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Fractal Dimensional Surface Analysis
of AISI D2 Tool Steel Material with
Nanofluids in Grinding Process Using
Atomic Force Microscopy

The surface analysis of nhanomachined AISI D2 toe¢lsmaterials is measured using
atomic force microscopy. The surface roughnessfeamal dimensional analysis are the
important factors in nano tribology and evaluatitige quality of nanomachined surface.
Carbon nanotube increases the heat carrying capaditermal conductivity of the

lubricating oil and thus prevents any damage towuek piece. The surface morphology
of different machined surface was studied by Fiabiaension analysis and roughness
characterization was carried out. The results irdécthat the fractal dimension changed
according to the smoothness of the machined surfidee Power Spectrum Density (PSD)
method based Root mean square (Rms) surface rosgkwvas calculated for carbon nano
tube based nanofluids in grinding process. The téladimension and roughness are
decreased due to single wall carbon nano tube basadfluids and smooth surface finish
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Introduction

Demand for better surface finish and accuracy hasnb
increasing rapidly in recent years. To improve therface
characteristics from micro level to nano level, oftuids are used in
the machining process. The fractal concept has lxpgiied to
determine the surface irregularities of the madhisarface. This
study presents a fractal analysis of nanofluidsethagrinding
surface, and uses the Powder Spectrum Density oetho
determine the Fractal Dimension (D) of atomic foragroscopy
(AFM) image for different machining conditions. Thermation of
fractals has been extremely useful in describirg llehavior of
nanofluids surfaces that result from imperfectiontsas scratches,
roughness, or partial passivation. We describeitnex@®mic force
microscopy (AFM) fractal analysis of AISI D2 todleel material
surface using nanofluids. Our results indicate tha Fractal
Dimension (D) decreases by using nanofluids whiéeming, heat
is generated between the tool and the work pigoen fvhich an
oxide layer is formed since the heat carrying cépat nanofluids
is more than conventional fluids. Carbon nano thhe excellent
thermal conductivity and heat carrying capacity. 8sing these
properties a uniform surface morphology image whtined at
nano level, getting smooth. Fractal analysis haoine a new and
powerful tool to describe the geometric and stradtproperties of
AISI D2 tool steel surfaces. The fractal dimensisrthe number
used to quantify these properties.

Nomenclature

D  =dimension of fractal

L(r) =length of the corresponding curve, mm

N =number of data points

N(r) =number of measurements taken

r = length of the measurement scale, mm

Ra = surface roughness, um

Rrms = root mean square method of surface roughness, um
Z = mean height, mm

Zn = height of the data points, mm
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Literature Review

Te-Hua Fang et al. (2005) proposed Surface analyges
nanomachined films are performed using atomic fofieeroscopy.
Both surface roughness and fractal dimension aeeittiportant
factors in all areas of nano tribology and in eatihg the quality of
a nanomachining operation. Yeau-Ren Jeng et aQ3)2proposed
the radio frequency (RF) magnetron sputtering B®ds used to
generate a lead zirconate titanate (PZT) ferroatetttin film on a
silicon substrate. The surface characteristicshisf kead zirconate
titanate film are then investigated by means ofatwmic force
microscopy (AFM) method. Asvestas et al. (1998)ircef a
modified version to estimate the Fractal DimengiBB) of a two
variable Fractional Brownian Motion (FBM) functiorfsom its
average power spectrum. The method is
Differentiation method. Kwasny et al. (2005) preasenstructure,
texture, thickness, micro-hardness and fractal dgiem of surface
topography of the two-layer TiC coatings onto th®PA30 sintered
high speed steel. The fractal dimension value dfse topography
of analyzed coatings was determined using the giieg covering
method basing on investigation results in the atorforce
microscope. Su-ll Pyun et al. (2004) investigatée tfractal
characteristics of meso porous carbon electrod#s weirious pore
structures using the N2 gas adsorption method laadransmission
electron microscopy (TEM) image analysis methodjeBélle et al.
(2005) proposed to create a fractal function defibg an infinite
series to model worn surfaces obtained by a gringirocess. In
these series, each elementary term characterizesiaprocess at a
given scale. These series are only defined by temrpeters: an
amplitude parameter and the fractal dimension. YGdu (2005)
proposed the surface morphology, surface roughaess micro-
crack of AISI D2 tool steel machined by the elezttidischarge
machining (EDM) process by means of the atomicdanicroscopy
(AFM) technigque. Mamalis et al. (2004) has writtem give a
consolidated view of the synthesis, the propersied applications
of carbon nano tubes in mechanical, automotive apdce
industries. Prabhu et al. (2008) proposed nancseirfgneration in
grinding process using multi wall carbon nanotubixesh with
SAE20w40 coolant oil to improve the surface finish grinding
process. Contact mode of AFM is used to trace thifase of D2
tool steel using nano Si tip. Thus the surface hoegs of
nanofluids based machining is studied at microllefe&d x 9 pm
size of the object.

October-December 2011, Vol. XXXIII, No. 4 / 459

called Power



Paik et al. (2008) developed the nano sphere ofppopylene
synthesized under controlled growth conditionntislecular weight
is equivalent to the commercial grade polypropyleftee SEM is
conducted in order to inspect the surface morpholdte surface
roughness, i.e. surface roughness amplitude pagaseRa
(arithmetic average roughness) and root mean squarghness
(RMS) at nanoscale, was calculated for nanopastisleAFM. It is
found that the surface profiles depend on partgilee and it
increases with increasing particle size. In Raeatsial. (2007),
atomic force microscopy was employed successfollgvialuate the
morphological development of zinc electrodeposituto steel
substrate. Atomic force microscopy study of depmogitoposed
different mechanism of zinc development. Tanakaalet(2008)
proposed the particle outline image analyzed usinactal
dimension. In the fractal dimensional analyses, wttee scaling
was not less than or equal to 1/20th of the partdihmeter, the
fractal dimension was very large. In this studye scaling was
adjusted to less than or equal to 1/20th of thdighardiameter.
Sayyad Amin et al. (2009) aimed to investigate thpography
alteration of a glass surface as a result of asphalprecipitation
and its growth at various pressures using a bidtapproach. The
fractal plots were indicative of bi-fractal behaviand for each
surface type one fractal dimension was calculafée. topography
information of the surfaces was obtained by twogeanalyses,
AFM and SEM imaging techniques. Risovic et al. @0proposed
that there are many methods for analysis and ge&griof surface
topographies that rely on analysis of surface irnagietained by
various methods such as SEM or AFM. However, thay seldom
provide quantitative topographical information. Buioformation
can be obtained by fractal analysis of the imagesilting in a
characteristic fractal dimensions. The advantageactal approach
to surface characterization is that it is insewsitio the structural
details, and the structure is characterized bylsidgscriptor, the
fractal dimension D. Here it is discussed the tesol comparison
of two methods for the determination of topologicthctal
properties of porous/rough surfaces: electrochdmicgedance
spectroscopy and SEM gray-scale image analysiskihehin et al.
(2010) proposed the frictional and indented behaefoa diamond
asperity on a diamond plate carried out using eemdér dynamics
(MD) and experiments. The micro contact and fricdlobehavior
can be evaluated between a rigid smooth hemispherea
deformable rough flat plane by combining the defedrbehavior of
the asperity obtained from MD results with the feh@nd statistic
parameters. Dash et al. (2009) proposed the Qatwitroughness
and microstructural analysis of as-deposited anidt sveavy ion
(SHI) irradiated 10 and 20 nm thick Au films wererformed by
atomic force microscopy (AFM). Power spectral dgngiPSD)
analysis was done from the AFM images. The Rms hoegs
estimated from the AFM data did not show either atonic
increase or decrease with ion influences. Grzesid.€2009) used
the surface profiles generated in longitudinal lgnoperations
characterized using continuous wavelet transfornW{gL and

normalized fractal dimensioBn. The wavelet transform together

with fractal dimension can be capable of the dieiradf local self-
similarity in the surface profile.

In this paper, carbon nano tube based nanofluelsised in the
grinding process to analyze the surface charatitsrisf D2 tool
steel material. Till now no work has been carriad by using
carbon nano tube based machining. Carbon nanoltabed nano
fluid is used to improve the surface finish fromcroi level to nano
level which improves the surface finish of the wopkece.
Electrolysis In-process Dressing (ELID) techniqeeadapted in
grinding process to enhance the protrusion of thedmng wheel by
nanofluids (CNT with SAE20w40 oil) based machinipgcess.
Nanofluids having low Reynolds number and transpgrtiffusion
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can be very effective means of mixing in the lowyRdds number
regime, further, conventionally fluids have poor ertal
conductivity compared to nanofluids. The major Evede is the
rapid settling of these particles in fluids. Nandjgées stay
suspended much longer than micro-particles andpefow a
threshold level and/or enhanced with surfactamtisiiters, remain
in suspension almost indefinitely. Furthermore, sheface area per
unit volume of nanoparticles is much larger (milibmes) than that
of microparticles. Multi wall carbon nano tube mixwith oil to
enhanced thermal conductivity and critical heat ngfer.
Conventional heat transfer fluids have inherentlyorp thermal
conductivity compared to solids. AFM is used (G@Q05) to
analyze the surface roughness, micro crack an@itbpography
of the machined surface. Fractal dimensional amsalgsalso carried
out on the machined surface using WsXm spectroscoffiyvare
and Power Spectrum Density (PSD) method is usede@sure the
surface roughness.

Carbon Nano Tubes (CNT'’s)

CNTs have been of great interest, both from a foreddal point
of view and for future application. The most ey&hing features of
these structures are their mechanical, optical amémical
characteristics, which open a way to the machirapglication.
CNTs have a tremendously high surface area, goedtrigal
conductivity. This CNT is 100 times stronger théees (Mamalis et
al., 2004) and weight is 1¥6weight of steel. CNTs having high
strength to weight ratio used in aero space ingustioung’s
modulus of CNTs is over 1 TPa vs 70 GPa for aluminsteel 200
Gpa and 700 GPa for C-fibre. The strength to weighib is 500
times greater than aluminum and maximum strain Wwél 10%
higher than any material. Thermal conductivity dlTis 3,320
W/mK in the axial direction with small values in ethradial
direction. Electrical conductivity of CNTs is 1090&f and copper
is 106 Alcni. CNTs having very high current carrying capacity,
excellent field emitter and high aspect ratio.

NEf T éy
== 37— AT 1a i
Figure 1. A TEM image of our Single Walled Nanotube s — SWCNTs 90wt%

1-2nm Outer Diameter.

Table 1. Specifications of SWCNTSs.

Outer Diameter 1-2nm
Length 5umto 30 pm
Purity > 90 wt%

Ash < 1.5wt%
Specific Surface Area > 407y
Electrical Conductivity > 100 S/cm
Bulk Density 0.14 g/cth
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Most single-walled nanotubes (SWCNT) have a diamefe
close to 1 nanometer, with a tube length that @ambny thousands
of time longer. The single wall carbon nano tubshiswn in Fig. 1.
The sources of single wall carbon nano tubes ateived from
Cheap tubes Inc., USA [www.cheptubes.com]. Tabkhdws the
specification of SWCNT used in dielectric fluid.Bla 2 shows the
chemical composition of SWCNT in which 96.3% carlmmtent

conductivity measurements. These results indi¢ee@NTs can be
used as an addictive in the lubricant. The CNT withricant
mixture properties were tested and it shows thapgnties of

lubricant were improved.

Table 5. Properties of nanofluids.

have a single wall carbon nano tube. Thermal property WithOUt. CNT With CNT
nanofluids nanofluids
) - ) Flash poin (°C) 20C 21C
Table 2. Chemical composition of single wall carbon nano tubes. Fire poin (°C) 23E 25(
Elements | C Al Cl Co S Kinematic viscositym?/s) 25.6 31.55
Wt% 96.3 0.08 0.41 291 0.29 Dynamic viscosity (Pa.s) 21.02 25.91

AISI D2 Tool Steel

AISI D2 tool steel is a high-carbon, high-chromidool steel
alloyed with molybdenum and vanadium charactertaetiigh wear
resistance, high compressive strength, good thrbagtiening
properties, high stability in hardening and goodistance to
tempering-back. Table 3 lists the chemical compmsifwt. %) of
the material, while Table 4 lists the mechanicaperties of the
AISI D2 tool steel tested in Mettex lab, Chennatading to OES-
CML/WP/35 & IS 1586- 2000 standards.

Table 3. Chemical composition of the AISI D2 tool s teel [wt. %].

Si Mn Mo Cr Ni| V Co
03| 03] 1.0 12/ 03 0B 1

Fe
0 Bala

Elements| C
Wt.% 15

ce

Table 4. Mechanical properties of the AISI D2 tool  steel at room temperature.

0.2% offset yield strength 1532 MPa
Tensile strengi 1736 MP:
Hardness [HRC 57

AISI D2 tool steel is recommended for tools reqgrivery high
wear resistance, combined with moderate toughnesmck-
resistance) and it can be supplied in various Higss including the
hot-rolled, pre-machined and fine machined conditio

Nanofluids

Behavior of fluids at micro level is differing fromacro fluid in
that surface tension, energy dissipation and fuidsistance start to
dominate the system. Molecular transport betweemtmust often
be through diffusion. Nanofluids have low Reynoldsimber.
Conventionally fluids have poor thermal conductiviompared to
solids. Conventional fluids contain macro or migiae particle
which does not work effectively with micromachinibechniques,
since they can clog the tiny channel of these @sviblanofluids are
the new class of advanced heat transfer fluids nemged by
dispersing nanoparticles smaller than 100 nm inmetar in
conventional heat transfer fluids. A major challeng rapid settling
of these particles in fluids. Nanoparticles susgenchuch longer
than micro particles remains indefinite. Surfaceaaio volume ratio
is million times larger compared with micro partisl For all
samples, the nanofluids were prepared by dispergigams of
MWCNTSs into the SAE20W40 oil base fluid (1000 mifhe
mixture was then ultrasonicated for 10 min at 1G0%plitude using
a 130W, 20 kHz ultrasonic processor (Nanotechnologgearch
centre, SRM University, Chennai) and it was followey 20 min
stirring using a magnetic stirrer. The process repeated until the
total mixing time was 1 hour. The prepared samplese set at rest
for 24 hours before conducting any viscosity ancerrial
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The nanofluids are tested in Mettex lab, Chennaile@r increase
in the Flash and Fire point shows that the heastea capacity of the
nanofluids is increased due to which the rejectedt hin the
atmosphere increases as well as the flash anddin is raised. The
viscosity of a fluid is an important property iretanalysis of liquid
behavior and fluid motion near solid boundariese Vtscosity is the
fluid resistance to shear or flow and is a measafethe
adhesive/cohesive or frictional fluid property. Ca@sed nanofluids
have more viscosity which absorbs the heat devdlbgehe grinding
process that leads to improved surface finish aodite.

Grinding process

Grinding with super abrasive wheels is an excelleny to
produce ultra precision surface finish. Howeverpesuabrasive
diamond grits need higher bonding strength whileding, which
metal-bonded grinding wheels can offer. Truing dnessing of the
wheels are major problems and they tend to glazause of wheel
loading. Electrolytic in process dressing (ELID}h&e most suitable
process for dressing metal-bonded grinding wheelsng the
grinding process.

The basic ELID system consists of a power supplyetal-
bonded grinding wheel and an electrode. The eléetised could
be 1/4 or 1/6 of the perimeter of the grinding wheédéormally,
copper or graphite is selected as the electroderiaht The gap
between the electrode and the grinding wheel isstelgl up to 0.1 to
0.3 mm. Proper gaps and coolant flow rate shoulddbected for
efficient in-process dressing. Normally, arc-shagéectrodes are
used in this type of ELID and the wheel used isegistraight or cup
type. Figure 2 shows the mechanism of ELID grindaigmetal-
bonded diamond wheel.

Fulse FPower

Coolant

g

YWioripiece

Electrode

Figure 2. The mechanism of ELID grinding.

Surface grinding operation was performed on thekwgece
which is made up of D2 tool steel. This operatiaswerformed on
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four samples. (First 2 samples were done withouT @idnofluids,
second 2 samples with CNT nanofluids).

Figure 3. Experimental setup of grinding process.

The tool and cutter grinding process ELID setupg(R) is
attached with negative terminal connected with tebele and
positive terminal connected with grinding wheel gnidse current is
generated from Pulse generator and maintained y.dRe metal
bonded diamond grinding wheel is used and AIS| B4 steel is
used as work piece material.

Table 6. Machine specifications.

Tool and Cutter Grind

Name of the Machir

Make PHI

Model PTC-27
Longitudinal Trave 250 mn

Cross Travel 175 mm
T-Width Slot 10 mm

Table Dimension 500 x 113 mm

150 x 13 x 31.75 Bore mm
CBN Diamond bonded
0.5 hp, 3D, 50 Hz, 440V, 280 rpm

Grinding Wheel Size
Grinding Wheel
Main Motor

The flash point is increased when carbon nano tsbmeixed
with cutting fluid uniformly, so the cutting fluidan withstand
more heat produced by grinding process. Also duédat and
friction the white layer formation can be contrdlldy using
carbon nano tubes. The high electrical conductiafycarbon
nanotube influences the electrolysis of ELID grimgliprocess so
that clean and good surface finish on metal takesep These
results show that the surface finish can be impitdve using the
mixture of SAE20W40 with CNT.

Experimental Details

The specimen was made of the D2 Tool steel, wtschidely
used in the mold and dies industry. The raw madterigere
machined using lathe process. The specimens wete toa size of
diameter 20 mm and length 100 mm. These specimens heated
to 1030°C at a heating rate of 200°C/min in mufflenace. It was
kept at that temperature for one hour and then ahesh After
quenching, the specimens were tempered at 520°@wimrhours
and then air cooled. The hardness of the specinaninecreased to
57 HRC. The SAE20W40 oil was mixed in a proporta2 gram
of SWCNT for 1 litre of oil and this was used astiog fluid. The
properties of the cutting fluid with and withoutnmdube are given
in Table 5. The uniform mixture of carbon nano tulith cutting
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fluid is obtained by stir techniques. The machinmas carried out
at 2000 rpm and 1500 rpm speed using ELID technidter
machining the surface roughness of AISI D2 tooklsteaterial was
measured by AFM for with and without nanofluids.

Table 7. AFM specifications.

Name of the Measuring Atomic Force Microsocpe
Equipment

Type Contac

Tip Type Cantilever-SizN,

Tip Diameter 0.2t0 0.5 nm

Tip Length 125 um

Tip Thickness 4 um

Make NanoTech Electronic
ImageBrowse WSxM 4.0 Develo
Tip Coating Gold

Resonance Frequency 350 kHz

The AFM measurement tool tip is made of Si3N4, with
cantilever of lower stiffness, making it more sémsi The
topographic properties of the machined surfacettaea measured.
The AFM is equipped with a photo detector to pigkaulaser beam
reflected from the cantilever. The AFM instrumeBPM, Nanotech
Electronica, SRM University, Chennai, India) is sinan Fig. 4.

Laser

Sensor (Sends info
to computer)

Cantilever
with tip

==
Sample

M ATOMIC FORCE MICROSCOPE

Figure 4. Measurement setup (left) and schematic dia  gram (right) of AFM.

AFM is a device used to view the object to the maeter scale
with the aid of atomic forces. This is used to abt2D topological
view of the surface. Work piece is placed on thanser. A
cantilever beam is coated with gold of 0.8 nm hguarsilicon tip of
0.2 to 0.5 nm diameter and it is made to move tivertop surface
of the work piece. Contact type mode is used tosmeathe work
piece surface.

Results and Discussions

Surface morphology

Surface morphology plays an important part in usi@deding
the nature of machined surfaces. Before the 1990s, surface
textures of specimen were evaluated mainly withoatact stylus
profiler. This instrument has various limitationgcliuding a large
stylus radius, a large contact force and low macgtibn in the
plane, which will result in surface damage of ttenple (Guu,
Y.H). Morphology images are now obtained by Atonf@arce
microscope for with and without using single walteon nano tube
based cutting fluids in grinding process of AISI D@ol steel
materials. The image (Fig. 5a,c) shows that withasihg carbon
nano tube based nanofluids a non uniform surfaegénis obtained
and surface smoothness of 3.42 nm and 3.14 nmtaaéned and
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the machined surface exhibited a deeper crack @ &d more
pronounced defects. The image (Fig. 5b,d) shows tha using
carbon nano tube based nanofluid, a uniform suriatage is
obtained and surface smoothness of 3.06 nm and dn67are
obtained and the surface characteristics have ntiitacks and
valleys.

The darker contrast corresponds to the lower aafashe
surface, and the brighter corresponds to the higheas of the
surface. It is clear that the surface micro geoynelraracteristics
include machining damages such as ridge-rich sesfaenicro-
voids, and micro-cracks. The ridge rich surface ¥eamed by the
material melted during the grinding process andimmanted white
layer was formed. This layer would be removed bglgipg more
contact pressure to the work piece and due to winiate deflection
and chattering occurs.

However, the surface immediately reaches the dicidion
temperature since its being cooled by the cuttihgdf The
formation of micro-voids could be due to the gabliles expelled
from the molten material during solidification arldese can be
minimized by using nanofluids. The presence of mmacks leads
to thermal stress. The primary causes of the rebiginess in the
machined surface were the drastic heating and regoéite and the
non-uniform temperature distribution. The main oea$or getting
smoothness in carbon nano tube is because it leafient thermal
and mechanical property.

Jum

Z: 1. 7nm

Figure 5. AFM surface morphology of different grindi ng conditions
without carbon nano tube based nanofluids (a and c) (left) and with nano
fluids (b and d) (right).

Surface Roughness of Carbon Nano Tube Based Figure 8. AFM images of surface roughness with carbo

Machined Surface Using AFM

Surface roughness is fundamental to several pHysioperties
and physical phenomena of a solid surface. By ugiegAtomic
Force Microscope, it is possible to determine tiiéage topography
with a spatial resolution which is measured on A8l D2 tool
steel using carbon nano tube based nanofluids ennthachined
surface and compared without using nanofluids. ksagf with and
without nanofluids of grinding process are showrFigs. 6-9. The
average surface roughness, Ra, of the machinednspecowas
calculated from the AFM surface topographic dataaiscanning
area of 10 um x 10 um by Eq. (6):
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n
Ra=X (Z,-2)/N 1)
n=1
n
Rems=V (€ (Z,— 2) / Nf/ (N-1) 2

n=1

where Z denotes the height of a surface point, N is theber of
points in an analyzed area, iR used to find out the surface finish of
rough surface while R,sis used to find the surface finish of smooth
surface. Mean height can be calculated from

n
Z=1INZ Z,
n=1

4
&l
=

£

Figure 6. AFM images of surface roughness without ca  rbon nano tube

based nanofluids, speed = 2000 Rpm, Ra = 0.30066 pm

9883

Hamber of Eveats

Figure 7. AFM images of surface roughness without ca  rbon nano tube

based nanofluids, speed = 1500 Rpm, Ra = 0.4897 pm.

Number of Esents

Fesghilnis [
[ |

n nano tube based
nanofluids, speed = 2000 Rpm, Ra = 0.1339 um.

Ruberof Brats

acs

HaiGhin

Figure 9. AFM images of surface roughness with carbo n nano tube based

nanofluids, speed = 1500 Rpm, Ra = 0.2078 pm.

October-December 2011, Vol. XXXIII, No. 4 / 463



The surface roughness was measured by tracing Five 3 tip
over the D2 tool steel work piece. The micro suetsize length
and Z depth over a few nanometer was measuredhillbeks and
valleys shown in Figs. 6-9 are captured using AFRNe numbers of
intervals are taken as 100. The 3D image showsndgneémum and
minimum height of surface profile. The most commmuethod of
measuring the surface roughness is Root mean sqirares)
method. The surface roughness of AISI D2 tool stealerial with
carbon nano tube based nanofluids for the spee2D00 rpm is
0.30066 um and 1500 rpm 0.489{im is obtained and without
carbon nano tube based nanofluids for the spee2D0O rpm is
0.1339um and 1500 rpm 0.2078m is obtained. The results show
that grinding with optimum speed using carbon namge based
nanofluids gives good surface finish.

Power Spectrum Density (PSD) Method

The surface profiles can be analyzed in waveleragtiplitude
domain based on discrete Fourier transform, esleaciaing the
power spectra density (PSD) method. Power specmethod is
based on fractional Brownian motion. In this methedch image
line is Fourier transformed, the power spectrunevsluated and
then all these power spectra are averaged. Fidactansion (FD) is
computed from the slope. The Fourier method islifterathe self-
affine surfaces analysis and for simulation. Unfodtely, this
method is slow and requires gridded data. The radikulation
scheme works only for isotropic surfaces.

Figure 10. AFM images of PSD method base surface rou
carbon nano tube based nanofluids, speed = 2000 Rpm

ghness without

,Rms = 3.013 A.

GeneralInf | Miscellnecus

TadRMS ) 4846 |
3.0 (July 2004

Slope:

Versn

10gPSD[nm'D

ughness without
, Rms = 4.846 A.

Toarkif1fnmiT)

Figure 11. AFM images of PSD method based surface ro
carbon nano tube based nanofluids, speed = 1500 Rpm

1 g 151

(51

n ALSTR.{80pm il = (011X 1 b {6 it = |0}

Gererarfo| Mocelmens:

Shos:
ToaslfMs) 130
Ve[ 300y 2004

logrkf |} 1)

Figure 12. AFM images of PSD method based surface ro ughness with
carbon nano tube based nanofluids, speed = 2000 Rpm , Rms = 1.337 A.
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Figure 13. AFM images of PSD method based surface r
carbon nano tube based nanofluids, speed = 1500 Rpm

oughness with
Rms = 2.084 A.

For the grinded AISI D2 tool steel with CNT based avithout
CNT based cutting fluid the surface roughness wamd using
Root mean square (Rms) as shown in Figs. 10-13makthined
surfaces suggesting the existence of fractal coesnin the
surface-topographies. Furthermore, it can be semm this figure
that the slopes of carbon nano tube based maclsndedce are
smaller than without carbon nano tubes, which ssiggthat there
exist larger lateral structures (grain size) onghdaces. With using
nanofluids, the slopes decrease from 2.906 to 2a#@BBthe fractal
dimensions decrease from 1.153 to 0.9414. Conveatjo in
guantitative analyses of AFM images, the RMS roeglsrhas been
used to describe the surface morphology. Nano lulhsed
machining increased the surface finish, and alepesland fractal
dimension value are decreased, which means goddcsufinish
can be obtained using nano materials.

Slope PSD Method based Surface
o
—=sope Roughness(A)
—4=Surface Roughness(A)
2.906
4846
2561
2493 03
2084
Without CNT, Speed Without CNT Speed  Withcnt, Speed = With CNT, Speed = Without CNT, Speed Without CNTSpeed  Withcnt, Speed = WithCNT, Speed =
=2000Rpm 1500Rpm 2000Rpm 1500Rpm 2000Rpm 1500Rom 2000Rpm 1500Rom

Figure 14. Slope and PSD method based surface rough
for different machining conditions.

ness comparison

Figure 14 shows the consolidated values for PShodebased
surface roughness and slope of the machined surfdee surface
roughness and slope values show that there isakeria height of
hillocks when carbon nano tube is used as cuttingl.f This
indicates that the surface finish is improved.

Fractal Dimensional (FD) of Carbon Nano Tube Based
Machined Surface Using AFM

Fractal dimensional analyses are used to desdmnibéntricacy
of the morphology of the carbon nano tube usedemmbchining.
WSxM 4.0 develop 10.2-Image browser software isluseanalyse
the AFM image for with and without carbon nano tubased
nanofluid machining surface in grinding process.e Tépoftware
calculates the analysis using the power spectrunsigemethod.
The curves with fractal characteristics can be rilesd by

N(r) =r° (4)

Thatis L(r) = N(r) = P (5)

In this way D can be obtained by

ABCM
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s [BX]

D = log N(r)/ log(1/r) (6)

Flozdeg i Genesl i | Mscebsrmaus

D = -log N(r)/ log(r) (7)

where:
r = Length of the measurement scale;
N(r) = Number of measurements taken;
L(r) = Length of the corresponding curve;
D = Dimension of fractal. Figure 17. Fractal dimensional analysis of with usi  ng carbon nano tube
AFM image analysis is often brought to the evabratf fractal —nanofiuids, speed = 2000 Rpm, D = 0.8583.
dimension (D) which is summarized by the three step
1. Measure the quantities of the object using varistep  EmrE=GE
sizes.
2. Plot log (measured quantities) versus log (stepsyiand
fit a least-square regression line through the paiats.
3. Estimate FD as the slope of the regression line.

Table 8. PSD method based surface roughness.

. L PSD Method Figure 18. Fractal dimensional analysis of with usi  ng carbon nano tube
lefeggrtuljvlit}c:)c:;mng Slope Based Surface nanofluids, speed = 1500 Rpm, D = 0.9414,
Roughness(A)
Without using carbon .
nano tube as nanofluids, 2561 3013 Fractal Dimension (D) AFM based Surface Roughness(um)
Speed =20C an’ ~4=FractalDimension (0) ~4=Surface Roughness(um)
Without using carbon
nano tube as nanofluids, 2.906 4.846 8
Speed = 15CRpr o .

With using carbon nan

o <

tube as nanofluids, Spee 2.527 1.337 0.1364

= 200(Rpm

Wlth Uslng Carbon nano W\lho;éggl;ﬁpcm W\tholustOCONRTSpecd legsgg;pnedr W\(hligg,RSpcﬂd- W\lho;;;‘;l;ﬁpccd \’V\lholuslocob:?mpecd \\Htg;rg”?,;pccdr \‘\’\lhl(Sg;,RSpeedr
H = pm & om pm om = pm = pm pm pm

tube as nanofluids, Speed 2.493 2.084

=1500 Rpm

Figure 19. Fractal dimension and surface roughness analysis for different
machining conditions.

The fractal dimensions of the grinding machinedfamie with
and without using nanofluids are evaluated from Shlpe of the Table 9. Comparison of fractal dimensions with diff erent machining conditions.

plot of log P versus log(S), shown in Figs. 15ahd Figs. 16, 18. ) . Fractal Surface
Different Machining . . h
Conditions Dimension Roughness
T T [T (D) (um)
we Without using carbon nanp
ol == tube as nanofluids, Speed |= 0.9466 0.30066
i 200CRpmr
Without using carbon nanp
tube as nanofluids, Speed [= 1.1530 0.4897
1500 Rpm
With using carbon nano tube as
nanofluids, Speed = 20 Rpmr T 0.8583 0.1339
! . ) ! ) ) With using carbon nano tube as
Egnugﬁu::.gs.,l:srsg;ag ?gﬁ;;os;);nz:{ aDnil)ﬁ)s‘lggmthout using carbon nano tube nanofluids, Speed = 1500 Rp 0.9414 0.2078
!—v
e - Calculation algorithm for the fractal dimension asvbasically
. introduced by Sevcik (1998) and further it was &gpby Grzesik and
e Brol (2009) for roughness analysis purposes. Thetdt dimensional

value D is an index of the complicated morphologmarface. D
describes the total profile complexity and take® iaccount the
changes of the normalized profile length as a fanctof the
e observation scale. If the D value is between 12riHen the analyzed
Figure 16. Fractal dimensional analysis of without using carbon nano tube p.roflles. ha\-le §ome .fraCtal properties. Quamay'vef -the- fractal
nanofluids, speed = 1500 Rpm, D = 1153, dimension is higher, it suggests that the proféenplexity is more
pronounced. Analysis with the application of D disien to the
examination of differently machined profiles (Fidg$-18) shows that
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the most complex profiles were obtained withoungstarbon nano
tube nanofluids with the speed of 1500 rpm (D $3)10n the other
hand, the lowest D values were reached after machimith carbon
nano tube nanofluids with the speed of 2000 rpmh hipeed
machining (D = 0.8583). The surface smoothnesséseased by
using carbon nano tube based nanofluids by 18.3%%&€ampared to
without using nanofluids in grinding process by%9.3

Conclusion

The surface morphology of different machined swefasing
carbon nano tube based nanofluids was studiedasyafrdimension
analysis and roughness characterization was alse. dde concept
of fractal dimension was used to explore the serfaorphologies
of nanofluids based grinding surface. The fractadeshsion changed
according to the smoothness of the machined surflue fractal
dimension D and the roughness Rms may decreas¢odesrbon
nano tube based nanofluid used in machining prodssM is a
powerful tool to measure 3D roughness parametenveroently.
The height roughness Ra using AFM and Rms using Righod
not only reflect the height fluctuation of a nanlid based
machined surface, but also the changes accordititetmaterial of
the nano machined surface. AISI D2 tool steel nmetenachined
under nano fluid with an optimum speed of grindivigeel causes a
smooth and even surface. However, without usingon#aid
machined under the same speed, Ra and Rms valdkes stirface
improved and the fractal dimension decreased.
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