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1. INTRODUCTION 

Roller conveyors are essential elements in several sectors for the purpose of material handling, 

enabling the effective transportation of items along assembly lines, warehouses and distribution 

centres. Conventional roller conveyors are often made from materials such as steel, aluminium, 

or plastic. Advancements in material science have offered composite materials as feasible 

alternatives, which provide potential advantages such as decreased weight, higher strength-to- 

weight ratio, and greater durability (Lan, C.H. 2003). The aim of this project is to investigate 

the design, analysis, and optimisation of roller conveyors by using composite materials. This 

research attempts to use the distinct characteristics of composites in order to reduce weight 

while simultaneously preserving or improving the structural integrity and operational 

efficiency of roller conveyors. 

Composite materials are fabricated by amalgamating two or more unique materials to provide 

a harmonious amalgamation with enhanced qualities in comparison to its separate constituents. 

Typical components found in composites include fibres like carbon, glass, or aramid, which are 

enclosed inside a matrix substance like epoxy resin. Composites has many benefits including 

superior strength, resistance to corrosion, and the ability to be easily customised, making them 

well-suited for a wide range of technical uses. 

Efficient weight optimisation of roller conveyors is essential for minimising energy 

consumption, lowering operating costs, and improving transport efficiency (Lan, C.H. 2003). 

By substituting conventional materials with lightweight composites, the total weight of the 

conveyor system may be substantially decreased while maintaining its structural integrity. 

The decrease in weight might result in less inertia, enhanced acceleration, and smoother 

functioning, hence enhancing productivity and throughput. 

In addition, the design analysis and optimisation process include assessing the performance of 

composite materials under various loading circumstances, taking into account parameters such 

as static and dynamic loads, impact resistance, and fatigue behaviour. Advanced modelling 

methods, such as finite element analysis (FEA) and computational fluid dynamics (CFD), may 

be used to simulate the roller conveyor system's behaviour and optimise its design parameters 

to achieve optimum efficiency. 

The study on the development, examination, and enhancement of roller conveyors using 

composite materials signifies a noteworthy progression in the domain of material handling and 

logistics. This research seeks to use the distinct characteristics of composites in order to create 
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conveyor systems that are both lightweight and long-lasting. These systems aim to improve 

productivity, minimise environmental harm, and promote the general sustainability of industrial 

operations. 

 

 

Figure 1: Conveyor system 

 

Source: https://www.ijser.org/researchpaper/Design-and-Optimization-of-Roller-Conveyor- 

System.pdf 

1.1 BACKGROUND 

Roller conveyors are essential in contemporary industrial processes since they enable the 

smooth transportation of commodities in manufacturing, distribution, and logistics activities. 

Historically, roller conveyors have mostly been made from materials like steel, aluminium, or 

plastic since these materials are readily accessible, easy to work with, and provide sufficient 

mechanical qualities. Nevertheless, the need to improve efficiency, sustainability, and cost- 

effectiveness has sparked a growing curiosity in investigating alternate materials for 

constructing roller conveyors. 

Using composite materials is a potential way to enhance the performance of roller conveyors. 

Composites are fabricated materials consisting of two or more components with different 

qualities, blended together to get improved performance attributes. The ingredients often 

consist of fibres, such as carbon, glass, or aramid, that are incorporated into a matrix material, 

such as epoxy resin or polymer. By adopting this configuration, composites are able to 

demonstrate exceptional mechanical characteristics, such as a remarkable ratio of strength to 

https://www.ijser.org/researchpaper/Design-and-Optimization-of-Roller-Conveyor-System.pdf
https://www.ijser.org/researchpaper/Design-and-Optimization-of-Roller-Conveyor-System.pdf
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weight, outstanding resistance to fatigue, and great protection against corrosion, among other 

advantageous attributes. 

Utilising composite materials in roller conveyor construction has several potential benefits 

compared to conventional materials: 

• Weight Reduction: Composite materials provide intrinsic lightweight properties 

compared to metals such as steel or aluminium, resulting in decreased conveyor weight. 

The decrease in weight results in reduced energy consumption during operation, lower 

inertia, and enhanced handling efficiency. 

• Strength and Durability: Composite materials, despite their low weight, may provide 

similar or even better strength and durability than metals. This attribute is especially 

beneficial in situations when there are heavy loads, impacts, or severe environmental 

conditions. 

• Composites provide more design freedom, enabling the production of intricate forms 

and geometries that optimise the performance of conveyors. Engineers may customise 

the conveyor system to meet individual application needs, which improves overall 

efficiency and performance (Lan, C.H. 2003). 

• Corrosion Resistance: Composite materials possess intrinsic resistance to corrosion, 

rust, and chemical deterioration, unlike metals. This attribute guarantees the durability 

of the conveyor system, even in corrosive industrial settings, hence minimising 

expenses for maintenance and periods of inactivity. 

• The use of composite materials is in line with the increasing focus on environmental 

sustainability in industrial operations. Composite-based roller conveyors help create a 

more environmentally friendly manufacturing and logistics ecosystem by decreasing 

the use of conventional materials that have a larger carbon footprint. 

However, the extensive use of composite materials in roller conveyor construction comes with 

several obstacles and factors to consider. The factors to consider include the cost of materials, 

the level of complexity in production, the compatibility with existing infrastructure, and a 

thorough grasp of how the materials behave under different operating situations. 

This study intends to investigate the design, analysis, and optimisation of roller conveyors by 

using composite materials, taking into consideration the aforementioned criteria. This study 

aims to examine the mechanical properties, performance characteristics, and manufacturing 

considerations of composites. The goal is to gain insights into the feasibility and effectiveness 

of using composite materials to optimise the weight and improve the functionality of roller 
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conveyor systems. This study aims to enhance sustainable and efficient material handling 

systems in industrial settings via rigorous analysis and testing. 

1.2 AIM OF STUDY 

 

This research aims to investigate the design, analysis, and optimisation of roller conveyors by 

using composite materials. More precisely, the emphasis is on attaining weight optimisation 

while preserving or improving structural integrity and operating efficiency. This study seeks to 

use the distinctive characteristics of composites to create conveyor systems that are both 

lightweight and long-lasting. These systems will boost productivity, minimise environmental 

harm, and promote sustainability in industrial material handling operations. 

1.2.1 Problem identified 

 

Conventional roller conveyors, made from materials like steel, aluminium, or plastic, often 

encounter difficulties with weight, efficiency, and environmental consequences. Some of the 

problems encompass 

1. Excessive Weight: Traditional roller conveyors constructed from steel or aluminium 

may be burdensome, resulting in elevated energy consumption, augmented operating 

expenses, and diminished manoeuvrability. 

2. Finite Resilience: Substances such as steel are prone to deterioration and erosion as time 

passes, requiring regular upkeep and substitution, hence contributing to operational 

interruptions and financial costs. 

3. Environmental Impact: The manufacturing and use of conventional conveyor materials 

may result in environmental deterioration due to the depletion of resources, emissions, 

and the formation of trash. 

What are the specific questions that will be investigated in this research? 

 

In order to tackle the indicated issue, this study will examine the following research questions 

 

• In order to optimise weight, how can roller conveyors that are made of composite 

materials be designed and built? 

• How do composite materials compare to more conventional materials, such as steel or 

aluminium, in terms of mechanical qualities that are important for roller conveyor 

applications? 
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• In terms of weight reduction, durability, and environmental effect, what are the possible 

advantages and disadvantages of using composite materials in the design of roller 

conveyors? 

• How can roller conveyors made of composite materials be optimised in terms of design 

parameters to increase their performance and efficiency? 

1.3 LIMITATIONS 

 

Although this research intends to provide helpful insights into the utilisation of composite 

materials for optimising roller conveyors, it is important to acknowledge several limitations: 

Composite materials may incur greater initial expenses compared to conventional materials, 

thus affecting the practicality of wider use, especially for smaller-scale enterprises. 

Manufacturing Complexity: The process of creating roller conveyor components using 

composite materials may need the use of specialised equipment and knowledge, which might 

result in heightened manufacturing complexity and longer lead times. 

Compatibility issues may arise when integrating composite-based roller conveyors into existing 

systems or infrastructure. These challenges should be addressed throughout the design and 

implementation stages. 

Environmental Considerations: Although composite materials have advantages such as 

decreased weight and resistance to corrosion, it is important to thoroughly assess their 

manufacturing process and disposal methods at the end of their lifespan to guarantee overall 

sustainability. 

1.4 STUDY ENVIRONMENT 

 

The study will take place in a controlled laboratory setting that is equipped with equipment for 

conducting material testing, performing mechanical analysis, and developing prototypes. The 

project will use a mix of experimental testing, computer modelling, and data analysis to 

evaluate the performance of composite materials in roller conveyor applications. Furthermore, 

engaging in partnership with industry partners and stakeholders will provide practical 

perspectives and verification of research discoveries. Field observations and case studies 

conducted in manufacturing facilities and logistics operations will be used in addition to 

laboratory tests to provide a thorough knowledge of the practical consequences of roller 

conveyors made from composite materials. 
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The study environment will be organised in a way that promotes interdisciplinary research. 

This will involve incorporating knowledge from materials science, mechanical engineering, 

and industrial design to tackle the complex challenges and opportunities related to optimising 

roller conveyor performance using composite materials. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7  

2. METHODOLOGY 

Designing, analysing, and optimising roller conveyors is crucial in the field of material 

handling systems for the effective and smooth movement of items in a variety of sectors. The 

development of new materials has opened the door to the possibility of investigating other 

approaches to building roller conveyors, especially those that make use of composite materials. 

As an alternative to more conventional materials like steel or aluminium, these composites, 

which consist of two or more components with different characteristics, show promise as a 

means to improve the efficiency and longevity of roller conveyors. 

2.1 ALTERNATIVE METHODS 

Multiple techniques may be explored for the design, analysis, and optimisation of roller 

conveyors using composite materials (Lan, C.H. 2003). Every technique has unique 

advantages and constraints that need meticulous assessment to ascertain the best appropriate 

methodology for the particular study goals. Several potential approaches include: 

• Analytical approaches use mathematical modelling and theoretical analysis to forecast 

the behaviour and performance of roller conveyors. These techniques may provide 

significant understanding of the structural dynamics, distribution of loads, and study of 

stress in conveyor parts. Nevertheless, analytical techniques may be restricted in their 

ability to accurately capture intricate material behaviours and dynamic interactions, 

especially when working with composite materials that exhibit nonlinear 

characteristics. 

• Experimental procedures include the process of conducting physical tests and verifying 

the performance of roller conveyor prototypes in a controlled laboratory setting. This 

method enables the direct quantification of performance characteristics like as load 

capacity, deflection, and wear resistance. Experimental approaches are used to gather 

empirical data that may be used to validate theoretical models and evaluate the real- 

world performance of composite materials in practical applications. Nevertheless, 

experimental techniques may be laborious, demanding in terms of resources, and 

constrained in their capacity to faithfully replicate real-world operational 

circumstances. 
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• Design and development procedures include the process of creating and improving 

roller conveyor designs via the use of computer-aided design (CAD) software and 

simulation tools, which entail iterative prototyping and refinement. This methodology 

allows engineers to investigate a diverse array of design configurations, fine-tune 

geometric characteristics, and assess performance requirements prior to creating a 

physical prototype. Design and development methodologies provide a means to explore 

many design options and find the best solutions efficiently and with flexibility. 

Nevertheless, these techniques depend on precise material models and assumptions, 

which might add uncertainty when attempting to forecast real-world behaviour. 

• Empirical approaches, both quantitative and qualitative, are used to analyse data derived 

from observations, surveys, or case studies in order to get insights into the performance 

and usability of roller conveyor systems. Quantitative empirical approaches use 

numerical data and statistical analysis to measure performance indicators and detect 

patterns or relationships. Qualitative empirical techniques, in contrast, prioritise 

subjective observations, user input, and expert views to evaluate issues including user 

experience, ergonomics, and operational efficiency. Empirical techniques provide 

useful insights into the practical consequences of roller conveyor design and 

optimisation, but they may lack the accuracy and generalization of analytical or 

experimental approaches. 

The selected approach for this project will use a mix of analytical, experimental, and design 

and development methodologies, together with the examination of empirical data. This 

methodology enables a thorough examination of roller conveyor design and optimization with 

composite materials, merging theoretical understanding with practical validation and iterative 

improvement. 

2.2 CHOSEN METHODOLOGY FOR THE PROJECT 

 

The technique that was selected for this project is mostly based on analytical procedures that 

are backed by insights from scientific publications that are pertinent to the undertaking. 

⚫ Analytical method 

 

For the purpose of predicting the behaviour and performance of roller conveyors that are 

constructed out of composite materials, analytical approaches entail the construction of 

mathematical models and subsequent simulations. The structural mechanics, load distribution, 

and stress response of conveyor components will be simulated using finite element analysis 

(FEA) software. This simulation will take place under a variety of different operating situations. 
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By using this technique, it is possible to conduct a methodical investigation into the ways in 

which the performance of a conveyor is affected by a variety of design factors and material 

attributes. In order to improve the accuracy and dependability of analytical models, they will 

be modified based on theoretical principles and empirical data derived from scientific literature. 

⚫ Publications 

 

The analytical models that were constructed in this research will have their validation and 

information from scientific publications, which will serve as an important source of 

information. We will be consulting research papers and publications that have been evaluated 

by other researchers in order to collect information on the material properties, composite 

behaviour, and performance characteristics that are pertinent to the design and optimisation of 

roller conveyors. The purpose of this project is to contribute to the progress of understanding 

in the area of composite-based roller conveyors by using insights from already available 

literature. This will allow the project to build upon previously established knowledge. 

2.3 PREPARATION AND DATA COLLECTION 

 

As part of the preparations for the collection of empirical data, it will be necessary to ensure 

the reliability and validity of the experimental techniques and measurements. In order to reduce 

the amount of uncertainty in the experiment and guarantee that the findings of the tests are 

consistent, quality control methods will be used. According on the results of the statistical 

power analysis, the sample size for the physical testing will be set. This will guarantee that 

there is adequate data for meaningful analysis and interpretation. Methods such as repeated 

measurements, calibration processes, and comparison with theoretical predictions will be used 

in order to evaluate the validity and dependability of the experimental results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: steps involved in the methodology (Author) 
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Figure 3: data collection sources (Author) 
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3. THEORY 
 

The society we live in today is characterised by the automation and modernization of their 

production processes. The material handling method is a component of this contemporary 

approach that is essential in every sector of the construction industry. Conveyors, lift trucks, 

and an assortment of other types of material handling equipment are used in industrial facilities, 

warehouses, and retail shops to transfer almost every item that is involved in the physical 

commerce process. For the purpose of moving materials from one location to another, a 

conveyor system is used. 

It is a piece of material handling equipment that is capable of moving something that is both 

heavy and bulky (Lan, C.H. 2003). As a result of their speed and efficiency in transporting 

materials, conveyors have gained a lot of popularity in the packing industry for the purpose of 

material handling. There is a wide variety of conveyor systems accessible, including powered 

operated, nonpower operated, gravity conveyor, chain conveyor, roller conveyor, vibrating 

conveyor, pneumatic conveyor, and so on. These systems are used in accordance with the 

requirements of various applications. When it comes to selecting an accurate conveyor, there 

are several aspects to consider. 

C-channel, bearings, rollers, and other components are included in roller conveyors in order to 

reduce both cost and weight. A roller is a parameter that is measured. The process of 

optimising the size and form of the roller in order to increase its weight reduction. Conveyors 
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are equipped with a variety of cutting-edge safety measures that are designed to reduce the 

likelihood of accidents occurring. Four. The existing conveyor is used to move water bottles, 

which weigh 25 kilogrammes each. As a result, the burden is split between two rollers, each of 

which weighs 12.5 kilogrammes. 

When it comes to moving items, employing a conveyor may be safer than using a forklift or 

another equipment. Among the many sectors that may make use of them are agricultural, 

automobile manufacturing, computer and electronic manufacturing, aerospace, food 

processing, bottling and canning, chemical manufacturing, print finishing, and packaging, 

among others.  

The operation of the conveyor may be accomplished by a variety of means, including hydraulic, 

pneumatic, mechanical, electric, and fully automated systems all of which are available. 

Applications that need moving unit loads are often handled by gravity roller conveyors that are 

not motorised. In order to optimise the weight of the roller, an iterative approach for 

manufacturing physical design is required. This is because testing and manufacturing are not 

feasible for each roller individually. That might be accomplished by using software that is 

appropriate for analysis. For the purpose of optimisation, glass fibre composite material was 

used, and an adequate new design of composite material was obtained via the utilisation of an 

optimisation tool and an iterative process. 

3.1 COMPOSITE MATERIALS IN ROLLER CONVEYOR CONSTRUCTION 

 

The building of roller conveyors has seen the emergence of composite materials as potentially 

useful alternatives to conventional materials such as steel, aluminium, or plastic. This is owing 

to the distinctive qualities and benefits that composite materials possess. In recent years, 

researchers have investigated the possibility of adding composite materials into conveyor belt 

systems, as well as the possible advantages of doing so. Their goals include enhancing 

performance, reducing weight, increasing durability, and promoting environmental 

sustainability. 

The use of carbon fiber-reinforced polymer (CFRP) composites in conveyor belt systems was 

the subject of an investigation that was carried out by Chai et al. (2018). This study aimed to 

evaluate the practicability and effectiveness of using carbon fibre reinforced plastic (CFRP) 

materials in the building of roller conveyors. Because of their remarkable strength-to-weight 

ratio, high stiffness, and resistance to corrosion, carbon fibre reinforced plastic (CFRP) 

composites are made up of carbon fibres that are embedded in a polymer matrix. These 
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characteristics make them appropriate for structural applications that need materials that are 

both lightweight and durable. 

According to the results of the research carried out by Chai et al. (2018), one of the most 

important discoveries was that the use of CFRP composites in conveyor belt systems has the 

potential to bring about a substantial decrease in weight. Carbon fibre reinforced plastic (CFRP) 

rollers provide significant weight reductions in comparison to conventional steel or aluminium 

rollers, without affecting the structural integrity or load-bearing capability of the rollers. This 

reduction in weight results in energy savings during operation, less inertia, and enhanced 

handling efficiency, all of which contribute to total cost savings and environmental advantages 

respectively. 

Furthermore, the study demonstrated the higher durability and corrosion resistance of carbon 

fibre reinforced plastic (CFRP) composites in comparison to traditional composite materials. 

Inherently resistant to rust, corrosion, and chemical degradation, composite materials are suited 

for usage in tough industrial environments where exposure to moisture, chemicals, or abrasive 

materials is widespread. This makes composite materials an ideal choice for use in settings 

where these conditions are prevalent. Roller conveyor systems may obtain a longer service life, 

lower maintenance needs, and better dependability by replacing steel or aluminium rollers with 

carbon fibre reinforced plastic (CFRP) composites. This results in enhanced operational 

efficiency and cost-effectiveness that leads to improved profitability. 

Composite materials provide prospects for structural optimisation and environmental 

sustainability, in addition to reducing weight and improving durability. Composite materials 

also offer reductions in weight. In a study that was carried out by Zhang et al. (2019), the 

expanded use of composite materials across a variety of industrial sectors was explored. 

Particular attention was paid to the role that composite materials play in lightweighting, 

structural optimisation, and environmental sustainability. Composite materials provide 

engineers with the ability to develop and produce roller conveyor components that have 

intricate geometries, individualised stiffness qualities, and enhanced energy efficiency. 

Additionally, composite materials are designed to accord with the increasing focus that is being 

placed on environmental sustainability in industrial processes. Roller conveyor systems that are 

based on composite materials contribute to a more environmentally friendly manufacturing and 

logistics ecosystem by minimising the dependency on conventional materials that have greater 
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carbon footprints. During the whole of the product's lifespan, the use of composite materials 

that are both lightweight and durable helps to minimise energy consumption, decrease 

emissions of greenhouse gases, and encourage sustainable resource utilisation. 

In conclusion, composite materials provide substantial benefits over conventional materials for 

the building of roller conveyors. These advantages include a decrease in weight, an 

improvement in durability, structural optimisation, and environmental sustainability. The 

potential advantages of using composite materials such as carbon fibre reinforced plastic 

(CFRP) in conveyor belt systems have been brought to light by research conducted by Chai et 

al. (2018) and Zhang et al. (2019). These findings have paved the way for innovation and 

developments in the field of material handling technology. The adoption of composite-based 

roller conveyor systems is positioned to play a vital role in determining the future of material 

handling and logistics operations. This is because industries are striving to achieve better 

efficiency, productivity, and sustainability. 

⚫ Composite Materials 

 

One of the components that makes up a composite material is the matrix, which is also known 

as the binding material, and the other material is the reinforcing material. Composite materials 

are typically composed of at least two materials. In accordance with the definition, composite 

materials are made up of two or more elements that may be physically separated from one 

another. 

Composites are materials that are made up of powerful load-carrying material, which is referred 

to as reinforcement, that is embedded in a material that is weaker, which is referred to as matrix. 

In addition to providing strength and stiffness, reinforcement also contributes to the support of 

structural load (Lan, C.H. 2003). This is accomplished by the matrix or binder, which keeps 

the reinforcement in its original location and orientation. 

It is important to note that the elements of the composites retain their own chemical, physical, 

and physical characteristics; yet, when they are combined, they form a mixture of traits that the 

constituents on their own would not be able to achieve. Platelets, particles, or fibres are 

examples of the types of reinforcement that are often added to matrix materials in order to 

increase their mechanical qualities. These features include stiffness, strength, and toughness 

characteristics. 

⚫ Mechanical properties of composite materials 
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It is vital to have a solid understanding of the mechanical characteristics of composite materials 

in order to evaluate their applicability and performance in roller conveyor applications. 

Traditional materials, such as steel or aluminium, have a number of benefits that are not shared 

by composite materials. Composite materials are made up of two or more parts that each have 

their own unique features. Both Wang et al. (2020) and Li et al. (2017) have undertaken 

research investigations that have provided vital insights into the mechanical behaviour, impact 

resistance, and fatigue characteristics of composite materials. These studies have also provided 

crucial considerations for the application of composite materials in roller conveyor systems. 

In their research, Wang et al. (2020) looked at the mechanical properties of fiber-reinforced 

composites, which are a form of composite material that is often used in engineering 

applications. The majority of the time, fiber-reinforced composites are made up of high- 

strength fibres like carbon, glass, or aramid that are inserted in a matrix material like epoxy 

resin or polymer. The mechanical characteristics of fiber-reinforced composites are affected by 

a number of parameters, such as the orientation of the fibres, the properties of the matrix, and 

the interfacial bonding that occurs between the fibres and the matrix. 

The enormous effect that fibre orientation has on the mechanical characteristics of composite 

materials was one of the most important discoveries that Wang et al. (2020) made in their 

research. The term "fibre orientation" refers to the direction in which the fibres are arranged 

inside the compound structure of the composite material. It is possible for the stiffness, strength, 

and anisotropic behaviour of the composite material to be influenced by the orientation of the 

fibres. Engineers have the ability to adapt the mechanical characteristics of composite materials 

to satisfy particular design requirements for roller conveyor applications. This is accomplished 

by altering the orientation of the fibres being manufactured during the manufacturing process. 

As an additional point of interest, Wang et al. (2020) brought attention to the significance of 

matrix qualities in affecting the overall performance of fiber-reinforced composites. These 

features include viscosity, curing behaviour, and adherence to fibres. The purpose of the matrix 

material is to protect the fibres from environmental deterioration, transmit loads between the 

fibres, and bind the fibres together when they are in contact with one another. A matrix material 

that has been thoughtfully chosen may improve the mechanical qualities and durability of the 

composite, which in turn ensures that roller conveyor systems will continue to function 

effectively over time. 

In an investigation that is linked to this one, Li et al. (2017) looked into the impact resistance 

and fatigue behaviour of composite materials. The researchers were particularly interested in 
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the potential of these materials to improve the durability and longevity of roller conveyor 

systems. The capacity of a material to bear rapid, high-energy loads without breaking or failing 

is referred to as its impact resistance. In comparison to conventional materials such as steel or 

aluminium, composite materials, which are made up of a mix of high-strength fibres and 

resilient matrix elements, have an exceptional impact resistance. 

Li et al. (2017) investigated the fatigue behaviour of composite materials, which is the reaction 

of a material to repetitive cyclic loading over time. In addition, the fatigue behaviour of 

composite materials was investigated. In roller conveyor systems, fatigue failure is a frequent 

form of failure that occurs as a result of the repeated loading and unloading of materials that 

occurs simultaneously during operation. When correctly designed and constructed, composite 

materials have the potential to display greater fatigue resistance in comparison to traditional 

materials. This may result in a longer service life and decreased maintenance needs for roller 

conveyor components. 

In conclusion, the research works conducted by Wang et al. (2020) and Li et al. (2017) have 

yielded significant insights into the mechanical characteristics, impact resistance, and fatigue 

behaviour of composite materials that are pertinent to roller conveyor applications. Engineers 

are able to develop and produce composite-based roller conveyor systems that provide 

improved performance, durability, and dependability in industrial material handling operations. 

This is accomplished by studying and optimising the qualities of the composite material. 

3.2 SYSTEM OF CONVEYORS 

 

One of the most common applications of the conveyor chain system is in the material handling 

industry. For example, solids or bulk materials that are free to flow all over a course of travel 

that is horizontal, inclined, declining, or vertical while in a state of continuous motion. For the 

last several decades, the sole mechanical device that has been used for the purpose of 

transporting materials from one location to another or from one location to another is the 

conveyor system. At the present day, there are several varieties of conveying systems. Different 

types of conveyors, such as belt conveyors, roller conveyors, wheel conveyors, and chain 

conveyors, are suitable for a variety of applications, as seen in the following examples. They 

are able to communicate in a horizontal, vertical, and rise and decline direction, as well as 

around corners. 
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Table 1: Different kind of applications for chain, belt and roller 

 

 

 

3.3 CHAIN CONVEYOR 

 

A component of a machine that is made up of a number of interconnected links is called a chain. 

In addition to transmitting content, it may also transfer electricity. There are many different 

kinds of steel materials that are used for chain, such as structural steel, carbon steel, and mild 

steel. In addition to steel, polymer is also used for rollers since it is able to function without the 

need for lubrication. 

When compared to belt conveyors, chain conveyors have a number of distinct benefits, as seen 

in the table above. 

⚫ Capable of managing large quantities of material. 

 

⚫ Simple to manufacture. 

 

⚫ As contrast to a belt conveyor, it occupies a relatively modest amount of space. 

 

As a result of these benefits, conveyor chain has found widespread usage in a variety of 

industries, including coal mining, food processing, sewage treatment, wood harvesting, 

agricultural, bakery, harvesting, and textile machines; automobile, cement, and chemical 

plants; and material conveyors, sorting, and handling conveyors. 

3.4 DESIGN AND OPTIMIZATION OF COMPOSITE-BASED ROLLER 

CONVEYORS 

Techniques of design and optimisation are very necessary in order to achieve the highest 

possible levels of performance, efficiency, and sustainability in composite-based roller 
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conveyors. Researchers such as Chen et al. (2019) and Liu et al. (2021) have presented novel 

techniques to optimise the design and structural integrity of roller conveyor systems by using 

composite materials. The objective of these researchers is to produce solutions that are 

lightweight, durable, and cost-effective. 

Chen et al. (2019) presented a multi-objective optimisation strategy for the design of composite 

structures, which included roller conveyors, in their research study. During the optimisation 

process, many design goals, including weight reduction, mechanical strength, and cost- 

effectiveness, are concurrently taken into consideration. Engineers are able to investigate 

potential trade-offs and locate optimum design solutions that satisfy a variety of performance 

requirements when they include these goals into a single optimisation framework. The research 

revealed that it is possible to produce lightweight and structurally efficient conveyor systems 

by using optimisation approaches. These systems are able to handle enormous loads while 

simultaneously minimising the amount of material used and the expenses associated with 

manufacture. 

Chen et al. (2019) made a significant addition to the field of research by developing 

sophisticated optimisation algorithms that are specifically customised to meet the needs of 

composite-based roller conveyors. This was one of the most important contributions. For the 

purpose of exploring the design space, determining important design parameters, and 

optimising structural configurations, these algorithms make use of mathematical models, 

computer simulations, and iterative optimisation methods. Engineers are able to systematically 

analyse design options, enhance design efficiency, and achieve greater performance when 

compared to typical trial-and-error procedures. This is made possible via the use of optimisation 

algorithms. 

In a similar manner, Liu et al. (2021) used finite element analysis (FEA) to optimise the design 

of composite roller conveyor rollers. Their primary emphasis was on reducing stress 

concentrations and increasing load-bearing capacity. With the use of a sophisticated computer 

technique known as finite element analysis, engineers are able to simulate and analyse the 

structural behaviour of complicated systems under a variety of loading circumstances. By 

modelling the roller conveyor system using finite element analysis (FEA) software, Liu et al. 

were able to locate regions of high stress concentration, optimise roller design, and improve 

load distribution in order to reduce the likelihood of probable failure modes such as buckling 

or deformation. 
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Research that was conducted by Liu and colleagues (2021) demonstrates the significance of 

computer modelling and simulation in the process of designing and optimising roller conveyors 

that are based on composite materials. Engineering professionals are able to forecast the 

structural reaction of roller conveyor components, evaluate the robustness of the design, and 

optimise performance parameters like as weight, stiffness, and durability via the use of finite 

element analysis (FEA). Engineers are able to modify design parameters, confirm design ideas, 

and optimise structural configurations using iterative finite element analysis (FEA) simulations. 

This allows them to fulfil particular performance requirements and operational restrictions. 

In addition, both studies highlight the necessity of taking into consideration the qualities of the 

material, the manufacturing processes, and the environmental issues when designing and 

optimising roller conveyors that are based on composite materials. Composite materials have a 

number of distinct benefits, including a high strength-to-weight ratio, resistance to corrosion, 

and design flexibility, all of which may be used to enhance the performance of roller conveyors. 

The optimisation of composite-based roller conveyors, on the other hand, calls for a method 

that incorporates knowledge from a variety of fields, including materials science, mechanical 

engineering, optimisation theory, and manufacturing technology. 

In conclusion, the findings of Chen et al. (2019) and Liu et al. (2021) emphasise the significance 

of design and optimisation approaches in the process of maximising the performance and 

efficiency of roller conveyors that are based on composite materials. Roller conveyor systems 

that are lightweight, robust, and cost-effective may be developed by engineers via the use of 

sophisticated optimisation techniques, computer simulations, and novel design strategies. 

These systems are designed to satisfy the ever-changing requirements of contemporary material 

handling applications using these methods. The results of these research open the way for 

further innovation and breakthroughs in composite-based material handling technologies, 

which in turn contribute to the optimisation of industrial processes, the efficiency of resource 

utilisation, and the environmental sustainability. 

3.5 EXPERIMENTAL VALIDATION AND CASE STUDIES 

 

When it comes to proving the performance, dependability, and practical feasibility of 

composite-based roller conveyor systems in real-world industrial settings, experimental 

validation is an extremely important factor to consider. Case studies, such as the one that was 

carried out by Smith et al. (2018), provide useful insights into the adoption and advantages of 

composite materials in manufacturing facilities. These studies shed light on the potential of 
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composite materials to improve worker safety, boost throughput, and promote energy 

efficiency. 

Smith et al. (2018) conducted an investigation into the use of composite materials in the roller 

conveyor system of a manufacturing plant as part of their case study. The primary objective of 

the research was to evaluate the actual performance results and practical consequences of 

replacing conventional conveyor components with alternatives that were based on composite 

materials. Among the most important goals was the assessment of energy consumption, 

throughput capacity, operational efficiency, and worker safety issues. 

One of the most important advantages that was brought to light in the case study that was 

conducted by Smith et al. (2018) was the substantial decrease in energy consumption that was 

accomplished by using roller conveyor systems that were based on composite materials. 

Composite materials, which are characterised by their low weight and high strength, provide 

intrinsic benefits in terms of lowering the weight of conveyors, minimising frictional losses, 

and lowering the amount of motor power that is required. In order to achieve significant energy 

savings, the production plant was able to replace heavy rollers made of steel or aluminium with 

composite equivalents. This resulted in lower operating costs and a decreased effect on the 

environment. 

Furthermore, the case study highlighted the favourable influence that composite-based roller 

conveyor systems have on throughput capacity as well as operating efficiency. As a result of 

their smooth surface finish, low friction coefficients, and constant dimensional correctness, 

composite materials make it possible to achieve a smoother flow of material and decrease the 

amount of product damage that occurs during transportation. The manufacturing plant will see 

an increase in throughput, a reduction in production cycles, and an overall boost in productivity 

as a result of this improvement in the efficiency of material handling. 

In addition, the research conducted by Smith et al. (2018) highlighted the need of taking into 

account the safety of workers while implementing roller conveyor systems that are based on 

composite materials. In comparison to conventional materials such as steel or aluminium, 

composite materials provide a number of benefits, including a reduction in noise levels, an 

improvement in ergonomics, and an increase in workplace safety protection. As a result of their 

reduced weight and vibration-damping capabilities, composite materials contribute to a 

working environment that is safer and more pleasant for maintenance people and operators. 
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When it came to proving the performance advantages and practical consequences of composite- 

based roller conveyor systems in the production plant, experimental validation played a crucial 

role. This validation included field testing and data collecting. Smith et al. (2018) were able to 

test theoretical models, evaluate system performance, and quantify the practical advantages of 

adopting composite materials in material handling applications. This was accomplished by 

performing empirical investigations and acquiring operational data from the real world. 

In summary, experimental validation and case studies, such as the one done by Smith et al. 

(2018), give useful insights into the practical implications and performance results of 

composite-based roller conveyor systems in industrial settings. Through the confirmation of 

the advantages of decreased energy consumption, greater throughput, and enhanced worker 

safety, these studies contribute to the broader usage and acceptance of composite materials in 

applications that include material handling. In order to translate theoretical notions into actual 

solutions, experimental validation is an essential phase that acts as a key stage. This step enables 

informed decision-making and ongoing development in industrial material handling operations. 

3.6 FINITE ELEMENT ANALYSIS (FEA) 

 

It is a computational method used to analyse and solve complex engineering problems by 

dividing them into smaller, more manageable elements. 

Finite Element Analysis (FEA) is a robust computer technique used to forecast the behaviour 

of structures and materials under different physical circumstances. Finite Element Analysis 

(FEA) enables engineers to accurately describe and simulate the physical behaviour of 

complicated structures by breaking them down into smaller, more manageable pieces. Every 

individual element represents a distinct component of the structure, and when combined, these 

parts closely simulate the overall behaviour of the complete structure when subjected to certain 

loads, limitations, and environmental variables. 

The process of Finite Element Analysis (FEA) comprises many sequential steps 

Data preprocessing 

⚫ Geometry Definition: The analysis of the physical structure involves describing its shape 

and dimensions. 

⚫ Meshing involves dividing the structure into a limited number of components to create a 

mesh. The precision of the analysis is greatly influenced by the quality of the mesh, 

including its density and organisation. 
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⚫ Material characteristics: The stated mechanical characteristics of the materials employed 

in the building. 

⚫ Boundary conditions refer to the constraints and loads that are imposed on a model to 

simulate real-world settings. 

Solution 

 

⚫ The governing equations of mechanics, which usually pertain to the equilibrium of forces 

and moments, are used for every individual component. This set of equations constitutes a 

substantial system of linear or nonlinear algebraic equations. 

⚫ Numerical techniques are used to solve the system of equations, yielding outcomes like as 

displacements, strains, and stresses for each constituent. 

Postprocessing 

 

⚫ The outcomes are shown and explained. Engineers have the ability to analyse stress 

distributions, deformation patterns, and possible locations of failure within the structure. 

⚫ Conducting sensitivity analysis and optimisation may enhance the design by using the 

obtained data. 

3.7 FINITE ELEMENT ANALYSIS IN THE DESIGN OF COMPOSITE ROLLER 

CONVEYORS 

FEA is very useful in the context of composite roller conveyors because it can accurately 

analyse the intricate properties of composite materials. Composites have anisotropic 

characteristics, indicating that their strength, stiffness, and other mechanical qualities change 

depending on the direction. The presence of anisotropy, together with the need to optimise 

weight and strength, renders FEA essential in the design and analysis of composite roller 

conveyors. 

1. Analysis of Composite Materials 

 

To begin using FEA for composite roller conveyors, it is essential to precisely construct a model 

of the composite materials. This entails determining the characteristics of the fibre (such as 

carbon or glass) and the matrix (such as epoxy resin), as well as the arrangement of the layers 

(fibre orientation and layer sequence). Advanced Finite Element Analysis (FEA) software may 

effectively manage these intricacies by enabling the user to enter intricate material models that 

accurately represent the anisotropic properties of composites. 
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2. Meshing and Boundary Conditions 

 

The roller conveyor components are designed with geometry that is precisely aligned with 

elements capable of correctly simulating the behaviour of composites. This often entails using 

higher-level components or unique composite-specific components that may represent the 

layers of fibres and their interaction. Boundary conditions, such as the application of loads, the 

provision of supports, and the imposition of limits, are then defined to accurately represent the 

operating environment of the conveyor system. 

3. Evaluation and Enhancement 

 

Finite Element Analysis (FEA) is used to replicate and analyse different types of loading 

circumstances that the roller conveyor may encounter while in operation. This encompasses 

static loads, dynamic loads, and impact forces. The findings obtained from the Finite Element 

Analysis (FEA) provide valuable information on the distribution of stress, patterns of 

deformation, and possible causes of failure. Primary areas of concentration encompass: 

Stress concentrations refer to localised places where stress levels are much higher than the 

surrounding regions. Identifying these regions is crucial for identifying probable failure spots 

and determining the need for reinforcement. 

Deformation analysis involves examining the manner in which the conveyor components 

change shape when subjected to a load. This analysis is crucial in order to guarantee that the 

system remains structurally sound and functioning. 

Fatigue Analysis: Evaluating the fatigue durability of the components aids in predicting its 

longevity when subjected to repeated loading situations. 

The FEA findings may be enhanced by using optimisation methods to improve the design. 

Topology optimisation, for instance, may be used to eliminate superfluous material while 

preserving or enhancing strength. This is very advantageous in attaining weight loss while 

maintaining optimal performance. 

4. Iterative Design Process 

 

Finite Element Analysis (FEA) allows for an iterative design process, whereby designs are 

consistently enhanced using simulation outcomes. Engineers have the ability to alter the 

material characteristics, fibre orientations, layup sequences, and component geometry. They 

may then rerun the Finite Element Analysis (FEA) to assess the impact of these alterations. 

This iterative process results in optimised solutions that satisfy all performance criteria. 
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5. Verification by Prototyping: 

 

Although Finite Element Analysis (FEA) offers in-depth insights and forecasts, it is essential 

to have empirical confirmation. The optimised designs are produced and evaluated in real- 

world scenarios to confirm the accuracy of the FEA predictions. The validation technique 

serves to guarantee that the simulation results faithfully depict the real-life behaviour of the 

composite roller conveyor. 

Advantages of Finite Element Analysis (FEA) in Composite Roller Conveyor Design 

Precision: FEA offers a comprehensive comprehension of the behaviour of composite materials 

under diverse circumstances, resulting in more precise and dependable designs. 

⚫ Efficiency: The capacity to model and optimise designs prior to production reduces the 

need for tangible prototypes, hence conserving time and money. 

⚫ Customisation: Finite Element Analysis (FEA) enables the adjustment of material 

characteristics and arrangement of layers to fulfil precise performance criteria. 

⚫ Risk mitigation: FEA aids in reducing risks related to structural breakdowns by detecting 

possible locations of failure and optimising designs. 

Finite Element Analysis is an essential technique for designing and optimising composite roller 

conveyors. The software's capacity to replicate the intricate behaviour of composite materials, 

simulate diverse loading circumstances, and provide meticulous analysis of stress and 

deformation patterns makes it vital for engineers. Engineers may use Finite Element Analysis 

(FEA) to design roller conveyor systems that are optimised, high-performing, and long-lasting. 

These systems fully exploit the distinctive characteristics of composite materials, resulting in 

industrial solutions that are more efficient and environmentally friendly. 
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3.8 MODELING 
 

 

 

 

 

 

 

 

 

 

FIGURE: MODELLING OF CONVEYOR 

 

3.9 MESHING 
 

 

 

FIGURE: MESHING 

 

3.10 LOADING AND SUPPORT CONDITIONS 



26  

 

 

FIGURE: LOADING 
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4. FINDINGS AND DISCUSSIONS 

 

4.1 MAIN FINDINGS FROM ANSYS 

 

 

 

FIGURE: ANLYSIS OF MILD STEEL 

 

Analysis 

 

The primary goal of this analysis is to adjust the dimensions of a roller, which comprises two 

cylinders. We modify the thickness of each cylinder to explore different configurations. 

Specifically, one of the cylinders is shorter and is designed to fit inside the larger one. We also 

vary the length of this smaller, inner cylinder to test different fits and performances. For the 

analysis, we employ a direct optimization technique available in ANSYS software. This direct 

optimization method allows us to systematically alter the roller dimensions while the software 
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calculates and predicts how these changes affect the roller’s performance. The optimization 

process in ANSYS is automated and works by setting specific goals, such as minimizing the 

equivalent stress and total deformation. As parameters like cylinder thickness and length are 

varied, ANSYS uses mathematical algorithms to find the best possible design that meets these 

goals. This approach is efficient because it quickly identifies the most optimal design changes 

without needing manual adjustments and recalculations, thus speeding up the development 

process and improving the accuracy of the results. The aim of using this method is to ensure 

that the roller is both strong and flexible under operational conditions, minimizing wear and 

tear. 

 

 

Candidate points of the result parameters where a we get a minimum deformation and stress 

and strain. The first candidate point gives the best results and remaining points having least 

deviation from the first candidate point. A further analysis conducted with glass fiber to 

compare the results of first candidate point with different materials and the results are 
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4.2 Stress Distribution 

Mild Steel 

 

 

 

 

 

FIGURE: STRESS DISTRIBUTION 
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4.3 Total Deformation 

 

Mild Steel and Glass Fiber 
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4.4 Strain Distribution 

 

Mild Steel and Glass Fiber 
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4.5 RESULTS 

 

Deformation Stress Strain 

Mild steel Glass fiber Mild steel Glass fiber Mild steel Glass fiber 

0.00049 0.012 0.90 0.98 4.5e-6 0.00016 

0.00044 0.010 0.61 0.56 2.3e-6 9.92e-5 

0.00038 0.009 0.53 0.49 2.02e-6 8.6e-5 

0.0003 0.008 0.45 0.42 1.73e-6 7.4e-5 

0.00027 0.006 0.38 0.35 1.45e-6 6.22e-5 

0.00022 0.005 0.30 0.28 1.16e-6 4.9e-5 

0.00016 0.004 0.23 0.21 8.8e-7 3.75e-5 

0.00011 0.002 0.15 0.14 5.9e-7 2.52e-5 

0.00005 0.001 0.08 0.07 3.12e-7 1.28e-5 

0 0 0.005 0.003 2.8e-8 5.15e-7 

 

Deformation for Mild Steel: 0.00049 m 

Deformation for Glass Fiber: 0.012 m 

Glass fiber deforms significantly more than mild steel. 

Stress for Mild Steel: 0.90 MPa 

Stress for Glass Fiber: 0.98 MPa 

Glass fiber experiences slightly higher stress than mild steel. 

Strain for Mild Steel: 4.5e-6 

Strain for Glass Fiber: 0.00016 

Glass fiber exhibits significantly higher strain than mild steel. 
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5 ANSWERING RESEARCH QUESTIONS 

5.5 In order to optimise weight, how can roller conveyors that are made of composite 

materials be designed and built? 

In order to enhance the weight efficiency of roller conveyors constructed from composite 

materials, it is crucial to adopt a comprehensive and multifaceted strategy that incorporates 

sophisticated design methodologies, meticulous material selection, precise manufacturing 

procedures, and rigorous performance evaluation. Below is an elaborate, sequential manual 

outlining the process of designing and constructing such systems: 

⚫ Selection of Materials 

 

1. Select the Appropriate Composite Material 
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Fibre Type: Choose high-strength fibres such as carbon, glass, or aramid fibres. Carbon fibre 

is very suitable for weight-sensitive applications because of its exceptional strength-to-weight 

ratio. 

Matrix Substance: Select an appropriate matrix material, such as epoxy, that exhibits strong 

adherence to fibres and favourable mechanical characteristics. 

2. Customised Composite Layering 

 

Utilise unidirectional, woven, or multi-axial fabric layups to enhance strength and stiffness in 

designated orientations. 

Examine hybrid composites that integrate diverse fibres to achieve a compromise between 

performance and cost. 

⚫ Structural Design 

 

1. Finite Element Analysis (FEA) 

 

Apply finite element analysis (FEA) to model the roller conveyor and simulate its behaviour 

under different loading circumstances. This aids in the identification of areas of high stress, 

patterns of deflection, and possible places of failure. 

Maximise the efficiency of composite layers by optimising their thickness and orientation while 

minimising the amount of material used. 

2. Geometric Optimisation 

 

Apply topological optimisation techniques to design the conveyor construction by eliminating 

redundant material while ensuring structural integrity is preserved. 

Create rollers with cross-sectional forms that are optimised to save weight while yet providing 

the necessary load-bearing capacity. 

⚫ Manufacturing Techniques 

 

1. Cutting-edge Manufacturing Methods 

 

Utilise techniques such as filament winding, pultrusion, or automated fibre placement (AFP) to 

get accurate fibre alignment and reduce material wastage. 

Utilise vacuum-assisted resin transfer moulding (VARTM) or autoclave curing techniques to 

achieve superior composite materials with minimum voids. 
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2. Quality Control 

 

Utilise non-destructive testing (NDT) techniques such as ultrasonic inspection or X-ray 

computed tomography to identify any flaws or irregularities in the composite materials. 

⚫ Assembly and Integration 

 

1. Modular Design 

 

Create a conveyor system composed of modular components that can be easily installed and 

removed. This not only simplifies maintenance but also decreases the total weight by 

eliminating superfluous overlaps or redundancies in material. 

2. Low-weight Fasteners and Connectors 

 

Employ lightweight, durable fasteners such as titanium bolts or composite rivets to further 

decrease the overall weight. 

⚫ Evaluation and Verification 

 

1. Prototyping 

 

Create prototypes to verify the design assumptions and evaluate the performance of the 

composite roller conveyors in real-world scenarios. 

Perform load testing, fatigue tests, and impact tests to verify that the conveyors satisfy the 

specified performance parameters. 

2. Conducting Field Trials 

 

Deploy the composite roller conveyors in real-world industrial environments to collect 

empirical data on their performance, durability, and any unanticipated challenges. 

Gather input and make iterative changes to the design as necessary to overcome any practical 

obstacles. 

⚫ Environmental and Economic Factors 

 

1. Life Cycle Analysis 

 

Perform a life cycle analysis (LCA) to assess the ecological consequences of using composite 

materials in roller conveyors. This encompasses the evaluation of the extraction of raw 

materials, the manufacturing process, the operation phase, and the disposal or recycling at the 

conclusion of the product's life cycle. 
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Optimise the design to simultaneously decrease weight and minimise the environmental impact. 

 

2. Economic Evaluation 

 

Conduct a cost-benefit analysis to compare the higher upfront expenses associated with 

composite materials and sophisticated manufacturing techniques with the long-term benefits of 

decreased energy use, reduced maintenance expenses, and longer longevity. 

Efficiently reducing the weight of roller conveyors built from composite materials requires a 

comprehensive strategy that includes selecting appropriate materials, designing a strong 

structure, using innovative production methods, conducting thorough testing, and considering 

the environmental and economic consequences. Through the utilisation of composite materials' 

distinct characteristics and the deployment of state-of-the-art design and analytical methods, it 

is feasible to create roller conveyor systems that are lightweight, long-lasting, and effective, 

therefore satisfying the rigorous demands of contemporary industrial applications. 

5.6 How do composite materials compare to more conventional materials, such as steel or 

aluminium, in terms of mechanical qualities that are important for roller conveyor 

applications? 

An analysis of the properties and characteristics of composite materials in relation to traditional 

materials such as steel and aluminium. 

When assessing materials for roller conveyor applications, certain mechanical properties are 

essential. These factors include the strength-to-weight ratio, stiffness, durability, and impact 

resistance. Composite materials, steel, and aluminium each have unique benefits and drawbacks 

in their specific domains. 

5.6.1 Ratio of strength to weight 

 

⚫ Composite materials: Composite materials, especially those that are reinforced with carbon 

fibre, provide an extraordinarily elevated strength-to-weight ratio. Composites have the 

ability to endure much greater loads than metals for a given weight. Carbon fiber- 

reinforced composites are notable for their much lower weight compared to steel, while 

yet offering similar or even better strength. Composites are well-suited for situations where 

reducing weight is crucial, such as in the aerospace and automotive sectors, as well as in 

material handling systems like roller conveyors. Using composite components with less 

weight may result in decreased energy consumption and increased efficiency in conveyor 

operations. 
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⚫ Steel is a strong and durable alloy made primarily of iron and carbon. Steel is well 

recognised for its exceptional strength, which makes it a favoured material for demanding 

and robust applications. Nevertheless, additional power is accompanied by the drawback 

of increased weight. Compared to composites, steel has a greater weight, resulting in 

elevated energy use in conveyor systems and enhanced mechanical component 

deterioration. Nevertheless, steel's durability and capacity to withstand heavy weights 

make it essential in several industrial environments. 

⚫ Aluminium: Aluminium provides a balanced compromise in terms of weight, sitting 

between steel and composites. It has a lower weight than steel, yet it is not as lightweight 

as composite materials. Although aluminium has a lower strength-to-weight ratio 

compared to composites, it nevertheless offers a favourable combination of strength and 

lightness. This makes it valuable in situations where reducing weight is important, but 

using composites would be more expensive. 

5.6.2 Rigidity 

 

⚫ Composite materials: The rigidity of composite materials may be customised by selecting 

the fibres and arranging them in a certain orientation inside the matrix. Carbon fibres 

provide exceptional rigidity, which may be fine-tuned to meet the precise demands of the 

intended use. Engineers may optimise the stiffness of composite materials by manipulating 

the fibre orientation. This is advantageous for components such as conveyor rollers that 

are subjected to loads in certain directions. 

⚫ Steel is a strong and durable alloy made primarily of iron and carbon. Steel has a high 

inherent rigidity, which enables it to retain its structural integrity when subjected to 

substantial loads. Nevertheless, this rigidity contributes to its overall mass, hence reducing 

its appeal for applications that prioritise weight reduction. The high rigidity of steel 

guarantees that there is very little bending or flexing when it is subjected to a load. This is 

very important for roller conveyors as it helps to preserve their accuracy and dependability. 

⚫ Aluminium: Although aluminium is not as rigid as steel, it nevertheless offers sufficient 

rigidity for several applications. Its reduced rigidity in comparison to steel results in 

increased deformation under load, which may pose limitations in some high-load 

applications. Nevertheless, the lesser weight of the object makes up for this drawback in 

situations when a lower weight is of more importance. 
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5.6.3 Longevity 

 

⚫ Composite materials: Composite materials provide exceptional durability, providing 

outstanding resistance against fatigue, corrosion, and chemical exposure. This 

characteristic renders them especially well-suited for conditions in which typical materials 

may deteriorate due to contact to harsh chemicals or dampness. Composites have high 

fatigue resistance, allowing them to maintain long-term performance even when subjected 

to repeated cyclic stress, a typical occurrence in roller conveyor systems. 

⚫ Steel: Steel has exceptional durability and possesses the ability to endure substantial 

weights and impacts. Nevertheless, it is prone to corrosion, especially in settings with 

elevated humidity or contact with corrosive agents. This issue may be alleviated by using 

treatments like as galvanising or painting. However, it is important to note that these 

treatments increase the maintenance needs and the total cost of the lifespan. 

⚫ Aluminium: Aluminium has commendable resistance to corrosion, making it suited for 

situations that are susceptible to moisture and chemicals. However, it is prone to 

experiencing fatigue over time, particularly when subjected to strong cyclic loads. Unless 

particularly engineered to reduce fatigue, this characteristic renders it less suited for 

applications that need long-term endurance under repeated stress. 

5.6.4 Resilience to Impact 

 

⚫ Composite materials: Composites may be designed to possess a high level of resistance to 

impact, however certain varieties may exhibit brittleness. The impact resistance of 

composites is contingent upon the characteristics of the matrix material and the kind of 

fibre used. Aramid fibres have exceptional impact resistance, although carbon fibres may 

possess more brittleness. Composites' versatility for different applications stems from their 

capacity to tailor their impact characteristics. 

⚫ Steel is a strong and durable alloy made primarily from iron and carbon. Steel has 

exceptional impact resistance, making it highly suitable for situations that involve frequent 

and substantial collisions. Its durability guarantees its capacity to absorb and disperse 

energy from impacts without substantial harm, so enhancing its long-lasting and 

dependable performance in demanding tasks. 

⚫ Aluminium: Aluminium has a modest level of impact resistance, which is lower than that 

of steel but still sufficient for several uses. The material's capacity to absorb energy from 
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impacts without experiencing catastrophic failure makes it a suitable choice for less 

demanding applications or situations with infrequent impacts. 

To summarise, composite materials, steel, and aluminium each have distinct pros and cons 

when it comes to roller conveyor applications. Composites provide a greater ratio of strength 

to weight and exceptional durability, making them well-suited for applications that need both 

lightweight properties and resistance to corrosion. Steel has unparalleled durability and 

resistance to impact, yet it comes with the drawback of added weight and vulnerability to 

corrosion. Aluminium exhibits a favourable equilibrium between being lightweight and having 

strength, along with commendable resistance to corrosion. However, it has poorer rigidity and 

impact resistance in comparison to steel. The selection of material is contingent upon the 

particular demands of the application, including limitations on weight, requirements for load- 

bearing capacity, prevailing environmental conditions, and cost factors. 

5.7 In terms of weight reduction, durability, and environmental effect, what are the 

possible advantages and disadvantages of using composite materials in the design of roller 

conveyors? 

Benefits and Drawbacks of Composite Materials in Roller Conveyor 

 

5.7.1 Advantages 

 

5.7.1.1 Decreasing the overall mass 

 

One major advantage of using composite materials in the construction of roller conveyors is 

the huge decrease in weight. Composite materials, such as carbon fiber-reinforced polymers 

(CFRP), have a much superior strength-to-weight ratio in comparison to conventional materials 

like steel and aluminium. This decrease in weight has several practical advantages: 

Reduced Energy Consumption: Conveyor systems that are lighter in weight need less electricity 

for operation, resulting in decreased energy expenses and a diminished impact on the 

environment. Energy efficiency plays a crucial role in large-scale industrial processes, since it 

has a substantial effect on operating costs. 

Enhanced Manageability and Installation: The decreased weight of composite components 

facilitates their handling, transportation, and installation. Implementing this approach may 

result in decreased labour expenses and installation duration, while also mitigating the potential 

hazards associated with personnel handling bulky components. 
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6.3.1.2. Longevity 

 

Composite materials have the advantage of being very durable and providing exceptional 

resistance to wear, corrosion, and environmental deterioration. This resilience results in several 

long-term advantages: 

Composite roller conveyors have a longer operating lifetime compared to metal equivalents 

due to their reduced susceptibility to corrosion and wear. This results in reduced replacement 

frequency and decreased long-term maintenance expenses. 

Decreased Maintenance Expenses: The exceptional durability of composites minimises the 

need for regular maintenance and repairs. This is particularly beneficial in hostile conditions 

where conventional materials may deteriorate more rapidly. 

6.3.1.3. Versatility in Design 

 

One advantage of composites is their ability to provide a significant level of design freedom. 

They have the ability to be shaped into intricate forms and customised to meet particular 

performance criteria, enabling the creation of inventive design solutions that are unattainable 

with traditional materials. 

Engineers have the ability to create composite materials with precise mechanical characteristics 

by adjusting the kind and arrangement of fibres. Customisation of the material may enhance its 

suitability for certain applications, hence enhancing performance and efficiency. 

The capacity to shape composites into complicated forms enables the creation of more efficient 

designs that optimise material utilisation and enhance strength and usefulness. 

6.3.1.4. Ecological Consequences 

 

One advantage of using composite materials is their potential to have a beneficial effect on the 

environment in several ways: 

Reduced Carbon Footprint: The decreased weight of composite materials results in less energy 

use while roller conveyors are in operation, hence reducing the total carbon footprint of the 

system. 

Recyclability: Numerous composite materials have the capability to be intentionally engineered 

to be recyclable. The continuous development of recycling technology is making it more and 

more possible to recover and reuse composite materials, hence significantly decreasing their 

environmental footprint. 
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5.7.2 Disadvantages 

 

6.3.2.1. Price 

 

Drawback: Composite materials have a greater starting cost in comparison to traditional 

materials such as steel and aluminium. 

Material Costs: The cost of raw materials used in composites, especially high-performance 

fibres such as carbon fibre, is higher compared to metals. 

Manufacturing Costs: The production costs of composites, including lay-up, autoclave curing, 

and resin transfer moulding, are frequently higher due to the need for specialised equipment 

and trained labour. 

6.3.2.2. Complexity of Manufacturing 

 

Drawback: The production process for composites might be more intricate compared to that of 

conventional materials. 

Specialised Equipment: The production of composite components typically necessitates the use 

of specialised apparatus and tools, such as autoclaves and precise moulds. 

Specialised knowledge and experience are necessary for the manufacturing of composite 

materials. Guaranteeing superior output requires careful focus on every little aspect, especially 

in the precise arrangement and solidifying of fibres and resins. 

6.3.2.3. Restoration and Reutilization 

 

Drawback: The process of repairing and reusing composite materials has distinct difficulties: 

 

Challenges in Repair: The process of mending composite materials is often more complex 

compared to fixing metal components. Repairing the damaged portions often entails patching 

or re-laminating, necessitating specialised expertise and processes. 

Obstacles in Recycling: Although composites have the potential to be recycled, the recycling 

process for composites is often more intricate compared to recycling metals. Extracting the 

fibres from the resin matrix may pose challenges, and the recycling infrastructure for 

composites is not as well-developed as that for metals. This might lead to increased expenses 

and operational difficulties. 

To summarise, composite materials have notable benefits for roller conveyor construction, such 

as decreased weight, improved durability, increased design adaptability, and possible 
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environmental advantages. These benefits may result in conveyor systems that are more 

efficient, have a longer lifespan, and are more ecologically sustainable. Nevertheless, the 

significant upfront expenses, intricacies in production, and difficulties in repairing and 

recycling are crucial factors that need to be resolved. Advancements in technology and 

techniques may help reduce the drawbacks associated with composites, so making them a more 

feasible choice for industrial applications. 

5.8 How can roller conveyors made of composite materials be optimised in terms of design 

parameters to increase their performance and efficiency? 

Enhancing the efficiency of roller conveyors made from composite materials 

 

The optimisation of roller conveyors constructed from composite materials requires a 

comprehensive strategy that considers the selection of materials, the design of the structure and 

geometry, the manufacturing processes, and the study of cost-effectiveness. Through 

meticulous consideration of these criteria, it is feasible to create and construct roller conveyors 

that provide exceptional performance, efficiency, and sustainability in comparison to those 

manufactured using traditional materials. 

Design parameters refer to the specific variables or factors that are considered and controlled 

throughout the design process. These parameters are crucial in determining the performance, 

functionality, and overall quality of the design. 

6.4.1. Selection of Materials 

 

Optimal selection of fibre and matrix materials is crucial for attaining the appropriate 

mechanical qualities and environmental performance. Widely used fibres include carbon, glass, 

and aramid, each providing distinct benefits. Carbon fibres provide exceptional strength and 

stiffness, making them well-suited for applications that need substantial load-bearing capacity 

and little deformation. Although glass fibres may not possess the same level of strength as 

carbon fibres, they do provide satisfactory tensile strength and impact resistance at a more 

affordable price. Aramid fibres, renowned for their remarkable capacity to withstand impact, 

may be used in situations where robustness and resistance to damage are of utmost importance. 

The matrix substance, usually composed of an epoxy resin, serves to bind the fibres together 

and facilitate the transmission of loads between them. The selection of matrix material has a 

significant impact on the entire performance of the composite, including its thermal resistance, 

chemical resistance, and mechanical qualities. Epoxy resins are favoured for their robust 

adhesive characteristics and capacity to create long-lasting connections with fibres. 
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6.4.2. Analysis of Fibre Orientation and Layup Design 

 

The arrangement of fibres within the composite material has a substantial impact on its 

mechanical characteristics. Through the optimisation of fibre orientation, it is feasible to 

augment certain characteristics like as strength, stiffness, and impact resistance. Computational 

techniques like as finite element analysis (FEA) and layup design software may be used to 

simulate multiple configurations in order to identify the most effective fibre orientations for 

different parts of the roller conveyor. 

For example, when fibres are arranged in the same direction as the applied load, they will 

optimise the tensile strength and stiffness. On the other hand, fibres that are not aligned with 

the load might enhance the shear strength and resistance to impact. Hybrid layup arrangements, 

which include the use of fibres orientated in various orientations in separate layers, may provide 

a customised balance of qualities to meet particular operating needs. 

6.4.3. Optimisation of the structure 

 

The use of finite element analysis (FEA) is applied to simulate and analyse the structural 

response of conveyor components under different loading circumstances. Finite Element 

Analysis (FEA) is a useful tool for detecting areas of high stress, analysing patterns of 

deformation, and identifying possible places of failure. Topology optimisation, a sophisticated 

method in the field of Finite Element Analysis (FEA), eliminates superfluous material while 

preserving the structural integrity. This method guarantees that the ultimate design is both 

lightweight and sturdy, capable of enduring operating pressures without unnecessary utilisation 

of materials. 

6.4.4. Optimisation of geometric properties 

 

The geometric configuration of components also plays a pivotal role in maximising the 

efficiency and minimising the weight of roller conveyors. Complex geometric patterns like 

honeycomb or sandwich constructions provide exceptional strength and rigidity while also 

reducing weight. These constructions are especially efficient in components like as rollers and 

supports, where reducing weight may greatly decrease total energy consumption and enhance 

ease of handling. 

6.4.5. Production Methods 

 

Advanced manufacturing procedures are necessary to create composite components of superior 

quality and consistency while minimising faults. Automated fibre placement (AFP) and resin 
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transfer moulding (RTM) are two specific procedures. AFP enables meticulous manipulation 

of fibre orientation and positioning, hence minimising the probability of flaws and guaranteeing 

uniform excellence. Resin Transfer Moulding (RTM) is a process where resin is injected into 

a mould that contains a fibre preform. This ensures that the resin fully saturates the fibres and 

results in the manufacture of high-quality parts. Vacuum-assisted resin infusion (VARI) is a 

method that uses vacuum pressure to pull resin into the fibre preform, providing precise control 

over resin flow and reducing the occurrence of empty spaces. 

6.4.6. Design of Joints and Connections 

 

The design of joints and connections is vital for ensuring the structural integrity of the conveyor 

system. These regions often encounter significant stress concentrations and must be engineered 

to effectively withstand loads. Employing adhesives or mechanical fasteners that are suitable 

for composite materials guarantees robust and dependable connections. Adhesive bonding has 

the ability to uniformly distribute stresses, hence minimising the likelihood of stress 

concentrations that may result in failure. 

6.4.7. Evaluation of the first model and further refinement 

 

Conducting experiments and trials in real-life situations is crucial for confirming design 

assumptions and performance forecasts. Prototype testing provides empirical data that may be 

used to enhance the design, rectify any unanticipated problems, and optimise performance. 

Iterative testing and feedback loops are crucial in ensuring that the finished product fulfils all 

operational criteria and functions reliably in its intended context. 

6.4.8. Environmental Factors 

 

Performing a life cycle analysis (LCA) aids in evaluating the ecological consequences of 

composite materials over their whole lifespan, including manufacture and disposal at the end 

of their useful life. This research takes into account variables like as energy usage in the 

production process, pollutants, and the capacity to be recycled. It is essential to use materials 

and techniques that have minimal environmental effect in order to design conveyor systems 

that are sustainable. Several composite materials are now engineered to be recyclable, hence 

significantly diminishing their environmental impact. 

6.4.9. Economic evaluation 

 

A comprehensive cost-benefit analysis assesses the total cost savings resulting from weight 

reduction and enhanced durability, in comparison to the higher initial expenses associated with 
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composite materials and production procedures. Although composites may demand a larger 

initial investment, their extended longevity, less maintenance needs, and decreased energy use 

may result in substantial cost savings during the lifecycle of the conveyor system. This 

approach aids in determining the ideal equilibrium between performance, cost, and 

environmental effect. 

Roller conveyors manufactured from composite materials may achieve higher performance, 

efficiency, and sustainability compared to those produced from traditional materials by 

carefully choosing materials, optimising design and manufacturing methods, and verifying via 

rigorous testing. The holistic approach to design and optimisation guarantees that roller 

conveyors made from composites fulfil the rigorous requirements of contemporary industrial 

applications, offering long-lasting advantages in terms of robustness, operational effectiveness, 

and ecological footprint. 

6 CONCLUSIONS 

 

The use of composite materials into the design of roller conveyors represents a notable progress 

in the pursuit of material handling systems that are more efficient, long-lasting, and 

environmentally friendly. Composite materials, especially those that are reinforced with fibres 

such as carbon and glass, provide unmatched benefits in terms of reducing weight, enhancing 

mechanical strength, and resisting corrosion. These advantages result in improved operational 

effectiveness, including decreased energy use and decreased maintenance needs, which are 

crucial in contemporary industrial settings where cost and environmental consequences are of 

utmost importance. 

Composite materials provide a significant benefit in terms of their superior strength-to-weight 

ratio. This attribute enables the creation of roller conveyors that are much lighter than those 

constructed from conventional materials such as steel and aluminium, while maintaining their 

strength and longevity. The decreased weight not only reduces the amount of energy needed 

for operation but also streamlines the procedures of installation and maintenance, hence 

improving the overall efficiency of the system. 

Composites outperform other materials in terms of longevity due to their exceptional resistance 

to wear, corrosion, and environmental deterioration. These properties make them well-suited 

for use in demanding industrial environments where metal components may deteriorate rapidly 

due to exposure to chemicals, moisture, and fluctuating temperatures. The prolonged durability 
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of roller conveyors made from composites leads to a decrease in the need for replacements and 

repairs, resulting in reduced downtime and maintenance expenses. 

Composites provide significant advantages in terms of design flexibility. These materials have 

the ability to be shaped into intricate forms and tailored to satisfy precise performance 

requirements. The versatility of this technology allows for the development of inventive 

designs that maximise the utilisation of materials and enhance the structural strength, resulting 

in conveyor systems that are more efficient and effective. Advanced computational tools and 

production procedures improve this capacity by providing exact control over fibre orientation 

and resin dispersion, therefore maximising the mechanical characteristics of the composites. 

Nevertheless, the implementation of composite materials is not devoid of difficulties. The 

elevated initial expenses linked to composite materials and their production procedures might 

serve as a disincentive. Moreover, the intricacy of the production process and the need for 

specialised skills might create obstacles to the wider use of this technology. The repair and 

recycling of composite materials provide distinctive difficulties, since these procedures are 

sometimes more intricate and less established compared to those for conventional materials. 

Notwithstanding these difficulties, the enduring advantages of utilising composite materials— 

such as increased resilience, diminished upkeep, and superior functionality—can surpass the 

original expenditures. Progress in production methods and enhanced comprehension of 

composite material qualities are expected to lower expenses and streamline procedures in the 

long run, so becoming composites a more feasible choice for a broader array of applications. 

Recommendations: 

 

1. Allocate resources towards Research & Development: Investing in further exploration of 

advanced composites and their potential uses in roller conveyors might result in the 

creation of novel materials and production methods that effectively overcome existing 

limits. Additionally, the provision of financial resources for research and development 

(R&D) might expedite the acceptance and utilisation of composites by diminishing 

expenses and enhancing efficiency. 

2. Implementing advanced manufacturing techniques, such as automated fibre placement 

(AFP), resin transfer moulding (RTM), and vacuum-assisted resin infusion (VARI), can 

enhance the quality and uniformity of composite parts, thereby increasing their 

competitiveness compared to conventional materials. 
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3. Enforce Thorough Testing and Validation: Perform thorough prototype testing under 

actual operating circumstances to verify design assumptions and performance estimates. 

Iterative testing and modification are essential for ensuring that composite roller conveyors 

satisfy operational requirements and demonstrate reliable performance. 

4. Improve Training and Expertise: Allocate resources towards training programmes aimed 

at cultivating the specialised skills necessary for the design and production of composite 

materials. Developing a well-informed and skilled workforce will be crucial in overcoming 

the barrier of limited expertise and promoting the seamless integration of composites into 

various industrial applications. 

5. Establishing a comprehensive recycling infrastructure for composite materials may 

effectively tackle environmental issues and save overall costs during the product's lifespan. 

The progress in recycling technology and the establishment of standardised procedures for 

recovering and reutilizing composites will promote sustainable practices. 

6. Conduct exhaustive cost-benefit assessments to assess the long-term cost savings and 

performance advantages of composite materials compared to their higher initial expenses. 

This will aid in making well-informed judgements on the selection of materials and provide 

a rationale for investing in composites. 

7. Encourage Environmental Sustainability: Conduct life cycle assessments (LCA) to 

evaluate and reduce the ecological footprint of composite materials. Give priority to the 

use of recyclable resources and employ techniques that minimise the carbon impact, in 

accordance with sustainability objectives. 

To summarise, while there are difficulties associated with using composite materials in roller 

conveyors, the possible advantages in terms of performance, efficiency, and sustainability make 

it a viable direction for future advancement. To fully exploit the benefits of composite materials 

and develop better roller conveyor systems, the industry must overcome current obstacles by 

conducting research, using advanced production techniques, providing training, and adopting 

sustainable practices. 
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