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MEW MATERIALS AND TOOLS
AUTHOR: DR.S.ROHAN TITTAGALA
ABSTRACT: The puwpose aof this paper is to present a general
swvey of the tool material situation with a view to bhriefing
the industrial user aboult the current trends and to clarify his
thinking in the quest for alternat%ve_ tool materials. It is
intended to create & general awareness ot the ‘real ’
requirements of a cutting tool in the light of the overall
production situation.
SGpecific teool material types are discussed and new developments

taking platce are highlighted.

INTREMUCTICN

With automation, reliability in the performance of materials has
became more and more  important  the cutting teol uwused in  a
machining operation is a good example of this. I+ the tool
fails freguently or prematurely the machine capabilities cannot
be fully ssiploited. Most modern machining systems are capable of
cutting metals and non-metallics at high material removal rates.

When cutting extremely hard materials at high speeds  their

productivity is limited by cutting tool edge wear.
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As cutting edge wears off, control over part size becomes

difficult and the swface finish deteriorates. There are courses
of action to be taken in this situation. The most common
solution is simply to change or reqgrind the tool. Down time for

tool change decreases machine ouwtpubt. A second golution dis  to

reduce machining speeds to control the rates of tool wear. This

foo lowers machine output. €7 Hhird  solution’ that improves
machine productivity is to use a more wear resistant, et ter
performance cutting tool. This is where a knowledge of tool
structure and properties, tool design, heat treatment preocedure

etc. becomes usetful.

The ultimate aim of a machining centre is to provide the most
efficient and cost — effective method of work peice -~ cutting
tool interaction. Therefore these two components have to  be
cmnsidéred essentially as a system and never in isolation. The

i L oA

term ' machinability ° therefore has a much broader m

production situation tham simply denoting the rate at or the

ease with which material is removed. Machinability may then be
taken to imply the number of components produced per howr, the
cost of machinirmg the component and the quality of surface

finish achieved btogether with dimensional acowracy.

Tool Material Regquirements
Toels used in manufacturing industry can be broadly cla: sified
inte two groups, viz. cutting tools and  forming tools. The

former is of primary importance in the present context.



The ‘perfect’ tool materiai for cutting high strength materials
at high removal rates requires the following characteristics:

& High hardness , abrasion resistance and strength—-impact
resistance combination, all at the tool operating
temperature.

[} High resistance to odidation and to chemical attack by
the workpeice materials.

C Heasonable ease of fabrication into the variety of
forms reguired by the industry.
d Wide availability at a price which makes the tool

5 cost- eftective.

Year by vear ‘better’ tool materials are inovated and put to use
by industry. However, obviously, no one tool material can meet
the diversity-of industrial conditions., Most toonl materials used
by industry today combine a satisfectory compromise of the above
characteristice and bhave increased productivity in a wide Arange
af materiales. However the resl problems in machining are
encountered when dealing with those work materials identified as
difficult-to-machine materials "y, for example the nickel-based
superr alloys used in the aeroaspace industey. These are mostly
machining situations unlikely to e encountered by the local

future, but an  awareness of

manufacturing industry in the

these problem situatations is nevertheless useful.

What is expected of & cutlting *tool material by the local

[}
industry, probably even after moving towards avtomation, are:

\

& Adequate tool life and reliability.

b\ Reproducibility of cuting performance.
A
C Hdaptability to & variety of machining situations.
\x
d ARility to be brazed (indexable insert types apart).
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Tool Material Types and Selection
Increased productivity is sought by the industrial user

primarily through higher cutting spaeads. This has led to a
continued demand for tool material more resistant  to higher
temperatwe. The development of cutting toonl materials hias kept

pace with the advances in machine tool technolaogy. The full

potential of new machine tools cannot be sploited without
improved materials and vice-versa. Development in cutting

technology during the last two centuries or so  has meant more
than a hundred—-fold increase in the maximum speed available to
the user, realised primarily through much improved temperature
capability.

The tool materials used in industry fall basically into four

groups: '
i High speed steels HLE B
2 Cemented carbides
A Ceramic materials
L Uitra—-hard materials

Within these four specialised groups, hundreds of different
compositions are currently available, posing problems of
selection to the user. The wse of the latter groups is very
limited in the local scene.

There is considerable srea of overlap where different materials
are in competition, particularly in  the speed range 100-300
m/min for stee. Thus there is no wnigue choice as  such

and cemented carbides can cater for

available to the user.
mare than 90 % of all machining, the ceramics and uwltra-hard
materials being reserved for special apﬁlicatioﬁa" Thiz reflects
the fact that routine cutting of cast irons,  low carbon  steels

and low alloy steels make up the majority of component
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machining. These work materials pose relatively few technical

problems and HSS and the carbides possess the correct balance od

properties coupled with economy for such situations.

Choice between the HS% and carbides depend wpan application. The

greater toughness and edge retention capability of HS88 have
"fEéhdéﬁwﬁb’giQéuift & wider range of .applicatimnﬁm than fge
carbides. HES very nearly moropolise the tool material field for
products such as saw blades and drille. They also have a very
large share of the market for turning, boring and milling tools
where the nature of the operation restricts cutting speeds
practicable or the work is of a Jabbing nature. Tt is also still
the most favoured material for making complex shaped toole. The
carbides, however, are prefered where vary rapid metal removal
is to be carrisd out op i ol arel werl 1 coritroal 1ed machines,

Aee .
Thus carbldea\prlmawily the tools for mass production.

High Speed Steels

The high cost and soaraity of @ have led to increased use

af Moelybdenum grades  of HBG (FM-sariad) for economy  in

prference to seriea HAH, High Cobalt/Molybdernum gracdes are

for  dncreas e an resistance and

particul arly

toughness,

The widely used conventico al casting route for production of HSS

which often poses problemz of carbide segregation, is now being
substituted to some extenc by powder metallurgy processes.

would  bring - about

Sintered parts produ directly  +to

reductions in HS8S price in the long run. Application of swface

coating technique ta HE8 tips/inserts has not proved  much

successtul .



The only type which shows a significant improvement in cutting
speed is a Ti N ceoating , but the use of coated HS8S is still

vary limited.

Cemented Carbides

with

Developments in carbide technology have provided the user
harder, tougher and more wear resistant varieties. Again due to
the escalating price of tungsten and cobalt, there is now &
greater interest shown in TiC grades bonded wi th nickel
deviating from the more Establiﬁhgd WC-Co  types. Clearly the

economy will primarily determine the pattern of development.

Undoubtedly the greatest improvements in  the performance of
carbide tocls have come From the intreduction of vapour
depositred coatings, _initially of  TiM or  TINSTiC bul  more
recently covering a variety of compositions. These give very
substantial increases in tool life over the wncoated carbides,
and by benefitting from the “throw-away tip’ (indexable insert)

concept, have made significant in roads into the carbide market.
This unfortunately has resulted in & problematic situation
confronting the user az far as selection is concerned since &

wide variety of coating types are now proliferating the market.

Ceramics
The development of Aluminag tool materials was &t one time
considered a majior break through in the tool material field but

the original expectations were not guite realised. The ceramics

require very rigid machines operating at  high speeds  and the
maintenance of good machining practice generally. Perhaps the

user application of ceramics to unsuitable operations has been



responsible for some of the mistrust now placed on ceramics.

Despite this, sufficiently reliable varieties of ceramics (and

cermets) are now available for specialised applications.

Oxides have dominated the ceramic tool market up te now with
—Alumina-taking . a.lead role, . but Sialon materials (Si-A1-0-N)_
represent a recent potential addition. A particul ar
advantage, inspite of high price, is in continuous cutting of

cast iron at extremely high sheeds. Tts applicability also to

~—
interrupted cutting situations makes sintered Sialan a
prospective future tool material.
Ultra—Hard Materials
These are tool materials used for dealing with hard and abrasive
workpiece materials.
For example compact polycrystallinge diamond (generally on &
tungsten carbide substrate) iw successfully applied + o
e machining high silicon containing aluminium alloys wsed  as

piston materials and also for mchining plastics and fibre glass.
Inspite of being 20-30 times as expensive as ite carbide
equivalent, diamond toole still have the potential for claiming
overall economic superiariiy. They are,however, not suitable at
all for machining steels. Cubic boron nitride, which is even

e lished material in thie group.

more expensive, is the other es
It is used in machining aeraspace materials, hardened steels and

grrinding.

e

cast irons, which would otherwi



Fresent Trends

The emphasis in tool material development has so far been mainly

directed at improving their temperature capability, the ultimate

aim being to achieve a higher cutting speed. Obviously there

muet be a limit to the ecomnomy that can be achieved . thfough
increased cutting speed alone. The treAE in development is now
clearly shifting towards tool reliabilty. The really significant
costs are the tool changing costs and the losses due to lost

production time. In this light, the actual cost of the tool

material may bhe relatively insignificant,

On the other hand no machine tool will be cutting the whole of
the time it is running, and therefore increased cutting, speed
alone does not really mean much unless machine loading time,
chip removal etc. can be speeded up to match. Thus the,;modern
machining  centre capabilities will ultimately decide = the

realistic” toocl reguirements in the automated production

Eituatione



