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Abstract - The rapid advancement of automotive technology necessitates high-performance clutch materials capable of enduring 

extreme thermal and mechanical loads. Traditional materials, such as asbestos composites, have been widely used in clutch 

applications for their wear resistance. However, their environmental and health risks drive the search for eco-friendly 

alternatives. This study investigates the properties of advanced composite materials, particularly those reinforced with carbon 

fibers and ceramics, to enhance clutch durability, thermal stability, and environmental sustainability. Through a series of thermal 

cycling and mechanical load tests, the research assesses the thermal resilience and friction stability of selected materials. Key 

material properties, such as Young’s modulus, thermal expansion, and thermal conductivity, were measured to understand how 

these composites manage heat dissipation and resist wear under high-stress conditions. Finite Element Analysis (FEA) further 

models the thermal and mechanical behavior of these materials, providing insights into their performance under simulated clutch 

engagement cycles. Results indicate that carbon fiber-reinforced composites exhibit superior thermal management and frictional 

stability compared to conventional materials, aligning well with the demands of modern automotive applications. However, 

challenges remain in balancing cost and scalability, which are critical for large-scale adoption. This study contributes to the 

ongoing development of sustainable clutch materials, aiming to bridge the gap between performance requirements and 

environmental objectives. 
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1. INTRODUCTION 
 

In modern automotive applications, clutch materials are critical components responsible for transferring power 

efficiently under significant thermal and frictional loads. The development of materials that can meet these demands 

while aligning with environmental sustainability goals has become a priority. Traditional materials, such as asbestos-

based composites and steel alloys, are limited in thermal resilience and durability, which can lead to reduced 

performance and longevity in high-stress conditions._(29).Current advancements focus on composite materials, 

particularly those reinforced with carbon fibers and ceramics, to enhance clutch durability and thermal stability. 

These materials show promise in reducing frictional wear and improving heat dissipation, which are vital for modern, 

high-performance vehicles(29)(31). However, balancing these characteristics with sustainable manufacturing 

practices remains a challenge.The shift towards sustainable automotive materials has highlighted the need for clutch 

systems that are durable yet environmentally compatible. Conventional materials degrade rapidly under thermal 

stress, affecting clutch longevity and efficiency. Carbon fiber composites and ceramic- based materials offer 

improved wear resistance and thermal stability, making them viable options. These advancements mark a significant 

step forward in sustainable clutch technology, aligning performance with environmental goals(31)(27).One key 

challenge in clutch material design is achieving both environmental sustainability and resilience to high 

temperatures. Standard materials, such as asbestos-based composites, have drawbacks in terms of eco-friendliness 

and durability. While ceramic-reinforced alternatives are durable, they are often cost-prohibitive. This research 

investigates new materials capable of balancing friction dynamics, thermal resilience, and sustainability, advancing 

clutch performance in high-stress applications(27).This study focuses on evaluating sustainable clutch materials with 

enhanced thermal endurance and friction stability. By examining advanced composites, the research aims to develop 

clutch systems that align durability with environmental goals, contributing to optimized performance and longevity 

in automotive applications. The findings promise a sustainable solution for modern, high-performance 

vehicles(28)(31).Clutch materials in automotive systems are essential for transferring torque efficiently under high 

thermal and mechanical loads. The evolution of automotive engineering has driven the need for materials that not 

only withstand these rigorous conditions but also support sustainable practices. Traditional materials, such as 

asbestos composites, though effective in wear resistance, pose environmental and health risks, highlighting a need for 

safer alternatives(29).In recent years, the development of composite materials has become central to this transition. 

Carbon fiber and ceramic composites have demonstrated improved thermal stability and wear resistance, attributes 

that are essential for high-performance applications. However, these materials are often costly and challenging to 

produce sustainably, indicating a gap between performance demands and environmental objectives. This research 

aims to bridge this gap by exploring innovative, eco-friendly materials for clutch applications(29).The central 

problem in clutch design is finding materials that can endure high-stress thermal conditions while aligning with 
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sustainability. Standard materials such as asbestos composites, despite their wear-resistant qualities, pose serious 

environmental and health concerns (29). Other conventional solutions include using reinforced ceramics and 

synthetic coatings to enhance clutch durability; however, these approaches increase complexity and production 

costs.Current solutions also lack the holistic balance needed for modern vehicles, where cost-efficiency, durability, 

and eco-sustainability are crucial. While ceramic-reinforced composites extend clutch lifespan and improve heat 

management, they fall short in terms of accessibility and sustainability. This underscores the importance of further 

exploring materials that are thermally resilient, environmentally friendly, and feasible for large-scale 

production(27).Previous studies have proposed innovative materials and manufacturing methods to address the 

challenges in clutch material design. For example, hybrid composites incorporating Kevlar and ceramic fibers have 

shown promise in managing frictional wear and reducing heat buildup, essential factors in high-performance 

applications(Kopling_27). Similarly, nanoparticle-infused composites have been tested for their ability to disperse 

heat more effectively than traditional materials, reducing the likelihood of thermal deformation(20).These solutions 

offer targeted responses to specific aspects of the clutch problem, such as thermal dissipation and wear resistance. 

Nonetheless, their cost and complex production processes have limited their widespread adoption. Building on these 

findings, this research aims to develop accessible, sustainable materials that do not compromise on performance 

under demanding conditions (29).The existing literature provides a foundation for sustainable clutch materials, but 

gaps remain in achieving an optimal balance of performance, cost, and environmental safety. Studies on carbon and 

ceramic composites, while insightful, often neglect scalability and cost-effectiveness, crucial factors for broader 

application in the automotive industry. This research gap points to the need for materials that integrate thermal 

resilience with eco- friendly attributes, addressing both durability and sustainability in clutch design(31).This study 

seeks to develop clutch materials that optimize thermal resilience and friction dynamics while minimizing 

environmental impact. The novelty lies in its approach to integrating advanced composite technology with 

sustainable design principles, targeting high-performance automotive applications. By leveraging methodologies in 

material science and eco- design, this research presents a new perspective on clutch material innovation, aiming to 

meet both industry performance standards and sustainability goals(31)(28). 

 

2.  RESEARCH METHODS. 
 
Material Selection and Preparation:  

Selection involved high-performance materials like Kevlar composites and carbon-based materials due to their 

thermal resistance and friction stability under load cycles. Key studies, such as Patel et al. [0], highlight the wear 

resistance properties of aluminum and ceramic composites, supporting initial material selection for sustainable 

clutch applications. 

 

Thermal Resilience Analysis: 

Thermal resilience relates to a material's ability to withstand temperature variations without degrading. The 

heat equation, a fundamental differential equation in thermodynamics, can be applied here: 

𝜕𝑇

𝜕𝑡
=  𝛼 ∇ 2 𝑇 

where: 

 

• T is the temperature, 

• t is time, 

• α is the thermal diffusivity of the material, and 

• ∇2T denotes the Laplacian, representing spatial temperature variation 

 

In sustainable clutch material design, selecting a material with high thermal diffusivity ensures that it can 

quickly dissipate heat, thus preventing overheating and prolonging the material's lifespan. By differentiating 

temperature with respect to time and space, we can quantify the rate at which a material can handle thermal energy 

changes. 

 

Friction Dynamics Analysis: 

The coefficient of friction, which is essential for clutch performance, can be studied through differential 

relationships. For a dynamic friction system, we might use. 

𝑑𝐹

𝑑𝑥
=  𝜇 𝑁 

where: 

 

• F is the frictional force, 

• x is displacement, 
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• μ is the coefficient of friction, and 

• N is the normal force. 

 

Differentiating frictional force with respect to displacement can reveal insights into how changes in material 

properties, such as texture or surface hardness, affect friction over time. Selecting materials with a consistent 

coefficient of friction is crucial for clutches to perform optimally under different conditions. 

 

Total Heat Absorption: 

The total heat absorbed by a material is integral to understanding its thermal management capabilities. Given a 

heat flux q, the total heat Q absorbed over time ttt can be calculated as: 

𝑄 =  ∫ 𝑞 𝑑𝑡

𝑡

0

 

This integral allows us to determine the material’s capability to handle prolonged exposure to heat. In 

sustainable clutch material design, this insight helps engineers select materials that not only resist heat but can also 

manage heat over extended operational periods. 

 

Cumulative Stress and Deformation: 

For materials subjected to varying stress over time, the deformation can be assessed by integrating stress over a 

period. Using Hooke's law, for example, we may write: 

 

∈ ∫ 𝜎𝑑𝑉 

where: 

• ϵ is the strain, 

• σ is the stress, and 

• V is the volume of the material. 

• This integral enables us to calculate total deformation across the material, ensuring it remains within safe 

limits throughout usage. Clutch materials with minimal cumulative deformation are favored, as they 

maintain effective frictional properties longer, crucial for high-performance applications. 

 

Frictional Work: 

• The total frictional work done by the material over a distance x can be calculated by: 

 

𝑊 =  ∫ 𝜇 𝑁 𝑑𝑥

𝑥

0

 

 

This equation helps quantify the energy loss due to friction, a vital factor in determining clutch material 

efficiency. Lower energy loss contributes to both sustainability and performance, guiding material selection toward 

options that minimize wear while maintaining necessary frictional force. 

 

By integrating differential and integral calculus into the analysis of thermal and frictional properties, researchers 

and engineers can make data-driven decisions for sustainable clutch materials. The interplay of thermal resilience 

and friction dynamics, quantified by calculus, allows for optimization that meets high-performance standards while 

also prioritizing durability and environmental impact. 

 

Thermal Cycling and Mechanical Testing: To analyze thermal resilience, the research adopts thermal cycling 

experiments similar to techniques described by Akhtar et al. [6], where clutch plates are subjected to varying 

temperatures up to 300°C. This approach reveals material fatigue and performance under repeated heating and 

cooling cycles, essential for simulating real-world automotive conditionsction Dynamics Measurement**: Utilizing 

the Pin-On-Disk method described in Gyan et al. [8], friction tests measure wear rates and friction coefficients at 

multiple temperatures and pressures, ensuring material suitability across a broad spectrum of operational demands . 

 

Rate of Temperature Change: 

The rate of temperature change within a material subjected to thermal cycling can be modeled by the heat 

equation: 

𝑎 =  
𝑑𝑇

𝑑𝑡
𝛼∇2𝑇 

 

where: 
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• T is the temperature of the material, 

• t represents time, 

• α is the thermal diffusivity, and 

• ∇2T is the Laplacian, representing spatial temperature variations. 

 

Differentiating temperature with respect to time and spatial dimensions allows engineers to predict how 

quickly the material can dissipate heat. For clutch materials, which must withstand rapid temperature changes, a 

high thermal diffusivity (α\alphaα) ensures that heat is quickly and uniformly distributed, preventing thermal 

stresses that could lead to cracking or material degradation. 

 

Thermal Stress Calculation: 

Thermal stress (σ\sigmaσ) arises due to non-uniform expansion or contraction during temperature fluctuations. 

Using a differential equation to relate thermal stress to temperature change, we have: 

 

𝜎 = 𝐸. 𝛼.
𝑑𝑇

𝑑𝑡
 

where: 

• E is Young's modulus (material stiffness), 

• α is the coefficient of thermal expansion, and 

• dt/dT represents the rate of temperature change. 

 

This differential expression quantifies the material's thermal stress under temperature fluctuations, enabling 

designers to select materials with the appropriate stiffness and thermal expansion properties for resilience during 

thermal cycling. 

 

Cumulative Deformation and Fatigue: 

Deformation due to cyclic loading is a key parameter in mechanical testing. To determine total deformation 

over repeated cycles, we can integrate the stress response across the material volume:From the document you 

provided, the Cumulative Deformation and Fatigue in clutch materials, especially under thermal and mechanical 

stress, is typically assessed through an integral expression that accounts for cyclic loading. For materials under 

varying stress, the cumulative deformation can be expressed as: 

∈ =  ∫ 𝜎𝑑𝑉 

where: 

 

• ϵ represents the total strain, 

• σ denotes stress, and 

• dV is the volume element over which the integration is performed. 

 

In fatigue analysis, cumulative damage models often apply Miner’s Rule, which estimates the cumulative 

fatigue damage (D) under cyclic loading. The formula for cumulative fatigue can be expressed as: 

 

𝐷 =  ∑
𝑁𝑖

𝑛𝑖
 

 

where: 

• ni_ is the number of cycles applied at a specific stress level, and 

Ni is the total number of cycles to failure at that stress level 

When D ≥1, failure is expected. This helps in predicting the lifespan of materials under repeated thermal and 

mechanical stresses in high-performance clutch systems. 

 

Si Finite Element Analysis (FEA): FEA, conducted through ANSYS, models the clutch material’s thermal 

and structural response under stress. Purohit et al.'s model for structural and thermal analysis guides these 

simulations, optimizing parameters such as hub diameter and rivet placements for minimized stress . 

Finite Element Analysis (FEA) involves a mathematical approach to model and simulate physical phenomena, 

especially useful for predicting how materials or structures respond to forces, heat, and other effects. For clutch 

materials, FEA typically includes solving partial differential equations for stress, strain, and thermal effects across 

the material. 
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The primary equation used in FEA for structural analysis is based on the general equilibrium equation for stress, 

often written as: 

 

K.u=F 

 

where: 

 

• K is the stiffness matrix of the system, which represents how each element in the material resists 

deformation. 

• u is the displacement vector, showing the deformation or displacement of nodes within the element. 

• F is the force vector, representing external forces acting on the structure. 

 

For thermal analysis in FEA, the heat equation is often applied: 

 

KTT=Q 

 

where: 

• KT is the thermal conductivity matrix, describing heat transfer properties, 

• T is the temperature distribution vector, and 

• Q is the heat flux vector, representing applied thermal loads. 

 

By discretizing the material into smaller elements, FEA solves these equations across each element and 

assembles them into a system-wide matrix. This process allows engineers to predict deformation, thermal response, 

and structural integrity under various operating conditions. 

1. Thermomechanies Evaluation: The study leverages Digital Image Stereo-Correlation (DISC) for full- 

field displacement and strain measurements under thermal load. Flament et al. [13] used this method 

effectively to analyze material behavior, which is applied here to assess thermal expansion and 

mechanical durability under thermal cycling . 

2. Dynamic Load Testing: Rank et al. [16], dynamic tests on multi-plate clutch systems evaluate the impact 

of cyclic load conditions on friction and thermal characteristics, simulating clutch engagement in high-

performance environments . 

 

In Dynamic Load Testing, which assesses material behavior under variable loads (often involving cyclic or 

impact forces), the response of the material is analyzed through the relationship between force, mass, and 

acceleration, as well as damping and stiffness. 

 

The fundamental equation often used in dynamic load analysis is derived from Newton’s Second Law of 

Motion and can be expressed as: 

 

mx¨ + cx˙ + kx = 𝐹(𝑡) 

 
where: 

 

• m is the mass of the system or component under test, 

• x¨ is the acceleration of the system (second derivative of displacement), 

• c is the damping coefficient, representing energy loss through material damping, 

• x˙ is the velocity of the system (first derivative of displacement), 

• k is the stiffness coefficient of the material, which quantifies the resistance to deformation, 

• x is the displacement of the system or element, and 

• F(t) is the time-dependent force applied during the dynamic load test. 

 

This equation, known as the damped harmonic oscillator equation, allows engineers to assess how materials 

react under dynamic conditions, simulating real-world loads that may fluctuate over time, such as in clutch 

applications where engagement and disengagement cycles induce variable forces. 

Wear Analysis and Coefficient Optimibon composites are analyzed for friction stability and wear resistance, 

referencing findings by Cheng et al. [19] on resin composition effects. The study examines fiber length and resin 

type as variables affecting wear rates and friction stability, crucial for clutch material performance . 
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For Wear Analysis and Coefficient Optimization in composite materials, typically analyzed for friction 

stability and wear resistance, the wear rate can be quantified using Archard’s Wear Equation, which models the 

material loss over time due to sliding contact: 

𝑉 =  
𝐾. 𝐹. 𝑠

𝐻
 

where: 

• V is the wear volume, 

• K is the wear coefficient, an empirical factor dependent on material properties and operating conditions, 

• F is the normal load applied to the material, 

• s is the sliding distance, and 

• H is the hardness of the softer material in contact. 

 

For friction stability, the coefficient of friction (μ\muμ) is also analyzed as it impacts the wear rate and energy 

efficiency in applications like clutches. The coefficient of friction can vary based on factors such as material 

composition, surface texture, and operating conditions (e.g., temperature and pressure). Wear testing under different 

loads and speeds allows optimization of the coefficient to achieve desired levels of friction stability and wear 

resistance. 

Result Analysis and Parameter Optimization: Foet al. [21], a comprehensive analysis of wear patterns and 

friction coefficients informs the final adjustments. Statistical evaluations guide material selection for optimized 

thermal resilience and minimized environmental impact, aligning with the goal of sustainability in clutch design . 

In Result Analysis and Parameter Optimization, mathematical models and statistical methods are used to 

optimize parameters that influence material performance, particularly in composite materials. Techniques such as 

Regression Analysis and Design of Experiments (DOE) are often applied to analyze the effects of multiple variables 

and identify optimal parameter settings. 

 

A common approach for parameter optimization in engineering is Response Surface Methodology (RSM), 

where the relationship between response variables and independent factors is modeled as: 

 

y = f(x1, x2, … , xk) + ϵ 

where: 

• y is the response variable (e.g., wear rate, friction coefficient), 

• x1,x2,…,xk are the independent variables or parameters to be optimized (e.g., fiber content, applied load, 

sliding speed), 

• f is the functional relationship between the response and the parameters, and 

• ϵ represents the random error in the model. 

 

3.  RISET AND DISCUSSION 
 

 

Table.1. Initial data in calculation 

No Parameters Value 

1 Inner radius of friction pairs a/m 0.064 

2 Outer radius of friction pairs b/m 0.075 

3 Friction lining thickness d/m 0.001 

4 Surface roughness s/m 8.41x 10-6 

5 Friction material permeability F/m2 4 x 10-12 

6 Equivalent elasticity modulus E/Pa 2.77 x 108 

7 Asperity density l/m2 7 x 107 

8 Asperity tip radius R/m 8 x 10-4 

9 Initial film thickness ho/m 8.8 x 10-4 

10 ATF viscosity h/Pa_s 0.0681 

11 Applied pressure PS/Pa 5 x105 

12 Initial angular velocity v0/rad/s 125 

13 ATF flow Q/L_min-1 1 

14 Moment of inertia I/kg_m2 0.56 
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Table.2. Material properties for the layer problem 

No Tensile test layer half-plane 
1 Young’s modulus, E (GPa) 125 0,53 

2 Poisson’s ratio, ¸V 0.25 0.25 

3 thermal expansion coe± cient, α (¯C¡ 1 ) 12 X 10-6 30 X 10-6 

4 thermal conductivity, K (W m¡ 1 ¯C¡ 1 ) 54.0 0.5 

5 thermal di® usivity, k (mm2 s¡ 1 ) 13.0 0.27 

 

 

 

 

 

 

 

 

12 X 10-6 30 X 10-6 

0.25 0.25 

125 0,53 

Layer half-plane 

 

Figure 1 . Characteristik Material properties for the layer problem  

 

 

Table.3. Material properties for the three-layer and multi-disc clutch problems 

No Tensile test Steel Friction 

material 1 

Friction 

material 2 
1 Young’s modulus, E (GPa) 200 0.11 0.30 

2 Poisson’s ratio, ¸V 0.30 0.25 0.12 

3 thermal expansion coe± cient, α 

(¯C¡ 1 ) 

12 x 10-6 14 x 10-6 14 x 10-6 

4 thermal conductivity, K (W m¡ 1 
¯C¡ 1 ) 

42.0 0.22 0.241 

5 thermal di® usivity, k (mm2 s¡ 1 ) 11.9 0.122 0.177 

 

 

 

 

12 x 10-6 14 x 10-6 14 x 10-6 

0.3 0.25 0.12 

200 0.11 0.3 

 material 1 material 2 

Steel Friction Friction 

 

Figure 2. Characteristic Material properties for the three-layer and multi-disc clutch problems 
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Here is the Thermal Cycling and Mechanical Testing diagram in English. This flowchart outlines the stages 

involved in evaluating the thermal and mechanical resilience of clutch materials, simulating real-world conditions 

with temperature fluctuations, mechanical load testing, and dynamic load analysis to ensure durability and 

performance longevity. Each step contributes to a comprehensive analysis to confirm the material’s suitability for 

high-stress applications 

Here is a visual representation of Poisson's effect under compression. The original blue rectangle represents 

the undeformed shape, while the red dashed rectangle shows the deformed shape, illustrating the material's expansion 

in width as it compresses in height. This effect is characteristic of materials with a positive Poisson's ratio, where 

lateral expansion occurs in response to longitudinal compression. 

 

 

 

 

 

 

 

 

Here is a meshing diagram illustrating the structure of a clutch material. Concentric circles represent mesh 

layers from the inner to the outer radius, and radial lines divide the material into segments. This type of meshing 

helps in analyzing stress and deformation in simulations, providing finer detail near critical areas of the material. 

 

 

 

 

 

 

 

 

 

 

 
 

Here is a refined meshing diagram for the clutch material, showing a higher level of detail with finer divisions. 

This setup is suitable for capturing more accurate simulation data in areas under high stress or thermal variation, 

providing a clearer representation of the structural divisions within the material. 

 

 

 

 

 

 

 

2. RESEARCH PURPOSES 
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Here is a visual representation of the clutch disk geometry, showing the inner and outer radii and the 

extrusion thickness. This setup aligns with the parameters provided, with the inner radius at 0.064 m, the outer 

radius at 0.075 m, and the thickness at 0.001 m, making it suitable for further simulation in Ansys 

 

Here is a conceptual visualization illustrating the effect of Elastic Modulus (2.77 x 10^8 Pa) on stress 

distribution. The gradient in red indicates the areas experiencing higher stress levels, which typically increase 

towards the outer edge of the material when a load is applied. This gradient effect visually represents how the 

material might respond elastically to stress before any permanent deformation occurs 

 

Here is a conceptual illustration demonstrating the effect of Young's Modulus (2.77 x 10^8 Pa). The initial 

shape (blue) represents the material before any force is applied, while the deformed shape (red dashed line) shows 

the material's elongation or compression when stress is applied. The deformation indicates the material’s response to 

stress, influenced by its Young's Modulus, with less deformation in stiffer materials 

 

 
 

 

Here is the heat treatment parameters diagram based on Table 1. This horizontal bar chart visualizes various 

friction-related parameters, including: 
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1. Inner and outer radii of friction pairs 
2. Friction lining thickness 

3. Surface roughness 

4. Friction material permeability 

5. Equivalent elasticity modulus 

6. Asperity density and tip radius 

7. Initial film thickness 
8. ATF viscosity 

9. Applied pressure 

10. Initial angular velocity 

11. ATF flow rate 

12. Moment of inertia 

 

This diagram provides a clear overview of the parameters for friction and material behavior under thermal 

treatment conditions. 

 

 

Here is the heat treatment diagram based on Table 2, illustrating the material properties for the Layer and Half- 

Plane categories. This diagram includes: 

 

Young's Modulus (GPa) 

Poisson's Ratio 

Thermal Expansion Coefficient (°C⁻¹) 

Thermal Conductivity (W/m°C) 

Thermal Diffusivity (mm²/s) 

 

These charts depict each property for the two materials, providing a comparative view of how each might 

perform under different thermal conditions 
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To create a heat treatment diagram based on Table 3 from your document, I will use the data provided for 

tensile testing across three materials: steel, friction material 1, and friction material 2. The parameters included in 

Table 3, such as Young's modulus, Poisson’s ratio, thermal expansion coefficient, thermal conductivity, and thermal 

diffusivity, will help visualize how these materials might behave under heat treatment conditions. 

Here is a visual representation of the material properties relevant for heat treatment from Table 3. Each bar 

chart highlights a specific property across the three materials—Steel, Friction Material 1, and Friction Material 2— 

coverin 

 

Here is the heat treatment diagram based on Table 2, illustrating the material properties for the Layer and 

Half- Plane categories. This diagram includes: 

 

1. Young's Modulus (GPa) 

2. Poisson's Ratio 

3. Thermal Expansion Coefficient (°C⁻¹) 
4. Thermal Conductivity (W/m°C) 

5. Thermal Diffusivity (mm²/s) 

 

These charts depict each property for the two materials, providing a comparative view of how each might 

perform under different thermal conditions. Let me know if you'd like further refinement or additional details. 

Here is the heat treatment parameters diagram based on Table 1. This horizontal bar chart visualizes various 

friction-related parameters, including: 

1. Inner and outer radii of friction pairs 

2. Friction lining thickness 

3. Surface roughness 

4. Friction material permeability 

5. Equivalent elasticity modulus 

6. Asperity density and tip radius 

7. Initial film thickness 

8. ATF viscosity 

9. Applied pressure 

10. Initial angular velocity 

11. ATF flow rate 

12. Moment of inertia 

 

This diagram provides a clear overview of the parameters for friction and material behavior under 

thermal treatment conditions. Let me know if further adjustments or additional details are needed! 
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