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ALLOY BY PCD INSERTS

won the rake face of the tool by chip slidirthe
secondary plastic deformatiarone)

wand in the layer of the machined surfadsy sliding
of the tool flank facdthe tertiary plastic deformation
zone)

WITH LAS ERACHINEDAmong other things, plastic deformation of the machined

material in the cutting process causes:
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wproduction of residual stresses in the surface layer
of the machined surface,

wchanging the texture of the material in the surface
layer of the machined surface,

wchip formation,

wand mechanical andheatloading ofthe tool, which
cau®s tool wear, affect the cutting forces, chatters
etc.
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153306@vutbr.c machined (in particular its deformation and

hardening properties),
Polycrystalline diamond (PCD) is becoming more available w OdziGAw,3a &aLISSRa
cutting material due to developing technologies, but it is still wcutting environment,
one of the difficlt-to-cut materials. Nowadays, sharpening of wandtool geometry.
diamond inserts is usually performed using unconventionahll of theseare very important for good machinirag a whole
machining methods, where the high hardness of the material is The tool geometry also includes a specific element, which is
not a deciding factor. Apart from electrical technology (WEDM chipbreaker (i.e., cutting parts with complicated face
or EDMG), PCD is also shanesl by laser technologyThe geometries) In case of simred carbides, chipbreakensave
production of integral chipbreaker on the rake face of the PCbeen generally used, which is due to their production
insert isan advantage of laser technologin comparison with technology. However, using this essential element
other technologiesln thisresearch three types of chipbreakers (chipbreaker)in the entire machining process; case of PCD
were designed and used in a real chaning process. This was has expanded with the development ofiachinetechnology
carried out on the workpiece material-EAF4V alloy, which is especially lasetechnology Therefore, this aredas not been
generally used in the transport industriaad medicinebut still  widely studied. The works &recher[Brecher 2014]who tried
presents great challenges in its machiningfluence ofthe to implement laser technology tothe insert sharpening
individual types of integral chipbreaks compared also to the process but without chipbreakercan be mentionedDumitru
normal PCD insert, which had a polished rake plane, wdBumitru 2005] discussed using laser ithe production of
investigated. This was based on the force loading and theutting inserts. Applications @hicrostructuringof pores onthe
integrity of the machined surfacélVear of the inserts, images rake face acting as lubricant reservoirs and integral
from electron microscope were also included in the lgaes. chipbreakes were two illustrative applicationsof the WGCo
inserts. [Rao 2018Jinvestigatel the benefits of micrdholes
KEYWORDS alreadyin the PCD inserts when turning-6AF4V under the
laser technology, chipbreaker-8AF4V, PCD, end milling, force MQL cooling method Three holes (90,6 x 1 mm) were a
loading. product of EDM drilling. A modified insert shoed a decrease
in cutting temperatureby 3@;35 % in contrast to anormal
insert. Reduction in surface roughnesgas also observednd
1 INTRODUCTION flank wear ofthe modified insert was also lower compareddo
Machining precisely naterial cutting is one of the most  normal insert. Zeman[Zeman 2017] stated that the 0.hm
commorly used techniquegor producingvariouscomponents. diameter holes on the rake face tfe WGCo insert produced
However, it is necessary tmeet aset of complex operating by lase showed an increase in tool life by 38while machining
conditions for the successful realization of machinidg a titanium alloy The modified macrogeometry of the tool in the
successful machining could regargroductionof good quality, form of an integral chipbreaker on the rake fadeelped to
functional and precision component in the required time withreduce cutting forces and increase tool life [Zeman 2017].
minimal production cost and at the g time today's trend Nevertheless,a more implementation of laser technology
which is the maximum environmental car&hus, progressive and other new method#n the manufacturing othe PCDiool is
machining is the elimination of process fluidSomplex issue neededin orderto improve the machinabilitpf difficult-to-cut
involves a lot of variablemnd requires knowledge of the titanium alloy. New possibilities of thechipbreakersof PCD
process itself respecting the interaction of the whaoteachine  tool, which have showed encouraging resudt [Zeman 2017]
tool-workpiece systemMachined surface parameters are the [Rao 2018] are important to be understood and further
priority output of the processand the target response From developed. This paper deals with the influence of the
this point of view, the problem of the identified chip formation chipbreakers in termsf cutting forces and integrity ofthe
mechanism isf high importance machined surfacésurface roughness and hardnesgmpared
When the tool edgepenerates the machined material, to a normal insert when drymachired, which previous
elastic and consequently plastic deformatiasfsthe workpiece experiments did not consideAll these influencing factors are
materialoccur in threezones[Shokrani 2012] analysed also with respect to images of tool wearsbgnning
w AY FTNRYd 2F (GKS 22 electdd tirossdpyIEN) anddhtheahchided chigi | & G A O
deformationzone),
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2 MATERIAS DESIGMND ERERIMENTARETUP caused by the work hardening and the difficulty of dislocation

In the presented study, th@+6AH4V titanium alloy (ASTM Mmotion [Pramanik 204]. .

B265 or grade 5 titaniumpasused as the workpiece material A 4.5 mm thick titanium sheemade of TH6AH4V was used
attractive for engineering. A microstructure of this alloy for the experimentin Fig. 1, theypical structure of this alloy
consists ofa mixture oft andi phases [EzugwudB3] Kuljanic ~(Mixture of " and i phases)is shown in SEM image of the
1998 @t A ( ( IPfamaniki 204).yIt8is wadely used in etched. sample.The energy dlspgrswe spectrometer (EDS)
vehicle, marine and offshore, aerospace, engines, gas turbi,gé_atermlned _the chemical composition of the selected area of
and biomedical industries due to its specific functionafFid- UseeFig.

properties Amin 2007 [Babik 2017] [Balazic 2007C¢rduan  ®%4 - | R
2003] [Ezugwu 2003]Ginta 2009 [Krishnaraj 2014[Li 2013] 5 : ;
[Nabhani 2001 [Oosthuizen 2018 @t A @ (i IPfarbanika /7
2014] [Rao 2018] [Safari 2014] [Shokrani 201Phe highest
strengthto-weight ratioamongall other common metals up to -
p p @ [Haiying 201y [Shokrani 2012], low density, superior . &
corrosion and creep resistancand high wear resistance are =
suitable for engineering partsAmin 2007 [Corduan 2003
[Ezugwu 2003] [Ezugwu 200@ipta 2009 [Krishnaraj 201H][Li
2013] Moussaoui 201p [Nabhani 2001] [Oosthuizen 2011 &
Ot AGdl f Bramanik 292 [Rab 2018] [Safari 2014]
[Shokrani 2012]However recommendedusing temperature
for blades ina turbine is up to 356C [Kuljanic 199B Medical
industry, among the listed characteristics, sashe necessary
feature, which isthe capalility of interacting with biological #=7.
systems (biocompatibility)bioadhesion, osteointegration and 25 fas - S
chemical stability Amin 2007 [Babik 2017] [Balazic 2007] '-uf

[KriShn"."raj 201]4{NabhanQOQ]]: . . Figurel. SEMmage of Ti6 KV with Marked Area foEDSAnalysis
Titanium is categorizeds difficult-to-machine material. Due  jcjudingvanadium Mapping

to this, machining is associated with low productivity and high
machining costs Amin 2007 [Ezugwu 2003] Ginta 2009
[Krishnaraj 201 [Moussaoui 201p [Oosthuizen 20111 -
[Pramanik 204] [Rao 2018] [Shokrani 2012Rehtively low S T
thermal conductivity (MWim%iK?) of these materials results in [ Al
difficulties in heat dissipation, which éghtto ten times lower - v
than that of steel [Shokrani 2012]. Approximatedyquarter of
created cutting heat is removed by chips, thestrby the tool :
[Balazic 2007]. High strength, hardness of the workpiec
materialandhigh strain hardening (work hardening due to their &
austenitic matrix) together with high cutting temperatures
result in extensive tool wear and thus poor surface qualitg a
reduction of tool life. Difficulties in chip formation and vadue
cutting forces are related with the abovérin 2007 [Balazic
2007] [Corduan 2003 [Ginta 2009 [Krishnaraj 201}

. h . Figure2. ED: '
[Moussaoui 201p[Oosthuizen 201J1[Rao 2018] [Safari 2014] ure Spectrum . )
[Shokrani2012] Many researchers have studied the cutting performance of

In general, higher cutting speed meaasdecreag in tool PCD tools when machining this advanced engineering material

life. But in somenterval, a local maximum tool life may exist & titanium alloy. Higher tool life haseen proven compared to
thank to phase transformation from to i phase[Corduan other cutting materials and PCD has been preferred as the best

2003 [Oosthuizen 20111 However, LiLi 2013Jfound no phase ¢@ndidate for machining of titanium alloysArhin 2007
transformation was observed when machining -BAF4V bya [Corduan 2003 [Ezugwu 2003] [Li 2013]Ngbhani 2001
PCD tool. [Oosthuizen 201J1[Shokrani 2012][Su 2012] Based on the

results of study by NabhanNpbhani2001: PCD seems to be
the most suitable cutting tool material for machining titanium
and adhesion wear. BUE (buiip-edge), chips seizing onto the alloys PCI? had the_highest value of tool life and pr_oduced the
tool cutting surface, smearing or galling usually ocflir da €St quality machined surface among CVD TiGTIGN
Silva 2013][Corduan2003 [Ezugwu 2003]Krishnaraj 201} triplecoated cabide and PCBNvhen the Ti alloy was dry

[Oosthuizen 2011[Shokrani 2012] machinedNabhani2003. _ _ _
Serraed chips (saviooth chips) are formed during Optimal cutting speedwvas defined by Amin [Amin 2007]

machining of titanium due tahe combination of high yield When milling T6AR4V in the range of 12060 ni Y"Afgf PCD
aiNBaa NYdGA2 FyR t26  2dzy3d8 Wil msipo fYEEO Py spRed wawp fosthreg, timgss
reflected in small plastic deformations. This results an 'OWer. 120Y'T Y“Awgs the examined lowest in case of PCD.
deflection effect of a workpiece, ting force fluctuations, HOWeVer, increasing speecheant an increasein average
machining instability and chatter that leads tioe chipping of ~Surface roughnes&g which was stillower using PCD inserts
the cutting edge due tahe variation of chip thicknessAnin ~ compared to that using uncoated Wb. That was due to
2007 [Balazic 2007] [Ezugwu 2003dsthuizen 201 lower wear rate and smaller chiar in the case of PCD.

[Pramanik 204] [Shokrani 2012]Chip segmentatioicouldalso PCD hasfour times higher thermal conductivity than
occur due to formation of the adiabatic shear band, which istungsten carbide Qosthuizen 201Jland higher hot hardness

Vanadium |

In addition to all complications, titanium is chemically
reactive to all known tool materials, wdfi results in diffusion
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(the softening temperature) than other available cuttingcomparison oneinsert was with a standard unmodified face
materials [Ezugwu 2003]Opsthuizen 201l This helps to (samplelabelled 1), which contaied a flat layer of polished
dissipate the generated heathile machining Ti alloys. PCD sintered tthe base of the sintered carbideEhe modified
Titanium is a strong carbiderming element[B. da Silva insert4 had the same geometry &s but holes with diametes
2013] [Kuljanic 199B However, the interfacial protective and deptts of tenths of a millimetre were created on tirake
cutting tool layer of a titanium carbide (TiC) could be formed offiace of the insert based on the resuly [Zeman 2017] and
the rake faceof PCD[Corduan2003 [Ezugwu 2003]Kuljanic [Rao 2018], but withouusingthe cutting fluid. The edges of
1998 [Nabhani2001]. In addition, the TiC is more stable than the holes on the platevere rounded for easier chip flowing.
diamond Corduar2003. ¢tKS 089St F+y3atsS 2F G(KS Kz2fSa
The choice of cutting conditions is a key factor in the entirevalue. Another two end mills, labelled & and 3, already had
cutting processlt isenvisaged thaup to 20% of praluction  significant integral chipbreakertn both cases, the design was
cost could be saved when using the correct machiningimed at reducing the interface between the tool and the
conditions and tooling [Ezugwu 2005]. outgoing chip, as well as achieving a more positive geometry
Prototype tools were designed with regard to their while maintaining the rigidity of the toolThere were drops in
production, sharpening and application in experimentalcase of2. In the third case, part of thehibreaker surfacewas
machiningg right-hand end mills with brazedsert Due to the reduced into a valley form. All tools were manufactured under
long tool life of PCD, the milladone brazed insertFig. 3 the same process conditions. Therefore, a comparable quality
of sharpening can be expected. For clarity, Tab. 1 of the
produced tools and the geometry of the chipladers in Fig. T
12 are shown.

Figure3. 3D Model of Rototype Tool.

The manufacturer recommended grade of PEREmentSix)
for machining titanium is marked CMX85Qwhich is
characterized byan averagea NI Ay &A1 S 27¥

layer of 0.5 mm.The CMX850grade was also used by
Oosthuizer{Oosthuizen 20111

Finegrained microstructure of this PCD is shown by scanninggure5. The Surface of THeimary Main Hank Face Sharpened by
electron microscopy irFig. 4 This surface eroded with electric EDMG Technology
discharge machininggrinding (EDM3) showed typical surface
of moon landscaperegularly torn diamond graingn Fig. 5 and
6 a difference of the machined surface using the
abovementioned electridaechnology and laserould be seen,
which works on sealled cold ablation principle.

Figure6. The Surface of TH&imary Main HankFace Sharpened by
Laser Technology

By

Figure4. Finegrained microstructure of PGOCMX850

A total of four prototype tools were produced. All of these -_—

had the saméody geometry and thus alsseatposition, which - (without) 268518005.1
meant that cutting angles were for each endmills also same-

However, three modifications of the polycrystalline diamond drops 268518005.2
rake face were proposed to make the cutting process itse- valleys 268518005.3
more effective and to increase the tool lifeThese

modifications, including sharpening, were carried out by lase MM holes 268518005.4

technology(specifically on machine EWAG Laser Line UFmr  Tablel. Types of endmill
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To implement the dry machiningit is necessary tahe chipbreaker surface machined by laser was 0 S¥Qdp ¥ Y U X
choosethe right cutting tool materials (progressive direction iswhile the not machined flat layer of polished PCD by the
using ofnew material Sinta 2009), last but not leastcutting  manufacturer reachedhe @ £ dz§ 2 F {# R¥BOXKY 0 &
parameters and cutting tool geometry [Shokrani 2D2&#hich  inspection of roughness was performed on the Alicona
was another important step in the experimendi [Ji 2015 InfiniteFocus optical microscopéMachine timesto produce
investigatel the effects between tool geometry and tool individual chpbreakers(without sharpening)were comparable
performance.He found outthat using a smaller radial rake (about 20 minutey It was the first production. Subsequent
angle meant increasing the tool life whenilling the TC11 production could further improve the machining strategy and
titanium alloy by a PCD tadbpecifically, this angle was tested thus reduce these machine times.
at three levels(m ¢ = ¢ c¢). Fow/ills reason, the tool side  The schematic experiment seip can be seen in Fig3.
rake (0 SEOf dzZRAy 3 OKA L6 NBnltHe 8a8é FSinde thé &rS of the éxpeBmest Was nocverify the function of
of the two integral chipbreakers, major cutting edge had athe chipbreakersthe type of milling was side milling and thus
chipbreaker land width and basic rake angle within chipbreakethe results were not affected by the transition to the minor
KR @I t dinht ®oWnlines i Fig. @10. Thus, together cutting edge that did not take part in the millingror this
with tool body and chipbreaker geometry, the positivewas reason, the tool cutting edge inclinatiors) 61 a nc @
dzLJ G2 mMmMcX @KAOK gl a byJifdazels)i K STh&cuting Soaditions (et $ot thelefparinénRare shown in
Tool side clearanced # and hi) were 12/18c and the tool Tah 2 In the machining of difficuito-cut materials where a
cutting edge angléf(0 & a dwols. F2 NJ | f € large amount of heat is generated, it is generally advisable to

The tools were designedith respect to a degree of owsf- use a smallevalue ofa. and a greater value dd, in order to
balance. This was cheatkalso after production/sharpening on dissipate the generated heat by the larger tool area.

a Haimer tooblynamic balancing machine
Arithmetical mean height of the scale limited surfa&g (of

Figurell.Chipbreaker 4. Figurel2.Scheme of chipbreaker 2 and 3.
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The most widely used and recommended cutting speed was
I NB dzy R mh nTo Waidyshoft tool life, catastrophic
breakage of the tool and with regard to feed per tooth and dry

F - N : . -
Y - machy’ A y 3%  d avas ¥éle¥tddhis value is also in the
fif H middle of the manufacturer's recommended value interval

: 8 [Elementsix 2016]
Dynamometer . . -
coordinate system :7/ S: jaws of All measurementsvere carried out on a CNC vertical milling
N the vise centre. The cutting forces were measured with a piezoeliectr
100 Kistler dynamometer type 9257B connected to a charge
< V4 amplifier. The realisticset up for force recording can be seen in
Fx \ / Fig 11.
! F, \ /
Fz : o : p i« Uy
Dynamometer 0\ v . - ¢
coordinate system o ! ,‘ - .
f :
S " Hydraulic
cedortesndm tool holder |
Figurel3. Milling Scheme for Force Recording i .\
. .:x-,.ﬂﬁ .
i | End mill
Ve [ mL mi 90 —
. Dynamometer
n [min1] 1302 . ‘ :
= Kistler 9257B - . 'W_- Machine
g e > vise
fz [mm] 0,1 ST Ser s Tan
Figure 4. Workpiece and Dynamometer Sagp.
Vi [ mmL 4m 130,2 Scanning electron microscopeas used foridentifying the
wear mechaism(s) of the insertand capturing chips removed
ap [mm] 4,5

by individual toolsMachined surface integritwas analysed by
the contactroughnessmethod on the Form Talysurf Intra 50
Qe [mm] 2 (manufactured by Taylor Hobson) with a nagliof the scanning
i A LJ amdbypayhardness tester machine.

Table2. CUttingCOl’lditiOﬂS 3 CUTTING ENVIROMENT

The feed per tooth_was chosen With respec_t to the val_ue of As mentioned above generated heat during machining
@ and the value of chipbreaker land width, which had a size of,o4n5 gifficulties in heat dissipation through the workpiece
0.03 mm according to the 3D model. The aim was to achieve 8,4 chips of titanium alloysThe interface temperaturesare
chip thickness greater than the chipbreaker land width. For th'%xtremely high and concentrate near the cutting edge
reason, a feed of 0.1 mm was chosen, at which the noming;, o\, 2003]Therefore, heat should be dissipated through
maximum chip thikness was 0.057 mnin case of machining e cooling media or cutting tool [Ezugwu 2003] [Shokrani
materials with thehigh strain hardening, it is also advisable t02012]_ Usinghe cutting fluids is one of the most common
get below this hardening layer by cutting edge and machine a8 pnique for improvig machinabilityand decreasing tool
few passes as possible. wear, such as adhesion or diffusion [Shokrani 2012]. Ezugwu

In addition to these parameters it was necessary to [Ezugwu 2007] explairthe cutting speed can be increased by
appropriately select the cutting speed value. It influences theup to 50 % with effective chip breakage by highessure
tool life most and is related to the generatéeat. Researchers cooling. Thicooling is found to be thenost effective cooling
[Amin 2007 [B. da Silva 2013[Corduan2003 [Ezugwu 2005] method in machining Ti alloy§Pramanik 204]. Ezugwu
[Ezugwu 2007[Ji 2015][Kuljanic 1998 [Nabhani2001] [Rao [Ezugwu 2005Jalso mentions the benefitof highpressure
2018]used amitting speed for PCBpproximately irthe range of  cooling when machining -BiAF4V with PCD.
75 Y1 YAty 250 Yi YAwhen machining Ti alloys. The As mentionedin the introduction, the cutting environment
specific valuedependedon technological operation, cooling, also affecs the size and shape of the primary plastic
required tool life and other cutting parameters.@.f;, etc.).For  deformation area A preexperiment and a selfontained
example, Oosthuizen [Oosthuizen 201Jl tested cutting chapterareincluded in this part of paper, in which dry and wet
conditions when milling grade 5 titanium alloy by PCD (gradmachining was compared with our specific cutting conditions
CMX850)Higher cutting speedneant reduction in tool life Li  with the end mill1, which was sarpened by EDMG in this
[Li 2013]investigatel the effectsbetween cutting speed and OF 8 S ¢ KS OdziiAy3I &LISSRasdadea Ay ON
material removal rate wheturning Ti6AF4V bya PCD insert. cutting tool wear rate is generalmallerduringwet machining
The range of/; was extremely high i.e. 250to 2000Y i YA Yy [Shokrani 2012hnd since machining was carried out with the
For 250Y'1 Y#mAximum flank weawas more than @ mm  toughest tool. Machining of sheet metal thkmess of 2.5 mm
after 160 sof cutting time (material removal volumeas4375  was performed.
mme). Catastrophic tool failuravas observed from375Y'i YA Y This preexperiment was conducted on tHEajmaeZPS MCV
after the same value of material removal volur@#87.5 mn¥). 1210 5-axis CNC milling machine with the SINUMERIK control
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unit, which enable the supplying of cutting fluid through the With this experiment, itvasnot possible to unambiguously
centre of the tool and the outlet was dirg to the cutting determine the trend of the development of cutting forces and
edge.B. da Silva [B. da Silva 2018ported that the highest thus the tool life Results byB. da Silva [B. da Silva 2013ld
tool life had beenachieved at the highest tested pressure (20.3also a fluctuation of the cutting forces. Conventional cooling
MPa) while using the same workpiece and towlterial (Ti6AF  achieved lower forces than for high pressure coolingam
4V respectively PCD). Due to this, coolprassure of 25 MPa interval of v, whichwas also the trend ofhe stated results
was applied High pressure cooling systewasdirected either  However, tool life waslways higher for high pressure cooling
to the chiptool interfaceor overhead[B. da Silva 2013] Fig. [B. da Silva 2013Pn the other hand[Shokrani 2012ktated
15. higher cutting forcesare not generally suitable with respect to

. tool/machine loading, could reduce the tool lifgre not
suitable for thinwalled workpecesand increase vibration and
chatter (thus surface roughness).

However, many emulsions have a major impact on the
environment and the operator'shealth.  Together with
developing governmental regulationsit has resulted in
increasing machining sts for different components [Ezugwu
2003] [Safari 2014] [Shokrani 2012]. It is estimated that the

The presence of chlorine additives auitting fluidsis not  costs associated with cutting fluids while machining diffitost
recommended inthe machining of titanium alloydBalazic machine materials can reach @D % of the total
2007] [Shokrani 2012] This constituent is also considered @Smanufacturing costsFor comparison, the ast for tooling is
hazardous substancd 2 NJ 62 NJ SNAQ KS}t ¢ Wéally" abdit 245")[ @%%Mzﬁfﬁ]}ﬁ @ase of discontinous
[Shokrani 2012] Chlorine-free water miscible metalworking processes, e.g. millingyermal damage ofhe cutting edge can
fluid (CIMCOOL MISTAR 597)at 10 % volumetric  oceur when using a cutting fluid, such as thermal criehjgnic

Figurel5. High pressureutting fluid supply

concentration was appliefPiska 208]. 1999.

The forces resultanin the radial planexy - Fy - were Cryogenic cooling can be a solutito reducingthe use of
evaluatedc see Fig. 16They werecalculated from a relation 92 yya2y O22t Ay3 TFitdZAR ®91 dz@6dz HnA7
(2). 2018] [Shokrani 2012]. These gaseous coolants are relatively

Fo— [m2ym2 cleaner and more environmentally friendly than conventional

X~ (1) cutting fluids. Howeverthey require additional egipment

©w91 dz3ddz Hnnp® ot Al IBytsingdiguidy 8 & { K
nitrogen (LN2) when turning -6iAF4V, tool life could be
O||mproved by up to 3B times [Shokrani 2012]. Cryogenic cooling
is found to be more efficient than high pressure cooling
[Pramanik2014].

In contrast pre-heating (iorbeam, plasma heating and

The obtained results showed that these cuttirgnditions were
not suitable for cutting forcesFig. 16 This can be attributed to
the combined effect of tool geometry, cutting conditions an
high-pressure cooling used durintdpe milling process.Chips
were probably formed back to the tool edge andlpdltoward
the machined surfacewhich increased the cutting forceShis ; ) X =
forming can be confirmedy optical microscope images where induction heating) of the workpiece can also significantly

the workpiece material adhesto the rake face of the inse increa_lse the tool life, as the wo-rkpiece becomes more
see Fig. 17 and 18. machinable andeaches an optimatutting temperatureg this

is another technique to eliminate the use of conventional
B WET oo QUADRATIC cutting fluids [Shokrani 2012]. Gint&inta 2009 focused on
190 POLYNOMIALS the preheating, which helps in increasing tool life when end
milling TiIGAH4V by W@ 2 & t NB K S [Cindrgadisthe i cpnc

180
I j_/_i'\‘I tool life by 325 times ad reduce the magnitude of cutting
T * )

170 force. But BUE was found in all cases. On the other hand,

160 {'——i—\{,/’f increases in the cutting temperatuie not beneficiarydue to
the high strength of titanium even at very high temperatures

200

Fxy [N]

150 Qutting tools can suffer from heabftening [Shokrani 2012].
140 For the machining of difficulto-cut materials the
0 2 4 6 8 10 12 combination of heating ofhe workpiece and cryogenic cooling
Number of pass [-] of the tool is sometimes used, which is called hybrid machining
0 ———— Cutting time [min]

[Pramanlk 201].

In addition to thementioned techniques anothertechnique
to eliminate the use of conventional cutting fluids is dry
machining, whiclis aimed at in this paper

Figurel6. Graph of Forcem The Rdial Plandor Cutting Environment
4 RESULTAND DISCUSSION

During and after dry machiningthe following cutting
procesgelated issues were measute

Figurel?7. RakeFace othe Insert
4.1 Cutting forces

Experimental machining took 18 minutes. Trends of e
cutting force resultants during this time periadere plotted in
Fig. 19As it mentioned above, the milling cuttetsand 4 were

Figuré18. IilankFace othe Insert
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geometrically thesame, except tha# had ceatedholes on the 4.2 Surface integrity
rake face of the insert. This macro modification helped to Surface integrity is a key property in the functid

performance of machined parts and assembled engineering

750 Endmil [ E1 6 components The influence ofthe chipbreakerson surface

700 roughnessn feed directionwas observegwhichis one method
_ o — ; o of its evaluation
5:550 = s : The lowestRavalue was recorded for the end mil) which
= 500 had the least positive geometryThis could be due to the
s e smoothing of the machined surface Wgrmed chips during
350 down milling. Chips wertakenaway poorly and formed back
0 3 10 15 20 % to the tool edge and pulled toward the machined surface
Number of pass [-] .. .
o Cutting time [min] 18.6 compared to more psitiveegeometry end mills.However,

another explanation could ban increase in aounded cutting
Figure19. Graph of Forcem The Radial Plane edge radius due to the adhering of workpiece material.
reduce the cutting forces The trend in the development of Summary, more positive geometry caused increasing e

cutting forces had an evencreasing character for thend mill ~ value, which corresponds tdi [Ji 2015] Respectively higher
1. In case of end milt, the increase in the force load stopped cutting force means loweRa However, due to increased wear,

after 10 minutes of machiningrools2 and 3 had an integral ~ the Savalue of the machined surface can be different tHiRa
chipbreaker, making their geometry more positive, whighs ~ Alsa textured surfaces of implants integrate better with bone
also confirmed lower force loamy. However, it was not Via osseointegration process compared to smootirfaces
possble to determine a more suitabléntegral chipbreaker, —[Babik 2017]

because of the slightly different geometry described above (Fi

7¢12), and, in particular the size of the chipbreaker land width, 065

which ensured the cuttingdge stiffnessAccording to the SEM

images, the size of the chipbreaker land width was %60for 0,55 ]'F _____________ T
tool 3 (Fig. 20), and no land width was detected for taqFig. @~ I} = T T ————_ __ __ _ I
21), which greatly increased the positivity of the tod®hus, 0,45

precision of the production of chipbreakers by laser has :E )
significant impact on the resulting force loading during& g;s F _____________ {
machining. However, the cutting forces of these two mills

remained constant throughout the whole experimenfn 025

increase incutting forceindicated an increase imool wear,
thereby more positive geometry showed better resulfThe
stated results werecontraryto the studyby Ji[Ji 2A5], where After 2 pass After 241 pass
the machined workpiece was TC11 titanium gllo

Endmill

Figure22. Ravalues oimachinedsurface

Hardness is another parameter characterizing the integrity
of the machined surfacén all four cases it was found out that
higher cutting force caused increasing tH¥ of the machine
surface and thus the surface is more affectd®artially, it
confirmed the theory mentioned insection Ra when the
machined surface was more formed by the chip or deformation
process during chip formation.

400 Endmill [l
390 Bulk hardness |:|
380
370
360
E 350
340
330
320
310
300

Figure23. Vickers Hardnessith 100 g loadig.
4.3 Chipformation

Although chips are bproducts of machining, they can tell
about the cutting process itselfThere was no significant
difference between the individual chips, except the chip
machined by tool 2, i.e. chipbreakers with drops.A
charecteristic sign of grooves (scratches) made by drop
elements inthe chipbreaker could be seen in Fig. 24. However,

- they are not always fully demonstrabléhis could reduce the
Figure21.No land Width of The ChipBreaker2. interfacebetween therake faceandthe outgoing chip
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surface contained lessmeared material particlesr debris(Fig
27¢28).

Fig. 30 shows the adhered material in the form of detsosi
on the rake face of insert. These deposits occurrash both
sides of the leaving chip. In the following measurement (Fig.
31), they were not found at all, i.¢hey were probably torn off
after reaching a certain limiThe exact same situation occad
for end mill 4. Deposit was detected after the 1st
measurement, then it did not occur, and it was detected again
at the end of the measurement Fig. 3234. In this case,
changing the position of the workpiece relative to the cutting
edgewould be adviableto avoid the deposit there would not
be a strong withholding of outgoing chigs.is also suitable to
avoid notch wearAnother solution may béo makea, higher
than the active width of the chipbreaker, but it would greatly
reduce the versatilityof the tool. In the active part of the
chipbreaker, the holes were not sealed with the workpiece
material¢ the holeswere still fully functiona(also in Fig. 36
4.4 Tool wear Fig. 35 and 36 confirmed the fact that the adhered layer is

Adhered material was detected on all tools and was formedOr Off after reaching @ertain limit.
up to BUE- see Fig. 2629. Oosthuizen[Oosthuizen 2011 Fig. 38 and 39 shad the outer surface of the flank face
confirmed that the BUE is the material of the workpiete. Where the active part of cutting edge ended. A dark area
phase wib BCC lattice hagrong tendency to adhere[Kuljanic detected bya secondary electron detector (SED) occurred for
1999, all the tools. This was a carbon area, which could be &abar
There was a significant formation of adhered material foidraphitization/Corduar003 or an abrasive region caused by a
tool 1 and 4. In the following measurement of end mil| the hgrdened_layer with possible burrs from a previous passage, as
thick layer of adhered material was found conversely on the leffhiS layer is harder than the bulk material. .
- a light ellipse Fig 26n case of took, the adhered layer was  'Ntegral chipbreakershowed the intended reductiom the
not found at all.As a result, this adhered layer in the form of acontact area bewveen the chip and the tool face, since the
BUE wascontinuously forming and disappearingThis also workpiece material adhered te_ome ofrals_ed surfaces_ (Fig. 39
generatal more smeared material particles on the surfacks. ?‘”d 40). However, the m_aChIHEd materlgl was quickly rolled
caseof mills with integral chipbreakey the adhered layer was Nte the form of chips, so it would be advisable to move these
significantly lowey thereby could be supposed that machined raised surfaces closer the cutting edge to increase this effect.

Figure25. Chipcreatedby end mill4.

Figure 26 Flank Face of End Mill 1.

Figure 27 Flank Face of End Mill 2.

Figure 28Flank Face of End Mill 3.

Fiaure 29Flank Face of End Mill 4.
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