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About SFA
Objectives

Local centers

and another chance
for us fo get it right.

Cheers to a new year % %{%

Welcome you all to  join
as members of SFA!
Please find the
membership form
inside; kindly fill in and
contact Secretary of
SFA through email.

Messadeom our Presid
Experts and experien

9 Prof. SuhasJoshi,
IIT, Bombay Dear readers,

I Sri.P.Jayapal,

CEMILAC, Bangalore I wish all of you all the very best on the dawn of
New Year 2013! | am sure that you may find the seventh
issue of SFA newsle tter useful as you observe and
appreciate some of the experiences narrated by the
experts in the rare field s like machinability issue and
quality -demand s in aero sector worth reading
It is appreciated that the local centres of SFA convene
one-day meetings sharing valuable expertise to younger
generations. It is my humble appeal to all my members to nurture
brotherhood and revelry towards one another.
While you appreciate that our professional work involves
one who produce and one who consume, | call your attention to a
saying that: Important lessons of the past may steer us to win-win
situations in the year ahead!
Best wishes to all the readers!

N Y . K.Tamil Mani
PRESIDENT, SFA

Edited by: Dr.T.J ayakumar & Dr.P.Parameswaran, Metallurgy & Materials Group, IGCAR, Kalpakkam
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Happy New Year 2013! It is indeed
nostalg ic to look back when y ou
browse through the seventh issue of
the Newsletter of Society for Failure
Analysis (SFA). Our efforts to build

the society have seen progressi ve
growth with the conduct of several
activities by our local centres at
various places. The centres have
started organizing their own general
body meetings which is a sign of
autonomy that has evolved among

local centres.

In this issue, w e solicited articles
from experts in the rare area of
machinability on the one hand and

another from a q uality conscious

field of aero sector.

We thank the authors for their
contributions  which are worth their

efforts.

We take this opportunity to appeal
to the Indian industry to use SFA as
a forum to share their experiences
on trouble shooting. A great wayt o
add content to this newsletter is to
include a calendar of upcoming
events . The details of important
forthcoming international and

national events are included; so also

the books recently published on

the topics of the subject.

We value your comments,

which really boost our
enthusiasm to perform better.
Therefore, a s always, your
views and comments, mailed to

tik@igcar.gov.in or

param@igcar.gov.in are

welcome. We wish  you all free

from failures and a joyful life!

You may visit our web site for
your comments/suggestions or

any queries :  www.sfaindia.org

Kalpakkam (T.Jayakumar)
31-01-2013 (P .Parameswaran)

Editors

We encourage you to join the society, Kindly fill up the application form (enclosed at
end of the newsletter) and contact secretary: pjayapal59@yahoo.co.in; alternatively,
your application with draft to DN.Eswara Praad, Regional DirectorRCMA,

CEMILAC, Kanchanbagh, Hyderabad, 500 058


mailto:tjk@igcar.gov.in
mailto:param@igcar.gov.in
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About the society
Aims and Objectives of To train personnel in investigation
Society for Failure Analysis on failures of  engineering
components and their mitigation.
The aims and objectives of the
Society shall be: To identify and recommend areas
for research and development
To serve as National Society to work in the Country relating to
promote, encourage and failure analysis.
devel op the growt
Science of Failad To establish liaison  with
to stimulate interest in Government, individuals,
compilation of a database, for institutions and commercial
effective identification of root bodies on failure analysis,
causes of failures and their methodologies and to advise on
prevention thereof. request.
To serve as a common forum for To cooperate with other

individuals,
organizations and
interested in the above.

institutions,
Industries

To disseminate information
concerning developments both
in India and abroad in the
related fields.

To organize
discussions, conferences,
seminars, colloquia, courses
related to failure analysis and to
provide a valuable feed back on
failure anal ysis covering design,

lectures ,

professional bodies having similar
obj ectives.

To affiliate itself to appropriate
international organization(s), for
the  promotion of common
objectives and to represent them
in India.

To organize regional chapters in
different parts of the country as
and when the need arises.

To do all such other acts as the

Society may think necessary,
incidental or conducive to the
attainment of the aims and

objectives of the Society.

materials, maintenance and
manufacturing  deficiencies /
limitations.

Know your

local

centers
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Neverworry about the delay
of your success compared to
others, because construction
of a palace takes more time
than an ordinary building.
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FAILURE ANALYSIS IN AVIATION

P. Jayapal
CEMILAC, Bangalore

INTRODUCTION:

Failure in engineering i¢
defined as inability of a system c
component to perform its
intended function. When on¢
considers thousands C
components which are fabricatet
and placed in service,it is not
unusual to expectthat some of
them will fail prematurely. Simply
from statistical view point it is not
reasonable, with the present
engineering practices, to expel
NO FAILURE. However, ev
though the number of failures of ¢
particular component may be
small, they are important becaus
OEAU AEEAAOD
reputation for reliability.

In some cases, particularl
when failure results in persona
injury or death it leads tc
expensive law suits. It is nc
unusual for aerospace industr
under prodding from users tc
recall hundreds o
aircrafts/co mponents to correct ¢
design or manufacturing defec
even though the actual number ¢
failures is very small. Henc
failure investigation and analysit
plays a vital role in aviation.

INCIDENT/ACCIDENT
INVESTIGATION

Whenever an aircraft ol
helicopter meets with an incident
or accident, identifying the root
causes of the incident oraccident
by a team of specialist i
mandatory in aviation industry.
The causes of the incident ¢

accident could be oneor more of

the following:

1 Failure of a vita
component/system

1 Inadequate design

1 Wrong assemblyof parts

1 Pilot error

1 Bad weather

i Sabotage

1 Chang in operating

environment
1 Improper/poor maintenance
of the aircraft/helicopter

There are various
methodologies being followed by
the expetts in identifying the most
probable cuses for the
incident/accident, and evolving
suitable remedial measures fo
implementation to stop
recurrence of such failures i
future.

FAILURE INVESTIGATION

In case of an incident ¢
accident occurred due to failure c
a vital part/component /system,
failure investigation and analysit
play a vital role. In any failure
analysis, it is important to get as
much information as possible
from the failed component itsel
along with an investigation o
prevailing conditions at the time
of failure.

The general question
asked during the coure of
investigation/analysis are:



http://www.searchquotes.com/quotation/Never_worry_about_the_delay_of_your_success_compared_to_others%2C_because_construction_of_a_palace_tak/407952/
http://www.searchquotes.com/quotation/Never_worry_about_the_delay_of_your_success_compared_to_others%2C_because_construction_of_a_palace_tak/407952/
http://www.searchquotes.com/quotation/Never_worry_about_the_delay_of_your_success_compared_to_others%2C_because_construction_of_a_palace_tak/407952/
http://www.searchquotes.com/quotation/Never_worry_about_the_delay_of_your_success_compared_to_others%2C_because_construction_of_a_palace_tak/407952/
http://www.searchquotes.com/quotation/Never_worry_about_the_delay_of_your_success_compared_to_others%2C_because_construction_of_a_palace_tak/407952/
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"Success is no accident.
It is hard work,
perseverance, learning,
studying, sacrifice and
most of all, love of what
you are doing or learning
to do - Pele

w

1 How long the
part/ component/system was ir
service

1 Was the part/component
properly assembled ani
maintained

i What was the nature o
stresses at the time of failure

1 Was it sibjected to any in
service abuse

i Whether the
correct/specified material was
used or not

il Whether carect

manufacturing and heat treatmen
process was followed or not

i Was there an
manufacturing deviation on the
part

1 Was there any change in tr
operating environment

Identifying answers to all
these questions and require
laboratory studies would revealthe
most probable cause of the failure (
the part/ component/system.

CORRECTIVE ACTION:

In aviation industry it is important
and mandatory to evolve an(
institute corrective  /remedial
measures to avoid recurrence
similar failures in future once the
most probable cause for the
incident or accident are identified
In case of a faillure of
part/component/system,
recurrence of similar failure can bt
avoided by one or more any of th
following :--

1 Change of design of the faile

part/component/system

N

1 Change omaterial

1 Change C
manufacturing/heat
treatment processes

1 Following correct
assembly procedure etc.

Under these circumstances, it is very important to ider
the service and kept on groun
without flying till the affected
part/component/system flying
is replaced with a serviceabl
part manufactured as per the
above corrective measures. E
this, it is assured that the
aircraft/helicopters is fully
serviceable andairworthy and
can be releasedfor further
flying/use. In some cases, tr
affected aircrafts/helicopters
are withdrawn from the
service in a phased manne
depending upon the criticality
of the failure and actin
required thereafter.

CONCLUSION:

In any system, &ilure is
inevitable. However, it shoulc
be contained/ avoided. Failure
Analysis plays an important
role in this regard. §stematic
methodology of failure
investigation and analysis is
being followed in the aviation
industry in  respect ©
investigation at componen
level, system level, aero engir
level and aircraft/helicopter
level. To identify the root
cause of the failure of th
components, sophisticate:
equipments and the
knowledge of the experts ér
interpreting the results are
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Change means  moveme

Movement means friction. Or
in the frictionless vacuum of
nonexistent abstract world ¢
movement or change oc
without that abrasive friction
conflict- Saul Alinsk

*

very much essential. By poling all the datarelated to failure analysis
and precautionary measures available anébllowing the sameduring
the design and manufacturing stagefailures in any system can b

minimized.

Tool Wear in Machining of Titanium A lloys: A

Review

Shashikant Joshi, AsimTewari and Suhas JosHi
Depatment of Mechanial Engineering
Indian Institute of Technology Bombaypwaj Mumbai- 400 076

India

1. Introduction

Titanium alloys have  wid
applications range in aerosp:
chemical and medical industries i
to high strengtiHo-weight ratio
corrosion resistance, and ability
maintain strength at hi
temperature. However, ma
challenge faced by these industrie
to minimize the tool wear that occi
during machining of titanium alloy
The properties of titanium alloys tl
cause high tool wear are i{g00l
thermal conductivity, low moduli
of elasticity, chemical affinity wit
tool material and strength at hi
tempeature [1, 2] Thesepropertie:
introduce several difficulties
machining of these materials. |
example, poorthermal conductivit
causes accuatation of heat ¢
cutting edge, low modulus of
elasticity induces chatterduring
machining and chemical afiiy of
titanium adversely affects t
strength of tool materialAlso, the
ability to maintain strength at hit
temperature causeelatively large

magnitude of cutting force
Therefore, titanium alloys &
usually <c¢l| as docfu

materids and extensive researcl
carried out to improve the
machinability.

This article presents an overvi
of important tool wes
mechanisms that prevall
machining titanium alloys. It al:
dwells upon the influence
machining environment on ftc
wearand methods to improve i
tool performance. Finall
recommendations to reduce 1
wear have been presented.

2. Tool wear mechanisns in
machining of Ti-alloys
Thesemechanism are summeri:
in Table 1.There are five ma
mechanisms of tool wear tl
usually prevail in machining «
titanium alloys. Thease are

a. Abrasion : It involves remove
of grains from tools by adheri
chips or work piecdt occurs bot
on rake face and flank face,
Table 1. This wear intensifies w
the passage of time andause
serious damage to the tool cutt
edged3].

b. Adhesion Due to seiare ai


http://www.betterworldheroes.com/alinsky.htm
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The best and most beautiful
things in the world cannot be
seen, nor touched, but are fe

in the heart.
- Helen Keller
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work-tool interface, a strong bo
between chip and tool gets form
The adhered chip material ¢
removed during cutting process bu
the process, removes a portion
cutting tool material with it [4], St
Table 1.

c. Diffusion: High tool worl
temperature and severe con
between toechip provide ide:
conditiors for diffusion of atoms fror
tool material. Diffusion of cobe
atorrs reduces the bonding strengtt
cabide tools thereby causi
accelerated crater wear on the tool
[3].

d. Chipping and fracture: High
temperature and stresssat the chip-
tool interface combined  wi
brittleness of tool causes this kind
wear. Manya time, anincrease in rak
face wear leads to chipping a

WE
fracture R], see Table 1.

e. Coating delamination: It is
the initial tool wear observi
mainly on the rake face which
followed by the flank and ra
face wear. It is attributed either
chemical reaction or the cre
propagition at the interface due
difference in thermal coefficie
of expansion between coat
matrix and substrate. Smaller-
laminatiors areobserved in CVI
coated tools due to gree
adhesion of these coating [4],
Table 1.

The tool wear mechanisi
described above are furtl
explained with reasons for we
typical  figure, cutting toc
material and processi
parameters in Table 1.

Table 1 Various tool wear mechanisms in machining of titanium all

Tool wear mechanisms irtitanium alloys

Tool wear Abrasion Adhesion

Reasons  APresence of hard ASeizureof chip with the
particlesin work rake face due to high

Diffusion Chipping and Coating
fracture delamination

Migher cutting speed AExistence of high AwWork-toolinterface
causes increased temperature and temperature

Arregular material flow
past the cutting edge at
low cuttingspeed
ABuilt up edgeformation
atthecuttingedge
It is dominatedat flank

faceand nose

temperatur@ndpressure
Athermal softening at
high temperature
increaseshis wear

It is dominated on the
rakeface

Typical
photo
graphs
Titanium Ti6AI2Sn4Zr6Mo Ti6AI4V
alloy
Machining  Turning operation, Face milling, cutting
parameters surface speed 60-100 speed55-100m/min,feed
m/min, feedrate0.25and 0.1.0.15 mm/tooth, axial
0.35 mm/ rev, depth of and radial depth of cut
cut2mm, 2mm and 58 mm
dry machining respectively
CoolantHocut808 6-7%
concentration
Tool Carbide insert CNMG Coated carbidetool with
material 120408890, CNMG coating of PVD + TiN

References

120408883

[3]

and CVD + TICN /
Al203

[4]

temperatureat rake face
and givesrise to smooth
dissolutiondiffusion
wear

MDiffusion of cobaltand
tungsten atoms on the
chip showsthis kind of
wear

TiBAI4V

End milling, cutting
speedfor carbide insert
40-120m/min.

For PCD insert 120 to

250 m/min, axial depth
of cut 1 mmandfeed0.1
mm pertooth
Fullimmersioncutting

Uncoateccarbideinserts
R24512-T3K-MM203Q
PCD inserts R24512-
T3E-CD10

[5]

stressat the cutting
edge coupled with
brittleness of
material causes

chipping

MPoor  chip-groove
utilization and a
very sharp cutting
edge

TiBAI4V

Turning operation,
cutting speed 150
250 m/min depth of
cut, 0.5 mm feed
rate 0. 15 mm/rev
Conventional
coolantflow

CBN and uncoated
carbidetool

[2]

activates chemical
reaction of coating
with substrate,
ACrack at interface
of coating and
substratecausesthis
kind of wear

Ti6AI4V
Facemilling, cutting
speed 55100
m/min, feed 0.1.0.15
mm/tooth, axial and
radialdepthof cut 2
mmand58 mm
respectively
CoolantHocut 808
6-7% concentration
Coated carbide tool
with coating of
PVD + TN and
CVD + TICN /
Al203

[
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3. Influence of machining
environment on wear mechanism

Wear mechanisms during machining
titanium alloys change with t
machining environments, see Fiha-
d. It shows SEM images of worn «
coated tungusten carbide inserts
room temperature and LI
environment durig orthogonal turnir
[6].

At room temperature, wear is obser
on the rake face. It appears smoot
there is a continuous contact of chif
the tool rake face. After delaminatior
the rake face, removal of subst
particles by abrasion processkee
place. However, the material remc
appears to be uniform with no fract
or crack on the rake face.

However, completely different we
mechanisms operate when cryog
cooling environment is employed
machining, see Fig. &,d. After coating
ddamination, chipping of tool no

occurs. Instead of rake face, w
progresses on the tool flank. ~
wear appears nemniform with nc
contact of chip to the rake fa
The fracture of tool takes ple
with the crack appearing at -
tool nose, see magdidd image ¢
Fig.1d.

Thus, a comparison of the wi
out tool insert used at roc
temperature and LN2 machin
environment shows different we
mechanisms. At roo
temperature, wear is observed
on the rake face and at L
temperature, wear takes plaoe
the flank face. At rool
temperature, uniform  attritic
wear is observed on the rake f:
On the other hand, at LI
temperature, the chipping ¢
fracture on thedol nose as well
flank takeplace.

100pm CRNTS 9/25
Okv S8BT LM WD 9. Omm X 3s 5.0kv SEI

Fig. 1 a-d Influence of machining environment on tool wear mechanisnb]
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4. Methods of reducing tool wear

This section gives a brief overview
recent investigatiam on improving th
cutting tool performance in machining
titanium alloys. The key focus a® fo
the research are on tool coating, adva
tool material, machining environment
lubrication system which are describe:
a tabular form, see Table 2. T

¥

widely investigated. Also, ti
performance of advanced t
materiab like BCBN, PCD an
CBN tools is evaluated ar
compared with the carbide toc
The Table 2 describes varic
methods adopted for improvi
cutting tool performance, cuttir
tools used, tool wear criter

effectiveness of various tool coati
multi-coating on tool, and change in t
properties during machining operation

processing parameter and
results achieved in terms of the 1
performance.

the

Table 2 Summary of search to minimize the tool wear in machining

Method Cutting tool Tool life criteria and Processing Results
parameters

Plasma Boronized and | VB =0.3 mm Tool life - 63 min
boronizing | non  boronized | iJOrthogonal turning v -70 m/min; f-0.2— | Thermo-chemical  diffusion  of
cutting WC inserts. 0.35 mm/rev boron atoms diffuse to the too
tool ii) Face milling cutting v - 50-163 m/min; f | surface making hard boride zone.
[9] - 1040 mm/min (dry machining) Tool life increased by 300%.
Multi-layer | Uncoated, TiAIN | Orthogonal turning of Ti6AI4YV, cBN and TiAIN + cBN coated
coating on | coated, TiAIN + | V - 120 m/min; f - 0.075, 0.1, 0.125 | WC/CO inserts exhibit largest
inserts cBN coated | mm/rev,{dry machining) cutting forces at higher speeds.
[10] single/ multi- c¢BN coated tool shows smallest

layer WC inserts Wear zone.
Tool Uncoated- i) VB220.15 mm The highest tool life recorded for
coating carbide and | ii)Maximum flank wearz0.2 mm TiAIN-coated-drill was 7.8 min
[5] TIAIN-PVD iii)chipping=0.2 mm after drilling the 25th hole at the

coated- iv)catastrophic failure lowest v - 25 m/min, f - 0.06

carbide drills Drilling Ti6AI4V, v- 25- 55 m/min, f -0.06 | mm/rev.

mm/rev,6%conc. of water-soluble coolant
Thermal i)cvD multi- | Localized flank wear VB3 > 0.9mm Tool life - 4.5 min and 3.5 min for
conductivit | layer coated End milling of Ti-62425 tooll and 2at 125 m/min.
y of tool | ii)Uncoated WC | cutting speeds, v - 60-150 m/min, f - | Wear in tool coating makes tool
material insert with | 0.10-0.20mm/tooth, axial depths tip  thermally congested which
[71 cobalt binder of cut 2-2.5mm activates the tool wear mechanism
Advanced CBN and BCBN | Average flank wear reached 0.4 mm, or | Tool life of 39.7 min at 400 m/min
Tool inserts when catastrophic fracture of the edge. of cutting speed.
material High-speed slot milling Ti-6Al-4V Cutting | Non-uniform flank wear on BCBN.
[8] v - 300-400 m/min, depth of cut - 0.050- | The higher v and lower f are
0.100 mm, f - 0.050 - 0.100 mm/rev. desirable.

Advanced i)lUncoated WC- | VB- 0.3 mm, Tool life of 15 and 22 min for tool
tool Co End milling of Ti6AI4V, v - 40- 160 m/min | 1 and 2 at v — 55m/min and f -
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5. Summary anc
recommendations
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In this article major tool wee References
mechanisms in  machining o [1] E. O. Ezugwua, R. B. DSilvaa,

titanium alloyy have ber
presentedThe mechanisswof tool
wear changewith the machining
environment. Also, the recer
areas of focuso improve the toc
performance in machining t
titanium alloy arediscussed.

Bonneya, A. R. Machadob, Evaluat
of the performance of CBN toc
when turning Ti6Ali 4Valloy with
high pressure coolant suppliebit.
Journal of Machine Tools
Manufacture 45 (2005), pp. 10G¢
1014.

In order to minimize tool wear [2] Hou ZhenBin, R. K. , On a Thermo

madining of titanium alloys
controlling temperature at t
cutting edgeplays animportan
role. Low machining temperatt

mechanical Model of Shear Instabil
in Machining.Annals of the CIRP
v44, nl (1995), pp.

prevents ddéamination an [3] A. Jawaid, C. H. Chelaron, A.

weakening of the cutting ed
Further tool temperaturechange
the thermal conductivity of tr
tool material which cretes
thermally active zone at cuttir

Abdullah, Tool wear characteristics
turning of titanium alloy T6246,J. of
Materials Processing Technology2-
93 (1999), pp. 32334.

accelerates the tool wea
mechanismTherefore, to impro\
tool performance, the authé
research group has concentrate
controlling the worktool interfact
temperature,  optimization

processing parametes and o
changing the machining
environment Atomized mist je
lubrication technique appears tc
a promising technique, as it dire
pressurized mist of oil a

Evaluation of wear mechanisms of
coated carbideobls when face millin
titanium alloy,J. of Materials
Processing Technolog®9 (2000),
pp. 266274.

[5] A. K. M. Nurul Amina, Ahmad F

Ismail, M.K. Nor Khairusshim
Effectiveness of uncoated WCc
and PCD inserts in end milling
titanium alloy Ti6AlT4V, J. of
Materials Processing Technolg
1921193 (2007), pp.147158.

the tool. Also, development
advanced tool materiahd coatint
material that withstand the hi
cutting temperature are the |
areas to improve performance

cutting tools in machining o [7]

titanium alloys.
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Cross word puzzle on failure analysis terminology

See pagd4 for answers

Ring finds rest as
embedded inclusion [8]

ope

Sropl Use PI model for
° seeing what happens

TEA T,MEI under compression [7]

Hundred marks over NH [7]
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Signature of the App

licant

13. Office Use Only
Membership Date of Enrolment Chapter
No.
Amount Paid Receipt No. / Date

(Rs)
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Books

Machinery Failure Analysis and

™ TrOUbleShOOting . HeinzP.Bloch , Fred K. Geitner _, Butterworth -
e e Heinemann, 10-Dec-2012, 760pp

" MACHINERY FAILUR

Structured to teach failure identification and analysis methods that can be applied to almost all

ANALYSIS AND bl ituati thi | ited update takes in th Ith of technological ad

TROUBLESHOOTING problem situations, this eagerly awaited update takes in the wealth of technological advances
and changes in approach seen since the last edition published more than a decade ago.

e My S R I T Covering both the engineering detail and management theory, Machinery Failure Analysis and

= By AR Troubleshooting provides a robust go-to reference and training resource for all engineers and
3 __' 2 managers working in manufacturing and process plants.

Risk Assessment and Decision Analysis with Bayesian

Networks
Published:
R|5K November 07, 2012 by CRC Press - 524 Pages
Author(s):
ASSESSME NT AND Norman Fenton, Queen Mary University of London, UK ; Martin Neil, Queen Mary
DEC'S'ON University of London, UK
# ®
5 ~ANMYSIS WITH Although many Bayesian Network (BN) applications are now in
BAYESIAN everyday use, BNs have not yet achieved mainstream
NETWORKS penetration. Focusing on practical real -world problem solving
il and model building, as opposed to algorithms and
i e theory, Risk Assessment and Decision Analysis with
MARTIN NEIL Bayesian Networks explains how to incorporate knowledge
. with data to develop and use (Bayesian) causal models of risk

that provide powerful insights and better decision making.

| Provides all tools necessary to build and run realistic
Bayesian network models

I Supplies extensive example models based on real risk
assessment problems in a wide range of application
domains provided; for example, finance, safety,
systems reliability, law, and more

I Introduces all necessary mathematics, probability, and
statistics as needed

Answers to the crossword:

Ring finds rest as
embedded inclusion [8]

Use Pl model for
seeing what happens
under compression [7]

IVI‘P L‘O‘D‘E‘

m o‘z - :U’—!‘m‘

|C | H | E| VIR © N Hundred marks over NH [7]



http://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Heinz+P.+Bloch%22
http://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Fred+K.+Geitner%22
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Events in the pipeline

1% International Conference on Structural Integrity
(ICONS-2014)

The First International Conference on Structural Integrity (ICE2N$4) i
being organised during February742014 by Indira Gandhi Center for Ator
Research (IGCAR) in Kpakkam, in joint collaboration with Indian Institute
Metals (1IM), Kalpakkam Chapter, Indian Institute of Welding (IIW), Che
Branch and Society for Failure Analysis (SFA), Chennai Center. Delegate
R&D and academic institutes and industry widke part in ICONS014 tc
share the statef-the-art advances in various aspects of structural inte
International experts will deliver invited talks in structured technical ses
The scope of ICONR014 includes all aspects of structural intiggrbut no
limited to

Mechanical property evaluation

Numerical modeling and validation

Fatigue and fracture mechanics

Creep and Corrosion

Design and stress analysis

Fabrication technology, CAD, CAM

Metal joining and welding

Hard facing and tribology

Microstructure characterisation

Nondestructive evaluation

Quality assurance

ISI, Condition monitoring and robotics

Reliability and regulatory aspects

Failure analysis and life prediction

Damage mechanics

Structural health monitoring

=4 =2 =0-0_9_9_9_92_24_-2_-49_-2_2_-2-2_2._-2-

For more details, pleas®entact:

Dr. T. Jayakumar

Chairman, Organising Committee, ICONS814

Distinguished Scientist and Director, Metallurgy & Materials Group
Indira Gandhi Centre for Atomic Research (IGCAR)

Kalpakkam- 603102 (Tamil Nadu), India

Phone: 0447480107 / 2748023(0)
04427481333 / 27487740 (R)
Fax: 04427480075 / 27480356

Email:icons2014@igcar.gov.in



mailto:icons2014@igcar.gov.in
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We are on the Web ! Please
visit www.sfaindia.org

From

Society for Failure Analysis (SFA)

C/O Centre for Military Airworthiness &
Certification, RCMA,

Kanchanbagh

Hyderabad -500058

SFA Newsletter Januarp0B

Wea r of Materials 2013

19th International Conference on Wear of Materials
Portland, Oregon, USA | 14 -18 April 2013
www.wearofmaterials.org

‘Physical and Failu ren;i'lzyi\'s of ”’egraf'e'd" Circuits

@IEEE 15 - 19 July 2013
7 Shangri-La Hotel, Suzhou, China

= ASME 2013 INTERNATIONAL DESIGN ENGINEERING TECHNICAL CONFERENCES

V%~ ani COMPUTERS AND INFORMATION IN ENGINEERING CONFERENCE

AUGUST 4-7, 2013 - PORTLAND, OREGON

For Private circulation only

To


http://www.wearofmaterials.org/
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