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Abstract

Machining with aluminum is a tedious task due to its tendency of forming
on cutting tool as a built-up edge, leading in the direction of deteriorated surface
finish. These cutting parameters have to be chosen cleverly so that the problem
can be resolved. The present work is an attempt for reducing the input process
variables for making superior solution to optimize the material removal rate
(MRR) also surface roughness (Ra) during high-speed turning of Al17175/SiC/
Al O, nanoparticles with coated cemented carbide insert. These studies are per-
formed on a speed lathe. Accordingly, the levels are three, that are cutting speed,
feed, and depth of cut be present in use and Taguchi design the experiments.
'The process performance was analyzed during expressions with specimen surface
roughness produced, along with rate of specimen materials removed at the time
of machining. Regression equations were formed and the factorial graphs along
with response surfaces were analyzed. this is happened to this selected range of
machine input variables the specimen exterior surface irregularity deceased with
increase with both speed and feed whereas it first decreased among enhance with
cutting depth also subsequently started increasing again. Similarly, the tool flank
wear first decreased and then started increasing again with increase in feed. Also,
it decreased with the increase in cutting speed. This material removal on work
specimen always enhances among raises with value of process parameters. These
methods of input variables for cutting were proposed for optimized process per-
formance in terms of surface roughness and MRR.

Keywords

Stir casting, Material removal rate, Surface roughness, Flank wear, Orthog-
onal array

Introduction

High speed machining has become increasingly prevalent in the aerospace
industry, and achieving a high-quality surface finish is a crucial requirement in
modern manufacturing engineering. During the metal-cutting process, the work-
piece material is subjected to compression and localized plastic deformation, of-
ten nearby conditions like harsh surroundings among elevated temperature at
specimen, work tool also pressure. Understanding this science of metal removing
is necessary to efficiently remove material and address practical problems.

It is important to comprehend the principles that govern the cutting process
with expected outcomes on the machining progression as well as opt for optimal
metal cutting surrounding situations with exact application. Many existing research
studies consider surface finish a significant industrialized objective designed for
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metal cutting process on speed lathe. This machining process
performance is typically governed with cutting speed, lathe rate
of feed, also depth of cut, those are often resolute depending
on machine performance, but this selected specimen behavior
was didn’t always secure with rate of acceptance. As a result, it
is essential to achieve optimal turning conditions. Parameter
optimization for surface roughness can be challenging due to
the interactions between parameters, but improving developed
part excellence also manufacture effectiveness will have
achieved through the procedural optimization.

The liquid-state approach was used to create Al7075/
ALO, and SiC at (2, 4, 6, and 8% wt). To efficiently produce
an Al7075/A1,0, and SiC metal matrix composite, a typical
cost-effective stir casting approach is adopted. Composite
materials constructed of A17075/A1,0, and SiC have a greater
hardness valve than non-reinforced Al17075 [1]. Using Al7075
with grey cast iron and also ash dust metal matrix compound,
a classic, economically viable stirring casting technique has
been effectively performed. If compared with non-reinforced
Al17075 with ash dust also grey cast iron compound materials,
Al17075 with ash dust along with grey cast iron compound
materials had a higher rigidity number [2]. Studied this
consequence with machining process variables on top of the
exterior irregularity during machine cutting with hardened
mild steel [3]. Surveyed about the aspect distressing on
specimen external irregularity are noted [4]. Also studied these
causes affecting surface parameter [5].

This created a machining version that includes the overall
single point cutting tool its geometry that one of this nose radii
also cutting tool feed rate are considered while actual turning
of the spindle speed is neglected [6]. Taguchi technique was
used to investigate optimal cutting settings in turning [7].
This impact on metal cutting circumstances including single
point cutting tool configuration lying on surface roughness in
finishing difficult rotating was investigated [8]. This researcher
employed response surface methodology (RSM) and a
multifactorial model that assesses overall exterior smoothness
from high-strength steel throughout the procedure of turning
[9]. Investigated the optimization of computed numerical
controller turning operations by Taguchi method with multiple
performance characteristics. On the other hand [10], this
resulted in the creation of a neural framework for estimating
the roughness of surface and forces needed for cutting [11,
12]. This explores that produce with cutting geometry that is
nose shuddering on top of specimen roughness of surface the
period of metal removal through the turning performance with
practically and theoretically. Above works show that strong
dependency of process performance-based specimen top
circumferences chosen cutting parameters during machining
of various materials. The works also underline the importance
of design of experiments and robustness of RSM in predicting
the trends of the variations in response variables with respect
to the input parameters [13, 14].

This intention with specimen has a current study in the
direction of optimize this MRR, roughness of the specimen
surface and tool wear having get an economical production
during machining of Al7175 using single point cutting tool
as carbide coated insert tool. This method was proposed with
the use of this RSM for the optimization of the process. It

was decided to perform the turning experiments under dry
conditions.

Experimental procedure
Al7175/A1,0, and SiC compound materials selected

for experimental steady as work piece. This work specimen is
available with a circular diameter of 32 mm as initial diameter
and was machined for 50 mm in length. Carbide coated insert
CNMG120408 subsist the cutting tool. This machining was
performed in dry condition. This examination was deliberate
through tracking taguchi experimental procedure, along with
three variables are authority input variables that are lathe spin-
dle speed, carriage travel distance with respect the speed, and
cutting depth mentioned the names are high, medium, and
low. In this present work using level three Taguchi experimen-
tal concepts, a three level with orthogonal array of (L-9) were
utilized for design and conducted this trail. Table 1 shows the
values of various parameters used for experiments.

'This was carried out into dry conditioned turning lying on
a speed lathe machine (Make: Y2K). SJ200 surface analyzer
was utilized for roughness measuring on the turning surface
working specimen. This is available at Vardhaman college of
Engineering (Hyderabad, Telangana, India), was used for wear
measurements. The MRR was calculated based on cutting
parameters values using the relationship in equation 1.

MRR =V x F x D mm?®/s (1)

Where, ‘V’ with turning of the spindle velocity in mm/s, ‘F~
with lathe feed in mm/rev, and ‘D’ with cutting depth rep-
resents in mm. After experimentation, these measurements
were tabulated in table 2.

Regression analysis

This study analyzes various effective variables on work
specimens to know the MRR, specimen roughness outside
intended for metal cutting performance, Selected steps for
examinations find out also external irregularities on the
specimen. The surface roughness may be defined simply as any
combination of cutting speed, feed, and depth of cut, which are
mechanical primary factors during overall machine (turning)
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/Table 1: Levels of process variables. h
S. No. Input variables 1-Level | 2-Level 3-Level

1 \% 480 750 1145

2 F 0.1 0.2 0.3

3 D 0.2 0.4 0.6
/Table 2: Observation table. h

Run No. | V-m/min | F-mm /rev | D-mm | MRR-grams | Ra-pm

1 480 0.1 0.2 0.879 0.37

2 480 0.2 0.4 0.976 0.406

3 480 0.3 0.6 1.024 0.481

4 750 0.2 0.4 0.968 0.4481

5 750 0.1 0.6 1.098 0.625

6 750 0.3 0.2 0.978 0.2709

7 1145 0.3 0.6 0.897 0.441

8 1145 0.1 0.2 0.675 0.414

9 1145 0.2 0.4 0.876 0.264
- J/
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operation. The multiple regression formulas represent that
association involving each participation variables and the
performance parameters, therefore could have utilized for
predict the predicted outcomes for the performance parameter
for every factor value within a certain range.

Assuming each of the selected variables is considered
quantifiable, this shape of the response surface is y = f(x1, x2,
x3, ....,xn). This objective is to maximize this output variable y.
These self-determining outcomes are considered to be followed
also controlled with trail specimens along with small errors. To
develop a good estimate with this efficient association among
machine having parameters also output surface parameters, a
second-order model is usually used. Its efficient link among
autonomous factors also reaction may be expressed as follows:

k K
y=p+ Zﬂixi +Zﬂiixi2 + zzﬁiixix‘i te
i=1 i=1 [

Where, € is the random error.

)

In matrix form,
yv=pX+¢ (3)

Equation 2 can be obtained through this matrix approach.
4 =(XTX)-1XTY (4)

This following arrange RSM instead with association
of every output process variable i.e., specimen exterior
irregularity, MRR with given supplied variables namely lathe
turning velocity, lathe feed also cutting depth were produced
using these resulted values with examinations details date
mentioned in the give below.

Ra(,um) =1.37-0.0170v-12.5f +8.57d +3.94 x 107°v* +92.3

)
—4.27d* -0.67v.f +0.0135v.d —1427f.d

MRR (mm’*[5)=376.0-2.5v—=1150f =375d +16.65v.f +2.5vd +115/.d  (6)

Where, V = Cutting velocity - m/mm, F = Feed rate - mm/
rev,and D = Cutting depth in mm.

Results and Discussion

Factorial plots

Factorial plots are used to create main effects and
interactions plots represent this graphical relationship among
outcomes also applied machined independently. The factorial
plot between various response and input parameters taken in
consideration in this project has been shown in figure 1, figure
2, and figure 3.

'This variation with specimen roughness on the external
surface is shown inside figure 1. From the plot it can inferred
with the intention of this specimen roughness reduced through
raise the lathe turning velocity. It also reduced through raising
the tool transference feed value which is against the expected
theoretical result. Because in case of aluminum (ductile mate-
rial), at low speed and feed cutting tool with developed chip

rubbing with tool and specimen segment with flakes along
with the back rake angle face the tool also microchips get
deposited at the machined surface of the work piece due to
which surface finish deteriorates and surface finish gets better
at high feed value due to burnishing effect during machining.
Theoretically specimen outer roughness significance should
increase through rise the cutting depth at cutting face, but in
case of aluminum, at higher depth of cut surface roughness
decreases due to burnishing effect and work piece looks shini-
er. Figure 2 shows that the variation of MRR through respect
cutting velocity, cutting feed also cutting depth is linear which
is as expected.

RSM analysis

3D surface plots were attained with various combinations
with chosen variables to analyze this development with
different output variables inside this limited range of input
variables also effects of every other variable on the machine.
Figure 3 shows variations of specimen roughness. That shoes
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Figure 1: The variation of surface roughness.
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to specimen roughness deceases through lathe turning also
cutting feed whereas with depth of cut it first increases and
then decreases, this may be due to reduction in built up
edge generation which is a common citing in machining of
aluminum alloys.

Optimization of the parameters

The goal of (multi-objective optimization) has been to
improve quality while increasing productivity. As a result,
optimization criteria for each answer were chosen with their
objectives in mind, as shown in table 3. After developing
tests and determining the mathematical model with the
best fits, an optimality search model is used to maximize the
response across these selected input variables on the specimen
circumstances. Numerical optimization is performed, that
attractiveness with output cubes is shown.

4 M\
Table 3: Optimization table.
Response Goal Variable Constraint | Lower | Upper
Ra (pm) | Minimize | Speed (m/min) 480 | 1145
Feed (mm) . 0.1 0.3
MRR Masdmize | e | Constrain
(mmifs) | mEe ] Depth of cut 02 | 06
(mm)
. /

The most excellent evidence with gratifying that
mentioned table on top conditions were achieves through this
‘MINTAB?’ software, mentioned in figure 4 and figure 5 along
with overall attractiveness with ONE. The optimized value
considering maximum MRR along with minimum surface
roughness and tool wear obtained using MINITAB software
is given in table 4.

When machining Al7175/SiC/ALO, using coated
carbide tools, the above optimized cutting parameter values
would provide the minimum surface roughness along with

maximum MRR.

Conclusions

'The experimental study was conducted to analyze the ef-
fect of input parameters (cutting speed, feed and depth of cut)
on the surface roughness, and MRR while machining A17175/
SiC/AL O, using coated carbide inserts. Data was collected
and models were developed using Taguchi design of experi-
ments. The following conclusions could be drawn:

e Surface roughness goes down with increase in cutting
speed and feed (0.47 to 0.26). Whereas it first increased
and then decreased with depth of cut (0.617 to 0.216).

e RSM effectively optimized the machining process.

e For the minimum surface roughness and maximum
MRR, the recommended cutting parameters for turning
of Al7175/SiC/A1L,O, are 184.84 m/min, 0.2 mm/rev
feed, and 1.5 mm depth of cut with uncoated carbide
insert under dry machining conditions.
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