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Abstract— Optimisation is the necessary tool for the
engineering application such as welding, casting, machining
of the work-piece. Electrical discharge coating is one of the
non traditional machining processes where several
parameters such as material deposition ratio, surface
roughness have to be minimised. Taguchi and Anova
analysis is the one of the optimisation tool. But this
optimisation tool based on the limited iteration and defines
the statistical measurement. This statistical measure is based
on the prediction. So this result creates some doubtful result
also. Hence it is necessary to check these results with the
some algorithm. . In the optimisation problem two types of
problem linear and nonlinear. Linear problem is solved by
graphical problem, simplex method where nonlinear
problem is difficult to solve but present times it has solved
by artificial and heuristic procedure like genetic algorithm
(GA), particle swarm optimisation (PSO), artificial bee
method, ant colony algorithm. Artificial intelligence
processes are expensive and heuristic procedures are
problem trap of local minima. Meta heuristic procedures
remove the problem of heuristic procedure. One of the Meta
heuristic procedures is simple optimisation and teaching
learning based algorithm.
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I. INTRODUCTION

Electrical discharge machining uses in the machining of the
complex shape of the contour of the work piece. In the
electrical discharge machining process has two connections
in electrical supply. One of the connections connects with
the work piece and a second connection connects with the
tool electrode. Between the work piece and tool electrode
substrate flows which is called electrolyte. Initially the
current flows in the electrolyte it flows it acts as an
insulator but after sometimes when voltage increase then it
flows the current between the tool electrode and work piece.
Successive spark takes place in the tool electrode and
wearing of the tool atoms takes place. But when Electrical
discharge machining wearing of the tool electrode to
increases the surface hardness of the work piece then it is
called the electrical discharge coating. In the electrical
discharge machining some of the parameter influences the
response parameter such as discharge current, pulse on time
etc. Response parameters are material deposition ratio,
hardness, surface roughness etc. These response parameters
are surface roughness, micro hardness, coated layer
thickness etc. Where surface roughness parameter is to be
minimised and other parameter has to be maximised. This
proposed work is optimisation of this parameter with the
simple optimisation (SOPT). In the optimisation method
various analytical and heuristic methods are used. Where
problem in the analytical method is procedure becomes

complex and problem of the heuristic procedure is trap of
the local minima. Hence, these problems are solved by the
population  based meta-heuristic  method.  Simple
optimisation technique and teacher learning based
optimisation technique are easy to use and give better result.

Il. LITERATURE REVIEW

In the non-traditional machining metal removal in the terms
of atoms, molecules away from the surface whereas in this
technique metal removal energies are mechanical, electro-
chemical, mechanical and electro-chemical, chemical etc.
are used. Non-traditional machining process provides better
surface quality and characteristics. Because most of the non-
traditional machining processes are automated hence it
provides better accuracy and precision as compared to
traditional techniques.

EDM process for metal removal energy is electro-
thermal where metal removal mechanism is fusion of atoms
of the surface of the work-piece and vaporisation take place
in the tool electrode molecules hence material deposits on
the surface of work-piece. In the EDM process tool wear is
high but it may be used as coating of surface. So, EDM
process is also called as electrical discharge coating.
Electrode is made by using powder metallurgy route which
defines the electrode parameter like density and porous.

In the recent past years researchers are concerned
with the optimisation of tool wear rate, material deposition
ratio, average surface roughness etc. In this process different
type of algorithm is used to optimise these parameters like
firefly algorithm, QPSO etc.

Simple optimisation and teaching learning based
algorithm is one of the random population Meta heuristic
procedure where optimisation takes place for the multiple
number of the points or variable. This optimisation
technique calculated the optimum value with the minimum
number of iteration.

1. INPUT AND OUTPUT DATA

Data have been taken from the one of the literature[1]. Later
with the use of input data Taguchi orthogonal array L18
performed.

Input Parameters Level 1 | Level 2 | Level 3
Sintering temperature (A) 700 900 -
Compaction Pressure (B) 100 150 200

Discharge current (C) 20 o5 30

Duty Cycle (D) 42 50 58

Pulse On Time (E) 100 200 300
Table 1: Input parameters for EDC Optimisation [1]
MDR Ra CLT MH
0.24 | 13.209 | 111.983 | 355.431
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0.217 | 15.33 | 99.245 | 390.416
0.396 | 16.376 | 67.77 | 415.016
0.223 | 13.844 | 70.972 | 406.339
0.241 | 12.634 | 71.687 | 404.18
0.224 | 13.633 | 90.067 | 394.838
0.116 | 10.645 | 46.345 | 405.828
0.259 | 12.396 | 60.071 | 401.41
0.26 12.9 73.097 | 411514
0.199 | 13.731 | 46.302 | 413.504
0.293 | 11.761 | 59.156 | 384.769
0.207 | 16.167 | 102.178 | 393.233
0.28 | 12.619 | 50.105 | 392.773
0.14 | 12.45 | 70.575 | 424.941
0.189 | 14.184 | 73.012 | 442.048
0.128 | 10.779 | 47.129 | 414.162
0.261 | 11.395 | 49.668 | 445.74
0.194 | 11.681 | 58.087 | 455.789

Table 2: output parameters [1]

IV. OPTIMISATION ALGORITHM

A. SOPT Algorithm:-

The SOPT algorithm is a population based algorithm
composed of the two main stages; namely exploration stages
and exploitation stages. In this algorithm the exploration and
exploitation stages are performed one after another based on
the following strategy. Here, the exploration stage is carried
using equation (1), where the i-th parameter of a new
candidate solution Xpew) is generated as follows:

Xnew(l) = XBeSt(l) + cy X R(L) . (1)

In equation (1), Ciis a posmve constant and R(.) is
a normally distributed random number with a none zero and
a standard deviation org . For each i-th parameter, a standard
deviation org) IS computed at each iteration by calculating
the standard deviation of the respective parameter in all the
member of the population. This strategy of the choosing the
standard deviation for the normal distribution for the initial
employed in the schematically for each candidate solution
for N number of variables.

A similar equation to the aforementioned one is
also employed for the exploitation stages of the SOPT
follows:

Xnew(i) = XBest(i) tc
X R(l) - (2)

Where C, is equal is the 05 C1 by which,
comparison to the exploitation stage, the generation of new
candidate solution is more probable in the vicinity of the
best solution. This results in a more exploitative
investigation strategy in this stage. It is worth mentioning
that the described exploration and exploitation formulations
are considered based on a relative comparison between the
aforementioned two equations in terms of the generated
candidate solutions and do not imply a general definition for
these concepts.

In each step of SOPT, after the new candidate
solutions are generated, the worst members of the
populations are replaced with the better new ones. In the
SOPT aforementioned process continuous repeatedly until a
predefined termination condition is met.[ 11]

SOPT is improved and new simple optimisation
technique is employed with the some modification. TO
improve the algorithm, the best solution is replaced with a
new generated solution and the next best solution is used for
the guiding the new solutions. This replacement is made
when the best solution remain unaltered for certain number
of iterations. The number of the iteration after which the
best solution to be replaced is calculated by equation (3). It
depends on the number of variables in the problem and
population size of the algorithm.[11]

Replacement counter
=05XNXD oo vvi i e e (3)

V. REGRESSION ANALYSIS

For the any problem has a solution also. To solve this
problem needs an objective function. Objective function is
the main function which is need to be optimise and it should
be clearly identifiable and measurable in quantitative term
like maximisation of profit, sell or minimisation of cost.
Obijective function involves the parameter which satisfies
this equation. Regression and correlation is generates this
equation with various model types like linear and nonlinear.
In the linear regression involves one response and other
variable which interrelated linearly. Nonlinear regression
analysis involves one response and other variable also like
linear variable but it relates either cubic or other model
types. This objective function is used to optimise the
parameter in the various way either coded in the software
for the any algorithm or further used to solve this objective
function for another problem. For this equation is used to
create scatter plot, histogram plot etc. This scatter plot
shows the characteristics of the parameter with different
response. For understanding this we take a plate which
temperature is higher than surrounding temperature when
we take the cooling parameter such as temperature of plate
and surrounding temperature and time then create a equation
with these parameter and plot a exponential decay graph.
Linear regression analysis is the mathematical technique of
the obtaining a line for best fit between the dependent
variable which is usually the demand of product and any
other variable on which demand is dependent. In linear
regression the relationship between some independent
variable and dependent variable is represented by slope of
this variable and some constant value this slope of the
variable shows either the wvariable is increasing or
decreasing. Constant value shows some constraint in this
function or any starting values. In the correlation and
regression analysis correlation coefficient is very important.
Correlation coefficient defines the variable is either
increasing value or decreasing value or this value shows
some random property. If correlation coefficient is positive
that means it is increasing with the independent variable, if
it is negative this shows that it is decreasing and if it shows
zero this shows some random relationship between the
independent variable. Correlation coefficient indicates the
degree of closeness between the two variable and its values
ranges from +1 to -1. It is an indicator of extent to which
knowledge of one variable becomes useful for the prediction
of another. Sometimes it least square model is called linear
regression model but it is the only special case of the linear
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regression analysis. Least square method is used when the
independent variable is linear and uniform and is in such a
form they it can be modified to make some of independent
variable becomes zero then the calculation becomes very
simple.

VI. RESULTS AND DISCUSSION

A. MDR
MAX MDR,
f(X) — 9453 x A—O.590 x B—O.358 x CO.486 x D—O.242 x EO.ZSO
(R?=0.962)
700<A<900
100<B<200
20<C<30
42<D<58
100<E<300
Pul
Sinterin Discha Du se .
Compac ty Fitne
Parame g tion rge cyc on ss
ters tempera ressure curren e tim value
ture (A) P t (C) (D) e
(E)
Optimu
m 700 100 30 | 42 | 300 0'83754
value
Table 3: Optimisation value of MDR
0355 -
) 35
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0 0335
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Fig. 1: convergence curve of MDR
Using the SOPT algorithm number of iteration of the getting
the optimum value of MDR is in between the 0-100 and
nearly to 0 this shows its convergence is better to get the
optimisation value and its fitness value is 0.35487. In this
case we have seen that number of population size is 50 and
number of iteration is taken as 500. This optimisation value
of the parameter shows that sintering temperature;
compaction pressure and duty cycle is low for the good
fitness value, whereas pulse on time should be high and
discharge current value is in between the high and low
value.

B. Ra

MIN Ra,

f(x) =39.718 x A% x B 9%
(R?=0.997)

700<A<900

100<B<200

0.309 0.060 0.081
C xD x E

20<C<30
42<D<58
100<E<300
Pul
Sinterin Disch Du se .
Compac ty Fitnes
Parame g tion arge | oo | on s
ters tempera pressure curren ?; tim value
ture (A) t (C) D) e
(E)
Optim
um 900 200 20 42 100 186128
value
Table 4: Optimisation value of Ra
"
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Fig. 2: convergence curve of Ra

Using the SOPT algorithm number of iteration of the getting
the optimum value of MDR is in between the 0-100 and
nearly to 0 this shows its convergence is better to get the
optimisation value and its fitness value is 10.18902 um. In
this case we have taken number of population size is 50 and
number of iteration is taken as 500. This optimisation value
of the parameter shows that discharge current; pulse on time
and duty cycle is low for the good fitness value, whereas
sintering temperature should be high and compaction
pressure value is in between the high and low value.

C. CLT

MAX CLT,
f(X) - 1 64412 « 106 « A70 992626 « 870.517219 « 00.583998 « D70 49049 « E70.159761
700<A<900

100<B=<200
20<C<30
42<D<58
100<E<300
Pul
Sinterin Discha Du se .
Compac ty Fitne
Parame g - rge on
tion cye | .- Ss
ters tempera ressure | CUTeN | g tim value
ture (A) P t(C) D) e
(E)
Optimu
m 700 100 30 42 | 100 1%'1
value

Table 5: Optimisation value of CLT
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Fig. 3: convergence curve of CLT

Using the SOPT algorithm number of iteration of the getting
the optimum value of CLT is in between the 0-100 and
nearly to 0 this shows its convergence is better to get the
optimisation value and its fitness value is 127.146 pum. In
this case we have taken number of population size is 50 and
number of iteration is taken as 500. This optimisation value
of the parameter shows that sintering temperature;
compaction pressure and duty cycle and pulse on time is low
for the good fitness value, and discharge current value is in
between the high and low value.

D. MH
MAX MH,
f(X) = 334261X A0.201769 X BO.108429 % C0.128357 s D0.0240792 x EO.0212097
700=<A<900
100<B=<200
20=<C<30
42<D<58
100<E<300
Pul
Sinterin Discha . se .
Compac ty Fitne
Parame g - rge on
tion cyc | .. SS
ters tempera ressure curren le tim value
ture (A) | P t(C) e
(D) ®)
Optimu
m 900 200 30 58 | 300 4‘?3%'0
value
Table 6: Optimisation value of MH
452
451 1
450
N
L 449
I
=
448 +
447
446 . . . .
0 100 200 300 400 500
Number of iterations

Fig. 4: Convergence curve of MH
Using the SOPT algorithm number of iteration of the getting
the optimum value of CLT is in between the 0-100 and

nearly to 0 this shows its convergence is better to get the
optimisation value and its fitness value is 451.085. In this
case we have taken number of population size is 50 and
number of iteration is taken as 500. This optimisation value
of the parameter shows that sintering temperature; pulse on
time and duty cycle and pulse on time is high for the good
fitness value, and discharge current and compaction
pressure value is in between the high and low value.

VII. CONCLUSION

Finally the optimisation of the EDC parameters has been
done with SOPT algorithm which is simple optimisation
This work shows the some parameter is actually optimised
with the experiment value but some of them are not
optimised as before. The global optimisation first constant is
taken as 1.5 and second constant is just half of the first
constant. This has seen that the optimised value is more
converged and answer of this optimisation value nearly 0 to
50 iteration which shows that its optimised value is better.
Comparison of data from the experiment value and data
obtained from the regression equation is put up in the Mat
lab 16 shows that error between the two value this optimised
value give better result as compared the experiment value
The optimum value of the average surface roughness is
optimum value of the average surface roughness is 10.77
from SOPT algorithm. The optimum value of the average
surface roughness is optimum value of the average surface
roughness is 127.146 from SOPT algorithm. SOPT
algorithm gives better result as compared to SOPT
algorithm. This algorithm is used in this work unconstrained
optimisation that means when considering the one of the
response neglecting the other behaviour of the response. .
Proposed algorithm can be done with the constrained
optimisation also. This work has been done mathematically
not practically but this work is validated the experiment
value with the data also. Simple optimisation is used as the
population based Meta heuristic algorithm hence it is used in
the various engineering application also.
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