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Abstract:

Analyzes of multi-criteria decision support are applied to solve complex logistics
problems, including supply problems from the industry sector. Organizations struggle with
various decision problems that arise during the activities of organizations such as
production logistics, supply logistics, transport logistics. Therefore, sometimes is necessary
to make multi-criteria analysis, in which except the quality criteria, the costs are included.
The problem with making the best decision in terms of quality and cost occurred in a
production and service enterprise localized in south-eastern Poland. The problem was the
selection and purchase of the most favorable in terms of quality and cost of fluorescent
penetrant for non-destructive testing characterized by the so-called medium level of
sensitivity. The aim was to integrate the AHP method and quality-cost analyze to select the
most favorable for the enterprise the fluorescent penetrant to non-destructive test. The
fluorescent penetrants, which were selected to analysis were: ZL-61, ZL19, ZL60C, ZL-61
from Magnaflux; FP-22B from Sherwin and Ardrox 9812 from Chemetall. Penetrants were
analyzed in terms of criteria, i.e. the environment, flammability, reactivity, available
packaging capacities and the cost of purchasing penetrant. The analysis carried out using
the integrated methods (AHP and cost-quality analysis) which has not been practiced until
now, has allowed indicating the most favorable fluorescent penetrant in terms of quality
and costs It has been shown that the implementation of cost-quality analysis in the AHP
method is effective in analyzing logistic problems regarding the selection of the most
advantageous solution, taking into account quality and costs. The analysis proved that not
always the highest quality and the lowest price guarantee the best choice. Therefore, it
becomes effective to practice the proposed methodology (AHP and cost-quality analysis) in
organizations for analyzing various logistic problems, in which it is important to make the
most-favorable decision taking into account qualitative criteria and costs.

Keywords: AHP, supply, mechanical engineering, quality, logistic, fluorescent penetrant,
non-destructive test
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INTRODUCTION

Analyses of multi-criteria decision support are applied to solve complex logistics
problems, including problems from the industry sector. Organizations struggle with various
decision problems that arise during the activities of organizations such as production logistics,
supply logistics, transport logistics [1, 24]. In addition, progress in the development of science
and technology has resulted in the need to use numerical quality and cost estimates [26, 33].
Quality management conditions the need decision making in an organization has in order to
make a level of quality products. Therefore, in organizations is important to make a
comprehensive analysis with including various type of resources [1, 23, 25]. One of the
methods, which allows solving the decision problem is the AHP method (Analytic Hierarchy
Process). AHP method has an application to solving different decision problems, in which the
choice is dependent on more than one criteria [30, 35, 36]. The problem is analysed in terms
of the relationship of pairs of given criteria, in accordance with the adopted assessment scale.
According to Saaty, in AHP method is preferred to use of scale 1-9, in which 1 is the lowest
rating and means a very unfavourable condition, and 9 is the highest rating and indicates a
very favourable condition [29]. In the AHP method, assessing criteria is a subjective
assessment of the decision maker (the person who analyses the problem). Therefore, the
results of the analysis may vary depending on the type of problem, criteria, and grades
awarded which were being analysed.

A review of the literature on the subject of the latest literature indicates that the AHP
method was used, among others to:

- comparison of the importance and weight of criteria [5, 10, 12],
- making decisions in the area of sustainable development and analysis of issues related

to society [5, 13, 19],

- selection of objects, devices and machines or analysis of their failure [11, 23],
- cost-dependent choices [9, 13, 39].
The AHP method was integrated with other methods, i.e.:
- FAHP (Fuzzy Analytical Hierarchy Process) [21, 22, 27],
- TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution) or Fuzzy

TOPSIS [6, 28, 38],

- Fuzzy Logic [14, 17],

- GRA (Grey Relational Analysis) or PSO (Particle Swarm Optimization) [2, 6, 18],
- AHP-GP or FCE (Fuzzy Comprehensive Evaluation [3, 41],

- GIS (Geographical Information Systems) [24, 31, 35],

- PCA (Principal Component Analysis) [10, 43],

- SWOT (Strengths, Weaknesses, Opportunities and Threats) [4, 38].

After reviewing the literature, it was concluded that the AHP method was used to
analyse the problem of cost-dependent decision making [9, 13, 39]. However, it was not
integrated with cost-quality analysis, which enables making decisions based on many criteria,
including quality and costs [1, 16, 33]. In turn, the cost-quality analysis was used with other
methods to determine quality, i.e.:

- Average Transformed Quality,

- Group Selection of States,

- Formalized Scoring,

- Accelerated Three-Stage Evaluation,
- Alternate-Point Method [32].

By using these methods, the quality was determined. However, this quality was not
calculated using the AHP method, which, enriched by the possibility of computational
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analysis with the Matlab computer program, is an effective tool for multi-criteria analysis.
Therefore, it was order to demonstrate that implement the cost-quality analysis in the AHP
method is effective in case of analysing the logistics problems regarding the selection of the
most advantageous solution taking into account quality and costs. The aim was to integrate
the AHP method and quality-cost analyse to select the most favourable for the enterprise the
fluorescent penetrant to non-destructive test. Cost-quality analyse allows making the best to
analysis problem decision (with taking into account known quality and costs). Cost-quality
analyze has applies mainly in case of a problem, in which a few criteria are comparison [1,
16, 33]. In the cost-quality analysis, the calculation are made based on example the level of
quality, which is calculated using other, adequate method, and also basic on cost (in this
example — purchase of penetrant) [16, 24, 33]. Therefore, it was considered, that this analysis
(cost-quality) will be effective to solve the multi-criteria problem (choice the most favorable
for the enterprise the fluorescent penetrant to non-destructive test), which was in enterprise
localized in south-eastern Poland.

In the selected enterprise, the problem was the selection and purchase of the most
favourable in terms of quality and cost of fluorescent penetrant for non-destructive testing
characterized by the so-called medium level of sensitivity. Was proposed to the enterprise the
use of AHP method with cost-quality analysis, in due to a large number of types of
fluorescent penetrants available on the market, which were taken into account during the
analysis, and the need to analyse more than two criteria characterizing fluorescent penetrants.
Due to the criterion which was the cost of purchasing penetrant, which was not a qualitative
criterion, it became necessary to carry out additional cost-quality analysis (adequate to the
analysis of multi-criteria problems), which takes into account both quality and cost. In
enterprise the research with the fluorescent method (FPI) was made, using penetrant in a low
and high level of sensitivity. In view of making NDT research for different types of product
and needs to improve the services offered, it was necessary to purchase the fluorescent
penetrant about the average level of sensitivity. In addition to this criterion (sensitivity level
2), it was important for the company to take into account the criteria i. e: environment,
flammability, reactivity, available packaging capacities and the cost of purchasing penetrant.
The fluorescent penetrants, which were selected to analysis were: ZL-61, ZL19, ZL60C, ZL-
61 from Magnaflux; FP-22B from Sherwin and Ardrox 9812 from Chemetall.

1 MATERIAL

Six types of fluorescent penetrants were analysed, which are using in industrial non-
destructive testing by fluorescence. The choice was determined by the individual preferences
of the decision-maker (quality control manager). The quality control manager was guided by
his opinion and experience in the area of analyses conducted by FPI research during the
choice of the number and types of fluorescent penetrants. The fluorescent penetrants, which
were selected to analysis were: ZL-61, ZL19, ZL60C, ZL-61 from Magnaflux; FP-22B from
Sherwin and Ardrox 9812 from Chemetall. Selected substances for FPI tests were
characterized by the so-called "Medium" sensitivity level. Information on selected fluorescent
penetrants for analysis is available in publicly available safety data sheets for these chemicals.

2 METHOD

Method to analysis the logistic problem (choice the most favourable for the enterprise
the fluorescent penetrant to non-destructive test) were two methods, which were not
integrated techniques so far, i.e. AHP method and cost-quality analysis. Additionally, with
the aim of improving the process of problem analysis using the AHP method, the Matlab
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(computer program) was used to calculate, which allow to relative and quickly make
calculate, which very improved the process of making an analysis.

The first step of the integrated method to solve the logistic problem (choice the most
favourable for the enterprise the fluorescent penetrant to non-destructive test) was an analysis
of the problem using the AHP method. The quality control manager, appointed both as an
expert and a decision-maker, selected six types of fluorescent penetrants. On the need for
research, the selected penetrants were marked from P1 to P6. During the brainstorm
moderated by an expert, four criteria were selected to assess selected penetrants. These
criteria were: environment, flammability, reactivity, available packaging capacities and cost
purchase of penetrant. Then the quality control manager determined the importance of each of
the criteria selected for analysis against the others. The validity of each criterion was
determined according to a nine-point scale (according to preferred scale by Saaty) in which 1
is the lowest rating and means a very unfavourable condition, and 9 is the highest rating and
indicates a very favourable condition. The most important criterium was the environment,
then flammability, reactivity, and the least important available packaging capacities. During
the validity of the criteria, the cost of purchasing penetrant, which was not a qualitative
criterion and was included in the cost-quality analysis, was omitted. Next, the expert (quality
control manager) evaluated each penetrant in accordance with the adopted nine-point scale,
each penetrant in terms of selected criteria (environment, flammability, reactivity, available
packaging capacities). Based on assessments of the penetrants and criteria, calculations were
made in accordance with the AHP methodology. To calculate the Matlab program was used.
Simulation in the Matlab program was ended, when the result from the difference of values
from the quotients of the matrix values for the criteria and from the quotients of the values of
the created matrix was smaller than the assumed precision (1.0e-003*), which is three decimal
places. The results obtained from the AHP calculations in the Matlab program indicated
which penetrant was the most beneficial in quality (Q [%] - maximum value) for the
enterprise in terms of selected criteria.

The second step of the integrated method to solve the logistic problem is to analyse the
problem using cost-quality analysis. This method is based on the value of the quality of
penetrants, which was calculated during the AHP method, and based on the cost (cost of
purchase the penetrant). For the enterprise was important to purchase the maximum available
capacity of fluorescent penetrant (i.e. about 208 1), therefore to need the cost-quality analysis
the approximate cost of purchasing the analysed penetrants was estimated. The choice of
packaging size (i.e. 208 litres - maximum available capacity) resulted from the average annual
consumption of penetrants for fluorescence testing in the selected enterprise (i.e. on average
400 - 600 litres/year).

The quality cost index was calculated [32]:

P
=1 (1)
where: P — cost [zlotys],
Q — level of quality [%].
Relative cost was calculated [32]:
P — Pmax_Pproduct (2)

Pmax—Pmin
where: Pmax — largest cost [zlotys],

Pmin — lowest cost [zlotys],
Poroduct — product cost [zlotys].
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The cost-quality proportionality index was calculated [32]:
P
E=- 3)
where: q — level of quality expressed as a decimal fraction.
The relativised cost index C was calculated from the formula [32]:
_ Cpa—Cp
¢= Cpa—Cpi (4)
where: Cpa — maximum cost-quality ratio,
Cpi — minimum cost-quality ratio,
C, — cost-quality ratio of the product.
The resolution indicator for technical preference was calculated [32]:
R, = 0,167 (3q + 2D + C) (5)
The settlement indicator for economic preference was calculated [32]:
R, =0,167 (3C + 2D + q) (6)
The average decision-making indicator was calculated [32]:
Rq = 0,5 (R, + R) (7)

The last stage of the methodology was the selection of fluorescent penetrant
characterized by the desired cost-quality criteria. According to the methodology of cost-
quality analysis, a penetrant with the highest value of the decision-making indicator was

selected (Ry).

3 RESULTS

The expert (quality control manager) was assessments the six different fluorescent

penetrants selected for analysis (Table 1).

Tab. 1 Penetrant assessment by criteria.

Type of penetrant and assessment

Criteria PL P2 P3 P4 P5
natural environment 3 7 1 3 5
flammability 9 3 5 9 7
reactivity 7 7 3 7 5
capacity 3 5 5 5 1

Source: Own study.

In table 2 was shown the way of validity criteria, which was made by quality control
manager, where the most important criterium was the environment, then flammability,

reactivity, and the least important available packaging capacities.
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Tab. 2 Preference matrix for selected criteria.

Criteria natural environment flammability reactivity capacity
natural environment 1 3 5 7
flammability 1/3 1 3 5
reactivity 1/5 1/3 1 3
capacity 1/7 1/5 1/3 1

Source: Own study.

The quality control assessment given by the quality control manager for each
penetrant in terms of its criteria is presented in Table 3.

Tab. 3 Preference matrix for selected fluorescent penetrants.

natural environment P1 P2 P3 P4 P5 P6
P1 1 317 3 1 3/5 3/5
P2 713 1 7 7/3 7/5 7/5
P3 1/3 1/7 1 1/3 1/5 1/5
P4 1 3/7 3 1 3/5 3/5
P5 5/3 5/7 5 5/3 1 1
P6 5/3 5/7 5 5/3 1 1
flammability P1 P2 P3 P4 P5 P6
P1 1 9/3 9/5 1 917 917
P2 3/9 1 3/6 3/9 317 37
P3 5/9 5/3 1 5/9 57 5/7
P4 1 9/3 9/5 1 of7 917
P5 7/9 713 7/5 719 1 1
P6 7/9 7/3 7/5 7/9 1 1
reactivity P1 P2 P3 P4 P5 P6
P1 1 1 7/3 1 7/5 1
P2 1 1 713 1 7/5 1
P3 3/7 317 1 3/7 3/5 37
P4 1 1 713 1 7/5 1
P5 5/7 5/7 5/3 5/7 1 5/7
P6 1 1 7/3 1 7/5 1
capacity P1 P2 P3 P4 P5 P6
P1 1 3/5 3/5 3/5 3 3/5
P2 5/3 1 1 1 5 1
P3 5/3 1 1 1 5 1
P4 5/3 1 1 1 5 1
P5 1/3 1/5 1/5 1/5 1 1/5
P6 5/3 1 1 1 1 1

Source: Own study.

After the AHP analysis using the Matlab computer program, the quality level of the
six types of penetrants analysed was calculated in terms of selected quality criteria, the results

of which are presented in Table 4.
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Tab. 4 The AHP calculation results for penetrants according to selected
criteria.

Type of the penetrant and result of the
Criterium assessment [%0]
Pl P2 P3 P4 P5 P6
natural environment 14,318 33,408 4,773 14,318 23,863 23,863

flammability 19,947 6,464 11,082 19,947 15,515 15515
reactivity 16,704 16,704 7,159 16,704 11,931 16,704
capacity 12,365 20,608 20,608 20,608 4,122 17,796
SUM [%] 63,334 77,184 43,622 71,577 55,431 73,878

Source: Own study.

After analysis the problem using the AHP method it was shown, that the advantageous
penetrant for the enterprise during selected quality criteria is penetrant P2, which was
characterized by the maximum value Q [%]. Quality of penetrant P2 was assessment the best
(Q=77,184%), in comparison to other penetrants, which is shown in Table 5.

Tab. 5 Assessment of the quality level of fluorescent penetrants according to selected
criteria and scale 1-9.

Criterium Penetrant type and number of points

P1 P2 P3 P4 P5 P6

natural environment 3 7 1 3 5 5

flammability 9 3 5 9 7 7

reactivity 7 7 3 7 5 7

capacity 3 5 5 5 1 5
Quality Q [%0] 63,334 = 77,184 43,622 71577 55431 73,878

Place in the ranking 4 1 6 3 5 2

Source: Own study.

The results from the cost-quality analysis, taking into account the quality level
calculated by the AHP method, are presented in Table 6.

Tab. 6 The results of the cost-quality analysis taking into account the level of quality
calculated by the AHP method.

Criterium Penetrant type and number of points

P1 P2 P3 P4 P5 P6
Purchase P, zl/ package 227106,3 1478450 1719550 2398892 1881013 137723,7
Quality Q [%0] 63,334 77,184 43,622 71577 55,431 @ 73,878
Cp 3585,85 19154,88 39419,33 33514,84 33934,32  1864,20

P 0,96 0,41 0,30 0,00 0,23 1,00

E 1,52 0,53 0,69 0,00 0,41 1,35

D 0,76 0,26 0,34 0,00 0,21 0,68

C 0,95 0,54 0,00 0,16 0,15 1,00

R¢ 0,73 0,56 0,33 0,38 0,37 0,76

Re 0,84 0,49 0,19 0,20 0,23 0,85

Rg 0,78 0,53 0,26 0,29 0,30 0,81

Place according to Ry 2 3 6 5 4 1

Source: Own study.
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After considering the quality and costs (purchase of the desired size of the penetrant
packaging, i.e. 208 | - maximum available capacity), it was concluded that the most
advantageous penetrant in terms of the cost-quality and quality is penetrant P6 (Rd = 0.81).
Penetrant P6 was second in the quality (Q =73, 878%).

In the AHP method, assessing criteria is a subjective assessment of the decision-maker
(the person who analyses the problem). Therefore, the results of the analysis may vary
depending on the type of problem, criteria, and grades awarded which were being analysed.

3 CONCLUSIONS

In organizations origin with various decision problems that arise during the activities
of organizations such as production logistics, supply logistics, transport logistics. The
problem with making the best decision in terms of quality and cost occurred in a production
and service enterprise localized in south-eastern Poland, and concerned the selection and
purchase of penetrant. The problem was the selection and purchase of the most favourable in
terms of quality and cost of fluorescent penetrant for non-destructive testing characterized by
the so-called medium level of sensitivity. To solve the problem and identify the penetrant with
the desired quality, the simple method like the AHP method with the computer program
Matlab was proposed in the enterprise.

In order to take into account, the costs of penetrant purchase significant for the
company, it was proposed to use cost-quality analysis. The aim was to integrate the AHP
method and quality-cost analyze to select the most favourable for the enterprise the
fluorescent penetrant to non-destructive test.

The analysis carried out using the integrated methods (AHP and cost-quality analysis)
which has not been practiced until now, has allowed indicating that the most favourable
fluorescent penetrant in terms of quality was penetrant marked P2 (Q=77,184%). After
considering the quality and cost of purchasing penetrant, it was shown that the most cost-
effective penetrant in terms of cost and quality was penetrant P6 (Rq = 73.878%). In the AHP
method, assessing criteria is a subjective assessment of the decision maker (the person who
analyses the problem). Therefore, the results of the analysis may vary depending on the type
of problem, criteria, and grades awarded which were being analysed.

The analysis proved that not always the highest quality and the lowest price guarantee
the best choice. It was shown that implemented the cost-quality analysis in the AHP method is
effective in logistic problem analysis, about choice the best solution with taking into account
the costs and quality. Therefore, it becomes effective to practice the proposed methodology
(AHP and cost-quality analysis) in organizations for analysing various logistic problems, in
which it is important to make the most-favourable decision taking into account qualitative
criteria and costs.
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