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Abstract: Coated carbide inserts are considered vital components in machining processes
and advanai functional surface integrity of inserts and their coating are decisive factors
for tool life. Atomic Force Microscopy (AFM) implementation has gained acceptance over

a wide spectrum of research and science applications. When used in a proper systematic
mannerthe AFM features can be a valuable tool dssessment of tool surface integrity

The aim of this paper is to assess the integrity of coated and uncoated carbide inserts using
AFM analytical parameters. Surface morphology ofrex®ived coated and uncoated
carbide inserts is examined, analyzed, and characterized through the determination of the
appropriate scanning setting, the suitable data type imaging techniques and the most
representative data analysis parameters using the MultiMode AFM microscop&antco
mode.The resultsndicate that it is preferable to start with a wider scanisizeder to get

more accurate interpretation of surface topography. Results are found credible to support
the idea that AFM can be used efficiently in detecting flansd @efects of coated and
uncoated carbide inserts using specific features such Baghness a n d ectior®
parametersA recommended strategy is providéat surface examination procedures of
cutting inserts using various AFM controlling parameters.

Keywords: AFM contact mode; carbide inserts; coating surface defects and flaws; AFM
surfacefi Bughness and @A Sectiono
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1. Introduction

The atting edge is a critical component in machining system elements: tool, workpiece and
machine tool. Variability in tool war and tool life is one of the unresolved nuisance obstacles to
achieve a full optimization of the machining process. Among many other reasons [1], the
manufacturing defects othe surface of the insertsan be a major source of tool wear and life
variablity. Wear and life variability may lead to disastrous consequences especially in automated and
adaptive control machining systems [2] where the machinability information providetheby
manufacturer is usually taken for granted. A-pramination of theniserts is, therefore, a beneficial
strategy especially when the amount of time and money consumed are juStifiad.economical and
feasibility justified basis, this can be carried out either within the manufacturer quality control or in the
researchlabd procedur es.

The integrated coated surface system usually consists of the substrate, the interface and the coatin
layer(s). Each of these components affects, individually and interactively, the performance of the
surface system under practical operatiirgumstancesMono- and multtlayer coatedcarbide inserts
have recently gained wide acceptafmeuse in machining of steeApplying a thin coating layer(s) of
carbides, nitrides, ceramic alloys, cermets, or metastable materials such as diamorucabdrcn
nitride to the original materialisually improves wear ratewith less frequentatastrophic failure
especially if it is used in hostile environmemtshigh heat and frictionln general, oated carbide
inserts are recommended evieverdonger tod lives, better finish and higher productivity aejuired
Thin coating layers are conventionally deposited by various processesasudiemical vapor
deposition (CVD) [3,4], physical vapor deposition (PVD) [5,6], mediemperature CVD and
plasmaactivated CVD [4,7]

Defects of the coated insersually degradéhe toughness of the coatifayer(s)and therebynay
lead to partial or grosscoating failures.One of the common defects in PVD coating is the
macroeparticles and craters that chaclassifed into: pinholes or craters, droplets, and partly covered
droplets B]. Defects in thesdorms are due to droplets incorporated during film growth and the
pinholes are generated as a result of debonding of mpacticles from the coating9]. At the
marufacturing stage, the droplet problem can be dealt with using some techniques gheh as
distributed discharge arc, steered arc or arc with magnetic field ijter [

Different techniques can be applied to assthe integrity of the coatingfter manufaturing such
as:thenancindentation test to assess the mechanical properties of thin coatings, the scratch technique:s
to determine the adhesion strength and load bearing capacity, the interfacial fatigue testing to measur:
the cyclic bond strength of thepating under dynamic loadg)e wedge impression tesb measure
interface toughness between films and substrates using numerical methods, and the tensile crackin
approach to evaluate both the cohesive strength of the coating and the interfaciahastinesgih
between the coating and the substifdi@ 11]. Assessment of the integrity can be achieved using
different microscopic techniques such as optical microscope (OM), scanning electron microscopy
(SEM) and/oratomic force microscopgtanning probe ioroscopy AFM/SPM). Optical microscop
provides only limited information about the surface morpholegy SEM is usually used for
macroscale examination of the surfadepographyand fractography For example, the SEM
micrograph in Figure 1 introduces a clear and global vision about the gross wear and failure of the
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cutting edge. Edge deformation spreads over a relatively wide area and it is so severe that its depth i
extended througkhe three coating layers reaching the insert substrate. Data about this specimen will
be used later in the current study as AFM has been used to scan the deformed area at four differer
locations as marked on the figure. In such situafidd#¥aM techniqueshave a high potentidior

integrity assessmeiatt themicro and nanecale of the surfac&he atomic force microscope (AFM

which was inventedh 1986 byBinnig, Quate, and GerbetZ], has become an indispensable tool for
investigators inmany fields aplications;physical,chemical, tribologyical and mechaniaalaterials
properties biological sciencesnd, biomechanical and electromechaniédiM usesa mechanical
probewith an ultra small tip to scan a surface sample in both X and Y directions asthge the
corresponding vertical height Z, therelggneratng a magnified or threedimensionalimages of
surfaces down to nanometer resolutibigure 2 A feedback control system responds to those changes

by adjusting the tigsample distance in order toaintain a constant deflection/ distance to the sample
surface[13]. It is essentially this vertical movement of the tip that translates into a topographical image
of the surface with accuracy of few pum or le3fie mainaim of this paper is to study addcuss the
integrity of coated and uncoated carbide inserts using AFM analytical pararigisris to determine

the feasibility of usindAFM features tcestablishan efficient firm and time saving testing routifoe

useby tool researchers, designedsyelopers and quality controllers to improve the characteristics of
the manufactured inserts or to develop new advanced. types

Figure 1. Scanning electron microscopy (SENYicrograph of the notch wear of one of the
coated carbide inserts used in this gtud
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Figure 2. Basic tip movements iatomic force microscop{AFM) [14].
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2. Experimental Setup and Hardware Setting

Five as received inserts typesretested throughout the different stages of this studyumsmated
and three multlayer coated witla cemented carbide substrdtegure 3. Technical specificatiaf the
five types ofinserts used in this study is listed in detailTiable 1. Inserts are of SPUN 12 03 12
configuration (thickness = 3.18 mymr = 1.2 mmand| = 12.7 mm, clearancangle =5/ 7 rake
angle = 6).To avoid possible testing scratches fr&fM probe, a new samplgasemployed for each
scan run.

Figure 3. Types of employed coated and uncoated carbide ingemts scale with
mm subunits)

16 17 18 19

The NanoScope IV MultiMode Atomi€&orce Microscope (AFM) Scanning Probe Microscope
(SPM) in contact modevasused in this study. The contact moslas selected to suit the tribological
nature and the object of t he cld4]rwasaised as satdigitdly .
control of the AM processes. Software features aklfor all operations including preparation and
manipulation of the microscope before, during and after scanning (offline analysis procedures). To
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ensure system stability during scanning, a scan rate was sdt2d 1. Scanner of the type AR (E),
with a max scan size of (121 2 & m) and a vert |waslsedhreaughguttheu p t
entire study.

Table 1. The specification of the fiveoated and uncoated inserts used in this study.

ISO
Insert type Application Feature Applications
Range

M10-20 K0520
Kennametal K68| (ANSI Range:
C3)

low binder content| excellent abrasion resistance |
unalloyed gradq machining cast irons, austeni
WC/Co stainless steels, ndarrous metals
fine-grained grade| nonmetals

low binder content| excellent abrasion resistance |
unalloyed gradq machining cast irons, austeni
WC/Co stainless steels, ndarrous metals
fine-grained grade| nonmetals

M10-20 K0520
Kennametal K21| (ANSI Range:
C3)

Kennametal
multicoated M10-20 K0520 1 e m 13T i & general steel machining at low

KC810 CVD (ANSI - Range: Ap030 5 € m | moderate speeds
. C3)
coated carbide
Srizﬂ;g(l;;;/dlj (PO530, L emi3Tig turning steel and cast iron
GCA15 K05-20,C68) |AI,0:05 € m
Sandvik CVD steel cutting with decreasing rates

\ 1 emi3Ti &
multicoated ISO P35 range AlLO:85 & m

GC435

plastic deformation and growth
thermal and mechanical fatigue crac

3. Results and Discussion
3.1. Selection of Data Types (Captured Image)

Available data types in thmic Force Microscope (AFM)are: Height, Deflection andFriction. In
general, whileHeight and Deflection data provide information about the surface topography along the
scan axis Friction image produces information about the lateral movement of the cantilever
perpendicular to the scalirection.

In order to select the appropriate data type, individualsseare carried out fothe coated and
uncoated insertsyith the three different data types images (Height, Deflection and Fricbemg
simultaneously captured imoth the two andthree dimension views. Dataere coded and stored for
subsequent offline analysis. The procedunese repeated considering three different scan sizes:
low (2 em)6 eme)diamd maxi mum available (12 &m).
are show in Figuresdi 6 for K68 uncoated andn Figures 79, for GC435 coated insert&ach graph
shows a threglimensional view where the-X plane represents the scanned area while the response
(Height, Deflection or Friction) level is represented by the &.akne sample displayed in Figuré$4
is of K68 uncoated carbide type, Table 1. A surface flaw, Figure 10a, in a form of a recess or surface



Materials2011 4 63€

groove was detected. This surface imperfection is basically due to some improper manufacturing or
preparation andinishing (grinding) procedures. The depth of the groove is detected by the analysis,
sample 2, Table 2, to be as deep as 810 nm. Such defects may degrade the insert surface finish an
consequently affects its performance whether it is used as a plawafed) insert or is prepared for
further coating process. Also, Figure$97explain similar micrographs to explain the possible
existenceof defects in the coating layers. Figure 10 shows the SEM micrographs of many forms of the
observed surfacdefectssuch as:droplet, spallation, delamination and macroparticles of the coating
layer. Figure 10c shows a SEM micrograph for GC415 coated inset, sample 2, Table 3, where frequent
droplets were observed on the surface of the insert. The droplet configurdietteisvisualized and
further analyzed using the appropriate combination of data type and scan size.

The images indicate the existence of mutual interaction between Deflection and corresponding
Friction images as tipf the probeusually exhibits tiltinglaterally when it moves along the scanning
direction. Generally, it can be concluded that the Height data type produces an absolute judgment of
the surface roughness over the entire area along the scanned direction while Friction data introduces a
attracive indication about the roughness pattern in the lateral direction. Practically, it can be stated that
the captured Height data preferable ér surfaces that exhibit regularly distributed fingerprint
topography with less waviness and disturbances. i$lEgpportedn whatwasrecommended byl{],
that in most instances, Height data type usually ensures an accurate topographical view.

Figure 4. Three dimensionaHeight images for different scan sizes for K68 uncoated
carbide inserts ofa) 2  ¢(lm) 6emand(c) 12e m
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Figure 5. Three dimensiondDeflectionimages for different scan sizes for K68 uncoated
carbide inserts ofa) 2  ¢(lm) 6¢ nand(c) 12e m
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Figure 6. Three dimensiondfrictionimages fo different scan sizes for K68 uncoated
carbide inserts ofa) 2 ¢(Im) 6& mand(c) 12e m
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3.2. Determination of the Appropriate Scan Size

To determine the most informative captured data, each spewaseimdependently scanneding
threedifferents can si zes; 2, 6 ARFMdcaphcity), Eiguredi @ #s showrd im mi t |
Figure 4, the extent of the surface defect (recess, Figure 10a) was precisely described by the widest
scan size of 12m. Some features would be lost whemaller scan sizes, Figures 4a, and b, were
considered. The same conclusion was reached regarding the existence of the droplet defect on th
surface of sample 2, Table 3. A full configuration of the droplet flaw was clearly described using
12 >m scan e in comparison to what was obtained by smaller scan sizes or by SEM micrograph,
Figure 10a. Generally, these ofa wider scan size usually produces more common, integrated and
more informative view of the surface topography. This is usually accompaitieddequate details
permitting the proper examination and the detectionthef relatively widesurface defects and its
complete waviness measuilb[16). Therefore, as a general rule, it is better to stainvestigation
with the widest scan size awille. In situatiog however, a smaller scan size can be useful to provide
some nanostte characteristics of the intended surface.

Figure 7. Three dimensionaHeight images for different scan sizes for GC48bated
carbide inserts ofa) 2 ¢(lm) 6¢ nand(c) 12e m
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Figure 8. Three dimensionaDeflectionimages for different scan sizes 6C435coated
carbide inserts ofa) 2  ¢(lm) 6 nand(c) 12e m
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Figure 9. Three dimensionaFriction images for diferent scan sizes fd&C435 coated
carbide inserts ofa) 2  ¢() 6¢ nmand(c) 12e m
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Figure 10. SEM surface micrograph showing defectsf the uncoated andhultilayers
coated carbide insert¢a) surface groove (K68, sample;2b) high surface roughness
(K68, sample 4)(c) droplets ofcoating spallation and delaminati@C415, sample 2).

e
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3.3. Data Analysis Techniques

A wide variety of analysis functions are availafstem the fiAnalyzed menu in the ofine mode of
Nanoscope softwargl4] and, in the current study, only parameters relevant to surface tribological
aspects are extracted and elaborated. Investigated parameters incli@eutjeness command and
the informativefiSectiord command.

3.3.1ghfMRes 0 Analysis Parameter of Surface Top

T h eRoufihness parameter generates a wide variety of statisticshefsurface topographical
aspects including classical roughness values, peak and summit texture data and surface are
calculations for theentire imageAmong t he many parameters avail a
four relevant measures are selected to analyze the captured data. The four mease@d\amge
roughnes8 Ra thei | ma ge R MBedimdg® area difference 8andthe ma g e-r &iZg e 0
Analysis and results considering tabove mentioned four basic roughness paramatasmpanied
by their associated qualitative thrdenensional thumbnailare listed in Table® and3. Table2 lists
the values of the four measured rougbm parameters for K68 and K21 uncoated inserts. Among the
four scanned sampled K68 uncoated carbides (Samplégl)l all parameters values support the idea



Materials2011 4 64z

that sample 3 is a normal defdde specimen and it can be considered as a reference fostlod re

the samplesA SEM micrograph of sample 4 is shown in Figure 10b where high rough disturbances
dominated the entire surface of the insémt.comparison to the counterpart values for tleemal

sample 3all parameters are of much greater levelsheac350%, B00%, 157% and 146% increase

for Z-range, area difference %, Rq and, RespectivelyFor sample 2, Table 3, that is shown by the
SEM micrograph, Figure 10a, corresponding values were about 76%, 20%, 128% and 119%. These
values, in comparisoto those for sample 4, indicate that some situations where localized defects
dominate, sample 2, relative assessment is not accurate enough and more analysis using the mo
appropriate and specific parameter is required. This remark is supportedwigiéheriation in the

values of roughness measures of K21 uncoated carbides, sairpld@alile 2Whereas, for sample 2,

a localized surface defect exidtse surface topography is better represented either by Ra or Rq.

Table3 lists values of the rougiess parameters for the coa@@415 inserts including four intact
samples gamplesli4) in addition to one worn inselfsample 5) For the same worn specimen
sample 5 four scanswere performed on some preselected locations defined by positions 1 to 4 as
shown inFigure 1.When the values of each of the four roughness parameters of such a sample were
compared to the corresponding reference values, as the average mean of the measures of 4amples 1
the percent increases were found to hé00%, 18.6%, 22% and 154% for Zange, area diff.%, Rq
and Rarespectively. As shown in Figure 1, wear madas of rubbing nature giving misleading
indication of surface roughness improvemeéidwever, for positions 2 and 83gmple5, Table3), the
wear mode is ofinirregular nature that is interpreted as increashmglevels ofall the roughness
measures consideredhis limits the feasibility of using AFM analysis ftre worn specimen and, the
use ofa different examinatiotechniquesuch as SEM is preferred.

3.3 2. ASectionod Analysis of Surface Topography

T h eSecfior feature in NanoScope software offers a useful tool to quantitatively investigate the
topography of the surface localized defec#][Fi gur e 11 shows the use o
for the K68 uncoated carbide sampleg3l, Tabl e 2, u s rdimgnsidn&l smage wWithi g h-
12 em scan size. Three horizontal reference lines were allocated to provide information about the
surface topography over different locations of the scanned area. More features than those provided b
ARoughnesso paramet er s we rdethedrégueacy ofehd existmg flawmsd i n
For instance, in Figure 11b, the groove width was determined to benofr&gular width.

As shown in Figurd.1c, data for the deféieses ampl e 4 reveal s a height
to 0.5em for the referenceample 3, Tablé.

In order to get more information about the configuration of the droplet defect on the surface of the
GC415 coated sample 2, Table 3, both horizontal and diagonal sectioning reference lines were
allocated, Figure 12. It is shown that ttheplet is of approximate elliptical shape with about 3 and
6 em diagonals. Also, graphs indicate that within the scanned area, there is only one droplet
occurrence on the scanned area (unity frequency).

As shown in Figures 11 and 12, the accompanied table at the bottom of each graph provides some
useful informatiorabout the marked surface area being examined.
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Table 2. Recommended surface controlling parameters for uncoated carbide inserts.

Roughness data Section Data
Sample No Zrange | Area Rq Ra Spectral| Height Notes & Remarks

(m) | Dift.% | (m) | (m) | RMS | Range
' (hm) | (nm)

T 25
Samplel-K68 1,281 36.1 119 83.9 146 To
600

150
Sample 2K68 1,114 11.1 192 144 12 To
310

T 30|
Sample 3K68 634 9.24 84.3 65.8 101 To
200

T75( .

Sanzgge";)mg 2855 | 222 | 217 | 161 | 782 | To
750

T 14\
Sample 5= K21 674 8.3 54.2 35.8 52.9 To
215

T 1000
Sample 8K21 | 4951 | 167 | 308 | 341 | 449 | To
(Defect) 700

Table 3. Recommended swa€e controlling parameters fox3815 multilayer coated carbide.

Roughness data Section Data
Sample No Zrange| Area Rq Ra Spectral| Height Notes & Remarks
(nm) |Diff.% | (nm) | (nmy | RMS | Range
) (nm) (nm)
T50
Sample 1 1,224 | 22.3 186 112 208 To
485

10000nm_

Sample 2 1,954 | 21.4 | 291 | 227 | 432 | 4,000 |

100pm
15




64%

Materials2011, 4
Table 3. Cont.
Roughness data Section Data
Sample No Zrange| Area Rq Ra Sgtla\;l:tsral I;zlr?g(te Notes & Remarks
I 0,
(nm) |Diff. % | (nm) | (nm) (nm) (nm)
1T 35
Sample 3 1,355 12.4 168 130 86.7 To
390
1T 45
Sample 4 1,148 18.3 164 128 146 To
490
1T16
Sample 5
. 612 5.84 90.2 73.4 78.9 To
(worn-Pos. 1, Figure 1 200
1 80
(worn-PSoasmgleF? seq| 2912 | 107 | 500 | 398 | 818 To
-4 g 2,000
0
Sample 5
. 2,462 31.1 311 236 815 To
(worn-Pcs. 3, Figure 1 2,000
(Womlfgg“j"e;i’gure )| 978 | 809 | 123 | 97.4 | 160 |250
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Figure 11. Section surface analysis of K68 uncoated carbide inggrtglulti horizontal
sections for Sample 1 (partially defecte¢®) Multi horizontal sections for Sample 2
(cracked surface) ar(d) Multi horizontal sections for Sample 4 (overall rough surface)
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