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Abstract 

This master thesis presents a study on the structural optimization of conveyor idlers, focusing on 

the idler shell and shaft. The research aims to enhance the performance and efficiency of conveyor 

systems by reducing weight and improving stability of idler roller, beginning with a thorough load 

analysis to determine the static and dynamic forces exerted on idler. The study employs a 

combination of numerical simulations and analytical methods to analyze the idler's structural 

integrity and performance, using SOLIDWORKS and ANSYS, and provide insights into stress 

distribution, deformation characteristics, and mode shapes inherent in idler roller system, forming 

the basis for further optimization.  

Alternative materials such as Resin Epoxy, PVC, and HDPE are evaluated against traditional 

structural steel for roller shell. Comparative analysis of mechanical properties, weight reduction 

potential, and cost-effectiveness identifies these materials as a viable alternative to steel, offering 

opportunities for improved performance and environmental stability. Moreover, the optimization 

of hollow shaft results in weight reduction while maintaining structural integrity, as evidenced by 

finite element analysis results. Modal analysis of the idler system reflects its dynamic behavior 

and vibration characteristics, enabling the development of damping strategies to ensure smooth 

operation under varying load conditions. In conclusion, this master thesis focuses on structural 

analysis for optimizing conveyor idler, addressing key challenges in materials handling systems 

and paving the way for further innovation in the field. 
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1. Introduction 

1.1 Problem Identification 

The challenge at LKAB's facility in Narvik lies in the frequent replacement of conveyor rollers, a 

critical component in the iron ore transportation process. As Europe's largest iron ore producer, 

LKAB relies on the efficient operations of the Ofotbanen railway to transport mined ore from 

Kiruna to the port of Narvik. However, the current issue arises from the high frequency of manual 

replacements of conveyor rollers, predominantly due to bearing damage and instances of rollers 

seizing up. The lifespan of these rollers is significantly influenced by their location, environmental 

conditions, and the loads they bear. To address this problem, the task is to find a solution that not 

only enhances the current situation but also contributes to increased lifespan, easier maintenance, 

cost effectiveness, and improved overall performance. The chosen solution must consider factors 

such as weight, environment and cost, as manual replacement is the existing practice, and there 

are accessibility challenges in certain areas of the facility. Therefore, the overarching goal is to 

devise an effective strategy or mechanism that mitigates the frequent failures of conveyor rollers, 

offering a sustainable and efficient solution for LKAB's iron ore transportation system in Narvik. 

1.2 Thesis Objective and Aims 

The primary objective of this master thesis is to develop and propose a solution to enhance the 

performance and lifespan of conveyor rollers at LKAB's facility in Narvik, ultimately optimizing 

the iron ore transportation process. The proposed solution should consider the weight of the 

components and tackle the challenges posed by the varied and sometimes difficult-to-access 

locations within the facility. For weight reduction, structural optimization of idler conveyor roller 

will be done to enhance the performance and lifespan which will ultimately results in optimizing 

the iron ore transportation process. The thesis work is further into following objectives: 

 Load Analysis: Conduct a comprehensive force analysis of idler in the conveyor system, as 

the material transport on the conveyor. This analysis will help to determine static and dynamic 

forces on the center and wing idlers, considering factors such as belt load, belt speed, carrying 

and return troughing set pitch, belt weight per linear meter, participating factor, shock factor, 

service factor, ambient factor, and speed factor. 
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 Structural Optimization: Structural optimization is divided into shell and shaft optimization 

and focuses on the static analysis of idler system to determine the stress, deformation and 

deflection characteristics of idler and compare the numerical and theoretical results. Based on 

the results, the thesis aims to identify and select an optimal material for the roller shell that 

surpasses the performance of traditional stainless steel and optimized the solid shaft in terms 

of weight reduction. This new material should offer a superior combination of mechanical 

properties, including higher strength-to-weight ratio, better abrasive resistance, less wear, 

improved corrosion resistance, lower rotational resistance, and enhanced stiffness.  

 Contamination Prevention: Design and evaluate a solution capable of effectively preventing 

the ingress of dust and water into the roller bearings. This solution should be robust enough to 

withstand the specific conditions at the loading points of the conveyor system, where rollers 

are most susceptible to contamination from the surrounding environment. 

By achieving these objectives, this thesis aims to provide LKAB with a practical and effective 

solution to mitigate the frequent failures of conveyor rollers, offering a sustainable and efficient 

approach to enhance the iron ore transportation system in Narvik. 

 

2. Literature review 

2.1 Theoretical background 

Belt Conveyor system is used to transport bulk material from one place to another via shortest 

possible distance, providing a continuous flow of material between different operations. It has been 

used in the industry since 1892, when Thomas Robbins designed a belt conveyor system to 

transport coal for Thomas Edison's Ore-Milling Company [1]. Most of the industry sector like 

mining, power, cement production and food industry depend upon the performance of belt 

conveyor system. These conveyors can operate continuously without having any time delays for 

loading or unloading or empty return trips and can be utilized for operations independent of 

traveling path. In terms of environmental impact, belt conveyors are a promising climate friendly 

mode of transport bulk material as they operate quietly, often within enclosure, neither cause air 

pollution nor deafen the ears.  A conventional belt conveyor system, shown in Figure 1, consists 

of following important components: 
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 Frame 

 Belt  

 Tail and Head pulley  

 Loading chute 

 Carrying and return Idlers 

 Electric motor 

 Gear system

 

 

Figure 1: A Conventional belt conveyor system [2] 

The belt is driven in the desired material flow direction through a friction force exerted in the form 

of tension by one or more drive pulleys operated by electric motors. A typical belt conveyor 

system, as shown in Figure 1, consists of a belt which moves around the head and tail pulley, the 

former is connected with an electric motor. Bulk material is spanned on the moving belt via loading 

chute, supported by spatially distributed carrying idlers, conveyed forward to the desired unloading 

place. After unloading, the belt reversed its direction, supported by tail pulley, and guided by return 

idlers, results in continuous operation [2]. 

2.1.1 Role of idler in conveyor operation 

A typical idler provides support to the load while material transportation with minimum resistance 

to motion. The principal requirement of idler design is to support radial load from the belt and 

material over a particular idler spacing (pitch of idler).  Different idler assemblies are created to 

control the profile of belt which provide consistency and flexibility to material transportation. For 

example, the trough shape idler assembly have center and wing rollers at different troughing 

angles, as shown in Figure 2, which supports both radial and axial load and provide tracking forces 
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and guiding. The center roll supports major portion of radial loads because of the material being 

transported while the wing rolls supports both axial loads as they are at an angle to the vertical 

axis. 

 

Figure 2: Trough idler carrying and return frame [2] 

Idlers are one of the fundamental components of a belt conveyor and their function is to provide 

belt support, with low resistance to movement, while the material is conveyed along the full length, 

avoid spillage, absorb sudden impact while material loading and prevent the belt from stretching, 

swagging and failure.  

To keep the material transport process continuous, reliability and safety of belt conveyor system 

is very important. Failure or malfunctioning of any component of the system may lead to a 

complete shutdown which results in large downtime and add maintenance cost. For example, a 

major portion of iron ore cost is transportation and around 30% of this cost consists of replace 

idlers in conveyor belts [3].  This study focuses on optimizing conveyor belt idlers to increase the 

reliability of conveyor belt system with a focus on mining industry.  

2.1.2 Components of Idler roller 

Idler roller consists of several integral components that contribute to its functionality and 

durability. A standard idler assembly consists of a roller shell, a cylindrical tube made up of steel 

material, having specific thickness and diameter. Inside the shell, bearing housing is positioned by 

either welding or deep swaged. The bearing housing is designed with a specific thickness to reduce 

the angle of deflection between the bearing and spindle when the spindle is subjected to 
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deformation while the material is being transported. The bearings are used to transmit the load 

from the roller shell to the shaft and resist radial forces from the roller shell. Spindle or shaft is the 

major load carrying component of the roller, made of stainless-steel material with a specified 

length and thickness. A standard idler roller manufactured by RULMECA along with its 

components is shown in Figure 3. 

 

Figure 3: Components of RULMECA Idler roller  

The spindle is designed to resist the load from roller shell which might cause excessive deflection 

and exerts irregular pressure on the bearings which reduces the roller life. To isolate the bearings 

from external environments, sealing solutions are used. Sealing solutions are essential for 

protecting the idler roller from environmental factors. These seals act as barriers against dust, 

moisture, and debris, reducing the risk of contamination and corrosion. Additional seals behind the 

bearings further enhance protection and reliability.  

2.2 Types of Idler 

According to ISO standards of 1537-1975 [4], idlers are classified into two categories:  

a) Carrying idlers, taking the material on belt conveyor, in line, of equal length 
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b) Return idlers, single or a set of two return idler of equal length, usually horizontal 

According to the use, idlers can be divided into following types: 

 Troughing carrying idlers 

 Impact idlers 

 Return Idlers 

Trough carrying idlers 

Trough belts can carry more tonnage of material as compared to the flat belts, with same speed 

and width, because of increase cross sectional fill depth. Trough carrying idlers, shown in Figure 

4, are the most common type of belt conveyor idlers used in handling bulk materials, consisting of 

three or five rollers with a center idler roll and wing rollers on either side at different angles. Idlers 

may have been in same plane, or they have an offset center roll depending upon the requirement. 

Angle of wing rollers determine the depth of trough created by the belt conveyor as it moves. Main 

function of trough idlers is to ensure consistency in the belt shape throughout its journey, 

improving stability and material carrying capacity, and to avoid material spillage. 

 

Figure 4: Components of a trough idler assembly  

Impact idlers 

Impact idlers, also referred to as cushion idlers, are used to absorb sudden impact to prevent any 

damage to belt. Often installed at loading points on the conveyor belt where impact resulting from 

material density, lump size or height of material free fall may cause belt damage, if it is rigidly 

supported at that point. Equally spaced discs of rubber material, shown in Figure 5, vulcanized to 
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steel rolls, pneumatic tires or narrowly space discs are pressed on the steel tube to make it able to 

absorb the cushioning effect. 

  

 

Figure 5: Cutway Section of an Impact idler  

In case of disc, the material could be natural rubber with narrow space which allows the rubber to 

move under impact, help idler to absorb energy from impact loads and gives better support to belt 

as compared to pneumatic / semi-pneumatic types. 

Return idlers 

A long single roll connected to mounting bracket and suspended below the lower flange of stringers 

supporting carrying idler is used as a return idler to support the return run of belt. Thicker material 

like mud, adhere to the belt carrying surface needs to be clean before the return motion of belt to 

prevent a large buildup which can seize the idlers or damage the belt. Hence, different styles of 

return idlers, a suspended return idler is shown in Figure 6, are available to overcome those 

challenges. For example, helical shaped self-cleaning return idlers made up of rubber or urethane 

disc can be used if the material is sticky. A rubber disc return idler can be used if additional abrasive 

resistance is required which extends the wear life of the roll. 
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Figure 6: A Suspended Return Idler 

2.3 Literature from Scientific Articles  

The most economical and reliable system to transport bulk material from loading point to target 

place with higher capacity, minimal cost and less human effort is belt conveyor system. Any 

breakdown or malfunctioning of conveyor system components hinder the bulk material 

transportation resulting in delays, production loss, maintenance problems and finally the financial 

loss. In mining plants, as LKAB mining facility, 60% of plant downtime is contributed by conveyor 

system [5].  

 
Figure 7: A trough shape idler system 
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The reliability of belt conveyor system depends upon the reliability of its rotating and stationary 

components. A conventional idler system in a mining industry consists of consists of two wing 

rollers and one center horizontal roller underneath the belt, as shown in Figure 7. The wing rollers 

are inclined at an angle of 20,35, or 45 degrees, making a trough shape. Rotating components of a 

conveyor such as pulley, idlers, and drive unit, contribute significantly to unplanned downtime, 

damage the belt seriously, causing major financial problems. Hence, optimization of idler rollers 

in a conveyor system could play an important role in reducing the maintenance time and cost which 

ultimately results in higher material handling efficiency. Condition monitoring system is 

considered as an effective technology to increase the reliability of belt conveyor components like 

belt, pulley, and drive units [6].  With current developments and latest sensors technology available 

in the market, belt conveyor components, except idlers, can be monitored online as well. Roughly 

around 20,000 rollers are installed in a 10 km long belt conveyor system, hence it is difficult to 

monitor them in automated ways [6]. 

2.3.1 Failure modes of Idler system 

To design and optimize an idler system, it is important to understand the possible reasons and mode 

of their failure. In a study examining the failure rates of twenty belt conveyors over a six-month 

period, Gurjar (2012) discovered that a significant portion, specifically 74.1 percent, of the 

mechanical failures in a belt conveyor system were attributed to issues with idler rolls [7]. The 

impact of idler roll failures goes beyond just mechanical concerns. Belt conveyors with idler rolls 

getting stuck can result in significantly higher energy consumption. For instance, if 10 % of rolls 

become seized, the conveyor system could require an additional 100% of power, highlighting the 

substantial energy implications associated with idler roll problems [7].  

The most common cause of idler failure is shell wear and bearing failure. According to Flexco, a 

conveyor belt manufacturing company, an idler roller can be failed due to abrasion, corrosion, 

ineffectiveness of seal or end design failure. Abrasion or shell wear from the roller is due to friction 

between the roller shell and belt as the belt moves. Replacing traditional steel roll with engineering 

polymers (Nylon and HDPE) can be seen as a promising way to combat this type of failure [8]. 

Bearing seizure also caused increase rate of shell wear. Bearing malfunctioning is the most 

common idler roller failure mode and 43% of bearing failure are caused by moisture and dirt [8]. 

Bearing damage can arise from various factors, with poor sealing, impurities, moisture, and water 

infiltration, degrading grease and increasing rolling resistance. Contaminated grease can also 
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compromise bearing integrity. Problems like improper longitudinal leveling, lateral inclination, 

and uneven spacing between conveyor sections can lead to wear and tear, impacting the overall 

health of the bearings [9]. Idler roller bearings have lubrications that are supposed to work till the 

bearing rating life, but some bearings lack lubrication when they are approaching failure. Grease 

provides good dirt protection, but it is temperature dependent and have a limited-service life. 

Lithium based grease with labyrinth seals are providing better protection to bearings from external 

source [9]. 

According to Amarnath and Kankar, wear rates become more significant when a metal-to-metal 

contact takes place when metal particles from bearing elements come in between the contact 

surfaces preventing the formation of hydrodynamic lubrication regime [10]. Brittle particles 

produce less wear as compared to ductile which is more abrasive in nature. According to SKF, a 

leading bearing manufacturer, and ISO 15243: 2017 standards, bearing damage can be classified 

into five possible division: Operating conditions (excessive loading, induced vibrations), 

lubrication (insufficient lubrication and dirt), production defects (insufficient surface hardness, 

strength or material imperfections), Belt conveyor assembly (improper beading load, larger gaps 

between moving bodies) and environmental factors (dirt, water penetration) [11], [12]. 

2.4 Idler roller technologies 

This section explains the potential idler manufacturers: RKM Roller Company PTY LTD [13], 

RULMECA [14], ASGCO [15], Conveyor Innovations International PTY LTD [16] and Conveyor 

Products and Solutions-CPS [17] and compare their innovative technologies, manufacturing 

processes with reference to ferrous and non-ferrous idler system with a focus on weight, material 

properties like strength, hardness, abrasive resistance, and cost consideration. Detailed information 

about traditional and innovative idler products produced by each company is given in Appendix 

A.  

At first, ferrous idlers particularly made from steel, aluminum are discussed followed by composite 

material idlers produced and manufactured by different companies. A brief comparison between 

the products produced by these companies as shown in Table 1.  
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Table 1 Comparison of Idler products manufactured by leading companies. 

Company RKM Roller 
Company 
PTY LTD 

Rulmeca ASGCO Conveyor 
Innovations 

International Pty 
Ltd (CII) 

Conveyor 
Products 

and 
Solutions-

CPS 

Roller Type Standard 
Steel Roller 

Various Types 
(PSV, TOP 
Series) 

Composite Rolls 
(C2000 Series) 

OneFits Idler Roller Yeloroll 
Rollers 

Material Steel Steel, 
Thermoplastic 
Polymer 

Glass 
Reinforced 
Polyurethane 

Steel, Vitresteel, 
Carbon Fiber 

Steel, 
Aluminum, 
Composite 

Sealing 
Technology 

Triple-
Layered Seals 

Hermetic Seals Zinc-Plated 
Sealing Solution 

CNC Machined 
Sealed End Caps 

Multi-
Labyrinth 
Watertight 
Sealing 

Additional 
Features 

Upgraded 
Versions 
Available 

High-Performance 
Options Available 

Lighter 
Alternative to 
Steel 

GEN 7 Roller with 
Condition 
Monitoring 
Features 

M-PVC 
Shell 
Material 

Application Coal, Grain, 
Iron Ore 

Various Industries Corrosive 
Environments 

Various Mining 
Applications 

Light, 
Medium, 
Heavy-
Duty Uses 

Temperature 
Range 

-20°C to 
+100°C 

Varies by Series -40°F to +200°F Not Specified Not 
Specified 

Weight Reduction 
(Composite Rolls) 

N/A Approximately 
50% Lighter 

30% N/A 40% 
Lighter 
than Steel 

Strength Very high 
(300-400 
Mpa) 

Comparable to 
Steel 

N/A Twice as Strong as 
Black Steel 

N/A 

Resistance to 
Impact/Cracks 

Very high High Impact 
Resistance 

Medium Medium Medium 

Noise Levels Higher Reduced Noise 
Levels 

Low High  Substantial 
Noise 
Reduction 

Environmental 
Suitability 

Corrosion and 
rusting 

Corrosive 
Environments 

Excellent 
suitability 

Ergonomic Benefits 
for Underground 
Mining 

Excellent 
suitability 
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2.4.1 Remarks 

For ferrous idler, the roller shell body is generally made up of mild steel with exception from CII 

to use Vitresteel in their shaftless idler design [16]. The roller shell is rounded from both ends to 

prevent any sharp edges to cult or damage the belt. Mostly, the end caps are welded using MIG 

welding into the shell on a grove position to the plate while some manufacturers press fit end caps 

into the shell body. Rulmeca utilize a single circular tube to fabricate shell, end plates and bearing 

seats by cold rolling and heated press [14]. CCI roller have bearing end cap, made up of hardened 

alloy and CNC manufactured, is mass swagged under 35 tones force into the tube ends eliminating 

traditional welding and reduce corrosion rates. Single row deep groove ball bearings with C3 

internal clearance is used by all companies except CCI´s double row deep groove ball bearing for 

supporting both radial and axial loads [16]. Bearings are factory sealed for life with permanent 

lubrication for low to medium material handling applications. For heavy duty applications, rollers 

with re-greaseable bearings are used which have the advantage of the older lubrication to get 

flushed along with any dirt particles and clean grease replaces the old, soiled grease. Solid or hollo 

mild steel shafts or spindles are used for roller supports with standard double or triple labyrinth 

sealing for bearings. 

Non-ferrous/composite rollers have a greater diversity in construction and material use as 

compared to steel idlers. Depending on the costs and different material grades, a vast variety of 

non-ferrous idlers are available in the market with different constraints and limitations. Various 

shell construction in composite idlers is made up of aluminum, UHMWPE, PU, PVC and most 

commonly HDPE material. The end caps and bearing housing are produced using PU, polymeric 

inserts, homopolymer acetal resign or glass filled nylon with antistatic copper pin [17]. Single deep 

grove ball bearing with C3 internal clearing is used with four different types of sealings: four-rake 

press fit seals and a lip and labyrinth arrangement, labyrinth, and reverse labyrinth [16], [17], [18]. 

2.5 Regulation and Standards 

Different companies and many international organizations have set some standards which can be 

used as reference material by engineers to design and analyze a belt conveyor and its components. 

Following is a brief overview of standards from CEMA, BS, JIS, AFNOR, FEM, DIN, and ISO: 

 CEMA (Conveyor Equipment Manufacturers Association): CEMA 502-2016 – “Bulk 

Material Belt Conveyor Troughing and Return Idlers - Selection and Dimensions”: This 



Page 20 of 84 
 

standard provides guidelines for the selection and dimensions of troughing and return idlers 

used in belt conveyors. 

 BS (British Standards): BS 2890:1989 – “Specifications for Troughed belt conveyors”: This 

British Standard provides recommendations for the general design and construction features 

of troughed belt conveyors and includes specifications for idlers. 

 JIS (Japanese Industrial Standards): JIS B 8803:2013 – “Conveyor belts - Idlers – 

Specifications”: This JIS standard specifies the technical requirements and test methods for 

conveyor belt idlers and is used in Japan. 

 AFNOR (Association Française de Normalisation): NF EN 1037:2008 – “Conveyor belts - 

Determination of the elastic and permanent elongation and calculation of the elastic modulus”: 

While not specific to idlers, this AFNOR standard is relevant to conveyor belt performance, 

which can impact idler design considerations. 

 FEM (Fédération Européenne de la Manutention): FEM 3012 – “Selection and dimensions 

of idlers for belt conveyors”: This standard provides guidelines for the selection and 

dimensions of idlers for belt conveyors. 

 DIN (Deutsches Institut für Normung): DIN 22112-1:2015 – “Belt conveyors with carrying 

idlers - Calculation of operating power and tensile forces”: This DIN standard outlines 

methods for calculating the operating power and tensile forces in belt conveyors with carrying 

idlers. 

 ISO (International Organization for Standardization): ISO 1537:2015 – “Belt conveyors - 

Idlers - Guide for the use and application of idlers (Second edition)”: As mentioned earlier, 

this ISO standard provides guidance on the selection and application of conveyor idlers. 

 ISO 5048: “Continuous mechanical handling equipment - Belt conveyors with carrying idlers 

- Calculation of operating power and tensile forces”: Provides the basis for the calculation of 

conveyor belt tensions and requires certain specific data about the design of the conveyor. 

 Rulmeca: Rulmeca have shared an open-source comprehensive document “Rollers and 

components for bulk handling” in 2003, which provides a complete design guideline for 

conveyor idlers and conveyor components. This document shared information about types of 

belt conveyor, material transportation, and their load distribution in terms of analytical 

functions, how to determine belt speed, belt width, loading calculations for associated forces 
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on rollers and standards tables and dimensions for choice of roller with respect to belt and 

material being transported. 

 

 The Idlers used in LKAB facility in Narvik are manufactured by Rulmeca hence, the document 

from Rulmeca is chosen as a reference along with CEMA standards to analyze the loading, 

boundary conditions, load distribution, choice of roller diameter and mathematical modeling and 

analysis required for optimizing rollers at LKAB facility. 

3. Design Methodology 

3.1 Introduction  

A systematic rational design method developed by Nigel cross, shown in Figure 8, will be followed 

to design and optimize the conveyor idler. The design model, consists of seven stages, is a 

systematic solution driven process following a symmetrical relationship between problems/sub-

problems with solutions/sub-solutions respectively [18]. 

Figure 8: A Systematic rational design methodology [18] 
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The designer explores both the problem and solutions together having an expected pattern of 

progression from a given problem to a proposed solution, following an anticlockwise movement 

direction from top left to top right along with substantial interactions going to-and-fro on both 

sides.  In optimizing the idler roller, some components of this method are considered as an effective 

strategy to breakdown the problem and finding the solution for this master thesis.  

3.2 Identifying Opportunities and Clarifying Objectives 

 

Among design stages, identifying opportunities and clarifying objectives involves determining the 

goals, constraints and objectives of the design which have been shortly discussed in Chapter 1, 

problem identification and thesis objective. 

 

The objective tree, as shown below, divides the thesis main objective of “Idler optimization” into 

sub-components which provides a roadmap for addressing design challenges systematically and 

how to achieve the desired outcomes with a rational approach.  For example, the sub-objective of 

structural optimization in objective tree diagram is further divided into force analysis and 

optimizing the idler shell and shaft design, to enhance durability, minimize wear, and improve 

overall performance. This step is essential in ensuring that the idlers can withstand the operational 

demands and environmental conditions they are subjected to, thereby prolonging their lifespan and 

reducing the frequency of replacements.  

 

Contamination prevention strategies aim to prevent the ingress of dust and water into roller 

bearings, ensuring robustness and operational integrity under harsh environmental conditions. 

Ensuring that the idlers can withstand harsh conditions and maintain operational integrity is vital 

for minimizing downtime and maximizing productivity. Overall, the objective tree provides a 

systematic framework to address key challenges and achieve the goal of enhancing the 

performance and lifespan of conveyor rollers, ultimately optimizing the iron ore transportation 

process at LKAB's facility. 
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3.3 Setting requirements  

Setting requirements includes establishing the criteria and performance attributes or characteristics 

that must be meet by the idler roller optimized solution. These requirements, shown in Table 2 and 

3 for roller shell and roller shaft respectively, serve as a benchmark for guiding the design process 

and evaluating potential solutions, ensuring that the resulting idler roller and its components meets 

the specified criteria and performs optimally in its intended application.  

Table 2: Performance Specifications for Roller shell 

Performance 
Characteristic 

Description Range Units Priority 

Load Capacity (D) Maximum weight the idler can 
support without failure 

10,000 - 50,000 N High 

Wear Resistance (D) Ability to withstand abrasion and 
maintain shape over time 

High resistance to wear and 
tear 

- High 

Corrosion Resistance 
(D) 

Resistance to rust and degradation 
due to exposure to moisture and 

chemicals 

Highly resistant to 
corrosion 

- High 

Weight (W) Overall weight of the idler system 10kg to 20kg kg Medium 

Noise Level (W) Level of noise generated during 
operation 

40-60 dB Medium 

Rotational Resistance 
(W) 

Smooth rotation of the idler with 
minimal resistance 

Low friction for efficient 
operation 

N Medium 

Sealing Efficiency (D) Effectiveness of seals in 
preventing dust and water ingress 

Highly effective sealing to 
protect internal 

components 

- High 

Structural Strength 
(D) 

Ability to withstand applied forces 
and maintain structural integrity 

1-500 MPa High 

Temperature 
Stability (W) 

Ability to withstand fluctuations in 
temperature without 

compromising performance 

-20°C to 80°C °C Low 

Cost (W) Total cost of procurement and 
maintenance 

Cost-effective solution 
without compromising 

quality 

NOK Low 

Material 
Compatibility (D) 

Compatibility with conveyed 
materials (e.g., coal, ore) 

Compatible with a wide 
range of materials 

- High 
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Bearing Lifespan (D) Lifespan of the idler bearings 
before replacement or 

maintenance 

50,000 - 100,000 hours High 

Environmental 
Impact (W) 

Environmental footprint of the 
idler material and manufacturing 

process 

Low environmental impact 
and sustainability 

considerations 

- Low 

Alignment Accuracy 
(D) 

Precision of alignment with the 
conveyor belt to minimize wear 

and tracking issues 

± 1 mm High 

Maintenance 
Requirements (W) 

Frequency and complexity of 
maintenance tasks required 

Low maintenance 
requirements for prolonged 

uptime 

- Medium 

Durability (D) Longevity and resistance to 
premature wear or failure 

Extended service life with 
minimal degradation 

- High 

Energy Efficiency 
(W) 

Efficiency in power consumption 
during operation 

Energy-efficient design for 
reduced operating costs 

kW Medium 

 

Table 3: Performance Specifications for Shaft 

Performance 
Characteristic 

Description Target Value Units Priority 

Strength Ability to withstand applied forces 
without deformation or failure 

> 400 MPa High 

Stiffness Resistance to bending or deflection 
under load 

> 2000 MPa High 

Shaft Deflection 
(D) 

Bending of shaft downward ≤ 12 degree High 

Toughness (D) Resistance to indentation >1.5 MPa M^½ High 

Shaft Diameter Maximum diameter of shaft 15-35 mm High 

Weight Overall weight of the shaft < 10 kg Medium 
Bearings Types of roller bearings 

 
6302 to 6310 N/A High 

Corrosion 
Resistance 

Resistance to rust and degradation in 
harsh environments 

8+ Rating (e.g., 
ASTM G85) 

Medium 

Surface Finish Smoothness and quality of the surface >0.8 Ra (μm) High 
Machinability Ease of machining and fabrication 4+ Rating (e.g., 

ASTM B108) 
High 

Cost Total cost of procurement and 
manufacturing 

<1000 NOK Medium 

Environmental 
Impact 

Environmental footprint of the 
material and manufacturing process 

Low Rating (e.g., 
Life Cycle 

Assessment) 

Medium 
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3.4 Force Analysis of Idler roller: 

Based on the dimensions provided by LKAB for conveyor belt and roller, loading conditions, 

dimension constraints and boundary conditions on the idler are calculated with reference to 

Rulmeca document “Roller and components for bulk handing” and CEMA 502-2016 – “Bulk 

Material Belt Conveyor Troughing and Return Idlers - Selection and Dimensions” [19].  

From the information given by LKAB, center idler dimensions are shown in Figure 9 and Table 4. 

Table 4: Roller dimensions 

Variables ∅ A B C d Ch s e g 

Dimension(mm) 159 632 600 608 30 22 4.5 4 12 

 

3.4.1 Distribution of forces 

The force analysis of this idler in a conveyor system involves considering both vertical and 

horizontal forces exerted on the idler as the conveyor belt operates. When the pulley moves the 

conveyor, the conveyor belt bypass the idler which is supporting the belt at the moment and is 

stationary.  The conveyor belt motion exhibits force in the form of tension to stationary idler which 

slowly overcome its rotational resistance under the influence of this force and ultimately start 

rotating with an angular velocity.  

The force occur on idler in the vertical direction includes the total weight of the material and 

conveyor belt (G) while the horizontal direction force consists of tension of the conveyor belt on 

Figure 9:2D drawing of idler roller at LKAB 
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the idler (F), both are primary forces contributing to load as compared to idler resistance [20]. 

Horizontal forces, such as the resistance of the bracket to the idler roller (F2) and the rotational 

resistance of the bracket to the idler (M), as shown in Figure 10.  

Assumption:  

 Only vertical forces are considered in this analysis because the idler rotational resistance 

becomes smaller as compared to vertical load when the belt is running smoothly.  

 The analysis accounts for belt deflection, with consideration of two theoretical 

possibilities: (1) the material remains at the center of the conveyor belt as it runs or (2) the 

material completely follows the belt. Under extreme conditions, when the material stays at 

the center of the conveyor, the carrying idler experiences ideal loading. When materials 

completely follow the belt, conveyor belt deflection is not more than 10% of belt width 

[20]. Consequently, the impact of conveyor belt deflection on idler analysis can be 

disregarded.  

 

 
Figure 10: Force distribution on idler [20] 

. 

In order to determine the static and dynamic forces on the center and wing idlers, Rulmeca Rollers 

and components for bulk handling [21], Chapter 2 -Rollers (p. 75-79) is used. 

 

Following principal factors, shown in Table 5 are important to consider while determining the load 

on idler. 
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Table 5: Principal factors for Force analysis 

Symbol Principle Variable Unit 

𝑰𝒗 Belt load t/h 

𝒗 Belt speed m/s 

𝒂𝟎 Carrying trough set pitch m 

𝒂𝒖 Return set pitch m 

𝒒𝒃 Belt weight per linear meter Kg/m 

𝑭𝒑 Participating factor of higher 
stressed roller 

- 

𝑭𝒅 Shock factor - 

𝑭𝒔 Service factor - 

𝑭𝒎 Ambient factor - 

𝑭𝒗 Speed factor - 

 

Table 6: Belt width and corresponding pitch for upper and lower idler sets [21] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Belt 
Width 

Pitch of Upper 
Troughing set 

Lower 

 
 
 

m 

Specific weight of 
conveyed material t/m3 

 
 

<1.2 
m 

1.2 ÷ 2.0 
m 

> 2.0 
m 

> 3.0 
m 

300 
400 
500 
650 

1.65 1.50 1.40 3.0 

800 1.50 1.35 1.25 3.0 
1000 1.35 1.20 1.10 3.0 

1200 
1400 
1600 
1800 

1.20 1.00 0.80 3.0 

2000 
2200 

1.00 0.80 0.70 3.0 
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The belt load or belt capacity is 9000 t/h, the belt speed is 3m/s and the carrying and return 

troughing set pitch (distance between two consecutive troughing sets) is selected from Rulmeca 

document as shown in the Table 6. The belt weight per linear meter for a conveyor depends on 

various factors, including the width and thickness of the belt, as well as the material it's made of. 

Typically, the weight of the belt is specified in kilograms per meter (kg/m) and can be 

approximated from Dunlop Conveyor Design manual, see Table 7 [22]. 

 

Table 7: -Belt weight with respect to different belt widths [22] 

Operating condition 

Duty 

Width 

(mm) 

Light 

Duty 

(kg/m) 

Medium 

Duty 

(Kg/m) 

Heavy 

Duty 

(kg/m) 

500 4,1 6,2 10,3 

600 5,0 7,4 12,3 

750 6,2 9,3 15,5 

900 7,4 11,1 18,5 

1050 8,6 13,0 21,6 

1200 9,8 14,8 24,7 

1350 11.0 16,7 27,8 

1500 12,3 18,6 30,9 

1650 13.5 20,5 33,9 

1800 14,7 22,3 37,0 

2100 17,2 26,0 43,3 

2200 18,0 27,3 45,3 

 

For different operating factors, RULMECA document is used to determine their operational values 

based on working hours, impact factor due to lump size and environment, see Figure 11 and Table 

8, 9 and 10 below. These factors account for the operating conditions in which the idler roller is 

working. Participation factor accounts for the troughing angle which the center idler is making 

with wing rollers. A higher troughing angle generally leads to a more concentrated load distribution 
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towards the center of the belt as shown in by the participation factor value in Figure 11. Service 

factor accounts for the number of hours the conveyor is operating while environmental factor 

considered the surrounding environment. 

 
Figure 11:Participation factor with respect to angle of troughing [21]  

Table 8: Service factor Fs [21]                                              

Service Factor 

Life Fs 

Less than 6 hours per day 0.8 

From 6 to 9 hours per day 1.0 

From 10 to 16 hours per 

day 

1.1 

Over 16 hours per day 1.2 

 

Table 9 Environmental Factor Fm [21]   

 

 

 

 

 

 

 

 

Environmental factor 

Conditions Fm 

Clean and fine material 

presence 

0.9 

Abrasion or corrosion 

material presence 

1.0 

Very Abrasion or corrosion 

material presence 

1.1 
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Table 10: Impact factor Fd [21] 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hence, based on the above tables from the reference document of Rulmeca, the principal factors 

with their values are as follows: 

 

Symbol Value Unit 

𝑰𝒗 9000 t/h 

𝒗 3 m/s 

𝒂𝟎 0.8 m 

𝒂𝒖 3 m 

𝒒𝒃 32 Kg/m 

𝑭𝒑 0.72 - 

𝑭𝒅 1.09 - 

𝑭𝒔 1.1 - 

𝑭𝒎 1.1 - 

𝑭𝒗 0.92 - 

 

 

 

 

 

Material 

Lump size 

 

Belt speed m/s 

2 

 

2.5 3 3.5 4 5 6 

0 ÷ 100 mm 

 

1 1 1 1 1 1 1 

100÷ 150 mm 

 

1.02 1.03 1.05 1.07 1.09 1.13 1.18 

150÷300mm 

In layers of fine material  

1.04 1.06 1.09 1.12 1.16 1.24 1.33 

150÷300mm 

without layers of fine 

material 

1.06 1.09 1.12 1.16 1.21 1.35 1.5 

300÷4500mm 1.2 1.32 1.5 1.7 1.9 2.3 2.8 
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3.4.2 Load Calculations 

With reference to RULMECA “Rollers and components for bulk handling, Page 52”, the static 

load 𝐶௔ acting on the carrying troughing set can be determined using Equation (3.1) 

           𝐶௔ = 𝑎଴ × ቀ𝑞௕ +
ூೡ

ଷ.଺×௩
ቁ × 9.81 (3.1) 

Where 𝑞௕= Belt weight per meter, 𝐼௩= Belt load per meter, 𝑎଴= Pitch of carrying idler of troughing 

set. 

𝐶௔ = 6791.136 𝑁 

For Dynamic Load, Equation (3.1) is multiplied with the operating factors to find the dynamic 

load 𝐶௔ଵ acting on the idler set as shown in Equation (3.2) 

                 𝐶௔ଵ = 𝐶௔ × 𝐹ௗ × 𝐹௦ × 𝐹௠ (3.2) 

Where 𝐹ௗ = Shock factor,  𝐹௦ = Service factor and 𝐹௠= Environmental factor. Hence, the dynamic 

load is  

𝐶௔ଵ = 8956.82𝑁 

For our assumption, all the rollers are equal in dimensions in the troughing set, the maximum load 

is supported by the center idler 𝑐௔, can be calculated by multiplying the participation factor 𝐹௣ with 

the dynamic load. Hence, by using the Equation (3.3), the maximum load on center idler can be 

calculated. 

          𝑐௔ = 𝐶௔ଵ × 𝐹௣ (3.3) 

𝑐௔ = 6448.91𝑁 

Since, the return idler does not take any material load, the static load on return set can be calculated 

using Equation 3.4. 

               𝐶௥ = 𝑎௨ × 𝑞௕ × 9.81 (3.4) 

Where 𝑎௨= Return idler set pitch, 𝑞௕= Mass of belt per meter length 

𝐶௥ = 941.76𝑁 

The dynamic load 𝐶௥ଵ on return idler set is independent of shock factor as there is no material 

transported on return idler, hence it is calculated by following equation 

               𝐶௥ଵ = 𝐶௥ × 𝐹௦ × 𝐹௠ × 𝐹௩ (3.5) 

𝐶௥ଵ = 1048.36 𝑁 
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Equation 3.6 is used to determine the load on single return roller 𝑐௥ by multiplying the dynamic 

load 𝐶௥ଵ for return idler with participation factor 𝐹௣. 

 

             𝑐௥ = 𝐶௥ଵ × 𝐹௣ (3.6) 

    𝑐௥ = 754.81𝑁 

 

These values are determined based on the given equations and assumptions, considering factors 

such as belt weight, velocity, and dynamic load factors. The loads provide insight into the forces 

experienced by the idler sets and individual idlers in the conveyor system, aiding in design and 

optimization efforts. Values presented in Table 11 shows that the dynamic loads on both the 

carrying and return idler sets surpass their respective static loads, reflecting the additional forces 

induced by the movement of the conveyor belt and the conveyed material. Conversely, the static 

load on the center idler slightly exceeds that on the carrying idler set, indicating potentially higher 

forces experienced by the center idler. 

 

Table 11: Calculated load on carrying and return set 

Variable Value 

Static load on Carrying idler set 6791.136N 

Dynamic load on Carrying idler set 8956.82N 

Static load on center idler 6448.91N 

Static load on return idler set 941.76N 

Dynamic load on return idler set 1048.36N 

Load on single return idler 754.81N 
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3.5 Prototype  

Based on provided dimensions, the 3D model of the idler roller is drawn using SOLIDWORKS 

for analysis. Figure 12 (a, b) shows the 3D model of center idler along with its components in 

exploded view. Figure 13 presents a section view of the CAD model, offering insights into the 

internal structure and design features of the idler. The detailed 2D drawings of the idler and its 

components provided in Appendix B, complements these visual representations and shows precise 

specifications and dimensions for reference. Together, these representations form a prototype that 

accurately reflects the physical geometry and specifications of the idler. 

 

 

 
Figure 13: Section view of idler CAD model  

Figure 12: a) 3D CAD model of Idler b) Exploded view CAD model of idler  
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4 Structural Analysis of Conveyor Idler 

4.1 Numerical Analysis 

The analysis phase is utilizing ANSYS Static Structural to evaluate the structural integrity and 

performance of the conveyor idler through Finite Element Analysis (FEA). By applying boundary 

conditions and material properties to the SolidWorks prototype, parameters such as stress 

distribution, deformation, and factor of safety are calculated. This analysis provides information 

about potential areas of weakness or excessive loading, allowing for iterative design improvements 

and optimization. 

4.1.1 Shell Analysis 

For Idler shell analysis, the 3D CAD model is converted into STEP file format and imported into 

ANSYS static structural. Following assumptions are considered in this analysis: 

Assumptions:  

 For simplicity and efficiency, the analysis focuses solely on the idler shell with cylindrical 

supports at the ends, neglecting other shell components like end cap, labyrinth seals, 

bearing housing and bearings shown in Figure14. 

 Static load on center idler is 6448.91N which is approximated to 6500N (uniformly 

distributed) and weight of other all other components are ignored. 

 The bearing housing is welded with the roller shell which does not allow any motion in all 

three cylindrical co-ordinates; hence a fixed cylindrical end support is used for the analysis.  

 

Figure 14: Section view of idler roller, showing neglected components  
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For material assignment, structural steel is selected, and the meshing is done using program 

controlled meshing settings with element size of 5mm, having 20566 mesh elements. The detailed 

analysis steps for both shell and shaft are given in Appendix C. A uniformly distributed static load 

of 6500N is applied to the idler shell and the end points are given a fixed cylindrical support as 

shown in Figure 15. 

 

Figure 15: Boundary conditions for idler shell: A standard earth gravity of 9806.6mm/s^2, A distributed force of 6500N, 

fixed cylindrical supports at both ends  

The system is solved, and following results are obtained for displacement and equivalent von 

misses stress shown in Figure 16 and 17 respectively.  

 
Figure 16: Total Deformation at idler shell with a maximum value of 0.007415mm  
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Figure 17: Equivalent Stress distribution with a maximum stress of 5.678Mpa  

The maximum deflection and maximum stress obtained in this analysis are 0.0213 mm and 5.68 

MPa respectively. It can be seen that both the total deformation and equivalent von-mises stress 

are uniformly distributed along the length of idler shell which shows absence of any discontinuity 

or abnormal stress variation when the material is transported. 

4.1.2 Shaft Analysis 

The force transmission to the shaft of an idler in a conveyor system involves multiple factors. 

Firstly, the primary force is exerted by the conveyor belt itself which applies downward pressure 

onto the idler roller as it moves along the conveyor. This force is transferred through the roller 

shell to the shaft, which serves as the central support for the roller's rotation.  

Additionally, lateral forces resulting from material loading or changes in direction can also affect 

the idler shaft. These forces are distributed along the length of the shaft and must be accommodated 

by the bearing and housing assembly to ensure smooth and reliable operation of the conveyor 

system. Therefore, the design and material selection of the idler shaft are critical to withstand these 

forces and maintain the overall functionality of the conveyor.  

Assumptions 

 For simplicity, only vertical loads are considered and the resultant load acting by the bearings 

on the shaft. 
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 Lateral forces, lateral forces resulting from material loading or changes in direction are 

neglected. 

 Shaft end is supported by a slot in idler frame structure which is assumed to have pinned 

support at both ends for the analysis, see figure 18.  

On left end, displacement in xyz axis is zero, but it is allowed to rotate 

in z direction. On right end, displacement in y, z is zero, but the shaft is 

allowed to move in x-axis direction and rotate around z axis as shown 

in Figure 19. This approach is used to make the end points as simply 

supported to match with real life situation. A force of 3000 N is acting 

on the bearing position on both sides with a standard earth gravity acting 

in the negative y-direction. 

 

 

  
Figure 19: Boundary conditions at shaft: A load of 3000N on both bearing seats, standard earth gravity of 

9806.6mm/s^2, remote displacements at ends 

With these inputs, the structural analysis is carried out, resulting in the determination of total 

deformation and equivalent Von Mises stress distribution across the system, see Figure 20 and 21. 

 

Figure 18: End Support 
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Figure 20: Total deformation at shaft  

 
Figure 21: Stress distribution of shaft 

The analysis shows that the maximum deformation of 1.2519 mm is at the center of the shaft and 

the maximum stress value of 105MPa is acting at the end points. Both the stress and deformation 

have uniform distribution and the shaft is deformed exactly as per the real condition with pinned 

supported behavior which shows the applied boundary conditions are correct. The observed 

behavior validates the correctness of the applied boundary conditions, confirming their ability to 
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accurately simulate the structural response of the system. This analysis provides insights into the 

structural integrity and performance of the shaft under the specified loading and support 

conditions, facilitating informed decision-making in the design and optimization process. In order 

to validate these results for both idler shell and shaft, theoretical calculations are performed to 

compare both and figure out the differences between the numerical simulations and analytical 

results. 

4.2 Theoretical Analysis  

4.2.1 Shell Analysis 

The Idler shell needs to withstand the combined load from the conveyor belt and the bulk material 

being transported. Additionally, it must maintain minimal eccentricity and unbalance to ensure 

smooth and quiet operation of the roller. When dimensioning the shell, thickness is a critical 

parameter. For theoretical analysis, following assumptions are made: 

Assumption 

 For idler rolls positioned in a straight trajectory, it can be assumed that the load on the center 

roll is evenly distributed along the entire length of the shell as shown in Figure 22. 

 
Figure 22: Schematic of an idler under loads and reaction forces [21] 

Assuming a uniform load distribution acting of the roller shell, the maximum stress can be 

calculated using the following Equation (4.1), 

𝜎 =
𝑀𝑦

𝐼
 (4.1) 
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Where M = Maximum moment, y= Distance from neutral axis to one edge, I= Moment of inertia 

for a thin tubular wall which can be determined by following formula  

𝐼 =
𝜋

4
(𝑟௢௨௧

ସ − 𝑟௜௡
ସ ) (4.2) 

Where 𝑟௢௨௧ = 0.0795 is outer radius and 𝑟௜௡ = 0.075 is the inner radius of tube. Hence, using 

Equation (4.2), moment of inertia is  

𝐼 = 6.522 × 10ି଺ 𝑚ସ 

Assuming shell as a simply supported beam, with a uniformly distributed load, the maximum 

bending moment M occurs at the centre of the beam and is equal to 
௪௟మ

଼
 , where w=10000N/m is 

the magnitude of the distributed load per unit length and L=0.6m is the length of the beam, and 

y=0.0795m. Hence, Equation 4.1 takes the following form. 

𝜎 =
൬

𝑤𝐿ଶ

8
൰ (𝑦)

𝜋
4

(𝑟௢௨௧
ସ − 𝑟௜௡

ସ )
= 5.485 𝑀𝑃𝑎 

For the shell deflection, following equation applied to calculate the angular deflection y(shell) of 

the shell of center roll. 

Whereas 𝑤 = Load on shell per unit length, 𝑙 = Length of idler shell, 𝐸 = 2 × 10ଵଵ𝑃𝑎 young 

modulus of material, 𝐼 =Moment of inertia. Hence, by putting values in Equation (4.3) the 

deflection is 

𝑦௦௛௘௟௟ = 0.0192 𝑚𝑚 

 

4.2.2 Shaft Analysis 

The deflection of roll shafts plays a critical role in bearing performance, directly impacting their 

fatigue life. Excessive deflection, beyond a certain threshold, can induce additional stress on 

bearing contacts, leading to premature fatigue failure. The schematic cutaway of a roll shaft, as 

depicted in Figure 23, provides insight into the structural considerations involved. In calculating 

shaft deflection, radial forces acting on the bearings are the primary influencing factors. 

Assumption: 

 The radial forces acting on two bearings are equal for a center roller 

𝑦௦௛௘௟௟ =
𝑤𝑙ସ

24 𝐸𝐼
 (4.3) 
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 Weight of bearing housing, end cap and sealings are neglected 

 Only bearings are experiencing the material and belt load 

 Bearings do not transmit any moment load 

 

 
Figure 23: Schematic cutaway of an idler shaft considering the bearings do not transmit any moment [23] 

The shaft deflection equation is given as: 

Whereas 𝐹 ே=6000 is the total radial force in N, a=0.075m and c=0.450m are dimensions shown 

in figure 22 and d=0.030m is the diameter of shaft in m. Hence by putting values in SI units, the 

shaft deflection from Equation (4.4) is calculated as 

𝛿௦௛௔௙௧ = 1.22 𝑚𝑚 

The maximum bending stress for the shaft is calculated by using Equation (4.1). 

𝜎 =
𝑀𝑦

𝐼
= 84.8 𝑀𝑃𝑎 

4.3 Comparison Between Numerical and Theoretical Analysis 

Table 12 shows the comparison of analytical results with numerical calculations. The idler shell 

experiences relatively low stress and deformation. The differences between numerical and 

analytical results are relatively small, indicating that the analytical model used is reasonably 

accurate for this component. For the idler shell, the equivalent stress values obtained through 

numerical analysis (5.67 MPa) closely align with the analytical results (5.485 MPa), exhibiting a 

relatively small error percentage of 3.26%.  

𝛿௦௛௔௙௧ =
𝐹 ே𝑎ଶ(3𝐿 − 𝑎)

6𝐸𝐼
 (4.4) 
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For comparison of idler shell deformation, it can be seen that both the numerical and analytical 

results gave same results, with numerical analysis yielding a value of 0.02034 mm compared to 

the analytical result of 0.0192 mm, representing an error percentage of 5.92%. This suggest that 

the analytical model for the idler shell is reasonably accurate, with some minor differences due to 

simplifications or assumptions made in the analytical calculations. 

Table 12: Comparison between numerical and analytical results for idler shell and shaft 

 Numerical results Analytical Results Error 

Equivalent 

stress 

(MPa) 

Directional 

deformation(mm) 

Equivalent 

stress 

(MPa) 

Maximum 

deflection(mm) 

Error 

% 

Stress 

Error % 

Deformati

on 

Idler 

shell 

5.67 0.02034 5.485 0.0192 3.26 5.92 

Shaf

t 

105.76 1.2519 84.5 1.22 24 2.54 

In contrast, comparison of shaft analysis for both deflection and equivalent stress reveals more 

deviations between numerical and analytical results. The equivalent stress obtained through 

numerical analysis (105.76 MPa) significantly exceeds the analytical result (84.5 MPa), indicating 

a significant error of 24%. For total deformation, the numerical analysis yields a maximum 

deflection value of 1.2519 mm compared to the analytical result of 1.22 mm, giving an error of 

only 2.54%. These differences suggest that the analytical model for the shaft may be less accurate, 

potentially due to oversimplifications or idealizations made in the analytical calculations.  

Possible reason for difference in results: 

 The shaft, subjected to diverse loads and boundary conditions, exhibits expected behavior 

under loading circumstances. When applying loads at concentrated points, such as through 

bearings onto a shaft, it's vital to acknowledge the distribution of force. Bearings, acting as 

interfaces, disperse loads across a contact area rather than concentrating them as idealized 

point loads assumed in analytical calculations. Consequently, the actual load distribution 

onto the shaft may deviate from the assumed point of application.  
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 End supports, boundary conditions, extend over a material area beyond theoretical points 

considered in analytical models. This expanded contact area alters how loads are 

transmitted, introducing discrepancies between analytical predictions and actual behavior.  

 Additionally, factors like stress concentration effects, non-linear material behavior, and 

geometric irregularities further contribute to differences between analytical and numerical 

results for shaft components. 

5 Modal Analysis 

Modal analysis of the idler roller 3D model is done in ANSYS to understand the dynamic behavior 

and vibrational characteristics exhibited by the idler under varying loading conditions. Through 

the utilization of finite element analysis (FEA) methods, modal analysis determines the mode 

shapes and corresponding natural frequencies inherent within the idler system (24). 

5.1 FEM Equations for Modal Analysis of Idler 

The modal analysis of a structure is governed by equations describing free and forced vibrations 

[24]. In the case of free vibration, the governing equation is expressed as  

Where [𝐾] = Stiffness matrix, [𝑀]= Mass matrix, {𝑈}= Displacement vector, {𝐴}= Damping 

matrix, and 𝜔= Angular frequency. When subjected to dynamic loads, the free vibration Equation 

(5.1) becomes 

Where {𝐹(𝑡)} =Time-dependent external force vector.  

The motion of a system, such as an idler roller, can be described using the equation  

Where 𝑚= Mass matrix, 𝑐 = Damping matrix, 𝑘 = Stiffness matrix, and 𝑥= Vector of nodal 

displacements. To determine the natural frequencies and mode shapes of the structure, the 

eigenvalue equation: 

where 𝜑 = Eigenvector or mode shape of the structure. The eigenvalues calculated from Equation 

(5.4) correspond to the natural frequencies squared, while the eigenvectors represent the mode 

shapes. 

[𝐾]{𝑈} + [𝑀]{𝐴}𝜔ଶ{𝑈} = {0} (5.1) 

[𝐾]{𝑈} + [𝑀]{𝐴}𝜔ଶ{𝑈} = {𝐹(𝑡)} (5.2) 

𝑚𝑥′′ + 𝑐𝑥′ + 𝑘𝑥 = 𝐹(𝑡) (5.3) 

(𝐾 −  𝜔ଶ𝑀) 𝜑 = −𝐶𝜔𝜑 (5.4) 
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5.2 FEM Model Analysis in ANSYS  

FEM modal analysis generate mode shapes and natural frequencies which give information about 

the idler's vibrational characteristics. The lowest energy modes, typically ranging from mode one 

to six, are analyzed to assess the predominant vibrational patterns generated by the idler roller. 

Mode shapes represent idler displacement pattern under dynamic loading conditions, while natural 

frequencies indicate the oscillation frequency associated with each mode. Through finite element 

analysis (FEM), modal analysis identifies three primary mode shapes: flexural (bending), 

transverse, and torsion [24]. These mode shapes show how the idler deforms and oscillates in 

response to external forces or vibrations. By examining modal analysis results, one can determine 

critical resonant frequencies and potential modes of vibration that may affect the idler's 

performance and structural integrity. This analysis aids in optimizing the idler design to remove 

undesirable vibrational effects and ensure reliable operation in conveyor systems. 

Table 13 gives a general overview about three mode shapes and their primary causes. Each mode 

type is characterized by distinct motion patterns and causes, which impact the structure differently.  

The flexural mode is caused by self-weight of the component or the loads acting in vertical 

direction which is more significant in our case as the majority of the load is due to self-weight of 

the idler, belt weight and the weight of iron ore transported on the conveyor. Transverse load cause 

lateral instability in structures and can be avoided by introducing damping mechanisms. The 

torsional mode involves twisting in structures due to unequal load distribution and the torsional 

stiffness can be increased by achieving symmetry in structures [24].  

Table 13:Three primary modes of vibration 

Mode 
Type 

Nature of 
Motion 

Primary 
Causes 

Impact on 
Structure 

Frequency 
Design 

Considerations 

Flexural 
Up and 
down 

Self-weight 
and load 

Deflection, 
cracking 

Lowest 
Material 
selection, 
geometry 

Transverse 
Side to 

side 
Self-weight 

and load 
Lateral 

instability 
Higher than 

flexural 
Wind barriers, 

damping 

Torsional Twisting 
Uneven 
weight 

distribution 

Twisting, 
warping 

Higher than 
flexural and 
transverse 

Symmetry, 
torsional stiffness 
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In Figure 24, the first six mode shapes of conveyor roller using modal analysis in ANSYS are 

shown. The first mode of vibration in the idler roller corresponds to the flexural mode, which is 

also referred to as the first fundamental mode. The flexural mode being a predominant vibrational 

mode in structures, requires minimal energy for excitation when mass is uniformly distributed.  

 

Consequently, the entire structure exhibits cohesive vibration in the flexural mode. This 

observation aligns with the fundamental principle dictating that the natural frequency of a structure 

is inversely proportional to the square root of its mass. This relationship shows the significance of 

mass distribution and structural geometry in influencing the vibrational behavior of the idler roller 

system during modal analysis.  

In Figure 24(a), the first flexural mode exhibits the highest wavelength, corresponding to a 

resonant frequency magnitude of 412.86 Hz. This mode represents the fundamental vibrational 

pattern with minimal variation in modal displacements across the structure. In Figure 24 (b), the 

second mode illustrates the transverse bending mode at 430.53 Hz. These initial two modes 

emphasize deflection in the idler shaft, highlighting its critical role as a susceptible component to 

vibrations, especially in the context of the first two lowest energy states.  

In second and third mode, deflection of shell seems to be significant. For the third and fourth mode, 

flexure mode and transverse bending mode occurred at a frequency of 627.99Hz and 631.99 Hz 

respectively, shown in figure 24(c) and 24(d). Moreover, Figure 24 (e) and (d) show significant 

torsional mode shape (first twist mode) and second flexure respectively at the frequency of 632.05 

Hz and 652.02Hz respectively. 

The investigation shows that as the mode shape frequencies increase, the corresponding 

wavelengths decrease. This deduction implies a multiplication of displacement variation, leading 

to more pronounced oscillations with increasing frequency, as shown below in Figure 25, a mode 

shape at 1407 Hz. Particularly, the observation shows that at higher frequencies, the mode shapes 

exhibit a combination of flexural, transverse, and torsional modes, indicating a complex interplay 

of structural dynamics. A sudden variation in natural frequency, see Table 14, of the system shows 

a significant mode of vibration which can be avoided by introducing a damper in the system to  

prevent the structure to vibrate at this frequency. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

 

(f) 

 

Figure 24: First six mode shapes of idler roller  
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The most significant frequencies are the one which can be achieved (lowest energy modes of 

vibration) easily, where the amplitude will become maximum, and resonance occur. The resonance 

frequencies for the first twenty mode shapes are shown in Table 14. 

Table 14: Mode shape number with corresponding frequencies 

Mode shape and Frequencies 

Mode 1 2 3 4 5 

Frequency (Hz) 412.86 430.63 627.89 631.95 632.05 

Mode 6 7 8 9 10 

Frequency 

(Hz) 

652.02 656.05 927.79 1021 1059.2 

Mode 11 12 13 14 15 

Frequency 

(Hz) 

1063.7 1407.7 1407.7 1427.1 1427.1 

Mode 16 17 18 19 20 

Frequency 

(Hz) 

1591.2 1642.6 1642.7 1681.6 1681.7 

 

Figure 25: Mode shape at f=1407 Hz  
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6 Generative Alternatives 

In order to optimize the roller shell, different materials can be investigated which can replace 

traditional steel and have better mechanical and physical properties than steel. Moreover, a solid 

idler shaft is installed in Rulmeca roller which can be made a hollow tube of specific thickness to 

achieve mass minimization. A hollow shaft, with the same stiffness and modulus, results in higher 

resistance to deflection and torsion as the material is distributed father for neutral axis [25]. 

6.1 Shell Optimization 

Material selection based on the literature review and market analysis is used to generate 

alternatives for idler rollers, as it involves identifying and evaluating various materials to optimize 

the performance of the roller while meeting specific design requirements. With a focus on 

properties such as strength, stiffness, abrasion resistance, and corrosion resistance, advanced 

materials like high-strength alloys or fiber-reinforced composites may emerge as optimal choices.. 

The general material selection procedure is shown in Appendix D, for stiffness and strength-based 

design. However, based on the literature review and current market analysis of idler shell available 

in industry, Resin Epoxy, Polyvinylchloride (PVC) and High-Density Polyethylene (HPDE) are 

selected for analysis to replace traditional stainless-steel material [25]. These materials are 

significantly lighter than steel which might results in weight reduction of the roller assembly, lower 

energy consumption during operation and may lead to cost savings and environmental benefits.  

 
Figure 26: Comparison of abrasive resistance of steel with other materials (15) 
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HDPE and PVC exhibit high corrosion resistance, making them suitable for use in harsh 

environments where traditional steel rollers may corrode over time. Moreover, these alternative 

materials are less prone to wear and abrasion, leading to longer service life and reduced 

maintenance requirements, see Figure 25. Overall, the choice of alternative materials like HDPE, 

resin epoxy and PVC presents a practical solution for achieving lightweight, durable, and cost-

effective roller shells without compromising on performance. 

The comparison in Table 15 shows that resin epoxy, characterized by moderate to high abrasion 

and impact resistance along with high chemical resistance and electrical insulation, emerges as a 

promising option for roller shell bodies, particularly in environments requiring robustness and 

protection against wear. PVC, although offering low abrasion and impact resistance, presents 

advantages in terms of moderate cost and machinability, making it a viable choice for less 

demanding applications where cost-effectiveness is paramount. On the other hand, HDPE 

showcases high abrasion and moderate impact resistance, coupled with low environmental impact 

and moisture absorption, positioning it as a suitable option for roller shell bodies subjected to 

varying operating conditions. 

 

Table 15: Comparison of steel with alterative materials (Resin Epoxy, PVC and HDPE) 

Property Resin Epoxy PVC HDPE Steel 

Strength (MPa) 70-120 20-60 250-500 250-500 

Stiffness (GPa) 3-4 2.0-3.0 200-210 200-210 

Density (kg/m³) 1130-1190 1300-1450 950-970 7850-8050 

Abrasion Resistance Moderate to High Low High High 

Impact Resistance Moderate to High Low Moderate to High Moderate to High 

Chemical Resistance High High Low to Moderate High 

Environmental Impact Moderate Moderate Low High 

Cost Moderate to High Moderate Moderate to High Moderate to High 

Machinability Moderate Low Moderate to High Low 

Thermal Conductivity Low Low Moderate High 

Moisture Absorption (%) <1 <0.1 <0.1 Negligible 

Electrical Insulation High High Low Low 
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6.1.1 Weighted Decision Matrix 

A weighted decision matrix, shown in Table 16, is defined based on the material properties to 

investigate Resin Epoxy, PVC, HDPE, and Steel as potential materials for roller shell bodies. 

Weights are assigned to each criterion to reflect its relative importance in the decision-making 

process. After normalizing the values of each property across all materials, each normalized value 

is multiplied by its corresponding weight for each material to calculate the weighted scores. These 

scores were then summed up to provide an overall assessment of each material's suitability, shown 

in Table 17.  

The scores indicate that Resin Epoxy emerges as the top-performing material for structural 

optimization of roller shell bodies, with a score of 25.4. Following closely behind is HDPE with a 

score of 19.7, suggesting its strong suitability as well. PVC scores 20.1, demonstrating its 

competitiveness. Despite Steel's longstanding dominance, these findings highlight the viability of 

exploring newer materials like Resin Epoxy, PVC, and HDPE for enhanced performance in roller 

shell body applications. 

 

Table 16: Weighted Chart 

Criteria Weight Steel PVC Resin Epoxy HDPE 

Strength 0.9 4 2 3 1 

Stiffness 0.8 4 2 3 1 

Density 0.6 1 5 2 3 

Abrasion Resistance 0.7 4 1 3 3 

Impact Resistance 0.7 4 1 3 2 

Chemical Resistance 0.8 4 4 5 1 

Environmental Impact 0.5 1 2 3 5 

Cost 0.8 2 3 3 3 

Machinability 0.5 1 2 3 1 

Thermal Conductivity 0.4 1 1 1 2 

Moisture Absorption 0.6 1 1 2 5 

Electrical Insulation 0.7 1 1 5 1 
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Table 17: Weighted score matrix 

Material Score 

Steel 18.4 

PVC 20.1 

Resin Epoxy 25.4 

HDPE 19.7 

 

6.1.2 Analysis of Alternative Materials 

Geometric parameters such as shell thickness, length, internal and outer diameters are kept 

constant for analysis to obtain static structural analysis results, which are compared with steel idler 

shell using ANSYS. The obtained values, shown in Table 18, provide insights into stress and 

deformation, aiding in material comparison and selection. The ANSYS results for each material 

roller shell is shown in Appendix C. 

 

Table 18: Comparison of mechanical properties (stress and deformation) for Resign Epoxy, PVC, HDPE, and Steel 

Property Resin Epoxy PVC HDPE Steel 

Strength (MPa) 54.6 45.3 29.1 460 

Stiffness (GPa) 3.78 2.861 1.08 200 

Density (kg/m³) 1160 1392 958.5 7850 

Equivalent Von Mises 

 stress (Mpa) 
5.111 5.02 4.989 4.948 

Total Deformation(mm) 0.3654 0.49422 1.32 0.021 

Mass 2.7 2.95 1.96 3.6 

Percentage mass  

reduction 
25% 18% 46% - 

 

6.1.3 Discussion 

Steel has the highest density at 7850 kg/m³, while Resin Epoxy, PVC, and HDPE offer significantly 

lower densities at 1160 kg/m³, 1392 kg/m³, and 958.5 kg/m³, respectively. This indicates that the 
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alternative materials are much lighter than steel and offers potential benefits in terms of weight 

reduction and energy efficiency in conveyor applications. In terms of stress distribution, the 

equivalent Von Mises stress values for Resin Epoxy, PVC, and HDPE are slightly higher than steel, 

with values ranging from 4.989 MPa to 5.111 MPa compared to 4.948 MPa for steel. This  indicates 

that the proposed alternative materials may experience slightly higher stress levels under the same 

loading conditions. However, these stress levels remain within acceptable limits for all materials, 

suggesting that they can effectively withstand applied loads without risk of failure.  

The comparison of deformation characteristics reveals more significant differences between the 

materials. While steel exhibits a total deformation of only 0.021 mm, Resin Epoxy, PVC, and 

HDPE demonstrate much higher deformation values of 0.3654 mm, 0.49422 mm, and 1.32 mm, 

respectively. These results indicate that the proposed alternative materials are more prone to 

deformation under applied loads compared to steel.  

Steel roller shells have a mass of approximately 3.6 kg while Resin Epoxy, PVC, and HDPE shells 

weigh only 2.7 kg, 2.95 kg, and 1.95 kg, respectively. This substantial reduction in mass for the 

alternative materials further highlights the advantages in terms of weight optimization and 

operational efficiency. While steel idler roller shells have a mass of 3.6 kg, Resin Epoxy, PVC, and 

HDPE shells weigh only 75%, 82%, and 54% of the steel mass, respectively.  The comparison of 

these materials in Table 14 suggests that these alternative materials offer acceptable mechanical 

performance in terms of stress distribution and deformation under applied loads. Generally, they 

have lower environmental impact and cost compared to steel. These non-metallic materials offer 

cost-effective and environmentally friendly alternatives, particularly if weight reduction and 

corrosion resistance are critical factors in the roller design. 

In conclusion, Resin Epoxy, PVC, and HDPE present viable alternatives with their own set of 

advantages as compared to steel. Resin Epoxy offers comparable mechanical properties and 

corrosion resistance, making it suitable for applications where weight reduction is a priority. PVC 

and HDPE provide lightweight and cost-effective options, making them attractive for applications 

where weight optimization and affordability are key considerations. 

6.2 Shaft Optimization 

A solid shaft, with the same strength and modulus, can be made more stronger and stiffer when 

loading in bending by shaping it into a hollow tube. From Table 5, it can be seen that the von 
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misses stress and maximum deformation on the shaft subjected to the loading is 105.7 MPa and 

1.24 mm respectively while the yield strength of steel is 240 MPa. This indicates that the shaft can 

be optimized into a hollow circular tube with a specific thickness to handle the same stress and 

deformation. 

The shaft deflection is given using Equation 4.4 as: 

𝛿௦௛௔௙௧ =
𝐹 ே𝑎ଶ(3𝐿 − 𝑎)

6𝐸𝐼
 

The shaft factor for elastic bending of shaft is given as  

Where 𝐼௛௢௟௟௢ = Moment of area of hollow shaft (shaped), 𝐼௦௢௟௜ௗ = Moment of area of solid shaft, 

r = Radius of shaft, t = Thickens of hollow shaft, ∅஻
௘ = Elastic bending shape factor. 

Using Equation 6.1, moment of inertia for hollow section is calculated and inserted in Equation 

4.1 as shown below: 

𝐼௛௢௟ =
3

𝜋

𝑟

𝑡
(𝐼௦௢௟௜ௗ) =

3

𝜋

𝑟

𝑡
×

𝜋

4
𝑟ସ 

Rearranging Equation 6.3, the shaft thickness can be taken on one side and rest of the expression 

on other side of the equation. 

Where F=6000N, a= 0.075m is distance from one end to the applied force, E=210Gpa, r= 0.015m 

is radius of shaft. 

By reduction the shaft deflection (𝛿௦௛௔௙௧ = 1.22𝑚𝑚), to half of its original value 0.61mm, the 

thickness of hollow shaft is calculated using Equation (6.4) as:  

𝑡 = 0.00716𝑚 𝑜𝑟 7.16 𝑚𝑚 

and the bending stress is determine using Equation (4.1): 

∅஻
௘ =

3

𝜋

𝑟

𝑡
=

𝐼௛௢௟௟௢௪

𝐼௦௢௟௜ௗ
 (6.1) 

𝐼௛௢௟௟௢௪ =
3𝑟ହ

4𝑡
 (6.2) 

𝛿௦௛௔௙௧ =
𝐹 ே𝑎ଶ(3𝐿 − 𝑎)

6𝐸 ቀ
3
4𝑡 𝑟ହቁ

 (6.3) 

𝑡 =
𝛿௦௛௔௙௧ × 18𝐸(𝑟ହ)

𝐹 ே𝑎ଶ(3𝐿 − 𝑎)4
 (6.4) 
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𝜎 =
𝑀𝑦

𝐼
= 116.67 𝑀𝑃𝑎 

For reducing the deflection by 1/3rd, the calculated thickness is:  

𝑡 = 0.00477𝑚 𝑜𝑟 4.77 𝑚𝑚 

The bending stress at the shaft deflection of 𝛿 =
ଵ.ଶଶ

ଷ
= 0.4 𝑚𝑚 and a thickness of 4.77 mm is 

given as  

𝜎 =
𝑀𝑦

𝐼
= 108 𝑀𝑃𝑎 

Since the bending stress still is less than the yield strength of stainless steel 316, the hollow shaft 

with outside and internal diameter of 30mm and 20 mm respectively is not subject to elastic 

bending failure. For yielding failure: 

Where F= Applied load, S= Yield strength of stainless-steel shaft and 𝐴௛௢௟௟௢ = 𝜋(𝑟௢௨௧
ଶ − 𝑟௜௡

ଶ ) is 

the cross-sectional area of hollow shaft. 

𝑆 >
6000

𝜋((0.015)ଶ − (0.010)ଶ)
= 15.2 𝑀𝑝𝑎 

Hence, S= 250 MPa while the yield stress is only 15.2 MPa which indicates the hollow shaft is not 

allowed to have yielding as failure mode. 

Table 19 shows the comparison between the solid shaft and hollow shaft with two different wall 

thickness values of 7.16 and 4.77mm respectively.  The hollow shafts, while composed of the same 

material as the solid shaft, demonstrate significantly reduced deflection compared to the solid 

shaft, with reductions of approximately 50% and 67% for Hollow Shafts 1 and 2, respectively.  

One of the most significant advantages of the hollow shafts is the substantial reduction in mass. 

Hollow Shaft 1 achieves a mass reduction of approximately 25%, while Hollow Shaft 2 achieves 

an even more significant reduction of approximately 46% compared to the solid shaft. This 

reduction in mass not only contributes to overall weight savings but also offers potential benefits 

in terms of reduced inertia and improved efficiency. 

 

 

𝑆 >
𝐹

𝐴௛௢௟௟௢௪
 (6.5) 
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Table 19: Comparison of physical and mechanical properties of solid and hollow shaft 

Property Solid shaft             Hollow shaft 
  

1 2 

Material Stainless 

steel 316 

Stainless 

steel 316 

Stainless 

steel 316 

Yield Strength (MPa)  250 250 250 

Stiffness (GPa) 210 210 210 

Deflection(mm) 1.22 0.61 0.4066 

Von Mises stress (Mpa) 84.8 116.67 108 

Wall Thickness(mm) - 7.16 4.77 

Internal Diameter - 15.68 20.46 

External Diameter - 30 30 

Mass(kg)=𝝆AV 3.6 2.7 1.95 

Percentage mass deduction 

(%) 

- 25 45.83 

 

This reduction in deflection indicates enhanced rigidity and stability under load, crucial for 

applications requiring precise rotational motion. Moreover, the equivalent Von Mises stress in the 

hollow shafts remains within acceptable limits despite the thinner wall thickness, highlighting their 

structural integrity and reliability. Although the stress levels are slightly higher in the hollow shafts 

compared to the solid shaft, they are well within the material's yield strength, ensuring safe 

operation under load conditions. 

6.2.1 Discussion 

Table 20 show the results obtained by solving Equation 6.3 for varying shaft thickness from the 

solid shaft of 15mm radius to a hollow shaft of 2 mm thickness. The deflection values are plotted 

against the corresponding shaft thickness and a graph in obtained. Figure 27, shows that the 

deflection decreases gradually as the shaft thickness decreases, suggesting that thinner shafts 

experience less deflection. This aligns with the principle of optimizing an idler shaft for strength 

and stiffness by shaping it into a hollow tube. In Table 20, as the thickness decreases from 15mm 

to 2mm, the corresponding deflection values decrease accordingly. It must be noted that beyond a 
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certain threshold, there's a trade-off between deflection reduction and the risk of encountering 

failure modes. While reducing shaft thickness may improve stiffness and reduce deflection, it may 

also increase the risk of encountering other failure modes, such as buckling or fatigue failure. As 

the thickness decreases beyond a certain limit, the shaft's ability to withstand lateral loads and 

resist buckling diminishes, which can potentially compromise its structural integrity. Moreover, 

thinner shafts may be more susceptible to fatigue failure due to increased stress concentrations and 

reduced material volume to dissipate cyclic loading. 

Table 20: Variation of shaft thickness vs shaft deflection 

Thickness (mm) 15 14 13 12 11 10 9 

Deflection (mm) 1.21693 1.13580 0.97354 0.97354 0.89242 0.81129 0.73016 

Thickness (mm) 8 7 6 5 5 3 2 

Deflection(mm) 0.64903 0.56790 0.48677 0.40564 0.32451 0.24339 0.16226 

 

 

Figure 27: Deflection vs Thickness Graph 
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In summary, the optimization of shaft design through the incorporation of a hollow configuration 

has resulted in significant improvements in performance metrics such as deflection, stress 

distribution, and mass reduction. 

7 Conclusion  

Optimization of an idler roller can be divided into two parts: weight reduction and dust/water 

tightness of idler roller. This master thesis focused on the structural optimization of a standard 

conveyor idler, manufactured by RULMECA and installed at LKAB facility, to reduce the overall 

weight and propose a solution which enhance the durability, efficiency and environmentally 

stability of conveyor system. The optimization involves analysis of load distribution, static 

structural and modal analysis, geometric optimization, and material selection.  

At first, load analysis of idler roller was done to determine the static and dynamic forces acting on 

an idler troughing set and on individual center idler, shown in Table 11 “Static and Dynamic 

forces”, followed by structural analysis, both numerical and analytical, to determine the stress 

distribution, deformation characteristics and mode shapes inherent by an idler roller system. The 

model analysis of idler system is done in ANSYS to determine the dynamic behavior of the system 

with different mode shapes. The vibration characteristics and resonance frequencies for different 

mode shapes are determined which shows possible vibrational behavior of idler system when 

external forces are applied. These modes shape, shown in Figure 24, can help to develop damping 

strategies and design modifications to reduce or mitigate the effect of undesirable vibrations cause 

by external stimuli and ensure the smooth running and operations of conveyor system. 

From idler shell analysis, it can be seen the maximum stress and deformation value are very low 

which shows the opportunity to reduce its weight and optimize the shell by using a different 

material other than structural steel. As a result, three different market leading alternative materials, 

PVD, Resin epoxy and HDPE, are selected for replacing traditional structural steel idler shell based 

on their comparison with structural steel in mechanical and physical properties as shown in Table 

15. Keeping the dimensions and loading same, the numerical simulations for these three 

alternatives are performed and the results from Table 16 shows that Resin Epoxy, PVC, and HDPE 

present viable alternatives with their own set of advantages as compared to steel. Particularly, PVC 

and HDPE provide lightweight and cost-effective options, making them attractive for applications 

where weight optimization and affordability are key considerations. 
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 In case of shaft, both stress and deformation results are less than the yield strength of stainless 

steel and maximum allowable deflection, hence the optimization of shaft in terms of weight 

reduction proposes a significant opportunity to reduce the overall weight of the idler system. For 

solid shaft optimization, a hollow tube with three different thickness values is taken to reduce the 

deflection by 1/3rd of the total deflection. The results indicates that hollow shaft with same 

dimensions with varying thickness, improves the deflection and the stresses are still under the 

allowable yield strength range with 40% weight reduction as compared to solid shaft.  

In conclusion, this master thesis focused on the structural optimization of conveyor idlers for 

significant weight reduction and provides a reference document to further research and 

investigation in idler technology. Through a combination of theoretical insights, advanced 

analytical calculations, engineers can develop idlers that are lighter, more durable, and 

environmentally friendly. As conveyor systems play a vital role in a wide range of industries, from 

mining to logistics, the continued advancement of idler optimization techniques is essential for 

driving progress and ensuring the long-term viability of materials handling operations. 

 

8 Further Work 

8.1 Experimental Validation 

This master thesis focused on the structural optimization of conveyor idler, particularly idler shell 

and shaft, based on numerical simulation and analytical results. The results can be verified further 

by experimental validation. For static testing, the experimental step can be developed using three-

Figure 28: Three-point bending test [25] 
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point bending test principle, shown in Figure 28, where the idler roller is supported on both sides 

by slots which give vertical reaction only (a case of simply supported beam) and the load cell is 

used to measure the applied load on the load distribution plate which transmits the applied load 

uniformly to the roller. A string pull or a stain gauge can be installed to measure the deflection 

electronically as shown in figure below. This setup would enable precise measurement of 

deflection under different loading conditions, providing valuable data for comparison with 

numerical and analytical results. The same experiment can be repeated for three alternative 

materials (PVC, Resign Epoxy and HDPE) to find the maximum deflection and stresses which 

then can be compared with the numerical and analytical results to optimize the roller shell further.  

8.2 Idler Components Analysis 

As shown in Figure 3, an idler has different components in its assembly, each of which plays 

significant role for different function. The major components include bearings, labyrinth seals, 

internal and external seals, and stone guard. The research work can be further explored by investing 

those components, their role in conveyor system and how they interact with the idler conveyor 

when the material is transporting on it. 

 Bearings: A significant component of an idler system is the bearing which supports the 

static and dynamic loads, minimized the friction between rotating components, maintain 

idler alignment and eccentricity.  Unbalanced dynamic forces generated by the unequal 

material distribution or any unwanted impact load may cause local deformation in bearing 

components which can cause bearing failure. One way to reduce failure is to decrease the 

maximum dynamic load value by introducing cushioning elements between bearing and 

shaft. The optimized idler shell and shaft can be used to determine the dynamic forces and 

the results can be compared with traditional standard steel idler roller. This comparison can 

further highlight the significance of composites or moder materials as an alternative 

material to structural steel. Figure 29 shows the free body diagram of a dynamical system 

in which the weight of the idler and the material transported by it is represented by 𝑚ଶ and 

the bearing is represented by 𝑚ଵ along with elastic and damping elements. In further work 

on optimizing the idler, the system shown below can be solved, both numerically and 

analytically, for both cases using force balance equations and the results can be analyzed 
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to see the effect of elastic and viscous elements on the dynamic loads by varying the 

damping and elastic constants. 

 

Figure 29: Free body diagram for vibrational analysis of idler roller 

 Labyrinth Seals: Labyrinth seals prevent the ingress of contaminants, such as dust and 

moisture, into the bearing housing. Further research could focus on optimizing seal designs 

and materials to enhance sealing effectiveness and prolong bearing life, particularly in 

harsh operating environments. 

 Internal and External Seals: Internal and external seals contribute to the overall sealing 

integrity of the idler assembly, protecting internal components from contamination and 

moisture ingress. Exploring advanced seal materials and configurations can improve 

sealing performance and extend component lifespan, reducing the risk of premature failure 

and downtime. 

 Stone Guard: The stone guard serves as a protective barrier, preventing debris and foreign 

objects from damaging idler components. Researching innovative stone guard designs and 

materials can enhance impact resistance and durability, reducing maintenance requirements 

and enhancing conveyor reliability. 

8.3 Dust and Water Tightness  

Bearing seals play an important role to increase the durability of bearings in idler system. They 

prevent the ingress of dust or water and are usually made up of flame-resistant plastic material. 

The rolling resistance of idler and radial forces acting on the bearing while in rotation generates 
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heat energy in the bearing. The stationary shaft only oscillates while the idler shell and outer shell 

of the bearing along with rolling elements performed rotation. Due to the friction between the 

contact surfaces of the rotating parts, heat is generated which causes overall increase in the bearing 

assembly temperature. According to Andrzej (26), if the idler temperature is more than 25°𝐶 of 

environmental temperature, the idler is defected and needs to be replace. If it is assumed that the 

total work produced by friction in converting into heat energy, the heat flow will be given as [26]: 

Q= Total heat flow, W= Work done due to friction force F, 𝜔= Rotational velocity of idler, R= 

Reaction at bearing, with 𝜇= Friction coefficient 

Using this equation the total produce heat flow can be calculated and divided into three possible 

sections, as shown in Figure 30, by conduction 𝑄1= through bearing outer ring, assembly and idler 

shell, conduction 𝑄2 through bearing both outer and inner ring to bearing sides and by convection 

to the surrounding air and conduction 𝑄3 from bearing inner race to the shaft and then from the 

shaft to internal surrounding by convection. 

 

Figure 30: Heat flow directions [26] 

Hence, the further work related to thermal analysis of the bearing can extend the scope of this 

study and help LKAB to understand the dust and water problem. The increase in bearing 

temperature may have a direct impact on the outer surface of sealing which if worn out could lead 

to moisture and dust particles to enter the bearing assembly and may cause bearing damage.  

Moreover, in contrast with steel, idlers shell made up of polymeric material have lower thermal 

𝑄 =̇
𝑊

𝑡
= 𝐹𝑟𝜔 =

(𝑅𝜇)2𝑛𝜋

60
 (8.1) 
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conductivity which could results in heat accumulation for a longer period inside the bearing which 

may increase the average bearing temperature and have direct consequences on the bearing seals 

and other components. 
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Appendix A 

Idler roller technologies 

RKM Roller Company PTY LTD 

The RKM standard steel roller features triple-layered sealing technology to prevent the ingress of 

foreign material, making it suitable for various material handling environments such as coal, grain, 

and iron ore. Constructed with a plain steel shell body rolled using electric resistant welding and 

reinforced with an optimal reinforcing disc, it offers structural support. The sealing system 

comprises primary, secondary, and tertiary seals, including heavy-duty nylon outer shields, dust 

and water-resistant lip seals, and male and female labyrinth pre-greased seals to protect the deep 

groove ball bearing with C3 internal clearance. 

 
Figure 31: RKM standard steel idler[13] 

 RKM also offers upgraded versions like the high-performance low noise steel roller and heavy-

duty low noise steel roller, incorporating features such as roller eclipses for reduced noise and rock 

jam protection covers for harsh environments.  

Additionally, the RKM Heavy Duty Light Weight Composite Roller presents a lighter yet robust 

alternative to steel rollers, utilizing glass fibers bound with resin for superior flexural strength and 

stiffness. This composite roller offers advantages such as reduced weight, comparable strength to 

steel, advanced wear properties, and reduced operational noise levels, all while adhering to 

precision standards for minimal runout and side-load. 
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Figure 32: RKM Composite roller [13] 

Rulmeca 

At LKAB, rollers from Rulmeca have been installed at most of the conveyor system. They have 

shared extensive open-source information regarding bulk rollers and bulk technical information 

on their website. Rulmeca produce almost all types of idlers (impact, carrying, return, belt tracking 

and cleaning rollers) and three categories of steel rollers series named as PSV, MPS, PSV-FHD 

and anti-corrosive aluminum idlers as well as thermoplastic idlers. 

PSV series rollers are designed for higher loads, larger lump size material with applications in 

mines, caves, and cement work, with operating temperatures range from -20C and + 100C. A steel 

welded tube is cut and machined to make roller shell with a steel monolithic bearing housing, deep 

drawn  and sized to a force tolerance  ISO M7, welded to the tube body using a continuous wire 

feed system, “UNIBLOC”. Precision ball bearings of different series 6204,6205,6305,6206 with 

C3 clearance tolerance are used. A hermetic sealing system with a strong external stone guard is 

used to protect the bearing from dirt and water.  The external sealing section comprises of a soft 

anti abrasive rubber lip ring provide self-cleaning principally because of cover cap design and 

bearing housing shape which centrifugally repels water and dust naturally towards outside. The 

internal sealing section is a triple lip labyrinth in PA6 Nylon greased with lithium-based water 

repellent to further protect the bearing. 

TOP series rollers, thermoplastic polymer roller, are used where weight reduction (around 50% for 

carrying idlers) is required with corrosive environment, higher humidity, low noise, and vibrations. 

Their working temperature range is -25/50 C, lower than PSV series. The outer shell is made up 
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of anti-corrosive HDPE (high density polyethylene) tube with a deep pressed fit bearing housing 

composed of Homopolymer Acetal Resin (POM), a very robust, shock resistant, light weight and 

flexible material. Drawn steel spindle is used with radial precise bearing of 6204 and 6205 series, 

available in both hermetic and contactless sealing system with lithium grease NLGI grade 2 

lubrication. 

ASGCO 

It is an Ireland based company founded in 1971, manufactures bulk transportation conveyor 

components with three main divisions that serves specific material handling industry. They 

produce idler rollers with reference to CEMA standards. Under ASGCO, Syntron material 

handling solution is providing idler rollers with CEMA B, C, D, E and F specifications. Their 

C2000 idler tube is made up of ASTM A513 with a zinc plated yellow colored pressed fit bearing 

hub for corrosive resistance. An external deflector is used to provide protection against impact and 

corrosion with a triple labyrinth zinc plated sealing solution. The shaft is made up of low carbon 

C1018 cold drawn and a deep grove ball bearing of 6304 -2RS series is used with 2RS rubber seals 

to enhance dust and water protection. 

 
Figure 33: C2000 Idler with specifications [15] 

In an alternative to steel roller, Syntron material handling have introduced a composite roll made 

up of glass reinforced polyurethane, 50% lighter than traditional steel rolls, having higher impact 

resistance and crack resistance because of excellent load distribution by glass fabric.  The shell is 
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made up of fine quality glass fabric saturated with a two-part thermoset with recommended 

temperature range of -40/200F. Polyurethane resin resists the material build up on the surface 

which prevents any belt damage and because of low thermal expansion coefficient as compared to 

steel, it reduces the differential expansion between components of roller. 

Conveyor Innovations International Pty Ltd 

Conveyor Innovations International (CII) is an engineering company serving the Australian mining 

industry with innovative products like the OneFits idler roller. This shaftless roller comes in black 

steel, Vitresteel, and carbon fibre variants, each suited for different applications. Vitresteel rollers, 

twice as strong as black steel, are used in high-demand settings, while carbon fibre rollers target 

ergonomic benefits for underground mining. The uniquely designed bearing housing withstands 

substantial moments, utilizing double row tapered roller bearings for low rolling friction. With no 

central shaft, OneFits relies on its body as the main structural component, resulting in a lightweight 

design. CII's GEN 7 roller, featuring state-of-the-art technology and modern condition monitoring 

features, aims to prevent conventional failure modes. The roller's bearing end cap, mass swaged 

under 35 tons force, eliminates traditional welding and reduces corrosion rates. CNC machined 

sealed end caps prevent moisture and debris ingress, contrasting with conventional rollers that 

have weep holes prone to seal damage. 

 

 
Figure 34: Shaftless oneFits Idler CII [16] 
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Conveyor Products and Solutions-CPS 

Using a composite bearing housing technology, CPS is manufacturing a variety of rollers using 

steel, aluminum and Yeloroll HD composite and Yeloroll conveyor rollers, providing solutions for 

light, medium and heavy-duty applications. Yeloroll rollers are manufactured using M-PVC 

(Polyvinylchloride) shell material which is 40% lightweight as compared to steel rollers. The 

benefit of using titanium modified plastic shell provides significant weight reduction, lower rim 

drag, substantial noise reduction, nonstick interface and minimum belt damage. Both the end plate 

and bearing housing is made by precision injection molding of nylon glass fibre composite having 

antistatic copper pin. The shaft is made up of mild steel or stainless steel depending upon client 

requirements with a C3 clearance deep grove ball bearings, protected by a reverse multi labyrinth 

watertight sealing.  

 
Figure 35: Yellow roller composite roller CPS [17] 
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Appendix B  

Idler 2D drawing 

 

Figure 36: 2D Drawing of Rulmeca Idler with dimensions 
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Figure 37: Idler shaft 
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Figure 38: Idler components with specifications 

Figure 39: Typical idler troughing system 
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Figure 40: LKAB TR010 conveyor Assembly. 

 

Figure 41: Front view TR010 conveyor LKAB 
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Appendix C 

ANSYS Analysis Setup 

Below figures shows the workflow in ANSYS for structural optimization and an example of how 

the analysis in setup in ANSYS for idler shell. Same procedure can be used for setting up other 

analysis done in this master thesis. 

 

Figure 42: ANSYS workflow for structural optimization 

 

Figure 44: properties of idler shell, nodes and elements for meshing 
Figure 43: meshing properties 
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Figure 45: Shell analysis project flow and meshing configuration. 

SHELL analysis for Alternative defined materials 

HDPE 

Equivalent Stress 

 

Figure 46: Equivalent Stress HDPE shell 
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Total Deformation 

 

Figure 47: Total Deformation HPDE Shell 

Resign Epoxy 

Equivalent Stress 

 

Figure 48: Equivalent Stress Resin Epoxy SHell 
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Total Deformation 

 

Figure 49: Total Deformation Resign Epoxy shell 

PVC 

Equivalent Stress 

 

Figure 50: Equivalent stress PCV shell 
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Total Deformation 

 

Figure 51: Total Deformation PVC shell 
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Python Code for finding shaft deflections for different thickness values 
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Appendix D 

Material selection 

For strength-based design of center roller shell, material selection criteria are given below:  

Function: Structural support to roller assembly 

Objective: To minimize the mass of Idler shell 

Constraints: These include the roller shell's length, circular shape, and its ability to support bending 

loads without excessive deflection, while maintaining a specified bending stiffness. 

Free Variables: Thickness of cross section, Choice of material 

Since we know that, for minimum mass the equation is  

𝑚 = 𝐴 × 𝐿 × 𝜌 

Whereas m= mass of beam, A= cross-sectional area, L= length of beam and 𝜌 is the density of 

material. 

According to Euler Beam theory, bending stress on a beam is defined as   

𝜎௬௘௜௟ௗ >
𝑀 × 𝑦

𝐼௬ି௦௛௘௟௟
 

𝜎 =
𝐹 × 𝐿 × 𝑦

൬
𝐴 × 𝑟ଶ

2
൰

 

Solving for A and inserting it in the objective function reveals the following material index: 

𝑀ଷ =
𝜎௬௘௜௟ௗ

𝜌
 

For stiffness-based design, maximum defection of the roller shell with a load on center and fixed 

at both ends (boundary conditions for idler shell) is given as follows: 

𝛿௦௛௘௟௟ =
𝑞 × 𝐿ସ

384
5

×  𝐸 × 𝐼௬ି௦௛௘

 

𝐼௬ି௦௛௘ =
𝜋

4
(𝑟௢௨௧௘௥

ସ − 𝑟௜௡௡௘௥
ସ )   
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𝛿௦௛௘௟௟ =
𝑞 × 𝐿ସ

348
5

×  𝐸 × ൬
𝐴 × 𝑟ଶ

2
൰
 

Solving for A and substituting in the objective function: 

𝑀ଶ =
𝐸

𝜌
 

Below figures are showing material selection procedure using Micheal Ashby principle in 

ANSYS GRANTA. Base on this process and using literature review, PVC,HDPE and Resin 

epoxy are selected as viable alternatives to structural steel. 

 

Figure 52: Material Selection Chart 
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Figure 53: Ranked Material based on material index stage 1 

 

Figure 54: Strength vs Density chart 
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Figure 55: Materials ranked for stage 2 
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