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Abstract- Grinding is one of the important metal cutting ggeses used extensively in the finishing operations
During an abrasive material removal process afitteat developed because of high friction. The eotional
method of cooling consumes high amount of coolartdlill insufficient to control thermal relatedgtmems.
The proper penetration of coolant is not possillé most of the fluid goes in waste form. This isnhfal to
environment and workers health. Surface finish @pathdent output response in the production prowitbs
respect to quantity and quality. This is mainly elegis on different input parameters like cuttingdfluvheel
speed, work piece speed, depth of cut, grindingelvgeades, material hardness etc. The main obgdivo
achieve good surface finish by optimizing paranseterd analyze the process using CFD by construtim@-
D model which gives simulation of grinding proceBsstribution of temperatures, pressures, velogitiad flow
pattern in and around the grinding region are olein more detail. Such results are helpful tawboptimized
grinding process. In this study the Taguchi mettiad is a powerful tool to design optimization fyuwality is
used to find the optimum surface roughness in grmmaperation. An orthogonal array, a signal-toseofS/N)
ratio and an analysis of variance (ANOVA) are ergptbto investigate the surface roughness charatitefor
grinding operations. The material hardness andasimucture are examined and optimum grinding pararse
are found out for better surface roughness. Theraxental results of this study shows that coofiow rate
and table speed have significant effects on thiesairoughness while depth of cut has a lower eéfadt.

Index Terms- Analysis of Variance (ANOVA), Computational FluidyBamics (CFD), Coolant, Grinding,
Surface Roughness (Ra).

1. INTRODUCTION

Grinding machines are generally used for achievingifferent institute and agency has introduced saver
of high dimensional accuracy surfaces and godgealth and safety norms due to harmful emissiom fro
surface finish. In most cases, the grinding isfthal coolant to worker [5]. Thus from cost, health and
processing operation [1], [2]. The grinding whesl ienvironmental point of view, two alternatives are
formed by aggregate of cutting edges with negativignportant either to make eco-friendly coolant oe us
rake angles, creates comparatively large amoum¢atf less coolant for grinding operation.
over the cutting operation. A large amount of cobla
ngedgd to achieve the grinding performa}nce in tefms > LITERATURE REVIEW
grinding forces, metal removal rate; temperature
developed in grinding zone, Specific energy andebet  The literature review focuses on the literaturelgt
work piece surface finish [3]. The traditional ftioe done on the review of related journal- paperscladi
of coolant may be cooling, lubrication, corrosionavailable as open literature. This literature cevre
inhibition, chip removal. It may vary for machining grinding process related to input parameter such as
operations. In case of Grinding, the cooling is enorcutting fluids, machining parameters on output
preferable than lubricity as high amount of heaparameters with the different optimization method.
develops due to high speed rotation of grindingekhe  Suresh Thakor et al. [6] explain that, surfacésfin
These functions of coolant give improvement in tochnd metal removal rate are the important output
life and surface finish. Generally the coolants areesponse in production with respect to quality and
categorized into Straight type, Soluble, Synthetid quality. The material for experimentation is EN$eT
Semi-synthetic type. A large use of coolants nexgui cutting fluids, workpiece speed, and depth of aat a
high amount of cost which is approximately 15 % ofnput parameters. These are design by full fadtoria
total production cost [4]. The major problem ispdise method. Statistical software package MINITAB 17 is
of it after use since it contains toxic contamisantused to derive the model between input and output
which pollute the land. parameters. The experimentation is carried by
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cylindrical grinding with A}Os type grinding wheel. large contact area between tool and workpiece cirfa
They found that, the water soluble oil as cuttiigfis creates difficulties in supplying coolant to grindiarc
the most influential parameter followed by deptltof thus resulting thermal damage to workpiece as all
and work piece speed. The optimum results dafverloading and wear of the grinding wheel. Thus,
parameters are seen for water soluble oil whenesigh simulation of grinding process using CFD by creatin
work piece speed of 120 rpm and high depth of éut @-D model gives the accurate picture and infornmatio
500 um. Confirmation test gives surface roughnédss tegarding distribution of temperatures, pressuites
0.4246 um and material removal rate of 0.0974 gm/selow pattern in and around the grinding region. 3éne

Halil Demir et al. [7] has studied the effect g results of information are not possible by using
size of grinding wheel and depth of cut on surfacexperimental work.
roughness of AISI 1050 steel material using a $erfa  Stefan Mihic, Sorin Cioc et al. [12] presents the
Grinder. The machining related parameters liksignificance of Computational Fluid Dynamics (CFD)
grinding wheel revolution, wheel dressing rate andiodels used to simulate the fluid flow and heatdfer
coolant flow rate are considered constant durinip a grinding process. They explains the importawifce
experimentation. The result gives lowest surfaceorrect fluid flow which enhanced process stahility
roughness value when grind by wheel of 80 graim sibetter workpiece quality and tool life. The
compare to grinding wheel of 36 and 46 grain sizeeplacements of numerous experiments which are
Generally low grain number wheel used for largexpensive, time-consuming and have limited
volume of chip removal operation. It is also observ capabilities are overcome by CFD technique. The
that during all stages of experimentation studyfas@ author stated the 3-D model for detailed distritmsi
roughness value significantly increases with insesia  of temperatures, pressures and flow rates in asahdr
depth of cut. the grinding region.

M. Aravind, Dr. S. Periyasamy [8] performed the
experimentation on horizontal spindle hydraulic
surface grinding machine for selected proces% WORKPIECE MATERIAL
parameters namely abrasive grain size, depth airlit The sample size selected for experimentation is
feed on AISI 1035 steel material. The minimunmi50 mm x 50mm x 20 mm. The black type mild steel
surface roughness value found by Taguchi method glate is taken for experimentation as a samplealTot
grain size of 60 meshes, depth of cut of 0.05 mth arspecimen for experimentation is 15. The sample
feed of 0.2 mm. The surface roughness value olstaingaterial is purchased from the local market. The
by Response Surface Methodology gives more goafifferent chemical composition of material tested i
result compare to Taguchi technique for same inpidb is given in Table 1.
process parameters. They concluded that feed of the

surface grinding has minimum effect on the surface Table 1: Chemical Composition
roughness of material. Alloying o Alloying | Composition
Mustafa Kemal Kulekc [9] analyzed the process giements | COmPOSHON ) | Coons %)
parameters for AISI 1040 steel plate material usifig
) C 0.175 S 0.075
orthogonal array for optimum surface roughness. The=
. . . . .S 0.186 Co 0.026
work is carried on surface grinding machine using
T i Mn 0.502 Al 0.017
EKR46K type grinding wheel. The grinding P 0.050 Ni 001

parameters considered are wheel speed, feed rdte
depth of cut. They concluded that the optimum

grinding parameter combination using Taguchi method. EXPERIMENTATION

includes wheel speed of 1500 r/min and depth obEut . . .
005 mm. The contribution order by ANOVA The experiments are carried out by surface grinding
technique found as 50%, 40% and 10% for depth 6‘?30*?'_”6 on _150.mm X 50 mm x 20 mm under wet
cut, wheel speed and feed rate respectively. condition mainly in respect of surface roughnedse T

Ebbrell et al. [10] analyzed the velocity directio experimental setup is shown in fig 1. The COO'W i
of air that can split into two streams when fluigiSed to reduce the heat and wash away the grinded

approaches the grinding zone i.e. the boundaryrlay@]etal_ powder _pr(_)duced during - contact of wor_k
along the grinding wheel and the reversed air floyaterial an_d grllndmg wheel. The type of coolant is
along the workpiece. The effect of the boundaretay soluble cutting oil (AQUA CUT125). .

especially near the grinding zone shows the gripdin_. The  related parameters like hardness,
fluid of low velocity. Thus proper penetration of Microstructure, mate_n_al and coolan'g properties are
coolant is not possible. measur(_ed. The position of npzz_le is posmoned at

Stefan D. Mihic et al. [11] explain CFD modelsnofZIe tip of 2_5'35 mm ff‘?m grinding zone with 35°

used to simulate the fluid flow and heat transfemi 20° from horizontal position of workpiece. A sump

grinding process. The main characteristic of grigds tank of capacity 100 liters is used, from where pum

high precision and high surface finish. The rektiv suc_ks .the C.OOIant and after. p_erforming _the cooling
action it again gets collected in it after filtegirBefore

24



International Journal of Research in Advent Technology, Vol.3, No.7, July 2015
E-1SSN: 2321-9637

conducting every experiment the grinding wheel wasoncept with formula is used to calculate S/N ratio
dressed at 20 pm down feed using a silicon carbiddown in equation (1).

stone. The speed of the workpiece table is varied b

adjusting the knob of the hydraulic system. The elhe

used for experimentation is of type 90A46/54K6V31

made by aluminum oxide (4Ds;) abrasives with

vitrified bond. The size of wheel is 200 mm OD x 20 - 1

mm width x 31.75 mm ID with speed of 3000 rpm. — = — ].Ggm(— E?=1 Vl-z ) 1)

The surface roughness is measured by surface ¥ n

roughness tester of model Surftest 211/212. Th\ﬁ/
values of the input process parameters are chaaged

per design of experiment for the grinding

here n = sample size angd=ysurface roughness in
that run.

Furthermore, a statistical analysis of variance
(ANOVA) is performed to obtain optimum process
parameters that are statistically significant ahe t
contribution (%) of each of these in surface rowggn
result. The optimal combination of the process
parameters can also be predicted using Minitab 17
software. The design of experiments is shown Table

Table 3: L9 Orthogonal array

Grinding Parameter L evel
Experiment Coolant
Number Table Speed Depth of Cut Flow Rate

. s (mm/min) (microns) /i

Fig 1: Experiment setup (mi/min)
1 6000 30 600
. 2 6000 40 1200
4.1. Taguchi Method 3 6000 0 1800
Taguchi methods of experimental design provide 3,‘5‘ 2288 4318 iggg
sim_plg, _effective anc_l systemati_c approach for theg 6500 50 600
optimization of experimental design for performance7 7000 30 1800
quality and expected economic production. This8 7000 40 600
method is a unique and powerful statically 9 7000 50 1200

experimental design technique which greatly impsove

the engineering productivity. For present studylea 5. RESULT AND DISCUSSION

speed, depth of cut and coolant flow rate has been

identified as input parameters whereas surfacetfirs After completing the experimental trails using L9

the dependent variable to improve performancéaguchi orthogonal array, the surface roughness
characteristics of work piece. The levels of inpuvalues are measured using surface roughness tdéster

parameters are shown in Table 2. model Surftest 211/212 and the results are tatlilate

Table 2: Grinding parameters and their levels ~ 5.1. Optimization using Taguchi Method

Table Depth of Coolant Using Minitab 17 software, the S/N ratios are
Level Speed cut Flow Rate | yin calculated and tabulated. The smaller the better
(mm/min) | (microns) | (M/min) phenomenon is selected because surface quality will
Low 6000 30 600 1 be high when value of surface roughness is small.
Medium | 6500 40 1200 2
High 7000 50 1800 3 5.2. Analysisof signal to noise (S/N) ratio

. .. Regardless of smaller the better as in machining,
Nature and the economic consequences of quality .- . - . .
: S . gnificance of input factors is find out using S#tio
engineering in the world of manufacturing proces ; :
. method. The high value of S/N ratio corresponda to
parameters are computed based on the signal te ngle

(SIN) analysis. Regardless of the category of theetter performance. Therefore optimum level of

performance characteristic, the larger S/N ratigarameters is the highest value of S/N ratio. Tike 5

corresponds to the better performance characterist] 1'° for surface roughness for orthogonal array is

Hence the optimal level of the process parameters slhown in Table 4. The response table of S/N ratio f

the level with the highest S/N ratio. In this sega surface roughness is shown in Table 5. The inflaenc

roughness should be lower, thus lower the betté)J each control factor Is- more clearly shown n
response graph shown in Fig. 2. The slope of line
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which connects the levels shows the strong inflaenc

of each control factor. It is observed that cooféow

rate has a strong effect on surface roughnesstand
S/N ratios. The depth of cut has a lower effectnsho
shallow shape of the line.

Table 4: L9 Orthogonal Array with S/N Ratios

Grinding Parameter Level Output
E)épt' Table Depth of Elgs\llam Surface S/IN
’ Speed cut Roughness| Ratio
(mm/min) (microns) Rate (microns) | (dB)
(ml/min)
1 6000 30 600 16.9 24,558
2 6000 40 1200 11.2 20.984
3 6000 50 1800 12.1 21 656
4 6500 30 1200 11 20.828
5 6500 40 1800 15.5 23.807
6 6500 50 600 16.1 24137
7 7000 30 1800 11.6 21.989
8 7000 40 600 115 21.214
9 7000 50 1200 11.1 20.906
Table 5: Response Table for S/N Ratio
Level | Table Speed Depth of Cut Coolant
Flow Rate
1 -22.40 -22.22 -23.30
2 -22.92 -22.00 -20.91
3 -21.14 -22.23 -22.25
Delta | 1.79 0.23 2.40
Rank | 2 3 1

Table 6 shows the factors and their optimum
levels obtained using Minitab software. The Table 7
shows the ANOVA results of surface roughness. It
shows that coolant flow rate has a contribution of
45% which shows significant effects on surface
roughness. Therefore based on S/N ratio and
ANOVA analysis the optimum cutting parameters
for surface roughness is found as

Table 6: Factors and their optimum levels using

Minitab
Sr. .
No Factors Level | Optimum Leve
1 Table Speed (TS) 3 7000 mm/min
2 Depth of Cut (DOC) 2 40 micron
3 Coolant Flow Rate (CFR 2 1200 ml/min

Table 7: ANOVA for Surface Roughness

Mean F Contribu
Source DOF SS Square | value | tion (%)
TS 2 1248 | 6.24 0.94 26
DOC 2 0.326 | 0.163 0.02 1%
CFR 2 20.92 10.46 1.58 45
Error 2 13.20 | 6.60 28
Total 8 46.94

Main Effects Plot for SN ratios
Data Means

% -20 /\-

6000 6500 7000 30 40 50 600 1200 1800

Signal-to-noise: Smaller & better

Fig. 2: Main effect plot for S/N ratios for Ra

The improvement of S/N ratio and surface
roughness are further carried to verify the results
obtained using Minitab software considering the
optimum parameters. This result is compared with
experimentation results. The ratio of S/N ratio is
determined by using equation (1) and corresponding
surface roughness by experimentation.

Table 8: Results of confirmation experiment

Grindin Optimal Optimum In\:g(;o Improved
g Experiment | Minitab S/N ratio
parameter Ra
parameters| parameter (%) (dB)
Table 6500 7000
speed
Depth of 30 40 3.5% 14
cut
Coolant 1200 1200
flow rate

Table 8 shows the comparison of S/N ratio and
surface  roughness obtained considering the
experimental grinding optimum parameters with
optimum parameters obtained using MINITAB
software. The increase in S/N ratios is found 4dB
and corresponding surface roughness improves by
3.5%. A close relation is observed for optimal eslu
of S/N ratio and surface roughness determined in
above methods.
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5.3. Microstructure

MTRNO: N 160810
MSPLATE
300X 50 %20 mm

ORIG MAGN: 1000
CORE
FERRITE

PEARLITE

(a) Before Grinding

S.
MTRNO: N1 8
M.S.PLATE 62’{
150 X 50 X 20 mm

ORIG MAGN: 1000 X

(b) After Grinding

Fig. 3: Microstructure before and after grinding

Fig. 3 (a) and (b) shows the microstructure ofrttikg
steel sample before grinding process which is o fi
pearlite having non-uniform distribution of the

structure and have medium and coarse ferrite aso h
intermediate structure about 8-10 % i.e. it is hesit
pearlite nor fully ferrite but in between of the§te
component after machining process gives a uniform
distribution of the structure. The microstructure i
determined under the magnification range of 1000X.
The nital 3% is used for etching the sample for 30
second.

5.4. Hardness

The sample of mild steel is tested for hardness
before and after the grinding. The hardness isdesh
Rockwell hardness with B scale. The ball is used of
tungsten denoted by notation ‘W’. The hardness of
sample before machining is found as 73 HRBW
whereas the hardness after machining is 83 HRBW.

5.5. CFD Results

The objective of this work is to adapt and apply t
approach and methods used in computational fluid
dynamics (CFD) to study the fluid flow in grinding
and, thus, obtain a detailed and accurate pictlitieeo
distribution of quantities such as temperature,
pressure, velocity, and liquid volume fraction and
coolant flow patterns. The CFD analysis is caroed
at constant table speed of 6500 mm/min and depth of
cut of 30 micron for coolant flow rate of 600 mlfmi
1200 ml/min and 1800 ml/min.

(a) CFD Model and Porous Media (b) Meghi

Fig. 4: 3-D Model & Grid details
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(a) Flow pattern on workpiece (b) Contotitatal temperature mixture (k)
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(c) Contours of total pressure (Mie in Pascal) (d) Contours of votufraction

Fig. 5: Results Analysis of Coolant Flow Rate (60nin)

(c) Coolant distribution on workpiece
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(e) Boundary layer formation (f) Final temperature due to coolant
Fig. 6 Results Analysis of Coolant Flow Rate (12@i{min)

(a) Vector distribution (b) Temperature disttibn

18816.39.
1706068
15304.98
13548.28
1178357
10037.87
828217

652646

477076

3015.06
126935
496.35

225208
-4007.76

(c) Pressure distribution (d) Comldistribution
Fig. 7 Results Analysis of Coolant Flow Rate (18061im)

2. The surface roughness values found from Minitab
software for S/N ratio are table speed of 7000

6. CONCLUSION ml/min, depth of cut of 40 um and coolant flow
In this study, an application and adaption of the rate of 1200 ml/min.

Taguchi optimization and quality-control method ever 3. The order of contribution is determined by

established for the optimization of the surface Analysis of Variance (ANOVA) method. The

roughness in a grinding process. The objectivenis t result shows that coolant flow rate (45.52%) and
optimized process parameters and grinding process f table speed (26.65%) are significant effects on the
better surface finish. surface roughness compare to depth of cut.

1. Three parameters namely table speed, depth of ¢t The investigation of surface grinding process
and coolant flow rate of each of three levels are parameters shows that the selected parameters like
used as an input variable whereas the surfacénfinis table speed, depth of cut and coolant flow rateehav
of job is considered as an output variable. The affect on the hardness of sample. The value of
optimum grinding parameters found from hardness of grinded sample varies from 73 HRBW
experimentation usingg.Taguchi orthogonal array ~ to 83 HRBW which affects on improve in surface
are table speed of 6500 mm/min, depth of cut of 30 roughness.
pm and coolant flow rate of 1200 ml/min.
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The microstructure of grinded sample observed
under microstructure gives more uniform

distribution of grain structure which helps to[5]

improve the
workpiece.

The CFD analysis is studied for three types of
coolant flow rates of 600ml/min, 1200 ml/min and

results of surface roughness of

1800ml/min in detail. It is observed that air[g]

entrained around a rotating wheel forms a barrier
that impedes fluid delivery, thus reducing the
useful flow rate. The grinding fluid must first

penetrate the air barrier to enter the grinding
contact. The air barrier is a sub ambient pressure

layer of fast moving air. [7]

The reasons for getting better quality results for
1200 ml/min coolant flow rate is explained with
CFD as the flow is getting evenly distributed and
film formation near wheel.

. Simulations using the proposed numerical models
yielded detailed data and realistic fluid behavior]8]

The distributions of temperatures, pressures and
flow rates in and around grinding region were
obtained in great detail, which would be difficatt
even impossible to obtain using experiments only.

. The heat transfer coefficient(wfrk) along rim
is found a$9]

porous and workpiece porous
19130.398 and 10805.339 respectively for coolant
flow rate of 1200 ml/min which is highest

compared to other two types of coolant flow rate.
The highest heat transfer coefficient leads to
highest overall cooling also average

temperature along workpiece porous and
porous is found less for 1200 ml/min.

rim

10.The future development of this work can be in

considered in areas like:

Fluids in Machining and Efforts to Address
Associated Environment/ Health Concerns”.

T.D. Lavanya, V.E. Annamalai Rodrigo Daun
Monici, Eduardo Carlos [2010], “Design of an
Eco-friendly Coolant for Grinding Applications”,

International Journal of Advanced Engineering
Technology, vol. | Issue II: 46-54.

Suresh P. Thakor, Prof. Dr. D.M. Patel (2014),
“An Experimental Investigation on Cylindrical
Grinding Process Parameters for En8 Using
Regression Analysis”, International Journal of
Engineering Development and Research, vol. 2,
Issue 2, pp 2486-2491.

Halil Demir, Abdulkadir Gullu, Ibrahim Ciftci
(2010), “An Investigation into the Influences of
Grain Size and Grinding Parameters on Surface
Roughness and Grinding Forces when Grinding”,
International Journal of Mechanical Engineering
vol.56, pp 447-454.

M. Aravind, Dr. S. Periyasamy (2014),

“Optimization of Surface Grinding Process

Parameters by Taguchi Method and Response
Surface Methodology”, International Journal of

Engineering Research and Technology, vol.3,
Issue 5, pp 1721-1727.

Mustafa Kemal Kulekci (2013), “Analysis of

Process Parameters for a Surface-Grinding
Process based on the Taguchi Method”,
International  Journal of Materials and

Technology, vol.47 (1) pp 105-109.

tota[10]S. Ebbrell, N.H. Woolley, Y.D. Tridimas, D.R.

Allanson, W.B. Rowe (2000), “The effects of
cutting fluid application methods on the grinding
process”, International Journal of Machine Tools
and Manufacture, vol. 40, pp 53-61.

« Nozzle geometry can be considered fofll]Stefan Mihic, Sorin Cioc, loan Marinescu and

coolant flow.

e Minimum Quantity Lubrication technique for
coolant flow.

e CFD analysis which includes consideration of
Minimum Quantity Lubrication and Nozzle
geometry for optimizations.
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