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Abstract: It is crucial to choose the right material for a permanently attached heat conductor since it
has an impact on the performance, security, and efficacy of thermal management platforms. Key ideas
and the significance of the research are highlighted in this description of the selecting process.
Determine the suitability of a material by taking into account its thermal conductivity, mechanical
strength, temperature resistance, corrosion resistance, cost-effectiveness, ease of manufacture, and
environmental impact. Effective heat transfer is guaranteed by optimal thermal conductivity, while
structural integrity under consistent stresses is guaranteed by mechanical strength. The substance must
be corrosion-resistant in the required conditions and tolerate the anticipated temperature range.
Decision-making is also influenced by factors including cost, production requirements, and
environmental sustainability. Thermal conductivity, mechanical strength, and overall material efficiency
can all be improved through research and material optimisation. The focus of research is on enhancing
productivity, security, innovation, and sustainability across a range of businesses that depend on
efficient thermal management.

Keywords: Copper-2-beryllium (cast), Copper—cobalt-beryllium (cast), Electrolytic tough-pitch, h.c.
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1. INTRODUCTION

The materials of choice must typically run at a constant workload with very near to room temperature thermal
performance. It is classified as a late concept type of design. The heat transfer medium must be encircled by a
thin layer of metal that has been bent in order to transport heat via a thermally loaded conductor. The needed
parameters for heat transfer determine the sheet thickness. This sheet has to be able to support the enamel
throughout the process of hardening and resist a static compressive load [1]. By choosing an appropriate
material for a statically loaded heat conductor, the suggested approach can be put to use. The fixed heat
conductor in this renowned material selection issue is a circular sheet of metal that encloses the heat-transfer
medium. The needed heat transfer conditions determine the thickness of the sheet. Throughout the hardening
process, the sheet should be able to maintain a steady compressive stress and resist bending. The cost of the
sheet material utilised has an impact on the high volume of conductors produced. The intended mechanical and
thermal qualities, as well as the price of the components in relation to the practical demands, are the factors to
consider for this particular application. TOPSIS is the most appropriate strategy in this situation considering the
algorithm put out by Cicek and Celik [2]. A material selecting model known as ELECTRE was put forward
by Shanian and Sawatoko utilising the MADM technique. The choice of mass-produced, non-heat-
treatable cylindrical cardboard material was the writers' main concern. The thermal performance of such
substances is typically under constant load and extremely similar to room temperature. The heat transfer
medium must be encircled by a metal sheet in order to carry heat via a thermally loaded conductor. The
needed parameters for heat transfer determine the sheet thickness. This sheet must be able to support
any enamel throughout the hardening process and resist a static compressive load. All 12 criteria for
choosing subjects were expressed quantitatively [3]. Bipolar plates offer four functions in a cell stack: (i)
rigidity for the MEA,; (ii) dispersion and segregation of the fuel and oxidizer; (iii) the flow of electrons across
the stack; and (iv) a solid electrical connection with Micro diffuser. Bipolar plates must have the following
qualities: (i) high electrical conductivity, (ii) high mechanical strength, (iii) high gas permeability, (iv) low mass
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and size for FC stack, (v) low cost/ease to produce through high automation, and (vi) low cost of materials.
Bipolar plates consisting of machining or moulded graphite are used in modern decks. Usually, bipolar plate
material run at constant loads and provide thermal performance around PEMFC temperatures. For power as well
as heat conduction via the loaded bipolar plate in the fuel cell layer, a flat plate situated in the space among the
cells should be utilised. The required plate thickness is determined by the shape and size of the heat transfer
field channel, the power delivered, and the flow produced over it. Throughout the fuel cell stack's operation, this
plate must withstand heat deterioration [4]. Investigations are made on the issue of plane splitting in in
homogeneous materials with thermally loaded surfaces. To find mixed modal stress intensity factors (TSIFs), an
interaction energy integral technique (IEIM) was modified. In non-homogeneous materials having interfaces
subject to thermal loading, the domain's independence of the revised IEIM still holds true. Thus, regardless of
whether non-homogeneous objects possess connections in the integrated domain, updated IEIM can be utilised
to derive their TSIFs. To address a number of thermal fracture issues, the updated IEIM is linked using the
extended finite element method (XFEM) comparable goods [5]. The composite shows significant failure stress
and remarkable resistance to oxidation whenever the FM-bonding is robust and the intermediate layer sticks
strongly to the fibre. SiC-matrix composites, when properly designed and manufactured with toughness, display
critical release of energy rates on the order of 10 kJ/m2, whereas monolithic SiC-ceramics were of the scale of
about 100 J/m2.In addition, no fatigue failure occurs under the 75% ultimate failure stress, making them fewer
fatigue-susceptible than metal and alloys underneath static loading [6]. Compared to not using it, coupling agent
considerably improves the wetting of hydrophilic (polar) natural fibres with a hydrophobic (non-polar) matrix,
increasing the tensile strength under semi-static stress. During swing and quasi-static stress, the low-molecular
binding agent AR 504 results in a modest reduction in flexural modulus. In comparison to MAH-modified PP,
the composite lacking a coupling agent has a slightly higher storage modulus. This effect is lessened when
employing the high-molecular coupling agent HC5 [7]. Shear is a symptom of plastic instability, which occurs
when destabilising mechanisms—such as thermal or geometric softening—predominate and traditional
stabilising mechanisms—such as strain hardening and strain rate hardening—are diminished. This plastic
localisation ought to be shunned in many applications, but it is the preferable decomposition technique in others.
High-density kinetic energy resistance armour penetrators are made mostly of tungsten (W) or tungsten heavy
metal alloys (WHA), which must have "self-sharpening” behaviour, preferably under high loading (strain).
Ratios To accomplish it, the plastic flow has to be localised, which means that cracks must only grow to the
proper diameters in these severely deformed shear bands in order to reject the materials that would otherwise
enter the penetration channel [8]. In this illustration, a batch of extremely delicate parts involves the mass
manufacture of a circular cardboard sheet that cannot be heated. The sheet is required to work under steady load
and experience heat transfer in this renowned material selection challenge. The heat transfer medium must be
encircled by a metal sheet in order to carry heat via a thermally loaded conductor. The needed parameters for
heat transfer determine the sheet thickness. The material being used has to be ready to support any enamel
throughout the hardening process and resist a static compressive load.Since all of the data are numerical, the
objective weight is determined using the entropy technique [9]. For application in aircraft constructions needing
high strength, Al-Li 2099 alloy possesses low density, high stiffness, high damage tolerance, superior corrosion
resistance, and weldability. Extrusions made of alloy 2099 can be used in substitutes for 2xxx, 6xxx, and 7xxx
aluminium alloys in situations such lower wing stringers and fuselage structures that are static and dynamically
loaded. Due to cold working, the second-generation Al-Li alloys are prone to cracking and distortion when
interference fit fasteners are installed. These issues lead to poor elongation and work hardening characteristics.
The third generation of Al-Li alloys have increased ductility and cold workability. Extrusions made from alloy
2099 offer excellent machining, forming, forming, and surface finishing characteristics. In comparison to 7075-
T73 and 7050-T74 plate products, 2099 plate and forged products function better in terms of strength, modulus,
density, and corrosion performance. Compared to 2024-T3511 or 2026-T3511, T8E67 temper offers superior
hardness, significantly improved corrosion resistance, and higher strength. Compared to 2024-T3511, alloy
2099 has improved fatigue crack development resistance. This drawback has been removed in the third-
generation Al-Li alloys like 2199 through alloy optimisation, heat-mechanical processing, and precipitation
microstructure control [10]. A'static' loading state that may involve both elastic and plastic deformation and
several contact conditions coexist. in that The stress distribution, which is normally Hertzian, therefore has to be
overlaid (and maybe modulated or regulated) on the stresses brought on by any additional contact type(s) in the
elastic portion of the deformation. obviously, both the substrate and the coating have an impact upon the stress
distribution, therefore the latter's impact must be completely taken into account. Repetitive surface stressing
causes surface fatigue, which weakens the outer layer by causing cracks to form or other deterioration. This
makes it easier for one among the aforementioned wear systems, such extraction or micro-ploughing, to remove
material from the surface. Fretting wear is always connected to oscillations or vibrations in the area of contact
that have an amplitude small enough to guarantee the creation of a substantial amount of wear particles. When
these particles come into contact with metals like steel, they oxidise, which frequently causes friction to increase
and produces hard oxide particles that start wear processes like micro-ploughing. Thermal processes have a
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significant impact on wear for polymers, possibly more so than for metals and ceramics. But instead of being a
wear mechanism in and of itself, this thermal influence affects which wear processes prevail and how much
wear happens [11]. The usage of storage systems is required for future solar energy applications due to the
intermittent and variable characteristics of solar radiation or the requirement to employ solar energy
systems under constant and steady loads. PCMs are used in greenhouses, space heating and cooling,
waste heat recovery systems, and water heaters using solar energy storage [12]. Design engineers have
been obliged to create aviation systems that deliver the greatest efficiency with the least amount of
energy use due to the limited supply of supplies (raw materials and fuels) and their continual usage.
Advanced aircraft designs are necessary given the long-term objectives of aviation research organisations
(like ACAR in Europe) and rising environmental regulations globally. The goal of travelling farther and
faster in bigger, more fuel-efficient aircraft leads to simpler aerodynamics that reduce an aircraft's total
weight. Improved architecture aims to make aircraft "as light as possible" in order to save fuel and
energy. besides to being lightweight, materials' chemistry must also meet a number of other
requirements, including having a high heat capacity, being hard, resisting oxidation, having good thermal
conductivity, being strong, resisting corrosion, and having a low density [13]. The subcritical propagation
of fractures and cracking caused by stress corrosion generated by moisture in the brine interacting with
the glass, resulting in the breakdown of the glass structure and accelerated propagation of cracks in glass-
containing systems, are strongly related to the long-term stability of ceramics. Since Y-TZP cores possess
a polycrystalline microstructure, they're glass-free and are immune to this problem. As a result, Y-TZP
cores' long-term stability can be increased. Flexural strength of Y-TZP samples studied in vitro ranged
from 900 to 1200 MPa.Fracture toughness of 21 Y-TZP-based materials was 9-10 MPa/m1, almost twice
as high as that of alumina-based materials and higher than that of lithium disilicate. almost three times as
much. - based goods. Fracture resistance of Y-TZP FPDs was found to be above 2000 N in a laboratory
investigation assessing them under static load [14]. It is expected that random variable variances are
small compared with their averages. For the purpose of trying to address random dispersal in numerous
parameters of the system, a first-order perturbation method is used. Second-order statistics are then used
to determine the mean as well as the standard deviation of each of the system variables. For FGM plates &
layered FGM plates that include alumina (A1203) and Ni, precise numerical results are reported. In-depth
discussion is given to the impact of different random factors and boundary restrictions on changes in
temperature, plate thickness, and randomised bending properties [15].

2. METHODOLOGY

Taking decisions is a crucial aspect of daily and professional life for both individuals and organisations. Despite
techniques that use multiple criteria give decision-makers the essential tools, they vary with regard to of
underlying theory and assumptions. Therefore, making the best decision is just as crucial as using the
appropriate decision-making process. Researchers have concentrated upon the TOPSIS (Technique for Order
Efficiency Similar to Ideal Solution) technique, one among the most popular multi-criteria decision-making
techniques, and several enhanced variations of the approach have been suggested. The typical TOPSIS method
is taken into consideration in this study, which employs a method of simulation to experimentally demonstrate
the underlying causes of the method's drawbacks [16]. A set of stages can be used to express the TOPSIS
concept: The propensity treatment is applied to each original criterion. Typically, we convert the cost criteria into
benefit criteria, as is detailed below;The difference method (X’ij = 1 Xij) relates to the relative criteria, whereas
the reciprocal ratio method (X’ij = 1/Xij) relates to the absolute criterion.After treating the tendency, create a
matrix. Do the normalised decision matrix calculation. A. Aij is normalised to its value. Compute the matrix of
A's positive and negative ideal answers. Utilising the n-dimensional Euclidean distance, determine the distances
between objects. The ratio should be calculated for each option Ri. Calculate the Sequence in Which to List
Alternatives Using a Ratio Value of Ri [17]. Amongst MCDM techniques, the TOPSIS approach is the second
most prevalent. Numerous academics have altered or expanded the TOPSIS approach to address specialised
issues and used TOPSIS to answer basic or complicated issues in a variety of fields. The main development
tendencies of all MCDM approaches for resolving simple and complex problems are amply recovered by the
TOPSIS method and the majority of its applications for handling various challenges. In this context, a
systematic survey is required to summarise the most recent TOPSIS method research that has been done [18].
Evaluations of performance and weights for criteria are provided as precise values in the TOPSIS process. The
TOPSIS method was recently expanded by Abo-sinna and Amer to address multi-objective nonlinear
programming issues. Jahanshaloo et al. expand the TOPSIS concept and create an algorithm for resolving issues
involving several criteria. In a real-world setting, for instance, human judgements and tastes are frequently
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unclear and are unable to be evaluated using precise numerical statistics since the facts (attributes) are
frequently not very known due to inadequate or unattainable information. are typically fuzzy or imprecise, thus
we attempt to expand TOPSIS to include fuzzy data [19]. The TOPSIS approach is frequently employed in
academic writing. For instance, Behzadian et al. examined 269 papers that used this methodology, whereas Salih
et al. examined 170 papers that used Fuzzy-TOPSIS. TOPSIS-VIKOR (Wu et al., Baccour, Ploskas, and
Papathanasiou), DEA-TOPSIS (Subbiah et al., Wang et al.), and Fuzzy- TOPSIS-ELECTRE (Ferreira et al.) are
other hybrid algorithms and expansions that are being developed. Yet, due to the literature assessment
undertaken by de Farias Ayres and Ferreira 55 and the fact that, according to our expertise, only four studies
have yet to be released, the conventional version of the approach suggested by Hwang and Yoon was selected as
the topic of this paper. In order to improve the normalisation procedure and hypothetical alternates, Garca-
Cascales and Lamata proposed modifications; Chenoussi et al. examined the impact of four normalisation
processes on RRP; Mufassal and Muzagir suggested integrating two new evaluates called a weighted proximity
index and overall proximity value; and (iii) Cables et al. suggested integrating both of the fresh measures to
reduce RRP. Note Introduce the idea of an ideal technique as a novel idea to describe an ideal resolution [20].
The TOPSIS approach was created particularly to work with information that only had real values. Since it is
frequently challenging to offer accurate projections of options with according to local criteria, these estimations
are frequently regarded as gaps. There aren't many articles that focus on TOPSIS intervals expansions, but the
few that do are based on various heuristic methods for defining both positive and negative ideal solutions. Real
values or intervals which can't be reached in the decision matrix provide these ideal answers. Assumptions and
restrictions of established techniques. Through the use of numerical examples, we demonstrate how a "direct
intervals extension of the TOPSIS method" can produce final rankings of alternatives that are noticeably
different from those produced by techniques that are already well-known. Expectations and restrictions of
established techniques. Through the use of numerical examples, we demonstrate how a "direct interval extension
of the TOPSIS method™" may generate final rankings of options that are noticeably different from those produced
by methods that are already well-known [21]. Normalisation is a conversion method that uses a standard scale to
produce numerically equivalent input data. Pre-processing ought to be done after data collection to ensure
comparability and make the data helpful in decision-making modelling. In general, transferring data values to a
standard scale—typically falling between the unity interval [0, 1]—results in data normalisation and
standardisation. An arbitrary threshold between 0.1 and 0.9 is occasionally adopted because specific models
implode to a value of zero, but in this study, we only take into account popular similarity-based normalisation
methods. The members' collective functions can be evenly raised or diminished. expense or advantage [22]. It
has an impact on DAD. Different normalisation techniques produce different normalised data, and the diversity
of the normalised data can vary from the initial data, or the DAD. According to studies, mean normalisation
does not affect DAD, however MMN does. IE serves as an indication in the present investigation to quantify
DAD. As a result, by contrasting the IEs of unprocessed information with normalised data, the impacts of
normalisation on DAD may be examined. DAD has an impact on CFAW and CFAV. Since IE is used for
calculating DAD and EM bases weight calculations on IE of characteristics, CFAW is inextricably linked to
DAD. DAD is connected to CFAV. For instance, DAD is zero and CFAV is clearly 0 if the contents of the
attribute were identical across every option. In the following scenario, the connection among DAD and CFAV
will be examined further. Affects CFA are CFAW and CFAV. The entire effect of attribute weights and attribute
values is represented by the CFA factor. A bigger CFAW or CFAV of an attribute suggests a larger CFA of the
attribute when CFAV or CFAW is stable, based on the estimation methods for all three factors. Therefore, CFA
is impacted by both CFAW and CFAV. The decision outcome of the entropy-based TOPSIS approach is
impacted by CFA. While the exact proximity of every option is dependent upon DIS and DNIS, CFA reflects
the mean contribution made by attributes to DIS and DNIS. As a result, CFA influences how the entropy-based
TOPSIS technique decides [23]. Risk, according to decision-making theory, is the likelihood of an unfavourable
event happening. Whenever the effect of the occurrence materialises, the more the degree of outcome
ambiguity, the larger the hazards. The vast majority of current research have concentrated on objective
assessment and have ignored the subjective elements that assist different decision-makers in differentiating the
various implications of risk occurrences in order to increase the effectiveness of the measures taken. since many
decision-makers adopt varying opinions on an identical risk event. Variations in Vulnerability As a guiding
concept for making decisions with danger, Newman and Morgenstern established the theory of expected utility
under risk, which is based on the exact logic of a human beings behavioural assumption. Risk aversion, risk
neutrality, and risk seeking are the three types of risk attitudes for human behaviour [24]. The combined
TOPSIS-DOE programme relies on a straightforward analysis of the experimental design, which requires very
little mathematical computation. In this paper, multiple linear regression analysis with the TOPSIS method and
DOE are utilised to find important variables via matching a polynomial to experimental data. The cost, time, and
number of computational steps associated with employing the TOPSIS model were significantly lowered by the
regression meta-model. Comparing TOPSIS meta-model use to other MADM approaches like AHP, DEA,
ELECTRE, SAW, and GRA, it is incredibly straightforward and simple to implement. Improvement in rating.
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Another benefit of this meta-model use is that, unlike the VIKOR and GRA techniques, it lacks a computational
procedure that is impacted by the inclusion of a new coefficient [25].

Evaluation parameters:

Compressive stress (MPa): A particular kind of mechanical stress known as compressive stress, which is
expressed in megapascals (MPa), develops when an object is exposed to an external force that has a tendency to
compress or decrease its volume. It is the compressive load produced by the force exerted per unit area
perpendicular with the material's surface.

Ultimate tensile stress (MPa): Ultimate tensile stress, measured in megapascals (MPa), which is the highest
stress an object can bear before failing or rupturing under tensile (pulling) forces. It denotes the highest load per
unit area that a substance can support without breaking or permanently deforming.

Static load index: The Static Load Index (SLI) is a code of digits that represents the highest load that a tyre can
support when it is stationary or in a static environment. It is a standardised rating system created by regulatory
organisations and tyre producers to offer details about a tire's capacity to carry loads.

Spring back index: In sheet metal forming procedures, the phrase "spring back index" is frequently employed.
When a sheet of metal gets shaped or bent then freed from the forming tool, there is an elastic recovery or
rebound which takes place.

Bend force index: In the setting of sheet metal bending operations, the phrase "bend force index™ is employed. It
is a gauge that shows the amount of resistance or pressure needed to bend a sheet metal part at a certain angle.

Density (Mg/m3): A basic physical characteristic known as density measures a substance's mass per unit
volume. It shows how closely together a material's particles or molecules are in a specific area. In mathematics,
density is determined by dividing the substance's mass (m) by volume (V).

Alternate parameters:

Copper-2-beryllium (cast): A cast alloy called copper-2-beryllium (Cu-2Be) is frequently used as a thermal
conductor because of its superb combination of thermal characteristics. It is an alloy of copper and a trace
amount of beryllium, usually approximately 2% by weight.

Copper—cobalt-beryllium (cast): Due to its outstanding thermal characteristics, the cast alloy copper-cobalt-
beryllium (Cu-Co-Be) is frequently employed as a thermal conductor. This material is an alloy of copper,
beryllium, and cobalt.

Electrolytic tough-pitch, h.c. copper, soft (wrought): Due to its remarkable thermal qualities, soft, wrought
electrolytic tough-pitch, high conductivity (ETP HC) copper is frequently utilised as a thermal conductor. It is a
superior grade of copper that has undergone electrolytic refinement to guarantee good conductivity and purity.

Electrolytic tough-pitch, h.c. copper, hard (wrought): Due to its advantageous thermal characteristics,
electrolytic tough-pitch, high conductivity (ETP HC) copper is frequently employed as a thermal conductor in
its hard, worked state. ETP HC copper is a premium copper that has been electrolytically refined to increase
purity and conductivity.

Wrought aluminum alloy: Due to their advantageous thermal characteristics and light weight, wrought
aluminium alloys are commonly utilised as thermal conductors. These alloys are made using a shaping
technique, like rolling or extrusion, that gives the material particular mechanical and thermal properties.

Wrought austenitic stainless steel: Due to a special combination of qualities, wrought austenitic stainless steel, a
type of stainless steel, is frequently employed as a thermal conductor. It is a member of the family of iron-
chromium-nickel alloys, with the performance improved by the inclusion of molybdenum and titanium.

Commercial bronze, CuzZn10, soft (wrought): Due to its favourable thermal characteristics, commercial bronze,
specifically Cuznl0, is frequently used as a thermal conductor in its soft, wrought form. Commercial bronze is
an alloy with a nominal composition of 90% copper and 10% zinc, largely made of the metals copper (Cu) and
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zinc (Zn).

Carbon steel (annealed): Due to its advantageous combination of mechanical and thermal qualities, carbon steel
in its annealed state is frequently used as a thermal conductor. Iron and carbon make up the majority of the alloy
that is carbon steel, with trace amounts of additional metals.

3. RESULT AND DISCUSSION

TABLE 1. Selecting a material suitable for a statically loaded thermal conductor
selecting a material suitable for a statically loaded thermal conductor

Material’sno. CS | UT SL SB | BF D
Copper-2-beryllium (cast) 560 | 940 | 2916 | 0.78 | 15,183 | 8.25
Copper—cobalt-beryllium (cast) 460 | 600 | 2395 | 0.71 | 12,472 | 8.65

Electrolytic tough-pitch, h.c. copper, soft (wrought) 50 | 210 | 260 | 0.08 1355 | 8.94
Electrolytic tough-pitch, h.c. copper, hard (wrought) | 340 | 380 | 1770 | 0.48 | 9218 | 8.95

Wrought aluminum alloy 190 | 295 | 1966 | 0.25 | 20,317 | 2.67
Wrought austenitic stainless steel 690 | 1030 | 2174 | 1.55 5909 | 8.06
Commercial bronze, CuzZn10, soft (wrought) 95 | 270 | 520 | 0.17 2711 | 8.63
Carbon steel (annealed). 267 | 355 | 720 | 0.48 1957 | 7.08

Table 1 Selecting a material suitable for a statically loaded thermal conductor using the Analysis method in TOPSIS with
various alternate and evaluation parameters.

Selecting a material suitable for a
statically loaded thermal conductor

B selecting a material
suitable for a statically
loaded thermal
conductor CS

Carbon steel...

Commercial bronze,...
- M selecting a material

Wrought austenitic... suitable for a statically
loaded thermal

Wrought aluminum... conductor UT

Electrolytic tough-... m selecting a material
. suitable for a statically
Electrolytic tough-... loaded thermal

conductor SL

Copper—cobalt-... . .
M selecting a material

Copper-2-beryllium... suitable for a statically
T T T T 1 loaded thermal

0% 20% 40% 60% 80%100% conductor SB

FIGURE 1. Selecting a material suitable for a statically loaded thermal conductor

Figure 1 Selecting a material suitable for a statically loaded thermal conductor for Analysis using the TOPSIS
Method with various alternatives and evaluation parameter.

TABLE 2. Normalized Data
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Material’sno.

Normalized matrix

Copper-2-beryllium (cast) 0.503746 | 0.563881 | 0.563066 | 0.386461 0.4974 | 0.369096
Copper—cobalt-beryllium (cast) 0.413791 | 0.359924 | 0.462464 | 0.351778 | 0.408587 | 0.386992
Electrolytic tough-pitch, h.c. copper, soft (wrought) | 0.044977 | 0.125973 | 0.050205 | 0.039637 | 0.04439 | 0.399966
Electrolytic tough-pitch, h.c. copper, hard (wrought) | 0.305846 | 0.227952 | 0.341779 | 0.237822 | 0.301985 | 0.400414
Wrought aluminum alloy 0.170914 | 0.176963 | 0.379626 | 0.123866 | 0.665592 | 0.119453
Wrought austenitic stainless steel 0.620687 | 0.61787 | 0.41979 | 0.767967 | 0.193581 | 0.360596
Commercial bronze, Cuzn10, soft (wrought) 0.085457 | 0.161966 | 0.10041 | 0.084229 | 0.088813 | 0.386097
Carbon steel (annealed). 0.240179 | 0.212955 | 0.139029 | 0.237822 | 0.064112 | 0.316752

Table 3 Normalized Data for selecting a material suitable for a statically loaded thermal conductor Analysis using the
TOPSIS Method with various alternative and evaluation parameter which is done by dividing the particular value by square
root of sum of all the values available in the row.

Normalized matrix

=0=Series6
== Series5
=>é=Seriesd
==fe=Series3
== Series2
== Seriesl

FIGURE 2. Normalized Data

Figure 2 Normalized Data for Selecting a material suitable for a statically loaded thermal conductor using the
TOPSIS Method with various alternative and evaluation parameter which is done by dividing the particular
value by square root of sum of all the values available in the row

TABLE 3. Weight

Material’sno. Weight matrix

Copper-2-beryllium (cast) 0.166667 | 0.166667 | 0.166667 | 0.166667 | 0.166667 | 0.166667
Copper—cobalt-beryllium (cast) 0.166667 | 0.166667 | 0.166667 | 0.166667 | 0.166667 | 0.166667
Electrolytic tough-pitch, h.c. copper, soft (wrought) 0.166667 | 0.166667 | 0.166667 | 0.166667 | 0.166667 | 0.166667
Electrolytic tough-pitch, h.c. copper, hard (wrought) 0.166667 | 0.166667 | 0.166667 | 0.166667 | 0.166667 | 0.166667
Wrought aluminum alloy 0.166667 | 0.166667 | 0.166667 | 0.166667 | 0.166667 | 0.166667
Wrought austenitic stainless steel 0.166667 | 0.166667 | 0.166667 | 0.166667 | 0.166667 | 0.166667
Commercial bronze, CuzZn10, soft (wrought) 0.166667 | 0.166667 | 0.166667 | 0.166667 | 0.166667 | 0.166667
Carbon steel (annealed). 0.166667 | 0.166667 | 0.166667 | 0.166667 | 0.166667 | 0.166667
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Table 4 Identifying a material suitable for the weright matrix by dividing 1 by number of 6 columns.

TABLE 4. Weighted normalized decision matrix

Material’sno.

Weighted normalized matrix

Copper-2-beryllium (cast) 0.083958 | 0.09398 | 0.093844 | 0.06441 0.0829 | 0.061516
Copper—cobalt-beryllium (cast) 0.068965 | 0.059987 | 0.077077 | 0.05863 | 0.068098 | 0.064499
Electrolytic tough-pitch, h.c. copper, soft (wrought) 0.007496 | 0.020996 | 0.008367 | 0.006606 | 0.007398 0.066661
Electrolytic tough-pitch, h.c. copper, hard 0.050974 | 0.037992 | 0.056963 | 0.039637 | 0.050331 0.066736
w:gﬂgr?tt)aluminum alloy 0.028486 | 0.029494 | 0.063271 | 0.020644 | 0.110932 | 0.019909
Wrought austenitic stainless steel 0.103448 | 0.102978 | 0.069965 | 0.127994 | 0.032263 0.060099
Commercial bronze, CuzZn10, soft (wrought) 0.014243 | 0.026994 | 0.016735 | 0.014038 | 0.014802 0.06435
Carbon steel (annealed). 0.04003 | 0.035493 | 0.023171 | 0.039637 | 0.010685 0.052792

Table 4 Weighted Normalized decision matrix for selecting a material suitable for a statically loaded thermal conductor
Analysis using the TOPSIS Method with various alternative and evaluation parameter which is done by multiplying the
normalized matrix and weight matrix.

Weighted Normalized matrix

H Series6
M Series5
M Series4
M Series3
M Series2

M Seriesl

FIGURE 3. Weighted normalized decision matrix

Figure 3. weighted normalized decision matrix with various alternative and evaluation parameter which is done
by multiplying the normalized matrix and weight matrix.
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TABLE 5. Positive Matrix

Material’sno. Positive matrix

Copper-2-beryllium (cast) 0.103448 | 0.102978 | 0.093844 | 0.006606 | 0.007398 | 0.019909
Copper—cobalt—beryllium (cast) 0.103448 | 0.102978 | 0.093844 | 0.006606 | 0.007398 | 0.019909
Electrolytic tough-pitch, h.c. copper, soft (wrought) | 0.103448 | 0.102978 | 0.093844 | 0.006606 | 0.007398 | 0.019909
Electrolytic tough-pitch, h.c. copper, hard (wrought) | 0.103448 | 0.102978 | 0.093844 | 0.006606 | 0.007398 | 0.019909
Wrought aluminum alloy 0.103448 | 0.102978 | 0.093844 | 0.006606 | 0.007398 | 0.019909
Wrought austenitic stainless steel 0.103448 | 0.102978 | 0.093844 | 0.006606 | 0.007398 | 0.019909
Commercial bronze, Cuzn10, soft (wrought) 0.103448 | 0.102978 | 0.093844 | 0.006606 | 0.007398 | 0.019909
Carbon steel (annealed). 0.103448 | 0.102978 | 0.093844 | 0.006606 | 0.007398 | 0.019909

Table 6 Positive Matrix for Selecting a material suitable for a statically loaded thermal conductor using the
TOPSIS Method with various alternative and evaluation parameter by finding the greatest number available in
the row for benefit and finding the lowest number in on benefit criteria

TABLE 6. Negative matrix

Material’sno. Negative matrix

Copper-2-beryllium (cast) 0.007496 | 0.020996 | 0.008367 | 0.127994 | 0.110932 | 0.066736
Copper—cobalt-beryllium (cast) 0.007496 | 0.020996 | 0.008367 | 0.127994 | 0.110932 | 0.066736
Electrolytic tough-pitch, h.c. copper, soft 0.007496 | 0.020996 | 0.008367 | 0.127994 | 0.110932 | 0.066736
wrought

(Electrgly?[ic tough-pitch, h.c. copper, hard 0.007496 | 0.020996 | 0.008367 | 0.127994 | 0.110932 | 0.066736
(wrought)

Wrought aluminum alloy 0.007496 | 0.020996 | 0.008367 | 0.127994 | 0.110932 | 0.066736
Wrought austenitic stainless steel 0.007496 | 0.020996 | 0.008367 | 0.127994 | 0.110932 | 0.066736
Commercial bronze, CuzZn10, soft (wrought) 0.007496 | 0.020996 | 0.008367 | 0.127994 | 0.110932 | 0.066736
Carbon steel (annealed). 0.007496 | 0.020996 | 0.008367 | 0.127994 | 0.110932 | 0.066736

Table 6 negative Matrix for Selecting a material suitable for a statically loaded thermal conductor using the
TOPSIS Method with various alternative and evaluation parameter by finding the least number available in the
row for benefit and finding the highest number in on benefit criteria

TABLE 7. Sl Plus, Si Negative, Ci and Rank

Material’sno. Si+ Si- Ci Rank

Copper-2-beryllium (cast) 0.10599 | 0.152759 | 0.590377 1
Copper—cobalt—beryllium (cast) 0.108155 | 0.129116 | 0.544172 3
Electrolytic tough-pitch, h.c. copper, soft (wrought) 0.159436 | 0.159544 | 0.500169 7
Electrolytic tough-pitch, h.c. copper, hard (wrought) 0.116034 | 0.126571 | 0.521717 5
Wrought aluminum alloy 0.151229 | 0.131316 | 0.464761 8
Wrought austenitic stainless steel 0.132435 | 0.161105 | 0.548836 2
Commercial bronze, Cuzn10, soft (wrought) 0.147519 | 0.149613 | 0.503524 6
Carbon steel (annealed). 0.125515 | 0.139781 | 0.526887 4

Table 7 Shows the Si plus, Si negative, Ci and rank. SI Plus maximum value Electrolytic tough-pitch, h.c.
copper, soft (wrought) = 0.159436 and Minimum value Copper-2-beryllium (cast)= 0.10599. Si negative used
maximum value Wrought austenitic stainless steel =0.161105and minimum value Electrolytic tough-pitch, h.c.
copper, hard (wrought)= 0.126571. Ci maximum value Copper-2-beryllium (cast)= 0.590377 and minimum
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value Wrought aluminum alloy =0.464761. The final result of ranking Copper-2-beryllium (cast) is got first
rank and Wrought aluminum alloy is got lowest ranking.

Si+, Si-, Ci
0.9 —
0.8 — —
0.7
0.6
0.5
0.4
0.3 T - e — ———
0.2 s C
T T T T T T T 1 —S|-
& < X Q7% Q" N .
$\) éotb\ “o\)% \'oo% 6\\(\\5 \‘e’o{\' «o(\’\« Q:g?’b — S|+
¢ N
AR S S VLAV U A
V- e
R Q¥ © © N o
& @ N ® N
N
Q’b

FIGURE 4. Weighted normalized decision matrix

Shows the figure 4. Si plus, Si negative, Ci. SI Plus maximum value Electrolytic tough-pitch, h.c. copper, soft
(wrought) = 0.159436 and Minimum value Copper-2-beryllium (cast)= 0.10599. Si negative used maximum
value Wrought austenitic stainless steel =0.161105and minimum value Electrolytic tough-pitch, h.c. copper,
hard (wrought)= 0.126571. Ci maximum value Copper-2-beryllium (cast)= 0.590377 and minimum value
Wrought aluminum alloy =0.464761.
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FIGURE 5. Final result of rank

The figure 5 Shows The final result of ranking Copper-2-beryllium (cast) is got first rank and Wrought
aluminum alloy is got lowest ranking.
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4. CONCLUSION

The materials of choice must typically run at a constant workload with very near to room temperature thermal
performance. It is classified as a late concept type of design. The heat transfer medium must be encircled by a
thin layer of metal that has been bent in order to transport heat via a thermally loaded conductor. The needed
parameters for heat transfer determine the sheet thickness. Usually, bipolar plate material run at constant loads
and provide thermal performance around PEMFC temperatures. For power as well as heat conduction via the
loaded bipolar plate in the fuel cell layer, a flat plate situated in the space among the cells should be utilised. The
required plate thickness is determined by the shape and size of the heat transfer field channel, the power
delivered, and the flow produced over it. Throughout the fuel cell stack's operation, this plate must withstand
heat deterioration. a batch of extremely delicate parts involves the mass manufacture of a circular cardboard
sheet that cannot be heated. The sheet is required to work under steady load and experience heat transfer in this
renowned material selection challenge. The heat transfer medium must be encircled by a metal sheet in order to
carry heat via a thermally loaded conductor. The needed parameters for heat transfer determine the sheet
thickness. The TOPSIS approach is frequently employed in academic writing. For instance, Behzadian et al.
examined 269 papers that used this methodology, whereas Salih et al. examined 170 papers that used Fuzzy-
TOPSIS. TOPSIS-VIKOR (Wu et al., Baccour, Ploskas, and Papathanasiou), DEA-TOPSIS (Subbiah et al.,
Wang et al.), and Fuzzy- TOPSIS-ELECTRE (Ferreira et al.) are other hybrid algorithms and expansions that
are being developed. The TOPSIS approach was created particularly to work with information that only had real
values. Since it is frequently challenging to offer accurate projections of options with according to local criteria,
these estimations are frequently regarded as gaps. There aren't many articles that focus on TOPSIS intervals
expansions, but the few that do are based on various heuristic methods for defining both positive and negative
ideal solutions. Real values or intervals which can't be reached in the decision matrix provide these ideal
answers. It has an impact on DAD. Different normalisation techniques produce different normalised data, and
the diversity of the normalised data can vary from the initial data, or the DAD. According to studies, mean
normalisation does not affect DAD, however MMN does. IE serves as an indication in the present investigation
to quantify DAD. As a result, by contrasting the IEs of unprocessed information with normalised data, the
impacts of normalisation on DAD may be examined.
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