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Abstract:

Computer systems supporting the management of machines operation and maintenance in companies have
been successfully applied in many branches of industry. Over the last few years these systems have been con-
siderably transformed. It also seems that using them for operating mining machines in hard coal mines is inev-
itable, as maintenance generates high production costs. If implemented, the systems will allow for optimiza-
tion of stocks, spare parts and materials, supplies, outsourced services as well as maintenance-repair works.
Application of a system supporting the management of mining machines/equipment will also enable a better,
more effective use of employees. As a result of these actions, the time needed for preparations and repair will
be shortened, which will translate directly into the economic effects of mines.
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INTRODUCTION

Computer systems supporting the management of ma-
chines operation and maintenance have been subject to
considerable transformations in recent years [2, 3, 10, 18].
On the one hand, this is the effect of ever-increasing re-
quirements on the part of the users, while on the other
hand, it results from the development of computer tech-
nology, both in terms of equipment capabilities and the
ability of operational systems or new platforms [5, 15, 17,
22]. These two factors are inextricably linked and comple-
ment each other. The users’ requirements pose serious
challenges to information technologies, and, at the same
time, their development enables the achievement of new
goals. In functional terms, systems supporting the manage-
ment of machines operation and maintenance have
evolved from simple CMM programmes (Computerised
Maintenance Management system), enabling the mainte-
nance management in a production plant to be put in or-
der, into complex systems that support the management of
enterprise assets (EAM — Enterprise Asset Management,
SAM — Strategic Asset Management) [10, 11, 12, 23]. They
are applied not only in the production area, but also in the
broadly understood enterprise infrastructure (Facility Man-
agement), IT infrastructure, internal and external transport,
supplies of spare parts and materials needed in mainte-
nance management, external contacts etc. [1, 14, 19, 23]

(Fig. 1).
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Fig. 1 Development of computer — aided systems of management

of operation and maintenance of machines and equipment

Source: [21].

The most advanced systems enable actions to be extended
to many plants of one enterprise scattered around the
world (multi-site, multi-organization), many languages,
time zones, currencies etc. With maintenance support sys-
tems it is possible to shorten the time and reduce the costs
of maintenance as well as guarantee the availability of in-
dispensable parts while reducing the stocks, improving the
supplies and streamlining the organization of external con-
tracts [13, 22].

Asset management can start before a machine begins to be
operated in an organization. A precise list of materials and
installation instructions will considerably facilitate the ma-
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chine operation. By creating a visual catalogue of the as-
sets possessed (MAXIMO lllustrated Parts Catalog), ac-
cording to the description standards accepted throughout
the organization (Struxure™ and Standard Modifier Dic-
tionary™), the system provides employees with the pos-
sibility to move around the structure of the assets supple-
mented with detailed drawings/diagrams of its elements,
and, in consequence, to localize an object, define neces-
sary items to be repaired and identify them in the supply
chain [9, 17]. In the whole cycle of assets functioning in an
organization, today’s maintenance support systems facili-
tate activities related to the management of work, plan-
ning and scheduling.

The functional development of the systems is inextricably
connected with the technical development of the ,,com-
puter” branch [12, 15, 21]. The proliferation of network
systems (Internet, intranet), a growth in their functional-
ity, reliability of operation and security of information
sent resulted in the extension of the scope of operation
of management support systems to whole organizations.
It also enabled creating connections between organiza-
tions, by means of which various activities can be carried
out, such as supply of parts and materials, contracting of
services etc. The functionality of such connections
evolved from the level of simple sending of email corre-
spondence into automatic operations, performed without
man’s participation (but taking place under man’s super-
vision). “Automatic supply” can generate considerable
savings. AMR Research, based on analyses conducted by
Boston Consulting Group, estimates that among the big-
gest companies on a global scale, the reduction of supply
costs may reach even 60% [24].

Another factor that exerts a considerable impact on EAM
systems is the development of portable IT devices. The
common use of such devices “freed” operational employ-
ees of a number of office activities, thus contributing to a
better use of their time. The diversity of portable com-
puter devices offers the possibility of selecting adequate
solutions, adjusted to particular goals. An important fea-
ture of the above solutions is their close integration with
the main system. Information to and from a portable de-
vice can be sent in various ways, depending on the func-
tional connection with the main system (docking cradle),
online wi-fi connection, connections through mobile
phone networks, dial-up connection, IRDA connection).
The development of computer systems supporting the
management of machine operation and maintenance in
enterprises must be correlated with the specific require-
ments of the users. As the systems developed, their “spe-
cialization” turned out necessary. Based on the basic func-
tionality, dedicated versions began to be created for:

- production,

technical infrastructure,

- transport,

- IT infrastructure etc.

The scope of activity is extended by ,,adding” new compo-
nents to the system. Which of the activity spheres, which

component of the system becomes a leading one for the
organization depends solely on its specific character.

The diversity of branches, products and requirements
caused that systems dedicated for the production sphere
had to develop also in other directions. Systems dedicated
for other sectors were also created so as to fulfil the tech-
nical and formal requirements characteristic of a particu-
lar branch [2, 8, 9].

ORGANIZATION OF OPERATION-REPAIR WORKS IN THE
MINING INDUSTRY

In Polish hard coal mines, maintenance of mining
machinery/equipment is carried out by two subjects (Fig.
2)[2,3,4,7]:

- the user of a particular machine (mine);

- the producer of this machine.

TYPE OF ACTIVITIES GUARANTEE AFTER GUARANTEE
Cyclic carried out
operations User/coal mine User/coal mine
User/coal mine

Non-cyclic carried out (with the agreement of User/coal mine

operations the manufacturer)

“where appropriate”
Manufacturer Manufacturer Service repairs

Fig. 2 Activities during the period of the guarantee and after
guarantee

Activities in the facility maintenance area (performed cy-
clically) have a maintenance and control character —there
are no cyclical repairs [2, 3, 8, 14, 16]. These activities are
performed by the mine on its own, no matter whether a
machine/device at the moment a need for a particular ac-
tivity arises is under guarantee or not.

The organization of operation-repair works in Polish hard
coal mines is based on procedures aimed at ensuring ef-
fective actions, in accordance with the instructions and
regulations in force, which enable keeping the mining ma-
chines in good working order. Procedures specify the di-
rections, methods and persons implementing the activi-
ties undertaken so as to keep the machinery in process
lines in good working order. In hard coal mines there is no
possibility of shutting down the machinery in order to
carry out an overhaul.

When an incident (breakdown) occurs, a service request
is created to provide a basis for contact with the company
dealing with service requests (the employee specifies the
scope of breakdown, its causes, information on potential
damage as well as equipment necessary to remove the
breakdown).

In this article, an example of a procedure for securing the
work of a shearer has been presented. In the pre-emer-
gency state, when there are visible symptoms of a forth-
coming breakdown, spare parts are ordered and repair is
carried out during the nearest maintenance shift. The di-
agram of operation in case of breakdown, pre-emergency
state or necessity of machine adjustment has been pre-
sented in Fig. 3.
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Fig. 3 Procedure in the case of failure, pre-failure, or necessary adjustment of device

MAINTENANCE AND REPAIRS OF A SHEARER
The schedule of maintenance, adjustment works and
checks must comply with the guidelines contained in the
shearer’s operating instructions and separate instructions
for the machine subassemblies. The main requirements to
be fulfilled when performing works related to the shearer’s
operation and repair include:

- promptness of works —terms established by the producer
have to be observed,

- staff competence — all works related to operation and
repair can only be performed by a properly qualified
technical personnel,

- supervision over works — appointment of supervisors for
work coordination,

- securing the area — works can only be carried out in a

previously secured area,

securing the shearer — the shearer must be protected

against accidental dislocation and prevented from being

accidentally turned on,

application of detailed procedures — technical staff must

follow the required procedures for switching on and off,

in accordance with the operating instructions and repair
works principles,

- use of specialized equipment — in the process of

dismantling or installing big elements or whole shearer

subassemblies, they must be properly fixed and secured
on the lifting equipment.

following the producer’s recommendations — detailed

instructions regarding operation and repair works, such

as:

¢ cleaning the shearer before commencing repairs or
maintenance works,

e protecting all openings which for safety or operational
reasons need to be covered or closed, against the ac-
cess of water and cleaning agents, before starting to
clean the machine, e.g. with a pressurized water jet,
removing all the covers and plug buttons used for clean-
ing when it is finished,
check of tightness of the hull and hydraulic connections,
checking for loose, used or damaged connections —
tightening loose screw connections (replacement, if
necessary),
if it is necessary to dismantle protective devices to per-
form repair or maintenance works, upon completion of
works, they have to be immediately placed back and
checked for correct functioning,
¢ removal of materials and used parts in a manner that is
safe for the environment,
carrying out works related to cutting, welding or grind-
ing in a designated area — after obtaining permission,

* performance of works related to hydraulic systems by a

competent personnel.

Periodical checks must be conducted to ensure proper op-
eration and failure-free work of the shearer. According to
the operating instructions, there are daily, weekly and
monthly inspections.

APPLICATION OF A SELECTED CMM CLASS SYSTEM

The MP2 system [20] is a computerized maintenance man-
agement system of CMM class. It is a complete software
package for supporting the management of maintenance
and technical service teams in small and medium-sized en-
terprises. It includes both issues related to current mainte-
nance and effective maintenance management. The MP2
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system is equipped with functional tools to support assets
management, which make available an analysis of service
history and the structure of expenditure incurred for its
maintenance. The system serves the management of re-
pairs, maintenance, stocks and supplies as well as the man-
agement of human resources. Additionally, MP2 provides
efficient and easy-to-use tools for analysis and reporting,
making available more than 1000 predefined reports and
over 300 charts. The available standard reports and charts
can be tailored by the user to the specific needs of an en-
terprise without a required specialist programming
knowledge.

MP2 system modules
The MP2 system is built of modules, consisting of the fol-
lowing elements:

- facilities,

- work orders,

- planning,

- warehouse,

- purchases,

- work demand,

- human resources,

- administration,
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Fig. 5 Work order module window

creation of work orders consisting of a number of activi-
ties carried out by different groups of specialists (profes-
sional groups). For each activity the required resources
can be defined: time consumption, material resources,
outsourced services, as well as service instructions and
any comments,

attaching technical documentation, diagrams, work per-
mits, safety instructions etc. to work orders,

planning and handling of maintenance-preventive works,
handling of current works and emergencies,

handling of service requests,

analyses as well as technical and financial reporting.
“Warehouse” module:

- management of spare parts and consumables,

- warehouse operations: deliveries, receipts, returns,

- transfers, stock-taking,

- ABC and EOQ analyses,

- budget.
»Facilities” module (Fig. 4):
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Fig. 4 Screen view that describes the object

- technical records of assets,

- detailed technical parameters of equipment,

- defining the structure of equipment by means of a

graphic interface in the form of a tree,

- analyses of materials turnover based on charts and re-
ports.
»Planning” module (Fig. 6):
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- history of equipment operation,
- possibility of attaching electronic documentation to the
facility: CAD drawings, doc files and others, together with
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Fig. 6 Work order planning

scanned documents.
,Human resources” module:
- technical staff work schedule,

- file of employees with detailed data on qualifications,

trainings etc.,

- specification of man-hour rates for different professional

groups, employees and types of work.

»Work order” module (Fig. 5):

- management of maintenance staff work schedule by
planning and supervising the ordered works,

- planning and optimization of workload,

- handling of periodical activities — checks, inspections,
tests etc.

- time and operation planning.

,Purchase” module:

handling of full supply cycle: demand, requests for quota-

tion, orders,

purchase authorization mechanisms,

implementation of purchases based on planned works

and consumption,

estimation of minimal stocks — also on the basis of ABC

and EOQ analyses,

inventory turnover analyses.
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»Work demand (order)” module (Fig. 7):
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Fig. 7 Works order module window

- prompt reporting of events requiring intervention: break-
downs, repairs etc.

- automatic notification of requests by email or text mes-
sage,

- current preview of reported issues - implementation sta-
tus check etc.

»2Administration” module

- user permission management,

- configuration of user interface,

- configuration of system data structures and many system
functions.

,Budget” module:

- planning of budgets for implemented work orders and
bigger projects,

- specification of the budget structure by costs, periods
etc.,

- budget implementation monitoring,

- analyses and reporting.

The MP2 system is a solution for industrial maintenance

service teams. It can be applied wherever the key issue is to

ensure uninterrupted work [21].

Facility maintenance in industry is a crucial issue. A produc-

tion line breakdown entails various costs. Apart from losses

resulting directly from shutdowns, they among others in-

clude the costs of service teams, the purchase and storage

of parts and repairs. An evaluation of fixed assets mainte-

nance costs is an important issue for the organization man-

agement. An analysis of the causes and effects of break-

downs may turn out to be even more important.

A key to the success of actions aimed at reducing the

maintenance costs of fixed assets is systematic collection of

data and their analysis. In MP2 one can define any number

of facilities and put them in hierarchical order — production

halls can be assigned to a building, machines or their groups

can be assigned to production houses; functional subsys-

tems and specific subassemblies can be identified in ma-

chines, e.g. bearings. Each facility can be granted a unique

number and name, and a file in any format can be assigned

to it, e.g. documentation, photograph, animation etc. A fa-

cility is assigned with features related to its use — strength,

critical conditions, terms of periodical inspections.

The system also stores the history of the facility’s failure

frequency —the dates of breakdowns, causes, effects, costs

of materials and repairs. The stored data allows creating a

“database of knowledge” on breakdowns and manners of

coping with them. It enables conducting detailed analyses,

e.g. comparisons of the strength of parts from different

suppliers, and even comparisons of the effectiveness of ser-
vice technicians’ work. Based on the set parameters and
failure frequency history, the MP2 application “predicts”
when a specific part will break down, and “prompts” an in-
spection or replacement in due time. The system can also
define optimal stocks and issue automatic missing ele-
ments’ purchase orders.

The MP2 system structure also contains mechanisms of
planning and management of maintenance service teams’
work. Work orders can be issued manually or automati-
cally, at any time in advance, by assigning a particular per-
son, time and parts to a task. They can be transferred to
relevant persons by email or on a pager. The MP2 system
was not prepared for a particular branch of industry. It is
versatile enough to support maintenance of any system,
e.g. a hotel, powerhouse, mining plant (hard coal mine) or
a supercomputer.

CONCLUSIONS

Application of a CMM class system in an enterprise brings a

number of benefits, such as:

- inventory of technical facilities,

- overhaul management,

- maintenance management,

- service works management.

Implementation of the above functionalities enables:

- inventory and management of company’s fixed assets,

- minimization of unplanned downtimes of machines and
equipment through prevention of breakdowns,

- improvement of production continuity,

extending the life of machines and equipment,

optimizing the management of spare parts and

consumables,

- planning and analysis of resources operating costs.

Owing to this, it is possible to:

- reduce the costs of production, which translate into

profitability increase,

reduce the costs of storage and transport by optimizing

the stocks,

reduce the costs related to failures and repairs,

increase the production capacity of an enterprise,

extend the life cycle of machines and equipment,

decrease the duration of downtimes caused by failures,

- improve management related to better and faster
information,

- improve safety and reduce the number of accidents,

- minimize labour input for creating traditional
documentation.

Excessively frequent breakdowns do not appeal to our im-

agination, and, in consequence, seem to be merely some-

thing that in a way is incorporated in the essence of equip-

ment use. Therefore, it is worth predicting in advance the

possibility of certain incidents or situations to occur, so that

they can be effectively prevented. Facility maintenance de-

partments often intervene only after a breakdown oc-

curred, without having appropriate spare parts or even

emergency procedures. In such a case, a CCM system

seems to be irreplaceable and worth implementing. An

equally significant aspect related to facility maintenance is

Machine Directive, which imposes new duties on machine
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and equipment users, related mainly to record keeping.
What is also important, it forces considerable care for ma-
chinery stock.

Proper selection of shearers adjusted to the existing geo-
logical-mining conditions or mining-technical condition in
mines is also a very important issue. For this reason, it is
necessary to conduct investigations into mechanical prop-
erties of coals so that mining machines can be adequately
selected in order to ensure proper mining and reduce the
failure frequency of machines and equipment used for coal
deposits exploitation [6].
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