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Abstract

Improving the performance of idlers is paramount to the performance of the conveyor system in various industries since belt conveyors 

can be many kilometers in length and consequently there are a huge number of rollers in use. The key intention of this work is 

the development of a light-weight composite idler roller. Critical design considerations are strength-to-weight ratio and performance. 

Most importantly, the design must reduce the weight of the roller as compared to standard steel rollers. The final design provides a 

significant reduction in weight of about 47 % over that of traditional steel rollers of a similar size.
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1 Introduction
The most commonly used material handling conveyor sys-
tem is the belt conveyor [1]. The popularity of belt convey-
ors is owed to their capability of handling a wide variety of 
materials and their status as the least expensive powered 
conveyor. The two most common types of belt conveyors 
are slider bed conveyors and belt-on-roller (BOR) convey-
ors. Generally, BOR conveyors are the preferred belt con-
veyor system for bulk materials handling [2].

BOR conveyors utilize a series of rollers to support 
and shape the belt [2]. The belt spans between a head 
pulley and a tail pulley and pulleys allow the belt to bend 
from the  carrying surface (top) to the return side [1]. 
Movement of the belt is produced by a drive unit, con-
sisting of an electric motor, couplings, and a gearbox, 
which is connected to the head pulley [3]. Bulk mate-
rial is deposited on the belt through a loading chute and 
is transported forwards by the movement of the belt 
over spatially distributed carrier idler rollers. The mate-
rial is discharged when it reaches the head pulley, and 
the  un-laden belt travels back towards the tail pulley 
supported by return idler rollers.

Although belt conveyors are available in a variety of 
configurations such as flat belt, cleated belt, curved belt, 
and troughed belt [4], the last one is considered in this 
work which is the most common type of belt conveyor used 
in the mining industry. McGuire [1] states that troughed 

belts are used almost exclusively for bulk material han-
dling (coal, iron ore, sugar) because there is no concern 
for product orientation. Furthermore, troughed belts have 
been shown to reduce bulk material losses during trans-
port, as well as the transport capacity of the conveyor.

Typically, troughed belt conveyors are formed using a 
set of three identical idler rollers [4]. One roller is posi-
tioned horizontally, with the other two rollers inclined on 
either side. When the belt is lowered onto the rollers, it 
is forced into a troughed shape as shown in Fig. 1. This 
positioning of the rollers influences the load on each of 
the idlers, with the center roll experiencing a greater 
force than the two wing rolls [3]. Furthermore, the angle 
at which the wing rolls are inclined, trough angle, can be 
adjusted in order to change the shape of the belt and thus 
the carrying capacity of the belt. 

For natural resource sectors such as mining, belt con-
veyors can be many kilometers in length. Consequently, 
there can be thousands of idler rollers in use. Idler rollers 
are responsible for supporting and shaping the belt, which 
means they experience great forces during their opera-
tional lifetime. As such, idlers must be able to withstand 
significant forces; this has resulted in most idlers being 
designed with steel shells. While steel idlers have sig-
nificant structural strength and great performance, their 
heavy weight is a limitation.

https://doi.org/10.3311/PPme.17554
https://doi.org/10.3311/PPme.17554
mailto:greg.wheatley@jcu.edu.au


262|Wheatley and Zaeimi
Period. Polytech. Mech. Eng., 65(3), pp. 261–268, 2021

There are two types of idler rollers; carrier idlers that 
bear the load of the belt and material in the direction of 
transport, and the return idlers that support the 'empty' 
belt as it travels toward the tail pulley [2]. The inclusion of 
these rollers increases the length of the conveyor and the 
weight of a product that a particular drive can handle [1].

Idler rollers are one of the most critical aspects of any 
BOR conveyor. Tuckey et al. [5] remarks that the most 
common cause of breakdowns of belt conveyors is idler 
failure. The main function of carrier idlers is to support 
the loaded belt, thus requiring the idlers to be able to with-
stand great forces. Moreover, noise emission, vibration, 
speed reliability, and weight are other important consider-
ations when selecting idlers for a conveyor [6]. 

All idler rollers consist of the same key components; 
shell, shaft/spindle, bearing, seals, and end cap/bearing 
housing [6]. Roller shells are documented to be the heavi-
est component in idler rollers [7]. Currently, the major-
ity of rollers are made out of steel [6], which can range 
between 19 kg and 22 kg for a 330mm long roller with 
a 152 mm diameter [8, 9]. For this reason, there is grow-
ing demand for light-weight, non-steel rollers in industry. 
Furthermore, the shaft is the second heaviest component, 
marking a need to design shaftless rollers.

Composite materials have been proven to be some of 
the best materials available for extreme applications and 
environments such as the mining and aerospace indus-
tries [10]. Due to their high strength to weight ratio, corro-
sion resistance, and long service life, composite materials 
are of great interest for application in many industries. For 
this project, composite materials with fibres (glass, carbon) 

embedded in resins (vinyl, epoxy) are of particular inter-
est, initially. However, due to some limitations proposed in 
Section 2, carbon fiber was excluded from this study.

The methods best suited to manufacturing compos-
ite rollers is that of filament winding and roll wrapping. 
These processes are compatible with many fiber options. 
This process utilizes a cylindrical mandrel that is rotated, 
the filaments are coated in the process by running the fila-
ment through a resin bath. For applications where the com-
posite is used as a thin shell structure the fibers are often 
arranged in planar sheets (laminae). The laminae contain 
parallel fibers that are packed tightly together to provide 
an isotropic material with a high volume of fibers [10].

A key advantage that has led to the adoption of compos-
ite materials in manufacturing is its low weight, yet retain-
ing a rigidity equivalent to that of steel [11]. The company 
FLEXCO [12] notes that the composite roller design has 
many advantages over traditional steel rollers. These advan-
tages include a reduction in noise by 10 dB, as well as see-
ing a power consumption reduction of up to 30  % due to 
the lower running friction. The authors also note that fur-
ther advantages include that of corrosion resistance and 
wear resistance due to the materials low surface friction [12]. 
Thori et al. [13] also note that other considerable advantages 
of such composites include that of high chemical stability, 
low flammability and low toxicity. However, many of these 
properties depend on the resin that is used for the matrix, as 
some resins are less heat resistant than others.

Therefore, the focus of this project is the design of a 
light-weight composite roller with low cost and available 
materials, that matches the performance of traditional 
steel rollers. The rest of this paper is organized as follows. 
In  Section 2, loading condition and design process are 
introduced. In Section 3, experimental results are proposed 
to show if off the shelf products is a viable option for roller 
shells. Finally, in Section 5, conclusions are presented.

2 Design 
Section 2 aims to detail the loadings and analyse the 
results extracted from Finite Element Analysis (FEA) 
using ANSYS 18.2.

2.1 Load case
The roller is to be analyzed using a troughed configura-
tion, where the load is based on copper ore with a 1.5 m 
spacing between each roller. The worst-case scenario is 
also applied, this being that the full load is taken by the 
bottom roller, as a centrally applied force. The calculations 

Fig. 1 Troughed belt conveyor [1]
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applied to determine the forces are taken from ref [10]. 
These forces are then used to determine the stub axle 
diameter using the AS1403-2004 standard [14].

The roller dimensions are attained for a troughed roller 
set (Series C2 - STIL0900C200) from ref [15] and can be 
seen in Fig. 2 and Table 1. Knowing the belt width, angle 
of repose and side troughed roller angle, it is then possi-
ble to find the corrected loaded volume (IVT ) using ref [10] 
which will be 447 m3/hr.

Then, the loaded volume (Im ) and belt load (IV ) can be 
calculated as follows:

I I Vm VT= × = 2682 3
m / ,hr 	 (1)

I IV m cu= × =ρ 6436 8. / .ton hr 	 (2)

Form these values, the weight of the material per linear 
meter (qg ) is achieved using the Eq. (3):

q I
Vg

V=
×

=
3 6

298
.

/ .kg m 	 (3)

For the worst-case loading scenario and 1.5 m span, the 
central roller is assumed to take the full force (F ) of the 
loaded belt which acts at the center of the roller (see Fig. 3) 
and will create the maximum bending moment:

F q gg= × × =1 5 4384 07. . ,N 	 (4)

where g = 9.8 m/s2 is the acceleration of gravity.
The next step is to determine the rollers stub axle diam-

eter (D). To find the diameter, it is first necessary to deter-
mine the bending moment on a single stub axle using the 
maximum bending moment ( Mq,max ):

M
M L F

q
q= =

×
=,max

. .
2 2

372 9 N m 	 (5)

The next value to find is the torque (Tq ) acting from the 
radius of the roller. This is found knowing that the force 
is to act at the center of the mass of the loaded belt, as the 
belt section analyzed is 1.5 m this means that 0.75 m is 
overhanging the center of the roller. Assuming the copper 
ore is distributed evenly over the belt the force is to act in 
the center of this 0.75 m overhang, this results in a value of 
0.375 m. The torque is determined as follow:

T
q g D

q
g r=
× ×

× =
0 375

2 2
41 658

.
. .N m 	 (6)

The material that the stub axle is to be made out of is 
grade 431 stainless steel, which has a tensile strength (Fu ) 
of 980 MPa. The endurance limit (FR ) is:

F FR u= × =0 45 441. .MPa 	 (7)

The next value to consider is the safety factor, for the 
stub axle a safety factor (Fs ) of 4 is used. This is to ensure 
failure of a critical component does not occur. 

Using the AS1403-2004 standard [14], the stress rais-
ing factor for the stub axle (K ) and the bearing (Kbearing ) 
are 3.38 and 2.4 respectively; and the size factor (Ks ) for a 
60 mm for rotating steel shafts is 1.52. The final variable 
of axial tensile force (Pa ) is also assumed to be 0 as there 
is no axial loading to the bottom roller.

With all the variables found it is now possible to solve 
for the minimum required shaft diameter. For more than 

Table 1 Troughed roller characteristics

Parameter Parameter  

A 331 mm Roller outside diameter (D0 ) 152 mm

B 1150 mm Roller trough angle (λ) 30º

C 397 mm Angle of repose ( β ) 30º

D 944 mm Belt width (W ) 1 m

E 150 mm Belt speed (V ) 6 m/s

F 227 mm Roller spacing distance (Rl ) 1.5 m

Shell 
thickness (t ) 10 mm Density ( ρcu )

2.4 ton/
m3

Fig. 2 Troughed roller schematic [15]

Fig. 3 Roller free body diagram
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600 starts/year and 900 revolutions/year, it is calculated 
by [10]:

D F
F

K K M
P D

Ts

R
s q

q
q= +







 + =

10

8000

3

4
55 99

4
2

23 . .mm   (8)

As D is less than 60 mm, this means that the shaft diam-
eter of 60mm is more than adequate for the stub axle roller 
design and complies with the AS1403-2004 standard [14].

The next component to evaluate is the shell of the 
roller, this is to be assessed by determining the deflec-
tion of shells made of various materials. These materi-
als include polyethylene, resin epoxy, resin-polyester and 
epoxy carbon fibre pre-preg. The assumption that the 
shell is centrally loaded with F = 4.4 kN is used. The first 
step is to determine the moment of inertia for the shell 
cross section using Eq. (9):

I D t= =π
0

3 4
0 000110. ,m 	 (9)

and the deflection (δ ) is:

δ =
5

384

3FL
EI
, 	 (10)

where E is the Young's modulus of the material and L is 
the length of the roller. Subbing in the values for the mate-
rials results in the deflections results seen in Table 2.

It should be noted that carbon fiber is not considered 
in this work becuase of the following reasons. The shell 
constitution faces many prohibiting factors when consid-
ering the materials for construction. Of the material tested 
the carbon fiber shell is by far the most expensive, but the 
cost does not account for the resin and catalyst required. 
Another factor that was found to limit the appeal of carbon 
fiber is a lack of readily available pipe lengths, this pipe 
option was considered as it would save costs on fabrication 
and provide an off the shelf component that would require 
minimum adjustment. However the available commercial 
sizes are far too small for use as roller shells, both in inter-
nal and external diameter.

The stub axle diameter could be decreased by using 
a different material, however this would limit the rollers 

applications as grade 431 stainless steel provides a high 
tensile corrosion resistant option. It is also noted that the 
shell materials tested for deflection all proved effective, 
with the worst case deflecting 0.005684 mm. As these val-
ues are negligible this allows for the cheapest option to be 
considered. With the considerations of readily available 
materials, low cost and the results of the deflection calcu-
lations (as shown in Table 2) it was decided to use HDPE 
as the shell material.

2.2 Design development
The proposed roller design utilizes key features from pre-
viously explored commercially available rollers. These 
rollers include the CII roller [16] and the design tested by 
van Rensburg [6]. 

As shown in Fig. 4, a model of the design was created 
in SolidWorks and then evaluated using Ansys 18.2; it 
was simulated under the specified loading condition men-
tioned in Subsection 2.1.

Two key parameters were considered during the design 
refinement process; materials and shell thickness. From 
the literature review, three materials were identified as via-
ble alternatives to steel for use in idler rollers; resin epoxy, 
resin polyethylene, and High Density Polyethylene (HDPE). 
Initially, the roller was simulated with varying wall thick-
nesses for each of the materials. The results were used to 
determine the minimum wall thickness required to with-
stand the loading conditions. Then, the endcap/housing 
material was varied to further reduce the weight of the roller. 
The dimensions of the roller (except shell wall thickness) 
and the internal components remained constant. The stub 
axle was comprised of 431 stainless steel in each design.

The finite element analysis determined that the optimal 
wall thickness of the shell was 10mm for each material. 
From Table 3, ultimately, the HDPE design was selected 

Table 2 Roller shell deflection results

Material E (GPa) δ (mm)

High Density Polyethylene (HDPE) 1.1 0.005684

Resin epoxy 3.78 0.001654

Resin poly 3 0.002084

Epoxy carbon pre-preg 91.82 0.000068 Fig. 4 Prototype shaftless roller (sectional view)
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due to its significant weight reduction from stainless steel 
rollers of the same size.

In the final design, the roller incorporates an HDPE 
shell with dimensions 300 mm long, 152 mm OD and 
10  mm wall thickness. A stub axle comprised of 431 
Stainless Steel is used in place of a full shaft. It should 
be noted that this substitution significantly decreases the 
weight of the roller. Off-the shelf bearings, circlips, and 
seals are utilized in the design in order to reduce the need 
for additional manufacturing processes. A HDPE endcap 
is used to shield the internal components from debris.

Preliminary analysis has shown that this design is a suit-
able light-weight alternative to steel idler rollers. The model 
estimated that the roller has a mass of approximately 10.9  kg, 
as opposed to approximately 20.6 kg for a stainless-steel 
roller of the same size. Thus, this design is expected to pro-
duce a 47 % weight reduction compared to steel rollers.

Under the maximum expected load of 4.4 kN, the design 
was shown to withstand this force. The total deformation 
profile of the roller is shown below in Fig. 5. As expected, 
the largest deformation occurs along the section of the 
shell that the belt sits on. The maximum deformation was 
estimated to be 0.464 mm in this section. The endcaps and 
internal components were shown to have no deformation.

The equivalent stress profile of the roller is shown in 
Fig. 6. The shell was seen to experience between 642.2 Pa 
to 4.6 MPa of stress under the maximum expected load. 
This is well below the tensile yield strength of HDPE, 
which is documented to be approximately 26 MPa [17]. 
Thus, in terms of structural strength, the shell design is a 
suitable light-weight alternative to steel.

Fig. 7 highlights that the stub axle experiences the larg-
est amount of stress in the roller. This was expected given 

Table 3 Finite element results for designs with different shell materials

Shell material Roller mass (kg) Weight reduction from 
steel roller (%)

Maximum 
deformation (mm)

Maximum stress 
(MPa)

Resin epoxy 11.22 45.5 0.15 37.1

Resin Polyethylene 11.27 45.3 0.18 38.8

HDPE 10.94 46.9 0.46 41.7

Fig. 5 Total deformation profile

Fig. 6 Equivalent stress profile

Fig. 7 Equivalent stress profile of endcap and stub axle
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that the axle fixes the roller to the idler frame. Fig. 8 shows a 
closer look at the stress profile of the stub axle and endcap. 
The maximum stress was estimated as 41.7 MPa, which 
is well below the tensile yield strength of 431 Stainless 
Steel [16, 18]. Thus, it can be expected that the stub axle 
design is suitable for application in the shaftless roller. 
However, physical prototyping and testing is required to 
determine the true performance of the stub axle.

The internal components and HDPE endcap were found 
to experience increased stress at various points as shown 
in Fig. 8. The stress in the endcap ranged from 642.2 Pa to 
approximately 18.5 MPa, which is within the tensile yield 
strength of HDPE. The bearing was found to experience a 
maximum stress of approximately 18.5 MPa. It is therefore 
expected that the performance of the internal components 
and endcap will not be impeded by the loading conditions. 
Again, prototype testing is required to confirm the perfor-
mance of the design.

3 Physical testing 
A test was conducted to determine if off the shelf products 
would prove to be a viable option as roller shells. This test 
entailed loading 3 readily available Holman 6" PVC DWV 
pipe sections compliant to AS/NZS 1477 [19]. 

These sections were cut to 300 mm in lengths and the 
wall thickness was 3 mm. These lengths were then loaded 
into the Instron testing machine, where a metal plate was 
added to the bottom and top to evenly disperse the force 
along the test pieces. The loading configuration can be 
seen in Fig. 9. The test pieces were gradually loaded up 
using the Instron with a displacement rate of 0.5 mm/s, 
up to 70 mm displacement. Once this displacement was 

reached, it was held at this level for a total of 5 s, before 
being released. This process was repeated for the remain-
ing test pieces. The results for the three tests were plotted 
against one another and can be seen in Figs. 10 and 11.

These results show that the pipe experiences significant 
deformation at approximately 2.3 kN of force, which is 
approximately 52.3 % of the force calculated in the load 
case summary. The deformation experienced is not plastic 
and as such returns to its original state when the loading 

Fig. 8 Equivalent stress profile for endcap and internal components

Fig. 9 Physical testing: (a) setup; (b) full loading

(a) (b)

Fig. 10 Axial force – time curve

Fig. 11 Axial displacement – axial force curve
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is released. It is noted that the pipe material used is not of 
the  same composition or shell thickness as the one pro-
posed for the prototype, as such further testing is required 
to provide results that are applicable to the prototype.

The proposed roller design is to utilize as many off the 
shelf components as possible. This is to reduce manufac-
turing costs, as well as allow for customers to have access 
to readily available components should they wish to over-
haul the rollers to keep them in service longer. The com-
ponents and the associated manufacturing processes can 
be seen in Table 4.

It is noted that the shell material can't be sourced at the 
exact internal (ID) and external (OD) diameter as an off the 
shelf part. The closest match is SDR11 PN16 HDPE pipe, 
which has an OD of 160mm and an ID of 130mm. This 
means that to attain the sizes required the ID is required to 
be machined out to 132mm and the OD machined down to 
152mm. This process is to be conducted on a lathe, should 
tungsten carbide bits be used.

4 Conclusion 
The proposed roller design utilizes key features from pre-
viously explored commercially available rollers. Finite 
Element Analysis (FEA) has shown how the rollers will 
perform under the identified operational conditions; pro-
ducing deformation, stress, and strain predictions. It was 

decided that the stub axle is to be made out of grade 431 
stainless steel, this is because it provides a level corro-
sion resistance whilst having a reasonable tensile strength 
required for a shaft. With the considerations of available 
low cost materials and the results of the deflection calcu-
lations, it was decided to use HDPE as the shell material. 
From the FEA it can be seen that the shell experiences 
greater deformation than the calculated value, though the 
deformation is not great enough to warrant concern. In 
addition, the maximum stress occurs on the stub axle is 
far below the yield point which means that all deformation 
that may occur is expected to be well within the elastic 
region, as a result further reinforcing that the stub axle is 
suitable for the proposed design. The proposed prototype 
provides a significant reduction in weight of 46.9% over 
that of traditional steel rollers of a similar size. Further 
improvement can be made to the design, some of the pro-
posed design features that could be included in future 
revisions include the addition of jacking bolt holes in 
roller insert. This would allow for the insert to be easily 
extracted from the shell, allowing for the replacement of 
the bearing and seal should failure occur.

In future work, the focus will be on the investigation 
of compression behavior of resins and carbon fibre in the 
design process of shaftless roller.

Table 4 Component manufacturing requirements

Part name Manufacturing description

Housing insert CNC machined, composed of Polyethylene

Labyrinth seal inner Off the shelf component

Labyrinth seal outer Off the shelf component

Circlip Off the shelf component

Roller bearing Off the shelf- SKF 6012-2RZ [20]

Stub axle CNC machined from 431 stainless steel (70 mm diameter)

Roller shell
SDR11 PN16 HDPE pipe [21]: 160 mm OD, 130 mm ID. Machine 1 mm 
off ID (increase ID from 130 mm to 132 mm). Machine 4 mm off OD 

(decrease OD from 160 mm to 152 mm).
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