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FAILURE MODES AND EFFECT ANALYSIS

INTRODUCTION

A failure modes and effect analysis (FMEA) or failure imodes, effect, and criticality
analysis (FMECA) is an analytical technique which provides a systematic assessment of a
design, process or system to determine the potential nonconformances and their effects
on product performance. The FMEA provides a means of communicating information to
the various departments involved in producing a safe, reliable product in a cost-effective

manner. The objective of an FMEA, then, is to:
a) Identify potential failure modes and their causes.

b) Prioritize the nonconformances according to their frequency of occurrence, severity

of effects, and probability of being detected prior to the "effect."

c¢) Document corrective actions such as design changes, test plans, manufacturing

process controls, quality inspection plans, and statistical process controls which relate

to the identified failure modes.
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FAILURE MODES AND EFFECT ANALYSIS

PROCEDURES

The effectiveness of an FMEA is dependent on several key steps:

a)

b)

c)

d)

e)

Product definition - essential to an analysis is the complete knowledge of the
product, process or system. Product specifications, performance requirements,
intended use and possible misuse should all be understood prior to starting the

analysis.

Block Diagrams - both functional and reliability block diagrams, shown as examples
on the next page, are often helpful in describing the operation and system dependency

on lower level functions and interfacing elements.

Nonconformance definition - definition of what constitutes a nonconformance for the
assembly level of the FMEA being prepared. The FMEA item can be nonconforming
depending upon the number of parts it contains and on the stresses (electrical,
mechanical, and/or environmental) experienced by the parts while operating in the
expected environment. Each part within the component constitutes a potential
nonconformance and the manner in which the part becomes nonconforming under the
given stresses may represent a possible failure mode of the component. A failure

mode may be catastrophic or a performance degradation.

Component - identify the item by the generic name--diode, switch assembly, brake
solenoid, drive shaft, seal, pump, etc.--that is the same as on the drawing. Include

the drawing number, if known.

Function - describe in sufficient detail the task that the component must perform.
Provide enough clarity and detail to communicate this information to all users of the
FMECA/FMEA.
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FAILURE MODES AND EFFECTS ANALYSIS

Ground rules - generally in an FMEA, only single-point nonconformances will be

considered. In some cases, however, chain reaction nonconformances might be
considered. This is illustrated below.

Single-Point Failure:

Failure of "A" produces failure effect "B"

A ———> B

Chain Reaction Failure:
Failure of "A" produces failure effect "B" only if "C" fails.

A + C ————>B

Ranking parameters - the three specific factors which will be used to evaluate the
failure modes and effects are listed below:
Occurrence - Probability or frequency of the failure mode occurring
Severity - Consequence of the failure inode, i.e., the severity of the effect
Detection - Probability that the nonconformance will be detected before the
user/owner receives the product, or before the nonconformance

effect occurs in the case where warning devices are used.

Parameter scales - an objective of the analysis is to relate the various failure modes

and effects to each other within the ranking parameters of Occurrence, Severity and

Detection. This is accomplished by assigning a rank number between 1 and 10 in the

example set shown on the following page. The level description and rank number
assignments should be tailored to the particular FMEA item set and retained without
change throughout the analysis to provide a uniform method of assessment toward

design improvement.

The parameter scales used for Occurrence, Severity and Detection should be provided
with each FMEA to show the basis for the assigned rank values.
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Occurrence Ranking Guide

Probability of Occurrence 1 2 3 4 $ 6 7 8 9 10
A) Unlikely, with low probability or no supporting @
failure data is known,
B) Unlikely, but technically possible. Mo known development @
or design data s
C) Unlikely,but development data suggests a possibility <3>
D) I_hlinly at nominal environments, but 11kely at the extremes <‘>
E) Unlikely at minimum 11fe, more 1ikely beyond @
F) Likely, but difficult to determine presently @

6) Likely, supporting data exists for this failure for a @

similar design

H) Very likely, specific data exists for failure of a @
11ke or duplicate design

Severity Ranking Guide

Severity Attribute 1 2 3 4 5 6 7 8 9 10
A)  An annoyance or cosmetic failure - no functional loss @
B) Minor failure causing user annoyance - possible minor @

degradation of performance

C) Minor faflure with visual or audible indication. @
Minor degradation of performance.

D) Minor damage .. @

E) Minor injury @

F) Extensive damage @ @

G) Major injury .

H) Major injury or death @

Detection Ranking Guide
Probability of Detection 1 2 3 4 5 6 7 8 9 10

A) Very high, by easy methods to prevent defect from @
reaching the next assembly level, or in-use detection.

B) Migh likelihood by defined methods to find the defect @
during manufacture, test or installation.

C) Moderate 11kelihood that the defect will reach the user, @
or will occur.

D) Automatic detection by the owner/user - action assumed. ®

E) Automatic detection provided but not for user @ §6> .

corrective action.
F) Special diagnostic aids required for detection. @

6) Special diagnostic equipment required to 1solate the defect, o
or by a redundant detection method.

H) Skilled personnel using special diagnostic equipment required
to 1solate the defect.

1) Dynamic, destructive testing required to confirm the defect. <8> o
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Criticality Index - the product obtained by multiplying the individual parameter ranks
of 1 to 10 for Occurrence, Severity and Detection for each failure mode. The larger
the result, the more troublesome the failure mode is predicted to be.

Corrective Action/Comments - design changes or follow-up activities should be
concise and provide a statement of actions that could be taken to eliminate or reduce

the failure mode and effects being analyzed.

This entry defines inherent design or maintenance compensating provisions which
would eliminate or reduce the probability of occurrence of the described failure

mode.

The corrective action should be to eliminate the nonconformance as the first priority,
or control the risk by identifying nonconformance detection methods, or other

compensating rationale.

Documentation of the changes made as a result of the FMEA, or a revision of the
FMEA itself after significant design or process change, is essential to the successful

use of the technique.



FAILURE MODES AND EFFECTS ANALYSIS

A sumrmary of the information required for each column of the FMECA forin is shown on

the next page.

k) Criticality Index Ranking - is a summary listing of the failure modes with the highest
CI's to direct attention to the major issues identified by the FMECA. An Index

ranking listing is shown in the FMEA example section.

THis ranking summary will provide an ongoing evaluation toward the elirnination or

reduction of the failure modes.

The CI ranking and FMEA revisions should be updated to coincide with the status of

the inprovements as they are implemented.

A well thought out FMECA can not only reduce the number of product problems that
occur in the field, it can also serve as evidence of responsibility in product engineering

which is so crucial to the outcome of product liability cases.
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FAILURE MODES AND EFFECTS ANALYSIS

SUMMARY OF USE AND ADVANTAGES

The preparation of the FMEA should begin at the early development and design stages and

be used and updated throughout the program to provide the following information to the

program functions and activities:

a)

b)

c)

d)

e)

f)

g)

The design engineer with a method of selecting a design with a high probability of

operational success, or minimization of degradation.

Design engineering with a documented analysis in a uniform method for assessing

failure modes and their effect on product performance.

The FMEA will show points of concern to which compensations should be made.

The compensations could be redesign, redundancy, derating, etc., for an improved

design reflecting into successful product performance.
Early visibility of system interface problems.

Identification of single failure points critical to successful product performance.

Early criteria for test planning.

Help in the generation of maintenance/operation manuals and to determine spare

parts requirements provided by the end item FMEA.

Use during the production, fabrication and assembly, and test phases. When a
nonconformance occurs during a test, the FMEA serves as a source of isolating the

nonconformance through most-probable-cause correlation.

) f 3,(, - é D 7

(it

.:3_.4:-{, w’(‘ A l/ <



NOTE:

EXAMPLES - DESIGN FMEA

The examples shown are not provided in
their entirety. Instead, segments of two
design FMEA reports are given to show the
contents, procedures and flexibility of an
FMEA.
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FREEZE-PROTECTION VALVE
DESIGN FMECA
(Background)

The freeze-protection valve was designed for use on a residential sized solar hot water
heating system. The total system is based on the thermosyphoning principle, i.e., hot
water rises and therefore does not include a pump to keep the water moving. Thus, a
freeze-protection valve is necessary to prevent the water in the system from freezing on
cold nights. Its function is to open at low temperatures and allow water to drain through

the solar panels.



INTRODUCTION TO FREEZE-PROTECTION VALVE
FMEA REPORT

The purpose of this FMECA was to provide a systematic assessment of the effects of
individual valve component failure modes on the total thermosyphoning system. The
criticality of each freeze valve failure mode was evaluated by considering its probability
of occurrence, severity, and likelihood of detection. These three criteria were rated

according to the scales shown on the following page.

The occurrence, severity, and detection rankings were multiplied to obtain a "criticality
index." The higher the criticality index, the more troublesome the failure mode is

predicted to be.
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Occurrence Ranking Guide
Probability of Occurrence 1 2 3 & 3 é 7 8 9 10

A. Unlikely, no supporting non- @
conformance data is known.

B. Unlikely, no development or @
released design data known.
C. Unlikely, but development @
data suggests possibility.
D. Unlikely at mean conditions, ®
but more likely at limits.
E. Unlikely through minimum life; @
more likely beyond. -
Fv Possible, but difficult to @

determine presently.

G. Supporting data for this @

nonconformance.

H. Data points on this type of @

nonconformance available.
Severity Ranking Guide
Severity Attribute 1 2 3 L] 5 6 7 3 9 10

A. Annoyance, no functional loss. @

Minor degradation of @ @

performance.

C. Major degradation of ® @
performance.

D. Minor injury. @

E. Major injury. <7>
F. Terminal injury or death. @

Detection Ranking Guide
Probability of Detection 1 2 3 L 3 3 7 8 9 10

e

A. Detection provided by 100%
inspection and will not
reach assembly level.

B. Detection will be provided at @
subassembly level and will
not reach customer.
C. Detection during final assembly. @
D. Detection during final assembly
through sampling of lot and

destructive testing.

E. Detection upon customer receipt. @ @ .
F. Detection possible by customer,

but probably will not be detected.

G. Detection not provided at any @

level of manufacturing, assembly,
inspection or customer acceptance.
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FREEZE VALVE
FMEA

CRITICALITY RANKING

Description

Ranking

Valve seat assembled upside down, preventing valve from opening.
Foreign material plugging inlet filter screen and preventing flow.
Leak at inlet thread due to stripping during attachment.

Inlet filter screen or spring seat washer missing, allowing foreign
material to bypass filter and possibly clog valve.

Water intrusion into wax element, causing a change in calibration.

Worn or deformed valve seat caused by age, temperature, or water

chemicals; affecting calibration.

Overtravel spring broken, allowing continual draining of water.

384

256

196

147

140

108

100



FREEZE VALVE
FMEA

CONCLUSIONS

An analysis of the major component failure modes shows three basic systemn

nonconformance effects:

l.

2'

3'

Valve did not open before freezing, causing damage to systein.

Valve did not close, resulting in continual use of water (which the owner may be

unaware of until he gets his water bill).

Reduced efficiency from being out-of-calibration and allowing the systen to pass

water at too high a temperature.

Specific recommendations based on the FMEA include:

l.

2.

3.

#o

Beveling the ends of the threaded sections to prevent cross-threading and provide

ease of installation.
Specifying filter screen and spring seal washer on assembly print.

Investigating a design change which would allow fool-proof assembly orientation of

the valve seat.

Conducting lab testing to evaluate water intrusion into wax element at expected
temperature range (32°F-260°F). Investigate possibility of adding a water-resistant
lubricant to the element pin. Also investigate maintenance required to prevent

plugging.
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SOLID GAS GENERATOR
SYSTEM FMECA
(Background)

The solid gas generator was a system designed for automotive use which would inflate a
steering wheel air bag. It consisted of a housing, ignitor, gas generating material, and
filter pack. The system provided the generation of nitrogen-based gases from a solid
propellant in order to inflate the air bag in 30-45 milliseconds.
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INTRODUCTION TO GAS GENERATOR
FMEA REPORT

The failure modes and effects analysis has been conducted on a functional basis for the
steering wheel inflator. This analysis is based upon a single nonconformance; that is,

multiple nonconformances were not considered.

Ranking scales for probability of occurrence, severity and probability of detection were
developed. In each case, the worst ranking is ten and the best is one. The scales are listed

on the following pages.

A criticality ranking was established by multiplying the probability of occurrence,
severity, and detectability. Thus, the maximum ranking could be 1000 and the minimum

l.

The purpose of this analysis was to investigate each failure mode and take appropriate

action to reduce its criticality ranking, thus improving the product quality.
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INTRODUCTION TO GAS GENERATOR
FMEA REPORT

Likelihood of Occurrence Ranking

1 Very low or remote possibility of occurring. Less than one occurrence for each
10,000,000 units manufactured.

2-3 Low failure rate. One to 10 occurrences for each 10,000,000 units manufactured.

4-6 Moderate failure rate. One to 10 occurrences for each 1,000,000 units
manufactured.

7-9 Frequent failure rate. One to 100 occurrences for each 100,000 units
manufactured.

10 High probability of occurrence. Greater than one occurrence for each 100 units
manufactured.

Severity Ranking

1 Noncompliance to the customer specifications, but still provides adequate
protection for occupant.

2 Nonconformance of a minor nature, which causes vehicle owner dissatisfaction.

3-4 Degradation of system's performance which decreases occupant protection.
Causes minor injury with low probability.

5-6 Degradation of system's performance which decreases occupant protection.
Causes minor injury with high probability.

7 Malfunction of systemm which may cause injury and extreme vehicle owner
dissatisfaction.

8 Degradation of system's performance which offers no occupant protection.
Causes injury with high probability.

9 Failure to deploy upon command (with or without warning). No occupant
protection.

10 Malfunction of system causes severe occupant injury or death.
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INTRODUCTION TO GAS GENERATOR
FMEA REPORT

Likelihood of Detection

1-2

10

Detection provided during incoming 100% inspection and probably will not reach
the assembly level.

Nonconformances will be discovered during inspection at assembly or subassembly
level and probably will not reach the customer.

Nonconformances will be discovered during final asseinbly and probably will not
reach the customer.

Nonconforinances will be discovered after final assembly through lot inspection
and destructive testing.

Nonconformances not found by lot inspection, but will be found by the customer.

Nonconformances will be present in a vehicle and will probably not be detected by
the customer,

No detection is provided at any level of manufacturing, assembly, lot control, or
custoiner acceptance testing.
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Ranking
450

360
300

300

270

216
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GAS GENERATOR
FMEA

CRITICALITY RANKING

Cause of Failure

Comments

Extreme moisture inside inflator
due to seal failure

Open or faulty connector

Gas generating material changes
shape to powder granules due to
vibration

Gas generating material changes
shape - caked or large chunks
(moisture and vibration)

Ignitor without charge

Defective ignitor (electrical
open or short)

No detection of moisture provided
(Recommendation #2)

No detection provided
(Recommendation #2)

Lot inspection may not be
effective enough
(Recommendation #3)
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POTENTIAL FAILURE MODE AND EFFECTS ANALYSIS

FOR

MANUFACTURING AND ASSEMBLY PROCESSES

(Process FMEA)




PROCESS FAILURE MODES AND EFFECT ANALYSIS

INTRODUCTION

The development and execution of a potential failure inode and effects analysis for
manufacturing and assembly processes (process FMEA) is conducted before production and

involves the listing of potential failure modes and causes.

FMEA's identify actions required to prevent defects and thus keep products which may

fail or are not fit to reach the customer.

A process FMEA is an analytical technique which:

a) Identifies potential product-related process failure modes.

b) Assesses the potential effects of the nonconformance.

c) Identifies the potential manufacturing or assembly process causes.

d) Identifies the process controls to prevent or detect the nonconforming conditions.
PURPOSE

a) Eliminate potential process failure modes.

b) Continuously minimize the effects of failure rnodes that cannot be eliminated.

c) Document the rationale for a specific manufacturing or assembly process.
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OBJECTIVES

a) Summarize the process and manufacturing engineer's thoughts in developing process

requirements.

b) Organize the analysis to prevent process nonconformances based on experience and

part problems.

c) Prioritize the nonconformances according to frequency of occurrence and severity of

effects to develop a Criticality Index.
d) Provide an objective technique to prioritize corrective action considerations.
e) Coordinate design improvements or revisions with engineering for maximum process

capability.

PROCESS IMPROVEMENT INCENTIVES

There are current incentives that make it necessary to use the disciplined technique to

identify and prevent potential problems more than ever before.

a) Changing customer's expectations.

b) Regulatory requirements.

c) Attitudes of the courts.

To these, another incentive is most inportant--the Personal (Intangible) Incentive.

Manufacturing and process FMEA's provide the disciplined approach to address product
improvement and to offset the above three consequences.
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PROCESS AND DESIGN FMEA INTERACTION

The approach for a Process FMEA is the same as the approach for a Design FMEA.

The Design FMEA precedes the Process FMEA as it can be done effectively early in the

product development cycle.

The Process FMEA involves manufacturing engineering knowledge. Its objective is to
identify and assess failure modes introduced by the production process equipment, or
assembly method.

Just as a functional block diagram is used to identify interrelationships between
components, a process flow chart should be used to show the process functions.
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PROCEDURES

The effectiveness of a Process FMEA is dependent on several key steps:

a) Process Definition - essential to an analysis is the complete knowledge of the

manufacturing or assembly process. The product specifications and
performance requirements should all be understood before starting the

analysis.

b) Process Flow Chart - a process flow chart should be prepared to show the

process functions and interrelationships.

c) Nonconformance Definition - define what constitutes a nonconformance or

out-of-process control condition.

The failure inode list that follows shows representative nonconformances but is not meant
to be all-inclusive. The first two columns for the Process FMEA form would be titled
"Process Name" and "Process Function," instead of "Component" and "Component

Function."
d) Process - identify the process or operation being analyzed in terms that
readily identify it to others as well. Show the design level by suffixes and

revision letters or numbers.

e) Process Function - describe, concisely, the function of the process or

operation that is being analyzed.



f)

2-5

PROCESS FAILURE MODES & EFFECTS ANALYSIS

Potential Failure Mode

Describe each possible failure mode. The assumption is made that the
nonconformance could occur, but will not necessarily occur. The process

engineer should be able to answer the following questions:
. What could possibly go wrong with the process or operation?
. How can the produced part fail to meet the engineering specifications?

Recommended starting points would be the review of:
. The design FMEA's
. Quality and Reliability problems
. Warranty and Durability problems

on comparable components.

Typical failure modes could be:

Bent Melted

Bound Misaligned
Broken Misassembled
Corroded Omitted
Cracked Open circuited
Damaged Out-of-balance
Deformed Oversized
Discolored Porous
Distorted Rough
Eccentric Short
Grounded Shorted
Leaking Undersized
Loose

There may be others that are prompted by experience or disciplined thinking.
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PROCESS FAILURE MODES AND EFFECTS ANALYSIS

Potential Effect(s) of Failure

Assuming that the nonconformance has occurred, describe what the custoiner
or user might notice or experience as the effect of the nonconformance.

The description of the effect should be as specific as possible.

Typical descriptions of nonconformance effects are:

Air leaks Noise (NVH)

Brake chatter Odor

Engine will not start Oil leakage

Erratic shifting Power window inoperative
Fuel fumes Radio inoperative

High oil consumption Reduced vehicle performance
High operating efforts Seat mispositioned
Insufficient A/C cooling Surging

Loss of power assist Warning light oil/temp/alt
Loss of steering Water leaks

Loss of steering
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PROCESS FAILURE MODES AND EFFECTS ANALYSIS

Potential Cause(s) of Nonconformances

List all potential causes assignable to each failure mode.

Determine the process or operation that could be an assignable cause and

result in the potential failure mode.

The list of causes should be complete so that the remedial actions will be

directed to all causes.

Typical causes of nonconformance are:

Assembly error

Damaged part

Handling damage

Heat treat shrinkage
Iimproper surface preparation
Improper tool setup
Improper torque

Inaccurate gaging
Inadequate control system
Inadequate gating
Inadequate holding, clamping
Inadequate or no lubrication

Inadequate venting
Incorrect speeds, feeds
Incorrect tooling
Material failure
Misalignment
Missing operation
Out-of-tolerance
Overheating
Overloaded capacity
Packaging damage
Tool damaged

Worn tooling
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PROCESS FAILURE MODES AND EFFECTS ANALYSIS

Three specific factors are used to evaluate the failure modes and effects, as

listed below:

Occurrence

Severity

Detection

The estimate of the probability that the potential cause
of nonconformance will occur and thus result in the

indicated potential failure mode.

Assume that the cause of failure and failure mode will not

be detected before the item reaches the customer.

The estimate of the "effects of failure" and the
seriousness of the failure to the customer after it has

occurred.

The estimate of the probability of detecting a defect,
caused by the identified failure, before the part or
component leaves the manufacturing or assembly

location.

Assume the cause of failure has happened and then assess
the capabilities of all current controls to prevent
shipment of the defect. Random quality control checks
would be unlikely to detect an isolated defect and
therefore would not result in a noticeable detection
ranking change. However, sampling done on a statistical

basis is a valid detection control.
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PROCESS FAILURE MODES AND EFFECTS ANALYSIS

QOccurrence

Estimate the probability of occurrence on a | to 10 scale. Only consider
controls that prevent the cause of nonconformance.

The assigned number of nonconformances is at the discretion of the engineer
but must be maintained consistently through FMEA development toward

closure.

The process engineer should consult with Quality to determine the appropriate
occurrence rate. The statistical rates are shown as examples only and should
be developed to provide a meaningful ranking systermn that coincides with the

particular product specifications.
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PROCESS FAILURE MODES AND EFFECTS ANALYSIS

Occurrence Ranking Guide Example S s fv A
‘.,; b (I . ) )/
Stat. Py
Proportion : "
Probability Outside
of (Note) Within Spec'n.
Occurrence Ranking Spec'n.? Limits 2 3 4 5 6 7 8 9 10
A. Remote At least Yes 1/10,000 @
+4
B. Low At least Yes 1/5000 @
+3 1/2000 <3>
1/1000 <¢>
1/500 @

C. Moderate  More than  Yes 1/200 <6>
(occasional  + 2.5*
process
noncon-
formances)

D. High +2.50r Yes 1/100 @
(previous less* 1/50 @
similar
process
often non-
conforming)

E. Very High  N.A. No 1/20 <€>
(noncon- 1/10
formance
almost
certain)

Note: * - Process still within statistical process control.

- Sigma symbol - a standard deviation.
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Severity

Estimnate the severity of the "effects of failure" to the custommerona | to 10

scale.

Severity is the factor that represents the seriousness of the nonconformance

to the customer after it has occurred.

Process engineering should consult with product engineering for severity
ranking assigninents. An estimate for the values may be required when design

information is unavailable.
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Severity Ranking Guide Example

Severity Attribute

E.

No noticeable effect on

item or system performance.
Customer/user may not
detect.

Minor nature of noncon-
formance may cause slight
customer/user annoyance.

Customer/user will probably
notice very minor system or
item performance degradation.

Moderate nonconformance
may cause customer/user
dissatisfaction, annoyance or
discomfort.

Moderate nonconformance
may cause customer/user to
notice a subsystem or system
performance degradation.

Nonconformance will cause
high degree of customer/user
dissatisfaction: systein or
item inoperable.

Nonconformance will cause
system or item to degrade in
areas governed by federal,
state, community regulations.
Safety and noncompliance
are not breached.

Very high severity situation
that involves potential safety
problems and/or conformance
to regulations.

&
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Detection

Estimate the probability of detecting a nonconformance before the item
leaves the manufacturing or assembly location. Use a 1 to 10 scale.

It must be assumed that the cause of the nonconformance has occurred.

The next step is to assess the capabilities of all current controls to prevent

shipment of the nonconforming itein.

Valid detection control is sampling done on a statistical basis, not by random

quality checks.

Selection of the detection ranking should be coordinated with the plant or

division Quality function.

The following examples may be detected by operator and automatic detection

methods.
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PROCESS FAILURE MODES AND EFFECTS ANALYSIS

Detection Ranking Guide Example

Probability of Detection

B-

Remote likelihood of ship- @

ment of a nonconforming
product. Nonconformance
would be functionally
obvious.

Low likelihood that the item

would be shipped. The noncon-

formance would be visually

obvious.

- Before performing the next
operation

- Before leaving a work
station

Moderate likelihood that the

item would be shipped with

the nonconformance.

- 100% functional check
performed

- 100% automatic inspection

High likelihood that the
nonconforming item would be
shipped. Subtle characteris-
tic that is easily unnoticed.
100% visual or manual
inspection.

Very high likelihood that the
nonconforming product would be
shipped. Item not checked or
not checkable. Nonconformance
is latent and affects durability.
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PROCESS FAILURE MODES AND EFFECTS ANALYSIS

Criticality Index (CD

The CI is the product obtained by multiplying the individual parameter
rankings of | to 10 for Occurrence, Severity and Detection for each potential

failure node.
The CI provides a relative indicator of all causes of nonconformance.

The highest CI's and Occurrence Rankings should be given first consideration

for corrective actions.
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PROCESS FAILURE MODES AND EFFECTS ANALYSIS

Corrective Actions/Remarks

The entries should be concise and provide a statement of the positive and
effective corrective actions that, if taken, could eliminate or reduce the

failure modes and related effects that were analyzed.

All recommendations to the affected activities should be addressed for review

and follow-up to assure closure by implementation or assigning risks.

Corrective actions may require process or design revisions, or both.

Ranking Parameter Corrective Actions:

- Occurrence Reduction

Process or design revisions

Process study by statistical methods

Ongoing feedback of information to appropriate operations
Implement never-ending improvement philosophy

Nonconformance prevention goal

- Severity Reduction

Part redesign
Analyze the serial process operations

- Detection Increase

Process revisions
Part design or revision
Emphasize nonconformance prevention rather than detection

Use statistical process control techniques
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k)  Corrective Actions/Remarks (continued)

Categories for Corrective Action that relate to SPC:

l.

6.

7‘

8‘

lo.

Improve the design by derating, failsafe feature, part selection, material
selection, special testing programs, etc.

Redesign to foolproof the process if there is large operator content in the

process.
Foolproof the human operator process.

Use SPC control throughout.

Use SPC controls when the design would be considered absolute.
Conduct training to prevent specific errors.

Provide instructions that are easily understood.

Foolproof the human inspection process.

Use automated inspection when economically reasonable.

Statistically analyze inspection data, preferably obtained by automated

inspection.

The following page is a copy of an example format with a brief description of the

entries for each columnn of the Process FMEA form.
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PROCESS FAILURE MODES AND EFFECTS ANALYSIS

Follow-on Actions

There are two follow-on actions that are essential to realize the benefits of
the FMEA efforts:

. Criticality Index Ranking
This ranking provides a summary listing of the failure modes with the
highest criticality indices to direct attention to the major issues identified
in the FMEA. This rank listing would be from the highest CI to the lowest.
The top 10, or 5, or any listing is arbitrarily chosen for corrective action.

This ranking summary provides an ongoing evaluation toward the elimination

or reduction of the failure modes.

. FMECA Revisions
It is essential to document the progress toward design, manufacturing
process, and operational improvements which should result in the reduction
in the rank values for Occurrence, Severity and Detection, and finally in the

Cl calculated value.

It should be emphasized that the FMEA may represent the first assessinent
of the design and processes and may, in some cases, also represent the
worst-case situation. For this reason, the CI ranking and FMEA revisions
should be updated to coincide with the status of the improvements as they

are implemented.
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GAS GENERATOR

EXAMPLE - PROCESS FMEA

The example shown is not provided in its entirety.
Instead, a segment of a process FMEA report is given to
show the contents, procedures and flexibility of an
FMEA.
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GAS GENERATOR PROCESS FMEA

RECOMMENDATIONS

1.

2.

3.

A process FMEA should be conducted on the steering wheel inflator to determine
critical inspection areas and identify where statistical process controls techniques
are applicable. In addition, a mathematical model can be generated to establish lot

inspection levels and project overall risk.

Development testing must be conducted for environmental conditions since there is
no method of inspecting the inflator after assembly. Of particular concern are
vibration, humidity, and temperature and their effect on performance. A limited
amount of rigorous testing should be conducted to gain confidence and to ensure the

remote possibility of the failure mode occurring.

A nondestructive testing technique should be developed to ensure that a squib has a
pyrotechnic charge. Once the testing technique has been developed, specific
statistical process control measures should be implemented in production. These

should include:

A. X and R control charting on charge level.
B. Capability study to determine minimum charge level.
C. Normal probability plot ot assess if charge is normally distributed.
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INTRODUCTION TO GAS GENERATOR
PROCESS FMEA

This FMEA was generated to disclose possible problems which might arise during the
assembly of a steering wheel-solid gas generator unit. Primarily, it is intended to aid the
design engineers in refining the current state of the design to eliminate or reduce the
probability of incorrect assembly which would result in the sale of a nonconforming
component. The secondary task of this FMEA is to alert the cognizant process and quality
control engineers of areas which should be addressed in order to ensure a quality product.

For reasons of clarity, the following ground rules were followed in preparing this FMEA:

1. All components leaving the bonded receiving inspection area conform to established

product prints and specifications.

2. Only processing or assembly operations are being considered to be nonconforming to

normal, acceptable procedures.

3. Only "single-point," not multiple failure modes were considered. In other words, only

nonconformance was considered to have occurred at a time.

4. This FMEA was developed assuming volume production utilizing the automated

production and assembly equipment indicated in the following process flow diagrams.
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GAS GENERATOR PROCESS FMEA
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GAS GENERATOR PROCESS FMEA

uojiwiadg

yByan D
88314 = 4 uojiwiadp
PPV = ¥ Ajquasey

uojiwiadp Sujaniowjnuey O

Cover-Filter Assembly
Process Flow Chart

uojo] uojo]
(ysom @21w2jpuj 1aqunu) [ejieIey D — aegq
thoy wuadwjqg ny ny
TensyA TensyA ‘
ySjap ysyan
d00SS sanssaig 1930175913 7

2INSBA1Y

Tensg,
yijap
[32q ae - I..m-uol._. M..mnln
paisio

STOH 1®3jua
ny




e8] uj 3ied 3081z ] ysew gg § wejgoad oy

_——___ujg|" -65]3ied uy sassi
.

sinsssid [RUISTU] GB]H |

T IUBTRY ATqmadEV

SATERESHE ¥ BUTTOUUW]Y |

2-25

~_ POADYTEND |
E TAT o

11"

T 7T T T jumedinbe
I r‘l.uﬂnu;qﬂ;%

[ SEINARIT

{RuIss Uy - [18A0 . 3ioddns duy
7 UBiH = [d9A0] | 8U6} § 03 |33 -nuou“mwmwm"uo..-—w

__BUTTSULELD - [T8pUA) |

GAS GENERATOR PROCESS FMEA

Juea
=UBTYY YSACT YSS0IMNT

T woomwgol

* wATIvISdOUY

wuIoYe ATogEesTy

Ll LA o]

A

sshwuy Ageop) pus 12043 ‘SIpOYy Sunge 4 seedaig

IR Ayqueswy]

—— wmenITIIVE UY

R L1
STVEIIUY = BUTTYUOYYD |..| 18-

Sy

- WOLYNINID SVD TIIAN ONIETILE

N-l'3




2-26

GAS GENERATOR PROCESS FMEA

= E— i, i I il
A ——e T e e e J— H i —
e e e S e e s S T 7 TR LI | SR GRS = - R T e e B B AL Z 4
A ——— N ; i e S PN 1
ooYI3saNU R | TR e ety o T TTTIUwEUBYTEETE I8ADD| T T 0 T T T T g e e e e
B B e e il B U s e o [
[ BUTYIAS FeAe{ Iepjeuc
[ T 9e33I0) EsY _ T “sjuauod [ 1pwITY|
[ IsemsosTdNY ww | G i SN A aﬂn!ﬂuﬂﬁ C_______ssinsiead jwu | Twuoy P R R R i, Mo
1 == UojiSunjiim juse -..hm...ﬂﬁ!.h-rﬂowhu.r.ﬁh-lE.-m 4 1 uﬂn— nc..__
L]
[ woTyvooT JRTTYd TOTTUOR T P e T LT
I wworuy W¥sid YOTYUON SV Ty ! r U 300U) JUSMUBT{eeTH CUBTOY ATqubade [ _#3] _#5npea puv|uj #3usuod
' T USYVSUNY [ SATS#SSNE PUF §539] | Buod G 03| KAijausp s3] esveiouj| -wod i
JEEnE PP (88814] JusedinB7 | -NSTIIEE UY WRERISUL | pEIREIA 38 [o1 X, n-uluhﬂm.w_dﬂulq-dun.
“ JIehTy YoNIF woDoT
(T3l T | | pESURAPE I5U JOABABOT | USyivieusb
s BUTYSWE | ERE JEROTY DUV JIBRDT | 20202 GOS0
IYBT Y WOOT I03 TUSH 1 —#,9%¥ U UOTIOUNF TV [WINESWEIE [VOIVINY GOTN | wTATITTW
[ wIveTodeoy IV IS YOY R TToon
rﬂnag—_ N — TowIw 10
= [ uTq pER] wUTUIW §FvInoT) I3W) 1Yed
T woyionpexy [1] T T [~ Uy 1394 I08XI0OUT | -UT/INAING WS IWYSTH I38YI00UY [ELA{ D IELEY
IPoopuw AITTEND P TIUY - i ||.II|.||LI.__Iu..g=u.! . =114 Ue55T]
IO FIUPUCON0T ISITYY J5 X -u«-ﬁm
—SuTTInT TekvT WIVOTIVEAUY }1] [ o =Tww SUjySew K, 88¥[ -uf mui-“mmulilv&.ﬂ!ll.ﬂf Immrlqc_lg
1 I . . I useioe
sejs[ndj3awd “uc
— T weaska| uj ssweiou Gmru.mmlrlammﬁ,ll
[Seremow WY SST——r] . Y S & . uf 3Ied 358348341 -ﬂﬂnﬁﬁuf«ﬂ-qﬂﬂ. EERLIEL) ¢
TRIvY v L. -k ]
A wsr (wnowerwywtTINIROT %0 [ ¥ U [T 7o 3o wurgoww £, ey T EeININOTY
[ - nd.—.»m_ﬂnﬂl...uglciuuﬂ__..du...d
1 T =Tvw wuTiove AWy [=vead [vuaejuy Jeqdy POYITEO =
T ITvd UseR e UOTERPY
uuuuuuuu F— T T womTidumjTes| pUIVIsUSE WWe JO A3V [ eIeker| - - — |1H£
[ SOTIVSTIVISA 35 desi| 09 [T POASAUDO/UTYIWE £, EEY|-JUWND JSESET STQIEEOI | STATITTR| T - T ITwwUI| I PPV
[re—p— —— sy | mosgy o o) - o oy .“Il-n [E— e
Y - S
- o - - - WOLVEANRID SYO "TITHN ONINTILES ~ ~ —  wendomg ety z.de
[ 4

syshpuy Ageanpd pue ‘13043 'Sepopy Singe 4 5182014




HAZARD ANALYSIS

Page

INTRODUC TION o wovon i s winwaeanainiate: e ero: e seessioseie se o sieiere eim soa sse v o o 474 8 3-1

PROCEDURES .......... R R T RS S e e T e e e e e 3-2

FORMS oo e e o o00 oas i e 0 8 9 e s o e st iioreds e o5 orer ere 400 0 s e et e oie o) ired o s
Hazards List susvsveisvsmvessvwenevens R R R R e 3-3
Ranking GUIdes «..veeevenescaarsassoscoscrssnsassosssssnsssnnaas 3-5
Hazard Analysis Form ..... S R P e e R S 3-7

SUMMARY v vvarine s s i v e € e Was v e ¢ ¥ ow s e Ve e eirasiewnees 3-9

EXAMPLE HAZARD ANALYSIS .cicecceeccccscsassascscccacanvenns . 3-10
Freeze Protection Valve



HAZARD ANALYSIS




3-1

HAZARD ANALYSIS

INTRODUCTION

A hazard analysis is a systematic evaluation of the hazards or sources of danger
associated with a product. It identifies causes or conditions which present a hazard and
the effects of a hazardous condition relative to human safety.

The objective of a hazard analysis is to rank potential sources of danger and thus allow for
design actions which would eliminate or minimize hazards. In cases where hazards cannot
be eliminated by design, the hazard analysis should identify areas where safety controls or

hazard warning notices could be applied.
A hazard analysis, when used as intended, would close the loop to provide these features:
A. Advise program management and design personnel of the identified hazards.

B. Provide a quantified ranking of the hazards according to their probability of

occurrence and severity of effects.

C. Identify and describe the corrective actions that would eliminate the hazard, reduce
the hazard to a controllable level, or accept the potential risk with appropriate
consideration to other means to minimize or warn of the hazard.




HAZARD ANALYSIS

PROCEDURES

The hazard analysis is dependent upon the key steps outlined below:

A.

Product Usage Definition - understanding the product life cycle helps in finding
hazards which might exist in the following areas:

1. Manufacturing, assembly or shipping

2. Normal use and misuse

3. Environmental extreines

4. Inadvertent use

5. Discarding or disposal

Hazard Definition - there exists a wide range of hazards. These are the potential
sources of danger associated with the product. These hazards and others that may be
identified shall be shown in the analysis when they apply to the system, or lower level
assemblies or components. The following page shows the wide range of hazards that

could exist.

Cause - list the conditions which could cause the hazard. In hazard analysis multiple
events leading to exposure to the hazard are considered.

Effects - the result in terms of performance, injury, or damage to surroundings, the

system, test equipment, etcC.
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.Acceleration and Motion
X-direction
Y-direction
Z-direction
Unwanted

.Chemical Reactions
Dissociation
Oxidation
Replacement

.Contamination

.Corrosion

.Damage

.Electrical System Failure
Inadvertent activation
Shock '
Thermal effects

.Explosion

.Falling Objects

.Fire

.Flying Objects

.Forces
X-direction
Y-direction
Z-direction

.Heat and Temperature
High temperature

Low temperature
Temperature changes

HAZARDS

.Impact and Shock
.Leakage -

.Moisture
High humidity
Low humidity

.Moments (torque)
About X-axis
About Y-axis
About Z-axis

.Power Source Failure
Overpower
Underpower

.Pressure
High pressure
Low pressure
Pressure changes

.Radiation
Thermal
Electromagnetic
Ionizing
Ultraviolet

.Structural Damage/Failure
Stress concentrations
Stress reversals

.Toxicity
Biohazard

.Vibration and Noise
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HAZARD ANALYSIS

Ranking Parameters - two factors are used to evaluate and assign priorities to the

hazards:

Occurrence - estimate of the probability that the conditions required to produce

the hazard will occur.
Severity - estimate of the relative degree of injury or damage.

Parameter Scales - an object of the analysis is to relate the various hazards to each
other within the ranking parameters of occurrence and severity. This is done by the
quantitative assignment of attributes that enable a uniform assessment of hazards to
determine the criticality index. Scales of 1 to 10 are used, with 10 being the most

probable or severe. The next page provides an example of the parameter scales.

The attributes and scales should be tailored for each hazard analysis item and
retained throughout each analysis to provide a uniform method of assessment toward

hazard elimination.

Criticality Index - the product of the occurrence and severity assigned values. This
index enables the hazards to be ranked for attention to design revision, training,
warning notices, and other recommendations that will eliminate or diminish the
hazards. The larger the result, the more troublesome the hazard is predicted to be.
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HAZARD ANALYSIS

EXAMPLE_PARAMETER SCALES

Probability of Occurrence

Occurrence Ranking Guide

Low, regardless of misuse
or abuse

Low, but technically
possible

Low, during normal
system operation

Unlikely with a normal
maintenance schedule

Unlikely at a normal
environment, but likely
at the extremes

Likely, data of a similar
design exists

High, specific data of a
like design exists.

Severity Attribute

Severity Ranking Guide

Inconvenience or annoyance

loss of function, no injury

= &

Reduction of system throughput @-@

Minor vehicle/system damage @

Minor operator/maintenance
personnel injury

Major interruption in pro-
duction schedule

Extensive vehicle/system
damage

Major personnel injury
System loss

Death
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HAZARD ANALYSIS

Remarks - provide comments or describe the follow-up actions that could be taken to

eliminate or control the hazard:

1.

2.

Other design practices that would provide inherent safety.

The use of safety devices that are appropriate for the known hazards which
cannot be controlled or eliminated by design revisions.

The use of warning devices to provide the timely detection of a hazard condition

and the corresponding signal or display.

Special procedures that would counter the hazardous condition, including the use

of hazard warning notices and labels.

Documentation of the changes made as a result of the hazard analysis, or a revision
of the hazard analysis itself after significant design changes, is essential to the

successful use of this technique.

A summary of the information required for each &6lumn of the Hazard Analysis is

shown on the next page.

Criticality Ranking - summary of the hazards with a high criticality index should be
made to direct attention to the major issues identified by the hazard analysis. An
Index ranking listing is shown in the Hazard Analysis example section.

This ranking summary should be updated periodically to provide current and priority
attention toward hazard elimination.
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HAZARD ANALYSIS

Hazard Corrective Action and Closure - would be considered at confirmtion of the
recommended following items:

1. The design has eliminated the hazard.

2. There has been hazard reduction to a controllable level. This reduction should be
verified by successful completion of test programs, analytical studies, or other

acceptable methods.

3. The hazard has been assessed and the risk has been accepted by prograin

management.
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HAZARD ANALYSIS

SUMMARY OF USE AND ADVANTAGES

The Hazard Analysis should begin at the early stages of design and development to provide
the baseline documentation for an ongoing, expanded analysis as the program progresses.
Updating the analysis will provide continuity and involve the interrelated areas of design,

assembly, test, maintenance and operation.

The analysis should address hazards for failures, the environments, personnel error, design

characteristics, normal and emergency situations, and credible accidents.

Other uses and interfaces are directed to provide coordinated and integrated program

functions and activities as follows:
. Early visibility of system interface problems.
. Early criteria for test planning.
. Hazard factors that affect the generation of maintenance and operation manuals,

test procedures, and manufacturing and assembly instructions to assure that these
activities do not negate the inherent safety of the design.
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FREEZE PROTECTION YALVE

EXAMPLE - HAZARD ANALYSIS
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INTRODUCTION TO FREEZE PROTECTION VALVE
HAZARD ANALYSIS

The purpose of this hazard analysis was to identify potential sources of danger or
nonconformances resulting from foreseeable misuse of the freeze protection valve or use
of the valve under extreme conditions. The severity of each hazard was rated on a scale
of one to twenty according to the following criteria:

Rating Description
1-2 Minor expense
3-9 Major expense
10-15 Minor owner injury
16-20 Major owner injury

The probability of occurrence during the life of the solar heating system was subjectively
estimated. The severity and occurrence were then multiplied and scaled by 100 to
produce the criticality index. A criticality ranking is provided which shows the hazards
with the highest criticality index. These can be considered to be the most troublesome.
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SOLAR FREEZE-PROTECTION YALVE
HAZARD ANALYSIS

Criticality Ranking

Description

Water leak due to high water temperature and absorbed
radiant energy causing valve body temperature to rise above

deformation limit.

Damage to solar equipment from freezing caused by a valve

plugged with foreign material.

Excessive use of water because valve remains open or is off

calibration.

Storage tank or cold water inlet pipe freezing causing damage
to solar equipment. These components may not be influenced
by the freeze-protection valve. - '

AN
Burned hands from touching valve while system is in sunlight

on a hot day.

80

50

30

25
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FREEZE-PROTECTION VALVE HAZARD ANALYSIS

CONCLUSIONS/RECOMMENDATIONS

In general, most hazards relate to property damage caused by a malfunctioning valve.
The only exceptions are burns caused by someone touching the valve on a sunny day, and
contamination of the water supply if the sewer backs up on a systemn that has been

improperly installed.

Based on ERC solar temperature data and radiant heat transfer theory, an extreme upper
temperature of 288°F is predicted. This exceeds the recommended maximum operating
teinperature of 212-260°F and thus may result in deformation. The deformation would
result in elongation and a change in calibration to allow a higher temperature opening.

The recommendations derived from the hazard analysis include:

1. Investigate a design alternative which would provide an air break hole drilled through
only one side of outlet body. This could reduce the possibility of water draining onto

"the roof due to nonvertical installation or wind effect.

2. Provide a removable tag and owner instructions to caution against plugging the air

break holes.

3. Provide a caution in the installation instructions which describes the limitations of
the valve in protecting the storage tank and/or inlet cold water line.

4. Consider sun shield for valve body.
Note: Deformation of lower (outlet) body affects calibration more significantly that
deformation of upper body.

5. Provide a warning label affixed to valve body to indicate that the valve gets hot
enough to cause a burn, etc.



