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Abstract
Belt conveyor systems play a crucial role in the continuous transportation of bulk materials
across varying distances. However, ensuring the reliability of these systems remains a
significant concern for operators due to the potential financial losses incurred from system
downtime, which not only impacts revenue from material conveying but also disrupts
subsequent material processing facilities. The reliability of a belt conveyor system is contingent

upon its main components, including the belt, pulleys, drive unit, and idler rolls.

This master's thesis addresses the persistent replacement challenges of conveyor rollers at
LKAB's Narvik facility, crucial for the iron ore transportation system. Through a
comprehensive approach integrating engineering solutions, operational considerations, and
user-oriented factors, the thesis aims to extend roller lifespan while optimizing the roller
structure within practical constraints. Emphasizing elevating performance, lifespan, and
serviceability, the project is divided into two main sections structural study of the idler set, and
investigates existing challenges and identifies factors contributing to frequent replacements,

laying the groundwork for developing effective solutions.

Furthermore, in the process of considering parameters like regulatory compliance, load
specifications, temperature constraints, and environmental factors, the main focus is to enhance
the design of the roller idler. This optimization involves considerations such as weight
optimization, ease of maintenance, and environmental compatibility. Through analytical
calculations, FEM static and modal analysis, and material selection, HDPE material was
proposed the structural behaviour of the roller was studied. Around 30% mass reduction was
achieved between the existing and the proposed models. Moreover, other aspects of idlers was
studied, including bearing lifespan, and factors that affect their performance, where a solution
of shielded bearing was proposed as a solution to prevent the accumulation of contaminants on
bearing race.

Further work chapter, outlined aspects requiring further investigation, particularly elaborating
on the introduction of an alternative solution to address both vibration and contamination

concerns.
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Chapter 1: Introduction

1.1 Background and Context

The aim of this chapter is to describe the project background, introduce the industry from where
the topic has been originated, and highlight the project objectives. This brief but comprehensive
introduction will not only provide the reader with the basic information that applies to this paper

but also provide a basic framework for the paper.

Bulk material handling is the engineering field that predominantly deals with moving large
amounts of dry material from one location to another, often from the mine site to a processing
plant or from a processing facility to a transport mode such as ships or trains. Today’s practises
can be traced back through history. An early example of bulk material handling is a shaduf,
used by ancient Egyptians to irrigate cultivations with water from the Nile River [1] explains
that early modern bulk material handling started in the late 1700s, where human powered bucket
conveyors or lifts we use to stack ships with primary produce. In 1804 the first steam powered
conveyor was commissioned in a bakery as a time saving device, using cloth and leather as
belting material [2]. The first mining conveyor was invented in 1905 by Irish-born engineer and
inventor, Richard Sutcliffe [2]. It was also the world’s first underground conveyor and the
conveyor belt revolutionised the mining industry forever. The belt was made with cotton and
rubber panels. Bulk material handling became very popular during World War Il with the
development of synthetic materials for belting [3]. Mainly due to the scarcity of natural
materials such as cotton. Today, bulk material handling systems incorporate a variety of
machines such as screw conveyors or augers, stackers, reclaims, rail cars, bucket elevators and

the most common, troughed belt conveyors [3].
1.2 Luossavaara-Kiirunavaara Aktiebolag (LKAB)

An important contributor in Sweden economy is the processing of natural resources, making
Sweden one of the EU leading mining nation as it accounts 91% of the iron ore, as well as 9%
of the copper, and 24-39% of its lead, zinc, silver, and gold resources [4]. Moreover, iron ore
transportation forms around 49% of Sweden’s cargo transports, and 60% of Norway’s ones [5].
Which in results makes Luossavaara-Kiirunavaara Aktiebolag (LKAB) one of the biggest iron
ore producer in Europe. Most of LKAB ore deposits are extracted from underground mines but
some of them are also from the open pit. As shown in Figure 1-1, iron ore is mined at Kiruna,

Malmberget, Svappavaara in northern Sweden and transported via LKAB transportation system
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train railway to Lulea’s, and Narvik’s ports to be shipped out to the rest of the world. The final
product goes through a procedure to reach Narvik, starting from mining phase, were ore is
processed to increase the quality of the final product. Iron ore goes through different stages
staring from separation of wastes from the ore body, going to the other stage which is
concentration, and finally pelletzation stage where the ore is transformed into pellet shape
making it easier to transport. Knowing that all the above stages are not done in any of the
transporting facilities [4]. However, all previous stages are done in mining cites before being

transported to shipping ports.
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Figure 1-1: Map showing Ore trains Malmbanan connections to Narvik / Lulea ports [6]
1.3 Luossavaara-Kiirunavaara Aktiebolag (LKAB) harbour Narvik

Narvik is considered to be LKAB’s gate to the world since its harbor is ice free all over the
year.One of the main system that are found in Narvik’s harbor is the iron ore storage system
‘SILA’. With a total of 2.8 kilometers of tunnels that have been driven under the silos, SILA
consist of 12 silos, the silos have a depth of 60 meters and a diameter of 38 meters with a storage
capacity of 1.5Mt, and 30Mt annually [5]. Narvik’s port receive 68 train wagons per day divided
on 10 trains, with a total capacity of 90000 tons. Storage procedure is done by a conveying

system shown in Figure 1-2, which is designed to convey material in a continuous manner.
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Figure 1-2 Basic drawing of a belt conveyor system [7]

This system consists of two main parts the upper and lower part of the belt which both touch

series sets of rollers that are mounted to the conveyor structure itself as stated in Figure 1-3.

However at both ends (head, tail) of the conveyor the belt is wrapped around a pulley one of

which is coupled to a drive unit to transmit the motion. These systems are characterized by

length, loading capacity, velocity, and operating expenses. In LKAB Narvik there are total of

70 belt conveyors of almost 15 km length, having a loading capacity of 9000 t/h for iron ore

pellet, and 11000 t/h for fine material [5] the conveyor belt speed in Narvik facility is 3 m/s,
with a belt width of 2000 mm, and thickness of 17mm [6].
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Figure 1-3 Basic drawing of a conveyor idler troughing set [7]
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1.4 Problem description

Conveyor rollers at LKAB's Narvik facility, are essential components of the iron ore
transportation system, and are posing significant challenges leading to rollers failure and thus
requires replacement. Moreover, the replacement of idlers in conveyor systems presents a major
maintenance challenge, ranking as the second highest expense after the conveyor belt itself.
Therefore, understanding the root causes of idler failure is crucial, given that failures can result
from various factors such as exhibiting high loads, wearing of the outer shell of the roller,
misalignment of the rollers, and bearing failures. This highlights the importance of conducting
thorough inspections and meticulously documenting the causes of replacements. Thus, the need
for this master thesis arises from the critical importance of addressing the high replacement
frequency and associated failures of conveyor rollers in the LKAB Narvik facility. This master
thesis aims to address roller’s structural behavior and failure modes, a study for materials used
in manufacturing the roller shell, taking into account operational conditions, and maintenance
practices to develop targeted strategies that mitigate failures, reduce replacement frequency,
and improve overall efficiency.

Additionally, the solution sought should consider the practical aspects of manual replacement,
emphasizing factors such as the weight of the components and the accessibility of specific areas
within the facility. Also recommend solutions for reducing contaminations in bearing races
which in case reduce the bearing failures. Addressing these challenges requires a
comprehensive approach that integrates engineering solutions, operational considerations, and
ergonomic factors to optimize the replacement process, mitigate failures, and ultimately
contribute to the overall efficiency and longevity of the conveyor roller system in the LKAB

Narvik facility.

1.5 Project Objectives

This master's thesis addresses the persistent replacement causes of conveyor rollers at LKAB's
Narvik facility, crucial for the iron ore transportation system. Through a comprehensive
approach integrating engineering solutions, operational considerations, and user-oriented
factors, the thesis aims to study the structural integrity of the roller deformations and stresses,
extend roller lifespan while optimizing the replacement process within practical constraints.

Emphasizing increasing the performance, lifespan, and serviceability, the project investigates
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existing challenges and identifies factors contributing to frequent replacements, can be done by
performing:
e Structural analysis both static and dynamic analysis for the roller structure.
e Applying material selection procedures to find alternative material and minimizing the
roller’s weight.

e Roller bearing analysis.

It also needed to take into account the following design constrains:
e Regulatory compliance where the designed structure should be compatible with the
found infrastructure of the conveyor belt in LKAB facility.
e Load constrains where the developed structure should have high strength and a high
Young's modulus to withstand the operational loads experienced at the LKAB facility
without failure.

e Environmental conditions (Scandinavian weather Conditions)

By focusing on these aspects, the thesis aims to propose innovative solutions that not only
mitigate the challenges associated with conveyor roller replacements but also enhance the

overall efficiency and reliability of the iron ore transportation system at LKAB's Narvik facility.
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Chapter 2: Literature Review

2.1 Overview of Belt Conveyors & Conveyor ldlers

Belt conveyor systems is one of the most critical equipment used by mining industry. A
conveyor belt function is to transfer material a variable distance that can varies between few
meters to kilometers. Belt conveyors presents many advantages compared to other
transportation systems used in bulk material transportations like trucks, and lorry transport.
Conveyor system reduces personal costs, energy consumption, and also long period between
maintenance, since the system is independent of its surrounding, thus showing cost saving up
to 40%-60% [8]. This system composed of several components, few of these components is
grouped on the head and the tail of the conveyor belt system such as drive pulley which is
responsible for transmitting power to the conveyor belt, tail pulley that serve to maintain proper
tension in the belt conveyor, in addition to other tensioning components that are crucial for
ensuring proper belt tracking and prevent sagging or excessive slack. However other
components are spread along the conveyor belt system causing difficulties in monitoring and
servicing [9]. As shown is Figure 1-2 one of the principle component of this system is the
elastomer belt which mainly have a dual functions of containing the conveyed material, and

transmitting the force needed to move the load [8].

In addition to the elastomer belt, belt conveyor rollers which are cylindrical components
strategically positioned along the conveyor frame to provide support for the belt and carry the
load of conveyed material, additionally facilitating the movement of a conveyor belt. They are
the most important components of this system and represent a considerable value of the whole
cost, since they plays a crucial role in the overall functionality and efficiency of the belt
conveyor system [8]. Their importance can be highlighted in various aspects of conveyor
system operation. Their primary function is to support the belt and they are guaranteed to rotate
freely and easily under load. Correct sizing of the roller is fundamental to the guarantee of the

plant efficiency and economy in use.

As stated in Table 2-1, there are three main types of belt conveyor idlers. Starting with the
carrying idler, this type in installed on the upper frame of the belt conveyor, the main function
is to support the belt and load in the transport section of the conveyor. These rollers are
manufactured according to specific trough angle (20°, 35°, 45°). However, any other angles are

also manufactures upon customer’s design and drawings. Second type is return idler which are
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installed in the lower frame of the conveyor belt, and also used to support the belt while cycling
around to be loaded again. There are several types of return idlers (flat, self-aligning V-shaped,
and friction return idler). Coming to the impact idlers that are installed under the loading section
of the belt conveyor. They are mainly used to absorb the impacting power of the conveyed
materials. In some operations where the impact power is high, these idlers are replaced by
something called impact bed [10]. There is one more type of idlers called training idlers that
are suitable for use in both return and load carrying side of the conveyor belt. This type is
mainly used in reversible conveyors, high load, and slow moving belt conveyors. These idlers
can help the conveyor belt running in the right direction.

Table 2-1: Main types of belt conveyor rollers [11]

Main types of conveyor rollers

Single- steel carrier Single-steel return Trough carrier set

rubber- coated carrier rubber disc return
(impact roller)

V-return

Understanding the components of a belt conveyor roller is crucial for optimizing system
performance and ensuring reliable operation. A schematic diagram of a belt conveyor roller
Figure 2-1 is presented along with a detailed breakdown of its main components in the figure
description below. Each component's role will be examined to provide insights into the

functionality and importance of the conveyor roller assembly.
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Figure 2—-1 Schematic diagram of a belt conveyor roller [12].

Shaft / Spindle is a rod or axle that runs through the center of the roller, connecting the
bearings and providing support for the entire roller assembly.

End Caps are fitted at each end of the roller and help contain the bearings and shaft
within the roller shell.

Labyrinth seals are a type of sealing mechanism used to prevent the ingress of
contaminants, such as dust, dirt, and moisture, into the internal components of the roller,
particularly the bearings.

Circlips are often used to secure various elements of the roller assembly, particularly to
hold the bearings in place on the shaft.

Seals are used to protect the bearings from contaminants such as dust, dirt, and moisture.
They help prevent the ingress of foreign particles that could lead to premature bearing
failure.

Bearings are housed within the roller shell and allow the roller to rotate. They play a
crucial role in reducing friction between the roller and the conveyor belt, enabling
smooth movement.

Bearing Housing is a compartment within the roller shell that holds the bearings
securely in place. It is an essential part of the roller that contributes to its structural
integrity.

Pipe / Shell represent the outer cylindrical surface of the roller, it provide main structure

of the roller and support for the conveyor belt.
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2.2 Recent Developments in Rollers Technology

Rollers can be classified in term of outer shell material into two main categories: ferrous and
non-ferrous rollers. Although non-ferrous rollers are not as popular or versatile as steel rollers,
there is an increasing demand for non-ferrous rollers in the industry [13]. The industries that
prefer non-ferrous rollers are usually in corrosive environments, such as companies on
coastlines or manufacturers that handle corrosive materials like salt. Other companies that are
interested in light weight rollers are mines with stacking towers or underground mines. The
polymer, composite material roller industry can currently produce rollers up to 535 mm in
length and various diameters [13]. The call for larger, light weight rollers (such as 1200 mm in
length and 150+ mm diameters) in the market remains unfulfilled. There are various designs
and configurations based on the specific requirements of the conveyor system and the material
being transported, and according to specific challenges in diverse industrial application [13].

RULMECA the Italian company is one of the companies that design and manufacture belt
conveyor rollers and troughing sets. They are specialized within bulk material handling
industry, with two main types of rollers classified according to material (ferrous, and non-
ferrous material). Rulmeca modern roller technology are PSV Mono-block rollers designed for
heavy duty conditions these rollers are available with shaft diameters from 20mm to 40mm
having a robust steel construction and an hermetic sealing system as shown in Figure 2-2 [8].
This design provides extremely high load capacity and resistance to impact, corrosion and
abrasion of bulk materials, pollutants and other aggressive elements during conveyance. PSV
rollers is defined as between -20°C and + 100°C with standard greased components, offering
maximum effectiveness and productivity, furthermore combined with commonly desired
energy savings, long working life and minimal maintenance over time. The characteristic of a
mono-block is that the bearing housings of the PSV rollers are welded to the tube body [14].

In RULMECA there are two main executions for bearing protection contactless, and hermetic.
The contactless configuration is recommended where a very low resistance is preferable or
requested, with outdoor normal environmental conditions [14]. Thus the external wiper seal is
not available. However in hermetic execution as shown in Figure 2-2 is recommended in
presence of rain, water, salt water, high humidity, powder, sand, dust or dirty applications in

general.
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Internal seal Girclip Stona guard

Roler shell Baaring housing Precision Labyrinth Gover Extermnal
Spindle bearing saal wiper seal

Figure 2—2 Rulmeca PSV-hermetic roller internal components [8].

Similarly, Superior Industries and other companies like MESTO the Swedish company, that
have a manufacturing membership of CEMA (Conveyor Equipment Manufacturers
Association) following CEMA standards, and safety recommendations for designing and
manufacturing conveyor belts equipment, manufacture several classes of CEMA rollers.
Figure 2-3 below represents the Moxie rollers which are mainly HDPE (high density
polyethylene) which are designed to function in extreme weather conditions, corrosion
resistance), 50% lighter than the steel rollers which reveal in reduction of power required to
driven these belt and also lighter load for the maintenance crew. Moreover Moxie rollers

generates 3 times less noise that the steel ones [11].

Figure 2—-3 Superior Industries Moxie rollers [15].
Moreover, DYNA Engineering, responsible for manufacturers and suppliers of conveyor belt
equipment’s and services. The manufacturer come out with an idea of rubber coated roller,
where rubber is vulcanized directly to the pipe. The key features of rubber coated rollers is that
these rollers resist tearing, pounding and friction which increase the life span of the roller.
As shown in Figure 2-4, RKM Company invented a heavy duty lightweight composite roller.
This composite roller is manufactured by processing high grade glass reinforcement and resin
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to bind the fibers together [16]. This composite combination have been used in several
applications such as piping, road bridges, Pontoons, and various mine structures. The result was
a high flexural strength and stiffness roller compare to steel, up to 50% lighter, advanced wear
properties, and high performance sealing set. For the sealing RKM have designed a heavy duty
nylon protective outer dual labyrinth shield as shown in Figure 2-4 below, which will eliminate

any rock jamming and provide additional protection from contamination [16].

Heavy-duty specially formulated nylon Primary

Anti-static metallic insert i
precision machined bearing housing Heavy duty nylen outer protective shield

Secondary
Low friction water and dust resistant lip seal

Mild and stainless steel
straight, stepped or hollow shafts

Date of manufacture
stamped on shaft ends

Girclips bearing retention

High performance
sealed for life ZZ C3,
RKM, SKF, NTN
deep groove ball bearing

Figure 2-4 RKM heavy duty lightweight composite roller [16].

Specially formulated heavy-duty

: Tert
lightweight composite tube ortiary

Water and dust resistant RS mutli labyrinth
male / female pre-greased seals

Another type of rollers was also manufactured and produced by RKM the Australian company
is the Medium Duty PVC Roller — Low Noise Anti-Static Roller.

Figure 2-5 shows the shell body of the roller is PVC (Polyvinyl chloride), which make it lighter,
corrosion resistance, also having low friction coefficient which reduces the amount of material
stuck to the roller body. Moreover this type of rollers contains an Anti-static copper insert to
protect the components from electrostatic discharge. Note that this type of roller is mainly used

as a return roller [16].

Ribbed Nylon precision machined housing

Primary
Heavy duty Nylon outer
protective shield

Secondary
Low friction water and
dust resistant lip seal

Anti-Static
Copper insert

Mild and Stainless Steel
stepped, straight or hollow shafts

Balanced weight
location if required

Date of manufacture
stamped

on shaft ends

RKM extruded PVC Tube
Circlip Bearing Retention

High Performance Sealed For Life
27 C3, RKM, SKF, NTN
Deep Groove Ball Bearing

Tertiary
Water and dust resistant RS
Triple Labyrinth Male/Female
pre-greased seal

Figure 2-5 RKM medium Duty PVC Roller — Low Noise Anti-Static Roller [16].
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Now, turning our attention to Figure 26, we observe that the bearing housing itself is
constructed from heavy-duty solid poly precision or ribbed nylon precision materials. The
bearings utilized in this roller type are high-performance sealed-for-life ZZ C3 RKM SKF,
NTN deep groove ball bearings. These bearings are safeguarded by male/female triple labyrinth
pre-greased seals, all enclosed within a steel shield. Furthermore, an outer shield made of

heavy-duty nylon provides additional protection for the entire seal package.

Heavy Duty Solid Poly precision High Performance Sealed For Life
machined or Ribbed Nylon ZZ C3 RKM, SKF, NTN
precision machined housing Deep Groove Ball Bearing

Steel inner
protective shield

Washer

Circlip Bearing Retention

Circlip

Tertiary
Water and dust resistant RS
Triple Labyrinth Male/Female

pre-greased seal Secondary

Low friction water and
dust resistant lip seal Primary
Heavy duty Nylon outer

protective shield

Figure 2—6 exploded RKM composite roller seal package [16].

2.3 Standards and Regulations in Conveyor Idler design

Before the establishment of standards, each idler manufacturer produced idlers with distinct
dimensions and fixing arrangements. However, over time, users, who had installed idlers from
different manufacturers on various conveyors, found themselves obligated to maintain a diverse
collection of non-interchangeable idlers and spare rollers in their inventory for maintenance
purposes. This situation led to considerable inventory costs and expenses arising from changes

in critical dimensions over time [17].

Thus, standards for conveyor belt idlers play a pivotal role in maintaining uniformity in design
and manufacturing practices within the industry. One prominent organization dedicated to this
cause is the Conveyor Equipment Manufacturers Association (CEMA), which establishes
comprehensive standards guiding the design, production, and application of conveyor
equipment, including idlers. An illustrative example is CEMA Standard 502-2019, titled "Bulk
Material Belt Conveyor Troughing and Return Idlers,” [18] a significant benchmark within the
CEMA framework. This standard furnishes specific directives for designing and manufacturing

troughing and return idlers, encompassing critical dimensions, load-bearing capacities, and
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prescribed testing procedures that manufacturers must adhere to during the production of these
indispensable conveyor components. Moreover, CEMA places substantial emphasis on design
considerations, underscoring factors like idler spacing, material characteristics, and load
capacity. These guidelines serve to ensure that idlers are engineered with the requisite structural
integrity to effectively withstand operational stresses.

Internationally, the International Organization for Standardization (ISO) contributes to the
formulation of conveyor idler standards. ISO 5048 [19], for instance, presents a comprehensive
framework for conveyor belt design, inclusive of considerations for idlers within the broader
conveyor system. This standard covers parameters such as belt speed, belt width, and idler
geometry, fostering a global approach to the design and manufacturing of conveyor systems.
In specific regions, organizations like the German Institute for Standardization (DIN) exert
influence over design and manufacturing practices. DIN standards, exemplified by DIN 22101,
address aspects of belt conveyor design, potentially incorporating considerations for idler
specifications in alignment with German engineering practices. Similarly, South African
Bureau of Standards (SABS 1313) [20] SANS 1313-1:2008: This South African National
Standard specifies requirements for rubber or plastics-covered conveyor belting of textile
construction for underground mining on flat or troughed idlers, the British Standards Institution
(BSI) BS 2890:1989 [21], which addresses troughed belt conveyors. While encompassing
broader aspects of conveyor systems, it includes specific considerations for idlers, setting
requirements for their design and construction, and the Japanese Industrial Standards (JIS)
JIS B 8803-1990 focuses on the general specifications for idlers and idler sets used in belt
conveyors [22]. It covers dimensions, design features, and performance requirements,
providing guidelines for the manufacturing and application of conveyor idlers.

To summarize, strict adherence to standards such as CEMA, 1SO, and local standards like DIN,
SABS is indispensable in the meticulous design and manufacturing of conveyor belt idlers.
These standards serve as a bedrock for ensuring consistent quality, safety, and performance
throughout the conveyor industry. Staying well-informed about these standards is imperative
for manufacturers and engineers to uphold the highest standards of excellence in conveyor

system components.
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2.4 Inspection Procedures and Failure Modes in Rollers

Understanding the reasons behind idler replacements is crucial, given that they constitute the
second highest maintenance expense in the transportation process, following the conveyor belt
itself which accounts around 30% to 70% from the maintenance cost [23]. Rollers may fail due
to several causes, however the primary reasons for replacement was detected upon analyzing
the information gathered on 97,778 idler rollers, operating in belt conveyor used to transport
ore material, the reasons were as follows: Noise/Vibration, Seizure, Wear, high temperature,
Broken, Standardization [23]. According to the survey, the most common reasons for replacing
carrying and impact rollers are noise, wear, and seizure, which account for almost 90% of
replacements. Notably, noise is more relevant in carrying rollers, but for return rollers the
primarily replacement causes is due to wear, noise, and standardization, accounting for
approximately 90% of all replacements in this category [23].

In summary, impact and carrying rollers generate more noise due to heavier loads, while return
rollers wear quickly from contact with the abrasive belt. Lateral rollers follows replacement
parameters: noise, seizure, and wear, contrasting with central rollers, where wear is the second
most common reason for replacement. This is due to the exposure of external bearings of side
rollers to environmental factors, leading to decreased lubricating grease efficacy and increased
seizure failures. Additionally, central rollers, bearing heavier loads, operate at higher
temperatures, requiring more repairs than side rollers [23]. On the other hand, another research
performed by Konig and Oepen in (2013) [24] at an RWE mine in Germany shows that the two
most important failure modes of carrying wing idler operating at Hambash mine (brown coal
mine) in 2007 and 2012 are considered to be bearing failure lagerschaden (red) and shell failure
mantelverschleiss (blue) Sonstiges represent other types of damage (green) shown in Figure 2—
7. This implies that significant part of roll failures that had been reported is caused be either
bearing failure or by roller shell wear. Moreover what can be concluded from Figure 2—7 is that
within these two failure modes the consequences of bearing failure is more dominant, and the

rate of shell wear will be accelerated if one of the bearing runs into seized state.
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Figure 2—7: Failure modes of belt conveyor rollers [24].

The reason behind bearing failure can be contamination, lack of lubrication, or over-loading,
however contamination is a major factor that influences the actual life time of the bearings [24].
These contaminants can be present in liquid or solid state according to the operation conditions.
Thus having an effective sealing system is important to protect the bearing and increase the
operation life, since when this system in malfunctioning it fails to prevent the contaminants
from accumulating around the bearing and thus bearing failure occurs. Also significant
deflection of roller shaft, or misalignment can contribute additional radial and axial force to the
bearings leading to failure [25].

In summary, conveyor rollers face mostly three main failure modes: noise (vibration), bearing
failure, and shell surface wear, impacting operational efficiency, reliability, and maintenance
costs. Excessive noise, often a result of vibration, indicates potential performance and structural
issues [26]. Moreover, Bearing failures cause costly downtime and material transportation
disruptions. Addressing these challenges requires selecting durable materials and implementing
effective maintenance strategies to enhance roller lifespan and minimize operational

disruptions, crucial for improving conveyor system performance across industrial applications.
2.5 Load Distribution Characteristics in Conveyor Idler

Analyzing load distribution in a roller idler is essential for understanding its behaviour under
various loads. The configuration of troughing idlers determines the load distribution profile,
with the load evenly applied to the center idler due to uniform material distribution in that area,
while wing idlers experience non-uniform load distribution. This discrepancy implies that the

central roller undergoes greater stress than the wing rollers. Conversely, the inner end of the
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wing roller experiences higher stresses than the outer end, which is predominantly exposed to
external environmental factors like rain, snow, and sunlight, potentially increasing the risk of
bearing damage or wear. Moreover, calculating stress distribution involves certain assumptions
and considerations. A key assumption is the homogeneity and uniform flow of ore material,
leading to a load distribution profile resembling that illustrated in Figure 2—8. Additionally,
parameters influencing this calculation include the troughing angle, bearing sizes determining

axial and radial bearing loads, belt initial weight, and the idler weight.

Bulk Material

Direction of movement

Line load of lateral
carrying idler gy(z)

Line load of the middle
carrying idler gn(z)

Related indentation
rolling resistance of
lateral carrying idler Fem

Related indentation
rolling resistance of the
middle carrying idler Fe,

Figure 2-8: Schematic diagram of load distribution among center, wing idler [27].

It’s important to mention that from the industrial practice for the selection of idler rolls, it can
be concluded that a precise determination of the load on idler rolls is still missing. The load
sharing factors provided by industrial standards are rather rough estimations. Idler rolls which
are selected according to such estimation often experience premature failures due to excessive
loading [28]. Table 2-2 shows two different assumptions for the load sharing factor by two
different manufactures CEMA to the left, and Rulmeca to the right [8].

Table 2-2: Sharing factor of central idler with respect to trough angle.

Trough Load
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Furthermore, the uneven distribution of load between the wing rolls and the center roll results
in varying lifespans, posing challenges in monitoring and replacing rolls. In certain industrial
procedures, batches of idler rolls are replaced simultaneously. This can result in waste of wing
rolls which are still in good conditions if decisions on roll replacements are based on the
condition of center rolls. On the other hand, severe center roll failures may occur if decisions
on roll replacements are based on the condition of wing rolls. Thus, it is important to have good
monitoring for operating idlers. Note that these assumptions may vary among manufacturers,

and additional parameters might be considered in load distribution calculations.
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Chapter 3: Design Methodology

This chapter outlines a systematic approach to address the challenges of designing belt
conveyor rollers for harsh conditions in a Scandinavian iron ore transportation facility in
Narvik. It encompasses a structured sequence of steps and considerations aimed for ensuring
the successful design of robust, efficient, and durable conveyor rollers, taking into account
environmental conditions, operational requirements, and performance expectations of the idler
system. Virtual prototyping analysis, including static structural and dynamic modal analysis,
will be conducted and discussed to estimate the stress distributions, deformations, among
roller’s shell and shaft. Modal analysis is used to estimate the modal frequencies and mode
shapes of the studied roller. Moreover, material selection follows Ashby's method for
identifying materials aligned with project objectives and constraints, ensuring optimal
performance in wear resistance, corrosion resistance, and low-temperature conditions is
performed. In addition, to the previous analysis bearing component of the roller undergo an
explicit study for estimating the lifespan. Finally, proposing solutions that can reduces

contaminations accumulation in bearing race is discussed.
3.1 Design Specifications and Calculations for Conveyor Idlers

A well-developed design specification table is essential for ensuring the success of a design
project by providing clear guidance, ensuring quality and compliance, managing risks, and
facilitating effective communication among stakeholders. Table 3-1 shows the design
parameters that must be taken into consideration during design process. In addition, design
specifications establish the structure for defining design parameters and constraints, while
calculations evaluate the practicality of meeting these specifications and guide design
adjustments. Moreover, as the design progresses, specifications may undergo refinement or
modification in response to calculation outcomes, ensuring alignment with the intended goals

of the final product.
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Table 3-1: Design specifications of conveyor belt idler.

Design Specification

Description

Application Idler roller of a belt conveyor system for transporting iron ore in harsh
environmental conditions.
Material High strength capable for withstanding material loads

High stiffness experience low deflections

Wear resistance resisting wear and tear over prolonged use

Center roller length, shell

diameter, and shaft diameter

(950mm, 194mm, 40mm), respectively.

Side roller length, shell
diameter, and shaft diameter

(600mm, 157mm, 30mm), respectively

Bearing type

6306, 6308 rubber shielded, internal clearance CN (Normal clearance) [29].

Bearing housing

Deep-drawn quality sheet steel, M7 bearing seat, C3 to C4 clearance [8].

Roller Load capacity

Able to handle 9000t/h conveyor load capacity.

Environmental conditions

Resistant to: corrosion, moisture, and extreme temperatures.

Operating temperature Range

-40°C - 40°C

Weight

50% mass reduction for enhancing maintenance procedure.

Compliance

Meets LKAB standards and regulations.

Upon grasping the design specifications, it becomes essential to outline the specific properties
of the conveyed material, exemplified here by iron ore pellets. These characteristics are detailed
in Table 3-2 ranging from particle size, shape, and density to abrasiveness and flow ability.
Furthermore, additional attributes such as material slope characteristics ‘angle of repose’ and
‘angle of surcharge’ are subsequently expounded according to specific standards provided by
CEMA. Angle of repose is the steepest slope of the unconfined material, measured from the
horizontal plane on which the material can be heaped without collapsing [30]. However, angle
of surcharge (As) shown Figure 3-1 represents the inclination of material relative to the
horizontal plane when it's in motion or being agitated, such as when conveyed on a moving
belt. A greater surcharge angle indicates a higher capacity for material accumulation on the
belt.
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Table 3-2: Characteristics of bulk solid material according to CEMA standards.

Material description & density Iron Ore, Pellets / (3 t/m3)

Size Granular- Under 1/2 inch
Average flow angle of repose 30°-

Flow-ability /Angle of repose 39°

Angle of Surcharge (a) 250

Maximum Allowable angle of conveyor

inclination 13°-15°

Abrasiveness Very abrasive

Miscellaneous Characteristics Very dusty-Highly corrosive

Understanding these material properties is crucial for optimizing the design of an effective

conveyor idler capable of efficiently handling and transporting the conveyed materials.

g
1 250

%
“h
ol

250mm

124mm

Figure 3—1 Schematic diagram showing area of load cross section between two idlers.

Figure 3-1 shows the cross-section between two idlers, depicted in SolidWorks, reveals
differences between wing and center idlers. According to the drawings provided by LKAB,
wing idlers have a troughing angle of 45° with the horizontal. These wing idlers measure
600mm in length and have a diameter of 154 mm. In contrast, the center idler is 950mm in

length with a diameter of 197 mm, indicating variations within the idler set under study.

The initial parameter required to compute the load exerted on the idler assembly is the conveyor
belt's load capacity. This metric considers various factors such as the dimensions (length) of
both central and wing idlers, belt width, and conveyor belt velocity. The load capacity signifies
the mass flow rate of material that the conveyor belt can accommodate, thereby enabling the
calculation of load distribution across the idler assembly. In the examined scenario, the
conveyor belt's load capacity is specified as 9000 tons per hour. However, in the absence of this
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value, computations regarding the material's occupied area must be conducted to determine the
load capacity m using the following equation:
m = Avp, (@)
where:
p: conveyed material density (Kg/m?3).
v: conveyor belt velocity (m/s).

A: area occupied by the material (m?).

Figure 3-2 shows a method for calculating the occupied area by conveyed material of three
identical idlers. However, in the studied case the idlers are not identical and thus the

calculations will be more complicated.

—

Z.COS).

Figure 3-2 cross-sectional area of a belt conveyor with a three idler set [31].

As stated in [31] the total area is denoted by S, the cross-section of the load consists of a
trapezium ABCD and a segment of a circle AED as shown in Figure 3-2
S=85+S5,. (2)

S;::Represent the area bounded in the section (AED) as shown in Figure 3-2 and can be

calculated according to the given equation [31]:

S, =
179

X —sin 2«

1 (Zz cosA + l3>2 2na 3)
180

2sina
where:

A: trough angle (°).

l5: central idler length (m).

z: length along wing idler to the limit of the load (m), represented as follows [31]:
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B I, (4)

x = 0.005B + 0.025, (5)

B: belt width (m)
X is a correction constant to approximate the load limit.
Similarly, for calculating the area S, bounded in section (ABCD) [31]:
Sz ES 521 + 2522 . (6)

S, =zsinA (I3 +zcosA). @)
Thus the total area S (ABCDE) [31]:

1 (Zz cos A+ l3)2 (Zna

2 180

> — sin Za) +zsinA (I3 +2zcosA). (8)

2sina

Finally, after calculating area given by equation (8) we apply equation (1) to calculate mass
flow rate then apply equation (9) to get belt load capacity.

Calculating the total weight acting on the conveyor knowing that this load is due to two main
factors: the material that is being conveyed, and the weight of the conveyor belt itself. Weight
of material Q in kg/m, knowing that the load capacity C of the conveyor belt is given to be
9000 t/h, and the belt velocity v is 2.9 m/s, simply divide the load capacity by conveyor
velocity:

©9)

Q= = 862Kg/m.

Ubeit
Moreover, LKAB’s belt specifications given in TR010 drawings refer to Appendix A show

that the total mass of the belt is 84395 Kg with a length of 1257+m [32], thus to calculate the
weight/meter divide the total mass by the total length.

Mtotal belt
=——=67.14K .
Mpert Lengthpy, g/m

Adding this weight to the material weight calculated before we get the total weight acting on
the idlers. Therefore, the total static load acting along 1 meter of conveyor belt is calculated
according to the following equation:

Frotar = 9-81(Q + mpere ) = 9115 N/m. (10)
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Thus resultant total static load found to be 9115 N, acting on one meter. Knowing that this
load is to be multiplied by the spacing distance between the idlers which is 1.2 m, therefore

the resultant total static load acting on 2 sets of idlers is:

Fiotal 12m) = 1.2Fotq = 10940 N/m.

Assuming that this load is only acting on the idler sets then 10940N is to be divided on the two
idler sets. As mentioned in Table 2-2, participation factor/load factor (Fp_ cnterr) at the center
idler is in the range between 0.6-0.80, in the studied case CEMA standards will be used
Fp_center = 0.80

Ftotal(l 2m)
Fcenter_distributed = Fp_center > = 4.38 N/mm.

Similarly the forces acting on the wing (side roller) will be evaluated accordingly:

Feotar(a.
(1 - FP—center) totaz(l 2m)
Fying = 5 = 0.55N/mm.

Considering the hypothetical scenario where the load distribution on the center idler is assumed
to be uniform, and positing a non-uniform load distribution for the wing (side) roller,
characterized by a triangular distribution with maximum intensity decreasing from maximum

towards null at the belt edge.

3.2 Static and dynamic Analysis of Roller Shells and Shafts

3.2.1 Analytical Calculations

In context of conveyor idlers, static structural analysis is crucial in assessing the idler’s ability
to withstand static loads and maintain structural integrity under steady-state conditions. Thus,
a static structural analysis will be done for both idler shell, and the shaft, and for verifying the
analysis solution analytical calculation will be done to ensure the validity of the results.

The distribution of forces along the shaft, roller shell, and supports is illustrated in Figure 3-3.
It demonstrates that the roller shell experiences a uniformly distributed load resulting from the
combined weight of the belt and conveyed material assuming that this load is rectangular
distributed load. However, for simplicity this distributed load is assumed to be a point load

acting in the center of the roller. For the shaft the resultant of this distributed load is then
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transmitted to the shaft, where it is concentrated into two point loads at the bearings.

Additionally, the shaft is securely fixed at both ends to support the applied loads effectively.

F

center—resultant

2 2

Fcanrﬂr—disrriburad
YT YIY F Y Y Y Y YT Y YN[YY
]

e = —— o E—

center—rasultant

Figure 3-3: Loads acting on the central idler assembly [24].

Moreover, Figure 3-3 helps in applying the support conditions for the roller and the shaft. By
running the static structural analysis, maximum deflection and stress distribution, bending
moment and shear force diagrams are obtained. Moreover, for verifying numerical results.
Analytical calculation of the deflection and stress — distribution for both roller shell, and shaft
respectively. For this means Euler Bernoulli beam theory is used to calculate the maximum

deflection due to bending in cylindrical shell under point load.

Roller shell doesn’t exhibits any displacement, and moments in (x, y,and z) directions [34].
Thus, it is assumed that the roller shell is fixed supported at both sides.
Maximum deflection of shell can be calculated by:

Oshetl-max = M. (1)
384E1L,_spen

where:

F.enter + 1S the resultant of the distributed load acting on the center of roller (N)

E: material’s Young’s modulus (stainless-steel 195 GPa.)

Iy

following equation:

_sher- Moment of inertia of the roller shell cylinder ( m*), and can be calculated using the

I n T-4 ) ) (12)

— 4
y—shell — Z (router — linner

where:

Touter Tinner» ar€ the outer and inner radii of the roller shell (m).
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The maximum bending moment can be calculated using the following equation:

F L
Mmax — Cen8ter ’ (13)

where M,,,, is the maximum bending moment (Nm).

The maximum bending stress in the roller shell is represented as follows:

Mmax y

Omax = I ’
y—shell

where y is the distance from neutral axis to the top or the bottom of the shell is this radius (m).

A minimum thickness of the shell can be obtained with a goal to keep the angular deflection
not exceeding 0.004 radians required for the proper functioning of deep groove ball bearings

[35], and it is calculated by the following equation:

3
Fcenter_distributed L (14)

Yshell =
she 24E1y—shell

Table 3-3: Analytical calculations for the center rollers.

Maximum Maximum Bending | Deflection Slope
Deflection (mm) Stress (MPa) (radians)
Center Roller 1.45 X 1072 2.9 4415 x 1075
Wing Roller 1.35x 1073 0.27 1.254 x 107°

The analytical calculations of the center, and wing idler shows that center idler exhibits a
maximum deflection of 1.45 x 1072 mm, at the middle of the roller, with a maximum bending
stress of almost 3 Mpa. Moreover, the side idler’s maximum deflection, and stresses are
6.67 X 10~* mm, and 0.27 MPa, which are way less than the center roller. Moreover, the
condition for deflection slope is satisfied in for both cases and it is stated in Table 3-3. These
results were expected, since wing roller is facing lighter loads in comparison to the center roller.

These findings shows that wing idler doesn’t have high structural influence on the idler set.

Establishing the deflection of the shaft is important to ensure the safe, dependable, and effective
functioning of the conveyor system, thereby extending its longevity and diminishing
maintenance requirements. Figure 3—4 illustrates the free body diagram of the examined shaft,
featuring the requisite dimensions essential for computing the maximum deflection of the shaft

under the imposed loads and constraints.
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Figure 3—4: Shaft free body diagram [24].

Similarly, the shaft deflection along the force direction, and angular deflection is calculated
using equation (15), and (16), respectively [34].

5 _ Fcenter—re'sultanta2 (3L - a) (15)
shaft — 6E] ’

_ 16FCenter—resultant(a2 + ac) (16)
YVshaft = nE d4 ’

where:

Oshase- Shaft deflection (m),
Yshase. Shaft angular deflection (radian),

I

y—shase. Shaft moment of inertia (cylindrical cross-section) (m*),

a: distance from shaft end to bearings midpoint (m),

b: distance between the two bearing midpoints (m),

d: shaft diameter (m),
It is important to mention that the basis for any structural calculation is to calculate the
reaction of the supports. An explicit analytical calculation for the wing idler supports is
mentioned in Appendix B: Supplementary Study. This calculation shows that the loads acting
on wing roller aren’t significant compared to that of center roller. Similarly findings stated in
Table 3-4 indicates that the values of deflection of wing idler aren’t that significant. Thus, it
was decided to neglect the wing idler from the remaining finite element analysis study chapter

3.2.2.
Table 3-4: Analytical calculations for shaft deflection and deflection.

Center Wing

(982mm,40mm) (632mm,30mm)
Deflection (mm) 3.88 x 1072 5.58 x 1073
Deflection Slope 3.16 x 1073 8.40 x 1078
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The analytical results presented in Table 3-4 outline the maximum deflection values for both
the idler shell and shaft in both center and wing cases. Notably, the center idler shell, and shaft
exhibit higher deflection values which are 1.45 x 1072 mm, 3.88 X 10~2 mm respectively
compared to wing counter parts which are 1.35Xx 1073mm , and 5.58 X 107 3mm
respectively. This indicates that the center idler experiences greater deformation, likely
influenced by higher load distribution, due to the fact that around 80% of the material weight
is distributed on the center idler. Similarly, for the angular deflection outcomes for the center
configuration are greater than that of the wing configuration. This observation highlights
contrasting rotational behaviours between the two configurations mainly influenced by the load
distribution and geometric configuration. The slope deflection should not exceed 0.004 radians,
required for the proper functioning of deep groove ball bearings [35], the roll shells should be
thick enough not just to guarantee maximum tolerable deflection under the load, but also to

survive the long term wear till the end of the lifetime of the roll.

3.2.2 Finite Element Analysis (FEA)

3.2.2.1 Static Structural Analysis

For results confirmation, and visualization of the structure behaviour, static structural analysis
was conducted using Ansys Workbench. The setup of the analysis, including the selection of
materials, mesh size determination, definition of boundary conditions, and application of loads,
was systematically performed. Detailed procedures with figures and tables for clarity and
reference for each of these steps, and assumptions considered to run the analysis are provided
in Appendix A. Analysis was done on both roller shell, and shaft separately.
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Figure 3-5: Total deformation of shell a) Center idler, b) Wing idler (mm).

b)
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Figure 3-5 shows that the center idler recorded a maximum deformation of 0.012746 mm,
mainly concentrated at its midpoint, greater than that of wing idler which shows a maximum of
0.00128 mm due to the fact that the center idler is experiencing higher loads than the wing idler.
These deflection values shows a percentage of error of 10% from the theoretical calculations
that shows 0.0145 mm maximum for center idler, however still acceptable since errors may
occurs in simulations due to assumptions taken, meshing sizes, and type, and other software

limitations.

A: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1s
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a) b)

Figure 3—6: Von-misses stress distribution among shell a) Center idler, b) Wing idler (MPa).

Moreover, Figure 3—6 reveals that stress distribution within the central idler shows maximum
of 4.0424 MPa, with the highest stress concentration observed at the bearing housing ends,
suggesting a potential section in the idler's structural integrity. Conversely, the stress
distribution in the wing idler varies between 0.53 MPa and a maximum of 0.95 MPa, with the
highest stress recorded in the lower section of the idler due to material accumulation, leading
to non-uniform load distribution. It is important to mention that despite these stress
concentrations, the maximum stress values remain insignificant when compared to the material

properties of steel, emphasizing the overall robustness of the idler design.

Furthermore, upon comparison the deformation of the roller shell, it is evident that the shaft
exhibits higher deformation values as shown in Figure 3—7, reaching 0.04148 mm. This can be
attributed to which the distributed load on the roller shell is transferred to a point load on the
shaft. Furthermore, the examination of the moment of inertia of both the roller shell and the

shaft corroborates the following findings. According to the deflection formula, there exists an
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inverse relationship between deflection and moment of inertia: as deflection increases, moment

of inertia decreases, and vice versa.
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Figure 3—7: Center shaft a) Total deformation (mm),b) Von-misses Stress distribution (MPa).

Moreover, examining the stress distribution within the shaft, it is evident that the highest stress,
reaching almost 60 MPa, occurs at the attachment point where the shaft connects to the idler's
structure. This high stress level is primarily attributable to the non-uniform geometry presented

at this juncture, which also should be taken into consideration upon optimizing the structure.

Structural Analysis Results Discussion

Analysis done in Ansys workbench shows relatively high error percentage between theoretical
and numerical analysis especially in stress values. Thus, a decision was made to conduct further
analysis using Ansys Mechanical APDL, for verifying the results of center roller shell analysis.
Same assumptions that were considered in the previous analysis are used in this analysis, and

experimental set-up is shown in Appendix A.

Upon running the analysis in Ansys APDL, it is needed to create the bending moment, and
shear force diagrams to indicate whether the results matches the theoretical calculations. As
shown in Figure 3-8, the moment distribution varies from -468 N.m on the ends of the roller
and shows a maximum value of 468 N.m at the midpoint of the roller, which almost equal to
the theoretically calculated maximum bending moment. Similarly for the internal shear force
value where it shows 2080 N, which also match the theoretical calculations where the reaction

force in y-direction is 4160 N divided on both sides.
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Figure 3-8: a) bending moment diagram (N.m), b) shear force diagrams (N) center roller.

After insuring that the analysis results of the forces match the theoretical results it is possible
to check the results of deflection and stress distribution among the roller shell. Figure 3-9 shows
that the maximum deflection is 0.013 mm, centered in the middle of the roller which is similar
for that obtained in the previous analysis. However, for stress values, stress distribution given
by Ansys APDL analysis reveals the maximum Stress o,,,, IS 2.7 MPa as shown in
Figure 3-9. g,,,4, IS almost equal to that calculated theoretically, unlike the obtained results of

Ansys workbench software.

NODAL SOLUTION NODAL SOLUTION

Figure 3-9: a) Total deformation (m), b) stress distribution (Pa) center idler APDL analysis.

The fact that the stress distribution from Ansys Mechanical APDL closely matches the
theoretical calculation while differing from the results obtained from Ansys Workbench
software implies that the choice of analysis software and the methodology can significantly
impact stress predictions. This variation underscores the importance of thorough validation and

verification processes in structural analysis to ensure accurate and reliable results.
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Moreover, validation in (FEA) compares simulated results with real-world measurements from
physical experiments, ensuring accuracy. It verifies that analysis methods, assumptions, and
models represent the structure's behavior faithfully. By identifying discrepancies, also possible
to refine models to improve accuracy. Successful validation instills confidence in FEA results,
guiding engineering decisions. This iterative refinement process enhances model accuracy,

increase safety and performance of systems.

3.2.2.2 Modal Analysis

Modal analysis is used to study the dynamic characteristics of the structure, it is also used as an
identification method in the field of engineering vibration [33]. Moreover, modal analysis
provides better understanding into the dynamic behavior and structural integrity of conveyor
idlers, helping in optimize their design, prevent resonance-related issues, predict failure modes,
and ensure safe and reliable operation of the conveyor system. The modal analysis is the basis

for any other dynamic analysis.

Mode frequencies obtained from modal analysis represent the natural vibration frequencies of
the structure. These frequencies correspond to the structural modes, which are the characteristic
patterns of vibration exhibited by the structure when subjected to dynamic loads or excitations.
Each mode frequency indicates a specific mode shape, which describes how different parts of
the structure move relative to each other during vibration [36]. These mode frequencies
represent the natural frequencies at which the structure vibrates without any external forcing.
They are determined by the mass, stiffness, and damping characteristics of the structure, and
they provide crucial insights into its dynamic behavior and response to various environmental
or operational conditions [36]. In structural dynamics analysis, engineers typically focus on
identifying and analyzing a subset of the most critical mode frequencies that are relevant to the
dynamic behavior and response of the structure under specific loading conditions. These critical
frequencies are those associated with the lowest modes of vibration, which have the most

significant influence on the overall structural response and performance [36].

Assuming that the studied system is characterized by undamped free vibration, since calculation

shows that each particle of damping has limited effects on the frequencies and vibration model

Page | 36



of the roller [37]. Thus the governing equation for natural frequencies and mode shape is as
follows:

[M] x {& + [K]x} =0 a7
In the formula (17), [M] and [K] are the total mass and stiffness matrix respectively, % , x are
the acceleration and displacement vectors of the roller.

Also assume simple harmonic motion, i.e. represent x as follows:

{x} = {xo} sin (wt + @), (18)
where {x} is modal, w is the frequency of the corresponding mode, ¢, is the initial phase.
{[K] — 0?[M]}{x} = {0} (19)

Thus, {[K] — w? x [M]} reveal the natural frequencies, and {x} represent the mode shapes of
the studied system. Modal analysis is performed on the center roller.
The angular velocity w;., ;. is obtained by applying the following equation, by mean of linear
velocity v
Ubeit = Wroller T (20)
where r:center idler outer radius (m), linear velocity vy.;; = 2.9 m/s
Assume no slippage, between belt and roller, linear velocity of the belt is transformed into
angular velocity for the roller using the following equation

v
Wrotter = ———%—— = 29.44 rad/s..

Tcenter—roller

The frequency f;-,1er Can be calculated from the angular velocity by the means of the following
equation:

roller

w 21
frotier = - = 4.67 Hz. (21)

The calculated frequency resultant from the velocity that is been transmitted to the roller thus

it can be assumed that the frequency of the roller is the frequency of the belt. Thus the frequency

of the roller is 4.67 Hz, also assuming that this frequency is the systems frequency.

Now applying modal analysis using Ansys Workbench software, the first 10 frequency modes,
and mode shapes will be extracted from this analysis, since the structure is not that complicated,
however, more complex structures with intricate geometries or irregular boundary conditions

may exhibit a larger number of relevant modes.
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a) Mode frequencies:

Table 3-5: First 10 mode frequencies extracted modal analysis (Stainless-steel).

Mode Frequency (Hz) Mode Frequency (Hz)
1 290.63 6 743.72
2 292.98 7 755.35
3 334.74 8 780.66
4 607.73 9 785.55
5 609.57 10 950.19

The first ten mode frequencies are given in Table 3-5. Each mode corresponds to a specific
natural frequency. The obtained modal frequencies indicate the natural modes of vibration of
the structure. Lower frequencies correspond to lower-energy modes, while higher frequencies
correspond to higher-energy modes. In addition, lower mode frequencies typically indicate
larger-scale, global deformations of the structure. On the other hand, higher mode frequencies
signify smaller-scale, localized vibrations. Upon examination of the mode frequencies derived
from the modal analysis and their comparison with the calculated conveyor belt frequency of 5
Hz as determined by Equation (21), it is evident that the first mode frequency is 291 Hz, placing
it outside the range of the belt frequency. This discrepancy indicates that resonance resulting
from the belt frequency is unlikely to occur. Additionally, this analysis suggests that the belt
speed can be elevated without concerns regarding resonance phenomena. Moreover, the
extracted mode shapes corresponding to the mode frequencies are presented and explained in

Appendix A.
3.3 Material Selection Criteria for roller Components

Upon concluding the analyses of the current structure using the existing material, the next step
involves conducting an exhaustive study on material selection. This study carefully consider
the design constraints, limitations, and environmental factors, ensuring informed decisions
regarding the selection of materials that align with the desired specifications and operational
requirements. Before starting the material selection procedure design requirements must be
taken into consideration. As stated in Table 3-6 we start with the material selection for the roller
shell.
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Table 3-6: Design requirements for the roller shell.

Function Roller shell

) High Strength, stiffness, wear resistance, corrosion resistance,
Constraints ) )
temperature resistance. High fracture toughness, and hardness.

Objective Minimize the weight, Maximize the overall effectiveness and efficiency

Free variable Choice of material, Thickness of the shell

The main function of the roller shell is to meet the performance specifications for the conveyor
belt, by supporting the belt an ensuring smooth functioning of the belt conveyor. The roller
must have sufficient strength and stiffness to withstand the loads and stresses experienced
during operation. Moreover, roller within the conveyor system must exhibit robust wear
resistance to endure the abrasive effects of friction between the conveyor belt and conveyed
material. Additionally, the selected material should demonstrate corrosion resistance against
moisture and environmental factors. Furthermore, the roller shell material must withstand the
system'’s operational temperatures without degradation and possess low friction characteristics

to minimize energy losses and reduce wear on the conveyor belt.

The wear mechanism, elucidated in Figure 3—10, operates at a microscopic level, with specific
requirements dictated by factors such as load magnitude, velocity, lubrication provisions,
environmental conditions, and the coefficient of friction between interfacing surfaces. Abrasive
wear, characterized by the gradual removal or displacement of material due to frictional
interaction, is prominent between the conveyor belt and roller. This phenomenon is
compounded by the adhesion of iron particles to the belt surface, as shown in Table 3-6
similarly, wear dynamics may manifest within bearings, including the clearance between
bearing balls and the inner ring. To ensure operational longevity, the typical wear rate should
not exceed 0.1 mms3/m per 1000 hours of operation [19], thereby minimizing downtime and
maintenance. Beyond wear resistance, material selection considerations encompass meeting a
minimum hardness value of 60 HRC (Rockwell C scale) to withstand abrasive wear and
maintain dimensional stability under applied loads. Additionally, materials should exhibit
superior fracture toughness exceeding 20 joules at temperatures ranging from -30°C to 40°C.
Temperature independence is crucial, ensuring sustained mechanical properties across a
temperature range of -30°C to 40°C, with materials demonstrating low thermal expansion (<10

pum/m°C) being particularly desirable.
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2-Body Abrasive wear

Surface Plough

/ Wear Debris

Abrasive wear involving
abrasive particle leading to
debris trapped between the
sliding surfaces

ADrasive s——— Wear Debris

3-Body Abrasive Wear

Figure 3—10: Schematics diagram of abrasive wear mechanism [38].

Taking all these constrains into consideration it is needed to keep the main objective which
states minimizing the weight of the idler roller assembly, especially in critical maintenance
areas where manual handling is required. There is freedom to choose materials and thicknesses
for the roller shell, as long as the primary objective of weight reduction is met. The focus is on
finding an optimal balance between structural integrity, durability, and decreased weight. This
approach aims to improve operational efficiency and accessibility during maintenance tasks by

making the roller assembly easier to handle.

As mentioned in Table 3-6 the objective is to minimize the weight of the conveyor idler thus
the following objective function will be used according to Ashby’s method to fulfill the
requirements:

m = ALp = nrtLp, (22)

where m: mass (kg), A: Area (m?), L: length of roller (m), p: density (kg/m?)
As shown in Figure 3—-3 according to the load distribution acting on the central idler, the

deflection is:
5FCenter L3

Senou = —osenter
shell 384E1y_shell

Moreover, the condition of thin walled tube is needed to be full filled.
r
-> 10,
t

where r is the tube outer radius, and t is the thickness. According to the data for the studied
roller, the above condition is satisfied:

Page | 40



197 _ 32> 10
6.2 '

Thus according to [34] the moment of inertia Iy, Of thin walled tube can be replaced by:

I =nr3t.
Hence,
5 _ FCenter L (23)
shell — 9qa
%EAW
From (23) it follows that:
_ FCenter L
4= 382

TE Oshenrt

Inserting A into the objective function equation (22), knowing that the material index is
function of material properties only we get:
FCenter L3

384

m=Lp .
TE5sheuTt

Thus, the following material index should be maximized to get light stiff material

M—E
1=y

Moreover, selected material must be of high strength, to with stand the applied load:

Gyield > O-applied ’

Minax ¥
Gyield I - ’ (24)
y—shell
Frax L
Mmax = mCéx . (25)
Inserting (25) into (24), and solving for A reveals
ﬂy
8
A=—"——.
Oyield rt (26)

Inserting (26) into (22) gives that the following material index M, should be maximized in

order to get strong light material

Oyield
M, = Xee

p
After calculating both M; and M, material indices corresponding to the conditions stated

above, we apply calculated material indices to Granta EduPack software for material selection
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along with the limits that where discussed previously regarding toughness, hardness, and
thermal expansion. Charts were generated and are presented in Appendix C. However, the
resultants materials from those charts are discussed and explained in Table 3-7. Results of
material selection process are presented in Table 3-7 for comparison. As illustrated, CFRP,
Titanium alloys shows priority, among all the other material in term of mechanical properties
Young’s modulus, yielding strength, hardness, and fracture toughness. However when it comes
to the price, both materials shows higher prices than low alloy, steel, and stainless steel.
Moreover, literature stated that mainly stainless steel, and alloy steels are commonly used in
the manufacture of the conveyor roller.

Table 3-7: Comparison of the material selection results materials.

Material

Mechanical Properties

Wear
resistance

Hardness
(HRC)

Toughness
(I/m?)

Approximate
price ($per Kg)

CFRP, epoxy
matrix
(isotropic

High strength-to-weight ratio
Excellent fatigue resistance
Good corrosion resistance
Modulus of elasticity: 70-
140 GPa

Tensile strength: 600-2000
MPa

Moderate

50-60

100-180

20 -150

Low alloy steel

High tensile strength
Good impact resistance
Moderate corrosion
resistance Modulus of
elasticity: 190-210 GPa
Tensile strength: 415-760
MPa

high

25-35

50-120

15-3

Stainless steel

Excellent corrosion
resistance Good mechanical
properties Modulus of
elasticity: 190-200 GPa
Tensile strength: 500-1000
MPa

Moderate to
high

45-65

50-150

3-8

Titanium alloys

High strength-to-weight ratio
Excellent corrosion
resistance Good
biocompatibility

Modulus of elasticity: 100-
120 GPa

Moderate

40-55

50-100

20 - 80

After conducting a comprehensive material selection study, it has been determined that stainless
steel and low alloy steel, with some modifications involving the addition of a coating material
to enhance structural durability, best fulfill the previously stated objectives. However, a review
of the literature reveals that modern technology, as adopted by most manufacturers, favors

composite materials such as CFRP and GFRP (Carbon and Glass Fiber Reinforced Polymers)
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along with polymer materials like High-Density Polyethylene (HDPE) and
Polyetheretherketone (PEEK), including its reinforced variant PEEK GF30 [39]. These
materials offer favorable mechanical properties, light weight, as well as excellent wear and
corrosion resistance. It is worth noting that both PEEK and PEEK GF30 are relatively more
expensive compared to HDPE [39]. Therefore, HDPE emerges as a viable alternative material

alongside stainless steel, warranting further analysis and study.

3.4 Optimization Techniques for Roller Shell Weight

Table 3-8 presents the physical and mechanical properties of the material chosen for analysis
in optimizing the belt conveyor roller by minimizing the weight of the conveyor idler. It is
evident that HDPE exhibits a lower density compared to stainless steel. Conversely, the

modulus of elasticity of stainless steel surpasses that of HDPE, measuring at 1.08 GPa.

Table 3-8: Physical and mechanical properties of High-Density Polyethylene (HDPE) [40].

Physical and Mechanical Properties of High-Density Polyethylene (HDPE)
Density 955 kg/m3

Ultimate tensile strength | 43 Mpa
Yield Tensile strength 28 MPa
Modulus of Elasticity 1.08 GPa
Hardness Rockwell C 52

Before proceeding with the analysis, a simple calculation for the minimum thickness of the
center roller shell should be done to fulfill the condition of shell slope angle not exceeding
0.004 radian to insure that the bearing are functioning properly upon subjected load.

Ysheu = 0.004

3
Fcenter—distributed L

24E1y—shell

< 0.004,

4380 x 0.95°
24 X 1.08 X 109 X 7 X (0.097* — 1%,

< 0.004
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Solving equation (11) get the minimum radius for avoiding this slope angle, we get
Tinner = 80.7mm. Same argument is considered to insure that no failure due to yielding will
occur, Referring to equation (24) it follows that:

My

Gyield > I
y—shell

494 x 0.097 (27)
7% (00974 =t )

inner

28 x 106 >

Solving equation (27) reveals 1i,ner = 90mm, which represent the minimum radius to prevent
failure by yielding. To ensure compliance with both conditions, mainly maintaining a roller
shell angular deflection less than 0.004 radians and preventing failure due to yielding, the
smaller radius option is selected, resulting in 7,50, = 80.7mm . However, for safety
considerations, this value may be subject to adjustment. Moreover, since deflection is extremely
small in case of stainless-steel, similarly to the stress distribution values it’s not taken into
consideration the thickness calculation, however the structural analysis to observe the
maximum values upon new thickness is needed to be performed. Therefore, in the finalized
design, the inner radius is set to be 7j,,., = 75 mm, this implies that the final shell thickness
IS 22 mm striking a compromise between deflection, stress levels, and the objective of
minimizing the weight of the roller.

B: HDPE B: HDPE
Total Deformation

Equivalent Stress
Type: Total Deformation

Type: Equivalent (von-Mises) Stress

Unit: mm Unit: MPa
Time:1s Time: 1s
5/11/2024 7:31 PM 5/11/2024 7:32 PM

1.4934 Max
1.3275
1.1616

1 0.99568
0.82976
0.66385
049794

0.33202
0.16611
0.00019597 Min

0.34631 Max
5 0.30783
0.26935
0.23087
0.19239
0.15392
0.11544
0.076958
0.038479

0 Min

b)
Figure 3—-11: a) Total deformation (mm), b) stress distribution (Mpa) of center roller shell.

Since only deflection slope was taken into consideration in thickness calculation, results of total
deformation and stress levels show variation from the previous studied material for center roller

shell with assigning the new material. The results are presented in Figure 3-11 the deformation
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increases from 0.017 mm to it reaches 0.35 mm. However, the deformation values are still
accepted since the slope deflection condition is satisfied. Similarly, the stress distribution shows
a maximum value of almost 1.5 MPa in HDPE roller, showing maximum at the same section
as previous analysis (bearing housing edge). This reveals that bearing housing hub edge is a

transition section where the load is concentrated.

Volume 1.12832 =007 mm* Volume 3.6956e =006 mm*
Mass 14,343 kg Mass 29,45 kg
Centroid X 8,13942-015 mm Centroid X -5.0284e-015 mm
Centroid ¥ -2,1483e-002 mm Centroid ¥ -2,3692e-002 mm
Centroid 2 475, mm Centroid Z 475, mm
a) b)

Figure 3-12: Geometry properties of the shell rollers a) HDPE, and b) Stainless-steel.
However, still the values are below yielding strength which ensures that the structure is safe
and will not fail under the applied loads. The formula for calculating mass reduction can be
expressed as follows:

Massinitiar — Massgina (28)

% of Mass reduction = x 100

Massnitiar
According to the data presented in Figure 3-12 is follows that:
% of Mass reduction = 50%

Comparing the masses of the structure in both cases reveals a significant reduction of nearly
50%. This reduction translates into tangible benefits for maintenance cycles and repair time
reduction. By implementing the new model with a mass of 14.5 kg compared to the existing
model's nearly 29.5 kg, the objective of weight minimization is successfully achieved. This
reduction in mass not only improves the overall efficiency and performance of the structure but
also streamlines maintenance procedures and reduces repair time. With a lighter structure,
maintenance tasks become more manageable, allowing for quicker inspections, repairs, and
replacements. As a result, downtime is minimized, leading to enhanced operational uptime and
productivity. Thus, the reduction in mass not only fulfills the weight optimization goal but also
contributes to overall maintenance efficiency and operational effectiveness. Moreover,
performed modal analysis for the new roller model ensure that the proposed HDPE material
will not experience resonance phenomena. The results, illustrated in Table 3-9, reveal that the
first 10 mode frequencies of the HDPE material range between 136 Hz and 350 Hz, well outside

the belt's natural frequency of 5 Hz.
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Table 3-9: First 10 mode frequencies modal analysis (High-Density Polyethylene HDPE).

Mode Frequency (Hz) Mode Frequency (Hz)
1 135.99 6 286.11

2 137.07 7 289.15

3 190.15 8 308.3

4 197.07 9 345.12

5 237.76 10 346.88

Moreover, for understanding the effect of dynamic load on the structure’s integrity, a dynamic
analysis has been performed assuming that the structure is subjected to a harmonic periodic
load of intensity 4380 N/m. The provided frequency response graph Figure 3—13 illustrates the
dynamic behavior of roller in response to the harmonic applied load of intensity 4380 N/m. At
its core, the graph shows the relationship between the natural frequencies (Hz) of the system
and the resulting amplitude of its response (mm). Notably, a peak in the amplitude response is
observed in the range of 125-150 Hz, indicative of resonance phenomena within the system,
where the displacement amplitude amplifies till maximum reaching 5.7143 mm. This indicates
that resonance occurs when the excitation frequency matches the natural frequency of the
system which is exactly 140 Hz leading to amplified vibrations. On the other hand, beyond the
resonant frequency, the amplitude gradually decreases, due to the fact that internal damping is
presented within the system. Damping serves to dissipate energy and attenuate vibrations,
ultimately stabilizing the system's response.

57143 4

24618

1.0606

0.4569
L

0.19684

8.48e-2

Amplitude (mm)

3.6533e-2

1.573%-2

6.7804e-3

20. 125, 250, 375. 500, 625, 750, 875, 1000,

Frequency (Hz)

Figure 3-13: Frequency Response of HDPE roller under 4380 N harmonic load.
Therefore, it is obvious that the effect of dynamic load is more severe than that of static load if

applied within a frequency that lays in the range of the natural frequency of the structure, since
upon applying a static load of 4380 N/m the maximum deformation was around 0.4 mm,
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however the same load was applied with a 140 Hz frequency shows directional deformation y-

direction up to 18mm as shown in Figure 3-14.

D: Harmonic Response D: Harmonic Response

Directional Deformation Equivalent Stress

:fpe‘;‘::rcec,t;iga:_geformamn(y Type: Equivalent (von-Mises)
€q y: 140, Frequency: 140. Hz

Sweeping Phase: -42.078 * <
Unit: mm Sweeping Phase: -42.078 °

Global Coordinate System Unit: MPa
4/24/2024 3:38 PM 4/24/2024 3:41 PM

. 18.134 Max
16.031
13.928
11.825

527 Max
. 468.48
{ 409.96
| 351.44

4 97219

o 7.619 292,92
55161 g 2344
34132 | 175.88

I 13103 117.36
-0.79264 Min I 58.841

0.3215 Min
a) b)

Figure 3—-14: a) Directional deformation (y-direction) (mm), b) Stress distribution (MPa).

Hence, to ensure the accuracy of the analysis it’s important to acquire precise load profiles
reflecting the actual structural behavior in real-world scenarios. However due to the lack of this
information in the studied case, force profile was assumed to be harmonic of same intensity as

the calculated static load.
3.5 Estimation of Bearing Lifespan and Maintenance Considerations

From the studies presented before one can conclude that bearing sizing is a fundamental aspect
in the design of conveyor rollers, and it is important for ensuring efficient and reliable operation
of conveyor systems in diverse industrial applications. Proper bearing sizing is essential for
optimizing load-bearing capacity, minimizing friction, and maintaining smooth operation under
varying loads and operating conditions [41]. By accurately sizing bearings to match specific
application requirements, manufacturers can effectively mitigate the risk of premature bearing
failure, extend bearing life, and reduce the need for frequent replacements, ultimately enhancing
the overall performance and longevity of conveyor rollers [41]. As mentioned before behind
shell failure, the most critical causes of idler replacement is bearing failure [24]. Figure 3-15
shows major type of bearing damage observed include increased gaps due to plastic
deformations (42.3%), corrosive wear (30.7%), fretting corrosion (11.6%), fractures (8.2%),

surface fatigue wear [41].
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Figure 3—-15: % of major bearing damage.

Accurate bearing sizing directly impacts bearing life estimation and can plays an important role
in indicating premature bearing failure, causing of roller malfunctions and unplanned downtime
in conveyor systems. Bearings that are undersized or inadequately matched to the application
may experience excessive wear, fatigue, and overheating, leading to accelerated bearing
degradation and reduced service life. Consequently, frequent bearing failures necessitate
frequent roller replacements, resulting in increased maintenance requirements, downtime, and
associated costs that can significantly affect the operational efficiency and productivity of
conveyor systems. By prioritizing accurate bearing sizing and proactive maintenance practices,
industries can optimize bearing life, minimize the frequency of roller failure and replacement,

and ensure the long-term reliability and cost-effectiveness of their conveyor systems.

The studies offer a view into the factors leading to the replacement of idler rollers positioned at
both the center and sides of conveyor systems. A common finding across these studies is the
prevalence of bearing failure, often attributed to contamination, vibration, and friction-induced
wear of the outer shell of the roller. Additionally, the accumulation of particles on the belt
further exacerbates wear issues. The upcoming investigation is focused on an in-depth analysis

of these pivotal aspects concerning idler rollers.

Estimation of the bearings lifespan in conveyor rollers enables organizations to adopt a
proactive approach to maintenance, resulting in increased reliability, cost savings, and safety
benefits for their operations. However, this estimation is not as simple as it looks like since
there are many assumptions and factor that must be taken into account during the calculation

process. First conditions to choose which method to be used in estimation of bearing life is the
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lubrication condition. Figure 3—16 shows the lubrication regimes of an operating bearing, there
are three primary regimes illustrates the interaction between the lubricant and bearing surfaces
boundary, mixed, and full-film lubrication. Boundary lubrication involves a very thin film of
lubricant, leading to intermittent metal-to-metal contact and high friction. Mixed lubrication
combined aspects of both boundary and full-film regimes, with a thicker but incomplete
lubricant film, occurring during transient conditions. Full-film lubrication, the ideal state,
features a continuous, thick lubricant film that fully separates bearing surfaces, minimizing
friction and wear for optimal performance. Each regime's occurrence depends on factors like
load, speed, and lubricant properties. As stated in Figure 3-16 there are three-lubrication
regimes each depends on the condition of viscosity ratio k:

k=2 (29)
V1
where:
v rActual viscosity of the lubricant at bearing operating temperature (mm?/s).
v; - Rated viscosity depends on the operating speed, and mean diameter of the bearing
(mm?/s).
There are three main types of lubrication regimes according to viscosity ratio k:
e [k <0.1 boundary lubrication.
e 0.1 <k <4mixed lubrication.

e k> 4 hydrodynamic lubrication (full — film lubrication).

Boundary lubrication

Hydrodynamic lubrication

Mixed lubrication

Friction

coefficient

rotational speed
(rpm)

Figure 3—-16: Types of lubrication regimes [42].

Thus, according to this condition the type of estimation can be done. If the bearing is operating
in a full-film condition, constant loading, and appropriate speed, then bearing basic rating life
is used to estimate the bearing lifespan. On the other hand if the bearing is operating in boundary
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lubrication regime, low speed (below 10 rpm), sudden loading conditions, then static safety
factor method is used to estimate bearing safety. Finally, if the bearing is operating in mixed
lubrication condition with constant loading then basic rating life is used else if the bearing is in
mixed lubrication condition, but subjected to sudden loadings and peak loads then static safety
factor method is used. In this study the bearing used in the conveyor idler is 6308 SKF bearing,
bearing data sheet is enclosed in Appendix C.

The lubrication condition (viscosity ratio k) is needed to be checked. It is assumed that used
lubricant is SKF LGMT 2 (general purpose industrial and automotive NLGI 2 grease).
According to the viscosity clarification (3448, Lubricant ISO VG100) from [43] the base
viscosity is 110 mm2/s at 40 °C, and 11 mm2/s at 100 °C.

However, the operating temperature of the bearing is assumed to be 70 °C, then interpolating
between these values the viscosity is 60.5 mm?/s.

Studying the center roller, it is assumed that there are no friction losses. Thus there is no
slippage between roller and bearing. The mean diameter D,,.,, and the bearing operating roller
speed 1., are as follows

D + D;
Dmean — outer inner — 65mm.

1000 X 60 X Vpoyy (30)

)

Nyoller =
T X Dcenter—roller

Nyolter = 285rpm .
where D.onter—rotier = 194 mm is the center roller diameter, v,,.;; = 2.9 m/s.

According to the data provided by SKF [29], the rated viscosity is 45 mm?/s.
Applying equation (29) we get:

k—w5—1M4
45 7 '

The calculation of the viscosity ration reveals that the bearing is operating in mixed boundary
lubrication condition, and since the study is on a center carrying idler, and upon conveying that
there is no variations of the load, the load is assumed to be constant. Therefore, basic bearing
rating life method is used to estimate the lifespan of the bearing.

Bearing basic rating life can be calculated according to ISO standards (ISO 281:2007), knowing
that the provided equation is with 90% reliability which means that the bearing have 90%
chance to reach or exceed L,, and 10% to fail before reaching L,,. This formula represents the

bearing life, the number of revolutions or the number of operating hours at a given speed that
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the bearing is capable of enduring before the first sign of metal fatigue. L,, Formula only
capable for (Rolling Contact Fatigue, RFC), but there are several factors that affect the bearing
life:

e Lubrication conditions.
e Internal bearing clearance.
e External conditions.

For lubrication condition as we calculated before (mixed lubrications) supposing constant
load then (Bearing Basic Rating Life) formula [19] ISO 281:2007 is as follows:

C\P (31)
ho=(5)
where:

C: constant stationary load which a bearing can theoretically endure for a basic rating life of
1 million revolution (MR) [29].
P dynamic equivalent load [29].
P: correlation constant: p = 3 for ball bearing , p=3/10 for roller bearings. [19].
As calculated before, the load acting on the shaft is 4380 N calculated before for a shaft diameter
of 40 mm as mentioned in Table 3-1. As a first step in calculating the bearing basic rating life,

the minimum requested load F,,,;,,, according to the manufacture data sheet [29] is as follows:

Fpin = K.C, (32)

where coefficient K, = 0.03, and basic dynamic loading C = 42.3 kN are given by
manufacturer data sheet [29].
The condition (32) needs to be satisfied, i.e. applied minimum load F,,;,, should be at least
greater or equal to the minimum requested load:

Fpin = 0.03 x 42.3 = 1.27 kN. (33)

Total applied load on the shaft due to materials weight, weight of the belt, and roller is
F.o: =4.38 kN. Thus, each bearing will experience % =2.19 kN. Since % > Fpn, the
requirement (33) is fulfilled.

There is another condition to be satisfied, namely, the bearing speed n,; should be less than
so-called limiting speed n;;,,, = 17000 rpm, and reference speed n,.., = 11000 rpm given by
manufacturer [29].

ny < Nyim, Np < Nyey (34)
Since n, = 285 rpm, thus condition (34) is satisfied.
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Figure 3-17: Free body diagram a) combined axial, radial loading, b) pure radial loading [29].

Calculating the ddynamic equivalent load P, the following equation is used [29]:

P =XE +YF,. (35)
where X, and Y are constants corresponding to radial, and axial load share factors values are
mentioned in bearing data sheet [29]. F., and F, represents the loads in radial and axial direction

respectively.

For deep groove ball bearings it appears that P=Fr as long as I;—: < e where Fa being the axial

load and Fr the radial load. However if I;—z > e then the equivalent bearing load P is calculated
using equation (35).
In the studied case as mentioned before studying the center idler, and assuming that the force
in distributed uniformly in radial direction, and there is no load acting in axial direction. Thus,
YF, is zero and dynamic equivalent load P is reduced to the following:

P =FE = 2190N.

However, in the case of axial load wing roller case. X, Y can be derived from calculation factors

for deep groove ball bearing K},;, according to the ratio refer to SKF bearing data tables [29]:
_ foFa (36)

where f is the calculation factor, Cybasic static load rating [29], and we get the values of X, Y,
from table of Calculation factors [29]. However, in this case there is no need for this procedure
since it is assumed that only radial force is applied.

Plugging the calculated values C=42.3 kN and P=2.19 kN into equation (31):
Ly = (42'3)3 = 7206 MR
REERVETY '
where (MR) is million revolution.

Transferring L, to working hours L,y according to [29], give the following
6

L = 10 Lo =421,386 h 37)
10H = gg 10 = ) ours
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Thus the working hours of the chosen bearing is 421,386 hours which is quit number of
working hours however, it’s important to keep in mind that the calculations is done for the
Rolling contact fatigue (RCF) with an assumption of ideal operating conditions assuming no
clean conditions, no excessive load, well lubrication condition, and suitable operation speed of
3m/s. Neglecting the external conditions such as dust and water presence which plays a crucial
role upon operation.

Comparing the calculated life hours with the recommended life of bearing which is (40,000-
50,000) hours for 24 hours continuous working machines in our case conveyor idler [29], we
get 421,386 hours > 50,000 hours .This indicates that the bearing is operating under less
severe conditions than expected. That could be due to factors such as lower loads, slower
speeds, or better lubrication than initially assumed. Although the above calculation indicates
that the bearings used in this application in the assumed loads, speed, and lubrication conditions,
but there are other factors that affect the operation of the bearing such as environmental
conditions, moisture, dust, and dribs contamination. A summary for the above calculation is

presented in Appendix B.

3.6 Contamination Problem Solution
After the lifespan estimation of SKF 6308 bearing, that is used in the most idlers available in

the market, analysis indicates that the lifespan of the bearing is much greater than the
recommended bearing life provided by SKF, however going to the practical case it shows that
the bearing are still failing due to other reasons such as environmental conditions, contaminants
accumulation on the bearing raceway, which incase increases friction, wear, and the risk of
premature failure. Thus, the idea of using a shield bearing as shown in Figure 3-18 comes out
to provide additional protection for the bearing, moreover preventing debris from accumulating
in the bearing raceway.

. — Outer race

— Inner race

Cage

Figure 3—18: Rubber shield bearing cross-section [43].
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In the application of conveyor systems, the choice of bearings plays an important role in
ensuring efficient and reliable operation. Table 3-10 provides a detailed comparison between
traditional and rubber-shielded bearings of the same series, highlighting the advantages of
rubber shielded bearings, and what might be challenging. Rubber shielded bearings offer an
effective barrier against contaminants such as dust, dirt, and moisture, reducing the risk of
contamination accumulation within the bearing assembly and thereby extending the bearing life
and enhancing overall reliability [43]. Furthermore, the incorporation of rubber shields
contributes to noise and vibration reduction, resulting in a quieter and smoother operation of
the conveyor system. However, it's important to note that this type of bearing may experience
slightly higher friction due to the presence of the rubber shield between the inner and outer
races of the bearing. Additionally, rubber shielded bearings may incur a slightly higher initial
cost compared to traditional bearings due to the added expense of the rubber seals or shields
[43]. Despite these challenges, the extended service life and reduced maintenance requirements

offered by rubber shielded bearings often justify the investment, leading to long-term cost

savings.
Table 3-10: Comparison between normal and rubber shielded bearings.

Aspect 6308 Bearing 6308 Rubber Shielded Bearing

Design Open design no shields Rubber seals or shields on both sides

Contamination | Minimal contaminants Provides an effective barrier against dust,

Protection protection. dirt, and moisture ingress

Lubrication Requires regular lubrication | Retains lubricant more effectively due to
rubber shields

Friction Generally lower friction Slightly higher friction due to rubber
shields

Noise Generate more noise Rubber shields help dampen vibrations,
resulting in quieter operation

Maintenance Requires periodic cleaning Shields may require occasional cleaning,
but maintenance intervals are generally
longer

Cost Lower initial cost Slightly higher initial cost due to rubber
seals or shields

In bearing systems, shield bearings serve a crucial role in protecting the internal components
from contaminants and ensuring smooth operation [43]. These bearings can be sealed on either
sides or only one side, offering different levels of protection depending on the application
requirements. Sealed bearings provide a barrier against dust, dirt, and moisture ingress,
minimizing the risk of contamination and extending the bearing life [43]. They can be further

classified into contact and non-contact seals, where contact seals create a physical barrier
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between the bearing and the environment, while non-contact seals rely on clearance gaps to
prevent contamination ingress. Each type of seal has its advantages and limitations, and the
choice depends on factors such as operating conditions, maintenance requirements, and desired
level of protection [43]. Although studies demonstrate the benefits of shielded bearings, but
various factors can influence their performance. Thus, experiments comparing them with non-
shielded bearings are essential. These experiments should analyze contamination protection,
lubrication, friction, noise reduction, maintenance, and cost-effectiveness. Conducting such
experiments helps in understanding the characteristics and performance of shield bearings, and
provides valuable insights to optimize bearing selection for conveyor idler applications.
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Chapter 4: Discussion & Conclusion

In conclusion, identifying failure causes and considering the position of each replaced idler is
an essential procedure that a maintenance teams would have for crafting targeted solutions for
the failures are facing in the facility, streamline their efforts, leading to more effective and
timely solutions, reduced downtime, and improved system reliability. The comprehensive
analysis conducted on the conveyor idler rollers within the LKAB facility in Narvik has offered
understanding into their static, dynamic behavior, failure modes, and potential avenues for
improvement. Through a multifaceted approach covering static, modal, failure mode and effects
analysis (FMEA), and material selection, this thesis have identified critical areas of concern

and proposed targeted solutions to enhance the reliability and lifespan of the conveyor rollers.

The static analysis results have provided data on the structural integrity and load-bearing
capacity of the idler rollers, guiding our material selection approach. By integrating these
findings into the material selection process, we have identified lightweight yet robust materials
such as advanced engineering plastics such as High-Density Polyethylene (HDPE),
Polyetheretherketone (PEEK), and composite materials such as CFRP and GFRP (Carbon and
Glass Fiber Reinforced Polymers), which offer a balance of strength, stiffness, and wear
resistance. Performed FEA shows that the stress distribution among the center idler decreases
from maximum of 4 MPa in the existing roller, till it reaches 1.4 MPa in the proposed material
(HDPE). Moreover, shell deflection of central idler was 0.34 mm for the proposed material
(HDPE), with a shell thickness of 22 mm which lays on the acceptable range of deflection,
showing a mass reduction of 50%, where the shell mass decreases from 29.5kg stainless-steel
to 14.5 kg for HDPE.

Moreover, modal analysis conducted in this study has provided some understanding into the
vibrational behavior of the idler rollers, informing our design considerations for conveyor
systems. By identifying mode shapes corresponding to specific natural frequencies we gained
a deeper understanding of the dynamic characteristics of the idler rollers. Additionally, the
modal analysis revealed that the first ten mode frequencies of both the existing and proposed
idlers fall outside the critical frequency range of the belt, which is 5 Hz and the range of 290-
950 Hz for the stainless-steel and 136-350 Hz for HDPE, respectively. This indicates that

neither models is subjected to resonance phenomena, reducing concerns regarding potential
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resonance-induced vibration. Consequently, this finding allows for greater flexibility in
adjusting the velocity of the belt, as the risk of resonance-induced vibration is minimized.
Overall, the modal analysis serves as a crucial tool in optimizing the design and operation of
conveyor systems, ensuring reliable performance and minimizing the risk of vibration-related
Issues.

Additionally, the in-depth study of bearing lifespan conducted in this research has yielded
notable results regarding the divergence between theoretical calculations and practical
outcomes. It has been discovered that the used bearings are seemingly overdesigned, with a
calculated lifespan exceeding the manufacturer's provided value by approximately 350,000
working hours, far surpassing the specified hours by manufacturer which is 50,000 hours [29].
Despite this obvious excess in calculated lifespan, the bearings are still experience failures in
real-world application scenarios. This deviation emphasizes the critical importance of
considering operational conditions in the bearing sizing and selection process. While theoretical
calculations may indicate sufficient bearing capacity, practical operating conditions can
introduce unpredicted challenges and stresses that affect bearing performance. Therefore, it is
imperative to conduct further experiments that take into account the specific operating
conditions and environmental factors encountered in real-world applications. By incorporating
such considerations into the bearing selection procedure, to ensure more accurate and reliable
bearing performance, and ultimately enhancing the longevity of the idler in the facility. In
summary, continuous refinement suggestions are presented in the coming chapter aiming to
boost system performance and longevity, enhancing mining operation productivity for LKAB

mining conditions.
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Chapter 5: Further Work

While this thesis explores various aspects of conveyor belt rollers, starting from static and
dynamic structural analysis, bearing failure assessment and lifespan calculations, and finally
material selection for roller shells, there remain areas for exploration, future studies can
capitalize to enhance existing solutions, investigate innovative technologies, and formulate
comprehensive strategies aimed at enhancing the performance, durability, and sustainability of

conveyor rollers.

e Idler Monitoring Procedures

At LKAB Narvik facility, a targeted approach to enhance idler replacement procedures is
proposed. This involves implementing a standardized inspection protocol to ensure thorough
assessments and detailed documentation of replacement causes and idler positions. This helps
in investigation root cause for idler failure, facilitating the process of generating targeted

solutions for the failure causes.

e Dynamic Analysis and Loading Simulation

Modal analysis provides basis information for the dynamic behaviour of conveyor rollers,
aiding in the identification and mitigation of resonance phenomena. By examining natural
frequencies and mode shapes, it is possible to can adjust design parameters for optimal
performance. Further studies can explore the effects of dynamic loading conditions, simulating
scenarios encountered in the LKAB Narvik facility. Understanding these dynamics informs
design modifications to minimize vibration and enhance performance under real-world

conditions.

e Shaft-less / Hollow Shaft Designs

One promising study is of shaft-less rollers, which eliminate the traditional shaft design,
offering advantages like reduced costs, simplified maintenance, and increased conveyor
flexibility. Another area of interest is the exploration of hollow shafts in roller design, which
can achieve weight reduction while maintaining strength and stiffness. Hollow shafts have the
potential to enhance structural efficiency by optimizing material distribution along the roller

axis.
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e Bearing, Solid / Dry Lubricant Studies

A comprehensive study that emphasizes the importance of considering environmental factors
in bearing selection and operational conditions can be performed, along with an experimental
investigations at LKAB Narvik facility focus on assessing the static safety factor of bearings
and optimizing design. Additionally, further analysis and experiments are proposed to validate
the effectiveness of using "Rubber Shield Bearings" to prevent contamination accumulation.
Moreover, the analysis of lubrication conditions offers another approach for addressing
contamination concerns, by exploring alternative lubrication options such as solid or dry
lubricants could enhance lubrication performance while mitigating contamination risks in
conveyor systems. Further research in this area promises data into optimizing conveyor idler
reliability.

e Bearing housing (Damped material Coating)

The operation of a rotating element at critical speeds frequently causes a high level of
mechanical vibration, noise and excessive wear. An important objective regarding rotating
elements is either to eliminate major resonances or to avoid operating the equipment at speeds
which could induce them. All shaft/bearing systems have a large number of frequencies at
which they tend to vibrate. These are the so-called eigen frequencies or natural frequencies.
They are determined by the mass and stiffness distribution of the shaft as well as the location
and stiffness of the supporting bearings. Sometimes the compliance of the housing also has a
significant influence [44]. The vibrating system of the idler bearing can be modeled according
to Figure 5-1-1, and studied explicitly, by performing modal, and dynamic analysis of the

rolling elements of the idler.

Damping sources in rolling contacts
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Figure 5-1-1: Damping source in rolling element [44].
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The idea of applying damping coatings to bearing housings may help reducing vibrations and
minimizing noise levels in rotating machinery. These coatings are typically viscoelastic in
nature, meaning they possess both viscous and elastic properties. As a result, they can absorb
and dissipate mechanical energy generated by vibrations, thereby reducing the transmission of
vibrations to the surrounding structure. By reducing vibration levels, these coatings help
minimize wear and fatigue on bearing components, extending their service life and reducing
the likelihood of premature failure. However, it's important to note that the selection and
application of coatings for bearing housings depend on various factors, including the specific
operating conditions, environmental factors, material compatibility, and cost considerations.
Therefore, while damping coatings may not be as widely used as other types of coatings, they
can still offer valuable benefits in certain applications where vibration damping is a priority.
Knowing that most of the damping coating materials are viscoelastic, the viscoelastic properties
of the coating allow it to conform to irregularities in the sealing surfaces, creating a more
effective and reliable seal against contaminants .Therefore, in such a study, it is promising
examine two critical aspects contributing to conveyor idler (vibration and dribs contamination)

both of which are recognized as significant factors leading to bearing failure.

e Thermal Analysis (HDPE Roller)

The selection of HDPE as the roller shell material offers numerous advantages, including
corrosion resistance, low friction, lightweight design, impact resistance, cost-effectiveness,
ease of fabrication, and environmental sustainability. These qualities make HDPE an ideal
choice for conveyor rollers. However, while HDPE excels in these areas, its thermal properties
are inferior to those of aluminum, steel, and stainless steel, which have higher thermal
conductivity, lower coefficients of thermal expansion, higher melting temperatures, and greater
thermal stability. Consequently, thermal analysis is imperative to assess the thermal
performance of the proposed material under operating conditions.
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Appendix A
A.1 Analysis Set-up

Static Structural Analysis (Shaft and Roller):

Experimental Set-up for the center roller shaft static analysis, after importing the geometry
that have be drawn before in Solid works to Ansys Workbench software start with
assigning the material type for the shaft that was chosen to be Stainless steel. Proceeding

to meshing stage after assigning the shaft material set the mesh type and size:

Figure A-1: Shaft meshing
Quadratic mesh type was used in meshing the shaft element however, in the bearing place it is
a critical area thus the mesh size was finer 5mm, however, the rest of the shaft the mesh size
was 10mm.
After meshing the element shown in Figure A-1we apply the boundary conditions as shown
in Figure A-2.
Upon setting the analysis, shaft is assumed to be fixed ended at both sides thus there exists
reactions forces and moments acting in all directions (X, y, z), insuring that the shaft will
remain fixed. Below is a 2D figure and analysis set up showing the reactions on the shaft, for

reactions visualization.

Fixed end Fixed end

/ \

Figure A-2: Shaft support
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Apply the loads and run the analysis to get the deformation and the stress distribution. Note
that the assuming that the distributed load is applied at the bearing place and the distributed
load is divided by half. Moreover the weight of the shaft was also assumed during the

analysis.

Figure A-3: Shaft loading conditions.

Roller Shell Analysis Set-up Ansys Workbench:

Similar, steps was done for the roller analysis from material selection to meshing the element.
However, for the roller shell it is assumed to be fixed supported in (X, y, z) direction, While, it

is only allowed to rotate along its axis (x-axis).

For the loading conditions it’s assumed that the load excreted by the material to be uniformly

distributed over the upper face of the roller with an intensity of 4610N/m. Moreover, the own

weight of the roller was taken into consideration upon performing the simulation

Figure A—4: Roller boundary conditions
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Roller Shell Analysis Set-up Ansys Mechanical APDL.:

For this simulation, first we assign the type of analysis as structural analysis, then element type
was chosen to be beam element 188, after that the beam section was defined as a hollow

cylinder, after that assign material properties and model the geometry.

Main Menu <]
eferences 5 7 Beam Tool

eprocessor o
Element Type
Real Constants Name
Material Props
Sections

Section Library
E Beam

I
1]
o -
P 1]
Custom Sections
Taper Sections D
B Plot Section - |
Sect Control
B NL Generalized @
B Composite Sections d
Shell Ri

Pretension
Joints Ro 0.097

Reinforcing N
Pipe

Link

Axis OK Apply
Contact 3
List Sections e Licicy

E Delete Section

H

Help | Meshview

...... .

Figure A-5: Defining section Ansys Apdl

Mesh element size was chosen to by 0.025 due to software limitations (student version), as
shown below.

' MeshTool
| [ESIZE] Global element sizes and divisions (applis only Element Attibutes:
to "unsized" lines)
SIZE Element edge length

NDIV Mo. of element divisions -

- (used only if element edge length, SIZE, is blank or zero)

'

0K

Help Size Controls:

{PREPT) [mat=1 [type=1 [real=1 m =N =
Figure A—6: Roller meshing details Ansys Apdl

After meshing the geometry, structural constrains was applied along with the loads as shown
below. Upon setting up the analysis, the analysis is now ready for solution.
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[D] Apply Displacements (U,ROT) on Nodes

Lab2 DOFs to be constrained All DOF I
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If Constant value then:
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VALUE Displacement value

OK Apply Cancel | Help ‘

Figure A-7: Roller boundary conditions details Ansys Apdl

Modal Analysis Set-up and Mode shapes:
Modal analysis focuses on stiffness and mass-dependent factors, so only the supports will be
applied for the structure. Moreover, due to software limitations on meshing elements, a

default meshing option was chosen:

Fixed Support
Cylindrical Support: 0. mm.

Figure A-8: Roller Support and meshing conditions.

After running the analysis, mode frequencies were extracted and discussed in Table 3-5, in
addition to the mode shapes that are presented in Table A-1. Mode shapes represent the
vibrational patterns or shapes assumed by a structure in response to an excitation or external
load, these modes are characterized by their displacement patterns, and number of mode shapes
corresponds to the number of degree of freedoms of the system. These mode shapes can be
bending, torsional, axial, shear, and combined modes, and each of these modes is associated to
a natural frequency, which represent the frequency at which the structure vibrates most
efficiently in that particular mode in that particular shape. As previously discussed, the modal
analysis reveals distinct mode shapes, each associated with a specific natural frequency. Table
A-1 illustrates the amplified deformations of mode shapes alongside their corresponding
natural frequencies. Note that the numbers presented in the table below corresponds to the mode

frequencies presented in Table 3-5 respectively.
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Table A-1: Mode shapes corresponding to mode frequencies for center shaft and roller.
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A.2 Product design phase: Function and mean tree (Conveyor Idler)

In the rational method of product design, the Function and Mean Tree is established to set the

functional requirements of the roller. Moreover, once these functions are identified, the

specification tree mentioned in the report is then developed to outline the detailed specifications

necessary to fulfil those functions effectively. Additionally, for other specifications of conveyor

system technical drawing of LKAB TR010 Narvik Facility [32] will be also presented below.
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Appendix B: Supplementary Study

a) Analytical Calculation For Wing Idler:

\ )2

‘ 45°

1834 N/m

Figure B—1: Wing Roller position
First we start by drawing the free body diagram of the roller; and replacing each of the support

by its equivalent components, similarly for the triangular distributed load and rollers own
weight.

Figure B—2: Wing Roller Free body diagram

Where; RA, RB are the components of the pin supports at points A, B respectively, mg represent
the rollers weight acting at the middle of the roller positioned vertically downward. Moreover,

the distributed load is replaced by its resultant force placed at a distance one third from the
biggest side.

Now solving the equilibrium equations:

ZFx =0 1)
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Z E. = RA, — RB, —mgcos(45) =0

D E=0 )

L
> F, = RAy + RB, —mg sin(45) - (550 x5} = 0

z My, =0 3)
z M, = (RByL) — mg sin(45) * (%) - (550 X %) X g =0

Solving Equilibrium equations reveals:
RB, = 100N, RA, = 150N

But, still the x-components of the supports at A, B are unknown due to the fact that the above
system is a statically indeterminate system, where the number of unknowns is greater than the

number of equilibrium equations.

Therefore, to solve such a system, compatibility equation is needed. Since the supports are
excreting forces in x-direction, preventing the displacement of the roller in that direction.
Then using the equation of total displacement in roller equals to zero:

Atota1= Dpp + Apc=0 (4)

RA,

Figure B-3: Wing roller free body diagram
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Therefore, the 4™ equation (compatibility equation) will be as follows: Now applying a

cut at section D, C respectively,

Fgp

Figure B—4: Wing Roller cuts section C, D respectively

From section D, C Y. E, = 0 respectively:
Section D:
—RBy = Fpp
Section C:
—Fpc — RB, —mg cos(45) =0

Fpc = —(RB, + mg cos(45)) =0

But as stated before total deformation of the roller is zero. Therefore:

Atotai= Bpp + Apc= 0
Thus,
L
A~ TRBL _ —RB:5
BD™AE ~  AE

L
—(RB_ + mg cos(45)) >
AE

Apc=

A : Cross-section area of roller, E modulus of elasticity.
Inserting Agp, Apc into 4 and solving for RB, reveals:
RB, = —54N; substituting in (1) thus RA, = 53N
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Wing Idler APDL Analysis Results:

NODAL SOLUTION

a) b)

Figure B-5: Wing roller shell a) Von-misses Stress (Pa), b) Deflection (m)

Beam Deflection Equation Integration Method:

Another way to calculate the maximum deflection in a beam other that using the formulas
directly is to derivate the beam deflection curve. For the studied case, it is assumed to be fixed
supported at both ends the after applying the integration of equation. Integrating the following

equation we get shear force:

d?y (38)
EIX|{—|=M
()
d3y (39)
El X ﬁ = (Fcenter_distributed) x+A4,
Integrating (39) to get moment equation:
EI x &y = (F, istri )x—2+Ax+B (40)
dx? - center_distributed 2 ’
Integrating (40) to get the slope equation:
Elx(d—y)—(F o) 2 pr e (1)
dx - center_distributed 6 2 ’
Finally, integrating (41) to get the deflection equation:
x* Ax® Bx? (42)
Ely = (Fcenter_distributed) ﬁ + T + T +Cx+D,

Now applying the boundary conditions of fixed ends, and calculate the integration constants.
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b) Bearing study Summary

Theoretical lifespan of bearings Rolling contact fatigue (RCF) estimation is based on factors
such as load, speed, lubrication, and material properties. However, in practical applications,
bearings may fail before reaching their calculated fatigue life due to various reasons.

Table B-1: Factors influencing bearing performance and lifespan in conveyor systems

Factors Description

Operating Higher loads, elevated temperatures, inadequate lubrication, or

Conditions contamination that may accelerate fatigue damage and lead to premature
failure.

Dynamic Load | Rapid changes in load or speed, as well as shock loads or vibrations, can

Variations increase stress concentrations in the bearing and shorten its lifespan.

Material Defects | Inherent material defects or manufacturing irregularities in bearings can
reduce their fatigue strength and compromise their reliability, can lead

to premature failure, particularly under high-stress conditions.

Environmental | Harsh operating environments, exposure to contaminants, or corrosive
Factors substances can degrade bearing materials and lubricants, leading to
accelerated wear and fatigue. Environmental factors that are not
accounted for in RCF calculations can significantly impact bearing

performance and lifespan.

As a conclusion bearings may fail before reaching their calculated fatigue life. Therefore, while
RCF calculations provide valuable insights into bearing performance and reliability, it's
essential to consider real-world operating conditions and potential failure modes when
assessing bearing lifespan and implementing maintenance strategies. Regular monitoring,
proper maintenance practices, and selecting bearings with sufficient margin can help mitigate

the risk of premature failure and ensure reliable operation in practical applications.
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Appendix C
\nsys Stage 1: Young's modulus (GPa) vs. Density (kg/m*3)
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\nsys Stage 2: Yield strength (elastic limit) (MPa) vs. Density (kg/m*3)

GRANTA EDUPACK
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4/7/24, 1:31 AM Lubrication condition — the viscosity ratio, kK | SKF

diagram 2 - Estimation of the rated viscosity v,

Rated viscasity vy [mm2/s

1000~ T .
£
500 4 ~ - : 5
70
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dm =05 (d + D) [mm]
Green shading shows the area where nd,, < 10,000 [mm/min]. At these lower nd,, values,
AW or EP additives are needed to reduce wear.

Orange shading shows the area where nd,, = 500,000 [mm/min] for up to 200 mm
bearing mean diameter, and nd,, = 400,000 [mm/min] for larger bearing mean diameters.
At these higher nd,, values, operating temperature must be given more attention. Certain
bearing types, such as spherical roller bearings, tapered roller bearings and spherical
roller thrust bearings, normally have a higher operating temperature than others, such as
deep groove ball bearings and cylindrical roller bearings, under comparable operating
conditions.
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417124, 7:37 PM Lubrication condition — the viscosity ratio, kK | SKF

diagram 2 - Estimation of the rated viscosity v,

Rated viscasity vy [mm2/s
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Green shading shows the area where nd,, < 10,000 [mm/min]. At these lower
nd, values, AW or EP additives are needed to reduce wear.

Orange shading shows the area where nd,, = 500,000 [mm/min] for up to 200 mm
bearing mean diameter, and nd,, = 400,000 [mm/min] for larger bearing mean
diameters. At these higher nd,, values, operating temperature must be given more
attention. Certain bearing types, such as spherical roller bearings, tapered roller
bearings and spherical roller thrust bearings, normally have a higher operating
temperature than others, such as deep groove ball bearings and cylindrical roller
bearings, under comparable operating conditions.
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4/7/24, 1:33 AM Lubrication condition — the viscosity ratio, kK | SKF

diagram 1 - Viscosity-temperature diagram for ISO viscosity grades

(Mineral oils, viscosity index 95)
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4/7/24, 4:41 AM Selecting grease or oil | SKF

diagram 2 - Relubrication intervals at operating temperatures of

70 °C (160 °F)
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4/7/24, 4:42 AM Selecting grease or oil | SKF

table 1 - Bearing factors and recommended nd,, limits

Bearing type? Bearing Recommended nd, limits for
factor load ratio
by C/P = C/P = C/P =
15 8 4
- - mm/min
Deep groove ball bearings 1 500 400 300
000 000 000
Angular contact ball bearings 1 500 400 300
000 000 000
Self-aligning ball bearings 1 500 400 300
000 000 000

Cylindrical roller bearings

- non-locating bearing 1,5 450 300 150
000 000 000

— locating bearing, without external axial

loads
or with light but alternating axial loads 2 300 200 100
000 000 000
— locating bearing, with constantly acting 4 200 120 60 000
light axial load 000 000
— without a cage, full complement? 4 NA3 NA3 20 000
Needle roller bearings
- with a cage 3 350 200 100
000 000 000
Tapered roller bearings 2 350 300 200
000 000 000
Spherical roller bearings
— when the load ratio F,/F, < e and d,,, = 800
mm
series 213, 222, 238, 239 2 350 200 100
000 000 000
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4/7/24, 4:42 AM Selecting grease or oil | SKF

series 223, 230, 231, 232, 240, 248, 249 2 250 150 80000
000 000

series 241 2 150 80000 50000
000

— when the load ratio F,/F, < e and d,,, > 800

mm
series 238, 239 2 230 130 65000
000 000
series 230, 231, 232, 240, 248, 249 2 170 100 50000
000 000
series 241 2 100 50000 30 000
000
— when the load ratio F,/F, > e
all series 6 150 50000 30 000
000
CARB toroidal roller bearings
- with a cage 2 350 200 100
000 000 000
— without a cage, full complement? 4 NA3 NAS 20000
Thrust ball bearings 2 200 150 100
000 000 000
Cylindrical roller thrust bearings 10 100 60000 30000
000
Needle roller thrust bearings 10 100 60000 30000
000
Spherical roller thrust bearings
— rotating shaft washer 4 200 120 60 000
000 000

DThe bearing factors and recommended nd, limits apply to bearings with standard internal geometry and standard
cage execution. For alternative internal bearing design and special cage execution, contact the SKF application
engineering service.

2)The t; value obtained from diagram a needs to be divided by a factor of 10.

3)Not applicable, as a bearing with a cage is recommended for these C/P values.
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4/7/24, 1:32 AM Lubrication condition — the viscosity ratio, kK | SKF

Table 1 - Viscosity classification to ISO 3448

Viscosity grade Kinematic viscosity limits at 40 °C (105 °F)

mean min. max.
- mm?2/s
ISOVG 2 2,2 1,98 242
ISOVG 3 3,2 2,88 3,52
ISOVG 5 4.6 414 5,06
ISOVG 7 6,8 6,12 7,48
ISOVG 10 10 9,00 11,0
ISOVG 15 15 13,5 16,5
ISOVG 22 22 19,8 24,2
ISO VG 32 32 28,8 35,2
ISO VG 46 46 414 50,6
ISO VG 68 68 61,2 74,8
ISO VG 100 100 90,0 110
ISO VG 150 150 135 165
ISOVG 220 220 198 242
ISO VG 320 320 288 352
ISO VG 460 460 414 506
ISO VG 680 680 612 748
ISOVG 1000 1000 900 1100
ISOVG 1500 1500 1350 1650

Page | 85

https://www.skf.com/caribbean/products/rolling-bearings/principles-of-rolling-bearing-selection/bearing-selection-process/bearing-size/size-selecti. .. 1/2



4/7/24, 4:40 AM Selecting a suitable grease | SKF

-50 0 50 100 150 200 250 300°C

LGMT 2 W

LGMT 3 W

LGEP2 I

LGNL2 I

LGWA2 N
LGGB2 mm
LGLT2 W

LGWM1 N

LGEP1 M
LGWM 2 m

LGEM2 IEm

LGEVZ2 N

LGHB2 N
LGHCZ2 N

LGHP2 N

LGHQ 2 W

LGET2 M
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4/7/24, 4:40 AM Selecting a suitable grease | SKF

LGFG2

LGFQ2 M=

=
-
LGED2 M= [ I S R

-60 30 120 210 300 390 480 570°F

DThe low temperature performance limits (LTPL) are valid for roller bearings. LTPL values for ball bearings are approx.
20 °C (35 °F) lower.
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