SURFACE

SAE J1739 JAN2009

o ’ b VEHICLE Issued 1994-07
\‘l"E Inter natlona/ STANDARD Revised 2009-01

Superseding  J1739 AUG2002

(R) Potential Failure Mode and Effects Analysis in Design (Design FMEA),
Potential Failure Mode and Effects Analysis in Manufacturing and
Assembly Processes (Process FMEA)

RATIONALE

Widespread use of design and process FMEA is a benefit to consumers and manufacturers. The application of FMEA
has been in place in the automotive industry since the late 1960’s with emphasis on standard ranking criteria and forms
since the early 1990’s. The FMEA methodology has proven itself useful in the prevention and mitigation of potential
failure modes. However, a growing need developed for improved failure mode ranking criteria and a change in thinking
about the use of the Risk Priority Number (RPN). This standard includes updated ranking charts and de-emphasizes the
use of an RPN threshold as the primary factor in determining preventive or corrective action efforts. It also includes a
Boundary Diagram and Process Flow Diagram example as use of these tools has increased. The section for Potential
Failure Mode and Effects Analysis for Machinery (Machinery FMEA) is a form of Design FMEA and has been removed.
Machinery FMEA is a type of Design FMEA for equipment. There are numerous books, reference manuals and training
references on the subject of FMEA. This standard serves as a common starting point for the development of an effective
DFMEA and PFMEA.

FOREWORD

The former Recommended Practice for Potential Failure Mode and Effects Analysis in Design (DFMEA) and Potential
Failure Mode and Effects Analysis in Manufacturing and Assembly Processes (PFMEA) has been revised and approved
as a Standard. As such, it contains requirements and recommendations for effective use of DFMEA and PFMEA as a
potential failure analysis tool. This document was revised by a balanced committee and represents current thoughts and
practices on the subject from the viewpoint of OEM (Original Equipment Manufacturers) and their suppliers.

1. SCOPE

This FMEA Standard describes Potential Failure Mode and Effects Analysis in Design (DFMEA) and Potential Failure
Mode and Effects Analysis in Manufacturing and Assembly Processes (PFMEA). It assists users in the identification and
mitigation of risk by providing appropriate terms, requirements, ranking charts, and worksheets. As a Standard, this
document contains requirements “must” and recommendations “should” to guide the user through the FMEA process.
The FMEA process and documentation must comply with this Standard as well as any corporate policy concerning this
Standard. Documented rationale and agreement with the customer is necessary for deviations in order to justify new
work or changed methods during customer or third-party audit reviews.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”
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All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical,
photocopying, recording, or otherwise, without the prior written permission of SAE.
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2. REFERENCES

2.1 Related Information

The following referenced documents may be useful in connection with the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

2.1.1  SAE Publication

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside
USA and Canada) or 724-776-4970 (outside USA), www.sae.org.

ARP5880 Recommended Failure Modes and Effects Analysis (FMEA) Practices for Non-Automobile Applications,
Issued July 2001, (Replaces MIL-STD-1629a)

2.1.2 |EC Publication

Available from International Electrotechnical Commission, 3, rue de Verambe, P.O. Box 131, 1211 Geneva 20,
Switzerland, Tel: +41-22-919-02-11, www.iec.ch.

IEC 60812 Analysis Techniques for System Reliability — Procedure for Failure Mode and Effects Analysis (FMEA),
January 2006

2.1.3 AIAG Publication

Available from Automotive Industry Action Group, 26200 Lahser Road, Suite 200, Southfield, Ml 48034-7100, Tel:
248-358-3570, www.aiag.org.

Potential Failure Mode and Effects Analysis (FMEA) Reference Manual, Chrysler LLC, Ford Motor Company, General
Motors Corporation, Fourth Edition, June 2008

3. TERMS AND DEFINITIONS

For the purposes of this document, the following terms and definitions apply.

3.1 Baseline FMEA

A baseline FMEA document contains enough similarities when compared to the new FMEA project, to promote it's
usefulness as a starting point for that new FMEA project. The baseline FMEA is not program specific and its use is
optional. Common names for a baseline FMEA also include Generic, Best Practice, and Gold Standard.

3.2 Block Diagram

The Block or Boundary Diagram is a pictorial tool to facilitate analysis of system interfaces usually used in Design
FMEAs. It defines the analysis scope and responsibility and it provides guidelines for structured brainstorming. The
scope of analysis is defined by the boundaries of the system; however interfaces with external factors/systems are to be

addressed. An example of a block diagram can be found in Appendix D. An example of a boundary diagram can be
found in Appendix E.
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3.3 Control Plan

Written descriptions of the system used for controlling parts and processes. It can be component or process specific, or
family where multiple parts are produced using the same processing line. The control plan describes the actions that are
required at each phase of the process including receiving, processing, material handling, and periodic requirements to
assure that all process outputs will be in control. The control plan provides the process monitoring and control methods
that will be used to control product or process characteristics. Typical types include Prototype, Pre-Launch and
Production.

3.4 Customer

The customer includes all users of the product. Customers are end users (external), manufacturing and assembly
operations (internal) and service operations (external). Internal customers can be interim users of the product such as the
next higher-level assembly or users of the process such as subsequent manufacturing operations.

3.5 FMEA Team

A team consists of knowledgeable individuals who perform the FMEA analysis. This may include but is not limited to
representatives from: Design, Manufacturing, Validation, Suppliers, Materials, Service, Quality, Reliability and Technical
Experts.

3.6 FMEA Worksheet

The content of the FMEA worksheet is the output of a Design or Process FMEA. The worksheet provides a structure for
conducting risk analysis. An example of a DFMEA worksheet can be found in Appendix F. An example of a PFMEA
worksheet can be found in Appendix I. These worksheets can be modified to meet company requirements (e.g. add or
move columns, but column headings are standardized and should not change so the logic of the analysis is not lost).

3.7 Hidden Factory

A hidden factory is a deviation from the planned process flow. A hidden factory occurs when the product is handled other
than in accordance with the planned process flow (all operations included in a process flow such as rework/repair, scrap,
material movement, etc. are planned). Examples such as ad hoc repairs in a storage facility, hand torque due to
equipment being down for repair, handling of parts that have failed in-process tests, and extra parts at a station may be
considered part of a hidden factory. Hidden factory processes may contribute to the realization of failure modes or
defects in a manufacturing or assembly process because a hidden factory doesn’t prevent reject parts from re-entering
the line or parts being mixed.

3.8  Product Family DFMEA

A product family FMEA is a specialized baseline design FMEA that generally contains consistent product boundaries and
related functions. These would not typically change from one application to another. Added to this product family FMEA
would be the new project specific components and related functions to complete the new product FMEA.

3.9 Process Family PFMEA

A process family FMEA is a PFMEA covering a series of operations that produce multiple products or part numbers.
Processes producing many similar products do not need unique FMEA'’s for each product. The family PFMEA is dictated
by the manufacturing process that is used to make the product, not by the product’s functional requirements or
application. When the manufacturing process is the same as other parts in the family then a family PFMEA is
appropriate.
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3.10 Process Flow Diagram

A process flow diagram is a graphical representation of the movement of product or a service as they travel through the
processing cycle. A process flow includes the primary process flow as well as secondary operations such as off-line
inspection or off-line repair and material movement. It can be macro level listing all operation steps or micro level
detailing each incremental step of work or processing being performed within an operation. A process flow diagram may
also include potential sources of variation (some of which may be process characteristics) and necessary product or
process requirements. An example of a process flow diagram can be found in Appendix H.

3.11 Risk Mitigation

The primary objective of the FMEA process is to identify potential high risks and try to keep those high risks from
occurring in the end product or if that cannot be accomplished, then to minimize the risk effect(s) to the end product user.
There are only three ways (factors) one can mitigate risk: change the design, prevent the risk from occurring or detect it
so that a follow up action can take place to eliminate or reduce the risk effect(s).

4. OVERVIEW
4.1 Introduction

An FMEA can be described as a systematic group of activities intended to: (a) recognize and evaluate the potential failure
of a product/process and the effects and causes of that failure, (b) identify actions that could eliminate or reduce the
chance of the potential failure occurring, and (c) document the process. It is complementary to the process of defining
what a design or process must do to satisfy the customer.

The earlier the FMEAs are started during the development phase, the better the chances of optimizing the various
activities/designs/processes in a cost and time effective manner. One of the most important factors for the successful
implementation of an FMEA program is timeliness. It is meant to be a “before-the-event” action, not an “after-the-fact”
exercise. To achieve the greatest value, the FMEA should be done before a product or process failure mode has been
incorporated into a product or process. Up front time spent properly completing an FMEA, when product/process changes
can be most easily and inexpensively implemented, will minimize late change crises. An FMEA can reduce or eliminate
the chance of implementing a preventive/corrective change that would create an even larger concern.

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

Case 1: New designs, new technology, or new process. The scope of the FMEA is the complete design, technology, or
process.

Case 2: Modifications to existing design or process (assumes there is an FMEA for the existing design or process). The
scope of the revision efforts should focus on the modification to design or process, possible interactions due to the
modification, and field performance. Modifications include removal or addition of new parts or processing operations.
Modifications also include changes to existing product or process functions

Case 3: Use of existing design or process in a new environment, location, or application (assumes there is an FMEA for
the existing design or process). The scope of the revision is the impact of the new environment or location on the existing
design or process.

Although responsibility for the preparation of the FMEA is usually assigned to an individual, FMEA input should be a team
effort. A team of knowledgeable individuals should be consulted (e.g., engineers with expertise in design, analysis/testing,
manufacturing, assembly, service, recycling, quality, and reliability). The FMEA should be a catalyst to stimulate the
interchange of ideas between the functions affected and thus promote a team approach.

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’s environment is unique and thus their respective individual
ratings will be unique (i.e., the ratings are subjective).
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4.2 Purpose and Objectives

The intended purpose of the Design and Process FMEA is to support the processes used to design, manufacture, or
assemble a product. The objectives can best be met by considering the following:

a. Risk identification

b. Risk prioritization

c. Risk mitigation

The fundamental value of the FMEA process is to identify potential risks, rank those risks, and then mitigate as many of
those risks over time as possible. There are at least three key categories of risks discussed during the FMEA process
including design risks (i.e., requirements and specification errors, engineering calculation error or material selection
error, etc.), failure to warn risks (i.e., inadequate or missing labels/information, etc.), and process risks (i.e.,
manufacturing errors, etc.).

5. FMEA GENERAL REQUIREMENTS

5.1 Ownership

Management must establish design and process FMEA ownership for the analysis. The owner of the FMEA will establish
the FMEA team, as necessary, to suit the needs of the scope and ensure timely analysis.

Management must establish ownership for FMEA procedures and methodology.

5.2 Storage and retrieval

Management must ensure a system is in place for storage and retrieval of FMEA documents.

5.3 Confidentiality

Management or the FMEA team must determine when a FMEA is deemed Confidential.

NOTE: Proprietary, Confidential and Secret document handling is not prescribed by this document.
5.4 Usage

Management must establish a corporate policy regarding the application of FMEA as related to the corporation’s product
development program from concept design through validation, start of production and beyond.

6. DESIGN FMEA

6.1  Timing

The Design FMEA should typically be started after project initiation and completed prior to design release. Baseline
FMEAs or product family FMEAs from similar products are the starting point for the risk management process when
available. The baseline FMEA or product family FMEA should be edited to document those specific design and
application differences between the baseline project and the current project. Changes to the Design FMEA can be made
throughout product development and regular production.

6.2 Scope

The scope of a DFMEA depends on many factors including:

a. design-responsibility

b. interfaces/interactions
c. system architecture
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The scope of a Design FMEA can more easily be defined by using a block diagram, interface diagram, functional
diagram, structure tree, schematic illustration or similar tool that represents elements being analyzed. This diagram
illustrates the primary relationship between the items covered in the analysis and establishes a logical order to the
analysis. Copies of the diagrams used in FMEA preparation should be available upon request.

6.2.1  Design Responsibility

The scope should define the hardware for which the team is responsible for designing. This defines the elements that will
be analyzed. This is the item for which the engineering team has design ownership and risk mitigation.

6.2.2 Interfaces and Interactions

The team should discuss and document the interfaces to other components, subsystems or systems. These are the
physical interfaces that are required for securing the item, transmitting signals, fluids, or power. They also include non-
physical interactions that could influence the products functionality such as High Intensity Radiated Frequencies. These
interfaces and interactions may be analyzed using an interface FMEA or included in a component, subsystem or system
analysis.

6.2.3 System Architecture
The team should discuss and document information about the item being analyzed by defining what role the item plays in
the overall design (e.g. the item is a component in the AC compressor, or a sub-assembly to the instrument cluster). This
also defines design architecture levied by the customer (e.g. the console will have four cup holders, two power points, two
ashtrays, and a coin holder).

6.3 Inputs

The DFMEA team should review various inputs such as:

a. Warranty

b. Recalls

c. Engineering requirements

d. Drawings

e. Lessons learned

f.  Preliminary design verification plan

g. Best Practices

h. Baseline/family or prior DFMEA

i. Higher level FMEA (System FMEA or Design FMEA)
j-  Bill of Material

k. Manufacturing feasibility study

I. Diagrams such as a Block Diagram or Boundary Diagram
6.4 Outputs

The DFMEA team should produce various outputs such as:

a. Failure mode risk assessment
b. Failure mode risk mitigation (recommended actions)
c. DFMEA document(s)

6.5 Assumptions

The DFMEA should address the design intent and assume the design will be manufactured /assembled to this intent. The
PFMEA should address manufacturing and assembly risk. However, this does not prevent a team from considering
design for assembly and design for manufacturing functions as part of the DFMEA (e.g. when known failures have
occurred in the past).
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The DFMEA should not rely on manufacturing process controls to overcome potential design weaknesses, but it does
take the technical/physical limits of a manufacturing/assembly process into consideration, for example:

Necessary mold drafts

Limited surface finish

Assembling space/access for tooling
Limited harden ability of steels
Tolerances/process capability/performance
Die capability and limitations

~0o0oT®

The DFMEA, as an analytical engineering tool, records the ideas and concerns of a design team; therefore it is
understood that failures shown in the DFMEA are potential. As such, failures described in the DFMEA may or may not
occur.

6.6 Procedure
6.6.1 Header Information

The DFMEA worksheet contains important information about the analysis. The header must include a project name,
latest revision date, and organization, department, and group or individual who is design responsible. Additional
information such as DFMEA number, model year, program number, key date (analysis completion target date),
system/sub-system/component, core and support team member names, and team facilitator, etc. may be documented in
the header to provide useful information for tracking or storage and retrieval purposes. A team member list including
names and departments is recommended.

6.6.2 Item

The name or other pertinent information (e.g. the number, the part class, etc.) of the item being analyzed must be written
in the DFMEA.

6.6.3 Function and Requirement

A design function is a description of the design intent for a system, subsystem, or component. The function(s) of each
Item being analyzed must be written in the DFMEA. A product may have more than one function.

The more precise the function, the easier it is to identify potential failure modes for preventive/corrective action. If the
item has more than one function with different potential modes of failure, list all the functions separately in the DFMEA
worksheet.

A product requirement defines how a product function should perform. A product function may have multiple
requirements. Product requirements relate to the desired output of a function such as power or fluid flow. Requirements
are measurable characteristics of a product function or its operation and may be documented in the DFMEA worksheet.
Values for requirements should be included in the product specification to define the acceptance criteria for the validation
test plan. Design features should be included in the product drawing.

Typical functions could be, but are not limited to:

Transforms (speed and torque)
Operates (quietly)

Contains (operating fluids)
Attaches to (mating part)
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Typical requirements could be, but are not limited to:

Pressure (xx psi)

Flow rate (xx Ipm)

Noise levels (at cold start)
Noise levels (during operation)
External leakage specification
Positive contact

6.6.4 Potential Failure Mode

The failure modes are the manner in which a component, subsystem, or system could potentially fail to meet or deliver the
intended function(s) and its requirements. The failure mode(s) should be written in the DFMEA for each function
identified. The team determines the priority in which to analyze functions. Each potential failure mode in an FMEA is
considered independently of another failure mode. This enables the team to address the unique reasons (causes of
failure) independently of other failure modes. Grouping multiple potential failure modes in one cell in a worksheet is not
recommended.

There are at least five different types of potential failure modes discussed during the FMEA process including loss of
function (i.e. inoperable, etc.), partial function (i.e. performance loss, etc.), intermittent function (i.e. operation
starts/stops/starts often as a result of moisture, temperature, etc.), degradation (i.e. performance loss over time, etc.), and
unintended function (i.e. operation at the wrong time, unintended direction, etc.). The team should describe
component/system failure behavior in physical terms, different from the desired outcome or function.

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

Does not transmit torque Slips (does not hold full torque)
No support (structural) Inadequate support (structural)
No signal Intermittent signal

Complete fluid loss Leaking more than xx

Does not disengage Disengages too fast

Typical component-level failure modes could be, but are not limited to:

cracked deformed
sticking oxidized
fractured loose

NOTE: A detailed component failure mode can be the cause of an integrated system failure mode in a higher-level
subsystem.

6.6.5 Potential Effects

The effects are consequences or results of each failure mode. The effect(s) must be listed in the DFMEA for each failure
mode in the Potential Effects column. The effects of the failure mode should be considered against the next level up
assembly, the final product, and the end customer when known. End customer effects should state what the user might
notice or experience. They should clearly state if the effect of a failure mode could impact safety or non-compliance to
regulations, when applicable. The intent is to forecast the failure effects consistent with the team's level of knowledge.
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Typical effects could be, but are not limited to:

1. No discernable effect

2. Noise e.g. misalignment/rub, squeak/rattle

3. Poor appearance e.g. unsightly close-out, color fade, cosmetic corrosion

4. Noise e.g. fluid-borne noise, squeak/rattle, chirp, squawk

5. Unpleasant odor, rough feel, increased efforts

6. Operation impaired, intermittent, unable to operate, electro-magnetic incompatibility (EMC)

7. External leak resulting in performance loss, erratic operation, unstable

8. Unabile to drive vehicle (walk home)

9. Loss of steering or braking with warning to driver, regulatory non-compliance with warning

10. Loss of steering or braking without warning to driver, regulatory non-compliance without warning

NOTE: In some cases, the team conducting the analysis may not know the end user effect (e.g. commodity parts such as
screws and bolts). When this information is not known, the effects should be defined in terms of the part function
and specification.

NOTE: Some failures may be considered failure modes, effects or causes (e.g. leaks) depending on the function and
requirements of a system, subsystem or component.

6.6.6 Severity Ranking Number

Severity is a ranking number associated with the most serious effect for a given failure mode for the function being
evaluated. It is a relative ranking within the scope of the individual FMEA and is determined without regard for occurrence
or detection.

Severity should be estimated using the criteria in Appendix A — Suggested DFMEA Severity Evaluation Criteria. The table
may be augmented to include product-specific examples. The team should agree on an evaluation criteria and ranking
system, which is consistent, even if modified for individual design analysis (e.g. passenger car, truck, motorcycle, tractor,
golf cart, etc.).

Accurate assessment of severity depends on the team’s understanding of product safety, product functions and functional
requirements as related to the vehicle and sub-assembly or part being supplied. Assessing the severity may lie outside
the immediate design engineer’s/team’s field or experience or knowledge. In these cases, an interfacing system team or
customer should be consulted in order to comprehend the propagation of effects.

In the case of commodity parts (e.g. design-responsible for screws, bolts, connectors, etc.), the severity ranking criteria
will be limited to the immediate function and its related requirements so that severity reflects the impact on fit/finish, partial
function and loss of function rather than the impact on the system or end user.

One of the goals of the FMEA process is to mitigate risk or lessen the impact of a potential failure mode. The severity
ranking itself can not be changed without eliminating the failure mode and its effects.

NOTE: Writing the individual severity numbers for each effect as part of the effects description is considered a best
practice with the highest (worst case) effect used as the severity number.

6.6.7 Classification

The use of the classification column is optional in a DFMEA. This column may be used to highlight failure modes or
causes for the purpose of identifying issues to be further discussed with the team as well as others outside the team
including management and a Process FMEA team to determine if additional action is necessary. Certain letter codes or
symbols may be used. Companies may use various criteria for including:

e High priority failure modes (based on Severity, Severity and Occurrence, Severity and Detection)
e Special characteristics (examples include safety, government, critical, and key characteristics which are directed by
specific company policy and are not standardized in this document)
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e Warranty campaigns and recalls
e  Other criteria specified by the team

6.6.8 Potential Cause of Failure
A potential cause of failure is an indication of how the failure could occur. The consequence of a cause is the failure
mode. Identify, to the extent possible, every potential cause for each failure mode. The cause should be listed as

concisely and completely as possible so that remedial efforts (controls and actions) can be aimed at appropriate causes.

Types of potential causes of failure could be, but are not limited to:

— Design for functional performance (incorrect material specified, incorrect geometry, incorrect part selected for
application, incorrect surface finish specified, inadequate travel specification, improper friction material specified,
insufficient lubrication capability, inadequate design life assumption, incorrect algorithm, improper software
specification, improper maintenance instructions, etc.)

— System interactions (mechanical interfaces, fluid flow, heat sources, controller feedback, etc.)

— Changes over time (yield, fatigue, material instability, creep, wear, corrosion, chemical oxidation, electro migration,
over-stressing, etc.)

— External environment (heat, cold, moisture, vibration, road debris, road salt, etc.)

— Customer use (high speeds, towing, fuel types, service damage, etc.)

— Piece to piece variation (variation within tolerance)

— Design for manufacturing (part geometry allows part installation backwards or upside down, part lacks distinguishing
design features, shipping container design causes parts to scratch or stick together, part handling causes damage, etc.)

NOTE: The above examples represent categories. Specific details need to be added to complete the cause description.
Only specific failure causes (e.g. radius too small) should be listed; ambiguous phrases (e.g., poor design) should
not be used.

NOTE: The Design FMEA team should include appropriate subject matter experts that can provide accurate information
about how the proposed design can impact the vehicle driver, interfacing systems, manufacturing, etc. Similarly,
the Process FMEA team should include appropriate subject matter experts that can provide accurate information
about how the proposed manufacturing process and error proofing solutions can impact the vehicle driver,
interfacing systems, and the functionality of the product.

6.6.9 Occurrence Ranking Number

Occurrence is a ranking number associated with each cause for a given failure mode being evaluated. The occurrence
ranking considers the likelihood of occurrence during the design life of the product. The occurrence ranking number has
a relative meaning rather than an absolute value and is determined without regard for severity or detection. The
occurrence ranking takes into account the prevention-type design controls.

Occurrence should be estimated using the criteria in Appendix B — Suggested DFMEA Occurrence Evaluation Criteria.
The table may be supplemented with warranty data. The occurrence ranking number is a relative rating within the scope
of the FMEA and may not reflect the actual occurrence.

The occurrence ranking itself can not be changed without changing the design to decrease the chance of the failure
cause and subsequent failure mode from happening. In the case of a new design (new technology), the occurrence
number can be reduced from a 10 (new design, no history) once test or field data/experience has been gained.

NOTE: The team should agree on an evaluation criteria and ranking system that is consistent, even if modified for
individual analysis. Any modifications to the table should add value to the risk-mitigation process.
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6.6.10 Current Design Controls — Prevention

Current design controls are controls that are being used with the same or similar designs. Prevention types of design
controls should be considered when developing the DFMEA, as applicable. A prevention control may not be applicable
for every cause and/or failure mode. When not applicable, the prevention controls column on the worksheet can be left
blank.

Prevention type design controls describe how a cause, failure mode or effect is prevented. It is part of the basis for
determining the rate of occurrence. It is an input to the occurrence ranking when integrated as part of the design intent.
Prevention design controls are based on the application of standards, specifications, design rules, design guides, lessons
learned, legal standards, design norms or best practices, etc. as a means prevent field failure.

Causes or failure modes that are managed by system detection, decisions and/or actions during normal operation can
also be considered prevention design controls because detection controls in the typical DFMEA are limited to product
development prior to customer usage. The intent of risk mitigating systems is to detect, by design, a condition or problem
and once detected, either take appropriate actions to reduce or eliminate the risk effects or communicate to the end user
to take action as failure could be inevitable. Some mitigating prevention controls may also influence the failure effects
and severity.

The Design FMEA Example in Appendix G has two columns for the design controls (i.e., separate columns for Prevention
Controls and Detection Controls) to assist the team in clearly distinguishing between these two types of design controls.
This allows for a quick visual determination that both types of design controls have been considered. If a one-column (for
design controls) form is used, then the following prefix should be used. For prevention controls, place a ‘P’ before each
prevention control listed.

Typical current design controls — prevention could be, but are not limited to:

Published design standard for thread class

Heat treat specification on drawing

Redundant design includes sensor shield

Corporate best practice standard design

System detection and driver notification for service

System detection and operational status displayed to driver

NOTE: Use of “carryover design” as a prevention control can only be applied when the application, duty cycle, etc. are
the same (no change). Poor field history for a “carryover design” will mean “carryover quality”. The Design
FMEA team should consider improvements to a carryover design as necessary.

6.6.11 Current Design Controls — Detection

Detection design controls should be considered when developing the DFMEA as applicable. The detection type of design
control describes how a cause and/or failure mode is detected, either by analytical or physical methods, before the item is
released to production and is used as an input to the detection ranking. A detection control may not be applicable for
every cause and/or failure mode. When not known or not applicable, the detection controls column on the worksheet can
be left blank and should be ranked according to the Detection ranking criteria (i.e. Detection 10).

The Design FMEA Example in Appendix G has two columns for the design controls (i.e., separate columns for Prevention
Controls and Detection Controls) to assist the team in clearly distinguishing between these two types of design controls.
This allows for a quick visual determination that both types of design controls have been considered. If a one-column (for
design controls) form is used, then the following prefix should be used. For detection controls, place a ‘D’ before each
detection control listed.

Typical current design controls — detection could be, but are not limited to:

Finite Element Analysis (FEA)

CAE analytics

Tolerance stack analysis

Validation testing (fatigue, water intrusion, vibration, ride and handling, etc.)



SAE J1739 Revised JAN2009 Page 12 of 32

NOTE: Manufacturing process controls are not valid design controls.

NOTE: Writing the individual detection numbers for each design control as part of the design control description is
considered a best practice with the lowest (best case) detection method used as the detection number.

6.6.12 Detection Ranking Number

Detection is the rank associated with the best design control from the list of detection-type design controls. Detection is a
relative ranking, within the scope of the individual FMEA and is determined without regard for severity or occurrence.
Detection should be estimated using the criteria in Appendix C — Suggested DFMEA Detection Evaluation Criteria. This
table may be augmented with examples of common detection methods used by the company. The team should agree on
an evaluation criteria and ranking system, which is consistent, even if modified for individual process analysis.

One of the goals of the DFMEA process is to increase the ability to validate a design prior to start of production. The
detection ranking itself can not be improved without changing the sensitivity to detect failure modes during validation
and/or verification activities as well as the timing of such activities.

NOTE: Controls such as those that detect and react to faults during vehicle operation are considered mitigating controls.
Mitigating controls (e.g. limp home mode) alter the effect of failures in order to protect vehicle occupants.
Warning mechanisms (e.g. seat belt tone, anti-lock brake light, etc.) alert the driver to take action. Mitigating
controls and warning mechanisms are important aspects of product design and should be considered as part of
product functionality. The detection ranking criteria reflects those activities done before design release including
the validation or verification of the functionality of mitigation controls.

6.6.13 Risk Priority Number (RPN) and Criticality Number (SO)

The risk priority number (RPN) is the product of the severity (S), occurrence (O), and detection (D) ranking. Within the
scope of the individual FMEA, this value (between “1” and “1000”). The use of RPN is optional.

RPN = (S) * (O) * (D) Example: Severity 7, Occurrence 3, Detection 5 is RPN 105

Risk priority number is one of many tools available to a team for evaluating potential risk. It provides an indicator of
improvement (before and after actions taken) that reduces any one factor of Severity, Occurrence or Detection. The risk
priority number is a tool available to allow review with others outside the team who need to share in the risk assessment
process and contribute to risk mitigation.

Final RPN ratings are relative to a particular analysis and are subjective; therefore selecting an RPN threshold is not an
acceptable practice. In other words, there is no value above which it is mandatory to take a recommended action or
below which the team is automatically excused from an action.

Applying (RPN or SO) thresholds assumes that RPNs are a measure of relative risk (which they often are not) and that
continuous improvement is not required (which it is). For example, if the customer applied an arbitrary threshold of 100 to
the following, the supplier would be required to take action on Item B with the RPN of 112.

TABLE 1 - RPN COMPARISON

ltem Severity Occurrence Detection RPN
A 9 2 5 90
B 7 4 4 112

In this example, the RPN is higher for Item B than ltem A. However, the priority should be to work on Item A with the
higher severity 9, although its RPN is 90 which is lower and below the threshold. Establishing such thresholds may
promote the wrong behavior causing team members to spend time trying to justify a lower occurrence or detection ranking
value to reduce the RPN. This type of behavior avoids addressing the real problem that underlies the cause of the failure
mode and merely keeps the RPN below the threshold. It is important to recognize that determining reasonable risk is
desirable, it should be based on an analysis of severity, occurrence and detection and not through the application of RPN
thresholds.
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The severity and occurrence risk priority number (SO) is the product of the severity (S) and occurrence (O) ranking. It is
sometimes referred to as the Criticality Number. Within the scope of the individual FMEA, this value (between “1” and
“1007). The use of SO is an alternative to RPN and is optional.

SO =(S) * (0) Example: Severity 7, Occurrence 3, Detection 5 is SO 21

In using this index, the organization may focus on how to reduce SO by reducing the value of “O” through preventive
actions. Furthermore, this may lead to subsequent detection improvements for those with the highest SO value.

TABLE 2 - CONTRAST AMONG RPN AND SO

S, O, D Rank RPN SO
8,10, 2 160 80
8,2,10 160 16
10, 8, 2 160 80
10,2, 8 160 20
2,10, 8 160 20
2,8,10 160 16

6.6.14 Recommended Actions

The intent of a recommended action is to prevent or mitigate the risk of the failure (Severity). This is achieved by
reducing the likelihood of failure (Occurrence) and/or improving the ability to detect failures prior to production release
(Detection).

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 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 and normally occurs late in the design cycle. Emphasis should be placed on preventing
failures (i.e., reducing the occurrence) rather than detecting them.

When the severity is a “9” or “10”, the potential risk must be reviewed 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).

The Recommended Action column should be left blank until the team has had the opportunity to assess the risk. If
engineering assessment leads to no recommended actions for a specific failure mode/cause/control combination, indicate
this by entering “None” in this column.

NOTE: It is recommended that Severity 9 or 10 issues be communicated to the process-responsible team for
consideration in a Process FMEA and/or Control Plan. The method for communicating issues from the Design
FMEA to the Process FMEA may vary by company.

It is acceptable to include the name of an organization or department with a recommended action; however a person’s
name is required for the Responsibility and Target Completion Date.

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

a. Revised Design Geometry and/or tolerances,

b. Revised Material Specification,

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

d. Revised Test Plan

e. Confirmation/verification of information (test results, analytical studies, etc.)
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f. Communication of information (PFMEA team, Control Plan team, Customer, Supplier, etc.)
g. Other as needed

6.6.15 Responsibility and target completion date

Enter the individual responsible for completing each recommended action by the due date. Additional information such as
organization or department may be added to the recommended action statement or responsibility.

6.6.16 Action taken
After an action has been implemented, enter a brief description of the action taken and effective date.
6.6.17 Revised ratings

After the action been implemented, write the revised occurrence and detection rankings (the Severity ranking itself can
not be changed without eliminating the failure mode and its effects). Calculate and record the resulting RPN (when used).
If no actions were taken, leave the related ranking columns blank. If further action is considered necessary, repeat the
analysis. The focus of the DFMEA should be on continual improvement.

NOTE: The DFMEA serves as a historical record for the design, therefore the original Severity, Occurrence, and
Detection numbers are not modified once actions have been taken.

NOTE: Original ratings may be modified for basis, family or generic DFMEAs because the information is used as a
starting point for an application-specific analysis.

7. PROCESS FMEA
7.1 Timing

The Process FMEA should be started before or at the feasibility stage and prior to tooling for production. Basis, Baseline,
Generic FMEAs or process family FMEAs from similar manufacturing processes are the starting point for the risk
management process when available. The basis FMEA or process family FMEA should be edited to document those
specific manufacturing and assembly differences between the basis project and the current project. Early review and
analysis of new or revised processes allows the team to anticipate, resolve or monitor potential process concerns during
the manufacturing planning stages of a new model or component program.

The FMEA should be “in principle” complete prior to tooling release. There may be more than one tooling release date for
a complex project and if so, than each of those areas of risk connected with the specific tool can be completed “in
principle” by the appropriate tooling date constraint. The tooling date can be considered as actual tooling die release or it
can be more broadly understood as the software release date, integrated circuit mask release date, wire harness release
date, manufacturing plant layout, specific machine design release date, etc. The tooling release date is the date at which
further design changes to the actual tooling become difficult or impossible to incorporate beyond drawing or other
supporting document changes.

7.2 Scope
The scope of a PFMEA depends on many factors including:

a. process-responsibility
b. process interfaces

The scope of a Process FMEA can more easily be defined by using a process flow diagram. The process flow diagram
should take into account every possible process step a part is anticipated to take through the manufacturing or assembly
process. A detailed process flow diagram provides a roadmap for analysis of each step in the process. The process flow
diagram provides a format to consider how process characteristics (inputs) help control the effect on product
characteristics (outputs) within a given operation. Copies of the diagrams used in FMEA preparation should be available
upon request.



SAE J1739 Revised JAN2009 Page 15 of 32

7.2.1  Process Responsibility

The scope defines the operations for which the team is responsible for designing. This defines the elements that will be
analyzed. This is the item for which the engineering team has process design ownership and risk mitigation.

7.2.2 Process Interfaces

The scope defines the process boundary. At the process boundaries there are interfaces with other processes such as
receiving, off-line repair, off-line inspection, dunnage and shipping. Process FMEA can be used to analyze these
interfacing processes by their owners.

7.3 Inputs
The PFMEA team should review various inputs such as:

Warranty

Recalls

Engineering requirements
Drawings

Lessons learned

Preliminary process verification plan
Family or product-specific DFMEA
Family or prior PFMEA

Bill of material

Manufacturing feasibility study
Process flow diagram

[.  Characteristic matrix

m. other

e R

7.4 Output
The PFMEA team should produce various outputs such as:

High-severity failure modes

High-risk failure modes

Updated characteristic classification list

Design features that may require additional controls

Action plans for design, verification, manufacturing, supplier, etc.

PFMEA worksheet

A summary document comprised of some or all the above

Preventive and detective controls which are detailed on the pre-launch or production control plans

Se@moao0 T

7.5 Assumptions

The PFMEA should address manufacturing/assembly risk and assume the product, as designed, will meet the design
intent. The Design FMEA should address the design intent and assume the design will be manufactured/assembled to
this intent.

In preparation for the PFMEA, the assumption may be made that incoming part(s)/material(s) are correct. Exceptions can
be made as experience dictates (e.g. known deficiencies in incoming part quality).

The PFMEA, as an analytical engineering tool, records the ideas and concerns of a process team; therefore, it is
understood that failures shown in the PFMEA are potential. As such, failures described in the PFMEA may or may not
occur.
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7.6 Procedure
7.6.1 Header Information

The PFMEA worksheet contains important information about the analysis. The header must include a project name,
latest revision date, and organization, department, and group or individual who is process responsible. Additional
information such as PFMEA number, model year, program number, key date analysis completion target date, core and
support team member names, and team facilitator, etc. may be documented in the header to provide useful information
for tracking or storage and retrieval purposes. A separate team member list including names and departments is optional.

7.6.2 Process Step

The process step is an identification of the operation or steps in an operation being analyzed and must be written in the
PFMEA. The process step identification (e.g. department number, operation number, work element number, etc.) should
be consistent with other process documents including the process flow diagram and control plans.

7.6.3 Function and Requirement

A process function describes what is happening to the part within a detailed step of a given operation. The function(s) of
each operation being analyzed must be written in the PFMEA. A process may have more than one operation.

Wording of the operation description should consider the operation (Do this), the part (To this) and tooling (With this).
Operations include, but are not limited to, fabrication, move, store, get, inspect, rework, scrap, changeover, quality audits
and other planned process activities. The more precise the description of the process functions, the easier it is to identify
potential failure modes for preventive/corrective controls and actions. If the operation has more than one step with
different potential modes of failure, list each of the steps separately in the PFMEA worksheet.

A process requirement defines the desired outcome of the process or operation. A process function may have multiple
requirements. Requirements are measurable characteristics of a product or process and may be documented in the
PFMEA worksheet. Values for requirements should be included in the product specification to define the acceptance
criteria for the control plan.

NOTE: If the operations within the Process Flow Diagram (PFD) are well defined, the operation description in the PFD
should be identical to the process function in the PFMEA. The process function within the PFMEA should become
the operation description within the Process Control Plan (PCP). This provides a clear linkage between the PFD,
PFMEA and PCP. It is recommended to link operation number between PFD, PFMEA and PCP as well.

Typical process functions could be, but are not limited to:

Load

Unload

Induction Harden
Grind

Wash

Inspect

Repair

Typical requirements could be, but are not limited to:

Correct part number loaded
Hardness

Outside Diameter

Inside Diameter

Length

Concentricity

Cleanliness

Reject bad parts
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7.6.4 Potential Failure Mode

A potential failure mode is the manner in which the manufacturing and assembly process could potentially fail to meet the
product and process requirements. It is a description of the product or process failure mode at that specific operation.
Each potential failure mode (product defect or process non-conformance) should be considered independently of other
potential failure modes. This enables the team to address the unique reasons (causes of failure) independently of other
failure modes. Grouping multiple potential failure modes in one cell in a worksheet is not recommended.

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

— Hole too shallow
— Hole too deep

— Hole missing

— Hole off-location
— Dirty

— Deformed

— Surface finish too smooth
— Burred

— Open circuited
— Short circuited

— Bent

— Cracked

— Misaligned

— Missing label

7.6.5 Potential Effects

The effects of the failure mode on the customer in terms of what the customer might notice or experience. The effects
can be the effect at the operation, subsequent operations, customer operations as well as the end customer. It should
clearly state if the effect of a failure mode could impact safety or non-compliance to regulations, when applicable.

NOTE: In some cases, the team conducting the analysis may not know the end user effect. For example, the application
for the hinge may not be known (emergency exit door, dumpster lid, gate, etc.) or it may not be known how this
hinge affects the next level system. When this information is not known, the effects should be defined in terms of
the operation. Manufacturing/assembly customers are those that require the feature not necessarily the next step
in the operation.

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

For the End User, the effects should be stated in terms of product or system performance (refer to the Design FMEA
when applicable) such as:

End User: Vehicle control impaired, inoperative, erratic operation, intermittent operation, operation impaired,
unstable, rough, external leaks, noise, poor appearance, unpleasant odor, draft
Government:  Non-compliance with regulations

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

Operator: Ergonomics, operator safety
Operation: Cannot fasten, cannot mount, does not fit, does not match, cannot bore/tap
Does not connect, can not face, excessive tool wear, equipment damage, scrap, rework
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7.6.6  Severity Ranking Number

Severity is a ranking number associated with the most serious effect for a given failure mode for the operation being
evaluated. It is a relative ranking within the scope of the individual FMEA and is determined without regard for occurrence
or detection.

Severity should be estimated using the criteria in Appendix A — Suggested PFMEA Severity Evaluation Criteria. The table
may be augmented to include product-specific examples. The team should agree on an evaluation criteria and ranking
system, which is consistent, even if modified for individual process analysis.

NOTE: If the customer affected by a failure mode is the next manufacturing or assembly plant or the product user,
assessing the severity may lie outside the immediate process engineer's/team's field of experience or knowledge.
In these cases, the design FMEA, design engineer, and/or subsequent manufacturing or assembly plant process
engineer, should be consulted in order to comprehend the propagation of effects.

One of the goals of the FMEA process is to mitigate risk or lessen the impact of a potential failure mode. The severity
ranking itself can not be changed without eliminating the failure mode and its effects.

NOTE: Writing the individual severity numbers for each effect as part of the effects description is considered a best
practice with the highest (worst case) effect used as the severity number.

7.6.7 Classification

The use of the classification column is optional in a PFMEA. This column may be used to highlight failure modes or
causes for the purpose of identifying issues to be further discussed with the team as well as others outside the team
including management and a Design FMEA team to determine if additional action is necessary. Certain letter codes or
symbols may be used. Companies may use various criteria for including:

e High priority failure modes (based on Severity, Severity and Occurrence, Severity and Detection)

e Special characteristics (examples include safety, government, critical, and key characteristics which are directed by
specific company policy and are not standardized in this document)

e Warranty campaigns and recalls

e Other criteria specified by the team

7.6.8 Potential Cause of Failure

A potential cause of failure is an indication of how the failure could occur. The consequence of a cause is the failure
mode. Identify, to the extent possible, every potential manufacturing or assembly cause for each failure mode. The cause
should be listed as concisely and completely as possible so that remedial efforts (controls and actions) can be aimed at
appropriate causes.

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

— Machine/Equipment (machine capability, initial setup adjustment, machine wear over time, inadequate gating/venting,
inadequate or no lubrication, tool wear over time, tool breakage, tool-to-tool differences, fixture tolerance, fixture
adjustment, fixture wear over time, chip on locator, worn locator, weld current too high or low, weld pressure, heat treat
temperature too high or low, equipment maintenance including repair, replacement, reassembly, and adjustment,
inspection gauging failures including inaccuracies, and ineffectiveness, etc.)

— Methods/Systems (sequence, procedures, layout, off-line rework/repair, off-line inspection, material flow, process
control programming, etc.)

— Material/Components (part missing, part mis-located, incoming raw material, purchased parts, previous operations)

— Manpower/Operator (manual over torque, manual under torque, operator skill, ergonomic factors, time, visual aids,
etc.)

— Environment (plant temperature, humidity, dust, noise, etc.)
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NOTE: The above examples represent categories. Specific details need to be added to complete the cause description.
Only specific errors or malfunctions (e.g. part installed upside down) should be listed; ambiguous phrases (e.g.,
operator error, machine malfunction) should not be used.

NOTE: Refer to assumptions for failure causes that may, or may not be included in the analysis.
7.6.9 Occurrence Ranking Number

Occurrence is a ranking number associated with each cause for a given failure mode being evaluated. The occurrence
ranking considers the likelihood of occurrence during production. The occurrence ranking number has a relative meaning
rather than an absolute value and is determined without regard for severity or detection. The occurrence ranking takes
into account the prevention-type process controls.

Occurrence should be estimated using the criteria in Appendix B — Suggested PFMEA Occurrence Evaluation Criteria.
The table may be supplemented with volumes and quality levels such as parts per million or statistical measures such as
capability and performance indices. In other cases, a subjective assessment can be made by using the word descriptions
from the left column of the table. The occurrence ranking number is a relative rating within the scope of the FMEA and
may not reflect the actual occurrence.

The occurrence ranking itself can not be changed without changing the design or process to decrease the chance of the
failure cause and subsequent failure mode from happening.

NOTE: The team should agree on an evaluation criteria and ranking system that is consistent, even if modified for
individual process analysis. Any modifications to the table should add value to the risk mitigation process.

7.6.10 Current Process Controls — Prevention

Prevention process controls should be considered when developing the PFMEA as applicable. The prevention controls
describe how a cause and/or failure mode is prevented or how the rate of occurrence is reduced and is used as input to
the occurrence ranking when integrated as part of the process. A prevention control may not be applicable for every
cause and/or failure mode. When not applicable, the prevention controls column on the worksheet can be left blank.

The Process FMEA Example in Appendix J has two columns for the process controls (i.e., separate columns for
Prevention Controls and Detection Controls) to assist the team in clearly distinguishing between these two types of
process controls. This allows for a quick visual determination that both types of process controls have been considered. If
a one-column (for process controls) form is used, then the following prefix should be used. For prevention controls, place
a ‘P’ before each prevention control listed.

Product and process error proofing features and devices and automated process controls are examples of prevention
controls.

Prevention Process Controls

Error proofing

Equipment maintenance (e.g. skilled trades performed)
Operator maintenance (e.g. blow chips out of nest)

Work instructions / Visual aids

Machine controls (e.g. machine monitoring of fluid levels)

7.6.11 Current Process Controls — Detection

Detection process controls should be considered when developing the PFMEA as applicable. The detection control
assumes a failure has occurred and describes how a cause and/or failure mode is detected. The process control may
occur at the subject operation or at subsequent operations. Detection controls are used as an input to the detection
ranking. When not known or not applicable, the detection controls column on the worksheet can be left blank and should
be ranked according to the Detection ranking criteria (i.e. Detection 10).
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The Process FMEA Example in Appendix J has two columns for the process controls (i.e., separate columns for
Prevention Controls and Detection Controls) to assist the team in clearly distinguishing between these two types of
process controls. This allows for a quick visual determination that both types of process controls have been considered. If
a one-column (for process controls) form is used, then the following prefix should be used. For detection controls, place a
“D” before each detection control listed.

Detection Process Controls
Gauging

End of line test

Visual inspection

7.6.12 Detection Ranking Number

Detection is a ranking number associated with the capabilities of all the current process controls for a given cause and/or
failure mode. Do not automatically presume the detection ranking is low because the occurrence ranking is low, instead
assume the failure has occurred then assess the capabilities of all the detection-type design controls to detect low-
frequency failure modes. The detection ranking is identified without regard for severity or occurrence.

Detection is a relative ranking, within the scope of the individual FMEA. Detection should be estimated using the criteria
in Appendix C — Suggested PFMEA Detection Evaluation Criteria. This table may be augmented with examples of
common detection methods used by the company. The team should agree on an evaluation criteria and ranking system,
which is consistent, even if modified for individual process analysis.

NOTE: Writing the individual detection numbers for each design control as part of the design control description is
considered a best practice with the lowest (best case) detection method used as the detection number.

7.6.13 Risk Priority Number (RPN) and Criticality Number (SO)

The risk priority number (RPN) is the product of the severity (S), occurrence (O), and detection (D) ranking. Within the
scope of the individual FMEA, this value (between “1” and “1000”). The use of RPN is optional.

RPN = (S) * (O) * (D) Example: Severity 7, Occurrence 3, Detection 5 is RPN 105

Risk priority number is one of many tools available to a team for evaluating potential risk. It provides an indicator of
improvement (before and after actions taken) that reduces any one factor of Severity, Occurrence or Detection. The risk
priority number is a tool available to allow review with others outside the team who need to share in the risk assessment
process and contribute to risk mitigation.

Final RPN ratings are relative to a particular analysis and are subjective, therefore selecting an RPN threshold is not an
acceptable practice. In other words, there is no value above which it is mandatory to take a recommended action or
below which the team is automatically excused from an action.

Applying (RPN or SO) thresholds assumes that RPNs are a measure of relative risk (which they often are not) and that
continuous improvement is not required (which it is). For example if the customer applied an arbitrary threshold of 100 to
the following, the supplier would be required to take action on the characteristic B with the RPN of 112.

TABLE 3 - RPN COMPARISON

ltem Severity Occurrence Detection RPN
A 9 2 5 90
B 7 4 4 112
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In this example, the RPN is higher for Item B than Item A. However, the priority should be to work on Item A with the
higher severity 9, although its RPN is 90 which is lower and below the threshold. Establishing such thresholds may
promote the wrong behavior causing team members to spend time trying to justify a lower occurrence or detection ranking
value to reduce the RPN. This type of behavior avoids addressing the real problem that underlies the cause of the failure
mode and merely keeps the RPN below the threshold. It is important to recognize that determining reasonable risk is
desirable, it should be based on an analysis of severity, occurrence and detection and not through the application of RPN
thresholds.

The severity and occurrence risk priority number (SO) is the product of the severity (S) and occurrence (O) ranking. It is
sometimes referred to as the Criticality Number. Within the scope of the individual FMEA, this value (between “1” and
“1007). The use of SO is an alternative to RPN and is optional.

SO =(S) * (0) Example: Severity 7, Occurrence 3, Detection 5 is SO 21

In using this index, the organization may focus on how to reduce SO by reducing the value of “O” through preventive
actions. Furthermore, this may lead to subsequent detection improvements for those with the highest SO value.

TABLE 4 - CONTRAST AMONG RPN AND SO

S, O, D Rank RPN SO
8,10, 2 160 80
8,2,10 160 16
10, 8, 2 160 80
10,2, 8 160 20
2,10, 8 160 20
2,8,10 160 16

7.6.14 Recommended Actions

The intent of a recommended action is to prevent or mitigate the risk of the failure (Severity). This is achieved by
reducing the likelihood of failure (Occurrence) and/or improving the ability to detect failures prior to production release
(Detection).

The primary objective of recommended actions is to reduce risks and increase customer satisfaction by improving the
design. Only a design or process 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 of the failure mode through
a design or process revision. An increase in process detection actions will result in a reduction in the detection ranking
only.

When the severity is a “9” or “10”, the potential risk must be reviewed 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).

The Recommended Action column should be left blank until the team has had the opportunity to assess the risk. If
engineering assessment leads to no recommended actions for a specific failure mode/cause/control combination, indicate
this by entering “None” in this column.

NOTE: It is recommended that Severity 9 or 10 issues be communicated to the design-responsible team for
consideration in a Design FMEA. The method for communicating issues from the Process FMEA to the Design
FMEA may vary by company.

NOTE: It is acceptable to include the name of an organization or department with a recommended action; however a
person’s name is required for the Responsibility and Target Completion Date.
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Actions such as, but not limited to, the following should be considered:

Manufacturing system design changes (e.g. sequence of stations, material flow, etc.)

Process changes (e.g. tool design, equipment usage, etc.)

Product design changes (e.g. geometry, surface finish, etc.)

Process and/or product monitoring actions (e.g. monitor temperature, measure finished part, etc.)

Emphasis should be placed on preventing defects (i.e., reducing the occurrence) rather than detecting them. An example
would be the use of Statistical Process Control and process improvement rather than random quality checks or
associated inspection.

7.6.15 Responsibility and Target Completion date

Enter the individual responsible for completing each recommended action by the due date. Additional information such as
organization or department may be added to the recommended action statement or responsibility.

7.6.16 Action Taken

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

7.6.17 Revised Ratings

After the action been implemented, write the revised occurrence and detection rankings (the Severity ranking itself can
not be changed without eliminating the failure mode and its effects). Calculate and record the resulting RPN (when used).
If no actions were taken, leave the related ranking columns blank. If further action is considered necessary, repeat the

analysis. The focus of the PFMEA should be on continual improvement.

NOTE: The PFMEA serves as a historical record for the process, therefore the original Severity, Occurrence, and
Detection numbers are not modified once actions have been taken.

NOTE: Original ratings may be modified for basis, family or generic PFMEAs because the information is used as a
starting point for an application-specific analysis.

8. NOTES

8.1 Marginal Indicia

A change bar (I) located in the left margin is for the convenience of the user in locating areas where technical revisions,
not editorial changes, have been made to the previous issue of this document. An (R) symbol to the left of the document

title indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in
original publications, nor in documents that contain editorial changes only.

PREPARED BY THE SAE AUTOMOTIVE QUALITY AND PROCESS IMPROVEMENT GROUP (AQPIC)
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APPENDIX A - SUGGESTED DESIGN AND PROCESS FMEA SEVERITY EVALUATION CRITERIA

Category Criteria: Severity of Effect Category Criteria: Severity of Effect
(Product) (Effect on Product) - DFMEA & PFMEA Rank (Process) (Effect on Process) - PFMEA
Safety Potential failure mode affects safe vehicle operation 10 Safety May endanger operator (machine or assembly) without warning.
and/or and/or involves noncompliance with government and/or
Regulatory regulation without warning. Regulatory
Compliance Compliance
Potential failure mode affects safe vehicle operation 9 May endanger operator (machine or assembly) with warning.
and/or involves noncompliance with government
regulation with warning.
Primary Loss of primary function (vehicle inoperable, does not 8 Major 100% of product may have to be scrapped. Line shutdown or stop ship.
Function affect safe vehicle operation) Disruption
Essential | pegradation of primary function (vehicle operable, but 7 Significant | A portion of the production run may have to be scrapped. Deviation
at reduced level of performance) Disruption | from primary process; decreased line speed or added manpower.
Secondary Loss of secondary function (vehicle operable, but 6 Rework out- | 100% of production run may have to be reworked off line and accepted.
Function comfort / convenience functions inoperable) of-station
Convenient | Degradation of secondary function (vehicle operable, 5 A portion of the production run may have to be reworked off line and
but comfort / convenience functions at reduced level accepted.
of performance)
Annoyance | Appearance or Audible Noise, vehicle operable, item 4 Rework in- 100% of production run may have to be reworked in station before it is
does not conform. Defect noticed by most customers station processed.
(> 75%)
Appearance or Audible Noise, vehicle operable, item 3 A portion of the production run may have to be reworked in-station
does not conform. Defect noticed by many customers before it is processed.
(50%)
Appearance or Audible Noise, vehicle operable, item 2 Minor Slight inconvenience to process, operation, or operator
does not conform. Defect noticed by discriminating Disruption
customers (< 25%)
No effect No discernible effect. 1 No effect No discernible effect




"loJjuo9o aAneuaAald ybnolyy pajeulwiis si ainjie L "loJjuoo aAnejuaAald ybnolyy pajeulwiis si ainjie mo Auap
0007000} ut'L ‘Bunsa) pue uonejnwis ubisap ul Jo ubisap
saoald puesnouyy Jad L00's rA [BOnUSPI }SOWIE Y}IM PaIeID0SSE Sain|ie) PaAIasqo ON
000004 Uk ‘Bunsa) pue uonejnwis ubisap ul Jo ubisap

saoald puesnouyj Jad | € |eolUSPI }SOW|e Y}IM pajeioosse saln|ie) paje|os! AluQ Mo

0000} ur} ‘Bunsa) pue uonenwis ubisep
saoald puesnoyy Jad |- v ul Jo uBisap Jejiwis Yyum pajeloosse saun|ie} paje|os|
000 curl ‘Bunse) pue uonejnwis ubissp
saoald puesnoyy Jad g S ul Jo subisap Je[iWis Y}IM paleioosse saln|ie) [euoiseads)
005 ut'l ‘Bunsa) pue uonejnwis ubisap

saoa1d puesnoyy Jad g 9 ul Jo subBisap Jejiwis Yjm pajeioosse sainjie) jusnbal 9)elapo
001 Ut ‘suonipuod Buielado/aoho Aynp ul abueyo
saoald puesnoyj Jad Q| Vi Jo ‘uoneoidde mau ‘uBisep mau yjIm ulepsoun si ainjie
05 Uil ‘suonipuod Buieladoyaoho Aynp ul abueyo
saoald puesnoy} Jad og 8 10 ‘uoneoijdde mau ‘ubisap mau yum AjgyI| SI ainjie
Ocutl ‘suonipuod Buielado/aoho Aynp ul abueyo

saoald puesnoy} Jad Qg 6 J0o ‘uoneoidde mau ‘ubisep mau yjm a|gelAaul si ainjie ybiH
oL url=/<
sooald puesnoy} Jad 00| = 0l ‘A10)s1y ou yum ubisap maujABojouyoa} meN ybiH A1ap
(sa1d1yan/swayl 0001 1ad sjuapiouj) yuey (s1o1yenjwiay jo Ayjiqerialjay ubiseq) ain|ie4
V3INdd — @She) Jo adUaLINIIQ :BLIBJLID V3IN4d — @she) Jo 92ualind2Q :BL3ID Jo pooyiayi]

VI43LIdO NOILYNTVAT FONIHHNIOD0 VIANL SST00dd ANV NOISIA d3LSI9OONS - 9 XIANIddVY

€ 10 ¢ 8bed

600ZNVTI PesIA®Y 6ELLP

3avs



uonuanaid . uonuanaid
1003 (-019 ‘lelolEW UOWIWOD JO 92Noeld 1sag/plepue)s ubisap aIn|ie
‘ubisap ued Jo ubisep ‘oqeondde l uanold "6°8) suonnjos ubisap ybnoly) pajuanaid Ajny ‘oqeondde
aulyoew ‘ubisep ain)xiy Jo }nsal e se uonuaaald (asnen) Joiig -OIqel| S1}1 8sNE29Q JNJ20 JOU UBD SpoW aJn|iey 10 asned ainjie -OIqel|
10U UoI}08Ye(Q 10U UoI08Ye(Q
LONUSAG "9z9aJ} ubisap 0} Joud suoipuod 1210110
apew bBuiaq wolj yed juedalosip Jusaald pue Joid 10919p 05 M 0 nr_hm Bunesado pajoadxas Jo/pue |enjoe yjm pajeaiiod ﬂ.vwg_w_\n m:o
1M Jey} s|osu0o pajewojne Aq uoness-ul uopoalep (asney) Joug CHO_ wmom \Lw ? ¢ KuBiy st (038 ‘v34 ‘Iv0 "6°9) sishjeuy [enuiA “Ajiqeded en __ v
10918Q 3 uoljoalep Buolys e aABY s|0JjU0D UoNoB)ep/sIsAleue ubisaq [ENHIA
‘Buissaoo.d Jaylnj Juanaid 0} uonels 92Inog ("019 ‘sanjen Jaye/a10)9q ‘spual} ejep ‘6'8) bunsal
ul Wed 320 Ajjeonewoine pue ued juedalosip 1081ep ||Im jey) e uonoaleQ ¢ uonepeibap Buisn azaauy ubisap 0} Joud (S)s8) uoneplea
S|0J3U00 pajewolne Aq uoljels-ul uoiosjep (|SpojN ainjied) 10858Q 109400 Jo yuswdojanap ‘Buisa) Ajigel|al) uoiieplea yonpold
‘Buissaooid Jayuny Buissasold (-010 ‘syoeI0 ‘spjalA ‘syes| [nun “6:9)
Juanaid o} ped 3oo| pue ped Juedaiosip 108}9p [IIM Jey} sjosuod | 1SOd uonosleq 74 ainjiej 0} 3s9) buisn azaauy ubisap o} Joud (S)s8} uonepijea
pejewoine Aq Buisseoo.id-jsod uonosiep (spojy ainjies) 1088 1°984e@ Jo juswdojanep ‘Bunssy Ajigel|ss) uofepl|ea onpo.d
(Ajuo sasneo dn-jas 10y}) }oayd adaid-}suy ema ¢
e ¢ ‘ (-010 ‘syo8yod
pue dnjas uo pawJiopad buibnes ‘(-o1e ‘1azznq ‘ybi|) Jojesado 22Inog . .y
uonouny ‘esuewlopad Joj elduo asueydasoe "6-9) Bunsel
Amou pue Jed uedalosip 109)ep ||Im Jey} uone)s-ul S|oJuod e uonoaleQ S 9z9914
jreyjssed Buisn azaaJy ubisap o} Joud (s)sa} uonepijea
pajewolne Aq 1o Buibneb sjgeLiea jo asn ybnouy) Jojesado 109400 10 Juewdojorsp ‘Bunsa) A[IGel|a.) UOHEDIEA Jonpos ubiseq
Aq uonels-ul uonoalap (asne)) o3 Jo (spoy ainjie4) 19858Q } |oAsp “bunssy Alqel HEplEA JoNpoid 0} Jold
(910 ‘Youam Buissaosold (308y0 uonoun4 "6-9 189} Ajjigeinp Jaye Bunsey
Ja)2119398y0 anb.o} [enuew ‘ob-oujob) Buibneb sinquie jo asn : o _ :
1S0d uonosleg 9 wa)sAs 1o wa)sAs-qng) Bunsse) Uoepelbap yym youne| o}
ubnouy Jojesado Aq uoness-ui 1o buibneb sjqelien jo esn ybnoiyy ETEY Joud pue azaal) ubisap Jajje uolepl|eA/UOIIBOLIISA }ONPO.
Jojesado Aq Buissaooud-}sod uonoalep (spoj ainjied) 10818Q 1994e0 Lap } UDISp Joy HEPIEA/UOREDLISA JoNPOId
(010 591N0 (-018 ‘suonoelsyul
‘YouaIM JoXoI119/08y0 anbioy jenuew ‘ob-ou/oB) BuiBneb sinquye e uol oowm wia)sAs Jo Bunsa) ‘sinoo0 alnjie) [pun Bunss) weysAs
10 asn ybnouy) Buissaosoid-1sod 1o sueaw a|qipne/ajioey/|ensia } o%m 1ed L 10 waysAs-qng) Buisa) aanjiey 03 S8} Yyum youne| 0}
ybnouy Jojesado Agq uoneis-ul uoioalep (apoj ainjied) 19958Q 108jed Joud pue azaaJ) ubisap Jaye UolEpI[BA/UOIIEDIIISA JONPOId
BUISSE90. (-012 ‘uonenjeas buiddiys youne-]
‘'sueaw a|qipne/a[ioey|ensiA ybnouayy Jojelado Sou oI omnm_v ‘Buiipuey g apry ‘6 eusyo soueydacoe yym Buiyss) 0} Joud
Aqg Buissaoold-}sod uonosiap (epo ainjied) yos5eq } n_ow w 1°ed 8 waysAs Jo wayshs-qng) Bunsa) [reyjssed yym youne| 0} |  pue 8zosl-
10958a Joud pue azaaJ) ubisap Jaje uonepl|eA/UoeOLIISA Jonpold | ubisaq 1sod
(supne wopuey 6'9) o818 "suolipuod bBuielado [enjoe pajoadxs 0} paje|aliod a1ed
pajoalap Ajisea jou si (asned) Jodg Jo/pue Aouvs_ alnjie4) 10848Q 0} nog 6 10U s| (918 'v3d '3vD *6°0) sishjeuy [eni “Anigedeo 0} }noig
: : : o UOoI}08)ep Yeam e oAeY S|04)U0D UONoa)ap/sisAjeue ubisaq o
Auieuasun pazAleue | Aueuaosun
pazAjeue jou s 10 }09)ap jouue) {|0Jjuod $$890.4d JUsLINd ON anjosqy 0l 10U SI 10 109}9p Jouue) {[0J4ju0d ubisap Jualind oN ajnjosqy
|oJjuo) ssasoud Aq uoi3oalaq o pooyldNi (ssa201d) yuey |os3uo) ubisag Aq uonoajaq Jo pooyldNi (3onpoud)
‘el@)) Va4d Kiobajed ‘el@)) Vaw4da Kiobajed
VIH31-dO NOILVNTVATI NOILO3IL3d VAN SS300dd ANV NOIS3A d3LSIOONS - O XIANIddV
€ JO G¢ abed 600CNVT PBSIN®Y 6ELLI avs




J1739 Revised JAN2009

Page 26 of 32

APPENDIX D - BLOCK DIAGRAM EXAMPLE - DFMEA

SYSTEM NAM|

E:

YEAR VEHICLE PLATFORM:
FMEA 1.D. NUMBER:

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

FLASHLIGHT
1994 NEW PRODUCT

XXXI110D001

OPERATIONAL ENVIRONMENTAL EXTREMES

TEMPERATURE: -20to 160 °F CORROSIVE:_TEST SCHEDULE B VIBRATION: _NOT APPLICABLE
SHOCK:_6FOOTDROP _ FOREIGN MATERIAL:_DUST HUMIDITY:_0 - 100% RH
FLAMMABILITY: (WHAT COMPONENT(S) ARE NEAR HEAT SOURCE(S)?

OTHER:

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

NUMBERS = ATTACHING METHODS

The example below is a relational block diagram. Other types of block diagrams may be used by the FMEA

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

SWITCH
ON/OFF
c
2
""" BULB | 3
ASSEMBLY | HOUSING
ot i
"""""""""""" 4 ¥
i N
PLATE SPRING
E S BATTERIES |% F
+ B -
COMPONENTS ATTACHING METHOD
A. HOUSING 1. SLIPFIT
B. BATTERIES (2 D Cell) 2. RIVETS
C. ON/OFF SWITCH 3. THREAD
D. BULB ASSEMBLY 4. SNAP FIT
E. PLATE 5. COMPRESSIVE FIT
F. SPRING
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APPENDIX H - PROCESS FLOW DIAGRAM EXAMPLE

Manual load, dropped parts
Missed operation

Machine set-up

Calibration of master block

Furnace set-up

Machine set-up

Lack of maintenance
Contamination

Error proofing verification

Manual operation
Rough handling

Rough grinder, finish grinder
Machine set-up
Machine maintenance

Washer set-up
Contamination

50: Induction
Harden and
periodic audit

60: Draw

70: Thread Chaser|
and indine check

Disposition

80: Manually
chase threads as
back-up

90: Grind

100: Inspect

110: Wash

Storage

Move from Final Machining

Good

100

}
A

Furnace temperature

Wheel speed
Coolant concentration

Hardness
Case depth
Metrology specification

Metrology specification

Thread presence
Thread depth

Thread presence
Thread depth

oD
Roundness
Straightness

Ground surface
No deformation

Part cleanliness

Symbol Legend:

O

OPERATION

<

DECISION

D

OPERATOR

)

OPERATION

INSPECTION
WITH INSPECTION

/N

STORAGE

—_—
PRIMARY PATH

—-_—————p
SECONDARY PATH

TRANSPORTATION

Note: Process flow diagram formats are based on company procedures. Symbol usage and definitions vary.




1L]O0(A [®)
aje =2
3(0(3 sied co:m_arhom_ 1obuel uonoy M_ M uonoeleq uonueAeid w ainjied jo m m_/ ainjied jo SpoN juswalinbay
alols| eanoay3 % usye] suonoy : papuswwWodsy sjonuo) s|0Ju0) (s)esne) |enuajod | = (s)10943 |enusjod ain|ie [enusjod / uonoung / de)s ssad0.d
8 Anqisuodsay Q| seo00s o 3ls
djuaund | ssaedoid uaung 5
S)insay uonody g
:wea] poddng
:9je@ uons|dwo) |euiblQ :10)e}Ij198 [ Wea] 310D
:2jeq Aoy : (‘dsay sS9901d) JoUMQO VIW4d
:ajeQ uolsinay ((s)weiboud [ Jea A [SpON
JaquinN vaW4dd ‘way

(VIN4d) SISATVYNV SL1O3443 ANV STAOW JuNTIVd SS300dd

YO MNV18 (VANLd) SISATYNY SLO3443 ANV IAOW IH¥NTIVL SSTFO0Hd - | XIANIddY

¢€ 10 | ¢ 8bed 600ZNVTI PesIA®Y 6ELLP 3avs



} Jo | abed

(onssjorIRy) [B108dS palinbay uoEUSWNI0Q) Y[ :UOHEILISSE|D

sjnsal
JUBWSSISSE YSU
uo paseq paunbas
sisAjeue Jayun) oN

abelwep JnoyyIm papeojun
sped / A|leoewoine
193Seq 0} suIyoeW
Jauapiey uononpul

woly syeys peojun £05

auoN

uoneoyuena dn-jes

payoeye Jajsew
Uim J31s8) pajesipaq

4

3120]q Ja)sew Buoip|

9|qeaydde jou :jueld wsy/|
sosealoul sjel deiog fueld U]
s|qeoydde jou :apd1yap
1088 0u :dwing

uonoadsul
paiie} ped poog

auoN

uoneoyua dn-jeg

BINpPayds ¥y
abeg ‘soueusjuleWw
aAnuBARId

)

UIOM J8)sa |

Aquiesse

Buunp e|geaonou jou :jueld wsy|
deos %001 :ueld ul

ainjoeyy ‘leam yeys :dwind

(8) 409)s [enuew

0} paonpa Jo papeibap aq pjnod
uonouny Buuiests 19mog 5esn pus |

uonoadsul
passed ped peg

auoN

uoneoyuaa dn-jes

payoeye Jsjsew
Yiim 191s9) pajeipaq

3120]q Ja)sew Buoi|

Aiquesse
Buunp e|geaonou jou :jueld wsy|
delos 9001 UE|d U]

ainjoeyy ‘leam yeys :dwind

() Joays |enuew|

0} paonpa Jo papeibap aq pjnod
uonouny Bupeats somod Hesn pu3|

uonoadsul
passed ped peg

yydap aseo

| 191s8} [[aM300Y Buisn
1109 [98)s Yyoea WoJj syeys
o|dwes joadsu| |°Z'0S

9€

aA0qE se swes

8002-6nv-z2

JauleIYdS Jed

s)nsal
ey 1se) Aq pases|al
I RENTIE )

10| Jo asn ajebiisau|

@

0}

0. uonesado
e obeb aulj-u|

suononsul
Nom JojessdQ!

)

dn

-jos Jaje Juswisnipe
auIyoew o)

anp Jeay yonw 0o |

aiqeaydde jou ueld wsy|
niedau pue 108fe1 %00} “Alquiesse|
dwnd 1s9) Jouue) :jue|d u|

oAup oN :dwing

aq|eoydde jou :Jesn pug|

Buluspiey
BuLnp xoe yeys

8y

8002 ‘2| ‘1deg]
‘pejepdn suononAsul }iom
pue aulyoew 0} pappe wiely|

8002-6nv-z2

JauleIYdS Jed

o 8joAd Japun/ien0
10 Jojesado Agou o) ppy/|

©
~

}pne qej|isa |

suoponssul dn jog|

€

Hoys 00}
awi 9joko sulydEN

oo

(1) Alquiesse|
Buunp 8/qE8d1I0U 10U JUE|d WSY)|
(9) de1os %001 ueld uf

(8) ABiaua

Hodsueu) jou seop ‘Indino moyy
ou 0y Buipes) ainjoeyy Jeys dwnd
(8) (Auo Bupsea)s fenuew),

Isisse inespAy jo sso1 asn pu3|

MOj|BYS 00}
ydep aseo Jeys

8y

aA0qe Se swesg

800Z-6nv-z2

AaybneH |ig

synsal
qe| 1s9) Aq paseajal
[MUN JUBWUIBJUOD!

10| Jo 9sn ajebsau|

©
~

upne qejisaL

suononysui dn jog

€

Jaquinu
yied o} moj 00} 198
aunjesedwa) dulyoe

oo

(1) Alquissse
Bunp 8|qesolou Jou :Jue|d WSy
(9) desos %004 :ueld ul

(g) ABisus)

yodsues jou saop ‘ndjno moy|

ou 0} Buipes) ainjoeyy yeys :duing
(8) (Ajuo Bunagys enuew)

IsiSse olInespAyY 4o 5507 esn puz |

MOj[eys 00}
yydep aseo yeys

[44

“qel
1s9) Aq aseajal Joj PO [Hun
pIay g [iim uoponpoid Jys Iy
*syeys Joj sjuswalinbal sPIys|
| Joj pazunoyine peaye uny

800z-6nv-z2

Aaybney |ig

synsal
qe| 1s9) Aq paseajal
[MUN JUSWUIBJUOD!

10] Jo asn ajebiysau|

)

8l

upne qejisaL

suononysui dn jog

€

Jaquinu
wed Joj ybiy oo} Jos
ainjeledwa) suiyoe

o

(1) Alquiesse|
Buunp 2/qE821I0U 10U JUE|d WSY)|
(9) desos %001 Jueld uf

(2) Jeam yeys :dung

() pepeibap uonouny|

dwnd Buues)s 1emod :iesn pug|

yos
00} ssaupley Yeys

yydap aseo

‘uorjeoyyioads o} ssaupiey
/() seulyoew Bujuapiey
uononpui Buisn syeys
uspJey uoponpu| Z'0§

e

8002 'Sz Bny
Bunooyy ped yos|
UJIM PaIaA02 JOO]} UOHe}S Peo

8002-6nv-52

Aeybney |ig

abewep Jo sl 8onpal
0} Buuooyy pappedpjos
J0 asn ay} ayebiysaau|

©

€€

[ensin

SUONONJISUI HIOM:
‘Aarjod ped doig

pessaoosd
aq 0} panunuod
sped paddoig

(1) Alquesse|
Buinp ejqesonou jou :wse sjoIyeA
(g) uonoadsul jeuy|

1€} 990 Bull-ul fied sueld u|
(£) 2A0016 Buyl 0} sbeweq :dwing

(2) papesBap uopouny|
duind BuLIBa}S 1M 1OSN puT

paddoup syeys

paddoip

aq Jouued syeys / Ajlenuew
19)SBq WOoJ} uIyoew

0] s}jeys peoT |0

11anv J1doidad any
N3Q¥VH NOLLONANI 0§

(-a19y

pazAjeue 1o umoys aie

Sju

awaJlinbai pue sdajs ||e jou ‘sasodind ajdwexa 1o} umoys sdajg) uonesado

xoz
ouwr
[e)eXe)
ww>

ajeq
BA0BYT g UBNEL SUOIOY

S}INsay UOHIY

ajeq
uonajdwo) j1ebie ]
» Ajiqisuodsay

uopoy

N
papuaLILIooay m

owr

uoosle
sjouo)
$S920.d juaiiny

uopuanald
sjonuo)
$89001d juaiin)

o]
o]
o

ainjied jo
(s)asne) [enuajod

A
3
S

OEOLISSEID

ainjied jo
(shoay3 [enusiod

apow
ainjied [enusiod

juswainbay
/ uoijoun4 / da)g ssadoid

80-Bny-0¢ :eleq uoneldwiod eutbuo

8002-d0S-Z :e1eq Aoy

800z-d9S-Z| :91eq uoisiAey

22010£€5hd 49q NN VIWAd

(30) buz ubiseq

(€D

=3
U3 [eLsnpul ‘(30) Bu3 Aneno ‘(3d) bu3 ssecoid ‘(IN) Bu3 jnuep

(31) &sA1D Jir “(30) 11eybad ugor :wes) poddng

(Jojeyioe) Jopuaig epuoyy / (3a) pAieg Ined ‘(3Q) 4ouBlyds jed * (3d) Aeybne i :1o3e]

oed [ Wea) 8109

(3IN) edouejeA ULID : (*dsay ssad0id) JaUMQ YIWLd

Aiwe4 dwnd Jamod maN / Z10z Buiels :(s)wesboud / 1eap [9poN

‘ajdwex3 BuluapieH UoRoNpu| JeysaALq (waj|

(Va4d) SISATYNY S193443 ANV SIAOWN FyNTIVH SSTO0Ud

JFTdNVXE VINH SSTO0Ud - I XIANIddV

€ 10 ¢ 8bed

600ZNVTI PesIA®Y 6ELLP




