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Abstract-Optimization of machining parameters has great
concerned in manufacturing environments, there for in this study
cutting force and surface roughness are optimized based on
machining parameters. Many researchers have established the
relationship between the surface roughness and machining
parameters, but less attention has been paid to tool shape and
geometry, in this study tool flute is first time used as machining
factor beside cutting speed, depth of cut and feed rate. Response
Surface Method and analysis of variance are adopted to establish
the relationship of machining parameters to the surface
roughness and cutting force wusing Taguchi technique.
Optimization of cutting force and surface roughness are
simultaneously adopted, either by optimized cutting force or
surface roughness. The minimum surface roughness obtained is
0.2398 um with corresponding cutting parameter is 12.01 N.
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Metal cutting is one of the important processes used
widely in manufacturing and engineering industries. Study of
metal cutting focuses on the features of tools and machine
parameter settings, which influencing process efficiency and
output quality characteristics. A significant improvement in
process efficiency may be obtained by process parameter
optimization that identifies and determines the regions of
critical process [1], which mentioned control factors leading to
desired outputs or responses with acceptable variations
ensuring a lower cost of manufacturing. The technology of
metal cutting has grown substantially over time owing to the
contribution from many branches of engineering with a
common goal of achieving higher machining process
efficiency. Selection of optimal machining condition(s) is a
key factor in achieving this condition [2]. In multi-stage metal
cutting operation, the manufacturer seeks to set the process-
related controllable variable(s) at their optimal operating
conditions with minimum effect of uncontrollable or noise
variables on the levels and variability in the output(s). Several
modeling techniques proposed and implemented are based on
statistical regression [3], artificial neural network [4] and
fuzzy set theory [5]. Optimization tools and techniques
proposed are also based on Taguchi method [6], response
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surface design [7], mathematical programming [8], genetic
algorithm [9], tabu search [10], and simulated annealing [11].
Despite of numerous studies on process optimization problems,
there exists no universal input—output and in process
parameter relationship model, which is applicable to all kinds
of metal cutting processes [12]. Luong & Spedding [13] claim
a lack of basic mathematical model that can predict cutting
behavior over a wide range of cutting conditions. Optimization
techniques also have certain constraints, assumptions and
limitations for implementation in real-life cutting process
problems as mentioned in [14 - 17].

In this study, AA6061 aluminum alloy is selected as a
work piece material. This type of aluminum is heat-treatable,
and it has the best qualities of aluminum. Good surface of this
type of aluminum would improve both appearance and
corrosion resistance. Therefore, applications of this grade are
used for a wide variety of products and applications from
truck bodies and frames to screw machine parts and structural
components. Experimental work is carried out and surface
roughness is measured. Cutting parameters used in this study
are cutting speed, depth of cut, feed rate and tool flutes. Tool
flutes is a new factor added in this study. Taguchi method is
selected in this study to optimize the machining parameters.

II.

The aim of this application is to optimize machining
parameters for cutting force and surface roughness, quadratic
mathematical model Equations (1) is selected to estimate
optimization results for cutting force and surface roughness
responses. This model is suitable since no information about
the function type.
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Where § is predicted value (response); by, b;, b; and b;; are
regression coefficients; x; x; are independent variables and ¢ is
the error.



II1.

In this work, Taguchi technique is used to express the
significant of the machining parameters based on surface
roughness and cutting force. The first step is how to choose
the appropriate orthogonal array that affects the experiment
plan and accuracy of the statistical analysis [18], OA L27
orthogonal array is selected.

Fig.1 shows the optimization flow process. The
experimental work conducted on CNC machine, cutting force
measured by sensors conducted to the work piece and surface
roughness measured using surface roughness device. In this
study an attempt is carried out to optimize machined surface
(finishing) by controlling the input machining parameters.
Minitab software is adopted to optimize responses using inner
algorithm.

EXPERIMENTAL WORKS
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FIGURE 1. OPTIMIZATION FLOW PROCESS.
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IV. RESULTS

Experimental results are carried out based on Taguchi
design and orthogonal array (OA L27). Minitab software is
applied to obtain the optimized values for responses based on
P-values. Significant parameters are carried out at 95%
confidence intervals. Equations 1 & 2 are expressing the
predictive values of surface roughness and cutting force
respectively.

R, =0.437+0.086d —0.132z+0.1532 (2

F. =9.54-3.08v-3.66d —2.08 f —1.31z+ 1.63f* +1.15z* (3)

Where Ra is surface roughness, Fc cutting force, and the
others factors are machining parameters, these are: d depth of
cut, v cutting speed, f feed rate and z is the tool flutes.

From the above equations, surface roughness and cutting
force can be evaluated. Based on the results obtained non-
linear equations have the same routes when the tool has only
two flutes only, and only valid in these limits.

Based on the results achieved surface roughness has only
two significant cutting parameters, depth of cut and tool flutes
as show in equation (2). All cutting parameters used in this
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study are significantly affected cutting force as shown in
equation (3). The above equations are evaluated in the
previous studies which show the reliability is limited, when
the number of tool flutes is only two. There for an
optimization of the machining parameters based on surface
roughness or cutting force is an essential topic. In this study,
an attempt carried out for optimization of machining
parameters based on both cutting force and surface roughness
simultaneously.

V.

Optimization of machining parameters could be evaluated
for surface roughness and cutting force simultaneously, there
for Figures 2 & 3 show optimized machining values. In this
stage controlling of surface roughness could lead to control the
cutting force and vice versa. Figure 2 shows Minitab software
output in optimized surface roughness 0.2398 with
corresponding cutting force 12.02N using inner algorithm.
Optimizations desirability function is 0.00 which means the
optimized value is far from the target, the target value selected
randomly in this study is 0.0620. This means from
experimental work, we cannot get real value of surface
roughness less than 0.2398 which is so far from the selected
target of 0.0620.

Usually optimize target is preferred the minimum values of
responses in this types of applications, for surface roughness
to express the robust technique, while for cutting force to
reduce the power consumption. Figure 3 shows optimized
minimum cutting force 2.72N for target cutting force 4N with
the same desirability value 0.00, cutting speed and feed rate
are increased to 5000rpm and 0.15mm.

OPTIMIZATIONS
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In order to verify the optimization results, experimental
work is carried out based on optimized machining parameters
values. Table 1 shows the verifications of the optimized
results for surface roughness, and table 2 shows the
corresponding cutting force verifications. The error values in
surface roughness optimization are more accepted than cutting
force.

VERIFICATIONS

TABLE I. VERIFICATION OF SURFACE ROUGHNESS OPTIMIZED

RESULTS.
T Cutti Depth  Fee To Optim  Experi Erro
e ng of cut d ol  ization mental r
st speed (mm) rate fl results  results  (um
N (mpm) m ut (am)  (m) )
o m) es
1 3000 0.8 0.05 4 02398 0.2277 +
0.01
21
2 3000 038 0.05 4 0.2398 0.2247 +
33000 0.8 005 4 0.2398  0.2500 0.01
51
0.01
02

TABLE II. CUTTING FORCES VERIFICATIONS CORRESPONDING TO

OPTIMIZED RESULTS.
Te Cuttin  Dept  Fee To Optimi  Experi  Err
st g h of d ol  zation mental  or
N speed  cut rate flu  results results  (N)
o. (rpm) (mm (mm tes (N) N)
) )
1 3000 0.8 005 4 12.02 12.60 -
0.5
8
2 3000 0.8 005 4 12.02 10.90 +1.
3 3000 0.8 005 4 12.02 08.82 12
+3.
20
VII. CONCLUSIONS

Machining parameters used in this study are cutting speed,
depth of cut, feed rate and tool flute. Minimum surface
roughness optimization obtained in this study is 0.2398um
with corresponding machining parameters, 3000rpm cutting
speed, 0.8mm depth of cut, 0.05 feed rate and 4 tool flutes.
Optimization of machining parameters can be achieved for
surface roughness and cutting force simultaneously, either
based on surface roughness or cutting force. In this study only
surface roughness optimization is verified, the target of the
minimum surface roughness is 0.0620 pum is selected
randomly, but the real value of minimum surface roughness
output is 0.2398 um with desirability value 0.000 and
corresponding cutting force 12.02N. Verifications show the
error in surface roughness optimization results are more
accepted than the corresponding cutting force error. There for
Taguchi technique is useful and reliable in optimization
techniques.
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