyDeR/asnes 0] peiquiesse AquesseBaunioemuepy SPOYIBIN 10 SHOYpUoD
2 BABY SO BY) 108160 40 BPOLY JpainpeuEy ‘wisy " sweuoduwos 2139ds apnpou)
‘peeruios L0025 14 ainjieg ) 91840 2 89 (A wigy) {3 ‘Slusielsgns LONoUTY PApUSULIfY SiGRINSEsl-UNOU-GIsA
u98q RTED JEITT L .npe) suondunssy Z 950 SIS AS Joti0 LOROUAS JISHILLSI| 2q 18N
sey 3 oye pue aitwos 12 BUON, 30 ,BUON, 10 ISIHBYOB/BENEs BIOIIBA WY J8A0 papeiBap
uoyoe ey 1 fuswniedep Jewe ‘peuueid 2 JuaASid L tuaddey suy by 'BLIOISNIZ ETRWIAN FUCHIDUNY 19AQT iR ‘syustuaynba
10 “onduosep suyIsnl jou) OB Oul Y| sadfy z MOL Jo peusddey sy ASpEsmsuuBnog UOLOUN ON SRIBM SPSEN
jouq B JoRIa IS CHE] UOH0E 91 15T BB SIOAICO WOUND S8 ALiAR 1OSTIES 104 Bryprou) sieueis jbnoyy ¢ HOROUR
N3] 5] wews | owquoneuwos R Mol comeaia- n e B aanpey apoyy Hehound
F|o|o|s| sucww phiery 005y ol SIoAM0D 2 Hejosnen e |s 32 (shoepa ]
tins o N 8 ubiseq B {Enu9IoY 1 Enusog Enuaod
EHUELISELT ] waungy o o] wey

pauiBug ¢ ‘g UOSIaY 7 HOSIa | HORIA [LIBA] 310D

4 -65

FMEA VERSION3.1 — GOPYRIGHT2000

0002/5/6 ‘o1 Aoy wrboug jeo1dh ) 007 {s)wriBoid/(s)aes A BPOW

aiay uoneziuebio ayl sapud Anpgisucdsay ubisag

00026218 :(A0Y) 86611221 {(BLO) vled VIR
{woo pio ByuiBugy) seewbug v (Ag paledaig
Z 10} ofed

pieqor wa4 ubiseg LaquInN vaNL

siustuailnbay 2I01UPA [BI0L 10°00°00 (usucdwiod X
waysAsqng™

washg

Hieonfiurg il pgy

(vaWS NDIS3T)
SISATYNY SL03d43 ONV JQOW IunTvd
TVILNILOS

o,

o7

70

C

e



Design FMEA

voneasn) eduses
Sit} 10} PAMBIARI UBB]
10U S8t UoTUNY Si L

S8jW 00005 sieed o) -

ZAX PueSyIm 03
400800 R ubisep U

ol goeny

{dl) 1ONU00 BAjRISASIY

awgsesuoN| gz | z (a){@nsarapioser | 7 Zasnad 8ISyl
{g) uonoaysnessip
{ci) opinb 1asny ‘ZQRISUN 5B B18A
SO 12U IIsng sapoted few lswoisng
£221 808 {g) oBeriep yorr SOHOA
73} X<
sum s R SUON| ¢o| ¢ (@) {£)se) 810ho youp £ § BENBOSIBY ) 2 J8MO| 0] 818 84 Jou Ae 18} 00 S{0HBA SIM
L002/41/5 () @pnb Jespy
jsuedep SO [RUY IBUIISNG
pUE BluEy Bioy vogoR
© 8q 18N 88, we aq Lo esd) |oee | o {@)umouysuon | ¢ or( jo juewsoeidsi | sA
(o} opind uliseq 503 X
{g) pepuBns BIoISND B
ou sithw ovoN | g¢ | Z () () 1serepha oer | € SPHIG 80 8 (4) 1 eBumyd 10UURD) X @[OjeA i1 10t $30()
{cl} 101U00 BARRIUSARIH
@y
ORUOO UUPRBQ (4} sipuey Jueg L
(a) (s) (2) BUR OO |l N =
aunsuesuoN| w5 | v oauosuoarg | ¢ ] 2SnBED SIS ] i seeb uo spaay) paddig paumbal Logs q g e
{d} fonuoo sAjeIBABlg N
(@) {#) smaAmapio 7-
OAL0D GOPBIR0 () eipuaty weg HOUS # 0L =>
s [F3] ¢ fep- ey X~
sumsipyeauoN| B ¥ onuoc ucpasg | € § BSNEO SISH]Y L seab uo speaiy) padduag panbel POge SASSE0NY BORBA YN
‘N 2] A ‘N2 UOI0BIa - J s A uopaung
ala]s]» usie). ajeq uonajduio fs)uom a || wonveneis- n fslsnatony s| e aanpey apow
wlalols suopay el oY gl SO0 2 ts)osne 2 8 $a (shosyn alnjjed
Aimasuotsy PopUSLILIOIEY M ubiseg 3 Unhediact ; 1iRl0d ENERI0d
SNsay uoNoY a wRLNY o ) 3 wiay

7d,

C

Gore

FMEA VERSION3.1 — GOPYRIGHT2000

4 -66



Design FMEA

Design FMEA Quick Reference

Design FMEA 1.  Conditions to do an FMEA and the FMEA scope assuming
Quick complete, accurate FMEA is available for current model
Reference 1.1. New design — complete entire FMEA
1.2. Existing design in new application or environment — revise
current model FMEA for impact and change due to new
application of environment
1.3. Existing design is being changed for any reason — revise
current model FMEA for impact and change due to design
change

2. Inputs
2.1. P-diagram (see FMEA Handbook page 4-12)
2.2. Boundary diagram (see FMEA Handbook page 4-7)
2.3. Interface matrix (see FMEA Handbook page 4-9)
2.4. Perform SDS/regulatory requirement review
2.5. Attach these documents to your FMEA

3. Team
3.1. Obtain a team facilitator (see Appendix B)
3.2. Assure cross functionality — include Subject Matter Experts
as required
3.3. Assure names are in header

4.  Function
4.1. List all functions remembering service, assembly, and
manufacturing
4.2. Functions are verb, noun, measurable and include special
conditions
4.3. Include all SDS requirements

5. Failure Mode: For each Function and all its measurables,
use the 4 Thought Starters of:
5.1. No Function
5.2. Partial/Over Function/Degraded Over Time
5.3. Intermittent Function
5.4. Unintended Function

Continued on next page
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6.  Effects: Include the Effects (all in the same data entry field)

to:

6.1. Parts or sub-components

6.2. Next higher assembly

6.3. System

6.4. Vehicle

6.5. Customer

6.6. Government regulations

6.7. If the effect is non compliance with a regulatory
requirement or hazard, state this clearly

7.  Severity

7.1. Use the rating table (see FMEA Handbook page 4-32)

7.2. For the Effect set listed assign one Severity per Failure
Mode

7.3. Severity is based on the highest ranking (worst) effect in
the Failure Mode set

7.4. 9 and 10 are reserved for hazard or non compliance with a

regulatory requirement

8.  Classification from Working Model Path 1

8.1. Enter YC in Classification column if Severity is 9 or 10

8.2. If possible, determine and list a Recommended Action to
change the design to eliminate this Failure Mode or
mitigate the effects

9. Cause

9.1. List all Causes for the Failure Mode, each in its own field

9.2. List Root Cause (part characteristic) for any Failure Modes
with a YC classification

9.3. List Root Cause (part characteristic) for any Failure Mode/
Cause combinations with a YS classification

9.4. Consider both “assumptions” for this Cause list:

9.4.1. The item is manufactured / assembled within
engineering specifications

9.4.2. The design includes a deficiency that may Cause
unacceptable variation in the manufacturing or
assembly process

Continued on next page
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10. Occurrence

10.1. Use the rating table (FMEA Handbook page 4-43)

10.2. For the Cause listed assign one Occurrence representing
the likelihood that this Cause will occur over the design life
of the item

10.3. If between two values in the table, go higher

10.4. Use a 10 if the Occurrence cannot be estimated at this
time

10.5. Use a 10 if the team cannot agree to the Occurrence

10.6. Ratings of 1 are reserved for “theoretically possible, but it's
never happened before and won't this time either”

11. Classification
11.1. Enter YS in Classification column if Severity is 5 through 8
AND Occurrence is 4 through 10
11.2. If possible, determine and list a Recommended Action to
change the design to eliminate this Cause or reduce its
Occurrence

12. Current Design Controls

12.1. List those prevention controls that have already reduced or
will reduce the Occurrence of this Failure Mode or Cause
(identified by (P))

12.2. List the testing or other Detection methods best able to
induce or discover this Failure Mode or Cause and which
WILL be performed (identified by (D))

12.3. Current controls can only be listed if they will be completed
before the design is released for production

Continued on next page
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13. Detection

13.1. Use the rating table (FMEA Handbook page 4-54)

13.2. For the Detection type controls listed, pick the best (most
likely to detect) and assign the Detection representing the
likelihood that this Cause or Failure Mode will be detected
by this method

13.3. If between two values in the table, go higher

13.4. Use a 10 if there is no Detection method

13.5. Use a 1 only when this method is guaranteed to Detect

13.6. Remember that there is a difference between “if it happens
this test will detect it” and “this test will make it happen if it's
ever going to happen in the field and we’ll know that it
happened by this test.” The second is what we're rating in
Detection.

14. RPN: Multiply Severity times Occurrence times Detection
14.1. RPN is a value 1 to 1000
14.2. There is no threshold value above which an action must be
taken or below which we are excused from considering an
action

15. Recommended Action
15.1. Enter an action on any YS or YC classified items
15.2. If there are no YS or YC items in this FMEA, consider
actions for the highest Severity times Occurrence
(Criticality) combinations and the highest RPNs
15.3. If there is no action planned, enter “None” or “None at this
time”

16. Responsibility and Target Completion Date
16.1. Enter the individual (by name or job title) responsible for
this action
16.2. Enter a due date — not “TBD” or “ongoing”

17. Action Taken
17.1. Enter a brief description of the completed action
17.2. Do not just enter “completed” or “done”

Continued on next page
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18. Revised Severity, Revised Occurrence, Revised Detection,
and Revised RPN
18.1. Enter the number in the appropriate column for the
Severity, Occurrence, and Detection and therefore the
Revised RPN

19. Submit the FMEA to the FMEA core book at
www.CTIS.Ford.com

20.Complete/update the robustness and reliability checklist
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