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Abstract

This study investigated the optimization
of End milling of AISI 1018mild steel by various
lubricants using the Grey relational analysis
method. Quaker 7101, Blasocut strong 4000 and
Velvex have been selected as lubricant. All the
experiment are carried out at different cutting
parameter (Number of Tool Flutes, Depth of cut,
Spindle speed and Feed rate) in various lubricant
assisted environment.Twenty Seven experiments
runs based on an orthogonal array of Taguchi
method were performed. Each nine experiments
were carried out in Quaker 7101, Blasocut strong
4000 and Velvex lubricant. Surface roughness,
cutting force andpower consumption selected as
aresponse  variable.An  optimal parameter
combination of the milling operation was
obtained via Grey relational analysis. By
analyzing the Grey relational grade matrix, the
degree of influence for each controllable process
factor onto individual quality targets can be
found. The optimal parameter combination is
then tested for accuracy of conclusion with a test
run using the same parameters.

Keywords: Optimization, Grey relational analysis,
surface roughness, cutting force and power
consumption.

I.  Introduction

Milling is the process of cutting away
material by feeding a work piece past a rotating
multiple tooth cutter. The cutting action of the many
teeth around the milling cutter provides a fast
method of machining. The machined surface may be
flat, angular, or curved. The surface may also be
milled to any combination of shapes. The machine
for holding the work piece, rotating the cutter, and
feeding it is known as the Milling machine.

Among different types of milling processes,
end milling is one of the most vital and common
metal cutting operations used for machining parts
because of its capability to remove materials at faster
rate with a reasonably goodsurfacequality. Also, it is
capable of producing a variety of configurations
using milling cutter. In recent times, computer
numerically controlled (CNC) machine tools have
been adopted to make the milling process fully
automated. It provides greater improvements in
productivity, increases the quality of the machined

parts and requires less operator input. For these
reasons, CNC end milling process has been recently
proved to be very versatile and useful machining
operation in most of the modern manufacturing
industries. Only the implementation of automation in
end milling process is not the last achievement. It is
also necessary to improve the machining process and
machining performances continuously for effective
machining and also for the fulfilment of
requirements of the industries.

Application of three lubricants in
machining process utilize water miscible cutting
lubricant, if it can be applied properlyThe main
objectives of this study investigate and evaluate the
effect of different cutting parameters (spindle speed,
feed rate and depth of cut, no of tool flute) on
surface roughness, cutting forces and tool life during
End milling of AISI 1018 material by coated carbide
end mill tools of different three type of lubricant
cutting environment. This three lubricant has been
selected to improve the quality of the material during
milling process.

One of the primary functions of cutting
fluids in machining is to cool the work piece by
efficiently removing heat away from the cutting
zone.Higher surface finish quality and better
dimensional accuracy are also obtained from cutting
fluids.Today’s cutting fluids are special blends of
chemical additives, lubricants and water formulated
to meet the performance demands of the
metalworking industry. During metal cutting heat
generated as a result of work done. Heat is carried
away from the tool and work by means of cutting
fluids, which at the same time reduced the friction
between the tool and chip and between tool and
work and facilitates the chip formation. Cutting
fluids usually in the form of a liquid are to the
formation zone to improve the cuttingcondition.
Cutting fluids is one of the important aids to
improve production efficiency.

Cutting fluids play a significant role in
machining operations and impact shop productivity,
tool life and quality of work. With time and use,
fluids degrade in quality and eventually require
disposal once their efficiency is lost. Waste
management and disposal have become increasingly
more complex and expensive. Environmental
liability is also a major concern with waste disposal.
Many companies are now paying for environmental
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cleanups or have been fined by regulatory agencies
as the result of poor waste disposal practices.

I1.  Experimental details

2.1 Work piece material

AISI 1018 has been selected as work piece
Material. It widely used for Axles, bolts, connecting
rods, motor Shafts, hydraulic shafts, pump shafts,
pins, and machinery parts. The diameter and Length
of work piece was 200 mm and 400 mm
respectively. Chemical composition of this material
is Carbon 0.14 to 0.20%, Manganese 0.6 t00.9,
phosphorus 0.04% max, Silicon 0.27%, Sulphur
0.50max;, iron 98.81 to 99.26%.

2.2 Cutting end mills

All the experiments were performed by
using solid carbide end mills of series (Art No
3021, 3680 and 3023) of different geometry. It
is hard pvd coated super micro-grain carbide
end mills having superior toughness and heat
resistance. It is used for Finishing and light
interrupted cutting of stainless steel. Different
types of three tool flutes are used.

2.3 Cutting fluid

In order to perform the experiment in
Quaker 7101, Blasocut strong 4000 and Velvex
which is water miscible cutting Lubricant. All three
lubricants forms are milky white emulsion. Suitable
for all metals for machining operations where
emulsifiable oil are normallyused. Emulsion strength
of quaker 7101 is (10-20%), blasocut strong 4000
(3-10%) and velvex (5-10%) have been used as a
cutting fluids Sometimes used successfully for even
milling process.

2.4Experimental apparatus

The milling of work piece is conducted on
TAKANG vmc-850 having followingSpecifications:
Table size:510x1000 mm, Working size: X Axis:
850mm, Y Axis: 560mm, Z Axis: 560mm, Spindle:
800 to 12000 RPM, No of tool: 24, CNC system:
Fanucoimb model, Cutting capacity: 220Cc/min,
Tool Holder Pull Stud Type: MAS P40T-1-45,
Power Supply: 415 v, 3ph, 50Hz, Width: 2230 mm,
Depth: 2350mm, Weight: 4500kg.

2.5 Measurement of surface roughness and
cutting forces

The surface roughness of the turned
samples was measured with Mitutoyo make Surface
roughness tester (SJ-110) and the cutting forces
measured with the help of equation.

2.6Design of experiment
In this study, four controllable variables,
namely, tool flutes, feed rate, depth of cut and

spindle speed has been selected. In the machining
parameter design, three levels of the cutting
parameters were selected, shown in Table 1.
Tablel.Factors with levels value

Level

Factors 1 Level 2 | Level 3
No of tool flute 2 3 4
Depth of cut (mm) 0.5 0.75 1
Feed rate(mm/rev) 0.122 0.184 0.239
Spindle speed (rpm) 800 1000 1200

As per table 1, L9 orthogonal array of
“Taguchi method” has been selected for the
experiments in MINITAB 16. Each 9 experiments
will carry out in quaker 7101, blasocut strong 4000
and velvex cutting fluid. Surface roughness, cutting
force and power consumption has been selected as
response variable.All these data are used for the
analysis and evaluation of the optimal parameters
combination.Experiment result as shown in Table2.

Table2. Experimental results.

Sr. TE DOC | SS FR SR F. (IIZSV
no (mm) | (rpm) | (mm) | (um) | (Kg) )
Quaker 7101
1 2 0.5 800 | 0.122 | 3.756 | 297 | 2.138
2 2 0.75 | 1000 | 0.184 | 4355 | 334 | 1.658
3 2 1 1200 | 0.239 | 4.372 | 315 | 2.439
4 3 0.5 | 1000 | 0.239 | 4.172 | 387 | 2.215
5 3 0.75 | 1200 | 0.122 | 2.340 | 366 | 2.414
6 3 1 800 | 0.184 | 4.741 276 1.788
7 4 05 | 1200 | 0.184 | 1.611 | 394 | 2.218
8 4 0.75 | 800 | 0.239 | 3.836 | 369 | 1.731
9 4 1 1000 | 0.122 | 3.257 | 270 | 1.781
Blasocut strong 4000
10 2 0.5 800 | 0.122 | 3.247 | 263 | 1.591
11 2 0.75 | 1000 | 0.184 | 3.717 | 291 | 1.898
12 2 1 1200 | 0.239 | 3.696 | 272 | 1.904
13 3 0.5 | 1000 | 0.239 | 3.450 | 338 | 1.630
14 3 0.75 | 1200 | 0.122 | 2.009 | 324 | 2.241
15 3 1 800 | 0.184 | 4.077 | 245 | 2.078
16 4 0.5 | 1200 | 0.184 | 1.493 | 343 | 1.701
17 4 0.75 | 800 | 0.239 | 3.298 | 321 | 1.731
18 4 1 1000 | 0.122 | 2.681 | 241 | 1.534
Velvex
19 2 0.5 800 | 0.122 | 4352 | 327 | 1.491
20 2 0.75 | 1000 | 0.184 | 5.453 | 432 | 2.261
21 2 1 1200 | 0.239 | 5.046 | 338 | 1.902
22 3 0.5 | 1000 | 0.239 | 4574 | 356 | 2.131
23 3 0.75 | 1200 | 0.122 | 2.743 | 352 | 1.854
24 3 1 800 | 0.184 | 5569 | 231 | 2.501
25 4 0.5 | 1200 | 0.184 | 2.183 | 392 | 1.676
26 4 0.75 | 800 | 0.239 | 4492 | 352 | 1.735
27 4 1 1000 | 0.122 | 3.803 | 236 | 2.405
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I11.  Methodology
3.1 Grey relational analysis method

In the grey relational analysis, experimental
results were first normalized and then the grey
relational coefficient was calculated from the
normalized experimental data to express the
relationship between the desired and actual
experimental data. Then, the grey relational grade
was computed by averaging the grey relational
coefficient corresponding to each process response
(3 responses). The overall evaluation of the multiple
process responses is based on the grey relational
grade. [5]

3.2 Data preprocessing

In grey relational generation, the
normalized data corresponding to Lower-the-Better
(LB) criterion can be expressed as:

. _ maxyi (k)-yi(k)
Xl(k) - max yi(k)—min yi(k) (l)

For Higher-the-Better (HB) criterion, the normalized
data can be expressed as:

i yi(k)-minyi (k)
Xl(k) N max yi(k)—min yi(k) (2)
Where xi (k) is the value after the grey relational
generation, min yi (k) is the smallest value ofyi (k)
for the kth response, and max yi (K) is the largest
value of yi (k) for the kth response.
An ideal sequence is x0(k) (k=1, 2) for two
responses. The definition of the grey relational grade
in the grey relational
analysis is to show the relational degree between the
twenty-seven sequences (x0(k) and xi(k), i=1, 2, . ..
, 27; k=1, 2). The grey relational coefficient i (k)
can be calculated as:

. minA+6maxA
§ilk) = Ai (k)+6maxA 3)

Where Ai = | X0 (k) — Xi (k) | = difference of the
absolute value x0 (k) and xi (k); © is the
distinguishing coefficient 0 < 8 < 1; minA = Vj min
€ ivkmin=| X0 (k) — Xi (k) | = the smallest value
of AOi; and maxA = Vjmax e ivkmax = largest
value of AQi. After averaging the grey relational
coefficients, the grey relational grade yi can be
computed as

yi= =¥ & (k) (@)
Where n = number of process responses. The higher
value of grey relational grade corresponds to intense
relational degree between the reference sequence x0
(k) and the given sequence xi (k). The reference
sequence X0 (k) represents the best process
sequence. Therefore, higher grey relational grade
means that the corresponding parameter combination
is closer to the optimal. [4]

IV.  Results and discussions

A level standard analysis was adopted to
interpret the results. This analysis is based on
combining the data associated with each level for

each factor. The deviation in the average results for
the highest and lowest average response is the
measure of the effect of that factor. The higher value
of this difference is related to the largest effects of
that particular factor. Data preprocessing of each

performancecharacteristic and

the experimental

results for the grey relational according to formulas
(1),(2),(3) and (4) are given in Table 3 and 4.

Table 3 Normalize value of SR, Fc and Ff for dry,

wet and solid lubricant environment.

Ex Normalize Normalize Normalize value
NO. value of SR value of CF of PC
Quaker 7101
1 0.3146 0.7822 0.3854
2 0.1233 0.4838 1
3 0.1178 0.6370 0
4 0.1817 0.0564 0.2868
5 0.7670 0.2258 0.3201
6 0 0.9516 0.8335
7 1 0 0.2829
8 0.2891 0.2016 0.9065
9 0.4741 1 0.8425
Blasocut strong 4000
10 0.3212 0.7443 0.9193
11 0.1393 0.5098 0.4851
12 0.1474 0.6960 0.4766
13 0.2426 0.4901 0.8642
14 0.8003 0.1862 0
15 0 0.9607 0.2305
16 1 0 0.7637
17 0.3014 0.2156 0.7213
18 0.5402 1 1
Velvex
19 0.3594 0.5223 1
20 0.0342 0 0.2376
21 0.1544 0.4676 0.5930
22 0.2937 0.3781 0.3663
23 0.8246 0.3980 0.6405
24 0 1 0
25 1 0.1990 0.8168
26 0.3180 0.3880 0.7584
27 0.5215 0.9751 1
Table 4 Calculation of GRC and GRD
Experime | GRC | GRC | GRC | GRG | Grad
nt No. of of of e No.
SR CF PC
Quaker 7101
1 0.421 | 0.696 | 0.448 | 0.522 6
8 6 5 3
2 0.363 | 0.492 1 0.618 3
2 1 4
3 0.361 | 0.579 | 0.333 | 0.424 8
8 4 3 8
4 0.379 | 0.346 | 0.412 | 0.379 9
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3 4 1 2

5 0.682 | 0.392 | 0.423 | 0.499 7
2 4 7 4

6 0.333 | 0.911 | 0.750 | 0.665 2
3 8 1 0

7 0.333 | 0.410 | 0.581 4
1 3 8 3

8 0.412 | 0.385 | 0.842 | 0.546 5
9 1 4 8

9 0.487 0.760 | 0.749 1
4 1 4 2
Blasocut strong 4000

10 0.424 | 0.698 | 0.861 | 0.661 3
2 6 0 2

11 0.367 | 0.505 | 0.492 | 0.455 9
5 0 6 0

12 0.369 | 0.622 | 0.488 | 0.493 6
7 0 5 4

13 0.397 | 0.344 | 0.786 | 0.509 5
7 6 4 5

14 0.714 | 0.380 | 0.333 | 0.476 8
6 6 3 1

15 0.333 | 0.927 | 0.393 | 0.551 4
3 3 8 4

16 0.333 | 0.679 | 0.670 2
1 3 0 7

17 0.417 | 0.389 | 0.642 | 0.482 7
2 3 0 8

18 0.521 1 1 0.840 1
0 3

Velvex

19 0.438 | 0.511 1 0.649 3
4 5 9

20 0.341 | 0.333 | 0.396 | 0.356 9
il 3 0 8

21 0.371 | 0.484 | 0.551 | 0.469 7
6 3 2 0

22 0.414 | 0.445 | 0.441 | 0.433 8
5 7 0 7

23 0.751 | 0.453 | 0.581 | 0.595 4
4 7 7 6

24 0.333 0.333 | 0.555 5
3 il 3 5

25 0.384 | 0.731 | 0.705 2
1 3 8 3

26 0.423 | 0.453 | 0.674 | 0.516 6
0 7 2 9

27 0.511 | 0.952 1 0.821 1
0 6 2

In grey relational analysis higher the grey
relational grade of experiment says that the
corresponding experimental combination is optimum
condition for multi objective optimization and gives
better product quality. Also form the basis of the
grey relational grade, the factor effect can be
estimated and the optimal level for each controllable

factor can also be determined. From Table 4. It is
found that experiment 18 has the best multiple
performance characteristic among 27 experiments,
because it has the highest grey relational grade of
0.8403.

The main effects plot of grey relational
grade vs. process parameter can generated by
Minitab 16 statistical software to find out optimum
parameter combination, is shown in graph 1.

No of tool flute Depth of cut

—

Spindle speed

S

No of tool flute Depth of cut

No of tool flute Depth of cut

Graph 1. Mean effect plot of grey relational grad
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Vs. no of tool flutes, depth of cut, spindle speed
and feed rate.

From the graph 1. It is conclude that the
optimum condition for better surface finish is
meeting at no of tool flutes, depth of cut, spindle
speed and feed rate.The graph shows that different
types of mean effect value for all machining
parameters. In this graph the optimum value is
calculated based on higher value of parameter which
is consider as the larger is better ratio.

V.  Conclusion

It is concluded that the application of
quaker 7101 cutting lubricant utilize in end milling
process has proved to be a feasible cutting fluid with
combination of water and chemical (Emulsions), if it
can be applied properly. Whose results show that
there is a considerable improvement in surface
roughness and quality of product created.
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