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Abstract

The overall aim of the study is to improve the tbotly performance by use of an advanced steel gvibe
an optimized combination of all the demanding prtps. Due to the high temperature conditions thiesis
concerns mostly hot-work tool steels increasingo allse general knowledge of their microstructure,
mechanical properties and machinability. Knowing positive effect of sulphur on machinability oéels,
the first step was to indentify a certain limit the sulphur addition, which would not reduce thgfe
strength of the tool body below an acceptable levetool bodies, where the demand on surface noegh
was low and a geometrical stress concentrator wesept, the addition of sulphur could be up to Wi%B.
Fatigue performance of the cutting tools to a largent depended on the steel resistance to sakesstion
under high dynamic loading and elevated temperstuifehe stress relaxation behaviour, material
substructure and dislocation characteristics inddayed and hot-work tool steels were studied gis{rray
diffraction under thermal and mechanical loadingffdbent tool steels exhibited different stressaxation
resistance depending on their microstructure, temesistance and working temperature. Hot-work tool
steels showed to be more preferable to low allot@a steels because of their ability to inhibit the
rearrangement and annihilation of induced disloceti High-temperature softening resistance of e h
work tool steels was investigated during high-terapge hold-times and isothermal fatigue and diseds
with respect to their microstructure. Carbide matphgy and precipitation were determined using stann
and transmission electron microscopy.

Machinability of a prehardened hot-work tool stexdl varying nickel content from 1 to 5 wt% was
investigated in end milling and drilling operatiomdachining the higher nickel containing steelsubesl in
longer tool life and generated lower cutting foremsl tool/workpiece interface temperature. Theedéffice
in machinability of the steels was discussed imteof their microstructure and mechanical propertie

Keyword: Coated carbide insert; coating Materials and Steel.

1. Introduction

Metal cutting is among the oldest and most impdrtaaterial shaping processes which is widely usetheé
automotive, railway, ship-building industries, a&ft manufacture, home appliance, electronics and
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construction industries, etc. It covers all chipafing operations in which a thin layer of metak tbhip, is
removed by a wedge-shaped tool from a workpiecenifig, drilling, boring and milling are some of thest
important machining operations employed in shaping sizing engineering components. These operadiens
usually done on the machine tools using differeutig tools, drills and milling cutters. Metal ting
economics is to a great extent about the tool pmdace. Cutting tools represent only some percehts
production cost but have a significant influencettoa total economy. Changing to a tool with longed more
predictable tool life, the machine runs with feveéops and the time consuming maintenance causeédoby
replacement is decreased. The increased operationas directly result in better profitability byigher
productivity and lower production costs.

Performance of indexable insert cutting tools is maly about the performance of cutting insertsislalso
about the cutting tool body, which has to provide &ccurate positioning and secure support ofnguitiserts
under the tough working conditions. The new toekebtfor cutting tool bodies, called MCG 4M, has tbee
developed in the close cooperation between AB S&r@eromant, which is the world-leading tool produc
and Uddeholms AB, which is the world-leading totded producer. The new steel MCG 4M was specially
designed to meet the tool producer demands todkegeneration of cutting tool bodies. The namghefsteel
has been changed during the development processfdhe the MCG 4M appears under different designat
such as HWX and MCG2006 in the enclosed papers.

Metal cutting process forms the basis of the eraging industry and is involved either directly adirectly in
the manufacture of nearly every product of our nmodsvilization. The cutting tool is one of the ionpant
elements in realizing the full potential out of ametal cutting operation. Over the years the demasfd
economic competition have motivated a lot of reslean the field of metal cutting leading to the kaitmn of
new tool materials of remarkable performance arst patential for an impressive increase in proditgti
Changes in work piece materials, manufacturing ggses and even government regulations catalyzégbara
advances in metal cutting tooling technology.

The most important elements in the design of cgttmols is the material construction and there giadis
selection. The properties that a tool material npustess are as follows:

» Capacity to retain form stability at elevated tenapares during high cutting speeds.
» Cost and ease of fabrication

» High resistance to brittle fracture

* Resistance to diffusion

* Resistance to thermal and mechanical shock

Tool materials have improved rapidly during thet Isigty years and in many instances, the developrogn
new tool materials has necessitated a change imébgn trend of machine tools to make full usehef
potentialities of tool materials for high produdtys Progress from carbon tool steels, high spdedls and
cast alloys to carbides and ceramics has facilitatee application of higher speeds at each stage of
development. With the advent of carbides and carsungidical changes have taken place in the desitpob
holders and cutters and the concept of the throayaipped tool where the insert is held mechanjcafid is
discarded after use represents a major advanbe imétal removing technology of modern times.

Till 1900 machining was performed by plain carbawoltsteel, shortly after 1900 high speed steel was
introduced this has undergone many modificationsngi rise to several types of HSS. The next notable
improvement came with the introduction of cobalhtéed sintered tungsten carbide. However shortage of
tungsten has led to the development of many nogsten cutting tool materials. Ceramic tools exhiity

high hardness and wear resistance facilitatinguges of higher cutting speeds. UCON a new tool riater
consisting of columbium, tungsten, titanium pern@i@ increase in the cutting speed when comparéd wi
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tungsten carbide. Cubic Boron Nitride with hardnesst to diamond which is claimed to give speed Bt
times that of carbide can be used to cut hardenattrials. Polycrystalline diamond bonded to tungste
carbide substrate has been successfully employeddohining non-ferrous materials.

Traditional tool materials such as HSS continueutmlergo substantial improvement in there properties
through suitable modifications in their compositiby optimizing the processing technique as well as
incorporating various surface treatments. As alresfuthese technological advances HSS are stillse
having surviving competition from carbides and oeis. Carbide because of the ability to retairsttength
and hardness at very high temperatures, to wittistatting speeds 6 or more than 6 times higher thais of
HSS and the economical price has become a loglmaice of many cutting industries. However with the
incorporation of suitable surface treatments,étwise life as well as its properties can be enbdreven more.

Figure 1. Modern indexable insert cutting toolsfor drilling and milling.

2. Literaturereview

In this paper, machinability of AISI 316 austenisi@inless steel was investigated using cryogdpitaated
and untreated high-speed steel (HSS) twist dfflachinability of AISI 316 austenitic stainless dtees
evaluated in terms of thrust force, tool life, suwé roughness, and hole quality of the drilled $ole
Experimental results showed from 14% to 218% imprognts for treated tool lives. Thrust force, swfac
roughness, and hole quality are better with trealetls when compared with untreated drills. These
improvements were mainly attributed to formation fifie and homogeneous carbide particles and
transformation of retained austenite to martendite&erohardness and microstructure observationsfigdri
these formations.

The tool life performance of multilayer hard cogsnwas evaluated for machining of spheroidal gteptast
iron. TICN+TiC+AI203+TiN and TiCN+TiC+AI203+TiN mdilayered coatings with different thicknesses
were fabricated on WC substrates using high tenyperahemical vapor deposition (HTCVD). These ogtti
tools with hard multilayered coating systems weseduin the longitudinal turning of spheroidal grisg@ltast
iron under the cutting conditions encountered m wWork. To investigate the tool life performanceciriting
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tools coated by HTCVD, cutting experiments werefgraned using a CNC turning bench with 3 different
cutting tools having multilayered hard coatings and uncoated insert with square edges, and a tjpe o
spheroidal graphite cast irons. The tests were dader various combinations of speed, feed, anthd#fut.
Tool life based on flank wear was considered to gam the 3 cutting tools. Tool performance was ated
with respect to tool wear, surface roughness, atiihg forces at 4 different cutting speeds in thege 125-
200 m/min.

Current experimental studies have yielded thatraygpeed, using carbide cutters, has no signfficdluence
on surface roughness obtained for machiningutiieTitanium alloy Ti-6Al-4V. This paper presents rkswof
experimental investigations carried out on the Widesed titanium alloy Ti-6Al-4V using variable ¢inig
speeds as well as different cutting tools at a taomideed rate and depth of cut. The effects ofingrcutting
speeds on the tool life have been analyzed by atisggethe surface roughness of the machined sanapids
the tool wear observed during machining. As theirmgitspeed increases, the tool life drops off veaidly
and at higher cutting speed the chips start tdegmecause of high heat generation at the cutting zvhich is
mainly caused by the low thermal conductivity d&mium alloys as postulated. Consequently highéincu
speeds may be used to dramatically reduce the ptioducosts, but the currently available cuttinglsowill
have a very poor tool life. According to this stuityhas been identified that the uncoated carbode life is
comparatively better than that of coated oneswétautting speeds whereas the coated ones awergioks at
higher cutting speeds. It is expected that the Inmeganufacturing industries will be highly benefitby this
outcome in selecting the appropriate cutting taoMeell as cutting speed according to their desgnedace
finish and tool life.

The performance of Chide tols was gidied to investigate the tool life and wear behavior at various
machining parameters.o@ed and uncoadd carbide tools were used in turning tool steel AISI D2 hath
hardness of 25 IRC. Machning test wee performed in dry cutting condition at various cuttingesps ad
feedrates. Tagichi's design of experiment was employed to accommodate thénimiag parameers of various
cutting peeds and feed ratedResult show that the wear progressiontfah types of @rbide tools experienced
three stages of wear ramamely: initial, grdual and arupt sages of wear mechasm. Slow wear rate and
uniform flank wear observed at low fkeate of O.05mmlrev.Genally coated tool performed better as
compared to uncoated todl good surface finish and longer tool life were i@ekd using coated tool

A study was undertaken to investigate wear ofembaind uncoated carbide end mill cutters (K20)s Bhidy
was done on austenitic stainless steel (SS3161h thi2 use of combination of different speeds amdide 4
um thick coating of AICrN which is done by PVD methon carbide tools proved to better when machirsng
done on SS316L, as compare to uncoated tools. Atearell as surface roughness is found to be inedeas
with the help of coated tools. For surface roughrfesd is found to be the most dominant factoroaistant
depth of cut. Al based coatings provide chemicaftimess, hardness and good wear résistance dum to t
formation of Al203 layer on the tool surface atthigmperatures. ISO criterion (0.3 mm flank weaaswsed

to measure the tool life of end mill cutters. Almdsuble tool life is achieved for coated toolscaspare to
uncoated one, may be due to fact that coatingsigeavetter wear resistance even at high temperature
cutting zones which is due to high speed cuttirtge Tombination of high speed and high speed wasdftm

be the worst combination as far as flank wear issiered, as at high speeds higher stresses asogded on
tool and tool edge. Good surface finish is obserfiegdcoated tools, specifically when combinationhigh
speed and low feed is used. SEM analysis is doras 0 investigate tool wear of end mill cuttermally it
was found that uncoated carbide inserts cannotsked to machine SS316L at high speeds and feeds, and
coating of AICrN is proved to be suitable for tlzare.

There are different types of cutting tools in userhachining various materials for the multiple @m®ns in
order to produce components. The manufacturerseset components expect to improving their proditigtiv
quality of the components and longer life of thétiog tools. Similarly the customers also expeet tfuality
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and durability of the product at competitive pridée tool manufacturers also aims at producingityugdols

to with stand for higher cutting forces, thermadiséivity with more wear resistance and to giveglenlife of
the tool, to produce better surface finish prodund maintain desired dimensional accuracies optbduct.
For the past several years the materials of thingutools are the same, but due to continuous érgments

in enhancing the life of the cutting tools, diffetenethods/process are in progress for produciagabls. The
cutting tool manufacturers with their rich R&D exjmce and continuous innovations, carrying onrthei
production activity to meet the challenges of tharkat demand. In this paper the analysis is made¢hf®
performance of various coated carbide cutting taolsnachining the steel AISI 1018. In this reviethe
machining performance of coated tungsten basedmechearbides, were investigated during finish ingrof
AISI 1018 steel under dry conditions. The coatiags of TiN, AI203TiN/AI2 O3,TiC/AI2 O3/TiN and nano
composite coating respectively. For comparisonpated cemented tungsten carbides are also testied the
same cutting conditions. The coated tools exhibigagerior wear resistance over the uncoated tood T
TiC/AI2 O3/TIN coated tool had the lowest flank wedhe Al2 O3, coated tool showed superior wear-
resistance over the TiN/AI2 O3 coated tool. The Tiited tool showed the least wear resistanceraghect
to the other coated tools. The coated tools pratiloeer surface roughness compared to the uncdatdd
The TiC/AI2 O3/TiN coated tool produced the lowsgtface roughness of all the tools tested.

Steel selection factors and limitations

Steel selection for tool bodies is essential far filnctionality and manufacturability of a tool.adyring the
common damage mechanisms and working conditionsutiing tool bodies, there are several important
properties influencing the usability of the cuttitmpl bodies. First of all, the tool body steel uzgs an
adequate level of fatigue strength to stand theadya stresses imposed during use. In additionstiel needs
high strength and hardness to stand the stresseshiim wear. Moreover, the steel should keep stheag
higher temperatures and over the whole life tim¢heftool body, i.e. have high temper resistanceragh hot
hardness to avoid plastic deformation and weaemise. The detailed analysis of the cutting toaducer
needs has led to the conclusion that machinaligliplso essential, as machining of the steel reptesa large
fraction of the production cost of a cutting tod.complex shape with flutes and insert pocketgaith holes
and small and deep holes for cooling channels reguime-consuming and advanced machining opesation
Moreover, because of demands on the dimensionafracy, the cutting tool bodies are also prefercethe
machined in the prehardened condition that makesntichining more difficult.

Materials

Tool steels are used for tools, dies, and moulds thape, form, and cut other materials. Toolsoperfsuch
operations as forging, cold work, die casting maicty, etc. Because of their special propertied, steels are
also employed for structural parts as machine eisnshafts, bearing, gears, etc., in demandingamments
as high loads, wear and high temperatures. Withwh steels, there are various classifications, titan be
based on alloying, application or heat-treatmemicokding to the AISI classification system, tocteds are
arranged into nine main groups: water-hardening steels (W), shock-resisting tool steels (S),haitdening
tool steels (O), air-hardening tool steels (A),Maarbon high-chromium tool steels (D), mould ste@l),

hotwork tool steels (H), tungsten and molybdenughfspeed tool steels (T and M).

In high-alloyed tool steels, as high-speed stabbye is a great risk for segregation of alloyiteneents, and
the powder metallurgy is the process to be usedtlyias in the conventional steel making, sceamelted
and the steel chemical composition is adjustededus of casting, the steel is then sprayed outdndplets,
which solidify on the way down in the argon-filledntainer. The steel powder is collected in a c@mof
low-carbon steel, which is then submitted to hafsiatic pressing for consolidation. After that,ldig are
hotworked to final dimensions and soft annealedol Tateel heat treatment to working hardness inwlve
austenitizing, quenching for martensite formatiangd tempering. The goal of this processing is twlpce a
microstructure of tempered martensite with dispeedying element carbides.
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Tool steelsused in this study

The first one was the most commonly used for tamlybapplication SS2541 (Swedish Standard) or tHal Al
P20+Ni. THG2000 (Uddeholm designation) was the rothel body steel chosen for the studies, which tlias
chromium hot-work tool steel AISI H13 modified famproved machinability. QRO90 (Uddeholm
designation) was the special low chromium hot-wimd steel with very high elevated-temperaturersite,
included as a reference for comparison when tedtieg high-temperature properties. Finally, MCG 4M
(Uddeholm designation, called HWX in Paper Il an€GR006 in Papers Ill and V) was the hot-work tool
steel, newly developed within the project for tbolies, with leaner balance of carbide alloyingrelats and
added nickel for improved machinability and longatenigh-temperature properties. The sulphur coritetite
MCG 4M was max 0.03 wt% as in the two others taml\bsteels.

Steelgrade C Si Mn Ct Ni Mo v

552541 0.37 0.3 0.70 14 1.40 02 0.06
THG2000 039 09 040 3.3 0.15 12 0.90
MCG4M 030 0.3 120 23 4.00 0.8 0.80

QRO%0 0.38 03 0.75 26 0.15 23 0.90

Table 1. Chemical composition of the steels, wt %.
Experimental details:

Cutting tools:
High speed steel

High speed steels owe their name to the fact tiegt tvere originally developed for high speed metdting.

The properties of high resistance to wear and héagt initial hardness of about 60 to 65 RC at smErvi
temperature of 600 to 650 °C and the economicakepof HSS have made them a logical choice of many
cutting industries. This finds applications as togntools, twist drills, counter bores, taps andsgireamers,
broaches, milling cutters, hobs, saws, etc. Théepecombination of alloying elements and the den@diheat
treatment processes confers excellent hardnesweadresistance properties allied to good toughness

Back rake angle 0°
Side Clearance Angle 10°
Side Rake Angle 10°
Principal Cutting edge Angle 90°

Table 2. Description of single point HSS tools

Tungsten carbide

Tungsten carbide has been proved to be much miiceest than HSS when machining hard materials sagch
steel itself. Due to its extreme hardness, tungstehide is largely used in the manufacture ofigttools as
cheaper and more heat resistant alternative toafidmThis is useful when machining tough materaaid
may leave better surface finish on the parts.
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The cutting tools used were squares inserts witaghbreakers of two different grades: SNMG120412MP
(Kennametal) and SNMS12048 (Kennametal). The inseere clamped onto a tool holder with a designatio
of PSBNR2020K12D5L (WIDAX).

M etallographic examination:
Metallographic study basically includes the follogi

Optical micro- (micro structure) examination

This is defined as the method of studying micragtie constituents (grains, phases, micro pores3, bst
means of a metallurgical microscope. In order toycthe analysis first the samples were polishédguiemery
paper of four different grits. This was followed yirror finishing by polishing the samples on veletoth
which is mounted on a rotating disc. After thisshesamples were etched with 2% nital and driedirin a
Microstructure examination was carried out usinggtical microscope.

Scanning Electron Microscope (SEM) examination

Scanning electron microscope creates images by wectrons instead of light waves while converglon
microscopes use a series of lenses to bend ligliesvand create magnified image. The SEM shows very
detailed three dimensional images at much highgnifiaation. The images obtained from this are kland
white only as this does not work on the princigé$ght waves.

X-Ray Diffraction (XRD) analysis

It is a versatile non destructive technique thakats detailed information about the chemical cositim and
crystallographic structures of natural and manuiiget materials.

3. Conclusions

Performance of cutting tool bodies can be greatiyroved using advanced steels such as hot-worksteels
as tool body materials. Using hot-work tool ste@tigue performance of tool bodies can be greatiyroved
as hot-work tool steels have better resistancedmual stress relaxation at elevated temperatUisiag hot-
work tool steels, tool performance can be enharmsedoftening resistance of hot-work tool steelsn@ze
pronounced than the low-alloyed steels. Machingbdf hot-work tool steels can be improved by aihgy
The addition of sulphur up to a certain limit isomlable without reducing the fatigue strength adltbodies.
Increasing nickel content in hot-work tool steefsta 5 wt% resulted in the significant improvementhe
steel machinability in end milling and drilling apdions.

From all the above literature and conclusions bEptesearch papers | am much more interested o ovo
this above topic.
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