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DEVELOPMENT OF A METHODOLOGY FOR AUTOMATED SELECTION
OF CUTTING TOOLS FOR A WEB APPLICATION

In the study, the decision-making methodology for a web application for automated cutting tool and tooling selection is
considered. It is proposed that the constraint satisfaction logic method be used to filter the sets of alternatives in the application
database, and the multi-criteria decision-making (MCDM) can be used to rank the alternatives further. For evaluation and ranking
based on the proposed criteria, it is suggested that MCDM methods, including the weighted sum method (WSM) and the similarity
preference ordering technique (TOPSIS) are used. A calculation using the specified methods for five alternatives (sets of cutting
tools for mechanical turning) in the MATLAB environment was carried out. Based on the calculation, it was established that for a
small sample, the WSM and TOPSIS methods had a similar result, but due to the difference in calculation approaches when the
sample (filtered set of alternatives) increases, the result may differ, which makes it advisable to use these methods in parallel.

Keywords: multi-criteria decision-making (MCDM); web application; constraint logic; automated selection; cutting
tool; machining, filtering; ranking.
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Relevance of the research. The cutting tool industry is steadily growing due to the expan-
sion of the automotive, construction, and manufacturing sectors. This, in turn, creates demand
both for cutting tools and for simplifying the process of their selection, since the choice of the
correct cutting tool significantly impacts both the qualitative and economic factors of machin-
ing. One of the major factors influencing the selection process is the human factor (the compe-
tencies of a technologist or machine operator). The war and the reduction in the number and
quality of personnel lead to decreased competencies and, as a consequence, reduced efficiency
in cutting tool selection, which results in economic losses in manufacturing.

Target setting. To reduce the influence of the human factor on tool selection, software for
automated tool selection is being increasingly applied. This software makes it possible to de-
crease the dependence on personnel competencies and significantly simplify the selection pro-
cess in accordance with machining operations and production needs. Although there are several
solutions for automated tool selection available on the market, their significant disadvantages
include limited access, the requirement for local installation of the application, and/or a focus
only on specific cutting tool manufacturers, which does not allow covering a wider range of
cutting tools and equipment.

Actual scientific researches and issues analysis. At present, based on accumulated expe-
rience and practices, there exists a set of techniques that form the methodology of cutting tool
selection [1, 2]. The methods of tool selection can be divided into manual and automated ap-
proaches [1]. In the manual method, technologists or machine operators use manufacturers’
catalogs and websites of local or global suppliers of cutting tools, relying on their empirical
experience, education, and knowledge. All this, in turn, may reduce the efficiency of selection
due to a lack of experience and increase the impact of the human factor, leading to a greater
number of non-optimal solutions [1, 3, 4]. A significant advantage of using these systems is
relying on existing experience and considering input data about the workpiece in the selection
process. In contrast, the drawback is their focus on certain manufacturers only (Sandvik Coro-
mant ToolGuide, Walter GPS, Kennametal NOVO, Iscar IOTA), which significantly narrows
the variability and range of cutting tools during selection. In automated applications, various
algorithms can be used for decision-making, such as methods based on multi-criteria decision-
making (MDCM) [5-7] as well as methods based on artificial intelligence [8].
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The multi-criteria decision-making method (MCDM) is widely applied in the foundations of
algorithms for automated selection software. For example, Wang et al. used a combination of
these MCDM methods as COPRAS-G (Complex Proportional Assessment of alternatives with
grey relations), AHP (Analytic Hierarchy Process), and TOPSIS (Technique for Order Preference
by Similarity to Ideal Solution) in a tool selection application [9].

Some applications are based on constraint logic [1; 10; 11], which does not always provide
the possibility of obtaining flexible selection results. Using digital twins in combination with ar-
tificial intelligence methods is also possible [1].

Uninvestigated parts of general matters defining. A properly selected combination of the
proposed methods can serve as a solid basis for implementing technical solutions in automated tool
selection applications to address the identified issues. A relevant solution to the problem of tool
selection is the development of a web application, which in turn makes it possible to resolve several
technical challenges and reduce the influence of the human factor. This, in turn, creates the need to
develop a decision-making methodology for the web application.

The purpose of the article to develop a methodology for decision-making, filtering, and cri-
teria for the selection of cutting tools for a web-based automated tool selection application.

Methods. Considering existing solutions proposed in applications [5-7] and the general
application scheme described in the study [1], it is suggested to use the MCDM method. To
rationalize the selection process, AHP (Analytic Hierarchy Process) is applied, based on whose
weights the alternatives are ranked using WSM (Weighted Sum Model) and TOPSIS (Tech-
nique for Order Preference by Similarity to Ideal Solution). This makes it possible to implement
algorithms for selecting sets of cutting tools (tool-holder—adapter) based on a range of technical
parameters and the experience of previous users. The proposed application scheme of the auto-
mated program is shown in Fig. 1.

Input parameters Technical solutions

Type of Material group Tool holder or Tool
machining tool shank
Hierarchical
& et classification of Algorithms
eometrica ‘o
machining type
characteristics of Adapter

(as required)

the workpiece
surface Cooling type

Fig. 1. Schematic diagram of the proposed application

To filter out technically unacceptable options from the electronic catalog (database), it is
proposed to use the method of constraint satisfaction logic [12, 13]. (Constraint Satisfaction
Problem, CSP). The constraint satisfaction logic method is a formal approach to selecting so-
lutions that satisfy predefined conditions or constraints. This method is actively applied in plan-
ning, configuration, optimization, and design tasks.

The primary purpose of applying this method is to eliminate invalid and incompatible op-
tions (sets) before evaluating alternatives according to criteria [12].

Before filtering, it is necessary to form a set of alternatives. In the proposed application
scheme, the set of alternatives consists of the available combinations (sets) of cutting tools
stored in the database, which may include a tool (insert, drill, etc.), a toolholder, and an adapter
(if required). At the first selection stage, admissible options are filtered according to the input
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parameters defined by the user. Among these areas follows: workpiece material (group accord-
ing to ISO 513 [14]), hierarchical classification of machining type, machining type (roughing,
semi-finishing, finishing), geometric characteristics of the machined surface, type of cooling,
and machine parameters. These parameters form the context of a specific manufacturing task.
Based on this context, the system generates a set of technically compatible alternatives
through filtering (only those tool configurations that satisfy all the defined constraints are ad-
mitted). The filtered set of alternatives is then used for multi-criteria analysis. In this way, the
formalization of the alternatives makes it possible to significantly reduce the number of options
subject to evaluation, ensure compliance with technical requirements, and improve the rele-
vance of the proposed solutions for a specific manufacturing situation. It also enables the iden-
tification of only technically and technologically suitable combinations from the total set of
possible options, which is essential for further evaluation using AHP, WSM, and TOPSIS.

S =1{sy,82, ., Sn} (1)
where S — the set combinations of tool equipment [7].
S ={s; = (T, H;, A} (2)

where T;_ cutting tool, H; — holder or shank, A; — adapter (if required).
For further filtering of the sets, the user specifies the required input parameters through the
graphical user interface:

Table 1 — Input Parameters

Parameter Description
M Material group according to ISO 513
P Type of machining (roughing, semi-finishing, finishing)
0] Hierarchical classification of machining type (routing in the graphical interface)
G Geometric characteristics of the machined surface (e.g., radius at the tip for finishing opera-
tions, or groove width for grooving tools)
C Type of cooling (with cooling / without cooling)
After this, the set for filtering using the CSP method [12] is formed:
F ={s; = (T;, H;, A;) € S| feonstraints(si; M. P,0,G,C) = 1} (3)

where F'— is the admissible (filtered) set,

S — is the set of all possible combinations;

feonstraints — 18 @ boolean (1 or 0) function indicating whether the set meets the technical
requirements.

If F = 1 the combination is admissible; if F = 0 it is excluded.

This strict filtering function allows obtaining all tool/holder/adapter combinations s; that
satisfy the task parameters defined by the user and discarding incompatible options. This pre-
vents the comparison of incompatible or impractical solutions during the multi-criteria analysis.

After the admissible set of alternatives is formed, the system proceeds to the stage of con-
structing the multi-criteria decision-making (MCDM) matrix, which serves as the fundamental
tool of the MCDM method. Quantitative values are determined according to the specified criteria
for each admissible alternative that has passed the filtering stage. As a result, a matrix is formed
where each row represents an alternative and each column represents an evaluation criterion.

Thus, each alternative is represented as a vector that numerically describes its characteristics.
The decision matrix functions as a formalization of the input data in the proposed application,
aimed at selecting optimal tool combinations (sets) for machining operations. Once the admissi-
ble set of alternatives — i.e., combinations of “cutting tool-holder—adapter” — is established, a set
of values is assigned for each alternative according to price, user ratings, supplier availability, and
previous usage experience. This structure allows the system to evaluate options across multiple
dimensions simultaneously and provides the basis for subsequent selection stages [15].
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Each alternative s; is represented as a vector of values according to the criteria [16]:
d; = (di1, diz) - dim), “4)
where d;; € R —is the value of alternative s; for criterion C;;
m — is the number of criteria.
A vector of indicators is formed for each alternative. Next, all vectors d;; are combined
into a decision matrix D € R™™ [16]:

dll d12 R dlm

d-zl d-zz R d2m

D= ; )

dpi dpz o dum
where n — is the number of alternatives in the set F.
Each row of the matrix corresponds to one alternative, and each column corresponds to a
criterion C;. Each criterion C; has its own optimization direction: minimization criteria, where
lower values are better (e.g., price), and maximization criteria (e.g., rating).

The decision matrix is normalized to bring different criteria onto a common scale [0,1],
enabling comparison. The resulting matrix is the normalized decision matrix [16]:

R = [ry;] € [0,1]™™ (6)
For each criterion, if higher values are better:
di i—min di i
Tij = . ; (7)

ma L-j—min dij'
If lower values are better:

max dij_ dij

Y, = —
Y max dij_ min dij

(8)

The AHP (Analytic Hierarchy Process) method is used to determine the weights of the
criteria used in WSM and TOPSIS [17]. The method is based on constructing a matrix of pair-
wise criteria comparisons according to the principle of “how much more important is one cri-
terion than another”. As a result of the comparisons, a quantitative vector of weights can be
automatically calculated, reflecting the priority of each criterion in the overall model and check-
ing the logical consistency of the provided ratings. The AHP method allows the administrator
or web application developer to set a weight vector corresponding to each criterion's im-
portance, per the user's strategy or expectation. For example, if the user needs the option “cheap,
but with worse ratings”, the weight of the price coefficient can be increased, and the weight of
the rating coefticient can be reduced. This, in turn, allows the system to be adapted in the future
to specific options for both the user and the developer. Thomas Saaty developed the Analytic
Hierarchy Process (AHP) method to formalize the process of making complex decisions.

First, it is necessary to construct a matrix of pairwise comparisons. For example, if we have
n criteria Cy, Cy, ..., C, we construct a square matrix A € R™ ™, where each element a;), means

how much criterion j critical than criterion & [7]:

4 = [ag]. 9)
where a;;, — relative preference of criterion j over k.
If aj, > 1 criterion j is more important than criterion k; aj, < 1 — criterion j less im-

. . . . . 1 .
portant than k; aj, = 1 — criterion is compared with itself; a,; = —- reciprocal rule.
ik
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Table 2 — Saaty Scale for Criteria [18]

Value Description
1 Equal importance
Moderate importance
Strong importance
Very strong importance
Absolute importance

O [ |n|Ww

For example, if the rating criterion is five times more important than price:
1
Arqting.price = 5, Apricerating = =
The next step is to perform column normalization, which is to scale the elements to a scale that
will allow row comparisons. We normalize each component of the matrix a;; by column k [7]:
T = s (10)
i=14jk
This means that each element is divided by the sum of the corresponding column, i.e., all
columns will have a sum = 1. We obtain the normalized matrix A.
Now we take the arithmetic mean of each row of the normalized matrix [7]:
1 — .
wp = — k=1 @, thatisw = (wy, .., wy). (11)
The weight vector w = (wy, ..., w,,) describes the relative importance of each criterion,
derived from the expert assessments.
We perform a consistency check to ensure that the expert assessments are logical and not
contradictory. The matrix product by the weight vector is calculated using the formula [7]:

(Aw); = Yio1 Qg * Wy (12)
The maximum eigenvalue A,,,, is calculated [18]:
_ 1 (AW)j
Anax = n ?:1 w; (13)

The consistency index (CI) is computed as [18]:

A —
Cl = =mexr ™ (14)
n—-1
The consistency ratio (CR) is defined as [18]:
CI
CR = Y (15)

where RI — random index.
The RI index is chosen according to the Saaty scale [18] and corresponds to the number of
criteria n.

If CR < 0.1 — the matrix is consistent and weights can be used.

After determining the weights, the system evaluates alternatives using the WSM and/or
TOPSIS methods. These methods allow ranking to the top of the set table those options that
suit the user the most. This will allow the price, rating, availability, and use experience to be
considered simultaneously.

Integral evaluation (WSM), Weighted Sum Model, is a weighted sum model, one of the most
common decision-making methods by several criteria [19, 20]. In WSM, each alternative is eval-
uated according to a certain set of criteria, which are assigned weights according to their im-
portance. As a result, a total score is calculated for each option, reflecting the degree of compli-
ance with the specified requirements. As a result, you can get an ordered list of options, where
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the best one will have the highest overall score. The WSM method is a simple and widely used
multi-criteria evaluation method that allows you to calculate the integral score of each alternative
based on the normalized values of the criteria and weights obtained by the AHP method.

To calculate this method, we need to have the decision matrix R = [ri j] € [0,1]™™ and
the weight vector w = (wy, ..., w,,) determined by the AHP method. The integral score of each
alternative s; is calculated by the formula [20]:

Ui =Z;”=1W]rl] (16)
Or in vector form [20]:
U= 1w, (17)

where 7, = (131,73, ..., Tiyp) — normalized vector of alternative s;;
W — vector of criteria weights;

U; € [0,1] — integral alternative score.

The obtained value of the integral score U; always belongs to the interval [0,1], since both
the normalized values and the weights lie within [0,1] and the sum of the weights is 1. The value
of U; reflects the overall utility or compliance of the alternative with all criteria, considering their
weight. The larger the value of U; the better the alternative is from the point of view of the given
priority structure. This means that this alternative fulfills the requirements for essential criteria
well. Options with high U;, values are considered to be the most consistent with the expectations
of the user or system and should be located at the top positions in the final ranking.

After calculating the values of U; ranking is performed [20]:

Un(l) = Un(z) = - Un(n)a (18)

where m — permutation of indices of alternatives;
Ur(1) — best alternative.

The TOPSIS method (Technique for Order Preference by Similarity to Ideal Solution)
is that the optimal solution should be closest to the conditionally best alternative and as far
away from the worst possible Each alternative is evaluated based on the distance to these
two reference points in the multidimensional space of criteria. The TOPSIS method can be
used in cases where the requirements have opposite directions (for example, it is desirable
to maximize “quality” and minimize “cost”), which will ensure balanced decision-making.
To calculate this method similarly to WSM, we need to have a decision matrix R = [rl- j] €

[0,1]™*™ and a weight vector w = (Wq, ..., w,,) determined by the AHP method.

First, the normalized decision matrix is constructed [21]:
Xi j

T j= . (19)
mqx 12]
Next, the weighted normalized matrix is formed [21]:
vij =W] 'T'ij. (20)
The ideal and anti-ideal points are then determined [21]:
At = {miax vij}. A = {miin vij}. (21)
Subsequently, the distances to the ideal and anti-ideal solutions are calculated [21]:
4
D; = Z(W:j —A7)% (22)
j=1
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The index of proximity to ideals is calculated [21]:

C; = —‘ c; € [0,1]. (23)

Results. To verify the proposed methodology, we will calculate the ranking of sets (alter-
natives) for the transition of turning the external cylindrical surface of a part made of AISI 420
material. The calculation is performed using MATLAB 24 software, and Minitab 17 software
is used to visualize the data. The block diagram of the sequence of the selection algorithm
described in the methodology is shown in Fig. 2.

The user configures the

parameters via a graphical N

Formation of a set of
alternatives

Constraint-based filtering

Constructing a decision

Matrix normalization

user interface _ (csp) _ m D =-R= [r,l] e€[o0,1]
{M,P,0,6,0) S ={s; = (T Hi, A)) F=(5 €5 feonstraiers = 13 D= [".;]
Determining the integral
score (WSM) Ranking of alternatives
L M Sorting the integral
U,-:Zw'-rl‘- score U, \
Calculation of AHP weights =1 Presenting results to the
W= (W, e, We) user
Determining the closeness s "
coefficient (TOPSIS) Rankfng of alternatives
o7 g Sorting the closeness
CG= m coefficient £

Fig. 2. Proposed methodology for selection algorithms

The input set of alternatives is presented in Table 3. The calculations will be performed for
sets of turning tools, including the tool and holder. The tool inserts names in the table according
to the international standard ISO 1832. For example, CNMG120408: C — insert shape (80°),
N — relief angle of the insert (0°), M — insert tolerance class, G — insert clamping method, 12 —
cutting edge length, 04 — insert thickness, 08 — nose radius (0,8 mm).

The holder coding follows ISO 5608. For example, MCLNL2525M12: M —insert clamping
method, C — insert shape (80°), L — tool angle (95°), N — insert relief angle (0°), L — cutting
direction (left), 2525 — tool height and width (25 x 25 mm), M — tool length (150 mm), 12 —
cutting edge length.

Table 3 — Input Set of Alternatives

Ne T (Tool) H (Holder)
A CNMG120408 LF6018 MCLNL2525M12

! (Cemented carbide insert) (left-hand turning tool)
A CNMG120408 LF9018 DCLNL2525M12

: (Cemented carbide insert) (left-hand turning tool)
A CNMG120408 P9125 MCLNL2020K 12

3 (Cemented carbide insert) (left-hand turning tool)
A CNMG120408 YBC251 MCLNL2525M12

4 (Cemented carbide insert) (left-hand turning tool)
A CNMG120408 P8080 DCLNL2525M12

> (Cemented carbide insert) (left-hand turning tool)
A DNMG110404-TM P9125 S20R-MDWNLI11

6 (Cemented carbide insert) (left-hand boring tool)
A 16 ER 1.5 1SO SER2020K 16

! (Cemented carbide threading insert) (right-hand threading tool)
A MGMN300 MGHH320R 48/66 T25

i (Cemented carbide grooving/cutting insert) (right-hand grooving/cutting tool)
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The CSP method is applied for further filtering according to the user-defined input pa-
rameters. A schematic visualization of the filtering process is shown in Figure 3. The filtering
parameters (M, P, O, G, C) are presented in Table 1.

i 55 o i S S T ,
| Input set of alternatives i Constraint-based filtering (CSP) |
| " i
: A1 CNMG120408 LF6018 + MCLNL2525M12 L M P P (0] G cC [
: i A -
I 1
' Az CNMG120408 LF9018 + DCLNL2525M12 .: M P P Pl Ol G ™ C =" 3
i :i 1 @
! !
| As CNMG120408 P9125 + MCLNL2020K12 —E» M P P [ O [ G C _i., g
: i Pl
: As CNMG120408 YBC251 + MCLNL2525M12 > M = P [ O [ G > C —:> 5?
| | ' -
! i i |l
! As CNMG120408 P8080 + DCLNL2525M12 Hisl M P I»] O [ G c H Py
] 1 -
: R i ®
: As DNMG110404-TM P9125 + S20R-MDWNL11 |» M [ P —. i 3
: R i =
n <
- As 16 ER 1.5 ISO + SER2020K16 ‘.“:’ M [ P - : o
i i i
E As MGMN300 + MGHH320R 48/66 T25 l :
W .
S e e z

Fig. 3. CSP Filtering Scheme

Five out of eight sets passed the preliminary filtering. Sets As-Asg did not pass the filtering
because they do not match the operation type. The holder of set A¢ is unsuitable for external
turning operations, nor is set A7 (threading) or set Ag for grooving/cutting operations. Addi-
tionally, set Ag is incompatible with the material for which the insert can be applied. The
filtered set of alternatives is summarized in Table 4.

Table 4 — Filtered set of alternatives

Price Availability Rating Previous
No T (Tool) H (Holder) (T+H), (1 —yes, (1-5) User Experi-
UAH 0 —no) ence (1-5)
A; | CNMGI120408 LF6018 | MCLNL2525M12 | 1154650 1 4,8 5
A, | CNMGI120408 LF9018 | DCLNL2525M12 | 95+690 1 4.9 4
A; | CNMGI120408 P9125 | MCLNL2020K12 | 135+480 1 4,5 4
Ay CNMG120408 MCLNL2525M12 | 190+650 0 3,9 3
YBC251
As | CNMGI120408 P8080 | DCLNL2525M12 | 2154690 1 4,3 4

The name and current prices at the time of calculation are taken from the website of the
Ukrainian supplier of the tool; the availability, rating, and previous experience are set in random
order according to the rating scale in the application (from 1 to 5). The availability is set to 1
or 0 (1 means the item is available, 0 means it is unavailable).

Now it is necessary to determine the evaluation criteria, which criteria need to be maximized,
and which, on the contrary, should be minimized. These criteria can be set or changed by the
application developer/administrator. Four criteria are proposed: price, availability of the set from
the supplier, rating given by all users who have already ordered this set, and previous experience
(rating) of the user. We determine the price as the criterion that needs to be minimized, and the
availability, rating, and previous experience as the criteria that need to be maximized. This will
guarantee the user the best experience with lower prices. We enter the criteria data in Table 5.
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Ne Criterion Notation Type of Criterion
1 Price Cy Minimize
2 Availability C, Maximize
3 Rating Cs Maximize
4 Previous Experience Cy Maximize

The decision matrix D = [dl- j] is constructed according to formula 5:
765 1 48 5
785 1 49 4
D=1#615 1 45 4|
840 0 39 3
905 1 43 4

Rows represent the alternatives (sets) A;, A, A3, A4As, columns represent the criteria C; —

price, C, — availability, C; — rating, C, — previous experience.

The next step is to normalize the decision matrix D — R, The formulas and factors are

summarized in Table 6.

Table 6 — Criteria and Normalization Formulas

Criterion Notation Type Normalization Formula
. max d” - dU
Price Cy Cost rj = -
maxd;; — mind;;
. . d” — min dl.]
Availability C, Benefit Ty = ;
max d;; — min d;;
dij — min dl.]
Rating Cs Benefit U = hax d,, — mind,
. d” — min dl.]
Experience Cy Benefit T = -
max d;; — mind;;

To perform normalization, it is necessary to specify the normalization threshold values for
each criterion; for this, we take data from the table of alternatives (Table 7). Where min is the
minimum value of the criterion, and max is the maximum value.

Table 7 — Normalization Criteria Values

Factor min max

Price 615 905
Availability 0 1

Rating 3,9 4,9
Experience 3 5

Next step calculates the results of the normalization R = [ri ]-] and enter them in Table 8§,

as a result we obtain the matrix normalized matrix R.

Table 8 — Normalization Calculation

Alternative Cy C, Cs Cy
A, 905—765_04828 1 4,8—3,9_09 5—3_10
200 1,0 ’ 2 T
A, 905—785_04138 1 4,9—3,9_10 4—3_05
290 1,0 ' 2
As 905 — 615 _ 1 4,5—3,9_06 4—3_05
290 1,0 ’ 2
A, 905—840_02241 0 3,9—3,9_00 3—3_00
290 1,0 7 2
As 905—905_00000 1 4,3—3,9_04 4—3_05
290 1,0 ’ 2
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After that, we build a matrix of pairwise comparisons A = [ajk], and manually set the cri-
teria according to the Saaty scale (Table 9). The importance of each criterion can be changed
depending on the need, and it provides flexibility in selection.

Table 9 — Pairwise Comparison Matrix

Price C; Availability C, Rating C,4 Experience C,
Price 1 1/3 1/7 1/5
Availability 3 1 1/5 1/3
Rating 7 5 1 3
Experience 5 3 1/5 1

The pairwise comparison matrix @y, is then normalized, with results summarized in Table 10:

a

Ty ==t
Jk — yn .
i=1 &k
Table 10 — Normalized Pairwise Comparison Matrix
Criterion Price C; Availability C, Rating C; Experience C, Average w;
Price 0,0625 0,0357 0,0853 0,0441 0,0569
Availability 0,1875 0,1071 0,1190 0,0730 0,1217
Rating 0,4375 0,5357 0,5968 0,6620 0,5580
Experience 0,3125 0,3214 0,1990 0,2208 0,2634

Let’s define the final normalized weight vector of criteria:
W= (Wprice; Wavailabilitys Wrating» Wexperience) = (0,057,0,122,0,558,0,263).
Then check for consistency and record the results:
(Aw); = 0,231 (Aw), = 0,493, (Aw)3 = 2,356, (Aw), = 1,100.

A .
The next step is to calculate ﬂ , the data are summarized in Table 11:

wj

Table 11 — Consistency Check

A .
] (Aw), W, (Aw);
Wi
1 0.231 0.057 4.053
2 0.493 0.122 4.041
3 2.356 0.558 4.221
4 1.100 0.263 4.184
Next, the maximum eigenvalue Amax: is calculated as:
Amax = 1zn:(Aw)]- = 1(4 063 + 4,041 + 4,221 + 4,184) 16499
max — n W] - 4 Y ) ) ) ~ 4 .

j=1

The Consistency Index (CI) is then computed as:

Cl =

Amax —1_ 4,125 — 4

~ 0,0417.

n—1
The Consistency Ratio (CR) is calculated using RI = 0.90, for n = 4, [18]:
CR = % = O'(?:(lj ~ 0,046 < 0,1 = Consistency is acceptable.

Having obtained the necessary data, calculate the Integral Score of each alternative using the
WSM (Weighted Sum Model) method. Normalized matrix from previous calculations R = [ri j] :
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Table 12 — Normalized Decision Matrix

Tool + Holder Price Availability Rating Experience
CNMG120408 LF6018 + 0,4828 1 0,9 1
MCLNL2525M12
CNMG120408 LF9018 + 0,4138 1 1,000 0,5
DCLNL2525M12
CNMG120408 P9125 + 1 1 0,6 0,5
MCLNL2020K12
CNMG120408 YBC251 + 0,2241 0 0,0 0,0
MCLNL2525M12
CNMG120408 P8080 + 0 1 0,4 0,5
DCLNL2525M12

Calculate the integral estimate of each set using formula 16:

Table 13 — Integral Scores of Alternatives Using the WSM Method

Ne Set Integral Score U;
Ag CNMG120408 LF6018 + MCLNL2525M12 0,9147
A CNMG120408 LF9018 + DCLNL2525M12 0,8351
A; CNMG120408 P9125 + MCLNL2020K 12 0,6453
As CNMG120408 P8080 + DCLNL2525M12 0,4767
Ay CNMG120408 YBC251 + MCLNL2525M12 0,0128

According to the WSM method, the best alternative is set A: (LF6018 +
MCLNL2525M12) with a score of 0.9147. This set will be displayed first in the application.
The ranking of all sets is visualized in the chart (Fig. 4).

1,01

0,9
0,81

0,71

0,61

0,54

0,41

0,31

0,21

0,11

0,04 -

Al A2 A3 A4 AS
t

Se
Fig. 4. Integral Scores of WSM Method

Next we’ll perform the calculation using the TOPSIS method. This method can be used
both alternatively and in parallel with the WSM method. As input data, similarly to the WSM

method, we’ll use the normalized matrix R = [ri j] and the weight vector:
w = (0,057,0,122,0,558,0,263).
Construct the weighted normalized matrix:

Integral score, Ui

vij = W] ' rij'
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Table 14 — Weighted Normalized Matrix

No v, Price v, Availability v3 Rating v, Experience
A 0,0275 0,1220 0,5022 0,2630
A, 0,0236 0,1220 0,5580 0,1315
A; 0,0570 0,1220 0,3348 0,1315
Ay 0,0128 0,000 0,0000 0,0000
As 0,0000 0,1220 0,2232 0,1315

Let’s determine the positive and negative ideal solutions, positive ideal:
A* = (maxv; , max v,, max v;, max vy = (0.0570,0.1220,0.5580,0.2630) .
Negative ideal:
A™ = (minv;, min v,, min vz, min v,y = (0.0000, 0.0000, 0.0000, 0.0000) .
Let’s calculate the distances to the ideals:
Di = +/(0.0275 — 0.057)% + (0.122 — 0.122)2 + (0.5022 — 0.558)2 + (0.263 — 0.263)? ~ 0.0631

Dy = J(0.0275)2 + (0.122)° + (0.5022)” + (0.263)” ~ 0.5805.

The closeness coefficient is computed as:
Dy 0,5805

C = = = 0,9019.
Y7 Dy + D} 0,0631+0,5805
Table 15 — Closeness Coefficient
Ne Tool + Holder D} D/ C; Rank
Ai CNMG120408 LF6018 + MCLNL2525M12 0,0631 0,5805 0,9019 1
Ar CNMG120408 LF9018 + DCLNL2525M12 0,1357 0,5866 0,8122 2
Az CNMG120408 P9125 + MCLNL2020K 12 0,2591 0,3841 0,5972 3
As CNMG120408 P8080 + DCLNL2525M12 0,3642 0,2863 0,4402 4
Ay CNMG120408 YBC251 + MCLNL2525M12 0,6304 0,0128 0,1999 5

Similar to WSM, the best alternative according to the TOPSIS method is Aa

(CNMG120408 LF6018 + MCLNL2525M12) with score 0.9147. The closeness coefficient
for all alternatives is visualized in the graph (Fig. 5).
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Fig. 5. TOPSIS Closeness Coefficient

Closeness coefficient, Ci

-
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Using the calculation results from the WSM and TOPSIS methods, we construct a com-
parative table of results (Table 16).

Table 16 — Integral Score and Closeness Coefficient

Ne Tool + Holder WSM Integral Score U; Togosé:lfsﬁgigstegfss
" MCLNLZSMI 09147 09019
" Nt 08351 08122
" “MCINL020K 1> 06453 05972
v oemete |
B B VS Vi 0128 01999

It can be seen that both methods ranked the proposed sets equally; the best option for both
methods was set A, while the worst result was set As. A comparison of the scores of both
methods is shown in Figure 6.
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Fig. 6. Comparative chart of Integral Score and Closeness Coefficient

Conclusions. The study revealed that the human factor influences the selection process, and,
as a result, incorrect selection of a cutting tool can negatively affect the economic and quality
characteristics of the machining process of parts. One of the methods for solving this problem is
to automate the selection of the cutting tool. To solve this problem, it is proposed that the methods
of multi-criteria decision-making be supplemented to form a methodological basis for creating a
web application for automated selection of cutting tools and technological equipment. A calcula-
tion was performed to verify the proposed calculation and ranking methodology.

1. To perform the actual selection of a cutting tool and its ranking in the application, it is ad-
visable to use the preliminary method of CSP hard filtering, which will allow forming an actual set
of sets of technical solutions for machining in mechanical operations.

2. It is proposed that further ranking of technical solutions using MCDM methods, namely
AHP, WSM, and TOPSIS, be performed.

3. The WSM and TOPSIS methods can be used as independent parts of the decision-making
algorithm, or in parallel, to obtain a more rational tool (experience-price) in the selection process.
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4. The calculation showed that both methods give the same ranking result for a certain sample
of sets, but this may change with a significant increase in alternatives. Therefore, it is advisable to
use both methods in parallel for a better-quality result.

The current issue is the further implementation of the proposed methods into the technical
algorithm of the web application.
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PO3POBKA METOJ0JIOI'TI ABTOMATU30BAHOI'O IIJIGOPY
POKXYYOI'O IHCTPYMEHTY JJISA BEB3ACTOCYHKY

YV oocnioocenni posananymo memooonoziio yxeanenns piwens 015l 6e63ACMOCYHKY A8MOMAMU308AHO20 NIODOPY pidicyu020
iHcmpymenmy ma ocHaweHusa. Agmomamu3soganuil niodip Mae HU3KY nepesaz nepeo pyuHuM niobopom pixcy4o2o iHCmMpymenny
MeXHIYHUM NEPCOHATIOM, 8 MOMY YUCTE O0360IAE SHUSUMU 8NAUE IIOOCLKO20 (haKmopy Ha npoyec nid6opY, Wo NO3UMUBHO 6NIUBAE
HA MEXHIUHI Ma eKOHOMIYHI NOKA3HUKU NPOYeCy MeXaHiuHoi 06pobKu. 3anponoHOBAHO UKOPUCHIOBYBAMU MEMOO HCOPCHIKOT 10~
eixu obmedxcenv (CSP) ons ghinempayii muodcun anvmepHamus 6asu 0aHux 3aCMOCYHKY, a 0151 HOOANLULO20 PAHICYBAHHS Allbine-
PHAMUB BUKOPUCTNOBY8AMU MEMOO bazamokpumepianbhozo nputinamms piwens (MCDM) ma memoouxy nobyoosu éae AHP. [{na
OYIHKU A PAHIHCYBAHHS THCIMPYMEHMY aD0 OCHAWEHHA HA OCHOBI BUSHAUEHUX KDUMEPIi6 3anpOnoHO8aAHO BUKOPUCHIOBYBAMU MAK
memoouxku MCDM, ax memoo 36adxcenoi cymu (WSM) 0ns usnauenHa inmespanvHoi cymu ma mexmiKy enopsioKy8aHHs nepegae
3a cxooxcicmio (TOPSIS) ona eusnauenns xoegiyienmie onusvkocmi. Onucano cxemy 6UKOPUCMAHHA 3aNPONOHOBAHUX MeMOOi8 )
sacmocyHky. TIposedeno po3paxyHok Ha OCHOBI 3a3HAYEHUX MeMOOi s N MU ANbIMEPHAMUS (Cemie pixicyuo20 iHCmMpyMeHmy
0215 npoyecy mexaniunoi mokapHoi 06pooxu) 6 cepedosuwyi MATLAB. Pe3ynomamamu po3paxynky eusHaueHo, uwjo OJisd He8enuKoi
subipxu memoou WSM ma TOPSIS manu cxoxrcuti pe3ynomam, ane uepes iOMiHHICMb nioxo0ie oduucients npu 30inbuenti 6u-
OipKu (Qinbmpoearoi MHOXCUHU aAlbMEPHAMUE) PE3YILINAT MOXHCE BIOPIZHAMUCA, W0 POOUTL OOYITLHUM 3ACIMOCY8AHHS YUX Me-
mooie napanenvHo. AKMyanbHUM RUMAHHAM € NOOATbULE 8NPOBAOIHCEHHS 3aNPONOHOBAHOT MemOO0N02TT npu po3podyi ed3acmo-
CYHKY Ol ABMOMAMU308aHO20 NIODOPY PIKCYH020 THCIMPYMEHMY MA OCHAUJeHHSL.

Knrwouosi cnoea: memoo 6azamoxpumepianoHo2o NpUUHAMMs piuieHb, 6e03aCmOCYHOK, 102iKa 0OMeHCceHb, agmomamu-
306anull Ni0GIp; pisicyyutl iHcmpymeHm, 00poOKa pizaHHAM, Qinbmpayis,; paHiCy8anHsI.
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