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ABSTRACT: In the present competitive world, the manufacturing industry requires a good
knowledge about proper utilization of resources. Accuracy and surface finish of components
mainly depends on the machining process. In any metal cutting operation, the cutting fluid
plays vital role by cooling and lubricating the cutting tool-work piece interface. This work
presents the effect of minimum quantity lubrication (MQL) using hybridization of two
different Nano fluids (Alumina and molybdenum) in turning of stainless steel 304.The hybrid
Nano fluid was prepared by mixing alumina based Nano fluid with molybdenum disulphide
(MOS2) Nano particles in a fixed volumetric proportion of 90:10.The turning performance of
SS304 as compared to completely dry and wet machining in terms of material removal rate
and surface roughness. An attempt was made by using Vegetable cutting fluids mixed with
2% of Nano aluminium oxide particles constant in all trails and Molybdenum disulphide will
taken in different Wt. % (0,1,3) during turning of stainless steel 304 with varying process
parameters: speed, feed and depth of cut. The machining performance of hybrid Nano-cutting
fluid is compared with that of alumina-based Nano fluid in terms of material removal and
surface finish. The use of this hybrid Nano-cutting fluid reduction of cutting speed, feed force
and surface roughness compared to alumina oxide mixed Nano fluid. The process parameters
are optimized using Taguchi Design of Experiments. The best parameters are predicted and %
contribution of process parameters is analysed by using ANOVA analysis. Based on the
results, it can be concluded that MRR is influenced predominantly by depth of cut and wt. %
of Nano cutting fluid and surface finish is influenced by weight% of Nano cutting fluid and
cutting speed.

1.INTRODUCTION:
A lathe is a machine tool which turns chuck of a lathe and switched on and the
cylindrical material, touches a cutting chuck is rotated. And since the table
tool to it, and removes the material from which fixed the byte can be moved in the
the work piece to get the required shape vertical direction and the right-and-left
and size. The lathe is one of the machine direction by operating some handles. It
tools mostly used in material removal touches a byte's tip into the material by

process. A material is firmly fixed to the
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the operation, and makes a mechanical
part.

TYPES OF LATHES

1. Engine Lathe: the foremost
common sort of shaping machine,
motor driven and comes in giant sort
of sizes and shapes.

2. Bench Lathe: A bench prime model
typically of low power won’t to
create preciseness machine tiny work
items.

3. Lathe: A shaper that has the power
to follow a templet to repeat a form
or contour.

4. Automatic Lathe: The Ilathe in
which  the work piece is
automatically fed and removed
without use of an operator. Cutting
operations are mechanically
controlled by a sequencer of some
type.

5. Turret Lathe: The lathes which
have multiple tools mounted on
torrent either attached to the tailstock
or the cross-slide, which allows for
quick changes in tooling and cutting

operations.
6. Computer Controlled Lathe:
extremely automatic lathes,

wherever cutting, loading, tool ever-
changing, and half unloading are
mechanically controlled by pc secret
writing.

www.ljiemr.org

Fig 1: Lathe Machine

2.LITERATURE REVIEW:
VenkataRao.R&Kalyankar.V.D(1)is
adopted multi-pass turning operations is
to produce products with low cost and
high quality, with a lower number of
cuts. Parameter optimization plays an
important role in achieving this goal.
Process parameter optimization in a
multi-pass turning operation usually
involves the optimal selection of cutting
speed, feed rate, depth of cut and
number of passes. In this work, the
parameter optimization of a multi-pass
turning operation is carried out using a
recently developed advanced optimiza-
tion algorithm, named, the teaching—
learning-based optimization.
ShrikantBorade .al.(1). Investigated on
surface roughness and temperature of
EN 353 steel using Turning process.
The Taguchi design of experiment
methodology has been used for planning
and designing the experiments. Depth of
cut and then followed by feed and at last
speed have been found to be most
significant factors for surface roughness
at 92% significance level , with
percentage contribution of 46% and
33%. The optimal parameter
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combination obtained from single
variable optimization are speed 800 rpm
, feed 0.07mm/rev , depth of cut
0.05mm.This experiment shows that
surface roughness and temperature
reduced significantly by machining EN
353 steel using nano fluid ( 3 vol % of
Aluminium oxide ) as compared to
Vegetable oil.

3.EXPERIMENTATION:

‘ Material Selection (35 304) ‘

v

[ Process Parameters Selection and their Level ‘

v

‘ Design of experiments (DOPJusing Mini Tab and matrix generation ’

-
N7

{ Experimentation

Vi

{ Calculation of response Variable: Material Removal Rate, Surface Roughness
[
NS
[ Optimization of Process Parameter ‘
=z

‘ Single variable optimization ~Taguchi Anova analysis }

|
= =

{ Result & Discussions ‘

Fig. 2 Plan of work

SELECTION OF WORK MATERIAL
STAINLESS STEEL 304alloy :SS
304 is chosen to study and this material
can findvarious applications .Because
of its as-welded and good corrosion
resistance. Due to this this was used in
most of the industrial applications, for
manufacturing of interior parts of
automobiles .In view of the present
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research  objectives, experimental
investigation and analysis were carried
out in different parametric

combinations, for deriving effective
parametric combination.

Table 1 Chemical composition of SS
304

Elemer C Mn P 5 Si Cr Ni

N2

Iron

% | 008 2.00 0.045 0.03 073 | 12.0-20.0( 10.00

Bal

The work piece dimensions are length 30mm and diameteris 1 6mm.

Table No: 2 Mechanical and Thermal properties of Material

Mechanical Properties
Density(g/cc) g
Poison’s ratio 029
Elastic Modulus (Gpa) 103200
Ultimate Tensile Strength (Mpa) 1260-1390
Yield Point (Mpa) 1041-1160
Elongation at break (%) 70
Hardness (HR.C) BRINELL 123
Thermal Properties
Melting Point(*C) 1400-1433
Themmal Conduetivity(Wm, K 162
Specific Heat(TEg k) 435
PREPARATION OF TiB, NANO

CUTTING FLUID: For preparation of
Aluminium oxide (AI203) and molybdenum
disulphide (MOS,) hybrid Nano cutting
fluid the Magnetic stirring method is used.
In this process, the A1203 and MOS; nano
particles are mixed with vegetable oil (base
fluid) to make hybridNano fluid. Nano
AlI203 and MOS,; particles are selected due
to their superior tribological and antitoxic
properties.

EXPERIMENTATION PROCEDURE: A
CNC lathe (model: SPEED LX-200 SUPER
;make: MACPOWER CNC MACHINES
PVT. LTD., Coimbatore, India) as shown in
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the figure is used for experimentation. The b Castor ol ]
) i +A03 2% | 1400 012 03 0.84 1668.2
power of spindle motor is 7.5 kw and the +1% M08,
power supply given is 230V, 50 Hz single 13 Castor ol
) : +A03 2% | 1100 0.14 0.6 0.76 | 1838.93
phase supply. The Coolant used is Hybrid +3% MOS,
nano cutting fluid (AI1203 &MOS,) — —
The model is a gentle giant from Macpower i;tll%; ols 1200 013 03 0.87 1638.07
comes with a torque of passionate B3 Caorol
. . +A03 2% | 1300 012 08 091 135140
technology. LX-200 Super , with his robust +3% MO8,
appeal is not only capable of cutting dee 16 Castor ol
'pp y cap ] g ) p +AI03 2% | 1400 011 07 114 139140
into the surface but surprises everyone with +3% MOS;

unimaginable smoother surface finish also. e T T e s e
MICROSTRUCTURE OBSERVATIONS

Table:3 EXPERIMENTALRESULTSFOR MRR AND SF: OF WORKPIECES USING “SCANNING
DEPTH [ SURFACE ELECTRON MICROSCOPE”
Tvpeof |SPEEDrpm| FEED OF CUT FINISH MRR — .
RUNY cutting fluid Mm/rev (mm) R.) Mm?/min - : K
01
Castor oil 1100 011 03 218 1208.17
" Castor ol 1200 012 06 136 1202.2
03
Castor ol 1300 0.13 0.7 14 1390.61
Fig 3 micro structure of the machined
04
Cswrol | 1400 | 01 08 195 | 109030 sample at experiment no 1,low surface
— finish.
3 astor ol +
ADOIZ| 1w 012 07 1576 1.7 4. OPTIMIZATION OF PROCESS
o CamTs PARAMETERS:
A2O3 2% 1200 01 08 1.88 1026.30 . , . ,
Table No: 4 Sil o Noise Ratios for \RR, SR
! [ﬁ;g;ge: 1300 014 03 153 142120 .
by | Wehol | Coimg | beed [Dgtn | MRK | SN | 3K | BN
T o | Nuo | Speed |(umr| Of |(uo'ni)| mto | w)| nfo
A0S | w0 | o | 06 | 145 | mme ) | ®) | «
T W | 0| 03 | I | e |1 €T
i Castor of 7 ,
A w0 | on 0 W | e 0wl 0 D001 QL0 | 0f | T012 | oL %Ee | 136 [-3804
1% M08, B T | 00| 00| 07 | [o0fr | 6ol | T8 -T3
10 Castor ol
Anosm| e | ol |07 130 | 1584 W1 W [T0[0E] 07 [ 00| W | 15| T30 |
~1% MO8,
T T Tamal 0l 5h EEVEEEE AR R SR
HDOY%| W | ol 0§ 18| 17630
1% M08,
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Table No: 6 Response Table for Mean and S/N ratio (Smaller & hetter critera)

I DR 0Y | L0 | g [ 15 ] e ;
HDD SN rafio Mean
B O [ A0 00| 0o | 98| ol | 147] 330
Process ted Wilh of Wttt
| Ueliell | IO 015 | OF | 10830 | ot | 099 J0K% pwees | w8 | F | D w5 | F|D
Pl PRI IR PR L weg U400 (200 [ a0 s (o |1 |1
[ Geliela | TS0 O ) 00 | 10R0 | OLAIE | 108 | Do ‘ _ _ _
T T T T R T T T Vae LD (40 |26 |60 |15 |65 140 {120 | 1207
SR RERER A 1|00 | L A9 |00 (178 |18 | L0 | L3
T I T8 5 | TR 6% T I —
O [ Celteds | 10 [ 01| OF | 19040 | olbly [ 001 ] 0809 g’
0| Celledi | 100 1 010 | OF | LS040 | o) | L4 ) L5 Deka 46 1004 298 |18 | 070 0275|0497 (02190
Rak [ |4 23032
TableNo: $Response Table forMean and $/N ratio (Larger is better criteria)
o - PREDICTION OF OPTIMAL VALUES
Prediction of Optimal Value for Material
L | With Removal Rate
Frocess of of The optimum value of Material Removal
P N L L Rate (MRR) is predicted at the selected
L |60 |80 [6L3 |§3 |18 |16 |10 |4y Levels of significant parameters. The
Average predicted optimal mean of theresponse

L2 (6133 [6211 [6242 (6233 1200 | 1294 |1336 | 1363
Value

Characteristics (MRR) can be computed as
L |85 |08 |83 |63 |06 |55 |48 1508

L4 [677 | 6247 |6L86 | 6LM | 13M | IM6 | 1415 |17

=)

¥ predicted =¥ exp+ (V- ¥ expl (¥ 5 -V expl (VE- ¥ emp)+ (V d - Yexp) (o)
Vpredicted =Y u+ ¥4 V-3 Verp
Whete, Vpredicted= Predicted MER

Deta {22 0% [ 7137 153 10 |07 (206

fu VEsp=Totd average tesponse of the experments i the aray=IT
tlily

i LT=217176316=1339 2 mm’ min

From above table it is found that the S/N
ratios and Means are in the following order:

Wt% of NANO ranks 1™ and Feed ranks 2", Whete T = s of al expements MBR mean vaes
These parameters most influenced on
material removal rate as compared to other N=numbet of experments=16

process parameters
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Fy= averageMRR. at fourth level wi¥4 of pamg, Castor ol +A1203 2% +3%
MO,

je DN 4= (1838 95+1638 07+1331 40+1301 40)4=1334 93 i
= averape MRR. ot fourth level of speed, 1400
£L S1/4=(1838 93+1668 241233 §+1000.3)4 = 1457 8 3mm’ min
Fe= average MRR. at fourth level of feed, 0.1 4mmigev
jeLFA= (1838 03+ 1308 4+1421 20+1090.30)4= 1414 mr’ min

7= D4 & the average MER 2t fourth evel of depth of eut 0 8um 1 2D,4 =
(1838 93+1649.5+1026.30+1090.3)4=1401 25mm’ mm

Thereforethe predicted optmal values of MRR are
Ypredicted =Y N+YS+VF-3* Vexp

=1334.93+1437 §+1414.7+1401 5-3#1337=1815.11

Confirmation Test for Material Removal

Rate

The final step in verifying the improvement
in Material Removal Rate was done by
conducting experiments using optimal
conditions. The confirmation experiment
was conducted at the optimum setting of
process parameters namely Wt % of nano at
level 4(Castor oil +AI203 2% +3% MOS,)
Speed level 1 (1100rpm), feed Ilevel
4(0.14mm/rev) and depth of cut level
3(0.6mm) and the Material Removal Rate
observed to be 1838.93mm3/min, which was
around the confidence interval of the
predicted optimal Material Removal Rate
1815.11mm*/min.

www.ijiemr.or

Predicted values For Surface Roughness

wxp= L0tal average responseof the experiments i the aay= 1Y
15 2Y=26 424/16=1293Tpm

Where T= sum of 2l experments SR mean values

N=number of experments=16

y=average SR at secondlevel of wi Seof1e LNA=

(0.87+0.76+0.91+1 41)4=1.38623im 5 = average SR at first level of
speed, 1100tpm

181 84= (13524131 22+1 382)4=1.381pm
Faverage SR at fourth level of feed, 0.14mm rev
1L Fid=(1814+1.63+1.22+1.35)4=135035pm

p=average SR at second level of depth of cut. 0.6mm

1oL D= (1376+1.845+1.241.138)4=1399T5pm
Thereforethe predicted optimal valuss of Surface Roughness are
Vpredictd =Y N+ VS +VF- 3V exp

= 1 38625+ 381+1 3035+ 30975-3x 16313
=0 8lym

Confirmation Test for Surface
Roughness:The final step in verifying the
improvement in Surface Roughness was
done by conducting experiments using
optimal conditions. The confirmation
experiment was conducted at the optimum
setting of process parameters namely Wt %
of nano at level 4(Castor oil +Al203 2%
+3% MOS,), Speed level 1(1100rem), Feed
level 4(0.14mm/rev) and Depth of cut
2(0.6mm) and the SR observed to be

0.76pm , which was around the confidence
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interval of the predicted optimal Surface
Roughness 0.81um .
ANOVA ANALYSIS

Percentage Cuntﬂ%%ﬂﬁ%u}e}i&a&%s{s for MMR
|

Error15.74
Nano
43.54%
Feed

21.54%

Fig: 4 Percentage Contribution of process parameters for Material Removal Rate]

ANOV A for Surface Roughness

Percentage Contribution of Process Parameters for SR

n%

. E@Nano
18%) M Cutting speed
% WFeed

65%

Fig: & Percentage Contribution of process parameters for Surface Roughness
S. RESULTS AND DISCUSSION

Main Effects Plot for SN ratios
Data Means
Nana SPEED FEED DEPTH

Signal-to-noise: Larger is better

Fig. 6 Graph of Input Parameters v/s
MRR

the first graph shows the effect of Wt. %

of Nano on material removal rate. From it
is clearly shown that with increase in % of
Nano powder, material removal rate
increased. Initially when Wt. % of Nano is
0% MRR is 1208.1 mm’/min. When the
Wt. % of Nano increased to Castor oil
+A1203 2% +3% MOS,, material removal
rate increased to 1838.93 mm®/min.

www.ijiemr.or

Main Effects Plot for Means
Data Means

CH ISP PP P I F P & &
C

(%

Fig. 7 Graph of Input Parameters v/s SR

It shows increase Depth of cut of has little
effect on the decrease of surface roughness
From Fig. 5.2, it states that if depth of cut
increased from 0.5 to 0.6 mm there was a
decrease in surface roughness from 0.76um
to 0.86um. Now, if depth of cut further
increased from 0.6 to 0.7 mm then surface
roughness decreased from 0.76 to 0.91pm.
If the depth of cut further increased from 0.7
to 0.8 mm then slight decrease in surface
roughness from 0.91 to 0.76um. It shows
depth of cut has less effect on surface
roughness

7. CONCLUSIONS

e Surface finish and MRR can be
improved by using different process
parameters.

e The surface finish (0.76um) is better
at lowspeed (1100 rpm), high feed
(0.14mm/rev) and depth of cut (0.6
mm) and % wt. of Nano (Castor oil
+AI1203 2% +3% MOS,)

e The MRR(1838.93 mm3/min) is
better at depth of cut(0.6
mm),speed(1100 rpm) and high
feed(0.14 mm/rev) and % wt. of
Nano (Castor oil +Al1203 2% +3%
MOS»).

e SS 304 material can be machined
with carbide insert tool material.
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It is found that at high feed and high
%wt. of Nano fluid more surface
finish is occur. From this feed and
Nano fluid ratio are the major
parameters that influence the surface
finish.

It is found that at high feed of cut
more MRR is occurring. From this,
feed and %wt. of Nano fluid is the
major parameter that influenced the
material removal rate.

From Taguchi analysis it can be concluded

that:

a)The material removal rate was found to be
1838.07mm’/min at optimal parameter
levels of % of Nano powder at level
4(Castor oil +A1203 2% +3% MOS,),
Cutting speed at level 1(1100 rpm), Feed at
level 4(0.14 mm/rev), Depth of cut at level
2(0.6mm).

b)

8.
(1]

The Surface Roughness was found to
be 0.76um at optimal parameter
levels of % of Nano powder at level
4(Castor oil +A1203 2%
+3%MOQOS,), Cutting speed level
1(1100  rpm), Feed at level
4(0.14mm/rev), Depth of cut at level
2(0.6mm).
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