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UDC 004.94 This article proposes a decision support system project to find the optimal
milling cutter design. At the preliminary design stage, morphological analysis
SOLUTION is used. It allows us to find and systematize all possible milling cutter struc-

tures with the necessary functional purpose. To automate the design formation
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process, an algorithm based on a resolution method is applied, with the algo-

OPTIMIZATION PROBLEM | rithm using the logic of first-order predicates. An enumeration of possible

OF A MULTIAGENT states and assembly of a milling cutter structure from ready-made elements
are carried out. It is expedient to describe this algorithm in terms of logical

APPROACH BASED operations. It consists in a deductive derivation of the sentence of the form:
CU-ITER DESIGN "There are dimensional parameters x,...,x, and forces such that a constructive
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Introduction

In a competitive environment, the desired economic efficiency of production can only be achieved
through the introduction of comprehensive design automation, with the inclusion of the means of production,
which comprise metal cutting tools [1].

Industry often faces the task of not only creating a design model, but also choosing its optimal variant from
several possible alternatives, with certain constraints, properties and technical characteristics taken into account.

Analysis of Literary Sources
Traditional software systems can operate mostly on the basis of their strict sequences. There are several
approaches to creating software complexes built on integrating CAD/CAE systems with MAS. The main ad-
vantage of MAS is flexibility. MASs can navigate in a difficult environment, deal with unclear tasks, adapt to
changing conditions. In MAS, each entity is in conformity with a program agent that meets its interests [2, 3].
The multi-agent approach is based on the concept of a mobile software agent, which is implemented and
functions as an independent specialized computer program or element of artificial intelligence. In contrast to the
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classical method, in which a certain well-defined algorithm is searched for, in multiagent technologies, the solution
is automatically obtained as a result of the interaction of several independent task-oriented software agents [4].

The more complex the product, the more significant the errors due to the uncoordinated decisions made
by different specialists. As noted in [5], MASs work well to prevent similar situations.

In optimal solution search problems, the number of iterations depends on the chosen optimization
method and search space dimensionality. The most effective approaches that make it possible to reduce the
computational time are genetic algorithms and the distributed calculations based on intelligent agents [6, 7].

In order to solve complex poorly formalized tasks, intelligent programs are used. This leads to a sig-
nificant increase in the resource intensity and complexity of the programs. One of the most successful ap-
proaches is the development of distributed intelligence systems based on MAS [8].

One of the largest corporate taxi companies in the world, Addison Lee (London), uses a system that al-
lows distributing and scheduling about 13,000 orders per day, with several thousands of its own vehicles (from
which up to 800 are operating ones) equipped with GPS-navigation equipment.

Intelligent agents are also used in work management systems.

To provide comprehensive vehicle safety on the road, an information-diagnostic "Automated Roadside
Assistance" (ARA) subsystem is used. This subsystem provides the online service for the drivers that use mod-
ern sensors and controllers, as well as overall control system based on the multi-agent approach.

Many MASs have computer-based implementations based on step-by-step simulation: BTexact Tech-
nologies (UK) uses the ZEUS agent platform; Comtec (Japan), Comtec Agent Platform; Comtec Agent Plat-
form, JADE; Fujitsu Labs (USA), AAP; Nortel Networks (UK), FIPA-OS.

At the stage of preliminary design, it is advisable to apply a morphological method, which distin-
guishes analysis and synthesis [9]. It is one of the widely used combinatorial methods for evaluating the exist-
ing and finding new solutions [10; 11]. It allows finding and systematizing all possible structures of an object
with the necessary functional purpose. A generalized class structure is presented in the form of morphological
tables, often referred to as a morphological box. They can be both binary and multidimensional [9; 12].

Such a morphological table a simple object with well-crafted rules of infilling and finding solutions.
The morphological method is well suited for formalization, which allows it to be used during automated design
processes [13].

Morphological analysis and synthesis are actively used by Yu. M. Kuznetsov for designing machine
clamping mechanisms [14]. An object is divided by either functional or technological features, and a combina-
torial file is created, with all possible constructive and technological object implementations and constraints
taken into account.

The morphological method was used by S. G. Nagorniak [15] for designing face-milling cutters with
elastic damping elements and V. A. Nastasenko [16] for designing chip grooves of modular worm milling cutters.

The task of choosing an optimal determinate structure is to find a structure that best performs (in the
sense of the chosen criterion) a given set of functions Z for given conditions of operation [17]

SeS(F)

Z = max L(S)= max Z[Z lij —CiJ , where S(F7) is the set of all the structures corresponding to the set
SeS(F) ; ;

F"; 1; is the effectiveness of object i executing operation j; C; is costs.
Further, the problem of structural optimization, which consists in determining the form of the func-
tional F, is solved by one of the known methods.

Purpose and Tasks of the Research

The purpose of the research is to develop a decision-making support application for determining the
optimal milling cutter design based on a combination of the calculation of its structural characteristics with a
further optimization of its productivity, reliability, and energy efficiency.

Methods and Materials of the Research

This work investigates a specific technical product, an interlocking face-milling cutter.

To represent the business process to be designed, it is expedient to use SADT diagrams. For an ade-
quate system description, a few ones are required. Diagrams, collected and linked together, become an
SADT model. The top-level diagram describes the system in the general terms of a "black box" (SADT dia-
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gram of Level 0), and the lower-level diagrams are highly detailed aspects and operations of the system (de-
tailed SADT diagrams of Level 1, 2, etc.).

During the analysis of the subject area problems, the basic business process (Ap) "Structural optimi-
zation of a milling cutter design" was selected, and on its basis, an SADT diagram of Level 0 was con-

structed (see the table below).

Description of the context structural and functional model for the structural optimization of a milling cutter design

Input data Management Executor Output data
— list of properties; — normative documents; — program-methodical | —optimal design
— list of criteria; — instructions; complex (PMC); option
— list of designs; — mathematical model limitations; — researcher;
— 3D model; — cutter physical and technical limitations | — intelligent agents
— objective functions

To construct detailed SADT diagrams

guish the following steps:

—A; — morphological
analysis and synthesis, on
which morphological tables are
constructed, existing designs of
milling cutters are classified,
and new design structures are
formed;

—A,— choice of the
milling cutter design;

— A; — optimization of
the milling cutter design ac-
cording to working parameters.

— Ay —check of static
and dynamic characteristics.

A detailed SADT dia-
gram of Level 1 is shown in
Fig. 1.

Several criteria are
usually used in production to
evaluate the expediency of op-
erating a certain tool design.
The most commonly used are:

— productivity;

— reliability;

— energy efficiency;

— costs.

of activity, let us decompose the business process and distin-

om| E Physical and
technical
milling cutter
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Fig. 1. Detailed structural-functional Level 1 model for the structural
optimization of a milling cutter design

Finding the design of a cutting tool, which will provide the best value for the desired criterion, is a

priority task.

Variable indicators can be the geometric shape and size of a milling cutter and cutting plates. For
each variant of the milling cutter geometry, a 3D model is constructed and the calculation of the plate mount
assembly static characteristics are calculated. The parametric optimization of the cutter design elements is
performed using the work of a system of several intelligent agents. The agents are responsible for calculating
the optimal values of the objective functions: productivity, reliability, energy efficiency, and costs. This al-
lows us to choose the shape and size of cutting plates.

Usually, the optimization of productivity, reliability, and energy efficiency is carried out to the
maximum, and that of costs, to the minimum. In all the cases, the cutting depth will be variable. There is a
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dependence of the main size of a cutting plate (Ilength) on the depth of cutting. Subsequently, the estimated
value of the plate length is given to the nearest large value from the standard row.
The productivity of a milling cutter is characterized by the material removal rate according to the
formula
7

3 .
=t-ae- , cm’/min 1
Q=1-a¢ 1500 M

where 7 is the cutting depth, mm; ae is the milling width, mm; V;is the table feed, mm/min.
The reliability of a milling cutter is characterized by the period of stability
1
. D mv
T=|K, C”,D , min )
V .t.XV . fZ_)V .aeuv . Z[)V

where C, is the dimensional factor of processing conditions; D is the milling cutter diameter, mm; K, is the
correction factor; V is the speed of cutting, m/min; fz is the feed per tooth, mm/tooth; z is the number of
teeth, pieces; gv, xv, yv, uv, pv, mv are the dimensional factors of model parameters.

The estimation of the milling cutter operation energy effectiveness is expressed by the power that can
be determined by the formula

t-ae-V, -kc
Pr=—rr
60-1000000-m
where 7 is the efficiency coefficient, %; kc is the actual specific cutting force, N/mm?>.
The cost of processing a 1 m” surface area can be approximated as the sum of the following parts:
A=A +A +A;,,USS$
where A, is the machine operating costs; A, is the solid alloy costs; Aj; is the tool costs.

Results of the Work

Functions of the developed program for the structural optimization of a milling cutter design are
shown in Fig. 2.

The main window of the program complex for the structural optimization of a milling cutter design is
shown in Fig. 3. In order to build MAS, we use the Java Jade library in the NetBean development environment.

3)

The "Construction of 3D
models and CAE-calculation" button
on the form of the software complex
(Fig. 3) provides the ability to exe-
cute the macro by means of the ex-
ternal CAD-system and thus execute
the formation of 3D cutter blade
models. The results of CAE analysis i(
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A circular plate with a diameter of 16 mm does
not meet the conditions of equivalent stresses. The
boundary of the cutting plate material creep is
1270 MPa, and the maximum stresses for a cutter blade
with a plate of 16 mm in diameter reach 2.683 MPa. For
the value of the size of the square plate with the 19 mm
long cutting edge, stresses reach only 1.149 MPa, mak-
ing it possible to use precisely such a standard plate size.

With the use of the morphological method, a
cut distribution milling cutter was designed, which al-
lows us to increase machining performance. The cut
distribution is accomplished by using two angles in the
plane (60° and 75°) and a different blade overhang. The
implementation of the design is shown in Fig. 4 [18].

Conclusions

The offered approach allows us to solve more
difficult tool design tasks and minimize mistakes in
choosing the specific cutting mill, which will increase
the quality of the milling process.

The offered algorithm was used as a basis for
the design and program implementation of the informa-
tion system prototype. This satisfies the need for spe-
cialized software when technical objects are designed.
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Po3B’s13aHHsI 3a1a4i CTPYKTYPHOI onTUMI3allii KOHCTPYKIIii (ppe3n Ha OCHOBI MYJILTHATEHTHOTO MiIX0IY
! Anocos B. JI., ' Boraanosa JI. M., > Kosroastkuuii B. M., ! TiroBka B. J.
! JloHOachKa epkaBHA MaIIMHOOY/ TiBHA akajaeMist, 84313, Ykpaina, M. Kpamartopcsk, Byn. Akanemiuna, 72

* XapkiBChKHil HALIOHATBHII aBTOMOGIIBHO-IOPOXKHIH YHIBEPCHTET
61002, Ykpaina, M. Xapkis, Byi. SIpociaBa Mynaporo, 25

Haseoenuii npoexm cucmemu niompumku nputiHsimmsi piuieHsb 0 NOULYKYy OnmumansHoi Koncmpykyii ¢pesu. Ha
cmaoii nonepeoHbO20 NPOEKMYBAHHS BUKOPUCMOBYEMbCSL MOPGhONoiuHUL ananis. Bin 0036015€ 3Hatimu i cucmemamu3syea-
MU yci MOJICTIUGE CmpPYKmypu @hpesu 3 HeoOXiOHUM QyHKYIOHAIbHUM RpUSHAYeHHAM. /[ asmomamusayii npoyecy gopmy-
BAHHSI KOHCIMPYKYIT 3CMOCO8YEMbCSL ANIROPUMM, WO TPYHMYEMbCS HA MEMOOI pe30moYit, SIKULL BUKOPUCIMOBYE JIOIKY npedu-
Kamig nepuio2o nopsioky. Pobumucsi nepedip mooicnueux cmanis i ckiaoanHs KOHCMpYKyii ghpesu 3 comosux enemenmis. Lleu
aneopumm OOYLIbHO ONUCYBAMU 8 MEPMIHAX JO2IUHUX onepayii. Bin nonseae 6 0eOyKMUHOMY 6USeOeHHI NPONO3UYii euens-
0y: «Ichyromo po3mipHi napamempu Xy, ..., X, I CUIU, Maxi, Wo KOHCMPYKMUGHE PIUEHHS., SIKe 3A0080IbHAE 3A0AHI lIACMUBO-
cemi (x;, ..., x,) eugooumucs 3 HAOOPY MOMICIUBUX 368'3Ki6 V... Vi, (Ki(x}, ..y X)A.. AKY(X), .y X)) = B(xy, ...y X)), sIKE
O3HAUAIOMb POIMIPHI, CUTOSI MA THUL PEeAbHI 36 5I3KU, WO SUHUKAIOMb MIJIC OemaisiMu peaibHux KOHCmpykyiiu». [lepexooom
6I0 KOHKpemHux demainetl 00 J02IKU NPeOUKAmie nepuiozo NOPoOKy € NOJONCEHHS, WO 0esKa 0emab (HanpuKkiao niacmuHa
1) mooice ghyrkyionysamu 6 peanbHux ymoeax mooi i mitbKu mooi, KO ICHYE CYKYNHICmb CUll, fi, [, ..., fr, wo it gixcyromo,
SIKI NPUKTIAOEHT 8 MOYKAX X}, X, ..., X,. OCHOBHUMU napamempami epexmueHocmi KOHCMpyKyii gpesu nputiHami: Haoii-
HiCMb, NPOOYKMUGHICb, eHepeoeheKmMUGHICMb, 3a0aHi 1K Yinbosi QyHKYil. Bonu epaxosyoms makodc cmamuyni ma Ouna-
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MIYHI XQpPAKmMepucmuky KORCMpYKyii. 3MIHHUMU NOKAZHUKAMU € 2eOMempuyHa (opma i po3mipHi napamempu ¢pesu. s
KOJCHO20 8apianma 2eomempuyHoi popmu nposodumscs nodyoosa 3D-modeni ¢ppesu i po3paxyHox it cmamuyHux i OUHAMI-
yHUX Xapakmepucmuk. /lani yi napamempu eKuouaomscsi 6 yiiwoei Qyurkyii. Onmumizayis 30ICHIOEMbCSL HA OCHOBL MEMOOY
2padienmnozo cnycky. Bubip onmumansHoi KOHCmpyKyii 30iICHIOEMbCS 3a 63A€MOOIT IHMeNeKMYaIbHUX acenmis. Boonouac
KOHCMpYKYis ppesu 3abe3neuye Haukpauje cniegiOHOueHH s Yitbosux Qyukyin. Apximexmypa cucmemu no6y0oeana Ha iu-
meepayii CAD/CAE-cucmem 3 mymvmuazenmuoro cucmemoro (MAC). [lowyk piwienns: 30iICHIOEMbCS ABMOMAMUYHO 8 pe-
3YIMAMI 83A€MOOIL CAMOCMIIHUX YINECNPAMOBAHUX NPOSPAMHUX MOOYII6 — acenmis. Y yiti pobomi st nodoyoosu MAC eu-
Kopucmosyemucs bioriomexka Jade mosu Java 6 cepedosuwyi po3pooku NetBean. Posensanymuil nioxio 0036075€ 3MEeHWUMu
BUMPAMU HACY NI 4AC NPOEKMYBanHts abo 6uOOPY KOHCMPYKYIT MeMAopi3aibHO20 IHCIPYMEHMY.

Knrouosi cnosa: cmpykmypna onmumizayis, MyibmuazeHmHa cucmema, ¢hpesa, 6isnec-npoyec, 06’ e€kmuo-
opienmosanuil nioxio, NPoOOYKMUGHICMb, HAOIIHICMb, eHepeoedEeKMUBHICTb.
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