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Abstract: Selecting materials for vehicle brake discs is a critical engineering decision that directly impacts
vehicle safety, braking performance, durability, and cost. Brake discs must efficiently convert kinetic energy
into thermal energy while withstanding high temperatures, friction, and mechanical stresses during braking.
Key factors influencing material selection include mechanical strength, stiffness, thermal conductivity, wear
resistance, friction characteristics, manufacturability, and economic feasibility. Traditionally, cast iron —
particularly gray cast iron — has been the most widely used brake disc material due to its excellent heat
dissipation, high wear resistance, stable friction behavior, and cost-effectiveness. However, increasing
demands for lightweight vehicles, improved fuel efficiency, and enhanced braking performance have driven
research into advanced materials such as titanium alloys, aluminum matrix composites (AMCs), metal matrix
composites (MMCs), and carbon or ceramic-based composites. These materials offer advantages such as
reduced weight, superior thermal stability, and improved fade resistance, although they often involve higher
manufacturing costs and production complexity. In this study, the material selection process is carried out
using the WASPAS (Weighted Aggregated Sum Product Assessment) method, a multi-criteria decision-making
approach that combines weighted sum and weighted product models. Key performance parameters considered
include compressive strength, friction properties, specific heat, specific gravity, and wear rate. The materials
evaluated include gray cast iron (GCI), Ti-6A41-4V alloy, and composite-based alternatives. The results indicate
that gray cast iron achieves the highest overall ranking due to its balanced thermo-mechanical properties and
cost-effectiveness, while the Ti-6A1-4V alloy ranks lowest based on the selected criteria. Brake disc material
selection is a multi-dimensional optimization problem that requires careful evaluation of performance, safety,
and economic factors. While advanced materials hold promise for high-performance applications, gray cast
iron remains the most suitable choice for conventional automotive braking systems due to its reliability,
affordability, and proven performance.

Keywords: Brake pad, Brake friction, Periwinkle shell, wear rate, scratch hardness, bonding strength, Disc
Brake Rotor, Temperature analysis, Weight Reduction, Transient Analysis.

1. INTRODUCTION

Disc brake noise automobile a continuum in the field problem. Customers annoying brake noise, a problem with the
braking system it is also considered indicative. In most situations, this type of noise is braking small in system
performance or have no effect. However, it is quality and satisfaction appraisals and warranty costs significant impact
on causes that is why it's the car industry management solutions looking for disc brake noise to investigate and reduce
a substantial amount of work have gone in these works most are issue breaking done in systems, its designs are ultimate
were made (trichus et al et al., 2002). In these circumstances, noise reduction techniques the only way is to use it.
Consequently, the add-on noise reduction treatments to reduce braking noise have become a popular method.
However, this treatment a frequent repeat of the application considered as an approach, of a massive matrix in which
effects on a framework are investigated experimentally. In most situations, for brake noise concerns appropriate noise
reduction to find the solution, passive brake dynamometer re used in practice. However, this technique is expensive
high and time consuming, because of the emollient properties (loss factor and shear etc. Modulus) and of the brake
system (shoe and lining, rotor and caliper) for resonant response interaction between in contrast, the current testing
techniques and using procedures, brake noise problem effective noise reduction control changes creating can be
accomplished easily. In terms of noise production dynamic braking system from installing features phase, in which
the audible and source of noise emissions determining the mechanism (papinnemi et al., 2002). Once these features
are recognized, test procedures and material tamping expertise using specific brake to reduce the noise problem
suitable mitigation material can be identified. This is a sample of how to study analytical methods and expertise in
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mitigating material how to use describes. Approach a on a specific brake system used, too results will be displayed.
This technique in august 2004 a new approved supported by paper. Of which b. Silva freer, he is a technical teacher.
Used in braking system humidifier of choice dynamometer with object tests. It was the sound of brakes based on
frequency of occurrence classified into several categories. Low frequency noise, low frequency screeching and high
frequency noise is brake there are three broad categories of noise (dunlap et al., 1999). Low frequency disc brake noise
is 100 to 1000 in the frequency range of hz a common problem that occurs. Screaming and moaning sounds noise
concerns in this area are common occurrences. This kind of problem the method of creation in rotor and lining
materials friction is the stimulus, which provides energy to the system. This power brake assembly and suspension
and chassis through connections with components the vibration is transmitted as a reaction. For some types of braking
systems, a low frequency noise although a significant issue, noise noise is very common and it's an unpleasant problem
(dunlap et al., 1999). A noise is 1000 hz or a higher frequency a noise with content is, it's too much of a system for
high amplitude mechanical vibrations occurs when subjected to how does this phenomenon occur? Two to explain
that there are ideas. The first is called "stick-slip". Is called squeal, this according to the hypothesis, by two factors of
the induced braking system self-excited vibration: constant the coefficient of friction is sliding friction is greater than
the coefficient; coefficient of sliding friction f and relative sliding speed the relationship between however, the only
frictional couple pair (rotor and pads) in different brake systems when used, of squeal why the trend is different this
theory cannot explain (chung et al., 2001). Therefore, the second is called "sprague-slip". The theory was developed.
Braking self-excited vibration of the system and brake excessive vibrations of the geometrical parameters of the
system that is caused by wrong choice it indicates. Coefficient of friction when increasing, two geometries fixed
system methods are closer in frequency. Both these methods are same frequency and match mode when combining
patterns, they become unstable. In pad-rotor contact variable friction forces braking system vibration and for both
theories of noise cause. This variable is friction energy in the system of forces introducing squealing during the event,
this is done by the computer to dissipate part of the energy can't, resulting in vibration there is a large amount of
amplitude. Lightweighting: lightweighting is a vehicle being popular in design coming up is an essential
consideration. Of automobiles in the future in design and development this concept continues to be significant will be
in vehicle design total of light target vehicle weight loss, therefore increasing fuel efficiency, from automobiles the
discharge discharge reduction and protection of the vehicle and improving driving performance. Also, the aluminum
matrix for brake discs such as composite use of lightweight materials faster acceleration, longer braking distance
abatement, abatement of noise (monkey and noise), high wear resistance and static friction will give regeneration
braking is the totality of an ev about 25-30 kg in weight adds, this is the beginning improve vehicle traction. Lighter
brake discs ev driving by using performance is improved, this is the spring of the brake system reduces mass. Brake
producers driving performance lightweight disk to upgrade the conclusion is that they will look for things. Improved
disc corrosion resistance: friction in electric vehicles brake system is limited itching due to use due to brake failure a
major problem in the future will change. Friction of brake discs erosion of surfaces, widespread and severe. Gci stands
for vehicle brake disc used in applications conventional material. As a disk object its use is mostly because of its
favorable qualities was unfortunately, gci limited to water erosion it has resistance a key to brake discs the problem is
because they are constantly water, moisture and for road salt [13]. Will emerge. In traditional vehicles, on the friction
surfaces of the gci disk corrosion product formed often cleaning is done. Electric friction brakes in vehicles since it is
rarely used, oxide on the friction surfaces of the disc layer formation is long term it is allowed to accumulate corrosion
induced friction leading to instability, also direct brake system it can even lead to failure. Low corrosion of gci the
resistor is called a break judder may cause unpleasant condition, it's in evs of the future may spread more. It is corrosion
surface to combat using therapeutic techniques conventional gci brake discs manufacturers to replace pushing
manufacturers of brake pads erosion from friction surfaces material is easily removable to incorporate highly abrasive
compounds can change the composition of their pads. The challenge is the aluminum matrix more on composite
material an alternative to developmental research the brake disc can accelerate materially. Disc brake noise reduction:
disc brake noise present vehicles around the world affect manufacturers among the most important concerns is one.
Brake noise protection braking, though not dangerous less impact on performance although caused, its existence
vehicle quality for buyers that has problems provides feedback. Further, buyers in the braking system the noise coming
from a as a sign of wrong position consider and its as a result the quality of the cars losing faith. Unfortunately, due
to this problem many car manufacturers return automobiles in addition to receiving, brake and from vehicle
manufacturers expensive warranty requests have also been received. Evs in the automobile market totally dominant
in future years, braking the noise issue is a major concern will be because internal combustion mechanical automobiles
unlike the engine noise brake reduces noise, evs a lot it runs quietly coming from the braking system noise is more
noticeable in evs indicates that there will be very loud noise to meet the limits, brake producers of the old model to
change or specifications a new item that matches to search. Maximum operating temperature — in traditional
automobiles, brake discs are brake applications for high thermal stress during are subjected, of which as a result the
system heats up and 7000c on the friction surfaces of the disc the higher the temperature increases. The introduction
of evs could change the story, because evs are regenerative great braking mechanism dependent on, ie the vehicle
friction brakes are rare are used. Brake discs the maximum that is usually subjected to working temperature in the
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future reduced, especially hybrid and for electric vehicles. This breakthrough is the future brake possible for disk
upgrade aluminum matrix as material to use the mixture let's open the path. Theory of disc brakes: frederick william
in 1902 invented the first disc brake. Early and original concept two discs rub against each other created friction,
which slow down the automobile also used to stop. Disc brakes are usually disc/rotor assembly and brake caliper the
assembly consists of the latter is by hydraulic pistons as, they are for a rotating disk press the brake pads against, thus
the pads on the rotating disk/rotor a clamping force is held create this clamping the force is the frictional force, friction,
heat generation and operation to create energy transfer leads to in this regard, disks are often this keep in mind the
important variables are constructed with heat generation and dissipation, as well as the power exerted.

Brake pad

FIGURE 1. A typical arrangement of a disc brake and its components.

Types of Brake Disc Rotors:

Vented Disc Solid Disc

FIGURE 2. Vented and non-vented (Solid) disc brake rotor

Disc brakes are ventilated or non-aerated (solid) are classified as dual vented brake discs made up of metal discs, they
are large with ribs provide area. Figure 2 ventilation and non-ventilated brake discs depicts. Brake disc whether airy
or although non-ventilated, based on its geometry in the following categories can be classified together.

2. MATERIALS AND METHODS

WASPAS (Weighted Aggregated Sum Product Assessment)

In the WASPAS method, two for optimality a composite scale based on criteria searched for. The first criterion of
optimality, viz the weighted average success criterion is the WSM method like it is a famous and well the adopted
MCDM approach is several several based on decision criteria used to evaluate alternatives. Weighted aggregate
product assessment (WASPAS) the methodology consists of eight manufacturing decision-making problems as a
useful MCDM tool when solving are investigated, cutting fluid, electroplating system, forging stage, arc welding
process, industrial robot, grinding stage, materials machinability. All exams considered difficulties and disabilities
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accurately this method has sorting capability. WASPAS effect of A parameter on ranking performance the method is
also investigated. The WASPAS method is a technique, it changed into progressed by using which this method in
many decision problems and contexts used and extended. Bagosius et al. (2013) based on the WASPAS method a
multi-criterion incorporated selection-making procedure select the best version construction net page for deep water
port. Advanced an MCDM technique on a reconstructed vernacular constructing the use of AHP address the issue of
daylighting and traditional continuity. Hashemkhani solfani et al. (2013) swara hierarchical weight estimation ratio
analysis and WASPAS methods using multiple to solve the shopping mall location problem criterion developed
approach to decision making. Javadskas et al. (2013a) waspas and moora multi-objective based on ratio analysis
validates the robustness of optimization methods. Javadskas et al. (2013b) some public and commercial to evaluate
facades of buildings WASPAS method was used. Weighted discussed in recent years’ total product assessment
(WASPAS) and ambiguous extensions. The new MCDM will determine the utility approach is weighted total product
evaluation (WASPAS) is called. In WASPAS 2012 recommended for the first time and it is strong in deterministic
approaches to new MCDM application is one. This approach is a weighted one product version (WPM) and weighted
sum model (WSM) is zavadskas, turskis, proposed and the argued combination. The accuracy of this approach stronger
than wpm and WSM. WASPAS formal, ordered fuzzy using numbers (OFNS), which is proposed by zadeh an
extension of ambiguity set approach. The concept of OFNS is introduced. Ambiguous as opposed to numbers,
arithmetic in this model functions functions of real numbers as such, they a unique case of OFNS. WASPAS approach
through zavadskas, turskis, antucheviciene was created. WASPAS method accuracy is a weighted amount rather than
used method or weighted ones recommended product model that it is favorable. Current literature, to consider OFNS
in ambiguous WASPAS mode failed and one of the methods mentioned above the concept lacks unifying research.
Weighted aggregate product assessment (WASPAS) systematic, downside risks to the project used to assess outcomes.
Change compared to independent methods of ranking this method is efficient and highly accurate. Waspas
methodology in new multi-index decision making techniques one, it is accepted in many areas is used. In this research,
road in iran we identify the risks of the construction project we evaluated, the results of which, access to baroque pits
infeasible/irrelevant, during the project life cycle loss of key manpower, inexperienced support hiring contractors
among the identified risks are the most important risks. Weighted aggregate product assessment (WASPAS), time
usage choice of attendance software including the problem is integrated. Critic approach is a goal for figuring out
scale weights methodology, which include depth of version and choice-making a contradiction within the structure of
the hassle is protected. It belongs to the elegance of conversation methods and alternatives information at the standards
to be assessed primarily based totally on WASPAS the method is weighted sum version (WSM) and of weighted
product model (WPM). Mixing, and it's full of alternatives used to rank. Kritik and WASPAS a new based on
combination of methods applicability decision making approach of this article to the literature the main contribution
is proof. Healthcare outsourcing for 15 different strategies has been developed. QSPM tool and several standards
decision making device WASPAS method integrating an integrated approach to evaluate the strategic options used
recommended. Top five best ranking strategic options are QSPM and WASPAS be mindful of using approaches want
also, a strong, math-based as the WASPAS method was used, the result was accurate can also be considered reliable.
One based on the WASPAS approach the new method was developed with HFS. Experts and various information to
calculate scale weights actions are proposed. Changes to the WASPAS technique, HF-operators and scalar weight
estimation procedure is carried out. For the inexperienced dealer selection problem, the generated method is executed.
With HFSS WASPAS method for estimating MCDM problems and an integrated based on information activities.
WASPAS the technique is very realistic and the rating is correct strongly attracts the idea of WASPAS approach
weighted sum model (WSM) and weighted product model (WPM) uses advantages. WSM and wpm in addition, the
rating accuracy of WASPAS options will increase. At that factor, WASPAS is a highest quality mixture calculates the
parameter, that is distinctive later may be given. Many of the WASPAS systems were successful despite the
applications (mardani et al., 2017), most published works rank ignores the concept of precision, and WSM and
composition parameter of wpm on temporal basis is determined. Waipoua et al. (2014) priority areas for
implementation of solar energy projects. Current research examines the effectiveness of TSPS intuitive fuzzy weighted
aggregate for comparison uses product assessment (if-WASPAS) technique. The proposed method IFSS operators
based on more scaled weights a new method of calculating scale weights to calculate, to arrive at more reasonable
weights objectivity derived from similarity measure method results with weights expressed by experts we aggregate
the subjective weights. Objective new unity for IFSS to calculate weights actions are developed and proposed a variety
of harmony activities are elegant demonstrates characteristics.

Alternative parameters:

Gray cast iron (gci): gray cast iron (gci) is at its best widely known engineering material used castability, wear
resistance, and damping properties. It is a type of cast iron that contains graphite flakes dispersed throughout its matrix,
giving it a distinct gray appearance. Gcei is composed primarily of iron and carbon; carbon content is generally 2.5%
to 4.0%. Silicon, manganese and phosphorus other composite elements like added in smaller quantities to enhance
specific properties.
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Ti-alloy (ti-6al-4v): ti-6al-4v alloy is a an o-f titanium alloy, the more strength it has, the less density and good
erosion express resistance. It is commonly used titanium metal one of the compounds.

Tme: tmeft, (tmc ft), (tmc), (tmc), is thousand million cubic ft (1,000,000,000 = 109 = 1 billion) is short for , which
is usually reservoir in india or of water in river flow used to indicate size.

Amc 1: amc 1 refers to the first amc (advanced motor controller) model developed by a particular manufacturer or
organization. Without further context, it's challenging to provide specific details about amc 1 since there are various
applications and industries that use motor controllers, each with their own specifications and features.

Amc 2: amc 2 would refer to the second iteration or version of an advanced motor controller (amc) developed by a
specific manufacturer or organization. Similar to amc 1, the exact details and features of amc 2 would depend on the
specific manufacturer and industry application.

Evaluation Parameters:

Properties Material: Properties of materials refer to the characteristics and behaviours exhibited by different
substances when subjected to various conditions. These properties determine how materials interact with their
environment and are essential for understanding their applications and limitations.

Compressive: Compressive strength is the capacity of an object A mechanical property of measurement resist
compressive forces or loads without undergoing permanent deformation or failure. It is an important parameter in
structural engineering and materials science.

Friction: Friction is related between two surfaces Relative motion in or opposite the direction of motion A key. It
occurs when two objects slide or try to slide past each other. Friction is caused by the interlocking of irregularities or
microscopic roughness on the surfaces of the objects in contact.

Specific Heat: Specific heat, specific Also called heat capacity, It is a unit of matter temperature of the mass One
degree Celsius (or Kelvin) to raise of heat energy required A physics measure of quantity is characteristic. It is called
"C". denoted by the symbol and one degree Celsius (J/kg-°C) or (J/g-°C) a Unit mass is energy expressed in units.

Specific Gravity: Specific gravity is Density of a substance of a reference object Compared to density The measure
is, usually water. It is a dimensionless quantity and how much is an object Thick or light compared to water gives an
indication that

Wear rate: Wear rate refers to the rate at which material is removed from a surface due to mechanical contact or
friction with another surface. It is a measure of how quickly a material wears down or deteriorates over time.

3. ANALYSIS AND DISCUSSION

TABLE 1. Automotive Brake Disc Material Selection

Properties Compressive Friction Specific heat, Specific gravity Wear rate
Material Strength coefficient(p) Cp (KJ/Kg. K) Mg/m™{3}) (x10M{-6}mm" {3}
(MPa) /N/m)
Gray cast iron (GCI) 1293 0.41 0.46 7.2 2.36
Ti-alloy (Ti-6Al-4V) 1070 0.34 0.58 4.42 246.3
TMC 1300 0.31 0.51 4.68 8.19
AMC 1 406 0.35 0.98 2.7 3.25
AMC 2 761 0.44 0.92 2.8 2.91

Table 1 shows Table 1 presents properties of different materials used for automotive brake discs. Gray cast iron (GCI):
GCI has a compressive strength of 1293 MPa, a friction coefficient of 0.41, a specific heat (Cp) of 0.46 KI/Kg.K, a
specific gravity of 7.2 Mg/m”"3, and a wear rate of 2.36 x 10"-6 mm”3/N/m. Ti-alloy (Ti-6Al-4V): Ti-alloy has a
compressive strength of 1070 MPa, a friction coefficient of 0.34, a specific heat (Cp) of 0.58 KJ/Kg.K, a specific
gravity of 4.42 Mg/m”3, and a wear rate of 246.3 x 10"-6 mm”"3/N/m. TMC: TMC has a compressive strength of 1300
MPa, a friction coefficient of 0.31, a specific heat (Cp) of 0.51 KJ/Kg.K, a specific gravity of 4.68 Mg/m”3, and a
wear rate of 8.19 x 107-6 mm”3/N/m. AMC 1: AMC 1 has a compressive strength of 406 MPa, a friction coefficient
of 0.35, a specific heat (Cp) of 0.98 KJ/Kg.K, a specific gravity of 2.7 Mg/m”3, and a wear rate of 3.25 x 10"-6
mm”3/N/m. AMC 2: AMC 2 has a compressive strength of 761 MPa, a friction coefficient of 0.44, a specific heat
(Cp) 0of 0.92 KJ/Kg.K, a specific gravity of 2.8 Mg/m”3, and a wear rate of 2.91 x 10"-6 mm”3/N/m. These properties
provide information about the mechanical and thermal characteristics of each material. They can be used for material
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selection in automotive brake disc applications, considering factors such as strength, friction performance, thermal
behavior, and wear resistance.

AUTOMOTIVE BRAKE DISC MATERIAL SELECTION
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FIGURE 3. Automotive Brake Disc Material Selection

Figure 3. shows the Automotive Brake Disc Material Selection the Compressive Strength (MPa) it is seen that TMC
is showing the highest value for AMC 1 is showing the lowest value. Friction coefficient(u) it is seen that AMC 2 is
showing the highest value for TMC is showing the lowest value. Specific heat, Cp (KJ/Kg. K) it is seen that AMC 1
is showing the highest value for Gray cast iron (GCI) is showing the lowest value. Specific gravity (Mg/m~{3} ) it is
seen that Gray cast iron (GCI) is showing the highest value for AMC 1 is showing the lowest value. Wear rate (x10°{-
6}mm~”{3} /N/m) it is seen that Ti-alloy (Ti-6Al-4V) is showing the highest value for Gray cast iron (GCI) is showing

the lowest value.
TABLE 2. Normalized Data

Performance value
Gray cast iron (GCI) 1.00000 1.00000 1.00000 1.00000 1.00000

Ti-alloy (Ti-6A1-4V) 0.82753 0.82927 1.26087 0.61389 0.00958

T™C 1.00541 0.75610 1.10870 0.65000 0.28816
AMC 1 0.31400 0.85366 2.13043 0.37500 0.72615
AMC2 0.58855 1.07317 2.00000 0.38889 0.81100

Table 2 shows The table you provided presents normalized performance values for different materials: Gray cast iron
(GCI), Ti-alloy (Ti-6A1-4V), TMC, AMC 1, and AMC 2. The values are normalized relative to the highest value in
each column, with the highest value assigned a normalized value of 1. Gray cast iron (GCI): This material has the
highest performance value in all five categories, and therefore, it has a normalized value of 1. This means that GCI
serves as the baseline for comparison in this table. Ti-alloy (Ti-6Al-4V): In the first category, Ti-alloy has a normalized
value of 0.82753 relative to GCI. In the second category, it has a slightly higher normalized value of 0.82927. In the
third category, Ti-alloy has a normalized value of 1.26087, indicating a higher performance than GCI. In the fourth
category, its normalized value is 0.61389, and in the fifth category, it has the lowest normalized value of 0.00958.
TMC: This material has a slightly higher performance value than GCI in the first category, with a normalized value
0f 1.00541. In the second category, its normalized value is 0.75610. In the third category, TMC has a normalized value
of 1.10870. In the fourth category, it has a normalized value of 0.65000, and in the fifth category, its normalized value
is 0.28816. AMC 1: In the first category, AMC 1 has a normalized value of 0.31400 compared to GCI. In the second
category, its normalized value is 0.85366. In the third category, AMC 1 has the highest performance value with a
normalized value of 2.13043. In the fourth category, it has a normalized value of 0.37500, and in the fifth category,
its normalized value is 0.72615. AMC 2: This material has a higher performance value than GCI in the first category,
with a normalized value of 0.58855. In the second category, its normalized value is 1.07317. In the third category,
AMC 2 has a normalized value of 2.00000. In the fourth category, it has a slightly higher normalized value of 0.38889
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compared to AMC 1. In the fifth category, its normalized value is 0.81100. Overall, this table provides a comparison
of the performance values for different materials across five categories. The normalized values allow for relative
assessments of performance, indicating which materials perform better or worse compared to each other in each
category.

Normalized Data

2.50000
2.00000
1.50000
1.00000
= I i ik otk ol
0.00000 l l
Gray castiron Ti-alloy (Ti-6Al- TMC AMC 1 AMC 2

(GCl) 4v)

B Performance value B Performance value ® Performance value

Performance value m Performance value

FIGURE 4. Normalized Data

Figure 4 shows Alternative parameters: Gray cast iron (GCI), Ti-alloy (Ti6Ai-4V), TMC, AMC1, AMC2 and
Evaluation parameters: Compressive, Friction, Specific Heat, Specific Gravity, Wear rate.

TABLE 3. Weight
Weight

0.2 0.2 0.2 0.2 0.2
0.2 0.2 0.2 0.2 0.2
0.2 0.2 0.2 0.2 0.2
0.2 0.2 0.2 0.2 0.2
0.2 0.2 0.2 0.2 0.2

Table 3 Weight shows the informational set for the weight all same value 0.2.

TABLE 4. Weighted Normalised Decision Matrix (WSM)
Weighted normalized decision matrix
Gray cast iron (GCI) 0.19892 | 0.00006 | 0.00111 | 0.24661 | 0.24661

Ti-alloy (Ti-6Al-4V) 0.16462 | 0.00005 | 0.00009 | 0.00068 | 0.00236

T™C 0.20000 | 0.00005 | 0.00008 | 0.00072 | 0.07106
AMC 1 0.06246 | 0.00005 | 0.00015 | 0.00042 | 0.17908
AMC2 0.11708 | 0.00007 | 0.00014 | 0.00043 | 0.20000

Table 4 shows the which is the Weighted Normalized Decision Matrix (WSM), presents the weighted and normalized
values for each material across different criteria. Gray cast iron (GCI): GCI has the highest weighted normalized value
in the first criterion with 0.19892. In the second criterion, its value is the lowest with 0.00006. Similarly, it has the
lowest values in the third and fourth criteria with 0.00111 and 0.24661, respectively. In the fifth criterion, GCI has the
highest value again with 0.24661. Ti-alloy (Ti-6Al-4V): Ti-alloy has relatively lower values across all criteria
compared to GCI. Its highest value is in the first criterion with 0.16462, while its lowest values are in the second,
third, and fourth criteria with 0.00005, 0.00009, and 0.00068, respectively. In the fifth criterion, Ti-alloy has a slightly
higher value of 0.00236. TMC: TMC has similarly low values in the second, third, and fourth criteria compared to Ti-
alloy. Its highest value is in the first criterion with 0.20000, and its value in the fifth criterion is relatively higher with
0.07106. AMC 1: AMC 1 has the lowest values across all criteria compared to the other materials. Its highest value is
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in the first criterion with 0.06246, and its highest value among the other criteria is in the fifth criterion with 0.17908.
AMC 2: AMC 2 has values slightly higher than AMC 1 in all criteria except the fourth criterion. Its highest value is
in the first criterion with 0.11708, and its value in the fifth criterion is the same as GCI with 0.20000. Overall, the
weighted normalized decision matrix provides a quantitative assessment of the materials' performance across different
criteria, taking into account the weights assigned to each criterion. The values in the matrix reflect the relative
performance of each material within each criterion.

Weighted Normalised Decision Matrix

LI

AMC1

0.25000
0.20000
0.15000
0.10000
0.05000

0.00000

Gray castiron Ti-alloy (Ti- AMC 2

(Gel) 6AI-4V)

B Weighted normalized decision matrix B Weighted normalized decision matrix
Weighted normalized decision matrix = Weighted normalized decision matrix
B Weighted normalized decision matrix

FIGURE 5. Weighted Normalized Decision Matrix

Figure 5 shows Alternative parameters: Gray cast iron (GCI), Ti-alloy (Ti6Ai-4V), TMC, AMC1, AMC2 and
Evaluation parameters: Compressive, Friction, Specific Heat, Specific Gravity, Wear rate.

TABLE 6. Preference Score (WSM, WPM) & WASPAS Coefficient & Rank

Preference | Preference WASPAS
Score Score Coefficient RANK
(wpm) (wsm)
Gray cast iron (GCI) 0.693314 1 1 1
Ti-alloy (Ti-6A1-4V) 0.1678 0.347806 0.347806 5
TMC 0.271908 0.691282 0.691282 3
AMC 1 0.242158 0.689204 0.689204 4
AMC 2 0.317717 0.83189 0.83189 2

Table 6 presents the preference scores based on the Weighted Product Model (WPM) and the Weighted Sum Model
(WSM), as well as the WASPAS coefficient and the rank for each material. Gray cast iron (GCI): GCI has the highest
preference score in both WPM and WSM with values of 0.693314 and 1, respectively. It also has the highest WASPAS
coefficient and is ranked first. Ti-alloy (Ti-6Al-4V): Ti-alloy has the lowest preference scores among all materials in
both WPM and WSM, with values of 0.1678 and 0.347806, respectively. Its WASPAS coefficient and rank are also
the lowest, indicating it is ranked fifth. TMC: TMC has higher preference scores compared to Ti-alloy and AMC 1 in
both WPM and WSM, with values of 0.271908 and 0.691282, respectively. Its WASPAS coefficient and rank are
higher, indicating it is ranked third. AMC 1: AMC 1 has preference scores similar to TMC, with values of 0.242158
in WPM and 0.689204 in WSM. Its WASPAS coefficient and rank are also similar, and it is ranked fourth. AMC 2:
AMC 2 has higher preference scores compared to TMC and AMC 1 in both WPM and WSM, with values of 0.317717
and 0.83189, respectively. Its WASPAS coefficient and rank are higher, indicating it is ranked second. Overall, GCI
has the highest preference scores and is ranked first, while Ti-alloy has the lowest preference scores and is ranked
fifth. TMC, AMC 1, and AMC 2 fall in between, with AMC 2 having the highest preference scores among the three
and being ranked second.
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FIGURE 6. Preference Score (WSM, WPM) & WASPAS Coefficient

Figure 6 displays the preference scores based on the Weighted Sum Model (WSM) and the Weighted Product Model
(WPM), as well as the WASPAS coefficient for each material. The values are as follows: Gray cast iron (GCI): The
preference score for GCI is 0.693314 in WPM and 1 in WSM. Its WASPAS coefficient is 1. Ti-alloy (Ti-6Al-4V):
Ti-alloy has a preference score of 0.1678 in WPM and 0.347806 in WSM. Its WASPAS coefficient is 0.347806. TMC:
TMC has a preference score of 0.271908 in WPM and 0.691282 in WSM. Its WASPAS coefficient is 0.691282. AMC
1: AMC 1 has a preference score of 0.242158 in WPM and 0.689204 in WSM. Its WASPAS coefficient is 0.689204.
AMC 2: AMC 2 has a preference score of 0.317717 in WPM and 0.83189 in WSM. Its WASPAS coefficient is
0.83189. The preference scores reflect the relative performance of each material based on the models used. GCI has
the highest preference scores in both WPM and WSM, indicating that it performs the best according to these models.
Ti-alloy has the lowest preference scores. The WASPAS coefficient provides an overall measure of preference, with
higher coefficients indicating a stronger preference for a particular material.

RANK

==@==RANK

Gray castiron Ti-alloy (Ti- TMC AMC 1 AMC 2
(GCI) 6Al-4V)

FIGURE 7. Rank

Figure 7 shows the ranks assigned to each material based on their performance. Gray cast iron (GCI) is ranked 1. Ti-
alloy (Ti-6Al-4V) is ranked 5. TMC is ranked 3. AMC 1 is ranked 4. AMC 2 is ranked 2. The ranks provide an
ordering of the materials based on their performance, with GCI being ranked the highest and Ti-alloy being ranked
the lowest. TMC is ranked in the middle, while AMC 1 and AMC 2 fall between TMC and GCI in terms of
performance ranking.
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4. CONCLUSION

In conclusion, weighted aggregate Product Assessment (WASPAS) Application of the method for automotive brake
disc material selection provides a systematic and effective approach to decision-making. The WASPAS method allows
for the consideration of multiple criteria, such as thermal conductivity, mechanical strength, wear resistance, and cost,
by assigning appropriate of their relative importance Basically for every criterion weights. This is weighty the
approach is very objective assessment and Comparison of different brake ensures disc materials. By utilizing the
WASPAS method, automotive manufacturers and engineers can make informed decisions regarding the selection of
brake disc materials. They can analyse and rank various materials based on their performance characteristics, taking
into account specific requirements and priorities. For example, a high-performance sports car may prioritize heat
dissipation and mechanical strength, while a commuter vehicle may prioritize cost-effectiveness and durability. The
WASPAS method brings transparency and clarity to the material selection process, providing a structured framework
for decision-making. It enables stakeholders to consider a wide range of factors and weigh them accordingly, leading
to well-informed choices. By leveraging the WASPAS method, automotive brake systems can be optimized to deliver
the desired balance between performance, safety, and cost-effectiveness. However, it is important to note that the
effectiveness of the WASPAS method relies on the accuracy of the criteria weights assigned by experts. The selection
process should involve knowledgeable professionals who have a deep understanding of the specific requirements and
trade-offs involved in brake disc material selection. In conclusion, the WASPAS method offers a valuable tool for
automotive brake disc material selection, aiding in the optimization of braking performance and ensuring the safety
and durability of vehicles on the road.
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