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Abstract:

Mine transportation of materials in underground mine workings is realized by mine underground railways as well
as by suspended monorails or floor-mounted railway. Transportation is realized on tracks placed on the floor of
working or on rails suspended to roadway support. Each transport operation must be preceded by a transport
design project, made in accordance with obligatory legislation. A part of the project are traction calculations. Their
implementation in a computer program allows for minimization of the possibility of errors during the configura-
tion of suspended queues and conducting traction calculations, which consequently leads to improve the level of
safety. The article discusses the modular Safe Trans Design system, supporting the design of auxiliary mine trans-
portation. The system has been implemented in the mines of JSW S.A. The assumptions and structure of the
system as well as algorithms of operation of the ‘configurator of transportation sets’ and ‘assessment and report-
ing module’ are presented. The method of creating an auxiliary mine transportation system project is presented.
Safe Trans Design system is used in planning, organizational and training activities implemented as part of
transport safety management in mining plants. Developed methods can be easily adapted to other legislations of
hard coal producers’ countries, where suspended monorails are used in underground auxiliary mining transpor-
tation systems.
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INTRODUCTION

Coal is mined by two methods: surface (opencast) or un-
derground (deep) mining. Underground mining can be di-
vided into room-and-pillar and longwall mining. In the
longwall mining, mine transportation of people and mate-
rials is realized by mine underground railways (on the
main transportation routes) as well as by suspended mon-
orails or floor-mounted railway (in a department trans-
portation). Transportation is realized on tracks placed on
the floor of working (floor-mounted rail transportation re-
alized by transportation platforms) or on rails suspended
to roadway support (suspended rail transportation real-
ized by modular load-carrying units).

A technical restructuring of Polish mines which started in
90s last century led to intensive development of self-pow-
ered suspended monorails. Diesel engine or electric mo-
tor can be a power source. Main advantages of using self-
powered suspended monorail are as follows: the
transport capacity is not limited by length and branching
of the route; ability to observe the route by the train op-
erator; fast and easy elongation or shortening of the
route; ease of loading and unloading; ease of suspending

the different carriers; improving effectiveness of trans-
portation (transportation of machines and mining equip-
ment in one piece) due to high pulling force. The overall
view of components of the transportation set is presented
in Fig. 1.

Locomotive is coupled with other main components by
tension rods. For heavy load a modular load-carrying units
are used and in the case of people transport, special ben-
ches or passenger cabins are used. One of the significant
features of suspended monorail is its modular structure
which makes possible to adapt its configuration to the
current transportation needs. On the one hand, this me-
ans a big advantage, because the configurable means of
transport is dedicated to current transport needs, but it is
necessary to properly select individual components.

A large number of mining transport means require stre-
amlining of operations during variation and assessing
their configuration. The proper use of extensive machi-
nery parks in underground transport forces the appro-
priate, i.e. safe, selection of the components of the trans-
portation set to specific conditions of transport, e.g. mine
suspended locomotive, braking trolleys or transportation
units.
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Fig. 1 Components of the transportation set

These conditions in the case of suspended transport are
determined by: the inclination of the underground
drivage in which the transport is carried out, as well as the
parameters of the suspended route: length, profile and
type of rails and load capacity of the slings. Whereby is the
need for mine employees to carry out many calculations
and verification analyzes that are time consuming and can
generate errors caused by human factors. Analysing the
current situation there is a chance for making mistakes
which are associated with the following:

— Human factor issues:

* Necessity of reviewing many documents (most of-
ten in paper version) to collect all required input
data.

¢ Making calculations is one of many employees’ du-
ties; long-time intervals between carry out calcula-
tions.

e A lot of calculations required — a single report re-
quires few tens of calculations.

e Incorrectly assumed scope of calculations and cal-
culations algorithm.

e Copying the old report version with calculations
and only partial updating of its content for the re-
guirements of a new project.

— Lack of standardization of transportation means’ tech-
nical-and-operational documentation, especially re-
garding the mining suspended locomotive’s traction
characteristics and load-bearing capacity of modular
load-carrying unit.

— Manufacturer does not deliver all data required for
calculations.

— Use of different terminology and symbols for calcula-
tions within one coal company.

LITERATURE REVIEW

There has been rapid development of auxiliary transpor-
tation systems in underground mines in Europe. This was
related with underground mining restructuring where e.g.
in Poland, coal will remain the main component of the en-
ergy mix in the coming years [15]. Suspended monorails
are one of the main components of this system. Other un-
derground transportation systems, which operate in un-
derground mines, are as follows: mine underground rail-
ways, conveyors [10] or self-propelled machines. Auxiliary
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transportation system supports the main transport and it
is used to provide the materials transportation and mov-
ing the crew to the most remote places of the hard coal
working [18, 24]. Modular systems are well known in the
literature, however they are related with the manufactu-
ring industry as RMS (Reconfigurable Manufacturing Sys-
tem) [2, 3, 14, 22] or with the mass customization [6, 23,
25].

In the case of suspended monorail the designing process
is continued in the operational phase [12, 23]. Incorrect
actions during configuration (design) of transportation set
may result in health hazard and can even cause fatal acci-
dents to the people working in mines. Mine transporta-
tion belongs to the most dangerous processes. Accidents
during underground transportation are the accidents
were injuries to workers are most serious, what means a
high accident seriousness, measured by a number of sick
leave days per accident [11, 12]. Besides, the hazards,
which occur during transportation operations, can affect
much more people, even those who are not directly
involved in transportation, but they work on the transpor-
tation routes.

Ensuring safe transportation in the mine undergrounds
requires a number of engineering designing work that re-
sults in Transport System Documentation developed by
mine employees, in particular by Production Preparation
Departments and Mining Departments [21].

At the KOMAG Institute of Mining Technology, as a part of
the European project MINTOS [8, 16], research work was
carried out to develop tools supporting the verification of
transport system designed in the light of safety criteria. As
a result of the project, a prototype of a modular system
supporting the design of auxiliary mining transport sys-
tems — Safe Trans Design (STD) was developed. The sys-
tem was directed to hard coal mines and dedicated to aux-
iliary transport systems, using suspended and floor
mounted self-propelled railways. It enabled the selection
of individual components of a suspended monorail and
their evaluation. Access to the system is possible via a web
browser. This approach has many advantages [17]. The
system has a modular structure, which makes it possible
to extend it with further modules. The developed system
is a form of unification and standardization during plan-
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ning and creating of mining documentation of under-
ground transport systems. There are other dedicated ex-
pert systems available on the market, e.g. used in ventila-
tion systems [5], expert systems for risk assessment in ex-
plosive mine atmosphere [4] or dedicated for people
evacuation from underground workings [1]. In Polish and
world literature there are not computer programs for car-
rying out traction calculations for suspended monorails
used in hard coal mines.

METHODOLOGY OF RESEARCH

During the software development and implementation,

the following tasks were carried out:

— Development of the prototype of Safe Trans Design
system.

— Two-phase verification of the correctness of the obta-
ined calculation results: the first phase performed by
software authors (during the development of the pro-
totype), the second phase performed by specialists
from mines (trial software release).

— Selection of mines for in-situ test sites — Polish coal mi-
nes from JSW S.A. and PGG S.A. coal companies.

— Appointment of testing teams responsible for carry
out the test (second phase) and carry out training
workshops.

— Carry out the second phase testing — based on the re-
ference projects, the calculations were carried out pa-
rallelly, i.e. traditionally and using the system and ob-
tained results were compared.

— Development questionnaires regarding the functiona-
lity of developed STD system prototype.

— Carry out surveys among employees from Production
Preparation Departments and Mining Departments.

— Considering the results from the in-situ tests and
surveys — introducing improvements to the user inter-
face, adding new functions, correction of existing func-
tions.

— Development of the user manual for Safe Trans Design
system.

— Commercial implementation of developed STD sys-
tem.

ASSUMPTIONS FOR THE STD COMPUTER AIDING SYSTEM

The following assumptions for the prototype system were

developed:

— Access via any web browser — no need to install the
system on local computers.

— Possibility of operation on various electronic devices:
desktops, laptops, tablets, smartphones.

— Integrated data collection describing the components
of transportation sets (database structure).

— Possibility to assess many variants of created transpor-
tation sets.

— Unification of the form and automatic generation of
reports from the calculations carried out.

— Electronic archiving of created projects.

— Modular structure of the system.

The structure of the STD system is presented in Fig. 2.
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Fig. 2 Structure of the STD system

Access to the STD system is possible through any web
browser installed on various electronic devices. Depend-
ing on the obtained rights, database resources can be
made available selectively, i.e. the user "sees" only those
means of transport that are currently in the mine machine
park. Internet access to the STD system also allows its re-
mote update, modification and remote adding of new
auxiliary transport means to the database. Developed
user interface and the database structure of the system
provide remote access to resources and enable data flow
between each thematic module. The figure shows the sys-
tem integration with the AutoCAD program. It applies to
the collision analysis module, which is not the subject of
this article.

SAFE TRANS DESIGN — SYSTEM CHARACTERIZATION

The system allows a comprehensive assessment of the

proper selection of a configured, suspended transporta-

tion set. It consists of the following modules:

— System administrator module — enables creating the
users of the STD system and their authorization.

— Configurator of transportation sets —is used to include
all input data to the assessment and reporting module.

— Assessment and reporting module — automatically
perform calculations and creates a report based on in-
put data from the transportation sets’ configurator.
Traction calculations comply with the requirement set
outin [19, 21].

— The main advantages of the STD system include:

— Improved safety by minimizing the possibility of mak-
ing a mistake during engineering work (selection of
traction characteristics, braking and load capacity; cal-
culation of the maximum net weight of the load; trac-
tion calculations; mutual location of components of
the transportation set, etc.).

— Optimization of the selection of created transporta-
tion sets through the possibility of assessing many var-
iants.

— Fast and error-free configuration of transportation
sets.

— Automation of the traction calculation process — auto-
matic reporting with full documentation of calcula-
tions.
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Configurator of transportation sets

The purpose of the module is to configure the transporta-

tion set consisting of available components that are in the

database for the logged user of the system. The following
five steps must be fulfilled to configure the transportation
set:

— Selection and configuration of mining suspended loco-
motive (STEP 1).

— Selection and configuration of braking trolleys (STEP
2).

— Selection of transportation units: heavy-duty beams,
sets of hoists, cabins and passenger benches, special
containers (STEP 3).

— Additional input data — necessary for traction calcula-
tions (STEP 4).

— Selection of tension rods and formation of the trans-
portation set — mutual location of the components of

the transportation set and the tension rods connecting
them (STEP 5).
Fig. 3 presents the main steps of the Configurator of trans-
portation sets.
To start the work with the STD system it is necessary to
open a new project or edit the existing one. In this way
one can save, modify or delete the results of the com-
pleted work. The projects are a kind of electronic archive
of attachments of transport system documentation which
can be used any time. It is possible to create subsequent
projects, with the use of already existing as input.

STEP 1 — selection and configuration of mining sus-
pended locomotive

The individual type of locomotive is selected from the ta-
ble which contains available mining suspended locomo-
tives. Selected locomotive will be used in current (active)
project, Fig. 4.
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Fig. 3 Main steps of the Configurator of transportation sets
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Fig. 4 STD system — selection of the locomotive (top); selection of basic driving parameters (middle); calculated permissible total weight
of the transportation set (bottom)
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Then one can select the maximum route inclination, max-

imum pulling force and optionally the speed of transpor-

tation. For such selection, based on the locomotive's trac-

tion characteristics, the permissible total weight of the

transportation set is automatically calculated. Addition-

ally, for the selected locomotive, its traction characteris-

tics is displayed, which can be shown in a graphical form

orin a tabular form.

After selecting the mine suspended locomotive, it should

be configured in the following way, Fig. 5:

— Selection of cabins (left and right).

— Determining the operator's weight (separately for the
left and right cab).

— Selection of the number and type of drives (for varia-
ble configurations only).

— Determining whether the power pack and the auxiliary
part is equipped with drives or not (for variable config-
urations only).

Kompensily ciggnis I Mining suspended locomotive components |

Kabina lewa Masa operatora [vg) | Operator's weight [kg]

Kabina dwioscbows duta o Iy
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Czesc maszynowa Czebé maszymowa [} NE
Jundfiary pert Jednostia pomocnicza Maziiwy naped

Jecnostka

pomocnicza

Fig. 5 Configuration of the selected mining suspended locomo-
tive

STEP 2 - selection and configuration of braking trolleys
The input data regarding the braking trolley is entered by
choosing the name, number of braking trolleys and their
operational system (uno, duo, trio, quadro or otto). Brak-
ing trolleys which are in the same operational system
means that activation one of them also activates the rest
braking trolleys within this system. After entering input
data, a dynamic graph is displayed representing the brak-
ing characteristics of the trolley or the operational system
of the braking trolleys. The graph shows two curves: the
upper curve (blue) determines the maximum total weight
of the transportation set. The lower curve (green) defines
the minimum total weight that a transportation set should
have when transporting people due to the maximum per-
missible deceleration. For such a selection, based on the
braking’s trolley characteristics, the permissible total
weight of the transportation set is automatically calcu-
lated, Fig. 6.
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Fig. 6 Selection and configuration of braking trolleys

STEP 3 - selection of transportation units

The input data which are related with a transportation
unit (modular load-bearing units, hoist sets, passenger
cabs/benches and special containers) is entered through
interactive, dynamic tables that are "drop down" depend-
ing on the number of transportation units used in a given
project. For such a selection, based on the transportation
unit’s characteristics, the maximum mass of transported
load is automatically calculated, Fig. 7.
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Fig. 7 Selection of transportation units

STEP 4 - additional input data

Within this step, additional data necessary to perform
traction calculations are provided. The data are pre-de-
fined for the mine suspended locomotive selected in STEP
1, but it is possible to edit it. In STEP 4, the following data
is provided:
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— Rolling friction coefficient —is taken into account when
calculating longitudinal forces in tension rods.

— Dynamic Braking Force Factor — lowers the static brak-
ing force (default value equals 0.7).

— Locomotive speed at which the speed transducer is ac-
tivated (if applicable) — vA1l.

— Locomotive speed at which centrifugal release is acti-
vated — vA2.

— Time lag between signal from the speed transducer
and brake activation (if applicable) — tA1.

— Time at which speed limiter of centrifugal release is ac-
tivated — tA2.

STEP 5 — selection of tension rods and formation of the
transportation set

The last step is the selection of the tension rods connect-
ing each component of the transportation units. Designer
can view a sketch of the transportation set at any time
during the configuration designing process. Individual
components of the transportation set are represented by
icons (active graphical objects). An example of transpor-
tation set’s configuration formation is presented in Fig. 8.
After completing the configuration, having the entire
transportation set, the designer can change the position
of each component, interactively dragging the selected
icon (transportation’s set component) to a new location.
There are formal requirements and those related to the
work organization in a given mine, which impose the mu-
tual location of the components in the transportation set.
For example, the braking trolleys have to be located in
front of and behind the passenger cabin’s set. Apart of the
formal requirements, the transportation set should be
configured in the way that internal forces in tension rods
should be as equal as possible.

Dobdr ciegiet kolejki podwieszonej | Selection of tension rods I

ASSESSMENT AND REPORTING MODULE
The assessment and reporting module uses input data
prepared in the module of the STD system, called “Config-
urator of transportation sets”. For the given input data (in-
clination of the route, length of the suspended route rails
and load capacity of the suspended rail’s connectors) and
the configuration of mining suspended locomotive (selec-
tion of the locomotive, transportation sets and braking
trolleys), the module automatically calculates the follow-
ing parameters:

— Total weight of the transportation set (without trans-
ported load).

— Maximum net weight of the load transported by the
transportation set — selected from minimum of the fol-
lowing values:
¢ Maximum net weight of the load that can be

transported by the mine suspended locomotive.

e Maximum net weight of the load protected by the
braking trolley/braking trolleys operational sys-
tem.

¢ Maximum net weight of the load that can be
transported by the following transportation units:
modaular load-carrying units, hoist sets, passenger
cabins/benches.

— Traction parameters during braking when using the
following:

e Mining suspended locomotive brakes.

» Braking trolleys/braking trolleys operational sys-
tem —including the weight of the mine suspended
locomotive.

e Braking trolleys/braking trolleys working system —
without the weight of the mining suspended loco-
motive.

The simplified algorithm of the “Assessment and report-

ing module” operation is presented in Fig. 9.

- E - mw - -

I Tension rod number II Component A I

I Tension rod connecting component A to B I

Numer ciggta Komponent A
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Legend:

M — mass of a single suspended monorail component [kg]; Mo —mass of operator (one or two) of the suspended monorail [kg];
Mt —mass of transported load [kg]; F — pulling force (black) or braking force (red) assigned to one component [kN].
Fig. 8 Example of selection of tension rods and formation of the transportation set
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SELECT PROJECT CREATED WITHIN THE MODULE: ,CONFIGURATOR OF TRANSPORTATION SETS"
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STEP S
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weight of the load;

[2] - braking when using
mining suspended
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[3] - braking when using
braking trolleys
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the mining suspended
locomotive);

[4] - braking when using
braking frolleys (without
the weight of the mining
suspended locomotive);
[5] - values of forces in
the tension rods

[4] - tension rods

»

l GEMNERATE REPORT: PDF DOCUMENT

Fig. 9 Simplified algorithm of “Assessment and reporting module” operation

The following results of traction calculations are available:
speed of the transportation set at which the brakes must
be activated; braking energy; effective braking force;
braking distance and braking deceleration. The structure
of the traction calculation report allows to choose data
that will appear in the report and their order. In addition,
the user decides whether the calculations will be carried
out for the actual load mass or for the maximum load
mass (selected from the load capacity characteristics).

CONCLUSIONS

The use of the STD system supports mine services in labor-
intensive calculations, which results in the orientation of
engineering work carried out in the mines towards a con-
ceptual work. The configurations of transportation sets
created with the support of the STD system are optimal in
terms of existing conditions and transported load masses.
The innovativeness of the developed STD system is pri-
marily concerned with understanding the essence of the
problem and proposing a unique system for conducting
complex work related to safe and optimal transport in un-
derground mines. As a consequence, there is a minimiza-
tion of the possibility of errors (in particular caused by a
human factor) during the configuration of suspended
queues and conducting traction calculations, which leads
to improve the level of safety.

The access to the developed STD system via Internet plat-
form results the improvement of the design process of
transportation routes. Improvement of the system's inno-
vation and functionality is also associated with regular
training for system users, where the synergy effect is new
proposals and improvements or concepts of new mod-
ules, which are then introduced to next versions of the
STD system.

In the future, it is envisaged to use artificial neural net-
works to automate the process of configuring the trans-
portation sets. This method is used successfully in many
branches of science and industry for imaging the pro-
cesses and for their control [7, 8, 13, 20, 22].

Described STD system is used on the basis of Polish legis-
lation, however it can be adapted to the legal require-
ments in other countries in which the presented types of
auxiliary mining transportation systems are operating.
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