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algorithm. In this paper, at the mutation stage, the particle
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Therefore, the algorithm modified its evolutionary method and
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EXTENDED ABSTRACT

Introduction

To enhance the quality of machining products, reduce machining costs, and increase
machining effectiveness, it is a crucial issue to select optimum machining parameters in
the manufacturing industry. The evolutionary algorithms have been used to optimize real-
world problems in many applications instead of conventional techniques. In the past
decade, different optimization methods were hybridized to improve the performance of
algorithms to also find optimum global results. Since hybrid evolutionary methods
integrate favorable properties of different techniques, they have essential advantages to
reach the global optimum. To optimize machining parameters, evolutionary techniques
have been modified or hybridized with other optimization techniques. This paper presents
a hybrid optimization approach based on differential evolution (DE) algorithm and
receptor editing property of immune systems. To improve the achieved results in the
mutation phase during receptor editing of artificial immune systems, the particle swarm
optimization (PSO) algorithm was applied as a co-evolutionary algorithm to determine the
best mutation rate. The results obtained by the proposed approach for milling operations
indicated that the hybrid system is more effective in optimizing the cutting parameters for
milling operations than previous methods.

Methodology

Objective function

In optimizing machining parameters for milling operations, the purpose was to
maximize the total profit rate. Maximization of the total profit rate was carried out
according to the two objective functions, which are unit production time and unit
production cost. Unit cost is the sum of material cost, set up cost, machining cost, and tool
changing cost. Unit cost is defined by equation (1).
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where c,,; is the cost of raw material per each part, c; is the cost of a cutting tool, c,is
the overhead cost, c; is labor cost, tg is set-up time, m is the number of machining
operations which are required to produce the product, V is cutting speed (ﬁ), f is feed
rate (ﬁ), and w, n, g, c, are tool wear factor, tool life exponent, exponent of slenderness

ratio, and coefficients carrying constant values, respectively. Constant values of K;,
should be calculated as follows. In addition, the unit time for producing a part in multi-tool
milling is defined by equation (2).

m m
Ty, =t + z Klivi_lfi_1 + Z Leci (2)
i=1 i=1

where ttool is changing time (min) and the total profit rate is defined by equation (3)
where S, is the profit per unit.
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Constraints
To maximize the profit rate, the allowable range of cutting speed and feed rate were
restricted by constraints. Constraints taken into consideration in this paper were defined
as follows.
1- Maximum machine power.
2-  Surface finish requirement.
3- Maximum cutting force permitted by the rigidity of the tool.

Differential evolution algorithm

The differential evolution (DE) algorithm is a population-based optimization method
that simulates natural evolution combined with a mechanism to generate multiple search
directions based on the distribution of solutions (vectors) in the current population. The
DE algorithm includes three critical operators: Mutation, Crossover, and Selection.

Receptor editing
Receptor editing mechanism introduces diversity and helps escape from local optima
on an affinity landscape and leads to possible new candidates.

Proposed algorithm

In this paper, DE was hybridized with receptor editing property of immune system and
(PSO) algorithm in the proposed hybrid approach. After the selection operator in DE with
the corporation of (PSO) algorithm, receptor editing was applied to all populations to
escape from local optimal in receptor editing the new individuals. As 25% of the
population are produced randomly, they are replaced with individuals chosen randomly
from the population. If the individual selected from the population is the best, this
individual is not replaced with the new one; the mutation rate a has a vital role in making
new antibodies. It is possible to create a new potent antibody with the optimization of
mutation rate.

In this case study, the objective was to produce a part shown in Figure 1 using a CNC
milling machine. The aim was to reach optimum machining parameters with maximum
profit. The proposed method was applied to a case study for milling operations and the
results were compared with other algorithms.

Slot 1
X

Pocket
Slot 2

Step

Figure. 1. An example part.
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The speed and feed rate limits used for the case study are given in Table 1; the part
shown in Figure 1 needs five milling operation to be manufactured.

Table 1. Speed and feed rate limits.

Operation No Operation type Speed limits Feed rate limits
1 Face milling 60-120 m/min  0.05-0.4 mm/tooth
Corner milling 40-70 m/min  0.05-0.5 mm/tooth
Pocket milling 40-70 m/min  0.05-0.5 mm/tooth
Slot milling 1 30-50 m/min  0.05-0.5 mm/tooth
Slot milling 2 30-50 m/min  0.05-0.5 mm/tooth

T W

Results and discussion

As can be observed from Table 2, the proposed hybrid approach was performed
effectively on the optimization of machining parameters of the milling operation problem
finding better solutions compared to other methods in the literature; these results
demonstrated that the proposed hybrid system is an essential alternative for the
optimization of machining parameters in milling operations.

Table 2. Comparison of unit cost, unit time and profit rate.

Method C,($) T,(min) P,.($/min) Improvement (%)
Handbook 18.36 9.40 0.71 300%
Method of feasible direction 11.35 5.48 2.49 15.6%
Genetic algorithm 11.11 5.22 2.65 8.6%

Ant colony algorithm 10.2 5.43 2.72 5.8%
Immune system algorithm 11.08 5.07 2.75 4.7%
Hybrid immune algorithm 1091 5.04 2.79 3.2%

Hybrid de & receptor editing (HDRE) 10.9 5 2.82 2.1%

Conclusion

In this paper, a new hybrid optimization technique based on differential evolution
algorithm, receptor editing property of the immune system and PSO algorithm was
developed and successfully implemented for machining parameters’ optimization in
milling operations; significant improvements were obtained with the proposed hybrid.
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