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ABSTRACT

Give work bargains expectation of MRR of CNC turning utilizing back engendering neural Organize (BPNN).
Machining operations have been performed in aluminum work piece via carbide embed over a scope of cutting
parameters. Essential process parameters have been utilized as contribution for BPNN and MRR, axle stack has
been utilized as yield of the system. Incorporation of cutting rate, feed rate, depth of cut as an info parameters
prompts to better preparing of the system. Execution of the Neural Network has been observed to be agreeable

while approved with test result.

Keywords : Spindle speed, Depth of Cut, Feed rate, Material removal rate, artificial neural
network, spindle load, CNC Lathe.

I. INTRODUCTION

CNC (computer numeric control) machining is a standout amongst the most famous methodologies of
customary machining by devices with characterized geometry. Pc control of machining system gets noteworthy
focal points correlation with human flighty machining. Besides, the cnc machining prompts to an interesting
probability to process arranging. knowledge of the machining procedure and ideal settings of the information
parameters are basic for the quality and exactness of the machined parts. Despite the way that the machining
procedure is influenced by substantial measure of elements and the procedure itself is time-variation the
demonstrating of the yield procedure parameters is at present turning out to be more accessible. The paper
presents displaying and forecast of mechanical parameters of CNC turning utilizing manufactured neural
systems (ANN), while back spread neural network (BPNN) was connected. The considered information
parameters of the turning procedure are as per the following: spindle speed, depth of cut, feed. The obtained

results are verified on the experimental measurement.

1.1 Why Aluminum
The primary properties which make aluminum a significant material are is lightweight, quality,

recyclability, erosion resistance, toughness, malleability, formability and conductivity. Because of
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this novel mix of properties, the assortment of uses of aluminum keeps on expanding. It is

fundamental in our everyday lives. We can't fly; pass by elite auto or quick ship without it. We
can't get warmth and light into our homes and office without it. We rely on upon it to save our
nourishment, our medication and to give electronic parts to our pcs. Physically; chemically and
mechanically aluminum is a metal like steel, brass, copper, zinc, lead or titanium. It can be melted,
cast, formed and machined much like these metal and it conducts electric current. In fact often the

equipment and fabrication methods are used for steel.

1.2 Cutting parameters

In turning, the speed and movement of the slicing instrument is determined through a few
parameters. Out of the numerous parameters influencing the surface harshness of a metal these
parameters are chosen for every operation based upon the work-piece material, apparatus material,
device size, and that's only the tip of the iceberg

Spindle speed (N-rpm): The rotational speed of the spindle and tool in revolutions per minute
(RPM). The spindle speed is equal to the cutting speed divided by the circumference of the tool.
Depth of cut (mm): Cutting pace and nourish rate meet up with profundity of slice to decide the
material evacuation rate, which is the volume of work-piece material (metal, wood, plastic, and so
forth.) that can be expelled per time unit.

Feed rate (mm/rev): The speed of the cutting device’s development with respect to the work-
piece as the instrument a cut. The bolster rate is measured in inches every moment (IPM) and is
the result of the cutting food (IPR) and the axle speed(RPM)

I1. LITERATURE REVIEW

The execution of hard turning is measured as far as surface gets done with, cutting powers, control
expended and apparatus wear. Surface complete impacts practical properties of machined
segments. Surface complete, in hard turning, has been observed to be affected by various
components, for example, encourage rate, cutting velocity, work material qualities, work hardness,
cutting time, apparatus nose span and instrument geometry, dependability of the machine device
and the work piece set-up, the utilization of cutting liquids, and so forth.

[1]. Sujit Das endeavors to concentrate the machine capacity issues of aluminum-silicon carbide
(Al- SiC) metal network composites (MMC ) in turning utilizing HSS cutting apparatus. SiCp -
strengthened metal grid composites (MMCs) containing SiC particles (5wt%-20wt %) of 400mesh
size were set up by powder metallurgy (P/M) course and utilized as work material for turning.
Investigations were led at different cutting velocities and profundity of cuts at steady nourish rate
and parameters, for example, cutting strengths and surface harshness were measured. It was found
that higher weight rate of SiCp support created a higher surface unpleasantness and needs high
cutting strengths amid machining operation of MMCs. It was likewise watched that surface
unpleasantness and the cutting strengths are additionally relying on the profundity of cut and the

cutting speed at steady sustain rate.[2].IlhanAsiltirk , StileymanNeseli has concentrated the Multi
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reaction enhancement of CNC turning parameters by means of Taguchi strategy based reaction

surface analysis.[3].Ojel, T.etal. (2005) has concentrated the impacts of bleeding edge geometry,
work piece hardness, encourage rate and cutting velocity on surface unpleasantness and resultant
powers in the complete hard turning of AISI H13 steel. Cubic Boron Nitrite embeds with two
particular edge arrangements (chamfered and sharpened) and through hardened AISI H13 steel bars
were utilized. The sharpened Edge geometry and lower work piece surface hardness brought about
better surface harshness. [4].Krishna and Bharathi proposed an approach for finding the best
slicing parameters prompting to least surface harshness and most extreme Material Removal Rate7.
The material utilized was Cast Iron and the examination was done on a machining Center. Test
qualities were gotten from MATLAB. The analyst utilized hereditary calculation combined with

counterfeit neural system which prompts to discover the base estimation of Ra and Rz

IHl. METHODOLOGY AND EXPERIMENTATION

To examine the procedure parameters for MRR on aluminum the accompanying test strategy is
done .STEP 1: The crude material (metal bars) is sustained into the CNC Turning Machine. STEP
2: The Metal bars are attractively clasped in the machine S TEP 3: The program is composed in the
PC reassure as per the required cutting parameters i.e. Cutting Speed, Depth of cut and Feed Rate.
STEP 4: The way toward turning has been done in the accompanying three cases. i. Shifting pace
while keeping the Depth of cut and Feed Rate steady .ii. Changing Feed Rate and keeping the
Spindle Speed and Depth of cut steady. lii. Changing Depth of Cut while keeping the Spindle
Speed and Feed Rate steady.
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Fig 3.1 Cnc Machine Fig. 3.2 principle of machining

3.1 Axes of CNC Turning Machine
The axis along machine spindle axis of turning machine is Z axis and along the cross traverse is X-
axis. There is no traverse along the Y axis derived from the right hand coordinate system The
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bearing of Z hub far from the machine headstock is certain and towards the machine headstock is

negative. The course of X pivot from cross (X hub) towards the middle hub is negative and far

from the inside hub is sure.

Fig 3.3 Co-ordinate system of CNC Lathe Fig 3.4 spindle load axis

3.2 Adjustable Process Parameters
A. Cutting Speed
Speed (V) is the peripheral speed of the cutter in m/min.
Cutting speed (V) =rDN/1000,
Where,
D = work piece diameter in mm,
N = spindle speed in rpm.
B. Feed: It is the distance moved by the tool in an axial direction at each revolution of the work. It
is usually expressed in mm/rev.
C. Depth of cut
It is the thickness of metal expelled from the work piece, measured in a spiral course or It is the
opposite separation measured from the machining surface to the un machined surface of the work

piece or It is the profundity of infiltration of the instrument into the work piece amid machining

process.

3.3 Material Removal Rate

The material removal rate has been calculated from the difference of weight of work before and
after machining by using following formula MRR = W;-W¢/pAt mm?®/sec. Where, W;=Initial weight
of work piece in gm, W= Final weight of work piece in gm, t= Machining time in seconds, ps=
Density of Aluminum (2.7 g/mm?).

3.4 Parameter and levels Reason for selection
1. Feed rate (0.08, 0.1, and 0.12 mm/rev): It is known from the basics of metal cutting that nourish

rate impacts pitch of the machined surface profile. Different analysts have watched the impact of
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feed rate at first glance unpleasantness and device wear amid machining of composites. In this

manner, these bolster rates are picked in light of the earlier discoveries in the writing.2. Cutting
speed (1500, 1600, 1700 rpm): Previous reviews have shown that the surface harshness is affected
by the cutting rate. Along these lines, to concentrate the impact of cutting pace in detail, these
benefits of cutting velocity has been considered here.3. Depth of cut (0.6, 0.8, 1 mm): The depth of
cut influences the surface roughness, which in turn influences the tolerance and fit of the

components.

3.5 Design of Experiments

(DOE):

The trials were directed on a high accuracy CNC Turning focus. Aluminum is taken as the work
piece material for examination. The example is set up with the measurements of 71mm length and
32mm width for turning and carbide embed is utilized for experimentation. The control
components considered for examinations are shaft speed, nourish and profundity of cut while
Metal expulsion rate and surface unpleasantness are considered as the yield reactions. The scopes
of the procedure control factors are given in table 1.

Table 1. Control factors and their levels

Table 4.1 Levels of Control Factors Table 4.2 Design of Experiments
S.No | Control | Symbol | -1 0 +1 Units w/s | Speed Feed Depth
Factor Level | Level No. | (pm) of Cut
(mmyrev) | (mm)
el 1 | 1500 | 0.08 0.6
2 1500 0.1 0.8
1 speed N 1500 | 1600 | 1700 | rpm 3 1500 0.12 1
4 1600 0.08 0.8
5
2 Feed F 0.08 0.1 0.12 mm/min = 160 L !
6 1600 0.12 0.6
; 1700 0.08 1
3 Depth DOC 0.6 0.8 1 mm 8 1700 0.1 0.6
of cut 9 | 1700 0.12 0.8

In the wake of directing the investigations according to the plan of trials, the yield reactions were
measured and recorded. Another reaction, MRR is computed as the proportion of volume of
material expelled from work piece to the machining time. So as to decide the volume of material
evacuated in the wake of machining, the weights of work piece before machining and in the wake
of machining are measured. Machining time taken for each cut is automatically displayed by the

machine. The output responses recorded for each set of process control variables are listed.
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Table 4.3 DOE with Material removal rate Table 4.4 net weight of work piece
S. Weight | Weight | cycle | Means of
wis | Speed Feed D.OC | MRR No.| Before afte1: Time | MRR
No. | (rpm) | (mm/rev.) | (Inm) | (Mm3/s) TRERInG | @etoh| MRIFSe0)
turning | (gm)
1 1500 0.8 0.6 | 0.0132 (gm)

2 1500 0.1 0.8 |0.0213 1 154.00 | 146.00 | 223 0.0132
3 1500 0.12 1 0.0480 2 150.70 | 142.00 | 139 0.0213
4 1600 0.8 0.8 | 0.0284 3 154.00 | 140.00 | 108 0.0480
5 1600 0.1 1 0.0586 4 152.00 | 142.00 | 130 0.0284
6 1600 0.12 0.6 | 0.0176 5 154.05 | 138.00 | 101 0.0586
7 1700 0.8 1 0.0306 6 152,98 | 148.00 | 84 0.0176
8 1700 0.1 0.6 | 0.0233 7 154.00 | 140.00 | 169 0.0306
9 1700 0.12 0.8 | 0.0499 8 148.00 | 142.00 | 95 0.0233
10 | 1600 0.1 0.8 | 0.0297 9 154.00 | 142.00 | 89 0.0499
11 | 1700 0.1 0.8 | 0.0297 10 | 154.00 | 138.00 [ 199 0.0297
12 | 1600 0.12 0.8 | 0.0441 11 | 152.00 | 136.00 [ 199 0.0297
13 | 1600 0.1 0.6 | 0.0208 12 | 152.00 | 135.00 [ 176 0.0441
14 | 1500 0.08 0.8 |0.0224 13 | 156.00 | 142.00 [ 213 0.0208
15 | 1500 0.1 0.6 |0.0214 14 | 154.00 | 137.00 | 280 0.0224
16 | 1700 0.1 1.0 [0.0283 15 | 154.00 | 141.00 | 224 0.0214
17 | 1600 0.08 0.6 | 0.0154 16 | 154.00 | 139.00 | 196 0.0283
18 | 1600 0.12 1.0 | 0.0441 7 | 154.00 | 143.00 | 263 0.0154
18 | 156.00 | 135.00 | 176 0.0441

IV. RESULTS AND GRAP HS

4.1. Direct and interaction effect of process parameters on output response, MRR

The principle impacts of the procedure factors on MRR and surface harshness are concentrated

subsequent to plotting the diagrams by utilizing Design Expert programming. The cutting factors

Speed, sustain and profundity of cut have a noteworthy impact upon the material evacuation rate,

which has a noteworthy part in deciding the power requirements. The impact of cutting parameters

on MRR is as appeared in Fig.1to6.

Table 4.5 Effect of process parameters on MRR

w/s No. Speed (rpm) Feed (mm/rev.) D.OC MRR (mms3/s)
(mm)
1 1500 0.8 0.6 0.0132
2 1500 0.1 0.8 0.0213
3 1500 0.12 1 0.0480
+ 1600 0.8 0.8 0.0284
5 1600 0.1 1 0.0586
6 1600 0.12 0.6 0.0176
7 1700 0.8 1 0.0306
8 1700 0.1 0.6 0.0233
9 1700 0.12 0.8 0.0499
10 1600 0.1 0.8 0.0297
11 1700 0.1 0.8 0.0297
12 1600 0.12 0.8 0.0441
13 1600 0.1 0.6 0.0208
14 1500 0.08 0.8 0.0224
15 1500 0.1 0.6 0.0214
16 1700 0.1 1.0 0.0283
17 1600 0.08 0.6 0.0154
18 1600 0.12 1.0 0.0441
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Fig 4.6 Effect of Depth of Cut. Feed on MRR

As the axle speed expands, the expulsion of material per unit time additionally increments as

appeared in Figure 4.1.As the encourage rate is expanded, the material evacuation per unit time

additionally turns out to be more as appeared in Figure4.2. As the instrument development per unit

time builds, the more noteworthy measure of material is expelled. The progressively the profundity

of cut, the more the material evacuation rate as appeared in Figure 4.3. The chips evacuated per

unit time will be increasingly and in this manner amount of material expelled is likewise high. As
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the profundity of cut expands, the cutting power builds Thereby increment in evacuation of

material.
Table 4.2Effect of cycle time and spindle load on MRR

Cycle
S | Speed  Feed D.OC time in Spindle MRR
No.| (rpm)|{ (mm/rev.) | (mm) (sec) load (mm3/s)
1 | 1500 0. 0.6 223 17.4 0.0132
2 | 1500 0. 0.8 139 18 0.0213
3 | 1500 0.12 1 108 18.6 0.0480
4 | 1600 0. 0.8 130 19.8 0.0284
5 | 1600 0. 1 101 19.2 0.0586
6 | 1600 0.12 0.6 84 19.2 0.0176
7 | 1700 0. 1 169 19.8 0.0306
8 | 1700 0. 0.6 95 18 0.0233
9 | 1700 0.12 0.8 89 19.8 0.0499
10 | 1600 0. 0.8 199 19.2 0.0297
11| 1700 0. 0.8 199 19.2 0.0297
12 | 1600 0.12 0.8 176 18 0.0441
13 | 1600 0. 0.6 213 18 0.0208
14 | 1500 0.08 0.8 280 18.6 0.0224
15 | 1500 0. 0.6 224 18 0.0214
16 | 1700 0. 1.0 196 18.6 0.0283
17 | 1600 0.08 0.6 263 18 0.0154
18 | 1600 0.12 1.0 176 18 0.0441

The spindle speed and depth of cut increases cycle time decreases, if the feed decreases cycle time

increases, the spindle load is maintain constant according to the above design parameters.

4.3. Type of Chip

On account of the sorts of chips created essentially impact the surface complete of the work piece
and the general cutting operation. For instance, vibration, and prattle, and so on. The sort of chips
is partitioned as taking after four types.1.Continuous Chips: Usually, constant chips are framed
with pliable materials at high cutting rates and high rake edges. In spite of the fact that they for
the most part create great surface complete, consistent chips are not generally attractive, especially
in the CNC fabricating broadly utilized today. Nonstop chips have a tendency to end up distinctly
tangled around the too | holder, the apparatusing, and the work piece, and also chip-transfer
framework, and the operation must be ceased to gather up the chips. This issue can be reduced
with chip breakers and by changing machining parameters, for example, cutting rate, sustain, and
cutting liquids. 2. Developed Edge Chips: A developed edge (BUE), comprising of layers of
material from the work piece that are steadily saved on the apparatus, may frame at the tip of the

device amid cutting. As it gets to be distinctly bigger, the BUE gets to be distinctly insecure and in
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the long run separates. Part of the BUE material is diverted by the apparatuses side of the chip, the

rest is stored arbitrarily on the work piece surface. The procedure of BUE arrangement and
obliteration is rehashed consistently amid cutting operation unless measures are taken to dispense
with it. 3. Serrated Chips: Serrated chips are semi constant chips with zones of low and high shear
strain. This kind of chips regularly has a saw tooth like appearance.4.Discontinuous Chips:
Discontinuous chips comprise of sections that might be solidly or approximately appended to each

other.

4.4. Results and discussion by ANN

A feed-forward three layered back propagation neural Network is constructed in fig 4.7The
network is constructed with three layers including with input, output and hidden layers.. The
information neurons are cutting pace, sustain, profundity of cut, yield neurons are MRR,. Neurons
in the shrouded layers were dictated by analyzing distinctive neural systems. Simple NN in
addition to programming was utilized for preparing of this system and the ANN was prepared with
back spread calculation. Weights of system associations are haphazardly chosen by the product.
The learning of neural system is appeared. The red line is the most extreme illustration mistake,
the blue line is the base case blunder and the green line is the normal case blunder. The orange line
is the normal approving mistake. Learning progress diagram demonstrates the most extreme,
normal and least preparing mistake. The normal approving mistake is appeared if any approving
illustrations lines are incorporated. The neural system was prepared with 18 illustrations and
approved with 7 cases and tried for 8 illustrations. Anticipated estimations of MRR are given In
table 4.3 Percentage of blunder between exploratory values and anticipated qualities for the MRR,
of work piece is computed. From fig 4.13 it was found that the anticipated qualities are near the
test values. From these outcomes, it can be esteemed that the proposed arrange model is equipped

for foreseeing the MRR of the work job
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Fig 4.7.Neural network architecture (3-12-2)
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KITTU EASY HH RESULTS 237280 cyeles. Target error 0.0100 Average training error 4,000001
The first 3 of 3 Inputs in descending order.

Column Input Hame Importance Relative Importance

speed 48.6572
depth of cut 443751
feed 161746

0
2
1

Fig 4.8 easy NN results average training error

The first 3 of 3 Inputs in descending order. Output column 5 SPINDLE LOAD

Column Input Hame Change from to Sensitivity
0 speed 1500.0000 1700.0000 0.250067615
2 depth of cut 0.6000 1.0000 0.1941915%0
1 feed 0.0800 0.1200 0.010060220

Fig: 4.9 easy NN results average training error

Table 4.3 predicted value of MRR

Relative Sensitivity

e

Trail Experimental Predicted Error of
No Value Value measurement
1 0.0132 0.01319 0.001373
2 0.0213 0.02129 0.047071
3 0.0480 0.04799 0.005039
4 0.0284 0.02839 0.058081
5 0.0586 0.05859 0.013240
6 0.0176 0.01759 0.000474
7 0.0306 0.03057 0.283276
8 0.0233 0.02329 0.000055
9 0.0499 0.04989 0.011131
10 0.0297 0.02969 0.000004
11 0.0297 0.02967 0.265543
12 0.0441 0.04409 0.006721
13 0.0208 0.02077 0.000003
14 0.0224 0.02239 0.478111
15 0.0214 0.02139 0.000082
16 0.0283 0.02829 0.000011
17 0.0154 0.01539 0.005242
18 0.0441 0.04409 0.002655
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Fig. 4.10.ANN model for MRR

In this work, eighteen trials were directed by proposed plan of tests with three levels of cutting
parameters, for example, cutting rate, profundity of cut and sustain. In every trial of examination,
a solid relationship among the needy and free factors was found. A neural system (3-12-2) was
utilized to take in the gathered exploratory information. The ANN was prepared with18 cases,
approved with 7 cases and tried with 8 cases. The prepared ANN was utilized to foresee the MRR
and shaft stack. It was found that there is assertion between exploratory information and
anticipated qualities for MRR(4.5185% of blunder), shaft stack (4.2568% of mistake) Then it is
conceivable to change the cutting device at right time with a specific end goal to get great nature
of items. The neural system can help in choice of appropriate slicing parameters to build MRR and

decrease machining time

V. CONCLUSIONS

The present review was done to the impact of info parameters on the material expulsion rate the
taking after conclusions have been drawn from the review:

1. The Material expulsion rate is for the most part influenced by cutting velocity and nourish rate.
With the expansion in cutting rate the material expulsion rate is increments and as the sustain rate
expands the material evacuation rate is increments.

2. The parameters considered in the analyses are improved to achieve greatest material evacuation
rate. The best setting of information process parameters for imperfection free turning (most
extreme material evacuation rate) inside the chose range is as per the following: Cutting
speed=1700rpm, Feed=0.1, Depth of cut=0.8

3. As the axle speed expands, the evacuation of material per unit time likewise increments.

4. As the nourish rate is expanded, the material expulsion per unit time likewise turns out to be
more

5.The increasingly the profundity of cut, the more the material expulsion rate as The chips

evacuated per unit time will be progressively and along these lines amount of material expelled is

597 |Page




International Journal of Advanced Technology in Engineering and Science g

Vol. No.5, Issue No. 01, January 2017

jjates

www.ijates.com ISSN 2348 - 7550
additionally high . As the profundity of cut expands, the cutting power increments consequently

increment in expulsion of material.

6. The Material evacuation could be adequately anticipated by utilizing axle speed, encourage rate,

and feed of cut as the info factors. Considering the individual parameters, had been found that

profundity of slice and slicing velocity to be the most affecting parameter, trailed by and

encourage rate. Most extreme material evacuation rate is accomplished at cutting speed 1600rpm,

sustain rate of 0.1 mm/rev and at a profundity of 1 mm.

7. The trial results are contrasted and ANN the outcomes are approving, so above parameters are

upgraded parameters for better Material Removal rate.
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