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Abstract

Reconfigurable Manufacturing Systems (RMS) has been used extensively in different industries and companies to produce
modularized, customized, flexible and scalable products. Due to the variations in the mining equipment users demand, dynamic
nature and complexities in the mining manufacturing environment in terms of space available, kind of mining operations and the
risks involved, RMS have been extensively used to produce different mining equipment product varieties of high adaptability,
low repair cost and minimum maintenance cost in order to meet customers satisfaction. Further on, this paper explores on various
literature review in relation to reconfigurable manufacturing system concepts, architectural design characteristics, control
capabilities and its role in mining machinery industries, and the potential future of this RMS in South Africa mining machinery
industries. Reconfigurable Manufacturing Systems has been used in mining machinery industries to manufacture Load Haul
Dump (LHD) trucks, multiple drilling bits such as the tricone bits, screen mesh of different aperture sizes which has contributed
immensely to the 15.3% GDP achieved by the manufacturing sector in South Africa. Global high mineral demand is a positive
indicator for great future in this industry if RMS is fully harnessed, utilized and applied in this sector. Furthermore, a newly
designed flexible, cheap, versatile and reconfigurable vibrating screen by Industrial Engineering Department, Tshwane
University of Technology, Pretoria will also serve as a catalyst to catapult the mineral processing industries to its peak.
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1. Introduction types of manufacturing systems are classic dedicated

manufacturing systems, flexible manufacturing systems and
Manufacturing system can be defined as the arrangement and ~ reconfigurable manufacturing systems [4]. RMS systems are
operations of various manufacturing elements - such as created by basic modules arranged efficiently and effectively.
machines, tools, material, people, and information - to Its aim is to provide exactly the functionality and capacity
produce a value-added physical, informational, or service exactly when needed. A reconfigurable system is one whose
product whose success and cost are characterized by the subsystems and/or subsystem configurations can be changed
measurable parameters of the system design [1, 2]. These or modified after fabrication to serve a particular purpose
elements of a manufacturing system should be arranged in a  better [5]. Koren et al. [6] define a reconfigurable
sequential fashion that enables the smooth functioning of the =~ manufacturing system as a manufacturing system designed
whole system, in order to make the organization’s goals and ~ from the outset for rapid change in structure, as well as
objectives achievable [3]. This need is addressed in the  hardware and software components, in order to adjust
process of designing the manufacturing system. The three production capacity and functionality quickly, in response to
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sudden changes in market or regulatory requirements.

Different researchers have viewed reconfigurability in
different ways depending on the perspective at which they are
viewing it. Lee [7] defines it as the ability of a manufacturing
system to be reconfigured at a low cost and in a short period
of time. NSF Engineering Research Centre for Reconfigurable
Manufacturing Systems defined it as the ability to adjust the
production capacity and functionality of a manufacturing
system to new circumstances by rearranging or changing the
system’s components [8]. Wiendahl et al. [9] give another
definition: it is the operative ability of a manufacturing or
assembly system to switch with minimal effort and delay to a
particular family of work pieces or subassemblies through the
addition or removal of functional elements. From Setchi and
Lagos [10] perspective, the essence of reconfigurability is to
enable manufacturing responsiveness to a change in market
conditions - that is, the ability of the production system to
respond to disturbances that may be caused by social or
technological changes. Galan et al. [11] is of the opinion that
reconfigurability does not necessarily arise solely from the
market or customers, but can also emanate from within the
company for the sake of relevance. It can be deduced from
these different definitions that the major objective of
reconfigurability is to achieve ‘“exactly the capacity and
functionality required and exactly when needed at reduced
cost”. Thus, this paper discusses from some literatures
explored; the different ways that the characteristics of
Reconfigurable Manufacturing Systems have been applied in
South Africa Mining Machinery Industries in order to
increase the productivity and efficiency of the mining
machinery industries. Reconfigurable Manufacturing Systems
application has been silent (i.e. not pronounced) in South
Africa Mining Machinery Industries, but based on thorough
observation, understanding and analysis of RMS definition,
concepts and characteristics, it was concluded that RMS has
been applied extensively in South Africa Mining Machinery
Industries.

2. Different works on RMS

Searching through the literature, it was discovered that RMS
has not been highly pronounced in Mining Machinery
Industry. The only research around reconfigurable mining
machines is conceptual design framework for reconfigurable
vibrating screens, which will still be discussed in the later
section of this paper [12]. The framework provides suitable
guidance for designers to make appropriate decisions from the
initial design stage to the commercialization of the
reconfigurable vibrating screen designs; necessary adjustable
mechanisms needed for different processes or production
variations and concluded that the preliminary framework can
be applied for similar reconfigurable machinery in the small
and medium mining sector. A substantial amount of work has
been done in the area of reconfigurable machine tools,
reconfigurable products, reconfigurable manufacturing cells,
reconfigurable process planning, reconfigurable control
systems, etc. which is similar to how RMS has been applied in
South Africa Mining Machinery Industries in the 21* Century

[12, 13, 14, 15, 16, 17 and 18]. Majija et al. [19] also
presented a conceptual development of modular machine
tools, by selecting and compiling a list of modules available
commercially off the shelf. The machine tool is developed in
such a way that it can be configured accumulatively in terms
of degrees of freedom, to accommodate different
reconfigurations of machine structures. Based on these
literatures explored and Ramatsetse et al. [12] work, in
relation to thorough observation of the mining machines
produced and used in South Africa Mining Industries, it was
concluded that reconfigurable manufacturing systems that was
silent (i.e. not pronounced) in this industry has been
extensively used and its usage will be highly understood in
the latter of paper.

3. Reconfigurable Manufacturing System and principle
display in South Africa Mining Machinery Industries in
the context of its characteristics.

In order to fully understand this section of the paper, the
characteristics of RMS will be fully described before
explaining its role in South Africa Mining Machinery
Industries. Reconfigurability has been achieved in South
Africa Mining Machinery Manufacturing Industries with the
first four out of its six basic characteristics. Its characteristics
are convertibility, scalability, modularity, integrability,
customization and diagnosability [11]. The characteristics of
RMS were meticulously explained by Mehrabi et al. [20]:

Convertibility: is the ability to easily transform the
functionality of existing systems and machines to suit new
production requirements

Scalability: is the ability to easily modify production capacity
by adding or subtracting manufacturing resources (e.g.
machines) and/or changing components of the system

Modularity: is the compartmentalization of operational
functions into units that can be manipulated between alternate
production schemes for optimal arrangement

Integrability: is the ability to integrate modules rapidly and
precisely by a set of mechanical, informational, and control
interfaces that facilitate integration and communication

Customization: is the ability to produce a particular product
based on the customers’ requirements, designs, specifications
and configuration in order to ensure customers satisfaction.

Diagnosability: is the ability to automatically read the current
state of a system to detect and diagnose the root causes of
output product defects, and quickly correct operational
defects.

These first four characteristics will be used to display how
reconfigurability principles have been applied in the South
Africa Mining Machinery Industries. These characteristics are
used singly or combined together to obtain the different



138 O.A. Makinde et al. / Procedia CIRP 17 (2014) 136 — 141

versatile mining machines that have been used to exploit and
beneficiate mineral particles in South Africa. RMS principles
have been applied in this industry to adjust to rapid changes in
the environment structure (either underground or surface
mines) and to reduce lead time (down time) during mining
operation. Different machines produced using RMS principles
are:

3.1 LHD mining machines
RMS Applied: Modularity and Integrability

Modularity and Integrability as explained by Mehrabi et al.
[20] have been used in the production of LHD (Load-Haul-
Dump) machines. Before the inception of LHD machines,

Figure 1: Wheel Loader -
(Source: atlascopco.co.za)

3.2 Portable underground mining machines of either
single or multiple drilling bits

RMS Applied: Convertibility

Modularity as explained by Mehrabi et al. [20] has been used
in the production of underground mining machines. Most
drilling rigs used in mines can either be equipped with a

Figure 2: ump Truck
(Source: www.joyglobal.com)

loading machines (loaders) and dump truck (hauling and
dumping machines) as shown in figure 1 and 2 have been
used to mine and exploit mineral deposit, which has
significantly increased the mining operation cost. The
production of Load Haul Dump mining machines, which are
earth moving equipment that are used to load, haul and dump
blasted mineral particles simultaneously for further processing
has significantly reduce operating cost and increased profit
cost of the company. RMS have been applied on this machine
by combining or integrating the loading modules (buckets of
the LHD mining machines), hauling modules (mobile part of
the machine) and the dumping modules (its bucket) as shown
in figure 3.

Figure 3: LHD Machines
(Source: www.joyglobal.com)

single drilling bit or a multiple drilling bit as shown in figure
4 and figure 5 depending on the size (diameter) of the hole to
be drilled and also depending on the size of fragmentation that
is required after the charging of hole to be drilled by either of
these drilling bits. Both drilling bits are being used to create
cavity into the rock deposits that is to be drilled.

Figure 4: Single drilling bit
(Source: www.atlascopco.co.za)

3.3 Screening machines of different sieve sizes
RMS Applied: Modularity and Scalability

Modularity and Scalability as explained by Mehrabi et al. [20]
has been used in the production of screen cloth sieves of
different aperture sizes used by screening machines.
Variations in mineral particles sizes that is being demanded
by the customers either for road construction or bridge

Figure 5: Multiple drilling bits
(Source: www.atlascopco.co.za)

construction has encouraged the production of different sizes
of screen cloths as shown in figure 6 and 7 that can be used to
sieve or separate different mineral particles sizes into
different sizes required by the potential buyers. Mesh or
screen cloth of different aperture sizes that are used by
screening machines depending on the mineral particle sizes
demanded by the customers are 4.75mm, 3.35mm, 2.81mm,
2.38mm, 2.00mm, 1.68mm, 1.40mm, 1.20mm, 1.00mm, 11
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microns e.t.c. Also, in order to clean the mineral concentrates
in the case of wet vibrating screens, most of these wet screens
produced in South Africa for usage in the mines and quarries
are equipped with pipes that ensures the flow of water for

Figure 6: 1/16 inch size coarse stainless steel wire cloth
(Source: www.multotec.co.za)

3.4 Intelligent coal mining machines
RMS Applied: Modularity and Integrability

South Africa signed a Memorandum of Understanding
(MOU) with China (the Chief Producer of intelligent coal
mining machines) to transfer expatriates and the required
technology from China to South Africa for training
indigenous South Africa Mining Machinery Industries in
2012. This will enable the production of these machines in
South Africa. Intelligent coal mining machines are designed
for underground mining to dig the coal face, load the
stripped coal particles and convey these particles from the
quarry face to its place of destination for further processing
[21]. The implementation of these machines in South
Africa mining machinery industries will eliminate the
operation of the underground excavators, underground
loaders and dump trucks in underground mines, thus
reducing the machine operating costs and in the long run
increasing the profit of the company.

All the examples of mining machines highlighted above
have displayed reconfigurability characteristics such as
modularity and integrability in the case of LHD mining
machines, convertibility in the case of portable underground
mining machines of either single bit or multiple drilling
bits, modularity and integrability in the case of wet
screening machines of different sieve sizes equipped with
pipes and launders and modularity and integrability in the
case of intelligent coal mining machines; with the main aim
of reducing the company operating cost and maximizing
profit, which is the main objective of a reconfigurable
manufacturing system.

4. RMS: Reasons for its application in South Africa
Mining Machinery Industries

4.1 Unstable and rapidly changing product demand
Change in mineral concentrates demand results in to

cleaning the mineral concentrates and launder that serves as
the reservoir where the water for the mineral concentrates
cleaning is being siphoned by the pipe.

Figure 7: 0.06mm stainless steel woven wire mesh
(Source: www.multotec.co.za)

production of reconfigurable mining machines that can
cater for this customers request and ensure effective and
efficient mineral exploitation and beneficiation in South
Africa Mining Machinery Industries. Recent mining
beneficiation technology which can cater for change in
mineral separation sizes demand called reconfigurable
vibrating screens; which will still be discussed in this paper
has being designed in Tshwane University of Technology in
order to taking mineral processing industries to the next
level.

4.2 Short window opportunities

High opportunities, profit and business links are made
available for industries producing new, flexible mining
machinery industries into seeking technologies and system
that can produce these machines thus increasing the
production of highly efficient machines made available in
South Africa Mining Machinery Industries [12].

4.3 Increase in product varieties

Different mineral aggregates stone sizes are required for
purchase by the potential customers for different purposes.
Thus, highly versatile, flexible and changeable
beneficiating machines that can produce these different
varieties of mineral product sizes needed by the customers
are being produced through application of RMS. For
example, large granite mineral particles obtained from
quarry site are used for filling the lower layer of the dug
ground surface while small aggregate stones are being
required for filling the upper layer of this ground surface
before pouring asphalt on the top layer during road
construction to make the road compact and durable. Also in
building construction, 19mm-21mm aggregates stones are
used for reinforcing pillars and decking of new building
structures. These different varieties of aggregate sizes
needed for road and building construction are produced by
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different mineral beneficiation machines of different screen
(aperture) sizes.

4.4 Rapidly changing customers demand

According to Gagnier [22], human wants are insatiable due
to some unforeseen contingencies in the environment and
the society in general. Therefore, mining machines that can
cater for these rapidly changing needs of the customers
have been produced and still being researched around in
South Africa Mining Machinery Industries. For example,
one direction water and chemical sprayers has been seen
ineffective in South Africa Mining Industry for dust control
which led into the production of multi-direction and long
distance cover water and chemical sprayer to reduce the
quarry or mine dust concentration to the barest minimum.

4.5 World Wide Competition

Technology and innovation in different mining machinery
industries in the world is increasing at the rate of geometric
progression thereby increasing the competition among the
producers of mining machines in the world [23]. Therefore
in order for South Africa to be a major profit maker and
compete strongly with other countries in the whole world,
the production and research into production of highly
versatile, flexible, cheap and changeable mining machines
has been their watch word.

5. Benefits and impacts of reconfigured mining
machines in South Africa Mining Machinery Industries.

Since South Africa Mining Machinery industries produces
versatile, durable, convertible and scalable mining

Table 1: South Africa Mining Equipment Exports and
Imports ($°000 000) 2005 - 2011

|2005 |2006 |2oo7 | 2008| 2009 | 2010 ‘ 2011

Trade with the World

Exports | 3286 | 4710 | 6196 | 6735 4120 5492 | 6998

Imports | 3130 | 4234 | 5390 | 6120 3629 4576 | 6526

Trade 156 476 266 615 491 916 472

Balance

Trade with Sub-Saharan Africa

Exports | 812 1054 | 1537 | 1970 1602 2044 | 2499

Imports | 10 13 16 21 31 17 28

Source: COMTRADE database accessed through WITS on
22/02/2011

machines, their level and particularly the growth of exports
of mining equipment and specialist services is one clear
manifestation of global competitiveness as shown in table 1.
Also to show that the future of this industry is bright, the
trend analysis of world mining machinery has also
confirmed this statement. The demand for highly
sophisticated and versatile mining machines is increasing at
the rate of geometric construction as shown in figure 8 [24].

The world market for mining equipment is projected to
climb 8.5% annually through 2015 to $92 billion [25].

12000 -
p—
) 10000 -
- 8000 ———— —
¢ 6000 ——F ® North America
= 4000 - B Western Europe
O 2000 - o
E 0 Asia/Pacific
< 1999 2004 2009 M Rest of the World

Year

Figure 8: World mining machinery demand (Million
dollars) (Central Bureau of Statistics, 2009)

6. Strengths, Opportunities, Weakness and Threats in
the Mining Equipment Manufacturing Business Using
RMS.

According to Kaplan [26], mining machinery business is
highly promising due to high amount of mineral resources
that South Africa is highly endowed with and high amount
of mining industries carrying out mining business. He also
emphasized that skill shortages and inadequate training;
deteriorating public research and linkages with tertiary
institutions and access to finance are some of the factors
militating against new mining technology such as RMS
aimed at ensuring reconfigurable, flexible and versatile
machines at reduced cost. Thus, there is a need for
government enforce policies that will provide adequate
funds for research and development in this industry and
promote collaborate relationships between this industries
and mining engineering institutions.

7. The Future

“We will see a dramatic change in the industry in the next
20 years, particularly in new mining operations,” says
Lawrence Lien, a specialist in management, financing and
recruitment at a South Africa mining company. “We won’t
even recognize us,” Lien says, describing “factory mines”
where the entire production (i.e. hazardous and non-
hazardous operations) is carried out with autonomous,
reconfigured and automated equipment via remote control.
The ambition is to create a much more static mining
environment that allows for repetition over longer periods,
from six months to a couple of years, so that the movement
of material can be automated as much as possible,” he says.
This means mining will go through the same process that
has already transformed much of the manufacturing
industry, facilitated by the rapid development in
information technology. The result has been increased
productivity and a better work environment for operators,
combined with more efficient process control. These
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benefits are now also driving the development in mining.
Ramatsetse et al. [12] has developed a conceptual
framework for the design of a reconfigurable vibrating
screen that can cater for variations in customers’ mineral
demand and reduction in lead time needed in South Africa
Mining Machinery Industry, thus increasing mineral
concentrates productivity in mines and quarries at the rate
of geometric progression. Reconfigurable vibrating screens
have screen modules that can be attached during peak in
mineral concentrates demand and detached during decline
in mineral concentrates demand to adjust to the customers
required production quantity.

8. Conclusion

Reconfigurable Manufacturing Systems has been used in
the mining machinery industries to manufacture Load Haul
Dump (LHD) trucks, multiple drilling bits such as the
tricone bits, screen mesh of different aperture sizes which
has contributed immensely to the 15.3% GDP achieved by
the manufacturing sector in South Africa. Global high
mineral demand is a positive indicator for great future in
this industry if RMS is fully harnessed, utilized and applied
in this sector. High amount of mineral resources and high
amount of mining industries are strengths of these
industries while their weakness that has to be addressed are
skill shortages and inadequate training; deteriorating public
research and linkages with tertiary institutions and access to
finance. Furthermore, a newly designed flexible, cheap,
versatile and reconfigurable vibrating screen by Industrial
Engineering  Department, Tshwane University of
Technology, Pretoria will also serve as a catalyst to catapult
the mineral processing industries to its peak.
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