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Keywords Abstract
Fuzzy TOPSIS, Material selection in the engineering design process is a
ploughshares material, challenging process because there are many materials and many

contradictory features that must be together. The plough is the
most important and basic tool of tillage. Large abrasions, cracks,
and even sudden breaks can occur in the plough that cultivates
the soil. For this reason, the material chosen to produce the
ploughshares is extremely important. In this study, first of all, the
criteria that are important in the selection of ploughshares iron
were determined, and the criteria were weighted with the Interval
Shannon Entropy method. Material preference ranking was made
using "the Fuzzy Technique for Order Preference by Similarity
to Ideal Solution" (FTOPSIS) technique. According to the study
results, the order of the ploughshare’s material selection criteria
is, respectively, hardness, wear percentage, toughness, tensile
stress, thermal conductivity, and cost. As a result of the selection
made using the FTOPSIS method; It has been determined that
33MnCrB5(1.7185) should be preferred in the first place among
the candidate materials, and then the order of preference should be
51Crv4(1.8159), 60SiMn5(SAE9262), 41CrMo4 (1.7225QT-4140),
respectively. To measure the sensitivity of the results, sensitivity
analysis was conducted at a=0.1, 0.5, and 0.9 levels.
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PULLUK UC DEMIRi MALZEME SECiMi: SHANNON ENTROPI
TEMELLI BULANIK TOPSIS UYGULAMASI

Anahtar kelimeler

0z

Bulanik TOPSIS, pulluk
ucu malzemesi, malzeme
segimi

Miihendislik tasarim stirecinde malzeme secimi, ¢ok sayida
malzeme olmasi ve birbirine zit bir ¢ok ézelligin bir arada
olmasinin  gerekliliginden zorlayict bir siirectir.  Pulluk,
toprak islemenin en é6nemli ve temel aracidir. Topragi isleyen
pullukta biiyiik asinmalar catlaklar ve hatta ani kirilmalar
olusabilmektedir. Bu nedenle pulluk u¢ demiri tiretimi icin
secilen malzeme son derecede 6nemlidir. Bu c¢alisma da,
éncelikle pulluk u¢ demiri seciminde dénemli olan kriterler
belirlenmis, kriterler Interval Shannon Entropi yéntemi
ile agirliklandirilmistir. Bulanik Ideal Céziime Benzerlige
Gére Sira Tercihi (FTOPSIS) teknigi kullanilarak malzeme
tercih siralamasi yapilmistir.  Calisma sonuglarina gére, ug
demiri malzeme se¢im kriterleri siralamasi, sirasiyla; sertlik,
asinma dayanimi, tokluk, ceki gerilmesi, termal iletkenlik ve
maliyet olarak tespit edilmistir. FTOPSIS yéntemi kullanilarak
yapilan secim neticesinde; aday malzemelerden ilk sirada
33MnCrB5(1.7185)'nin  tercih edilmesi gerektigi, ve daha
sonrasinda tercih  sirasinin, swrasiyla  51CrV4(1.8159),
60SiMn5(SAE9262), 41CrMo4 (1.7225QT-4140) olmasi
gerektigi tespit edilmistir. Sonuglarin duyarliligini lcmek igin,
a=0.1,0.5 ve 0.9 diizeylerinde duyarlik analizi yapilmistir.
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1. Introduction

Material plays an important role in engineering designs. When designing any
product, it is necessary to select materials with specific properties that meet all
current constraints and can guarantee optimum system performance (Sarfaraz
Khabbaz, Dehghan Manshadi, Abedian, &Mahmudi, 2009). Material selection
can be defined as the selection of the most suitable material among the materi-
als to be used for the product while designing the product (Mamoon, Alhaji, &
Abdullahi, 2021). It is not easy to choose materials suitable for product design.
Ashby reported that there are over 160,000 materials of choice for engineers
(Ashby, 2010). Materials can be selected, and many criteria affect the selection.
Some of the criteria one may encounter in the material selection are hardness,
high-temperature strength, low-temperature strength, stiffness, density, tensile
strength, electrical conductivity, thermal conductivity, formability, weldability,
cost, appearance, etc. (Hatamura, 1999). When the methods developed for ma-
terial selection are examined, it is seen that they are grouped under two hea-
dings. The developed methods are elimination methods and selection methods.
In the sieving methods, the unsuitable materials are eliminated step by step and
the appropriate material is selected. Some of these methods are chart method
(Ashby), survey method, and unit cost method. In the selection methods, the
most suitable material is selected by listing the suitable materials under certa-
in criteria (Balci, 2004; Mamoon et al,, 2021). The methods suitable for these
methods are TOPSIS, MORPA, PROMETHEE, etc., which are under multi-criteria
decision-making methods, are methods.

Some of the studies carried out by using the elimination and selection methods
in material selection are as follows; Emovon and Oghenenyerovwho (2020), by
scanning the literature for the period 1994-2019, examined 55 articles using
Multi-Criteria Decision methods in material selection. As a result of the study,
they stated that the cost criterion is the most frequently used criterion to decide
on material selection and that MCDM methods offer a suitable methodology for
solving material selection problems (Emovon and Oghenenyerovwho, 2020). Pat-
naik, Swain, Mishra, Puroit, & Biswas (2020) in their study, used MCDM methods
for selecting the best alternative polymer composite material for engineering
applications (Patnaik et al., 2020). Mamoon et al. (2021), compared the methods
used in the literature to solve material selection problems and summarized the
studies in the literature by classifying their methods as screening and ranking
(Mamoon et al,, 2021). Das and Sarkar (2021), developed a new multi-criteria
decision-making model based on value constraints for the selection and ranking
of materials. They tested the proposed method on four samples: material selecti-
on for the hip joint, fuel cell, high-temperature product, and a sailboat mast (Das
and Sarkar, 2021). Chatterjee and Chakraborty (2021) used MCDM methods for
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the gear material selection problem (Chatterjee and Chakraborty, 2021). Zog-
hi, Rostami, Khoshand, & Motalleb (2022) used MCDM methods to design se-
lect materials that enable recyclability and reusability of building components
(Zoghi et al,, 2022). Aires and Ferreira (2022) proposed a new MCDM method
for sustainable material selection problems (Aires and Ferreira, 2022). Ordu and
Der (2023) used MCDM methods to evaluate suitable polymeric materials for the
fabrication of flexible vibrating heat pipes (Ordu and Der, 2023). Zakeri, Chatter-
jee, Konstantas, & Ecer (2023) proposed a new decision making method called
Simple Ranking Process (SRP) to solve the material selection problem and stated
that it is a suitable methodology for solving challenging MCDM problems (Zakeri
et al,, 2023). Remadi and Frikha (2023) used MCDM methods for green materi-
al selection under uncertainty (Remadi and Frikha, 2023). Martinez-Gémez and
Eduardo (2023) used multi-criteria selection procedures for the selection of an
alternative composite material for the high voltage circuit of gasoline internal
combustion engines (Martinez-Gémez and Eduardo, 2023). Gaalice and Abdelr-
hman (2024) used the FAHP-FTOPSIS technique to select appropriate bearing
ring materials for pharmaceutical applications. They compared 5 candidate ma-
terials under thirteen criteria (Gaalice and Abdelrhman, 2024). Raju, Palli, Pra-
sad, Menda, & Ramakrishna (2024) used MCDM for the selection of natural fiber
composites instead of synthetic fiber composites used as materials in the fields
of aviation, transportation, architecture, and sports. They compared 7 composite
materials under the criteria of density, hardness, tensile strength, and toughness,
as well as water absorption and specific heat capacity (Raju et al.,, 2024).

When the literature review is examined, it is seen that MCDM methods are wi-
dely used in material selection problems. In this study, the material selection was
made for the ploughshares. The plough is the most important and basic tool of
tillage. Large abrasions, cracks (Giirsel and Koéftecioglu, 2006), and even sudden
breaks can occur in the plough that cultivates the soil. For this reason, the mate-
rial chosen for plough production is extremely important. The ploughshares are
the plough element that takes the first abrasive effect and impacts the plough.
Some of the studies on the selection of ploughshares material are as follows.

Bayhan (1996), in his study, investigated the wear behavior of soil tillage tools.
He found significant correlations between the amount of wear and hardness in
the ploughshares and established regression models for them. In addition, it has
been determined that the carbon and manganese content of the material affects
the wear behavior (Bayhan, 1996). Er (2003) investigated the wear behavior by
coating boron on ploughshares made of six different materials (Er, 2003). Cakir
(2019) investigated the wear behavior of four different materials by applying va-
rious heat treatment and surface treatments to be used in the production of plo-
ughshares iron (Cakir, 2019). Kalacska, De Baets, Fauconnier, Schramm, Frerichs,
& Sukumaran (2020) performed wear experiments on the wear of cultivator ti-
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nes made of 27MnBS5 steel to investigate the change in mass, size, hardness, and
microstructure. They developed a model by conducting field studies (Kalacska et
al,, 2020). Singh, Chatha, & Sidhu (2020) used hard facing to increase the wear
percentage of the ploughshare. They determined that the wear percentage is ef-
fective in the hardness of the material, as well as in its microstructure and chemi-
cal composition (Singh et al., 2020). Singh, Chatha, & Sidhu (2021), ploughshares
material; They investigated the wear behavior by coating two different Fe-based
claddings on the base material made of EN-42 steel to be tested at two different
soil moisture levels (Singh et al., 2021). Boydas (2023) investigated the effect of
different ploughshares geometries on the pulling force of the machine in defining
the soil-machine relationship using computer simulation (Boydas, 2023).

As can be seen from the literature review, many types of materials are used, and
different surface treatments are applied in the production of the ploughshares.
Determining the right material and surface treatment is an exceedingly difficult
decision problem. It is of significant importance to know which criteria should
be considered and the relative importance of the criteria while choosing the plo-
ughshares material. In the literature, there is no study on which criteria should be
considered in the material selection for the ploughshares. In addition, there was
no study using MCDM methods in the selection of ploughshares material. In this
study, first, the criteria that are important in the selection of the ploughshare’s
material were determined by considering the expert opinion and the litera-
ture, and the order of importance of the criteria was determined by the Inter-
val Shannon Entropy method. Then, 33MnCrB5(1.7185), 60SiMn5(SAE9262),
51CrV4(1.8159),41CrMo4 (1.7225QT-4140) steels, which can be used as plough-
shares material, were taken as material alternatives and a preference order was
made. Since expert opinion was taken while evaluating the criteria and most of
the alternatives contain interval data, fuzzy numbers were used to solve the prob-
lem. “The Fuzzy Technique for Order Preference by Similarity to Ideal Solution”
(FTOPSIS) technique was used to determine the order of preference of plough-
shares materials. Sensitivity analyses were performed at a =0.1,0.5 and 0.9 levels.

Determining the correct material and surface treatment is a difficult decision
problem. No study has been found that evaluates more than one material toget-
her in terms of multiple material properties and mechanical behaviors. In the
study, it was investigated which criterion was how important among the criteria,
taking into account the cost criteria, as well as other criteria, in the selection of
plow tip material. In addition, evaluating many materials at the same time and
selecting the most suitable plow tip material is the contribution of this study
to the literature. Multi-criteria decision-making methods have been successfully
applied to material selection problems in the literature. To measure the sensiti-
vity of the results obtained, calculations were made at three alpha cut-off levels,
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a=0.1,0.5,and 0.9.

In the next parts of the study, the criteria, and alternatives for the selection of plo-
ughshares material are defined, then the steps of the methods used for material
selection are explained and the analysis results are discussed, and the conclusion
part is concluded.

2. Determination of Criteria and Alternatives For Material Selection of The
Ploughshares

Tillage is the process of physically improving the soil to make it suitable for gro-
wing plants (Singh et al., 2020). Parts that contact the soil during processing are
subject to strong abrasive wear (Kalacska et al., 2020). Wear tillage tools is a
very important problem for farmers all over the world. At this point, the end iron
comes to the forefront as the element that meets these effects in the first degree.
The ploughshares, which are subject to severe wear, are also at risk of breakage.
If the ploughshares are short life, it will waste precious time in the crop sea-
son, as well as the cost of replacing the ploughshares. To extend the service life
of the ploughshares as much as possible, the factors affecting the ploughshare's
damage should be taken into account in the selection of the ploughshare’s mate-
rial. It takes place in a wide range such as “These factors are material properti-
es (hardness, toughness, and microstructure), soil type (particle hardness, size,
angularity, and compaction) with also the operational (velocity, working depth)
and environmental (moisture, temperature) conditions” (Kalacska et al., 2020).
Within the scope of the study, the criteria given in Table 1 were determined for
the selection of ploughshares material based on the literature studies and the
expert opinion of the plough-producing company. The solution was made by ac-
cepting the variables as constant except for the criteria discussed.

Table 1. Ploughshares material selection criteria

Criteria Definition

“Hardness is the ability to withstand surface
C. Hardness (HB) indentation (localized plastic deformation)
and scratching”?

“Toughness is the ability of a material to ab-
sorb energy and plastically deform without
fracturing”?

Toughness (Notch
2 impact strength) U)

“Wear is mechanically induced surface dam-
age that results in the progressive removal of
material due to relative motion between that
surface and a contacting substance or sub-
stances”?

Wear percentage (loss
3 at %)
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“Strength of a material is its ability to
C, Tensile strength (Mpa) withstand this applied load without failure or
plastic deformation”*

. “The heat transfer characteristics of a solid
Thermal conductivity

C material are measured by a property called
5 -
(W/m-K) the thermal conductivity”®
C Cost of material ($/ Material cost
6 tonne)

L https://material-properties.org/what-is-hardness-of-low-alloy-steel-41xx-steel-chromoly-
steel-definition/

2 https://material-properties.org/what-is-toughness-definition/

3 https://material-properties.org/what-is-wear-types-classification-and-differences-
definition/

*  https://material-properties.org/strength-of-materials-tensile-yield /

> https://www.thermal-engineering.org/what-is-thermal-conductivity-definition/

Higher hardness, higher toughness, higher tensile stress, higher abrasion resis-
tance (Singh et al,, 2020), and higher thermal conductivity ( in order not to incre-
ase the local temperature excessively in harsh conditions), are important criteria
that the ploughshares are exposed to.

Ploughshares are exposed to impact loads that can reach extremely high values
from time to time, as well as abrasion during operation. Although extremely hard
materials show high resistance to abrasion, they may not be sufficiently resistant
to impacts. While high-hardness material is needed against abrasion, high tough-
ness is required against impacts (Glirsel and Koftecioglu, 2006). This inverse re-
lationship between the hardness and impact strength of the ploughshares comp-
licates the selection of the ploughshares material. 1991 date DIN 11100 standard
leaves the choice of material to the manufacturer (Giirsel and Koftecioglu, 2006).

To meet the forces and keep the shear stress and wear as small as possible, the
ploughshares are manufactured from a special material (Giirsel and Koftecioglu,
2006). Hardness, toughness, abrasion resistance, tensile stress, etc. of the materi-
al. features are strongly related to each other. In this study, four strong candidate
materials, which are widely used, were selected from a wide material universe
that can be used in soil cultivation. The chemical properties of four selected can-
didate steels are given in Table 2.

In Table 3,the mechanical properties and cost per ton values of 33MnCrB5(1.7185),
60SiMn5(SAE9262), 51CrV4(1.8159), 41CrMo4 (1.7225QT-4140) steels, which
were taken into consideration as the selection criteria, are given as candidate ma-
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Table 2. Chemical contents of candidate ploughshares steel (%)

. Manga-
Material Carbon  Chromi- nese, Phospho- Silicon, SiSUlfur' Others
(9] um, (Cr) rus, P S
Mn
33MnCrB5 Bor (B) 0.0008-
0.3-0.36 0.3-0.6 1.2-1.5 <0.025 <0.4 <0.035
(1.7185)* 0.005

60SiMn5 <0.55-

(SAE9262)? 0.65 0.25-0.4 <0.75-1 <0.04 <1.8-2.2 <0.04 -

51CrV4 Max  Vanadyum (V)

(1.8159)? 0.47-0.5 0.90-1.2 0.7-1.1 max 0.025 max 0.40 0.025 0.1-0.25
Molybdenum,

41CrMo4 (Mo), 0.15-0.25

(1.7225QT- 0.38-0.430.8-1.1 0.75-1.0<0.035 0.15-0.30 <0.040

4140)* Iron,(Fe), 96.785-
97.77

1 33MnCrB5-2, 1.7185, 27MnCrB5-2, 1.7182 - boron steel (virgamet.com)

2 SAE 9262 steel plate, SAE 9262 sheet, SAE 9262 coil - Carbon steel - (steelss.com)

3 33MnCrB5-2,1.7185, 27MnCrB5-2, 1.7182 - boron steel (virgamet.com)

4

AISI 4140 Steel, oil quenched, 25 mm (1 in.) round [845°C (1550°F) quench, 540°C (1000°F) temper]
(matweb.com)

Table 3. Decision matrix of the ploughshare’s materials in terms of criteria

Abrasion Tensile Thermal a.-
Hardness Toughness . . terial
percentage strength conductivi-
(HE) U (lossin %) (Mpa) ty (W/m-K) <t &/
tonne)
33MnCrB5
e 450-560' 50! 0.9692 1050-1300°  40-45¢ 580°
(1.7185)
60SiMn5
e 300-400° 267 0.883 11587 323-44.2°  850°
(SAE9262)
51CrV4 (1.8159) 360-490% 30 0.9852 1200-1800'° 40-45'? 80013
41CrMo4 800-
311 422 0.9052 1075 33-42.6 90015
(1.7225QT-4140)

! ”33MnCrB5-2, 1.7185, 27MnCrB5-2, 1.7182 - boron steel (virgamet.com)”

2 (Acar, 2019)

3 33MnCrB5-2 / 1.7185 - SteelNumber - Chemical composition, equivalent, properties

* Ovako 33MnCrB5-2 (EN10083-3:2006) Steel (matweb.com)

5 Sup9 60si2mn 51crv4 28mnb5 33mncrb5 Yassi Cubuklar Levha Celik -

6 60 SiMn5 Celik Ozellikleri, 10.908 Gelik Ozellikleri | Uslular (uslularhadde.com)

7 SAE 9262 steel plate, SAE 9262 sheet, SAE 9262 coil - Carbon steel - (steelss.com)

8 SAE 9262 Steel, Datasheet, Properties, Cross-Reference Table, Suppliers (steel-grades.com)

®  60simn5 Bahar Celik Alasimhi Celik Soguk Haddelenmis Celik - Buy Strip Steel Steel Coil Steel Sheet Spring Steel Alloy
Steel,60simn5,High Carbon Steel Tool Steel Cold Rolled Alloy Steel Product on Alibaba.com

1 51CrV4 1.8159 Alloy Spring Steel Strip (fushunsteel.com)

Material (basedosteel.com)

2 Ovako 51CrV4 SB9292 Steel, Tempering (matweb.com)

¥ https://www.alibaba.com/product-detail /42CrMo4-EN-1-7225-42CrMo-Hot_1600753090106.html?spm=a2700.

galleryofferlist.p_offer.d_title.46c97006mFenQ0&s=p
1 AISI 4140 Steel, oil quenched, 25 mm (1 in.) round [845°C (1550°F) quench, 540°C (1000°F) temper] (matweb.com)
15 42CrMo4/4140/1.7225 - qilusteelstock.com (gilu-steelstock.com)
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terials for the manufacture of ploughshares. This table also generates the values
of the decision matrix for the FTOPSIS method.

3. Methodology

Decision-making is the determination of the option or options that can give the
most appropriate result by evaluating all aspects of one or a series of problems
that need to be finalized at each management level (Toksar1 and Toksari, 2011). It
is a difficult problem to solve because it requires the evaluation of more than one
alternative under more than one criterion. In decision problems, it is important
to assign and weight the criteria correctly. In criterion weighting, the relative im-
portance of the criteria is determined by matching the criteria with a value. In a
decision problem, the weight vector w=[w, w,,...,w,]

witw, bt wa =1 w >0, G=12..,1) (1)

shows as (Roszkowska, 2013). On the other hand, since linguistic expressions are
generally used in the evaluation of criteria and alternatives, its solution becomes
difficult. Many real-life problems involve imprecise data, which are sometimes
inaccurate, sometimes intermittent, and sometimes fuzzy data (Lotfi and Fallah-
nejad, 2010). The differences in perception in the way people think, their subjec-
tive behaviors, and uncertainties in their goals can be explained by the concept
of blur. Fuzzy logic is a type of logic used when the membership degrees of the
object classes encountered in real life cannot be fully defined and the binary lo-
gic system is insufficient to explain these thoughts (Zadeh, 1965). A fuzzy set is
characterized by a membership function, with each element denoted by mem-
bership degrees from 0 to 1. The sign denoting blur is indicated by the symbol
“~”(Yal¢in Se¢cme and Ozdemir, 2010). In a fuzzy set, the fuzzy set is expressed as
follows to show the first element member and the second element membership
degree (Zimmermann, 2001),

A = ua(e)/xy + pa(er)/x; + -+ ua(e) /x; (2)

Fuzzy sets are defined by membership functions, so there are as many types of
fuzzy numbers as there are membership functions. (Baykal and Beyan, 2004). In
this study, the triangular membership function was used. Generally, the triangular
fuzzy number 4 is the number with the starting point /, the ending point u, and
the vertex m and is shown as [[, m, u] (Zadeh, 1965);

x—1
— [<x<m
pa(x) =qu—Xx

, m<x<u
u—m

0, x>uorx<l
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The fuzzy number values given in Table 4 were considered to determine the cri-
terion weights.

Table 4. Linguistic expressions and triangle fuzzy number value (Ayag & Ozdemir,
2006)

Intensity of  Fuzzy Triangular  Fuzzy Triangular

Importance number Definition fuzzy scale number fuzzy scale
. 1 importgg;l;[l)ll?;ferred (1,1,2) - G'%'%
’ 5 mportpretered 239 3 G343
> 5 impsot:ar;gtl;,pr:eofired (4,5,6) 57 (% ’ % ’ %)
’ 7 mponantpretered 679 7 G
9 9 imf)ﬁii?f/l I}JIrr:f(:ried (8,9,10) 9 (% ’ é ’ %)

Interval Shannon's entropy based on a-level sets was used to determine the crite-
rion weights. Shannon's entropy method was developed by Lotfi and Fallahnejad
(2010) and allowed to perform operations by converting triangular fuzzy num-
bers to interval data. The solution algorithm of Shannon's fuzzy entropy based on
a-level sets is given below (Lotfi and Fallahnejad, 2010).

3.1 Interval Shannon Entropy Method

Step 1: The pairwise comparison matrix (D) of the criteria consisting of triangu-
lar fuzzy numbers is transformed into the matrix A with the interval given, using
equations 5 and 6 according to the a cut levels (usually taken as o =0.1;0.5;0.9).

ill flz e fln
X1 Xmz o X
®h = l+ax(m—D,&)E = utaxm—uw (5)

[®DE @HE] = [Tglljn {xij € R|ug,; (xi) 2 “}’"}ng {xij € R|#fij(xij) = 0‘}] 0<sas1 (6)
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[ et 2ty ] [xiz, x5] o [t 28]
| x21,x21] x22,x§2] [xé“n» x§n] | (7)
l[xmlv xml] [meJ x#lZ] [ernnt xr[fm]J

Step 2: The obtained values are normalized with equations 8 and 9.

XL

Pl = m” = i=12,...,m and j=12,..,n (8)
j=1%ij
xR
R __ 15) . .
Pij = S —R i=12,...,m and j=12,..,n 9
j=1%ij

Step 3: The entropy values of the lower and upper bound range are calculated
with equations 10 and 11.

m m
e} = min {—eo Z piilnpl;, — e Z pf}-lnpfj,} j=12,..,n (10)
i=1 i=1
m m
ek = max {—eo Z piilnpl, — e Z pf}lnpf},} j=12,..,n (11
i=1 i=1

In these equations,

eo = (Inm)™*, and pf;lnpf; or pfinpf is defined as 0 if p;; =0 or pf = 0.

Step 4: Set the lower and the upper bound of the interval of diversification is
calculated by equations 12 and 13.

db =1-ef j=12,..,n (12)

(13)
AR =1-ef j=12,..,n
Step 5: The lower bound and upper bound of interval weight is calculated by

equations 14 and 15. The result is obtained by taking the arithmetic average of
these values.
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dk
Wl =o5 LdL j=12,..,n (14)
s=1"s
dR
Wi = j=12.m (15)
s=1"s

After the criteria were weighed, the FTOPSIS method was used to weight the al-
ternatives. The steps of this method are given below,

3.2. The FTOPSIS method

TOPSIS is one of the most commonly used methods in multi-objective decision
problems (Wang and Elhag, 2006). FTOPSIS steps can be followed as (Rathod
and Kanzaria, 2011; Chen-Tung Chen, 2000);

Step 1: First, criterion weights (i) are determined (determined by the Interval
Shannon’s Entropy method).

Step 2: The decision matrix ¢, which consists of all alternatives and criteria, is
expressed as:

C, Cy . Gy

5 Ay X1 Xy v Xip (16)
C= A4, X127 Xon oo Xop
Am fml fm2 fmn

~ ~ ~ 17
w = [wl, ey W, ...,Wn,] (17)

Here, 4,i=1,2,..,m shows the alternatives to be selected and C;j=1,2,..,n shows
the criteria. Triangle fuzzy numbers are denoted as %;; = (I;;, m;;,u;;) and

Wj = (Wj1, Wj2, Wj3)

Step 3: The fuzzy decision matrix C, is normalized. The normalized decision mat-
rix is denoted by R and is expressed as:

R =[], (18)

Elements B and C, are benefit and cost criteria,
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~ li' mij Ui .
7= (2 505), Jes (19)
J J
fu=<£i£) JEC; (20)
ij ij Lij
(21)
JEB ise ¢ =max;u
(22)

jE€C ise a; =min;a;

Step 4: Equations 23 and 24 are used to construct the weighted normalized fuzzy
decision matrix.

V=[oy] ., i=12,.,m j=12,.,n (23)
Uiy =T @ W (24)

Step 5: “Determine positive ideal (V*) and negative ideal solutions (V°). The fuzzy
ideal (best) and fuzzy negative ideal (worst) solutions can be expressed as”:

vt ={Er=ov,;/j€)),(Ermv;/j€])/i=12,..,m} = (B, 55,95, .., o7} (25)
v ={Erm o,/ e]), (B vy /i €])/i = 1.2, .., m} = {#7, 95,75, .., T} (26)

Step 6: “Calculate separation measures. The separation (distance) of each alter-
native from V* and V- can be currently calculated as”

n

st = Z d(5,;,57) i=12,.m (27)
=1
n

sy = Z d(ﬁij,f;j‘) i=12,..m (28)
=

Step 7: “Calculate the relative closeness to the ideal solution as described before”,

S
Ri=——— i=12.. (29)
Tsrys; ! m
Step 8: Rank reference order. Choose an alternative with maximum R; or rank
alternatives according to R; in descending order.
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4., Results and Discussion

In the study, four candidate materials, which were determined to be used in the
production of ploughshares, were selected under six criteria. To determine the
criterion weights, the opinions of 6 expert engineers, each with ten to thirty ye-
ars of design and manufacturing experience, were taken in a large enterprise
class agricultural machinery manufacturing enterprise operating in the agricul-
tural machinery manufacturing sector. In Table 5, the pairwise comparison mat-
rix of the expert opinions on the criteria is given.

Table 5. Pairwise comparison matrix of end iron material selection criteria accor-
ding to expert opinions

C C C C

1 2 3 6

C, [1.000,1.000,1.000]

[1.333, 1.667, 2.667]

[0.122,0.141, 0.167]

[3.333, 4.333, 5.333]

C, [0.417,0.778,0.833] [1.000,1.000,1.000] [1.431,1.781,2.139] [5.333, 6333, 7.333]
C, [6.667,7.667,8.667] [3.389,4.067,4.750] [1.000,1.000,1.000] [5.333, 6333, 7.333]
C, [0.256,0.437,0.792] [0.256,0.437,0.458] [0.122,0.141,0.167] [3.417,4.111, 4.833]
C, [0.778,1.133,1.500] [1.084,1.400,1.750] [0.306,0.511,0.538] [4.000, 5.000, 6.000]
C, [0.195,0.244,0.333] [0.139,0.162,0.195] [0.139,0.162,0.195] [1.000,1.000,1.000]

The data in Table 5 was converted to interval data using equations 5 and 6. Then,
using equations 7,8, 9, 10, 11, 12, and 13, the values in Table 6 were obtained for
o =0.1, « =0.5 and a =0.9 levels.

Table 6. The values [ei’“, eiR], [diL, le]

a=0.1 a=0.5 a=0.9

lef ef] [di, df] lef €] [df, df] lef ef] [df, df]
Ci1  [0.544,0.643] [0.357,0.456] [0.579,0,632] [0.368,0.421] [0.609, 0.619] [0.381,0.391]
C2 [0.692,0.798] [0.202,0.308]  [0.744,0.801] [0.199, 0.256] [0.791, 0.802] [0.198, 0.209]
Cs [0.692,0.798] [0.244,0.314] [0.723,0.758] [0.242,0.277] [0.753,0.759] [0.241, 0.247]
Cs+ [0.782,0.881] [0.119,0.218] [0.827,0.881] [0.119,0.173] [0.870, 0.881] [0.119,0.130]
Cs [0.759,0.889] [0.111,0.241] [0.820,0.891] [0.109, 0.180] [0.880, 0.894] [0.106, 0.120]
Ce [0.820,0.941] [0.059,0.180] [0.877,0.942] [0.058,0.123] [0.931, 0.944] [0.056, 0.069]

By using Equations 14 and 15, interval values were found, and criteria weights
were determined for all three alpha levels by taking the arithmetic average. The
results are given in Table 7.
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Table 7. The interval and crisp weight of the criteria

a=0.1 a=0.5 a=0.9
[wi,wi] wi [wwi] wi [wi,wi] wi
Hardness (HB) [0.327,0.266]  0.296 [1] [0.336,0.294] 0.315[1] [0.346,0.336] 0,341 [1]
Toughness (J) [0.185,0.179]  0.182[3] [0.182,0.179] 0.181[3] [0.180,0.179] 0,179 [3]

Wear percentage (loss at %) [0.223,0.183]  0.203[2] [0.221,0.194] 0.208[2] [0.219,0.212] 0,215 [2]
Tensile strength (Mpa) [0.109,0.127]  0.118[5] [0.109,0.121] 0.115[4] [0.108,0.111] 0,110 [4]
Thermal conductivity (W/m-K)  [0.102,0.141]  0.121[4] [0.099,0.126] 0.112[5] [0.096,0.103] 0,100 [5]
Material cost($/tonne) [0.054,0.105]  0.079[6] [0.053,0.086] 0.069[6] [0.051,0.059] 0,055 [6]

Bracket [.] denotes the ranking order.

When Table 7 was evaluated, the ranking of the ploughshares material selection
criteria was similar for all alpha levels. Accordingly, the first-degree important
criterion in the selection of ploughshares material is the hardness of the mate-
rial. Following this, in order of importance, wear percentage, toughness, tensile
stress, thermal conductivity, and material cost took place. It is known that the
wear percentage of the ploughshares is primarily dependent on the hardness
of the ploughshare’s material. As the hardness increases in the martensite re-
gion, the wear shows a linear decrease (Glirsel and Koéftecioglu, 2006). The im-
portant thing in terms of ploughshares production is to choose an economically
priced material that can achieve as high a wear percentage as possible without
breaking. There is a strong relationship between Hardness Toughness, Abrasion
percentage, and tensile strength. As can be seen in Table 7, material hardness
has emerged as the first-degree important criterion. This is an expected result.
Abrasion percentage is the second most important criterion. Abrasion damage
in tillage is perhaps the most exposed damage mechanism. However, while this
is achieved, it is necessary not to fracture the material. In this context, it is a
reasonable result to take place the toughness criterion following the abrasion
percentage. Subsequently, tensile stress, thermal conductivity, and material cost
take place. Tensile strength is an important selection criterion that interacts with
the previous three criteria. Although thermal conductivity is important in terms
of ensuring that the local heat generated because of friction is removed from the
material and cooled, it is seen that it is less important than the other four criteria.
Finally, the cost of materials takes place, which shows that there is not much dif-
ference between material prices and that functionality is important before cost.

After the criterion weights were determined, the FTOPSIS method was used to
select the most suitable material among the options for the ploughshares. Inter-
val values in Table 3 were converted into triangular fuzzy numbers and included
in the analysis. The middle value of the triangular fuzzy number was obtained by
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taking the arithmetic average of the upper and lower values of the interval valu-
es. The decision matrix values used for the FTOPSIS analysis are given in Table 8.

Table 8. Ploughshares selection criteria and decision matrix for materials

Hardness Toughness “:;?;:gf:—- s{le':;iglteh Tlézll-::rl Mat. Cost
e
osins P00 (2026260 O RIS ks 50,050
sierva - Po™ 03030 P9 B 0,425,480 g0
I T I e T R (- K R

The values in Table 9 were obtained by using the equations 19,20,21,22,23,24,25
and 26 in the FTOPSIS steps. While the criteria are included in the solution; hard-
ness, toughness, tensile strength, and thermal conductivity were evaluated as the
highest best, and the wear percentage and material cost were evaluated as the
lowest best.

Table 9. The comparison results for ploughshares materials

a=0.1 a=0.5 a=0.9

st si R; Rank s si R; Rank s sy R; Rank

33MnCrB5 0,066 1,141 0,945 1 0,061 1,147 0950 1 0,053 1,155 0,956 1
60SiMn5 0,323 0,118 0,267 3 0,325 0,115 0,261 3 0,329 0,110 0,251 3
51Crv4 0,224 0,218 0,494 2 0,223 0,217 0,493 2 0,224 0,216 0490 2

41CrMo4 0,340 0,122 0,264 4 0,344 0,118 0,255 4 0,349 0,111 0,242 4

At a =0.1, a =0.5, and o =0.9 levels, the material order for the ploughshares
was the same. The order of preference of candidate materials to be used in
the ploughshares was determined as 33MnCrB5(1.7185), 51CrV4(1.8159),
60SiMn5(SAE9262), 41CrMo4 (1.7225QT-4140), respectively. Among these
materials, 33MnCrB5 is the type of material that is widely preferred in soil cul-
tivation with its high manganese content and alternatives such as 27MnCrB5,
30MnCrB5, and 38MnCrB5, 33MnCrB5 steel stands out in soil cultivation with
its high hardness and toughness value and low cost per ton. 51CrV4 steel, which
draws attention with its vanadium content, is used as spring steel and is a pre-
ferred spring steel in soil cultivation. With its high manganese and silicon con-
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tent, 60SiMn5 steel is widely used in the manufacture of machine parts such as
springs, circlips, and bolts, and is also used in the field of soil cultivation equip-
ment. 41CrMo4 is a material that gives a good surface appearance with its high
chromium content, finds a wide application area in the machinery manufactu-
ring sector, and responds well to heat treatment with high availability. Although
it is not common, it also finds use in soil cultivation.

5. Conclusion

The selection of ploughshares material, which is exposed to abrasion and
working under impact loads in soil cultivation, was made using MCDM met-
hods. First, criteria were determined according to the literature and expert
opinion. Then, the data obtained from the expert opinion were converted
into fuzzy numbers and the order of importance of the criteria was determi-
ned with the Interval Shannons' Entropy method. According to this, the order
of the ploughshare’s material selection criteria, respectively; hardness, wear
percentage, toughness, tensile strength, thermal conductivity, and materi-
al cost. 33MnCrB5(1.7185), 60SiMn5(SAE9262), 51CrV4(1.8159), 41CrMo4
(1.7225QT-4140) steels are considered as ploughshares material options.
Analysis was performed with the FTOPSIS method. It has been determined that
33MnCrB5(1.7185) should be preferred as the ploughshare’s material first,
and then 51CrV4(1.8159), 60SiMn5(SAE9262), 41CrMo4 (1.7225QT-4140)
should be preferred, respectively. In future studies, a similar methodology can
be used for material selection.

In the study, the material selection problem was created to select the plow tip
iron. Multi-Criteria Decision Making Methods are successfully applied in material
selection problems in the literature, so the most appropriate material selection
was made using this method for plow tip iron selection. Since there is no study
in the literature on plow tip material selection using the Fuzzy MCDM method,
this study attempted to contribute to the literature. One of the limitations of this
study is that not all the criteria and alternatives required for material selection
can be obtained. Additionally, material selection with the MCDM method can be
used as an introductory study in terms of investment planning.

As a result of the sensitivity analysis, the material selection order was the same.
In future studies, studies can be conducted by consulting experts in different fi-
elds, using different criteria and materials, and using different FMCDM methods.
In addition, in experimental studies, studies can be carried out starting from
MCDM methods to determine which feature is more important in finding the
most suitable material in material selection.
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