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B
ulk material handling conveyors require a conveyor 
take-up in order to maintain the required belt tension, 
compensate for permanent belt elongation, and to 
provide extra belt length during splicing operations. 

An alternative to a well-known conveyor take-up arrangement 
is first discussed here, followed by an example of the use of 
discrete element modelling (DEM) for designing ore skips.

Take-up trolley design
The article provides an overview of important aspects that 
govern the mechanical and structural design of horizontal take-
up trolleys, and explores the simplification of a current take-up 
trolley design, to arrive at an alternative, optimised solution. 
Figure 1 show a typical horizontal take-up trolley layout.

The typical horizontal take-up trolley consists of a pulley 
that transfers the belt tension loads to the take-up trolley. Belt 
tension acting on the take-up trolley structure is transferred 
via the sheave wheel to the ropes. Grooved wheels are used to 
support the trolley, vertically and laterally, and allow the trolley 
to travel in the take-up frame.

The current design
The layout of the structure is such that the tensile force is 
transferred through the structure below the take-up pulley. 

With the worldwide resources market under pressure, companies in this sector are looking for ways to reduce 
construction and operational costs. Solutions that were accepted as standard practice a few years ago, because 
they are known to work, are now being looked at from every angle to reduce costs. Presented here are two 
short pieces from WorleyParsons RSA’s Advanced Analysis consulting practice that show how savings can be 
achieved in components and areas that are often overlooked.

Optimised designs of take-up trolleys and ore skips
By Francois du Plooy & Clive Sheppard, WorleyParsons RSA

Figure 1: The well-known horizontal take-up trolley design.

Figure 2: The transfer of forces causes moments, which govern the section selec-
tion for the entire structure.

The offset in the force path creates a bending moment (M) in 
the bottom member and the welded moment connection as 
shown in Figure 2, requiring these members to be oversized 
compared to the section required for a pure tensile load. This 
moment, therefore, tends to govern the section selection for 
the entire structure.

The layout of the sheave arrangement is such that the sheave 
connection bolts are subjected to tensile loads. A more ideal 
configuration would be to have the connection in compres-
sion or shear. The design requires a large amount of welding. 
Additionally, high quality welding and quality control is needed, 
as full penetration welds are required to resist the combination 
of tensile forces and bending moments at the welded moment 
connection. With the take-up trolley supported by grooved 
wheels on both sides, a rule of thumb for the wheelbase of 
1.5 times the width of the trolley should be applied to prevent 
the trolley lodging.

Optimised take-up trolley design
The re-design of the trolley focused on improving the current 
shortcomings. Various concepts were evaluated to arrive at 
the most simplified solution. Improvements were made to op-
timise the structural layout, sheave arrangement and the use 
of welding in order to reduce mass and manufacturing costs. 
The structure was analysed using Prokon and Ansys structural 
design software. 

Figure 4: Isometric view of the optimised trolley.

Figure 3: Side view of optimised trolley.

The proposed layout is such that most structural members 
are subjected to tension or compression only, eliminating bend-
ing moments created by offset members transferring operational 
loads. This enables the use of much lighter material sections. 
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Existing 
design

Optimised 
design

Ratio

Structural mass (kg) 968 395 0.4 of existing

Total weld length (m) 23.2 15.6 0.67 of existing

Capacity to mass ratio 413 kN/kg 1 329 kN/kg 3.2

A circular hollow section is used to support the combination of 
torsional loads due to the take-up pulley mass and moments 
as a result of belt tension.

The sheave arrangement is improved by removing the bolted 
connection. The connection layout also allows for a much 
lighter design.

The cost of manufacturing is reduced by making as much 
use as possible of fillet welds loaded in shear, eliminating 
the need for full penetration welds and the associated quality 
control expenses. The alternative arrangement also results in 
a much lighter frame, again reducing manufacturing costs. 
The overall trolley length is reduced, by using a grooved flat-
wheel arrangement, eliminating the need for a length-to-width 
ratio of 1.5.

The optimised design reduces the amount of welding and 
structural mass of the take-up trolley significantly. A limit 
analysis of both designs shows the optimised design to have a 
load capacity to mass ratio 3.2 times that of the original design.

Table1: Summary of measurable improvements

Figure 5: Non-linear stress limit analysis of the optimised design.

Figure 6: Non-linear stress limit analysis of existing design.

Dynamic response of ore skips during loading
Since the use of discrete element modelling (DEM) has become 
standard in the bulk materials handling industry, it has become 
possible to calculate realistic loading conditions. 

WorleyParsons RSA was recently required to recommend 
skips of ever-increasing size to support the tonnage required 
by new mines. Skips of 50 t payload are envisioned for future 
projects with correspondingly larger displacements during filling. 
This article describes the DEM of skip filling from a flask and 
the response of the skip to the loading.

The DEM model is shown in Figure 7. The flask is first 

loaded by a conveyor belt resulting in a realistic distribution of 
material in the flask. Once the radial door opens, the material 
flows down the chute into the skip. The Centre of Gravity (CG) 
of the material moves from height 1 to 2. 

Figure 7: DEM model showing the arrangement of the flask, chute and skip and a 
typical result.

Figure 8: Mass flow rate for various cases.

The mass flow rate during loading is shown Figure 8. The 
graph can be split into three regions: sloping up (∆tu), steady 
state (∆t) and sloping down (∆td). The total loading time is 
labelled τ.

Skip response
The response of the skip can be calculated using energy 
conservation. Assuming no losses, the potential energy of the 
payload before the skip door is opened must be equal to the 
potential energy after it has come to rest. It was found that 
this approach grossly overestimated the maximum displace-
ment. Another approach is to approximate the response using 
a lumped parameter system as shown in Figure 9.
The variables shown are:

m0 is the initial mass of the skip including the effective 
rope mass. 
m(t) is the payload mass, which varies as a function of time.
v is the absolute velocity at which the payload mass enters 
the system.
k is the stiffness of the rope at the loading station.
x is the vertical displacement of the skip.

The equation of motion must consider the change in mass of 
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the skip rope system during loading. The change in momentum 
of the payload must also be considered as an external force.

m (t)x m(t) c)x kx f(t) m(t)v m(t)g m (t) m m(t 0

t

t o
     + + + = + − = +∫( tt)dt 

0

t

∫

Figure 9: Lumped parameter approximation of the skip rope system.

Figure 10: Comparison of time response for the various cases.

Figure 11: DLF comparison.

The equation of motion is solved using the Runge-Kutta 
implementation in Matlab for 4 cases. The natural frequencies 
of the various cases were different and depended on the payload 
mass and the rope arrangement i.e. Koepe vs Blair Multi Rope. 
In order to compare the dynamic amplitude the normalised time 
response is shown in Figure 10.

various assumptions had to be made including that the mass 
of the system is constant, while in reality, it typically doubles 
during filling. These assumptions were effectively addressed 
by using the DEM calculated mass flow as an input. It was 
also found that normalising to the total loading time (τ) yields 
a more sensible graph (Figure 11). 

With the advent of DEM it is now possible to address the 
concerns that Hamilton expressed in his report by improving 
the accuracy of the loading imposed on the skip during loading. 
Importantly it is shown that the assumption of a system with 
a constant force and a finite rise time is unconservative. The 
recommended DLF of 1.5 in SANS 10208 part 3 is however 
affirmed by these results.

Conclusions
The optimisation studies completed by WorleyParsons RSA’s 
Advanced Analysis consulting practice have shown that sav-
ings can be achieved in components and areas that are often 
overlooked, and accepted as standard practice.
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The Dynamic Load Factor (DLF) can be calculated in order to 
compare the response at various natural frequencies. Previously 
the DLF was often calculated by normalising the x-axis to the 
ramp up time (∆tu) and assuming the steady state loading to 
continue indefinitely (Biggs, Hamilton). In order to do this, 
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