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Selection of Optimal Cutting Condition for Wear, Friction and
Lubricant using Hybrid Intelligent System
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Abstract

Suelace technology provides an important and valusble insight into the practical and
theoretical applications of a manufactured surface. Cutling conditions play an important role in
assessment of functional performance for engineering surfaces. Also, there is an important relation
between the surfaces geometry and the functional performance of the surface. The geometry of the
surface has a large influences of the surface performance. Topography analysis is primarily
concerned with describing a surface in terms of its features. Then the knowledge gained about the
geometry of the surface is used to control the surface production process to predict the performance
of the component in its functional environment. Roughness parameters which characterize
imachined surfaces affect on both culling conditions and functional performance. Previous
researches introduced a relations between roughness parameters and functional performance of
machined surfaces. In present study, three of the surface functional performance that are friction
,wear, and lubrication which known as the tribological properties are concerned. A hybrid Artificial
Neural Network (ANN) is used for selection of optimal cutting conditions. Experimental study is
made to obtain the required parameters for the constructed ANN. The experimental study is made
on 65 specimens free cutting steel 37, 40 mm in diameter. The specimens are divided into three
groups, one of them is machined by turning operation. The second group is machined by milling
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operation. The third group is machined by grinding operation. All specimen are machined at various
cutting conditions (feed, speed, depth of cut). All specimens are measured using Mitutoyo SurfTest-
$J201 that give the surface profile and some of roughness parameters of the measured surface as a
result. A developed Matlab® programs SurfTest SJ20/P and SRCP, are used 1o give a full
assessment of surface roughness parameters from the resulted surface profile of the Mitutoyo
SurfTest-SJ201. An introduced neural network is modeled by compuler programs written in
Matlab®. Also, OSCC program made by Matlab© is developed for selection of optimal cutting
conditions. The maximum difference between measured data and data obtained from introduced

hybrid ANN is of £ 0.25%.
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1. Introduction

Metal cutting is one of the important and
widely used manufacturing proccsses in
engineering industries. The study of metal
cutting focuses, among others, on the features
of tools, input work materials, and machine
parameter  settings influencing  process
efficiency and output quality characteristics.
A significant improvement in process
efficiency may be obtained by machining
process optimization that identifies and
determines the regions of critical process
control factors leading 1o desired outputs.
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 conditions is
a key factor in achieving this condition. In
any multi-stage metal cutting operation, the
manufacturer seeks (o set the process-related
controllable  variables at their optimal
operating conditions with minimum effect of
uncontrollable variables on the levels and
variability in the output. It has long been
recognized that conditions during cutting,
such as feed rate, cutting speed and depth of
cut, should be selected to optimize the
ceconomics  of  machining  operations,  as
assessed by productivity, quality of
component or some other suitable criterion.
At last manufacturing industries have long
depended on the skili and experience of shop-
floor machine-tool operators for optimal
selection of cutting conditions and cutting
tools. Various conventional techniques
cmployed [or culting conditiotis oplimization
include geometric programming, geometric
plus lincar progromming. goal programming,

sequenlial unconslrained minimization
lechnique. dynamic programming ete. the
fatest techniques for optimization include
many techniques for example pgenetic
algorithm, fuzzy logic, taguchi technique and
response surface methodology. The following
review the literature on  optimization
techniques for cutling conditions in various
machiriing operations: A. B. Abouelatta and
A. A, Tharwat,, [1]investigated the
significance of surface texture on wear,
friction and lubrication . The optimal values
of the cutting variables that
maximize/minimize  surface  roughness
parameters, minimize wear rate,
maximize/minimize friction, and maximize
lubrication were evaluated as a single- and
multi-objective functions. N. Tayebi and A.
A. Polycarpou [2]extended a model to
include asymmetric distributions of asperity
heights using the Pearson system of frequency
curves. This method allows the study of the
effects of skewness and  kurtosis
independently from each other, and also can
be used to generate the exact density function
of asperity heights with the exact skewness
and kurtosis values of a measured surface
roughness. It is found that positive skewness
values predict higher contact force, real area
of contact, nuber ol contacting asperities,
langential and adhesion forces than the
Gaussian case, while nepative skewness
values predict lower values and Jlarger
deviations from the Gaussian case. It is also
found that distributions with kurtosis higher
than three predict higher contact and friction
parameters with larger deviations compared to
the Gaussian case, while distributions with
kurtosts lower than three predict lower values
than the Gaussian case. D. Novovic ¢l al,,[3]
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published data which address the effect of
machining  (conventional and non-
conventional processes) and the resulling
workpiece surface topography/integrity on
fatigue pesformance, for a variety of
workpiece  materials. The effect of
postmachining surface freatments, such as
shot peening, are also detailed. D. Umbrello
et al,. [4] This paper presents a predictive
hybrid model based on the artificial neural
networks (ANNs) and finite element method
(FEM) that can be used for both forward and
inverse prediction. The former is able to
determine a  residual  stresses  profile
corresponding to a given tool, material and
process conditions, the latter ts able to
delermine these conditions when a constraint
on the residual stresses distribution is given F.
Mata et al,. [5] aimed at studying the impact
of culling conditions on surface roughness in
turning of polyethertherketone (PEEK)
composites. They found that At higher feeds
the profiles become more periodic and empty
of material, a fact that contributes to the
tribological function of these surfaces, in the
case they will experience contact. C. S.glu et
al,.[6] presented an analysis of the pressure
development of journal bearing in a various
shaft surface texture and velocity variations
using a proposed neural network. The effects
of the parameters, which act on performances
of joumal bearing, on the pressure
development and load-carriage capacity had
been examined such as the number of
revolution and shaft surface texture. The data
from the experiments are used as leamning
information for the neural network to
establish a reliable prediction model that can
be applied to journal bearings and the model’s
perfortnance was verified. W .z. Wang et
al,[7] developed a computer program to
generate non-Gaussian surfaces with specified
standard deviation, autocorrelation function,
skewness and kurtosis, based on digital
technique. A thermal model of mixed
lubrication in point contacts is proposed, and
used to study the roughness effect. The area
ralio, toad ratio, maximum pressure,
maximum surface temperature and average
film thickness as a function of skewness and
kurtosis are studied at different value of rms.
Numerical examples show that skewness and

kurtosis have a great effect on the contact
parameters of mixed lubrication. L. Xiao et
al,. [8] studied a rough friction in lubricated
sliding of roller surfaces, which were
manufactured to simulate the real gear
surfaces. By examining 3D  surface
topography of two mating bodies, both
surface roughness and its effect on friction
behavior was studied. A. C. Basheer et al,.
{91 presented an experimental work on the
analysis of machined surface quality on
Al/SiCp composites Jeading to an artificial
neural network-based (ANN) model to predict
the surface roughness. The predicted
roughness of machined surfaces based on the
ANN model was found to be in very good
agreement with the unexposed experimental
data set. A. Y. Suh et al,. [10] Detailed
studies of the surface topography line and
areal (usually referred as one dimensional
(1D) and 1wo dimensional (2D), respectively)
analyses. Simple amplitude roughness
parameters as well as more detailed spatial,
hybrid, and functional parameters were
calculated and wused to track detailed
roughness changes as the Al390-T6 samples
undergo progressive wear until scuffing
oceurs. One-dimensional amplitude
descriptors, such as the root-mean-square
value, were not reliable in tracking surface
topographic changes. However, 2D functional
parameters, such as the surface bearing index
and the fluid retention index, clearly showed
progressive changes as the surfaces wear and
reach scuffing. G.P. Petropoulos et al, {11}
presented  a method for characterizing
machined surface textures comesponding to
varying cutting conditions, which lead to
differing profile shapes . Through a proper
multi-parameter analysis carried out on turned
steel specimens, it is indicated that statistical
functions and parameters are the most
effective towards relative discrimination and
control.

2. Experimental study

The experimental study is made on 65
specimens free cutting steel 37, 40 mm in
diameter. The specimens are divided into
three groups, one of them is machined by
turning operation. The second group is
machined by milling operation, The third
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group is machined by grinding operation. AH
specimen are machined at various cutting
conditions. All specimens are measured using
Mitutoyo SurfTest-8J201 that give the surface
profile and four roughness parameters of the
measured surface as a result. A developed
Matlab® programs SurfTest SJ201P  and
SRCP. are used to give a full assessment of
surface roughness parameters from the
resulted surface profile of the Mitutoyo
SurfTest-SJ201.

2.1 Specimens preparation:

Workpiece material is a steel bar ( free
cutting steel 37 with 45mm in diameter. Then,
it is machined by turning into 65 specimens
40 mm in diameter as shown in figure (1).

\ Déa. 40 mm [

Fig. (1) Machined specimen
The first group of 20 specimens are machined
by facing (turning operation). The used
cutting tool for turning operations has tips of
commercial type Widadur coated hard metal
(TNMG160412P25) with nose radius of 1.2
mm. The second group of 20 specimens are
machined by milling operations. The used
mifling cutter has 50 mm external diameter
and 36 mm length. {t belongs to the plain
milling cutters, which have only peripheral
cutting edges. The number of teeth is 20.
They are used for roughing and finishing of
plain surfaces on the horizontal milling
machine. The Third group of 25 specimens
are machined by grinding operation. The used
cutting tool for grinding operations is
aluminum oxide grinding wheels
(38AB60KKSVBE).
2.2 Experimental setup

The intreduced syslem consists of two
major parts, hardware and software. The
hardware consists of two main items shown in
figure (2) Minwoyo SurfTest-Sj20! and
personal computer (PC).

Fig. (2) Photograph of the introduced system

Mitutoyo SurfTest-SJ201 is surface
measuring instrument, used in contact method
surface assessment,

SurfTest SJ201P is a developed
Matlab® program used to read the obtained
surface profile from Mitutoyo SurfTest-S/201,
then, convert it to Matlab® program code that
can be processed and evaluated wide range of
roughness parameters. Also, SRCP program
give a full assessment of surface roughness
parameters from the resulted surface profile
of the Mitutoyo SurfTest-SJ20. )

2.3 Numerical work (Artificial Neural

Network Program for Optimization)

The neural network is modeled by
computer programs written in Matlab®, The
training and testing of the artificial neural
network is performed using the experimental
results. So, all the experimental data are
divided into two groups, one for the training
of the network and the other group for the
testing of the trained network for every group
of experimental data (Turning, Milling and
Grinding).

2.4 Optimization procedure using trained
ANN
Based on the previous researches it found
that the factors of roughness parameters
affecting wear, lubrication and friction areas
follow the relations shown in table (1).
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Table{l) The elfeciing of roughness parameter in

wear, fubrication and friction

Operation | parameters | Max/Min
| ks Min
wear Rz Min
p% Max
Riu Max
lubrication Ve Max
ip% Min

— » ?

Maximum HSC Min
frictlon Ag Max
P Min
Vo Min
Minlmem HSC Max
friction Agq Min
Pr Max

a developed program OSCC made by
Matlab© is used for selection of optimal
cutting conditions .

3. Result and discussion
3.1 Experimental results

Using Mitutoyo SurfTest-SJ201 and the

developed Matlab® programs SurfTest
SJ20/P and SRCP, The three specimen
groups are measured. One of tuming group
measurements is shown in figure (3) which
conlain the interfaces of SurfTest SJ20{P and
SRCP programs.
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Fig. (3a) Interfaces of SurfTest SJ201P for
turning operation

Fig. (3b) Interfaces of SRCP programs for turning
operation

3.2 Artificial Neural Network Construction
and Learning
The feed forward back propagation

network is used for the required introduced
system {neural network). Back propagation
training algorithm is used to train the
multiple-layer networks and nonlinear
differentiable transfer functions. Neural
network training can be made more efficient
if certain processing steps are performed on
the network inputs and targets. Before
training, it is often useful to scale the inputs
and targets so that they always fall within a
specified range. A certain function can be
used to scale inputs and targets so that they
fall in the range (-1 ,1). The input and output
patterns include nine input and three output
variables. The roughness parameters (Ra, Rz,
Rsk, Rku, HSC, Pc, Vo, 4q, (p%) are used as
the input variables. The cutting conditions
(cutting feed, cutting speed, depth of cut) are
used as output variables. Some of the inputs
and outpuls scls oblained {rom experimental
work are used as training input pattems. The
rest are used as testing input patterns.
3.3 System Verification

To verify the accuracy of the introduced
system, training and testing for the
introduced system are made by changing
number of hidden layers and number of
neurons in each layer until reaching the
acceplable difference as shown in figure (4).

max. dif. % =
(cutting condition)acpuqi-{cutting condleton) sy p
(cutting conditton) geruai
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Fig. (4) Maximum difference at various number of
neurons and various number of hidden
layer

3.4 Correlations for optimal selection of

cutting conditions

The correlations coefficient between
estimated cutting conditions resulted from the
introduced system and the actual values of
cutting conditions are calculated and plotted
for different machining operations turning,
milling and grinding as shown in figure (5)
for estimated depth of cut for grinding versus
actual depth of cut for grinding,
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Fig. (5) Estimated depth of cut for grinding versus
actual depth of cut for grinding
The maximum correlation coefficients
between measured data and ANN optimal
selection data are in the range of 0.9750 to
0.9993,

3.5 Optimal selection of cutting conditions
based on functional performance
Because of the introduced system is

trained and correlated, one can use it for
optimal selection of cutting conditions for
every machining operation based on desired
functional performance. Figure (6) shows the
result of the introduced system in case of

milling operation.
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Fig. (6) Estimated cutting conditions in case ol

milling operation

4, Conclusion

From the present work , it can be
concluded the following:

e Experimental study is made to obtain the
required parameters for the constructed
ANN.

e 65 specimens free cutting steel 37, 40
mm are divided into three groups, one of
them is machined by turning operation,
the second is machined by milling
operation, while the third group is
machined by grinding operation.

e All specimen are machined at various
cutting conditions (feed, speed, depth of
cut) and are measured using Mituloyo
SurfTest-8J201 that give the surface
profile and sotne of roughness parameters
of the measured surface as a result.

o Full assessment of surface roughness
parameters from the resulted surface
profile of the Mitutoyo SurfTest-SJ20 is
obtained using a developed Matlab®
programs SurfTest S/201P and SRCP.
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* A numerical study is made by mndeling
neural network using computer programs
written in Matlab®.

¢ Also, OSCC program made by Matlab® is
developed for selection of optimal cutting
conditions.

e The artificial neural networks ANN have
the lowest mean square error MSE of
5.0427x10”7 and the highest accuracy
over the linear and nonlinear regression
analysis of +£99.75%.

¢ The maximum correlation coefficients
between measured data and ANN optimal
selection data are in the range of 0.9750
to 0.9993.

e It is recommended that, multilayer leed
forward neural network is more suitable
for solving multi inputs — multi outputs
problems.
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