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This paper presents machining parameters (turning process) optimization based on the use of artificial intelli-
gence. To obtain greater efficiency and productivity of the machine tool, optimal cutting parameters have to
be obtained. In order to find optimal cutting parameters, the genetic algorithm (GA) has been used as an opti-
mal solution finder. Optimization has to yield minimum machining time and minimum production cost, while
considering technological and material constrains.
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Optimizacija eksploatacijskih parametara CNC obradnog centra zasnovana na genetskom algoritmu.
Cilj rada je prezentirati optimizaciju obradnih parametara procesa tokarenja koristenjem umjetne inteligencije.
Poradi ostvarivanja povecanja iskoristivosti i produktivnosti stroja potrebno je odabrati optimalne rezime rada.
Kao alat za pronalazenje potrebnih optimalnih strojnih parametara u ovom radu je koristen genetski algoritam.
Optimalno rjesenje je trazeno u kombinaciji dobivanja minimalnog vremena obrade i minimalnih proizvodnih

troskova, uzimajuci u obzir tehnoloske uvjete i karakteristike materijala.

Kljucne rijeci: vise-ciljna optimizacija, parametri obrade, genetski algoritmi

INTRODUCTION

Today machining process planning has to yield such
results that are to give maximum productivity and to en-
sure economy of manufacturing. Today the market has
an ever changing demand for new products, which re-
quire shorter development cycle. An important part of
the product development cycle is manufacturing process
planning. Shorter process planning time can lead to the
use of machining parameters that are not optimal and
this can lead to the greater cost of production. A human
process planner selects proper machining parameters by
using not only his own experience and knowledge but
also from handbooks of technological requirements,
machine tool, cutting tool and selected part material.
This manual selection can be slow and does not have to
give optimal results. To overcome that problem, ma-
chining process planning has gone automated, by the
use of Computer-Aided Process Planning (CAPP) sys-
tem. In addition to operation sequence and machining
parameters, the CAPP system should also be able to au-
tomatically choose machine and cutting tool while tak-
ing in consideration part material. In this paper, the fo-
cus is given to cutting parameters optimization. Cutting
parameters, such as cutting depth, number of passes,
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feed rate and machining speed have influence on overall
success of machining operation [1,2]. In order to con-
duct optimization, a mathematical model has to be de-
fined. It is not always easy to define a model that can be
expressed by pure analytical functions. Besides, cutting
parameters optimization presents a multi-objective opti-
mization problem, so the classical mathematical meth-
ods such as linear programming would not work with
such input data. There is also a problem of finding local
optimum. In order to overcome these problems, this pa-
per shows the use of Genetic Algorithm (GA) in ma-
chining process optimization. GA is a part of the evolu-
tionary algorithms that copy intelligence of nature in or-
der to find global extremities on the given function prob-
lem. These algorithms are based on stochastic opera-
tions. In nature, only an entity that is able to adapt to its
surrounding is going to survive and transfer its qualities
to next generation [3,4]. Depending on measuring the
quality of entity, the proposed result is kept or deleted.
New combined results are then transferred to the next
generation that should now consist of better results,
closer to a global optimum. Whole process is terminated
when stopping criteria are met and a global optimum is
found. GA ensures that the calculated result is global or
close to the global optimum.

The given example is based on optimizing cutting
parameters in turning process, which is one of the two
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Figure 1. Possible optimization goals

processes that are the most common operations per-
formed on the modern CNC machines. In the first case
the goal function (Figure 1.) was minimum production
time and in the second case the minimal power con-
sumption [5,6,7]. The first case is applicable when we
have requirements for the production of smaller product
series, which have to be manufactured in short time. The
second case could be used when we want to define ma-
chining process which is to meet the cutting power limi-
tations of our manufacturing equipment.

MODEL DESIGN

In this paper a procedure for optimization of turning
process parameters on CNC turning center has been ap-
plied. Optimization has been carried out by defining
goal functions - minimum production time. The mathe-
matical model that describes machining operation has
been defined as a combination of those functions whose
variables are necessary for cutting parameters. The
mathematical model consists of three separated models:
1) tool life model,

m CV
T" =k kohyk sk o kgky (1)
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where: v, —cutting speed, a,, — cutting depth, /—feed, x,;,
w1 — coefficient defined by material, HB — hardness of
material, n, — exponent of influence of the hardness of
material, m — exponent of relative tool life, C,; — techno-
logical proportional coefficient, &, k,k k, kkk ki ko —
influential technological coefficients (experimentally
obtained), correction coefficient

2) cutting force model,
F.=C,a” f"HB"k,k,k.k k,- 981 2

pz moyrey
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where: C,.— technological proportional coefficient, a,
— cutting depth, /— feed, x,;, y,1 — coefficient defined by
type of turning operation, /B — hardness of material, ..
— exponent of influence of the hardness of material,
k,k k. k, k,—influential technological coefficients (ex-
perimentally obtained), correction coefficient

3) cutting power model,
FZ CC
P=——"F¢-—
60- 1000
where: F, — main cutting force, v. — cutting speed

3)

Tool life model has been integrated in goal function,
while cutting force and power model represented con-
strain functions, as shown in Figure 2.
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Figure 2. Optimization model

Model input data is the machine and tool data infor-
mation of part material and shape, as well as time and cost
limit of manufacturing. Input data has been prepared on
the basis of the technical data sheets of the machine man-
ufacturer and chosen tool. Parameters referring to the
type of the part material have been gathered as influence
coefficients from analytical experiment data. The experi-
ment has been performed on the CNC lathe, and a steel
bar has been machined with of Sandvik T-MAX P
CNMM-190616 tool. The lathe has 30kw spindle power,
maximal cutting forces F.,, of 6300N and F,,. of
5000N. The workpiece characteristics are as follows: di-
ameter 80mm; workpiece length 200mm, material is low
alloy steel with HB = 180. Model output is presented with
cutting parameters which satisfy constrain functions at
the end of optimization process and give optimal value of
goal function, which is a global minimum.

The mathematical model has been programmed in
MATHLAB ™., As basis for GA we used Matlab's GA
toolbox ™. For GA, standard settings have been taken.
For each depth of cutting optimization process, the opti-
mal cutting parameters have been given. GA converges
until the stopping criteria are met.

Optimization has been carried out for the range of
cutting depths from minimal to maximum value that is
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Figure 3. Block diagram of optimization process.

allowed by chosen cutting tool. In order to obtain opti-
mal cutting parameters, a number of passes have been
decided. In this case binary linear programming optimi-
zation (LP) method has been the best choice [9,10]. The
whole optimization process can be represented by the
block diagram, Figure 3.

EXPERIMENTAL RESULTS

The optimization procedure is applied on the turning
centers. The success of optimization depends on defin-
ing the goal function - minimum production time (4).

L=t +t,+1, “4)
where: #,— main machining time, #, — tool change time, 7,
— time during which the tool do not cut

t,=— (5)

where: n — main spindle frequency, L, — total length of
tool path

A GA has been selected in search for the optimal so-
lution. In the proposed GA, the advantage of multi-di-
mensional search scheme of GA has been used in find-
ing a candidate for replenishment. The basic GA setup
properties are the following: population size (20 indi-
viduals); coding (performed with real numbers); sto-
chastic uniform selection has been applied (SUS); num-
ber of elite children (2); genetic operators: those individ-
uals that survive the selection step, undergo alteration
by two genetic operators -the crossover and mutation;
the uniform crossover was selected; probability for cro-
ssover (0.8); mutation rate (0.1); termination conditions
(two rules are used to stop this GA, the first one is a
fixed number of generations (100 generations), and the
second one stops the evolutionary process if the
best-on-hand solution has shown no improvement in the
last 50 generations.

The LP has been used to give number of tool passes
that meet the requirement of total roughing depth and

METALURGIJA 48 (2009) 1, 47-50

minimal cutting time. The method outputs the binary
matrix from which the row of optimization results of
matrix has been selected, satisfying cutting parameters
goal function.

Minimization of production time

Using previously defined methodology, both optimi-
zation of the production time and its minimization for al-
lowed values of cutting depth and feed rate have been
performed. Table 1 shows matrix results of the obtained
optimization for the minimization of the production time
by GA. For each depth of the cutting optimization pro-
cess, the optimal cutting parameters are given. GA con-
verges until the stopping criteria are meet, Figure 4. pres-
ents the diagram of GA convergence. In the next step LP
is applied. In the case shown above, the step of cutting
depth increase has been 0.5 mm. The LP chose depths of
4 mm and 5 mm that have given the shortest machining
time of 16.86 s for total roughing depth of 9 mm.
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Figure 4. GA convergence

On this simplified model, we have been able to im-
plement the procedure of the defining a technological
machining parameters for the specific product geome-
try, fast and with high accuracy. This type of the pro-
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Table 1. Optimal cutting parameters for various depths
Feed rate Cutting speed Mach. time Cutting power Cutting force F, Main spindle Cutting
/ m/rev / m/min /s / kW /N ;r;?n': 7::
0.90 603 4.70 16.15 1608.18 3998 1
0.90 588 4.72 23.59 2405.80 3987 1.5
0.89 566 4.81 29.99 3178.94 3919 2
0.78 518 5.62 29.96 3467.89 3669 2.5
0.72 464 6.40 29.90 3864.34 3360 3
0.68 420 7.11 29.99 4286.21 3109 35
0.77 327 7.80 29.99 5509.45 2476 4
0.70 320 8.44 29.99 5629.99 2483 45
0.40 496 9.06 29.96 3621.02 3953 5

posed solution gives a possibility for automatic selec-
tion of the machining parameters and for simple imple-
mentation in CAPP systems, due to developed inter-
faces in our solution.

CONCLUSION

This paper deals with a novel approach to optimiza-
tion of the machining parameters (turning process), by
basing on the use of artificial intelligence. The proposed
model is combined between GA and implementation of
binary linear programming optimization (LP). This
methodology has been implemented to optimize the
turning simple model process. The main advantage of
proposed method is ability to perform multi-object opti-
mization, minimum machining time and minimum pro-
duction cost, while considering technological and mate-
rial constrains. The results obtained from the simulation
model have presented a fast and suitable solution both to
the automatic definition of the machining parameters
and to possible implementation in CAPP systems. The
simulation results have been confirmed by the experi-
ment.

REFERENCES

[1] M.S. Shunmugam, S.V. Bhaskara Reddy and T.T. Naren-
dran: Selection of optimal conditions in multi-pass fa-
ce-milling using GA, International Journal of Machine To-
ols and Manufacture, 40, (2000), 401-414.

[2] V. Tandon, H. El-Mounayri and H. Kishawy, NC End Mil-
ling Optimization Using Evolutionary Computation, Inter-

50

national Journal of Machine Tools and Manufacture, 42,
(2002), 595-605.

[3] Robinson, A., Genetic Programming: Theory, implementa-
tion and evolution of unconstrained solution, Hampshire
College Division III (senior) thesis, (2001).

[4] Banzhaf, W., P. Nordin, R. Keller, and F. Francone, Genetic
Programming: An Introduction. Morgan Kaufmann, San
Francisco, CA, 1998.

[5] D. Crljenko, Barisi¢, B. and Car, Z., Optimization Of Tool
Motion On A 2-Dimensional Surface By Means Of The Ge-
netic Algorithm, Proceedings of the Sth International
DAAAM Conference Advanced Technologies for Develo-
ping Countries-ATDC 2006, Croatia, Edited by Mikac, T. ;
Katalini¢, (2006), 159-164,

[6] CusF. and Balic J., Optimization of cutting process by GA
approach. Robotics and Computer-Integrated Manufactu-
ring, 19, (2003), 113-121.

[7] R.Al-Aomar and A. Al-Okaily, A GA-based parameter de-
sign for single machine turning process with high-volume
production, Computers & Industrial Engineering, 50,
(2007), 317-337.

[8] R.H.Nystrom, I. Harjunkoski and A. Kroll, Production opti-
mization for continuously operated processes with optimal
operation and scheduling of multiple units, Computers &
Chemical Engineering, 30, (2006), 392-406

[9] J. Matousek and B. Girtner, Understanding and Using Li-
near Programming, Springer, 2006

[10] S. Elaouda, J. Teghemb and B. Bouazizc, Genetic algo-
rithms to solve the cover printing problem, Computers &
Operations Research, 34, (2007), 3346-3361.

Note: The responsible for Englisch Language is K. Mance, Rijeka,
Croatia.

METALURGIJA 48 (2009) 1, 47-50





