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e Course Objectives:
— Overview of the Fallure Analysis Process

— Provide an overview of failure analysis and
the tools/methods used in failure analysis

— QOverview of selected failure mechanisms and
examples of these mechanisms

— Provide examples of failure analyses that |
have been involved with during my career
with Progress Energy
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e Overview of Failure Analysis Process

— What is failure analysis?
 Definitions

— Why do failures occur?

— Why perform failure analyses?
— Types/levels of failures

— Steps In a failure investigations
— Historic examples
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 One requires a clear understanding of the

faillure definition and the distinction
between a symptom, a cause, a failure
mechanism, and a consequence of failure.
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e Definitions:

— Failure — “the inability of a component, machine, or
process to function properly.”
* Loss of function
» Loss of service life

— Failure mode : description of the physical characteristics
of damage observed. For example, intergranular fracture,
buckling, and pits can all can be thought of as failure
modes. Describes what damage is present.

— Failure mechanism : describes both how the failure
occurred and the resulting consequences. Examples of
fallure mechanisms include high temperature creep, stress
corrosion cracking, and hydrogen embrittiement.
Describes how the failure came to be present.
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* Failure Analysis
— Failure modes

— Failure mechanisms
e Fracture
e Distortion
 Wear
e Corrosion
e Others

— Examples
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e Failure analysis is a form of problem
solving

e Good communication skills are a “must”

e The scientific method:
— Define the Issue
— Propose a hypothesis
— Gather data
— Test the hypothesis
— Develop conclusions
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The failure analysis process is complex,
can draw upon many different technical
disciplines, and uses a variety of
observation, inspection, and laboratory

techniques. A key factor in properly
performing a failure analysis Is keeping an
open mind while examining and analyzing
the evidence to foster a clear and
unbiased perspective of the failure.
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In some corporate cultures, it may difficult to find
out If the component has failed

Relevant background details are often very
difficult to obtain

Pressure to finish the analysis in a shorter time
frame than desirable for a quality investigation is
common

Speed Is no good If you are headed in the wrong
direction

Economic and timing considerations usually
determine the scope of the investigation
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“To the man who wants to use a hammer badly,
a lot of things look like nalls that need
hammering.” — Mark Twain

It is always important to cultivate an open mind

and to minimize the temptation to reach a
conclusion about the cause(s) of the failure
before performing the analysis and evaluation

There may be multiple, legitimate approaches to
a failure analysis investigation

It Is also Important to appreciate the value of
Intuition and Instinct
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 Why do failures happen?

— Service and operational conditions (use and
misuse)

— Improper maintenance (intentional or
unintentional)

— Improper testing or inspection
— Assembly errors
— Fabrication/manufacturing errors

— Design errors (stress, materials selection, and
assumed material condition/properties)
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 \Why do failure analyses/root cause
analyses?

— To prevent recurrences

— NBS estimated $120 billion spent annually to
cover fracture-related accidents (1982)

— It i1s estimated $296 billion in corrosion-related
failures in the US alone (1995 data, $104
billion avoidable)

— Progress Energy — two unplanned, forced
outages — $5.25 million lost generation
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 Why do failure analyses/root cause analyses?
— Costs involved
— Improvements in product durability
— Product/process improvements
— In litigation, assigns fault/blame
— Personal curiosity

« Usually more than one “root cause” for most
faillures
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« Avoiding Errors

— The identification of the causes of failures can result
In economic and noneconomic (e.g., psychological)
consequences to individuals or companies who are
Implicated for carelessness, negligence, or other
errors

— Where there is the loss of life, injury, or large
economic damage, analysts should be very careful to
do work only within their areas of competence

— Know your limits and when to ask for assistance

— EXxperienced analysts may refuse work if they are not
given sufficient time and budget to do a complete
Investigation
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e Basic steps In a more detalled failure analysis or
root cause analysis:
— Collect data
— ldentify failure modes present
— ldentify possible failure mechanisms
— Test to identify actual mechanism that occurred

— ldentify which mechanism is primary and which are
secondary

— ldentify possible root causes
— Test to determine actual root causes
— Evaluate and implement corrective actions
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Complexity of Investigation

Level

Example

Allowed Effects of Findings

Physical cause or factor

Part is found to be of the wrong
hardness

Part gets rehardened. Maybe
inspection frequency of parts is
increased.

Human (individual people)

Employee does not understand
the importance of hardness and
does not check the part.

Employees are provided training
on basic metallurgy and testing.

Latent causes or factors

Nobody tells the furnace operator about
the importance of hardness testing. It

does not matter that they fabricated test
results, until the pyrometer fails resulting

incorrect heat treatment temperature.

Design and supervisory
personnel are given training on
how to specify hardness testing.
Maybe an investigation into the
heat treatment furnace is
undertaken.

Culture-based root cause

Inferior products are tolerated for
years until someone (due to
economic downturn) decides to
use the part for much longer than
the original expected service life.

Improve quality of parts if
possible. Marketing personnel
are given additional training so
that they do not give
unreasonable expectations of
product performance.
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e Principles in Failure Analysis work:
— FIRST, preserve evidence

— Perform tests Iin order of less destructive to more
destructive in nature

— Know the limitations of one’s personal knowledge
— Know how to ask for help

— Do not attempt a failure analysis if the basics of
specimen preservation, collection, and selection have
not been studied

— Know when to say “no” to performing a destructive
test
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e Should be fundamentally worthwhile for the
knowledge gained

 |f one maintains a keen and inquisitive outlook,
this can be a very good and satisfying way to

keep learning on a technical, professional, and
personal level for an entire career.

e To prevent failures, from a broad view,
education at multiple levels is required
— Job training - Allows people to make better decisions
— Learn from others’ mistakes

— Improves communication
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Tools for Larger Scale Investigations

e Failure Mode and Effects Analysis

— typically used during the design of a
component and the processes used to
manufacture it

— Allows a structured approach to figuring out
the consequences of failures of single
features on a component

— Can be very useful (if available) for failure
analyses
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* \Were the analyses/conclusions/
recommendations/corrective actions
successful?

— If there are no further failures — yes
— Not always the case
— Historic examples
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« USS Schenectady

 From “Brittle Behavior of Engineering Structures”
by Earl Parker (1957):

“On January 16, 1943, a T-2 tanker lying quietly at
her fitting-out pier at Portland, Oregon, suddenly
cracked in a brittle manner... ‘without warning and
with a report that was heard for at least a mile...” The
sea was calm, the weather mild, her computed deck
stress was only 9900 psi.”

“Investigations shed little light upon the matter; there
was no satisfactory explanation of the fracture. It was
known, however, that brittle behavior of large welded
steel structures was not a new phenomenon.”
(failures of bridges, tanks, and penstocks)
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e 1289 of the 4694 (27%) ships suffered
brittle fracture or structure failure at the
welded steel joints

e Led to:

— Selection of steel materials with increased
toughness

— Improved fabrication techniques
— Impact testing of materials
— The development of fracture mechanics
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Fatigue
and the
Comet Disasters
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e The de Havilland Comet:
— First flight 1949
— Commercial service with BOAC 1/22/1952

— Crash of BOAC Flight 781 off Elba 1/10/1952 with the
loss of everyone on board

— A committee focused on six potential problems:
Control flutter

Structural failure due to high loads

Metal fatigue of the wing structure

Failure of the powered flight controls

Failure of the window panels (explosive decompression)
Fire or other engine problems

— Concluded fire was the most likely cause of the failure
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Second crash on 4/8/1954 near Naples
Entire fleet grounded

Royal Navy used to recover wreckage (see next slide)

Subjected an identical airframe to repeated repressurization
and overpressurization and after 3057 flight cycles (1221
actual & 1836 simulated), the airframe failed due to fatigue
near the front port-side escape hatch

The Comet was withdrawn from service and was
redesigned, but sales never recovered

It took 4 years to find & fix the problem

Boeing 707
— First flight 12/20/1957
— Commercial service October 1958
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e Led to:

— Development of the fatigue “safe-life”
approach

— Evaluation of the effects of geometry and
notches of fatigue behavior

— Evaluation of the effects of stiffeners on stress
distribution

— Establishment of aircraft structural integrity
program (ASIP) in 1958
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The only mode of transportation between Europe and
North America in the early 20t century was passenger
steamship

In 1907, an order was placed for the RMS Olympic, the
RMS Titanic, and the RMS Britannic to establish a three
ship weekly steamship service between England and
New York — “state of the art” ships

Maiden voyage April 1912, attempted to set record for
crossing the Atlantic

Warned of an icefield in its course on April 12; this is not
uncommon in April in the North Atlantic

Titanic diverted south twice to avoid the icefield

The Titanic struck an iceberg on April 14, 1912 and sank
on April 15, 1912 during its maiden voyage to New York
with the loss of more than 1,500 lives
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Robert Ballard found the wreckage of the Titanic (broken
Into two parts) on the ocean floor on September 1, 1985
In 3,700 meters of water

The only items to survive at the site were those made of
metals, ceramics, or “treated” organic materials (ethical
and legal issues associated with the recovery of the
items)

Steel obtained from the hull of the ship on August 15,
1996

Testing performed by metallurgists at the University of
Missouri — Rolla (“The Royal Mail Ship Titanic: Did a
Metallurgical Failure Cause a Night to Remember?” K.
Felkins, H. P. Leighly, and A. Jankovic, JOM, January
1998, pp. 12-18.)
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«Semikilled steel made by the open-hearth process
*Hot-rolled product having a “banded”
microstructure

«Charpy impact testing from —55 € to 179 T (see
insert at right)

o(Seawater temperature at the time of the collision
was —2 C)

Conclusions:

*The steel used in the construction of the Titanic
had a high ductile-brittle transition temperature
making it unsuitable for low temperature service
*However, the steel used was probably the best
plain carbon steel available at the time of
construction
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e Questions?




