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INTRODUCTION: 
 Failure in engineering is 
defined as inability of a system or 
component to perform its 
intended function. When one 
considers thousands of 
components which are fabricated 
and placed in service, it is not 
unusual to expect that some of 
them will fail prematurely. Simply 
from statistical view point it is not 
reasonable, with the present 
engineering practices, to expect 
NO FAILURE. However, even 
though the number of failures of a 
particular component may be 
small, they are important because 
they affect manufacturer’s 
reputation for reliability. 
 In some cases, particularly 
when failure results in personal 
injury or death it leads to 
expensive law suits. It is not 
unusual for aerospace industry 
under prodding from users to 
recall hundreds of 
aircrafts/components to correct a 
design or manufacturing defect 
even though the actual number of 
failures is very small. Hence 
failure investigation and analysis 
plays a vital role in aviation. 
 
INCIDENT/ACCIDENT 
INVESTIGATION:  
 Whenever an aircraft or 
helicopter meets with an incident 
or accident, identifying the root 
causes of the incident or accident 
by a team of specialist is 
mandatory in aviation industry. 
The causes of the incident or 

accident could be one or more of 
the following: 
 Failure of a vital 

component/system 

 Inadequate design 

 Wrong assembly of parts 

 Pilot error 

 Bad weather 

 Sabotage 

 Change in operating 

environment 

 Improper/poor maintenance 

of the aircraft/helicopter 

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

 
FAILURE INVESTIGATION: 
 In case of an incident or 
accident occurred due to failure of 
a vital part/component /system, 
failure investigation and analysis 
play a vital role. In any failure 
analysis, it is important to get as 
much information as possible 
from the failed component itself 
along with an investigation of 
prevailing conditions at the time 
of failure. 
 The general questions 
asked during the course of 
investigation/analysis are: 

Never worry 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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"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 

 

 

 

 

 How long the 

part/component/system was in 

service 

 Was the part/component 

properly assembled and 

maintained 

 What was the nature of 

stresses at the time of failure 

 Was it subjected to any in-

service abuse 

 Whether the 

correct/specified material was 

used or not 

 Whether correct 

manufacturing and heat treatment 

process was followed or not  

 Was there any 

manufacturing deviation on the 

part 

 Was there any change in the 

operating environment 

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

 
CORRECTIVE ACTION: 
In aviation industry it is important 
and mandatory to evolve and 
institute corrective /remedial 
measures to avoid recurrence 
similar failures in future once the 
most probable causes for the 
incident or accident are identified. 
In case of a failure of  
part/component/system, 
recurrence of similar failure can be 
avoided by one or more any of the 
following:-- 
 Change of design of the failed 

part/component/system 

 Change of material 

 Change of 

manufacturing/heat 

treatment processes 

 Following correct 

assembly procedure etc., 

Under these circumstances, it is very important to identify the aircrafts/ helicopters in which similar part/components/systemis used. Subsequently, those aircraft/helicopters are to be withdrawn from
the service and kept on ground 
without flying till the affected 
part/component/system flying 
is replaced with a serviceable 
part manufactured as per the 
above corrective measures. By 
this, it is assured that the 
aircraft/helicopters is fully 
serviceable and airworthy and 
can be released for further 
flying/use. In some cases, the 
affected aircrafts/helicopters 
are withdrawn from the 
service in a phased manner 
depending upon the criticality 
of the failure and action 
required thereafter. 

 
CONCLUSION:    
 In any system, failure is 
inevitable. However, it should 
be contained/ avoided. Failure 
Analysis plays an important 
role in this regard. Systematic 
methodology of failure 
investigation and analysis is 
being followed in the aviation 
industry in respect of 
investigation at component 
level, system level, aero engine 
level and aircraft/helicopter 
level. To identify the root 
cause of the failure of the 
components, sophisticated 
equipments and the 
knowledge of the experts for 
interpreting the results are 
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Change means movement. 

Movement means friction. Only 

in the frictionless vacuum of a 

nonexistent abstract world can 

movement or change occur 

without that abrasive friction of 

conflict- Saul Alinsk 

very much essential. By pooling all the data related to failure analysis 
and precautionary measures available and following the same during 
the design and manufacturing stage, failures in any system can be 
minimized.  
                        --------------------------xxxx------------------------------ 
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1. Introduction 

Titanium alloys have wide 

applications range in aerospace, 

chemical and medical industries due 

to high strength-to-weight ratio, 

corrosion resistance, and ability to 

maintain strength at high 

temperature. However, major 

challenge faced by these industries is 

to minimize the tool wear that occurs 

during machining of titanium alloys. 

The properties of titanium alloys that 

cause high tool wear are its poor 

thermal conductivity, low modulus 

of elasticity, chemical affinity with 

tool material and strength at high 

temperature [1, 2]. These properties 

introduce several difficulties in 

machining of these materials. For 

example, poor thermal conductivity 

causes accumulation of heat at 

cutting edge, low modulus of 

elasticity induces chatter during 

machining and chemical affinity of 

titanium adversely affects the 

strength of tool material. Also, the 

ability to maintain strength at high 

temperature causes relatively large 

magnitude of cutting forces. 

Therefore, titanium alloys are 

usually classified as ‘difficult-to-cut’ 

materials and extensive research is 

carried out to improve their 

machinability. 

This article presents an overview 

of important tool wear 

mechanisms that prevail in 

machining titanium alloys. It also 

dwells upon the influence of 

machining environment on tool 

wear and methods to improve the 

tool performance. Finally, 

recommendations to reduce tool 

wear have been presented. 

 

2. Tool wear mechanisms in 

machining of Ti-alloys 

These mechanism are summerized 

in Table 1. There are five main 

mechanisms of tool wear that 

usually prevail in machining of 

titanium alloys. Thease are- 

a. Abrasion : It involves removal 

of grains from tools by adhering 

chips or work piece. It occurs both 

on rake face and flank face, see 

Table 1. This wear intensifies with 

the passage of time and causes 

serious damage to the tool cutting 

edges [3]. 

b. Adhesion: Due to seizure at 

http://www.betterworldheroes.com/alinsky.htm


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The best and most beautiful 

things in the world cannot be 

seen, nor touched, but are felt 

in the heart. 

- Helen Keller 
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work-tool interface, a strong bond 

between chip and tool gets formed. 

The adhered chip material gets 

removed during cutting process but in 

the process, removes a portion of 

cutting tool material with it [4], see 

Table 1.   

c. Diffusion: High tool work 

temperature and severe contact 

between tool-chip provide ideal 

conditions for diffusion of atoms from 

tool material. Diffusion of cobalt 

atoms reduces the bonding strength of 

carbide tools thereby causing 

accelerated crater wear on the tool face 

[3]. 

d. Chipping and fracture: High 

temperature and stresses at the chip- 

tool interface combined with 

brittleness of tool causes this kind of 

wear. Many a time, an increase in rake 

face wear leads to chipping and 

fracture [2], see Table 1. 

e. Coating de-lamination: It is 

the initial tool wear observed 

mainly on the rake face which is 

followed by the flank and rake 

face wear. It is attributed either to 

chemical reaction or the crack 

propagation at the interface due to 

difference in thermal coefficient 

of expansion between coating 

matrix and substrate. Smaller de-

laminations are observed in CVD 

coated tools due to greater 

adhesion of these coating [4], see 

Table 1. 

The tool wear mechanisms 

described above are further 

explained with reasons for wear, 

typical figure, cutting tool 

material and processing 

parameters in Table 1. 

 

Tool wear mechanisms in titanium alloys

Tool wear Abrasion Adhesion Diffusion Chipping and 

fracture

Coating 

de-lamination

Reasons • Presence of hard

particles in work

•Irregular material flow

past the cutting edge at

low cutting speed

• Built up edge formation

at the cutting edge.

It is dominated at flank

face and nose.

• Seizure of chip with the

rake face due to high

temperature and pressure.

•Thermal softening at

high temperature

increases this wear.

It is dominated on the

rake face

•Higher cutting speed

causes increased

temperature at rake face

and gives rise to smooth

dissolution-diffusion

wear.

•Diffusion of cobalt and

tungsten atoms on the

chip shows this kind of

wear

•Existence of high

temperature and

stress at the cutting

edge coupled with

brittleness of

material causes

chipping

•Poor chip-groove

utilization and a

very sharp cutting

edge

• Work-tool interface

temperature

activates chemical

reaction of coating

with substrate,

•Crack at interface

of coating and

substrate causes this

kind of wear

Typical

photo-

graphs

Titanium

alloy

Ti6Al2Sn4Zr6Mo Ti6Al4V Ti6Al4V Ti6Al4V Ti6Al4V

Machining

parameters

Turning operation,

surface speed 60-100

m/min, feed rate 0.25 and

0.35 mm/ rev, depth of

cut 2mm,

dry machining.

Face milling, cutting

speed 55-100 m/min, feed

0.1.0.15 mm/tooth, axial

and radial depth of cut

2mm and 58 mm

respectively.

Coolant-Hocut-808 6-7%

concentration

End milling, cutting

speed for carbide insert

40-120 m/min.

For PCD insert 120 to

250 m/min, axial depth

of cut 1 mm and feed 0.1

mm per tooth.

Full immersion cutting.

Turning operation,

cutting speed 150-

250 m/min depth of

cut, 0.5 mm feed

rate 0. 15 mm/rev.

Conventional

coolant flow

Face milling, cutting

speed 55-100

m/min, feed 0.1.0.15

mm/tooth, axial and

radial depth of cut 2

mm and 58 mm

respectively.

Coolant-Hocut 808

6-7% concentration

Tool

material

Carbide insert CNMG

120408-890, CNMG

120408-883

Coated carbide tool with

coating of PVD + TiN

and CVD + TiCN /

Al2O3

Uncoated carbide inserts

R245-12-T3K-MM2030,

PCD inserts R245-12-

T3E-CD10

CBN and uncoated

carbide tool

Coated carbide tool

with coating of

PVD + TiN and

CVD + TiCN /

Al2O3

References [3] [4] [5] [2] [4]

Adhesion on tool

Abrasion wear

Diffusion wear

CBN tool

Coating de-lamination

PVD tool

 

Table 1 Various tool wear mechanisms in machining of titanium alloys 
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3. Influence of machining 

environment on wear mechanism 

Wear mechanisms during machining of 

titanium alloys change with the 

machining environments, see Fig. 1 a-

d. It shows SEM images of worn out 

coated tungusten carbide inserts at 

room temperature and LN2 

environment during orthogonal turning 

[6]. 

At room temperature, wear is observed 

on the rake face. It appears smooth as 

there is a continuous contact of chip on 

the tool rake face. After delamination at 

the rake face,  removal of substrate 

particles by abrasion process takes 

place. However, the material removal 

appears to be uniform with no fracture 

or crack  on the rake face. 

However, completely different wear 

mechanisms operate when cryogenic 

cooling  environment is employed in 

machining, see Fig. 1 c,d. After coating 

delamination, chipping of tool nose 

occurs. Instead of rake face, wear 

progresses on the tool flank. The 

wear appears non-uniform with no 

contact of chip to the rake face. 

The fracture of tool takes place 

with the crack appearing at the 

tool nose, see  magnified image of 

Fig.1d. 

Thus, a comparison of the worn 

out tool insert used at room 

temperature and LN2 machining 

environment shows different wear 

mechanisms. At room 

temperature, wear is observed on 

on the rake face and  at LN2 

temperature, wear takes place on  

the flank face. At room 

temperature,  uniform attrition 

wear is observed on the rake face. 

On the other hand, at LN2 

temperature, the chipping and 

fracture on the tool nose as well as 

flank  take place.  

 

 

a. 

Rake face Magnified image

c.

WC insertWC insert

Magnified image

Rake face

Flank face

Uniform wear
on rake face

Chipping and fracture

b. d.

Chipping 

 

Fig. 1 a-d Influence of machining environment on tool wear mechanism [6] 
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4. Methods of reducing tool wear  

This section gives a brief overview on 

recent investigations on improving the 

cutting tool performance in machining of 

titanium alloys. The key focus areas for 

the research are on tool coating, advanced 

tool material, machining environment and 

lubrication system which are described in 

a tabular form, see Table 2. The 

effectiveness of various tool coating, 

multi-coating on tool, and change in tool 

properties during machining operation are 

widely investigated. Also, the 

performance of advanced tool 

materials like BCBN, PCD and 

CBN tools is evaluated and 

compared with the carbide tools. 

The Table 2 describes various 

methods adopted for improving 

cutting tool performance, cutting 

tools used, tool wear criteria, 

processing parameters and the 

results achieved in terms of the tool 

performance.  

 

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

titanium alloys 
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 5. Summary and 

recommendations 

In this article, major tool wear 

mechanisms in machining of 

titanium alloys have been 

presented. The mechanisms of tool 

wear change with the machining 

environment. Also, the recent 

areas of focus to improve the tool 

performance in machining the 

titanium alloy are discussed. 

In order to minimize tool wear in 

machining of titanium alloys, 

controlling temperature at the 

cutting edge plays an important 

role. Low machining temperature 

prevents de-lamination and 

weakening of the cutting edge. 

Further, tool temperature changes 

the thermal conductivity of the 

tool material, which creates 

thermally active zone at cutting 

edge. This phenomenon 

accelerates the tool wear 

mechanism. Therefore, to improve 

tool performance, the authors’ 

research group has concentrated on 

controlling the work-tool interface 

temperature, optimization of 

processing parameters and on 

changing the machining 

environment. Atomized mist jet 

lubrication technique appears to be 

a promising technique, as it directs 

pressurized mist of oil and 

lubrication at the cutting edge of 

the tool.  Also, development of 

advanced tool material and coating 

material that withstand the high 

cutting temperature are the key 

areas to improve performance of 

cutting tools in machining of 

titanium alloys.  
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Cross word puzzle on failure analysis terminology 

See page 14 for answers: 
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