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Abstract. Rating and determination of factors of importance affecting the pressing process of
clutch plates is, in most organizations, an individual and subjective decision of individual
employees.

The paper describes the process of relevant material selection for the organization. This process
is designed with the aim to use the exact methods in order to replace subjective material selection
by objective process. The most appropriate method appears the multi-criteria statistical analysis
TOPSIS.

TOPSIS method has been widely applied in many areas with good results as the choice of
marketing strategy, optimization of mechatronic systems, safety management, business
competitions, management of crisis situations, assessment of trends, planning and many others.
This is the first time when TOPSIS method was used in the selection of the most important causes
affecting the pressing process of clutch plates.

The aim of this paper is to carry out the multi-criteria statistical analysis TOPSIS which evaluates
and determines the order of importance of various factors affecting the pressing process of clutch
plate which is a component part of agricultural machinery. On the basis of performed method we
can prevent from subjective evaluation and make rational decisions based on the statistical
analysis.
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INTRODUCTION

Successful searching and determining the factors affecting the process is the main
prerequisite for successful improvement of the process whose result is an effective and
efficient convert of inputs to outputs. When evaluating factors affecting the process there
are two possible ways — subjective way of evaluation and the objective one. Subjective
evaluation is affected by individuals and by subjective decision of individual employees.

During the objective evaluation there are used the one-criterion and the multi-
criteria statistical methods ensuring the impartiality and objectivity of the final factors
evaluation (Kowalski et al., 2009).
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Method TOPSIS (Technique for the Order of Preference by Similarity to Ideal
Solution) belongs to multi-criteria statistical methods.

In another words, the multi-criteria technique is based on obtaining the alternative
that approaches the most ideal alternative. For this purpose is considered the positive
ideal alternative and the negative one. It is a technique for order the preference by
similarity to ideal solution (Nagyova et al., 2014).

Many multi-criteria analyses are based on the additive concept together with the
assumption of independence, however, not all individual criteria are independent
(Mateo, 2012; Lestyanszka et al., 2013).

Development of this method by Hwang and Yoon is dated back to 1995. At the
beginning, the alternatives were sorted according to their distance from ideal (positive)
and inappropriate (negative) solution, it means the best alternative is also the shortest
distance from the ideal solution and inappropriate solution with the longest distance from
the ideal solution. The ideal solution is identified as the variant with a hypothetical
alternative that has the best values for all considered criteria, while inappropriate variant
is identified as the hypothetical alternative which has the worst values of the criteria
(Sarraf et al., 2013).

It is a method of countervailing aggregation, which compares the complex of
alternatives by identification of weights for each criterion, standardized score for each
criterion and calculating geometric distances between each alternative and the ideal
variant according to the best score for each criterion (Hwang & Yoon, 1995; Cheung &
Suen, 2002; Tavodova, 2006)

The aim of this paper is to evaluate and determine the order of importance of each
factor affecting the pressing process of clutch plates, which are a part of agricultural
machinery by applying the multi-criteria TOPSIS method. On the basis of performed
method, we can prevent from subjective evaluation and make rational decisions based
on statistical analysis.

MATERIALS AND METHODS

Before applying the multi-criterial statistical method TOPSIS it is necessary to
identify each factor. For identifying each factor is possible to use various tools, for
example the brainstorming.

Procedure for brainstorming application:

1. Determining the appropriate place for meeting of larger group of people and
determine the date of meeting.

2. Informing the representatives of each involved department in organization
(Department of quality, design, manufacturing, marketing, purchasing, sales, tools and
warehouse) about the meeting.

3. Selecting the responsible person (moderator) for brainstorming leadership.

4. Keeping the principles and rules of brainstorming,.

5. Writing down and process all ideas and comments in the usable form due to
creation of Ishikawa diagram in which they will be sorted according to individual causes
and consequences resulting from the needs of diagram.

6. Displaying the results of brainstorming into the mind map.
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Procedure for TOPSIS method application

Selection of plate was realized on the basis of multi-criterial method TOPSIS by
applying the following procedure:

1. Converting minimum criteria to maximum criteria.

2. Constructing normalized criteria matrix R=(r;), where i=1, 2...m
(m — number of variants) and j = 1, 2....r (¥ — number of criteria).
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where: g; — the value of i — th row (variants) and j — th column (criteria).

3. Calculating the weighted criteria matrix W = (wjy) that each column of matrix R
is multiplied by weighted vector (v;) of corresponding criterion (wj; = v; X 7).

4. Determining the distance of ideal variant (d;") and distance of basal variant (d;),
by using individual parameters (elements) of matrix / and the equation:
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where: H;— max wy; D;— max wy,.
5. Subsequently counting up relative distance indicators of variants from basal
variant.
di
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6. As the last point- arranging the variants according to resulting values in
descending order.

RESULTS AND DISCUSSION

Brainstorming method preceded to TOPSIS method performed in order to identify
areas which can affect the non-conformities the most and joined issues like claims and
financial unprofitability of pressing process of clutch plates.

We invited representatives of all stakeholders (departments) in organization to the
brainstorming realization: project department, production department, design
department, tool room, warchouse, technology department, quality department,
purchasing department, marketing department and sales department.

After explaining the issues and determining the aim of brainstorming and its rules,
we recorded all ideas and good points of each participant. Recorded ideas and thoughts
were plotted in the graphical form by using the mind map (Fig. 1).
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Figure 1. Mind Map from the Brainstorming Group.

The aim of brainstorming was to find factors affecting causes as well as increasing
lifetime of press tool, what will lead to the overall effectiveness and efficiency of
pressing process of clutch plate.

As could be seen in Table 1, there are the individual factors of brainstorming and
the evaluation range of individual factors. Selected four-step range described the
dependence of each factor affecting the improvement of pressing process of clutch plates
used in agricultural machinery. Professionally qualified members (Deputy of project,
production, design, technology, quality department and tool room) were invited to
brainstorming meeting and participated in ratings.

To each factor was assigned the degree of dependence by each deputy. Finally were
allocated values recorded into Table 1.

Table 1. Brainstorming Factors with the Degree of Dependency

Factors Non- Weak Medium Strong
from brainstorming dependence dependence  dependence dependence
Material of plates 1 1 0 4
Blanking will 3 1 2 0
Coating of tools 3 1 0 2
Lubrication 1 1 1 3
Straightening 1 3 2 0

Feed speed 3 2 0 1
Depth of blanking 4 1 1 0

Age of machine 1 3 1 1
Material of blanking set 0 1 0 5
Frequency pressing 4 1 1 0
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Individual criteria were transformed by our own marking system:
e  Non-dependence = Criterion 1 (Cl)

e Weak dependence = Criterion 2 (C2)

e  Medium dependence = Criterion 3 (C3)

e  Strong dependence = Criterion 4 (C4)

The brainstorming factors were transformed into variants 1-10, succession of
factors remained unchanged for better identification after the statistical methods
evaluation.

We created a decision matrix with standard values of weights for each criterion
with a cumulative sum of weights equal to 1.00 (Table 2). Standard values of weights
were set on the basis of Metfessel's allocation, when 100—point scale was allocated
among the criteria.

Table 2. Decision Matrix with Values Weight

Ci &) G Cy
Weight 0.05 0.15 0.3 0.5
Variant 1 0.0063 0.0279 0 0.2673
Variant 2 0.0189 0.0279 0.1732 0
Variant 3 0.0189 0.0279 0 0.1336
Variant 4 0.0063 0.0279 0.0866 0.2004
Variant 5 0.0063 0.0836 0.1732 0
Variant 6 0.0189 0.0557 0 0.0668
Variant 7 0.0252 0.0279 0.0866 0
Variant 8 0.0063 0.0836 0.0866 0.0668
Variant 9 0.0000 0.0279 0 0.3341
Variant 10 0.0252 0.0279 0.0866 0

We calculated a relative distance indicator of individual variants from basal variant
(Table 1). Values of these parameters vary between 0 and 1, where 0 represents the basal
variant and 1 is the most ideal variant. We sequenced all variants according to calculated
values of indicators into Table 3.

Table 3. Arrangement of Factors on the Basis of TOPSIS Method

Rank  Marking of factor Value

1. Material of blanking set 0.7546
2. Lubrication 0.7182
3. Material of plates 0.6507
4. Coating of tools 0.4171
5. Age of machine 0.3819
6. Straightening 0.3429
7. Blanking will 0.2621
8. Feed speed 0.2427
9. Depth of blanking 0.1905
10. Frequency pressing 0.1056
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On the basis of TOPSIS method results were determined the most relevant factors
(those which reached the values of 0.5 and above): material of blanking sets, lubrication
and material of plate.

Material selection is an extremely important decision-making process that affects
mainly purchasing department of each company (Lukoszova, 2004).

The greater purchasing opportunities, the more suppliers, the more ways to meet
the needs of the company but also the more serious and difficult is this decision.
Decision-making process is not a simple process. This process must be understood in a
broader sense, as a process that precedes:

e identifying the decision problem;

e  assessing of situation;

e  decision-making criteria in materials selection;
e  selecting the methods (Nenadal, 2006).

The most significant advantage of TOPSIS method is that customers can determine
their own criteria, which by relevance assign the weight and on that basis is calculated
the best variant of solution (Cupi¢ & Suknovic¢, 2003).

CONCLUSION

There are several methods of multicriteria decision that have the same objective.
The objective is to consider several variants of solution of the problem according to
selected criteria and determination of their order.

The individual methods differ mainly according to determined weight of individual
criteria (Garcia-Cascales & Lamata, 2011).

Displayed diversity of input data us points to the wide possibilities of variability of
the result process (Nagyova et al., 2013). The right choice of importance of individual
factors affect the effectiveness and efficiency of manufacturing process as well as the
quality and lifetime of press tool.

After determining the factors affecting the pressing process of clutch plates with
using brainstorming, we proceeded to multi-criteria statistical method TOPSIS. On the
basis of values taking into account the criteria and the weights we obtained the final
order of the factors affecting the pressing process. As the most important factors we
determined following: material of blanking sets, lubrication and material of plate with
regard to achieve a higher value as determined i.e. 0.5.

Analysis result by TOPSIS method led to the identification of three most important
factors influencing the manufacturing process. During monitoring and control of these
factors is possible to reduce the subjective assessment of the process and also to increase
the objectivity of decision making,.

In this paper there was evaluated one of the possibilities for effective and objective
evaluation of manufacturing process. TOPSIS method can be applied also in the other
manufacturing processes within the particular organization.
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