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Abstract:- This study investigates the effectiveness of XPS
(extruded polystyrene) and melamine materials in
improving the thermal insulation performance of motor
maintenance covers. The research focuses on thermal
analyses aimed at ensuring that motor components operate
within optimal temperature ranges by comparing the heat
transfer capacities of these materials. The study
commenced with the design of the motor maintenance
cover, followed by the selection of suitable materials and
the determination of process parameters, taking
environmental conditions into account. Heat flow analysis
was conducted using the defined parameters, and based on
the results, the thermal performance of the materials was
compared. It was found that XPS, due to its low thermal
conductivity, minimizes heat transfer and demonstrates
superior thermal insulation performance. Melamine, on
the other hand, emerged as a significant option for
ensuring safety, as it maintains thermal insulation even at
high temperatures. The differences in the thermal
performance of both materials were assessed based on the
intended application of each material. The study
demonstrates that XPS material provides more optimal
thermal insulation for motor maintenance covers,
enhancing long-term safety. XPS is considered a more
suitable option for such applications due to its low thermal
conductivity and durability.

Keywords:- XPS (Extruded Polystyrene); Melamine; Heat
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I INTRODUCTION

Optimizing the thermal performance of engine
maintenance covers is crucial for several reasons. Effective
thermal management ensures that engine components operate
within optimal temperature ranges, which enhances engine
performance and fuel efficiency [1], [2]. Furthermore, proper
thermal regulation reduces thermal fatigue and mechanical
stress on engine components, extending their service life and
reliability [3]. From a safety perspective, maintaining
appropriate temperatures prevents overheating, which can lead
to engine failure and safety hazards [1], [4].

Material selection for engine maintenance covers
significantly impacts both efficiency and safety. The engine
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maintenance cover is a critical component in heavy vehicles,
positioned within the vehicle cabin. This component minimizes
noise transfer originating from the engine while protecting the
engine from external factors. [5][6]. Materials with low thermal
conductivity, such as specific polymers, help maintain optimal
temperatures by reducing heat transfer to engine components
[7]. Moreover, materials like aluminum and advanced
composites are chosen for their durability and resistance to
thermal fatigue, ensuring long-term operational safety [8].
From an economic standpoint, thermoplastics and other
advanced materials offer cost-effectiveness and ease of
manufacturing while fulfilling performance requirements
[91[10].

Optimizing the thermal performance of engine
maintenance covers is essential for enhancing engine
efficiency, reliability, and safety. Material choices play a
pivotal role in achieving these objectives by balancing weight,
thermal properties, and durability [6].

XPS (extruded polystyrene) and melamine materials are
recognized as effective solutions for enhancing thermal
insulation in engine maintenance covers, owing to their unique
properties and advantages. XPS is particularly valued for its
high thermal insulation capability, attributed to its low thermal
conductivity, which helps maintain temperature stability by
minimizing heat loss in engine components [11]. Its strength
and durability make it suitable for withstanding mechanical
stresses and harsh operating conditions in engine
environments,  ensuring  long-term  reliability  [12].
Additionally, XPS exhibits low moisture absorption due to its
closed-cell structure, which is critical for preventing
performance degradation over time, especially under varying
environmental conditions [13]. Its recyclability also makes
XPS an environmentally sustainable option, aligning with
circular economy principles by reducing waste and ecological
impact [11].

Melamine materials, on the other hand, offer exceptional
thermal stability, maintaining their insulation properties at
elevated temperatures commonly encountered in engine
environments [14]. These materials are inherently fire-
resistant, an essential safety feature that mitigates fire risks in
engine maintenance applications [15]. The combination of high
thermal stability, fire resistance, and other advantageous
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properties positions melamine materials as a reliable choice for
thermal insulation in challenging operational settings.

XPS and melamine materials are preferred for engine
maintenance covers due to their superior thermal insulation,
durability, moisture resistance, recyclability, thermal stability,
and fire resistance. These attributes collectively enhance the
performance, safety, and sustainability of engine maintenance
covers, making them highly suitable for modern automotive
applications [13].
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The primary aim of this research is to evaluate the
effectiveness of materials in minimizing heat transfer in engine
maintenance covers. In this context, XPS (extruded
polystyrene) and melamine materials were subjected to detailed
analyses and integrated into the design of engine maintenance
covers, allowing for a comparative evaluation of their heat
transfer capacities.

1. MATERIAL AND METHODS

This study was developed based on the flowchart shown in Figure 1.

Product Design and
Optimization

Material Selection

Process Parameter
Determination

Heat Flow Analysis

Thermal
Performance Comparison

Fig 1 Flown Diagram

The workflow for this study consists of five main stages.
First, the design of the engine maintenance cover was
developed, followed by the selection of appropriate materials
to evaluate its thermal performance. Based on the established
design, process parameters were determined, taking external
environmental conditions into account. Subsequently, a heat
flow analysis was conducted using these parameters, and the
thermal performance was compared based on the obtained
results.

» Product Design and Optimization

The design and optimization process of the engine
maintenance cover was carried out in specific stages. First, a
CAD model was created to represent the thermal properties of
the engine block. Subsequently, the protective sheet at the end
of the material was incorporated into the design. A material was
positioned within the protective sheet to enhance thermal
insulation efficiency. Finally, a CAD model, as shown in
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Figure 2, was developed to represent the external
environmental temperature  conditions. This process
successfully optimized both the thermal and structural
performance of the engine maintenance cover.

> Material Selection

A literature review was conducted, and material selection
criteria were thoroughly analyzed. Considering the thermal
performance of the materials, XPS (extruded polystyrene) and
melamine were selected for further analysis. When compared
in terms of thermal performance, XPS is generally preferred
due to its lower thermal conductivity and ease of use. With its
superior thermal insulation properties, XPS is highly effective
in reducing heat transfer [16]. Additionally, its lightweight
structure, ease of processing, and consistent insulation
performance across various applications make XPS a
prominent choice for efficient thermal insulation and practical
installation requirements [17].
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Fig 2 Cad Model of Engine Maintenance Cover

» Process Parameter Determination

Process parameters were defined within the framework of
specific analysis scenarios to optimize the thermal performance
of the engine maintenance cover. Accurate determination of
heat transfer coefficients and temperature distribution is vital
for designing efficient cooling systems, and setting higher
temperature conditions enables the analysis of worst-case
scenarios [18]In this context, the temperature conditions of the
engine block were set at 220°C, and the heat flow towards the
external ambient temperature of 22°C was examined.
Additionally, to enhance the mechanical and thermal resilience
of the engine maintenance cover, the stiffness behavior was
defined as flexible. This design choice aimed to provide
resistance to impacts and mechanical stresses while minimizing
stresses caused by thermal expansion and environmental
effects. In the initial analysis, XPS material was assigned
within the model representing the engine block to provide
thermal insulation. This selection was made to evaluate the

0,00

material’s superior insulation properties and improve thermal
performance.

» Heat Flow Analysis
A temperature of 220 °C was assigned to the model
representing the engine maintenance cover. (Fig. 3)

A temperature of 22 °C was assigned to the model
representing the external ambient temperature. (Fig. 4)

In the initial analysis, XPS was defined as the insulation
material positioned within the model representing the engine
block. (Fig. 5)

Standard structural steel was defined for the casing sheet
positioned behind the XPS material. (Fig. 6)

XPS material was assigned as the insulation material
positioned within the casing sheet. (Fig. 7)

) 500,00 1000,00 (mm)
[ aaeee— S

250,00 750,00

Fig 3 Engine Maintenance Cover Model at 220 °C
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Fig 4 External Ambient Temperature Model at 22 °C
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Fig 6 Casing Sheet with Standard Structural Steel
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A temperature of 220°C has been assigned to the model In the second analysis, melamine material was assigned
representing the engine block. (Fig)

as the insulation material placed within the model representing
the engine block. (Fi)

A temperature of 22°C has been assigned to the model

representing the external ambient temperature. (Fig)

Standard structural steel was defined for the protective
sheet located behind the melamine material. (Fig)
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Fig 8 The Model Representing the Engine Block
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Fig 9 The Model Representing the External Ambient Temperature
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Fig 10 First Step of Second Analysis

XPS material was assigned as the insulation material their suitability dependent on the specific application. XPS is

placed within the protective sheet. (Fig) recognized for its low thermal conductivity, which ensures

superior insulation by minimizing heat transfer. This property

» Thermal Performance Comparison makes XPS highly effective for applications where consistent
XPS (Extruded Polystyrene) and melamine materials thermal management is required.

exhibit distinct thermal performance characteristics, making
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Fig 12 Material Placed within the Protective Sheet

I11. RESULTS

The primary aim of this study is to determine the
effectiveness of materials used to minimize heat transfer in
engine maintenance covers. In this context, extruded
polystyrene (XPS) and melamine materials were subjected to
detailed analyses and integrated into the design of engine
maintenance covers, enabling a comparative evaluation of their
heat transfer capacities. In the research process, the design of
the engine maintenance cover was first developed, and based
on this design, appropriate materials were selected to evaluate
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thermal performance. During the design phase, environmental
conditions were considered, and process parameters were
determined accordingly. Subsequently, a heat flow analysis
was conducted using these parameters. Finally, based on the
results of the study, the thermal performances of the materials
were evaluated comparatively.

CAD models representing the thermal properties of the
engine block and external environmental conditions were
developed, and integrating a protective layer with insulation
material improved thermal insulation efficiency. Thisapproach
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effectively optimized both the thermal and structural
performance of the engine maintenance cover.

As a result of the literature review, XPS and melamine
were selected for their thermal performance. With its low
thermal conductivity, lightweight structure, and ease of
processing, XPS demonstrated effective performance in
thermal insulation.
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The temperature distribution at the contact surfaces
between the XPS material and the protective sheet has been
specified. At the surface contact points of the XPS, the heat
source temperature can be absorbed up to approximately 160-
185°C.

The temperature values represent the temperatures on the
outer surface of the sheet. (Fig)

350,00 700,00 {(mm)

525,00

Fig 13 The Outer Surface of the Sheet

The temperature distribution at the contact surfaces
between the XPS material and the protective sheet has been
specified. At the surface contact points of the XPS, the heat
source temperature can be absorbed up to approximately 160-
182°C.

0,00
| I— E— |
200,00 600,00

The temperature values represent the temperatures on the
inner surface of the sheet. (Fig)

400,00 800,00 (rmm)

Fig 14 The Inner Surface of the Sheet
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The temperatures in the external environment resulting
from the two XPS insulation materials have been specified by
selecting random points. While the temperature values in the
areas where the insulation materials are used remain around the
defined external ambient temperature of 22°C, the areas outside
the insulation materials can reach up to 25°C. (Fi)

The total heat flux value has been provided. When both
materials are used as XPS, a maximum result of 0.78 W/mm?
is achieved. (Fig)

The results of the second analysis indicate the temperature
distribution at the contact surfaces between the melamine
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material and the casing sheet. At the contact points of the
melamine surface, the heat from the source can be absorbed
within the range of 170-190 °C. The temperature values shown
in the image represent the temperatures on the outer surface of
the casing sheet. (Fi)

The temperature distribution at the contact surfaces
between the melamine material and the casing sheet has been
specified. At the contact points of the melamine surface, the
heat from the source can be absorbed within the range of 169-
187 °C. The temperature values represent the temperatures on
the inner surface of the casing sheet. (Fig)
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Fig 15 The Temperatures in the External Environment
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Fig 17 The Outter Surface of the Casing Sheet
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Fig 18 The Temperatures on the Inner Surface of the Casing Sheet

The temperatures in the external environment resulting temperatures of up to 23.5 °Care observed at the edge points,
from XPS and melamine insulation materials are indicated by these temperatures are also encountered in regions where
selecting random points. The temperature values appear to be insulation material is used. (Fi)

more evenly distributed across the product surface. Although
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Fig 19 XPS and Melamine Analysis Result

The total heat flux value is shown. When the materials are used as XPS and melamine, a maximum result of 0.76 W/mm?2 is

achieved. (Fig)
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In the case of XPS-XPS material usage (1st analysis
scenario), it was observed that the insulation-maintained
temperature values between 160-185 °C, whereas in the same
points with XPS-Melamine material usage (2nd analysis
scenario), the temperature could be reduced to the range of 170-
190 °C.
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V. DISCUSSION

This study aims to evaluate the effectiveness of extruded
polystyrene (XPS) and melamine materials in minimizing heat
transfer in engine maintenance covers through detailed
analyses and a comparative assessment of their thermal
capacities. Based on the literature review, XPS and melamine
materials were selected due to their thermal performance
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characteristics [18]. Compared to thermal performance, XPS is
often preferred for its low thermal conductivity and ease of use.
With superior insulation properties, XPS is highly effective in
reducing heat transfer [16]. Additionally, its lightweight
structure and ease of handling make XPS an ideal choice for
applications requiring efficient insulation. On the other hand,
melamine materials offer exceptional thermal stability,
maintaining their insulation properties even in high-
temperature environments. Furthermore, their inherent fire
resistance makes melamine a critical material for ensuring
safety in engine maintenance applications.

During the research process, the design of the engine
maintenance cover was first developed, followed by the
selection of appropriate materials based on the design.
Environmental conditions were considered during the design
phase, and process parameters were established accordingly.
Using these parameters, a heat flow analysis was conducted,
and the thermal performance of the materials was evaluated
comparatively. The studies referenced in this research utilized
different methods and approaches. For example, they
introduced a linear control strategy for managing auxiliary load
in cooling systems of heavy-duty vehicles [2]. They analyzed a
thermoplastic cam cover designed to address thermal
performance concerns [9]. They examined thermal fatigue and
creep damage in cylinder heads, identifying low-cycle thermal
fatigue as the primary factor affecting service life [4]. They
demonstrated that increased temperature raises thermal
conductivity in closed-cell insulation materials [13]. Although
there are methodological differences between this study and the
referenced works, the findings are generally consistent.

V. CONCLUSION

In the XPS-XPS material usage scenario (1st analysis
scenario), the insulation temperatures at the contact surfaces
between the external environment and the XPS material, in
regions where insulation materials are used, could be
maintained below 23 °C. However, in the XPS-Melamine
material usage scenario (2nd analysis scenario), the insulation
temperatures at the contact surfaces between the external
environment and the XPS material in the regions where
insulation materials are used could exceed 23 °C. It has been
concluded that selecting XPS material as the insulation material
in both cases can provide more optimal thermal insulation for
the product.
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