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Abstractt—Automation is known as one of the most 

powerful tools for enhancing the mine productivity and safety.  

Automated mining machineries are so complex and capital 

intensive assets which need comprehensive maintenance, 

support and logistic planning to be able to meet their desired 

production goals. There are several technical, operational and 

safety challenges in the maintenance of this kind of machinery 

which force the mining companies to take the advanced 

solutions for increasing the maintenance quality and reducing 

the downtimes as much as possible. In this paper firstly the 

various automation modes of mining machinery are reviewed 

briefly. Thereafter, regarding to literature review and some 

field observation, three maintenance challenges are presented 

and discussed: safety of maintenance crew, maintenance big 

data and asset integration problems in mine automation 

systems. Considering the operational difficulties and safety 

issues the intelligent Reliability Centered Maintenance (iRCM) 

and eMaintenance as two advanced applicable methods are 

recommended for maintenance improvement in automated 

mining machinery.  
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I.  Introduction  
Machinery as a key element of mine operation plays a 

critical role in productivity and production effectiveness. 
Technology progress in mining machinery is a long way that 
has been passed so far and is still on going with 
implementing the advanced technologies such as 
automation.  

Since 1980s the concomitant demands for more raw 
minerals and higher safety levels have forced mining 
companies to think about changing their operation methods 
along with their machinery. This resulted in the creation of 
the automated mining. Automation is one of the ways that 
provides revolutionary improvements in not only mining 
methods and machinery but also in the operational safety. 
Mine automation covers everything involved when we try to 
replace human senses and intelligence with machines, 
including sensor technology, communication network and 
devices.  

Autonomous mining is an umbrella term that refers to 
two types of activities. The first deals with data gathering, 
processes and decision making; the second deals with 
applying the decisions via robotic technology to mining 
vehicles and equipment. Getting more automated operation 
makes the mining systems more complex and capital 
intensive. The complexity affects the all operation aspects 
specially the maintenance, support and logistics as well.  
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In the rest of the paper, firstly various automation modes 
of mining machinery are briefly reviewed and different 
elements of maintenance management system in mining are 
discussed. Then, the main operational difficulties and 
challenges in maintenance of automated machinery are 
presented. At the end, smart solutions for maintenance 
improvement in automated mining operation are studied and 
reviewed.  

II. Automation modes of mining 
machinery 

The mining operation of the future is likely to be a bit 
eerie, combining driverless trucks, drills and haulage trains 
with plant controllers monitoring operations remotely from 
central control stations kilometers away. Automated mine 
equipment comes in four forms: remote control, tele-
operation, semi-automation and full automation [1, 2]. 

Remote control mining machinery usually refers to 
mining machinery controlled with a handheld remote 
control. An operator stands in the line-of-sight and uses 
remote control to perform the normal vehicle functions. 
Tele-operated mining machinery refers to mining machines 
controlled by an operator at a remote location with the use 
of cameras, sensors, and additional positioning software. 
Tele-operation allows operators to further remove 
themselves from the mining location to control a vehicle 
from a more protected environment. Semi-automation refers 
to partially automated control of mining machines. Only 
some of the functions are automated, and operator 
intervention is needed. Neverthless, full automation refers to 
the autonomous control of one or more mining machines. 
Robotic components manage all critical functions including 
ignition, steering, transmission, acceleration, braking, and 
implement control without the need for operator 
intervention.  

As can be understood from the above definitions, each 
mode of mine automation requires the different mine 
structure and design, operation size, supports and logistics, 
human resources, maintenance management and safety 
disciplines. The failure modes, reliability, efficiency and 
utilization characteristics are different in various types of 
automated systems as well. Since the focus of this research 
is maintenance, so we consider it more in detail. As shown 
in Figure 1. 

Maintenance is a process which needs specific inputs 
and provides a sort of outputs. In comparison, all inputs in 
the maintenance of automated machinery are different from 
those in non-automated. Even the same maintenance 
operation might result in completely different output in 
automated mining machinery. Because, the complexity of 
machinery especially in a harsh environment such as mining 
sometimes reduces the quality of failure detection and repair 
actions. 
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Figure 1. Systemic approach of maintenance in mines 

 

III. Maintenance challenges in 
automated mining machinery  
Maintenance plays such an important role in the 

effectiveness of mine operation. Through short daily 
inspections, cleaning, lubricating, and making minor 
adjustments, small problems can be detected and corrected 
before they become a major problem that can stop the 
production [3]. Maintenance should help to keep a systems 
facilities functioning in order to contribute to the company 
goals. So, maintenance should fulfill requirements of the 
right CRAMP parameters (Cost, Reliability, Availability, 
Maintainability, and Productivity) for any automation 
system. Engineering of such a maintenance system needs a 
holistic approach for integrating views and evaluations, not 
only of the systems themselves, but also for their mutual 
interactions and their interactions with the environment [4, 
5]. 

With the introduction of electronic components such as 
engine management systems and onboard control and 
diagnostic systems on mining machines, the potential to 
optimize the maintenance cycle and increase machine’s 
availability has increased significantly [6]. However new 
challenges have been raised due to the complexity of 
automated mining machinery and even from the advanced 
maintenance technologies themselves. In this part it is aimed 
to briefly present the main challenges of automated mining 
machinery. It should be considered that the list of challenges 
discussed here is not all-inclusive, nor are necessarily 
common to every mine. But they are thought to represent a 
mainstream of experiences that have been observed so far.    

A. Safety of maintenance crew 
Automation increases the mine operation safety in high 

and considerable level specially with excluding the operator 
from hazardous operation area. However, when the 
machinery fail and needs maintenance, the maintenance 
crews have to enter in this hazardous area to fix the problem 
(however, smart system take the maintenance to a picking 
point when degradation is going on in order to avoid any 
unexpected stoppages and people coming into hazardous 
areas). Since all machinery operate automatically, detecting 

the human is difficult (sometimes even impossible) for 
machinery and some tele-operators (due to darkness or not-
clean on-board camera). In addition some software and 
hardware failures have direct safety consequences. For 
instance, Bulletins [7] and Sammarco [8] studied the safety 
issues of programmable electronics (PE) and found that 11 
incidents occurred in United States mines during 1995–
2001, with four resulting in fatalities. During the same 
period, 71 similar incidents occurred in underground coal 
mines in New South Wales, Australia. Most of the incidents 
involved sudden start-ups or movements of PE-based 
mining systems. A study by United Stats Mine Safety and 
Health Administration (MSHA) on American and Australian 
longwall equipment reports that 35% of sudden movements 
can be traced to four problems: water ingress, software 
programming errors, sticking or defective solenoid valves, 
and operator error [9]. 

B. Big data 
Mining operation consists of a large fleet of machineries 

which all are distributed in several locations and with 
different operational configurations. In automated mining 
systems, a lot of Information and Communication 
Technologies (ICT) based tools/systems are installed to 
enable the automation system to work properly and to track 
and optimize the mine production. These systems are very 
precise and any interruptions in production are logged with a 
high level of accuracy. Universally acknowledged key 
performance indicators such as availability, mean time 
between failures and mean time to restore can be calculated 
with ease from this data thus developing asset or fleet level 
awareness for the management. These systems are 
production-centric and they can record when an asset has 
broken down, and details regarding what has happened and 
where has it happened. This provides a holistic view of 
automated mining operation, monitoring and improving the 
performance. However it leads us to capture huge amount of 
data for further analysis and better understanding shortfalls 
and areas for improvement in the operations [6]. In this 
regard, data acquisition, processing and decision making are 
the core part of maintenance management in automated 
mining operation.  

Over the past 30 years, the level, size and volume of 
information available for industry has increased 

http://www.msha.gov/
http://www.msha.gov/
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dramatically. But “big data” are a challenge when we are 
dealing with continuous data collection using different types 
of sensors. Using the classical statistical method, it is not 
possible to obtain a comprehensive understanding of 
different dimensions of data. In other words, classical 
methods fail to capture all information; whereas big data 
analytics are helpful in such situations. Figure 2 presents Big 
Data issues and elements in maintenance of complex 
automated mining systems.  

 

 
Figure 2. Big data issues and elements in maintenance 

 

C. Integration of automation system 
The main difference between mining and plant 

installations is the moving work place in mining as the face 
advancement and exploitation. It is therefore difficult to 
install and maintain reliable networks and infrastructure, and 
makes on-board diagnostics an absolute must, to ensure a 
high availability, safe and uninterrupted operation of the 
mining machinery [6]. Mining as a complex production 
system consists of several subsystems (machinery and 
process). The integrity of these subsystems critically affects 
the mine capacity/production and maintenance planning.  

In other view, since each of the different manufacturers 
and suppliers of the systems, devices, and components has 
their own designs and configurations, so the automated 
system frequently suffers from a lack of integration. The 
parts used in one automated system may not match those in 
another due to the existence of proprietary systems and lack 
of open platforms and communication gateways which 
facilitate the bridges among the deployed systems, thereby 
creating problems that end in system stoppage and down-
time. To prevent this, a standard must be defined and made 
available to all users and manufacturers. Currently, 
designers often start from scratch when building solutions.   

IV. Towards SMART solutions 
During the last 20 years, it has been tried to develop new 

technologies which enable the mining companies to 
maintain their assets in the highest possible safety levels, 
accuracy and lowest costs. Neverthless, still none of 
advanced maintenance methods have been tested and 
implemented in automated mining machinery completely. 
Regarding the three mentioned maintenance challenges in 
automated mines, any maintenance solution in such systems 
should provide a comprehensive and deep understanding of 
automated machinery. This is achieved by building up a 

strong database of failures and performed maintenance 
actions as well as efficient performance and condition 
monitoring systems. Two well-known maintenance solutions 
which can be helpful in building up a strong database, 
improving the safety of maintenance, solving the big data 
problems and enhancing the system integration are: 
Reliability Centered Maintenance (RCM) and 
eMaintenance. Therefore, these two concepts are shortly 
discussed in this part and mainly recommended for 
implement in automated mining systems.  

A. Reliability Centered Maintenance  
Since RCM classifies and simplifies the maintenance 

tasks, it is one of the most applicable methods to improve 
the maintenance plans for complex automated systems. The 
methodology as cost effective one, takes into account the 
prime objectives of a maintenance program: minimize costs, 
meet safety and environmental and operational goals. RCM 
is an engineering framework that enables the definition of a 
complete maintenance regime. As a discipline, it enables 
machine stakeholders to monitor, assess, predict and 
generally understand the operation of their physical assets 
[10, 11]. The method starts by identifying the operating 
context of the machinery and by performing a Failure Mode 
Effects and Criticality Analysis (FMECA). The second part 
of the analysis is the application of the "RCM logic", which 
helps to determine the appropriate maintenance tasks for the 
identified failure modes in the FMECA. Once this is 
completed for all elements in the FMECA, the resulting list 
of maintenance task for all system becomes ready. Figure 3 
shows different maintenance strategies in a typical RCM 
program. 

 

 
Figure 3. Different maintenance strategies and related tools included in 

RCM program [12] 

 
Recently, a new advanced RCM-based technique which 

is called intelligent RCM (iRCM) has been developed for 
implementation of RCM in complex systems [13]. In iRCM, 
in order to improve the efficiency of RCM analysis, case-
based reasoning (CBR), as a kind of artificial intelligence 
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(AI) technology, is successfully introduced into RCM 
process. The idea for iRCM is based on the fact that the 
historical records of RCM analysis on similar items can be 
referenced and used for the current RCM analysis of a new 
item. Because many common or similar items may exist in 
the analyzed equipment, the repeated tasks of RCM analysis 
can be considerably simplified or avoided by revising the 
similar cases in conducting RCM analysis.  

As explained, iRCM has a good capability to deal with 
big data and is able to combine the past and real-time data in 
a reasonable quality. Therefore, it could be an efficient 
solution for maintenance planning of complex and large-
scale systems. Accordingly, it is recommended by authors to 
be implemented in maintenance planning of automated 
mining machinery.  

B. eMaintenance 
As mentioned earlier, the automated mining machinery 

is supposed to be monitored both from the operation and 
maintenance point of view. Therefore, huge amount of data 
is generated in the form of 24/7 (24 hours per day, 7 days 
per week). Collection, storing, analysis and extracting the 
decision support through the big data are serious challenges 
of advanced mining. One of the powerful platforms which 
can efficiently help the maintenance of automated operation 
is eMaintenance. The concept of eMaintenance, nowadays 
maintenance 4.0, is widespread in the industry and refers to 
the integration of the ICT within the maintenance strategy 
and/or plan to face with new needs emerging from innovate 
ways for supporting production. eMaintenance enables the 
mining companies to establish the intelligent maintenance 
systems to  predict and forecast machinery performance so 
"near-zero breakdown" status is achieved. Operational data 
usually comes from three sources: sensors (mounted on the 
machines), the entire enterprise system (including quality 
data, past history and trending) and external context (social, 
economic, geographical, etc.). By looking at data from these 
sources (current and historical), it can predict the future 
performance. It also provides a powerful structure to get the 

highest possible integration in automation systems. Figure 4 
presents the main structure and elements of eMaintenance in 
automated mining operation. 

V. Conclusion 
Presented discussions in this paper and reviewed 

literature, show that each mode of mine automation has 
specific failure modes, reliability, efficiency and utilization 
characteristics. Therefore, in order to design an effective 
maintenance system for these kinds of mining machinery, all 
structural and operational aspects should be considered in a 
proper way. Three main challenges in the maintenance of 
automated mining machinery are: safety of maintenance 
crew, big data and integration of automation subsystems. 
Integration and big data are new issues, but safety is an old 
and much regulated challenge in maintenance of mining 
machinery. 

In order to overcome the above mentioned challenges, 
two main advanced maintenance solutions are recommended 
to be implemented in automated mines: RCM and 
eMaintenance. RCM which has been originally developed in 
the aviation industry has great capability to build up a 
logical structure for maintenance management and 
improvement in mines. The intelligent RCM (iRCM) is 
strongly recommended for implementation. It provides a 
great integration among the past and real-time big data and 
enables us to understand the machinery failure is and 
efficient and cost effective way. eMaintence as a tool for 
smart and autonomous maintenance could have a notable 
effects on maintenance and support of automated mining 
machinery in a safe manner.   
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Figure 4. Structure and elements of eMaintenance in automated mining operation 
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