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Abstract 

 Coal as a fuel is the cheapest source, which takes minimal investments, for 

energy production. This fossil fuel provides 30% of global primary energy needs and 

takes share of 40% of the world’s electricity production. Also it is using widely in steel 

production, which has a share of 70% of the world’s. There are two views on the total 

proved reserves submitted by German Federal Institute for Geosciences and Natural 

Resources and by BP Statistical review of World Energy. The first one brings a amount 

of the proved reserves about 1052 bil. t., when the second one – 892 bil. t. If to take into 

considerations production rate which takes place nowadays it will give us more than 110 

years of coal output. Total production, according to World Mining Data 2016, gave an 

output of nearly 8 bil. t. of the coal in 2015. The leading positions of the fuels production 

takes countries such China, United States, India and Russia. 

 From time to time, technology of coal winning is changing and with years the coal 

locates deeply below the surface what makes it challenging to extract. In these cases 

methods of open cast mining cannot be applied but the methods of underground mining 

takes advantage. Shaft sinking can already achieve depth of 4 km, but mostly these 

depths of deposit locations can be found in the gold mines. Technology of the hard coal 

extraction will lead to big depths of coal deposit in the future. Thereby, mine planning 

plays huge role of project’s feasibility. 

 The task of this qualification work is to make a plan for a hard coal mine and 

develop the network of galleries to obtain workable conditions of extraction and to apply 

appropriate technique for achieving planned production rate of usable material. 
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1 General information 

 The long time ago, when industry of coal extraction born, a production of hard 

coal was built on a simple way of scooping material by the shovel and loading it into 

cars. The huge step in an evolution of the technology gives an opportunity to built highly 

mechanized, safe and profitable ways in coal extraction nowadays. 

 Over the years, approach to get underground are dictated by the deposit 

location. In case when coal reserves are found at big depths below the surface, the 

method to get an access to mineral is shaft sinking. By this vertical galleries operations 

such a transporting of material and people, ventilation, supplies are used. If the deposit 

lay not at a great depth, slope shaft could be used to open the mine field. An another 

one method of sinking is to drive an adit in the hill, if conditions are suitable. In this case 

the opening gallery will be horizontal.  

 Selection of the approaches are influenced by geography and geology. However, 

the entry to the mine have an impact on economic conditions. Sinking of the vertical 

galleries require much more investments than for an opening of the coal seam located 

in the contour of a hill. During the planning of an entry to mine geological conditions of a 

coal seam must be taken into account.  

 After stage of getting access to the seam, most popular methods of coal 

extraction are used. There are room-and-pillar method and longwall mining method. 

Historically, the first one was widely used, but longwall mining was simpler to 

understand and to initiate. Through past decades, revolution in mining equipment allows 

to use this methods of mining with a new efficiency. It was marked, that longwall mining 

has been replacing the room-and-pillar method due to new techonologies. Longwall 

method can be successfully used at great depths, and probably, it will allow to extract 

the coal seams in the future, when only deep deposits will be left. (cp. Dix, Keith, 1988) 

 Planning and development of an underground mine is always unique e.g. 

conditions vary over the space. Mine design moves through 3 main stages – 

conceptual, preliminary and final design. The most important issue for the design is the 

geology. Any small failure can grow in the future in huge losses of production rate and 

how consequence in a great losses of money. 

1.1 Production of the coal 

 Almost all of the coal reserves(more than 80%) are located in only 10 countries. 

These countries are: USA, Russia, China, Australia, India, Germany, Ukraine, 

Kazakhstan, Colombia and Canada. On the top of the wealth of this mineral is United 

States with a share of more than quarter of the proven coal reserves. The biggest 

consumer of coal in the world – China, lays on the third place of the top. 
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 According to the WMD 2016, production of the coal(steam coal, coking coal, 

lignite) around the world stays on the almost constant level from 2010 to 2014.  

 

Figure 1. Coal production worldwide 

 If to take a look deeply on the production rate of major countries, it can be 

noticed that the only 6 countries worldwide are the main producers of the coal. The 

share of these countries in a world production is almost 85%, Some of this countries are 

also the mentioned as riches countries in the coal reserves sense. 

 

Figure 2. Steam coal production in 2014, metr. t 

 Steam coal(thermal coal) is used in power generation. Nearly to 40% of electric 

power around the world are generated by the thermal power stations. The half of the 

world coal production is coming from China. 

 Coking coal is an important element of steel production. The biggest producer is 

China as well. Coking coal has a low volatile matter content and high swelling index. 

The share of the leading producing countries is up to 90%. 
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Figure 3. Coking coal production in 2014, metr. t 

 Usually, lignite can be extracted by the open cast method of mining e.g. the veins 

are located relatively close to the surface. Lignite is used in power generation industry. 

It has content of the carbon and density between peat and bituminous coal. The main 

producers make up to 65% of the world extraction. The biggest rate of extraction is 

given by Germany. 

 

Figure 4. Lignite production in 2014, metr. t 

 How it was mentioned before, the most famous methods of underground coal 

extraction are longwall mining and room-and-pillar mining. Sequence of operations and 

technology were sharpened over the years. Among the major producers of the coal are 

countries with this methods of mining applied for certain conditions. 
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1.2 Coal mining in Germany 

 Annual output of different coal types made about 186 mio. short t. in 2014. The 

almost all number of an output makes up lignite with a share of 95%, and the only 5% - 

steam and coking coal. (cp. Reich, Schatz, Zsak, 2016) 

 There are 6 major districts of the hard-coal mining in Germany. There are: 

Ibbenbürener Revier, Ruhrrevier, Aachener Revier, Saarrevier, Sächsisches Revier, 

Bayrisches Pechkohlen Revier. 

 The total surface of mining over the regions cumulate more than 600 km2, with 

number of 900 shafts, 10s of 1000s km of galleries, adits and gateroads. (cp. Mischo, 

2015) 

 

Figure 5. Shafts in the coal production region 

 There are only 2 mines which operate nowadays. 

 The first one is Ibbenbüren mine. Annual production is approximately 2 mio. t. It’s 

employ more than 2000 people. Maximum depth of the operations is 1600m. This mine 

uses longwall and plough technologies for coal extraction. The mine is located in the 

same name city in the administrative region Münster, which is one of 5 administrative 

regions of North Rhine-Wesphfalia. (cp. Mischo, 2015) 
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Figure 6.  Ibbenbüren mine

 The second one is  Prosper-Haniel Mine with an 3 mio. t. output per year. It is 

employ more than 4000 people and has a maximum depth of about 1200m. Mining of 

the coal is done by longwall mining method which employ shearers and ploughs. The 

german mining conglomerate RAG owns the mine. The location of the mine is near to 

Düsseldorf city, in North Rhine-Wesphalia as well. (cp. Mischo, 2015) 

 

Figure 7. Prosper-Haniel mine 

 The last two mines will shut down by 2018, according to a plan approved in 2007 

by Angela Merkel’s government. The phase out doesn’t affect Germany’s brown coal 
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surface mines. The agreement looked forward to ending the subsidies received by the 

underground mining sector. 

  

Figure 8. Changes of production and labour force in Saar mine 

 Before the mine “Saar” was closed, coal extraction was decreasing since 1960, 

when the the mine was on the peak of production and was giving about 16 mio. t. of the 

usable material. On the graphic above, it can be noticed how the output was decreasing 

with an increasing of mechanization. Labor force was suffering from the closing the 

mine. The agreement eliminates approximately 35,000 mining jobs. 

1.3 Characteristics of the deposit 

1.3.1 Overview of the deposit 

 The total area, allocated for the mine field make up to 275 km2.  

 The geographical coordinates which represent boundaries of the considered field 

are: 

№ 
Coordinates 

North latitude East longitude 

1 49° 19' 34.1'' 6° 55' 27.0'' 

2 49° 33' 54.4'' 6° 59' 04.0'' 

3 49° 34' 53.7'' 6° 51' 18.3'' 

4 49° 20' 32.0'' 6° 47' 19.1'' 

Table 1. Coordinates of a mine allotment 

 Based on the data of coordinates for given mine field, the schematic figure of the 

area, allocated for the mine was drawn. The boundaries of the mine field represent 

beginning and the end of the coal seams which are appropriate conditions to mine.   
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Figure 9. Boundaries of a mine allotment 

 However, if to look at the cuts which are presented below, it’s clearly shown, that 

the laying conditions of the coal seam are inappropriate for underground coal mining. 

There are too much discontinuities and the angle of the dip is to steep. For this are most 

appropriate method for extracting will be open cast mining. In addition, the coal seams 

can be exposed on the surface, what gives the sense for an open cast mining 

application.  

 

Figure 10. Position of coal seams in the strata 

 Based on the figure above, the 3D model was created in AutoCad to picture the 

stratigraphic characteristics of the seams: 
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Figure 11. 3D model of the coal seams 

 Area which is not suitable for an underground mining is about 54km2. The 

coordinates of the area which is not appropriate for an underground extraction are: 

№ 
Coordinates 

North latitude East longitude 

1 49° 19' 34.1'' 6° 55' 27.0'' 

2 49° 22' 14.8'' 6° 56' 18.1'' 

3 49° 23' 23.7'' 6° 48' 20.2'' 

4 49° 20' 32.0'' 6° 47' 19.1'' 

Table 2. Corrected coordinates of the mine allotment №1 

 This area will not be considered further. It is located in the bottom part of the 

whole mine field. The length of the mine field on a dip – approximately 5,4km, on a 

strike – 10 km. The area is relatively big, and can be mined with a several single pits, 

due to inhabited locality. 

 As a result, space for considerations in this master thesis is about 216km2. The 

length of the mine field on a dip is 21.6km, on a strike – 10km. Schematic view of the 

land’s allotment, which holds the interested coal seams, is given below. 
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Figure 12. Corrected boundaries of the mine allotment №1 

 Depth of the coal seams varies from 300 to 1500m. The extraction of coal mining 

in deep coal mines is not under consideration nowadays, since capital investments don’t 

meet the feasibility of projects. Coal reserves are investigated to 1500m depth, where 

the coal seams lays with a dip angle of 35°. In this case, mining of the seams will be 

challenging, e.g. the location of them is on a border of coal field what brings difficult 

conditions for a proper ventilation and transportation. The decision to leave the part of 

coal bed with an angle of a dip of 35° was made. In the future, after the other coal 

seams will be mined, the possibility to extract the left behind coal seams could appear. 

For this purpose, the blind shaft can be driven through the seams to get an access to 

them. 

 The final picture of mine allotment will look like: 
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Figure 13. Corrected boundaries of the mine allotment №2 

 The length of the mine allotment on a strike is up to 10 km, on a dip – 14 km. An 

approximate area of the mine field – 140 km2. The coordinates of mine allotment: 

№ 
Coordinates 

North latitude East longitude 

1 49° 22' 14.8'' 6° 56' 18.1'' 

2 49° 29' 40.6'' 6° 59' 07.1'' 

3 49° 30' 52.1'' 6° 50' 59.3’’ 

4 49° 23’ 23.7’’ 6° 48’ 20.2’’ 

Table 3. Corrected coordinates of the mine allotment №2 

 Under the considerations of extraction are 3 coal seams which form a coal bed. 
The coal bed extends on the three coal fields: Field Dilsburg, Field Primsmulde and 
North Field. Locations of the fields are on the north-east from the river Saar and city 
Saarlouis.  
 For this work only two of coal seams should be taking into account: Fl. 970 and 
Fl. 950, based on the assignment. The seam Fl. 930 is for future development. Each of 
a seam contains a sublayer of a rock. The thickness of the seams are constant in the 
whole mine allotment. 
 

Name of the 
seam 

Thickness of 
the seam, m Angle of a dip, 

degree 
usable full 

Fl. 970 3,15 3,34 18 - 25° 

Fl. 950 2,23 2,48 18 - 25° 

Table 4. Characteristics of the mine field 
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Name of 
the seam 

Structure of 
the seam 

Density, 
t/m3 

Relative 
methane-
bearing 

capacity, 
m3/t 

Ash 
content, 

% 

Calorific 
value, 
kcal 

Fl. 970 complicated 1,35 7-9 7-9% >7000 

Fl. 950 complicated 1,35 7-9 7-9% >7000 

Table 5. Characteristics of the workable coal seams 

 The deposit is located in the west part of Germany in Saar region, of the same 

name of the river runs through the region. Area of the region is about 2,600km2. The 

state capital of Saar region is – Saarbrücken. The population of Saar region is more 

than 1 mil. people(as of 2012). 

1.3.2 Belonging to the region 

 The deposit is located in the west part of Germany in Saar region, of the same 

name of the river which runs through the region. Area of the region is about 2,600km2. 

The state capital of Saar region is – Saarbrücken. The population of Saar region is more 

than 1 mil. people(as of 2012). 

 The state borders: France to the south and west, Luxembourg to the west and 

Rheinland-Pfalz to the north and east.  

 Saarland is very rich for forests, because of it, it has a forestry landscape. 

Agriculture products include grain, dairy products and livestock.  

 Industries which take place in the Saar region are: automotive industries, 

engineering, steel production and mining. 

 The space for the mine allotment contains inhabited towns. There are Lebach, in 

the southeast part of mine allotment, Schmelz, in the southwest part, Limbach in the 

center and Wadern in the northwest part. 

1.3.3 Waters 

 There are 9 rivers which flows through the Saar region. There are: Saar, Glan, 

Rohrbach, Prims, Würzbach, Löster, Theel, Bos and Ill.  

 The region was named after the river “Saar”. The length of the Saar is about 

250m, where half of it is located in Germany, and the another half – in France. The river 

goes through the Saar’s coal bed.  
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 Through the mine allotment the river Prims runs from the north to south through 

the city Schmelz. The total length of the river is 91km. The height of the source is 500m, 

of the collar – 183m. 

 In spite of the surface waters, the huge importance in the underground mining is 

to know structure of the massif and the groundwater which is located in cracks, spaces 

in soil, sand and rock. It moves slowly through the rock layers calls aquifers. The figure 

below shows zones of main aquifers in the Saar region. 

 

Figure 14. Geology and hydrogeology of the Saar region  

 Constant recharge of the ground waters by penetrations of precipitations and 

surface waters makes the ground water a renewable resource. 

1.3.4 Soils 

 The Saar region is under influence of heavy industry atmospheric depositions. 

The geology of the area is represented by sandstone and limestone.. Natural soils in the 

sandstone region are mainly Eutric/Dystric Fluvisols and Cambisols. In the limestone 

region natural soils are mainly Rendzina, Eutric Cambisols and Calcic Cambisols. (cp. 

Fetzer) 

 Most of the soils were devoted to settling areas, as e.g. buildings and roads, 

industrial production, recreation sites, however, large areas were still used for plant 

growth in open spaces, forests or cultivated lands.  
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1.3.5 Importance of the land in the mine allotment 

 At EU level, nature and biodiversity are protected by several laws. The EU has 

been committed to the protection of nature since the adoption of the Birds Directive in 

April 1979. It provides comprehensive protection to all wild bird species naturally 

occurring in the Union. 

 The Habitats Directive was adopted in 1992 to help maintain biodiversity. It 

protects over 1000 animals and plant species and over 200 types of habitat. It also 

established the EU-wide Natura 2000 network of protected areas. 

 More recently, new legislation has been developed. In 1999, the EU reinforced 

the role of zoos in the conservation of biodiversity and, in the wake of the EU 

Biodiversity Strategy to 2020, committed to protect native biodiversity and ecosystem 

services against invasive alien species. 

 The Habitats Directive ensures the conservation of a wide range of rare, 

threatened or endemic animal and plant species. Some 200 rare and characteristic 

habitat types are also targeted for conservation in their own right. 

 The area of mine allotment has inside the areas of “Natura 2000” network of sites 

with habitats directive sites and birds directive sites, nationally designed areas with a 

protected landscapes and habitat/species management area. Over 1000 animal and 

plant species, as well as 200 habitat types, listed in the directive’s annexes are 

protected in various ways. In the mine field, according to Annex IV species(over 400, 

including many annex II species): a strict protection regime must be applied across their 

entire natural range within the EU, both within and outside Natura 2000 sites.  

  

 

Figure 15. Protective areas inside the mine allotment 
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 The area for a mine development is presented with the next allocated sites: the 

sites of community importance, special areas of conservation for the habitats directive 

sites are colored in a blue on the map; the special protection areas for the birds 

directive sites are painted in a red color; protected landscape is painted in a violet color; 

habitat species management area is colored in a orange color. 

 Taking into account the importance of protective areas in the given mine 

allotment, the necessity of reclamation may appear. Also, the works in the mine should 

not be prohibited to the secured sites. The protective sites as well as location of the 

cities have an influence on the location of main opening galleries such as shafts. 

2 Division of the mine field 

 The division of the mine field apart is carried out in order to make a systematic, 

consistent process in reserves developing of the mine field, the concentration of 

extraction and preparation operations, to ensure supply of the air to the all faces and 

ease of maintenance of mining equipment. Ultimately, it should help to reduce the 

amount of galleries and maintenance requirements for it, to improve the safety of 

operations and decrease the cost of opening and preparation for the mine field. 

 When the dimensions of a mine field are significant(up to 18 km), it should be 
divided into blocks with the sizes of the strike 2-4 km, and of the dip up to 2,2 km. (cp. 
Bondarenko, 2002) A lower size of the block corresponds to a greater discharge of 
methane in the mine. The number of layers and developed distance between the seams 
is not limited, by the manual. Depending on the angle of incidence of layers, the seams 
can be mined along the strike or the dip. The number of blocks which have being 
extracted simultaneously is determined by the design capacity of the mine and the 
production rate of the block. 
 
 Block is a part of the mine field, characterized by independent system of mining 

operations. During the winning of the flat and incline seams, block is the part of a mine 

field, which is opened by down- and up-cast shafts, which are used for the self-

sectioned ventilation of its workings, tripping the people, equipment, materials. Usually, 

there are several blocks within the mine field. For all the blocks a shaft for mined rock 

transportation is built in the centre of a mine field. The blocks are connected between 

themselves by a mutual transport route, using which, the coal is transported to the shaft 

and to the surface. When a mine field is divided into blocks, one or several transport 

horizons may be employed. 

 The need for dividing the mine field into blocks caused by the increased volume 

of a methane in the mine workings, as well as the fact that for a considerable length and 

branching of the galleries create additional problems with their ventilation, temperature 

control inside a mine, support of workings and utilization of an equipment.  

 The splitting into blocks accelerates the building of a mine, because it allows the 

drifting of the opening and preparation galleries in the same time in several blocks, what 
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provides independent ventilation of each block, what brings the possibility to increase a 

production rate of the faces and their number, simplifying the scheme of an 

underground transport and reduces the cost of maintaining the workings by reducing 

their length. The main disadvantages of the dividing the mine field in the blocks are: 

significant amount of major openings with a corresponding increase in a volume of their 

drifting; dispersion of surface sites for shafts and increase the total area of land 

allotments; the complexity of the operation of the long main developments in the 

transport horizon. 

 The obtained area, which will be used as a mine field, will be divided into two 

equal sections, in the middle of a mine field. The names for these two fields will be 

“North” and “South” with a respect to mine fields location on a map. Dimensions of the 

mine fields on the strike are equal and are about 10 km, and the dip – 7 km. 

 The division of the mine field into blocks is as follows: 

- along the strike, mine field is divided into 3 different sizes segments. Selecting 

segments boundaries adopted on the basis of the complexity of the structure of the coal 

seams and discontinuities. Cut #1 accommodates a bed series from 1 to 3. According to 

the projection length of seams along the strike to the surface, it will be 3,23 km for the 

seam Fl. 970, and 3,256 km – Fl. 950. Cut #2 houses the bed series from 4 to 7. 

 According to the projection length of the seams to the surface, it will be 3,498 km 

for Fl. 970 and 3,377 km for Fl. 950 coal seam. Cut #3 holds the very last bed series – 

8. In the projection it will be 2,945 km for the seam Fl. 970 and 3,04 km for the seam Fl. 

950.  

- along the dip, mine fields “North” and “South” are divided into 2 parts of 3.5 km each. 

The structure of the deposit does not show any discontinuities along the dip. 

 The total number of blocks in the mine field – 12. Area of the blocks: 

- for Fl. 970 formation: 

№1, 4, 7, 10 – 11,305 km2; 

№2, 5, 8, 11 – 12,243 km2; 

№3, 6, 9, 12 – 10,3075 km2; 

- for Fl. 950 formation: 

№1, 4, 7, 10 – 11,305 km2; 

№2, 5, 8, 11 – 11,8195 km2; 

№3, 6, 9, 12 – 10,64 km2. 

 The total area of the mine field – 135,422 km2. 

3 Opening of the mine field 

 System of the opening galleries provides an access from the surface to a 

mineral, determines the general direction of a transportation to the surface, ventilation of 

the mine, effectiveness and safety of mine operations.  
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 Opening a mine field should be accomplished by at least two major galleries that 
have an access to the surface(shafts, adits). One of them is the main, which serves for 
a transport goal, the other one – auxiliary, for an additional exit from the mine. 
  
 To get an access to the deposit by the drilling shafts can be appropriate for a 

case when one seam with a vertical laying must be opened, for a seam with a horizontal 

and flat laying also. Opening of the seams with flat laying may be done by flat shaft. 

Opening of the mine field with an adit is relevant for a mountain locality, with the drifting 

across the horizontal or flat seam. 

 Depends from geological conditions and economical aspects, the main openings 
can be located in the center, on the wings or in the upper or lower parts of mine field 
  
 Based on the recommendations of the mine field division into the blocks, opening 

of the mine field should be carried out for each block individually and to provide an own 

ventilation. These recommendations are applicable for mines with seams which are not 

as deep bending. For the given parameters and the same amount of blocks(12), as well 

as in situ formation up to 1500 m, the equipment of the two ventilation shafts for each 

block is impractical and requiring significant investments, what in a future, most likely, 

will lead to a drop in a overall profit to 0.  

 Based on a great scale mine field along the dip and strike, the project production 

rate and the depth of the mining, the decision on the opening of a mine field by 3 

vertical shafts was adopted. 

 The shaft №1, which is a transport and downcast shaft, will be driven in the 

centre of the mine field. The location of the shaft is in centre, due to considerations of 

transport and ventilation factors. During the extraction of the blocks in the mine field 

“North” and “South”, haulage of the rock mass will be carried out through the incline 

tunnels. Approximate depth of the shaft – 789 m, include a sump.  

 The shaft №2, upcast and for the lowering of people and cargo, is located in a 

centre of the mine field “South” with a goal for providing ventilation for the entire mine 

field. Depth of the shaft – 518 m include a sump. 

 The shaft №3, second upcast shaft for the lowering of people and cargo, is 

located in a centre of the mine field “North” for providing ventilation for the whole mine 

field. The depth of the shaft is 1110 m. 

 The location of the shafts is chosen accordingly to the EU protective sites and do 

not affect the habitats in this zones. 

 The method of the mine field opening by the 3 shafts has own disadvantages 

such as a significant length of transport tunnels and costs of maintaining for them, 

required high power ventilation machines for high-quality ventilation and for the keeping 

required level of oxygen in the distant work faces, scattered of the shafts, what brings 

necessity more land allotment. The advantage of this method are relatively small 
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amount of opening for a huge mine field, simple scheme of ventilation and 

transportation, concentration of the works. 

4 Panel design 

 Preparation of mineral reserves in the mine field is executed by a system, which 

is characterized by a certain order of development workings, is linked in a time and 

space. Opened stocks are divided into parts that are convenient for cutting within their 

field of excavation, set priorities for their preparation and testing, determine the order of 

mining operations.  

 Severances of the coal seams create 8 parts of the deposit with the different 

angles between the strike length and a surface. 

 The sequence of the bed series was taken from the point 1 to the direction of 

point 4. The length of the different bed series was measured from the cut and collected 

into the table. (see: Annex p. I). 

The total length of the coal seams make up: 

 - for Fl. 970: on the strike – 8976m.; on the dip – 14050m; 

 - for Fl. 950: on the strike – 9072m; on the dip – 13930m; 

 - for Fl. 930: on the strike – 8697m; on the dip – 13810m. 

 The parts of the coal seams will be designed in a manner to create the panels 

which will be mined further with a longwall mining method. The panels should be as 

large as possible, to reduce the development ratio and the number of non-production 

days. The dimensions of the panel depend on the geomechanical conditions of the 

massif.  

 For the conditions of deposition, namely with an angle of the dip more than 18°, 

for seams which are hazardous due to methane emissions, based on a guidelines for 

the design of mines, storey method of preparation may be used. In this scheme, blocks 

of the mine field should be divided into storey with thoughts about face lengths. This 

scheme of preparation is the most simple. Based on the sizes of blocks which have 

gaps on the strike, the blocks will be divided into the storey, taking into account 

discontinuities of the seams and average lengths of the working faces. 

 In the highly-mechanized mines in USA, the average width of the panels is about 

300 m, when its maximum length is up to 400 m. Length of the panels in average makes 

2600m, maximum length – 4900 m. The current production equipment is able to 

produce up to 5 mil. t. of coal without need for major repairs. (cp. Peng, 2006) 

 Figure 15 shows the relative change in recovery from a 250m face up to a 500m 

face for ideal layouts (90° to the boundary), worst case layouts (45° to the boundary) 



24 
Planning and development of a hard coal mine under the consideration of an applicable completely 
mechanized extraction to ensure a daily extraction of 30.000 tons of usable material out of two coal 
beds 

and for the specific project. For the 90° case there is an incremental but diminishing 

increase in recovery for each face widening but for the 45° case, there is an 

accelerating decrease in recovery. (cp. RPM, 2014) 

 

Figure 16. Dependency of a recovery rate from a panel width 

 For a 250m face virtually all of the production is achieved in about 50% of the 
cycle time during the main cut portions of the shear. By widening the face, the low 
output activity at both the maingate and tailgate ends remains constant and the high 
productivity portions of the cycle are extended. Productivity is therefore expected to 
increase in proportion to the face width.  

 Productivity modeling (using RPM’s UG TALPACTM software) shows a 15% 

increase in output rate from 1,406 t/hr on a 250m face to 1,615 t/hr on a 390m face 

which equates to a potential output increase of 610,000 tpa. This is a highly favorable 

outcome that would make a significant impact on NPV if applied over the life of an 

operation. (cp. RPM, 2014) 

 So, the first working face may be on the edge of coal mine field, to prevent losses 

of coal and to start the extracting of the seams from the edges. The layout of the 

longwall panel is like: 
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Figure 17. Layout of the panel 

 Full scheme with a view of all panels which will be mined from the coal seam Fl. 

970 is shown. (see: Annex p. 5). The layout shows panels with a respect to their 

dimensions.  

4.1 Entry system 

 Since the longwall method was introduced, to develop the panels continuous 

miners were employed. This is why the multiple-entry gateroad system is used. 

Experience shows that it is highly efficient method and it allows a fast longwall 

advancement rate. There are two-, three-, four- and five-entry and three- and four-entry 

combination systems. Through the practice of usage, amount of four-entry systems was 

decreasing since it requires more development footage than three-entry system. The 

two-entry system is not in compliance with the law, but upon request, MSHA has been 

approving it under special conditions. (cp. Peng, 2006) 

 To prevent coal bumps or sudden outbursts of large volume of coal, which are 

the consequences of large abutment pressures, the two-entry system is using yield 

pillar in rage of 8 to 10 m, which has been found helpful in reducing pillar bumps. 

According to MSHA, the only one rule for applying this system that the seam must be 

larger than 335 m deep. Data collected by MSHA shows that the added advantage of 

having a third entry in the tailgate is normally lost because of excessive rood and floor 

instability. The first entry is used for the conveyor belt while the 2nd entry is the tailgate 

for the next panel. The entries are isolated between each other. 
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Figure 18. Entry systems 

 No gateroad system is appropriate for all geological conditions. The hoist rock 

and it’s geo-mechanical characteristics should be taken into consideration. Form the 

figure above, it may be seen that the three entry system requires large amount of roof 

supporting instead of two-entry. There present 4 way intersections when in the two-

entry only 3 way. The advantages of two-entry system are: minimizing gateroad span, 

reducing roof weighting on tailgate corner of face, reduces roof convergence and 

occurrence of falls. Pillar yield causes much of the abutment and overburden stresses 

to be transferred to the unmined coal block. (cp. Leo, Gillbride, 2007) 

 Strength of the pillars are affected by an in-situ coal strength, strength of 

laboratory cubical specimen may be calculated for specific cases. 

 The two entry system will be applied for the panel development in this work. 

 The one more important issue in panel design is a barrier pillar. It refers to that 

coal block left at the retreat mining end of the panel between the recovery room and the 

main entries. Based on the experience of US mines, in the past the width of it was 

around 150-180 m. However, in recent years numerical finite element modeling has 

been used and the width was reduced to 60-90 m in many cases. (cp. Peng, 2006) 

4.2 Barrier pillar 

 The major issue in the economic sense is the design of barrier pillars between 

longwalls. The aim of the barrier pillars is to protect the gateroads from the effects of 

excessive deformation and to protect the surface from subsidence. 

 There are two major approaches in barrier pillar designing: 
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1) The ultimate strength approach. The assumptions are that a pillar will not fail if the 

applied load is equal to or less than the ultimate strength of the pillars. It assumes that 

the load-bearing capacity of a pillar is reduced to zero when its strength is exceeded. In 

this case, a global or average factor of safety is obtained for the entire pillar based on 

an average pillar is assumed to be constant across the entire pillar. 

2) The progressive failure approach. This highlights the existence of micro-structural 

defects within the pillar and a non-uniform stress distribution in the pillar. In this 

approach, failure is initiated at the most critical point and propagates gradually to 

ultimate failure. Overall stability can be maintained despite local failure. Local safety 

factors are the primary aim of the stability analysis, and they are based on pillar strength 

and load at a given point. Hence, pillar strength and stress concentration across a pillar 

are available. This is probably a more realistic representation of the in situ condition. 

 Among the methods of defining the sizes of a barrier pillar, are methods which is 

not based on the geo-mechanical conditions of the overburden and characteristics of a 

coal seam, but on depth of occurrence, width of the panel and thickness of the seam. 

Because of poor amount of data, this method of an estimation are going to be used in 

this work. (cp. Majdi, Hassani and Cain, 1991) 

 1. Rule of thumb method. 

 This method was used by British coal operators which concluded that the width of 

the barrier pillar may be estimated as follow: 

    
 

  
         

where   – depth of cover, m. 

 2. The mine inspectors’ method. 

 This approach was developed in Pennsylvania by the Mines inspectors’ 

Commission established by the state government in 1927. It is presented by the 

equation: 

    
 

  
            

where   – extracted seam height, m. 

 3. The North American method. 

 This method takes into account extraction ratio of a seam and depth of cover. 

After shortening of equations, in the end it looks like: 
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where    – panel width, m. 

 4. Dunn’s rule 

 Mathias Dunn has established a rule for the size of coal pillars suitable for 

various depths. It’s could be represented in the following form: 

    
      

   
        

 The calculations with a various cutting sequences will be employed for the panel 

with a 444 m face width further. Approximate depth of the place where the barrier pillar 

should be located is 370,5 m. The thickness of the seam is 3,34 m, seam Fl. 970. So, 

based on this data, the width of the barrier pillar may be estimated, using the 

approaches listed above. 

Width of the 
panel, m 

Thickness of the 
seam, m 

Depth of the 
cover, m 

Name of method 
Width of the 

barrier pillar, m 

444 3,34 370,5 

Rule of thumb 50,75 

The mine 
inspector’s method 

56,51 

The North 
American method 

93,3 

Dunn’s rule 56,3 

Table 6. Width of a barrier pillar 

 From the estimations, the almost same values are obtained in three cases. The 

highest value among them is 56,51. So, assume, the width of the barrier pillar will be 57 

m. 

 The blocks will be divided into equal parts in a plane view with a widths of 437,5 

m. The two-entry system is applied and barrier pillar of 57 m will be designed. 

Accordingly to minimum length of longwalls in USA, Australia and Germany, the bed 

series with 4 and 6 will not be extracted with a longwall system. Nevertheless, they can 

be extracted with a room-and-pillar method. 

5 Cutting sequences 

 In general, there are two main cutting systems: uni-directional and bi-directional. 

The definitions of the systems come from cutting directions and cutting depth. In case of 

bi-di cutting sequence, a shearer loader cuts a coal seam in both directions, i.e. head-

to-tail and tail-to-head and in each direction a full web-cutting depth is performed. In 

opposite, in uni-di, a shearer cuts the coal in one full web depth in the forward trip, while 

in the return trip it travels empty. 
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 Most of the mines in Australia operate a uni-directional cutting sequence with a 

technique that provides simple operation, environmental benefits and minimal labor 

force. (cp. Mitchell, 2009) 

 However, the bi-directional cutting sequence has been seen as more productive, 

especially on longer faces. The main influence on the production has a haulage speed, 

but as a shearer power and haulage speeds are have increased, thicker seams are 

targeted and mine environmental issues require greater considerations, uni-directional 

cutting has become more competitive and in some cases can be more productive. 

 In US coal mining, the predominant method for cutting is bi-di, e.g. it is more 

productive for the wider panels. 

5.1 Bi-directional cutting method 

 This system of extraction should be applied for the panels with big width, which 

are well maintained and operated. Constant dust control should be installed, because of 

continuous occurring of the dust. For a proper and effective use of this system, are 

recommended employing two shearer operators with a good knowledge of the system 

problems and faults.  

 Beneficial factors of the cutting may be:  

 reduced demand on support system requirements(especially in thick seams); 

 the ability to support the face better in poor conditions; 

 greater benefits in thinner seams, where clearance under support is critical; 

 snaking in both directions will keep face creep to a minimum. 

 The essence of the cutting sequence is depicted after Rutherford, 2001 and 

illustrated in a figure: 

 

Figure 19. Bi-di cutting sequence 
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5.2 Uni-directional cutting method 

 There are many variations of this method. Basically, the shearer must pass 

across the face twice to extract the web. Because of principle, it removes the need to 

“shuffle” the shearer into the next web at each end of the face. The faster the shearer 

runs, brings necessity of proper support system. The need to have a faster haulage 

speed on the shearer comes from thoughts to reduce the “empty” run, what makes this 

method compatible with the bi-di cutting method.  

 Advantages of the method are: 

 training requirements may be reduced because of simplicity of system; 

 only one drum needs to be utilized; 

 more environmentally desirable, because support advance is designed to be on the 

return side of the operator; 

 loading on the equipment can be more easily regulated; 

 greater flexibility in cutting cycle and support system operation. 

 The main point of the uni-di cutting sequence was presented after Ruthord, 2001. 

The traditional uni-di method applies a backward snake advance of the AFC. 

 

Figure 20. Uni-di backward snake cutting sequence 

 Among the variations of uni-directional cutting sequence, is the half-face cutting 

sequence. The essence of it is that the shearer cuts the only half of the face and the 

second half of the face it “shuffles” and cleans the bottom from the coal, loaded it 

into the AFC. The layout of the method was created. 
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Figure 21. Uni-di half-face cutting sequence 

6 Cutting direction  

6.1 Longwall advance mining 

 Preparation of the panel, e.g. tunneling of a tailgate and a headgate, is going a 

little bit forward in front of a working face is the main point of the longwall advance 

mining. This method of the mining as a rule is used for a thin and medium coal seams 

on the various depths and angles of a dip.  

 

Figure 22. Longwall advance mining 
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 Drifting pass ahead of the face and the galleries are supported until the panel will 

be mined out. Such opening tend to require a very heavy support systems(steel arches 

have often been used. 

 Advantages of the method are: 

 fast beginning of works in faces; 

 low first-time costs for a preparation of the panel; 

 absence of long blind tunnels; 

 possibility of applying various security methods for the tail- and headgate. 

 Disadvantages of the method are: 

 high costs for a support of opening, because of influence of near-located working face; 

 absence of an investigation of a seam by preparation galleries; 

 mutual influence of the drifting and extraction operations. 

6.2 Retreat longwall mining 

 The predominant method of longwal mining among the world is retreat system. 

Generally, by the tunneling of two main entries on a predetermined length, the entries 

are connected and a rectangular longwall block is outlined. Then, the longwall 

equipment is installed and as mining goes toward to the mains, the entries are allowed 

to collapse behind the face line.  

 
Figure 23. Retreat longwall mining 

 Advantages of the system are: 

 good conditions of the transport opening and low costs for it’s support; 

 absence of a mutual influence of an extraction and drifting; 

 detail investigation of the seam’s geology; 

 collapse of entries behind the face line; 

 absence of a leakage of air current in a goaf; 
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 Disadvantages of the system are: 

 high volume of the drifting operations, before the coal can be mined; 

 difficulties with a ventilation of long-length blind galleries; 

 long-term support of main galleries. 

 

 So, taking into consideration all characteristics of the cutting directions, the 

choice of retreat mining of seams is more suitable for conditions described in this work, 

what will be applied further. The one more option, the advance mining may be 

employed, if the goal of fast bringing in an exploitation is needed. 

7 Face equipment 

7.1 Winnning equipment 

 For the longwall coal mining machines such a plow and shearer is normally used. 

The use of a plow is appropriate for an extraction of thin and medium sized coal 

seams(not more than 2m). The application of a plow could be challenging because of 

structure of a deposit and possible inclusions. The difference in the hardness of layers 

in coal seam dictates operations of prior blasting. Also, an uneven weak soil prevents 

plow adoption. 

 With the development of engineering technologies, today winning machines 

provide high production capacity of the mines, mining coal seams of different 

thicknesses. The main parameter of the shearer selection is the ability of it to extract the 

exact thicknesses of a coal seam. During the process of choosing an equipment for the 

extraction, were considered various mining equipment construction companies and in 

the three major were highlighted – Joy Global Inc., Eickhoff Maschinefabrik GmbH and 

Caterpillar Inc. 

 Joy Global Inc. is a worldwide leader in high-productivity mining solutions. It is an 

American company that provides services for underground and surface operations. Joy 

manages facilitates in Australia, South Africa, United Kingdom, China, USA with sales 

offices and service facilities in India, Poland and Russia. Joy products include: 

continuous miners, longwall shearers, powered roof support, armored face 

conveyors(AFC), shuttle cars, flexible conveyor trains, roof bolters, battery hauler, 

continuous haulage systems. This company was chosen because of its good market 

position, as well as good shown results in coal mining in USA and other countries, using 

it’s extraction equipment. 

 Eickhoff is a global private company, which was established in 1864 in Bochum. 

The main focus of their activities is the production of machinery for the mining industry, 

including both the traditional methods of mining, surface and an underground as well as 

for renewable resources. Eickhoff is worldwide famous mining machines construction 

company. Its equipment was already used for winning of the coal in germany’s mines. 
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 Caterpillar Inc. is one of the leading corporations of the construction special 

machines in the world. It produces earth-digging transport technique, construction 

equipment, diesel engines, power plants(using natural and associated gas) and other 

products. The enterprise has more than 480 units located in 50 countries worldwide on 

5 continents. 

 From the company’s variety of the machines, one shearer from the each above 

listed company which is proper for the seam conditions was chosen. They are - Eickhoff 

SL 750, Joy 7LS2A and Caterpillar EL2000.  

7.1.1 Shearer loader Eickhoff Sl750 

 The Eickhoff SL 750 has been put into operation in US high-performance 

longwall systems for the first time in 2006, received a throughout positive feedback on 

its use. And also the subsequent worldwide installation of further machines of this type 

fulfilled all expectations by far. According to the unanimous opinion of the customers, 

higher production rates are achieved more economically when using the Eickhoff SL 

750 shearer loader. 

 Accordingly to ICN(International Coal News), Xstrata's Oaky Creek North mine 

set several new Australian longwall records using Eickhoff SL 750 with EiControl 

automation. These included a one month longwall tonnage of about 1,5 million tones. 

Consol Energy's Bailey Mine completed its first 1,500 ft.(457,2 m) face longwall panel 

using an Eickhoff SL 750 shearer loader. A second 1,500 ft. face is currently being 

mined with Eickhoff SL 750 shearer. The longwall panels are about 12,000 ft.(3657,6 m) 

long.In 2011, the machine was cutting a hard coal 1,500 m below the surface at the 

Augeste Victoria mine in Germany. 

 The main advantage of the machine is its compactness and the power. 

Compared to the previous models of Eickhoff’s shearers, the body of SL 750 is just 

slightly larger than the body of SL 300 but with the installed power bigger than has SL 

500. The characteristics of the shearer were collected in the table. 

Characteristic Meaning 

Cutting range, m 1,8 - 4,8 

Voltage/frequency, V/Hz 3,300/500 

Total installed power, kW 1,894 

Cutting drum speed, rpm 32-50 

Max. haulage speed, m/min 51 

Total weight, t 70-80 

Length, m 13,9 – 14,9 

Width, m 2,7 – 3,4 

Height, m 1,25 – 2,05 

Cutting motors, kW 2x620 

Winch motors, kW 2x120 

Table 7. Main characteristics of the shearer loader Eickhoff Sl750 
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The dimensions of the shearers parts are presented in the figure: 

 

Figure 24. Layout of the shearer loader Eickhoff Sl750. 1 – electro unit; 2 – ECP – Box; 

3 – electric winch; 4 – wheel housing; 5 – cutting unit; 6 – cutting drum; 7 – plow blade; 

8 –tie rod; 9 – line interception. 

 Shearer by side looks like:  

 

Figure 25. Visual look of the shearer loader Eickhoff Sl750. 

7.1.2 Shearer loader Joy 7LS2A 

 Wide range for application of the 7LS2A shearer took place in the extraction with 

a longwall mining method in USA. It was used in mining states such a Illinois, 

Pennsylvania, North Virginia. 
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 Information about utilization of the shearer has been collected. (see: Annex p.II) 

There are circumstances under which the shearer was used. 

 The body of the shearer consists of three high tensile steel fabrications bolted 

together to form a slim main section with no under-frame. This design provides 

maximum under-body clearance for material passage in a given seam thickness. The 

elimination of the under-frame also makes underground transportation easier.  

 The controller case, which forms the center section, contains the electric control 

system. The Joy design features gob-side access to the electrical controller section and 

motors which means that normal maintenance can be carried out in a safer working 

environment. 

 

Figure 26. Layout of the shearer loader Joy 7LS2A 

 Two traction sections are bolted and doweled to each end of the controller case. 

The down-drives are bolted to the traction cases in an arrangement that permits the 

custom fitting of the shearer within the AFC and roof support envelope. A wide selection 

of Joy designed and manufactured down-drives can be fitted to the shearer to suit 

mining conditions and AFC selection. (cp. Joy Global) 

 High tensile steel ranging arm castings house the cutter motors and cutter gear 

cases. Ranging arm cylinders are made using technology from the JOY Powered Roof 

Support product line. These cylinders have double the pressure rating when compared 

to the industry norms. In-house manufacture of bit holders and cutter drums creates a 

higher degree of integration and allows engineers to better understand the drum’s affect 
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on machine performance. Gearing is designed and manufactured in its own factories 

using a proprietary process which contributes to maximum performance. 

 The main characteristics of the SL were collected and presented in the table: 

Cutting 
height, 

m 

Machine 
height, 

m 

Machine 
weight, t 

Frame 
thickne
ss, mm 

Haulage 
pull, kN 

Maximu
m 

haulage 
speed, 
m/min 

Pump 
motor
, kW 

Haula
ge 

motor, 
kW 

Lump 
breaker 

motor, kW 

1,6-3,5 1-1,3 59 
520-
590 

800 33 2x11 2x80 55 

Table 8. The main characteristics of the shearer loader Joy 7LS2A 

 There are ranging arms for the given SL, which could be applied based on the 

required conditions. The names and characteristics of the arms are shown in the table.  

Name 
Length of 
Ranging 
Arm, mm 

Cutting 
Motor 50 

Hz(max), kW 

Minimum 
Drum 

Diameter, 
mm 

Minimum 
Drum Width, 

mm 

Drum Speed 
60 Hz, rpm 

J450A 2179 420 1350 880 44, 54, 65 

J450D 2179 420 1450 940 44, 54, 65 

J450E 2249 420 1450 880 55, 60, 66 

J450F 2249 420 1450 880 66 

J525E 2483 600 1550 960 
47, 56, 61, 

66 

J525F 2483 675 1650 940 
38, 45, 49, 

53 

Table 9. Characteristics of the arms for the shearer loader Joy 7LS2A 

 The J525E ranging arm will be applied, e.g. the drum width is the most biggest, 

what has an influence on the production rate, also the drum speed may be set to 

different amount of rotations, what brings the flexibility in a mining process. 

7.1.3 Shearer loader Caterpillar EL2000 

 The worldwide famous company offers the EL2000 shearer loader, which meet 

the demands of the world’s leading longwall operators in medium to high seam mining. 

According to the tests, made by the own company’s center, the machine is highly 

reliable and it is suitable for the toughest mining conditions.  

 The ranging arm for the shearer is – RA750. It is designed and robustly tested, 

for longer service life.  

 Transmission rating of 750 kW @ 37,4 RPM and above 

 Maximum drum diameter of 2500 mm 

 Choice of drum speeds 
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 Complete with 32 mm bore, through shaft PFF/PBF wet cutting 

 Square drum hub(440 mm across flats) 

 Maximum oil capacity of 28 L in high speed compartment and 30 L in the epicyclic 

 Integral monitoring transducers 

 Quillshaft transmission protection 

 A robust cowl drive mechanism 

 Online vibration monitoring with VibraGuard 

 Available cutting motors: 500 kW, 620 kW and 750 kW @ 50 Hz. 

 The main characteristics of the winning machine are presented in a table: 

Specifications Machine @ 50Hz 

Seam range, m 1,8 – 4,5 

Typical machine length, mm 14155 

Installed power, kW up to 1780 

Available cutting power, kW 2 x 500; 2 x 620; 2 x 750 

Haulage system AC Inverter drive 

Haulage motor, kW 2 x 125 

Haulage speed, m/min Up to 30,1 

Haulage pull, kN Up to 945 

Pump motor, kW 30 

Body height, mm 600 

Machine weight, t 70 

Operating voltage, V 3300 

Minimum pan width, mm 1032 

Table 10. The main characteristics of the shearer loader CAT EL2000 

 The appropriate haulage unit for the shearer is HU125. Characteristics of the 

unit: 

Total machine pull, kN 945,51 

Speed at maximum pull, m/min 14,28 

Maximum machine speed, m/min 28,56 

Pull at Maximum speed, kN 472,75 

Table 11. Characteristics of the haulage unit for the SL CAT EL2000 

 The relationship between haulage pull and speed is demonstrated in the figure.  

 

Figure 27. Haulage pull and speed of the machine 
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 Characteristics of the haulage unit: 

 Maximum power rating 125 kW 

 Integral water cooling @ 9L/min 

 Transmission reduction of 137:1 

 Maximum oil capacity of 25 L 

 Integral monitoring transducers 

 Quillshaft transmission protection 

 This unit has a haulage motor rating of 125 kW 

 Available with Machine Position Encoder 

 Available with Machine Parking Brake 

 Among machine configurations, there are 4 options which can be chosen to 

satisfy certain conditions of mining. The appropriate one for conditions in this work is 

“Mid-Low” machine configuration. It was applied, taking into account cutting heights and 

assuming normal shape coal seam. 

 

Figure 28. Front view of the shearer loader CAT EL2000 

 All dimensions marked on the machine sketch are approximate. 

A Distance between Drums with Arms Horizontal, mm 14155 

B Distance between Ranging Arm Hinge Points, mm 8525 

C Distance between Trapping Shoe Centers, mm 6056 

D Cutting Heights, mm 1900 – 4135 

E Height to Top of Machine Main Body, mm 1495 

F Shearer Drum Undercut of Floor, mm 718 

G Ranging Arm Length(Hinge to Drum), mm 2815 

H Diameter of Shearer Cutting Drum, mm 1900 

Table 12. Front dimensions of the shearer loader CAT EL2000 

 Cross section of the machine looks like: 
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Figure 29. Side view of the shearer loader CAT EL2000 

A Machine Height over Main Body, mm 1495 

B Ranging Arm Cutting Drum Diameter, mm 1900 

C Vertical Tunnel Clearance, mm 649 

D Maximum Cutting Drum Overall Width, mm 1150 

E Clearance from Drum to AFC Toeplate, mm 300 

F AFC Pan Width, mm 1032 - 1342 

Table 13. Side dimensions of the shearer loader CAT EL2000 

7.2 Armored face conveyor 

 AFC is a continuous transport unit that carries bulk material on an unmoving pan 

with a help of chains which are armored with scrapers.  

 CAT offers AFC systems for use in longwalls of up to 500 m long. They are with 

an up to 3x1800 kW installed power and present capacities of up to 6200 tones/h. The 

AFCs is equipped with an intelligent CST drive system, rigid or automated tensional tail 

drive, haulage systems with either rack bar or chain. The company convinces 

consumers about high system availability, long service life and low operating costs. 

 Specifications of the AFC line pan PF4/1032: 

Model PF4/1032 

Line Pan Width, mm 1032 

Flightbar Width, mm 888 

Deck Plate Thickness, mm 40 

Profile Height, mm 284 

Bottom Plate Thickness, mm 25 

Dogbone Breaking Strength, kN 3000-3600 

Dogbone Housing FoS, times 1,5 

Shear Strength, kN 4000 

Vertical Articulation, degree Up to ±6 

Horizontal Articulation, degree 0,8 – 1,2 

Chain Strands 
AKB Fl30x108 
DKB 34x126 
DKB 42x146 

Conveying Capacity, m2 0,46 

Table 14. The main characteristics of the AFC CAT PF4/1032 
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 The applied shearer dictates certain conditions for the AFC chose, to be exact, 

the range of AFC with a pan width from 1032 to 1342 mm. The conveyor with a 

minimum pan width of 1032 mm is checked and has show an appropriate capacity. 

 The data about dimensions of the given conveyor is shown in the figure and 

described in the table. 

 

Figure 30. Layout of the AFC CAT 

PF4/1032 

Model PF4/1032 

A 15 

B 154 

C 724 

D 341 

E 105 

F 122 

G 284 

H 40 

J 122 

K 12 

L 876 

M 888 

N 1032 

Table 15. The main dimensions of the 

AFC CAT PF4/1032 

 The results of an application of the AFC show the next capacities with a speed 

range of up to 2 m/s. 

 

Figure 31. Capacity of the AFC CAT PF4/1032 

 From the figure may be noticed, that under the maximum speed of 2 m/s, the 

carrying capacity of the conveyor is around 3500 tones/h.  
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7.3 Mechanized support 

 Mechanized support is a support with a self-moving mechanism, which serves for 

the supporting of a side rock, to keep the working face in a workable manner. It provides 

mechanization of support processes and travel of an AFC.  

 The choice of an exact MS unit should be done based on the calculations and 

simulations of the rock mechanics above the working gallery. The two main parameters 

for it are lining resistance and support resistance. According to the data obtained from 

internal information of mine Saarberg Ensdorf(1994), the support resistance of the 

mechanized support units was established on the 572 and 573 kN/m2 and the lining 

resistance – 4675 and 5697 kN. Also, the operating range should be taking into 

account, e.g. thickness of the coal seam brings requirements for a height of longwall 

face, which should be supported. 

 Among the variety of equipment, RAG GmbH is offering a shearer roof support, 

which was already tested in the real extraction conditions and calculated after german 

or international standards. This support is constructed by already mentioned corporation 

– Joy. The figures with dimensions of the shield support have been presented. (see: 

Annex p. III and p. IV) 

 The main characteristics of the supports are collected in a table. 

Name/Characteristic Group A Joy Group B Joy 

Adjusting range, m 1,3 - 2,8 1,6 - 3,8 

Hydraulic adjusting range 
with double lifting props, m 

1,3 - 2,8 1,6 – 3,45 
1,75 – 3,8 

Operating range, min/max 
support, m 

1,6 – 2,6 1,9 – 3,6 

Cylinder diameter, m 0,38 0,37 

Setting pressure, bar 0,38 0,37 

Nominal pressure, bar 0,38 0,45 

Support resistance, kN/m2 ca. 700 ca. 750 

Lining resistance, kN ca. 7.500 ca 8.500 

Force at the top of the cap, 
kN 

ca. 2.100 ca. 2.000 

Roof support weight, ca, t 23,5 28 

Table 16. The main characteristics of the mechanized roof supports 

 Two types of an appropriate roof support were presented. Taking into account 

operating range of the shield supports, the support units Group A Joy could be used for 

support of the face during an extraction of the coal seam Fl. 950, when the Group B Joy 

– Fl. 970. 
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8  Transportation inside the mine 

 Transportation facilities of mines are used to carry the mined rock mass from 

faces to the surface and, in opposite way, if backfilling, support, equipment and 

materials are required. All these loads may be transported by various approaches: 

under a self-weight, by self-moving machines, scrapers, conveyors, carriages and 

winches.  

 To meet conditions of completely mechanized extraction, transportation should 

be continuous in time and ensure constant moving of the rock mass, to avoid delays 

during the mining. The most common method of continuous moving of bulk materials is 

the conveying of them. 

 Conveyor belts contain a belt which with a bulk material on it moves on idlers and 

serves simultaneously as a load-bearing and traction part. 

 The advantages of applying the conveyors are: high performance due to the 

continuity of the process of transportation, high reliability, technological suitability to 

work with an automatism of management and therefore low complexity of service and 

low risk to injure, ability of transportation materials on horizontal and incline tunnels, low 

laboriousness for shorting or extending the distance of transportation, especially for 

conveyor belts and convenience of junction with working and drifting faces. 

 The main characteristics of the conveyor belt and their strong sides are 

performance of 150 to 1500 t/h, and in some cases of more than 3000 t/h; length of 200 

to 3000 m and more in one conveyor; an ability to work effectively with an angles of -16 

to +18°, and in some cases, with the applying of special measures – up to ±25°. 

 Among the characteristics of bulk materials, which have influence on the design 

of conveyor, are: an angle of repose and an angle of surcharge.  

 The angle of repose of a material is the acute angle which the surface of a 

normal, freely formed pile makes to the horizontal. For typical common materials such 

as bituminous coal, stone, most ores, etc – 35-39°. 

 The angle of surcharge of a material is the angle to the horizontal which the 

surface of the material assumes while the material is at rest on a moving conveyor belt. 

This angle usually is 5 to 15 degrees less than the angle of repose, though is some 

materials it may be as much as 20 degrees less. For the bituminous coal is 25°.  

 The coal is lumpy size material, containing lumps over 1 cm, with average 

flowing, abrasive and mildly corrosive, accordingly to CEMA. 

 The belt widths are as follows: 0,45 m; 0,6 m; 0,75 m; 0,9 m; 1,05 m; 1,2 m; 1,35 

m; 1,5 m; 1,8 m; 2,1 m; 2,4 m. 
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 The width of the belts may be governed by the size of lumps to be handled. Belts 

must be wide enough so that any combination of prevailing lumps and finer material 

does not load the lumps too close to the edge of the conveyor belt. 

 The system of transportation of mined coal from the working face #1 in the mine 

is next: 

1) the broken coal in a face is transported by an Armored Face Conveyor to a Tailgate, 

where it goes through a loader to a panel conveyor belt; 

2) along the tailgate, the mineral moves on the conveyor belt to a junction with a 

transport-exhaust incline, where it unloads to an incline conveyor belt; 

3) the coal moves on the incline conveyor belt to the main transport cross-cut, where 

unloads to the cross-cut conveyor belt; 

4) the mineral is transported by the cross-cut conveyor belt passes by the intake shaft 

and unloads to the main roadway’s conveyor belt; 

5) the main roadway’s conveyor belt carries the coal to the up-take transport shaft, 

where it is unloaded into a loading facility(bunker) and than is loaded to skips; 

6) the skips move the rock mass to the surface and unloads it into a bunker. 

 Requirement for the conveyor, should be met is the productivity of the conveyor. 

From a handbook, the belt conveyor 2BT80U-01 satisfies the conditions of mining. To 

prove its capability for transportation the installed volume of material, calculations was 

done. The same type of calculations is similar for defining conveyor parameters in 

capital galleries and may be done in the same manner.  

9  Calculations 

9.1 Production calculations for the shearer 

 Theoretical performance is an amount of coal which is mined per time unit during 

an unstoppable winning. It can be calculated as follows (cp. Vasyuchkov Y.F.): 

               
  

   
   

where   – thickness of the seam, m; 

   – width of web, m; 

    – maximum speed of haulage which is allowable under given conditions, 

m/min; 
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   – in-situ density of the coal , kg/m3. 

 Implacable haulage speed for given conditions may be obtained from the 

equation (cp. Kharchenko, Ovchinnikov, Sulaev, Gaidai, Russkich): 

   
    

           
 
 

   
  

where     – constant power of the motors, kW. Usually it is in range from 0,7 to 

0,9,depends on a type of motors, from the maximum power of motors.; 

    – specific energy, energy required to produce and load unit weight of coal, 

kW-hr/t; The specific energy for coal ranges from 0,1 to 0,8 kW-hr/t, but mostly around 

0,3-0,5 kW-hr/t. 

Shearer 
Theoretical 

performance, m3/min 

Maximum haulage 
speed, m/min 

Fl. 970 Fl.950 

Eickhoff SL750 37,2 8,25 11,11 

Joy 7LS2A 36 8,31 11,20 

CAT EL2000 45 8,68 11,69 

Table 17. Theoretical performance of the winning machines 

 From the table above, the conclusion about shearer loader choice can be done. 

Based on the calculations of theoretical performance, to satisfy highly-mechanized 

extraction of coal, the shearer Caterpillar EL2000 will be applied. All next calculations 

and assumptions will be done taking into consideration parameters and characteristics 

of this winning machine. 

 The haulage speed of the shearer is a crucial factor in the productivity 

calculations of a one face. It should match the speed of shields traveling to the mined 

area. In the face with a length of 444 m, next amount of the support units should be 

installed: 

   
   

     
                  

where 1,615 m – the width of the mechanized support, include 2x5 cm of free space 

 between the support units. 

 The speed of roof supports moving should be defined. So, on the distance of 20 

m, there are 13 units of mechanized supports. Speed of the roof support setting may be 

estimated: 

For Fl. 970: 

   
   

  
         



46 
Planning and development of a hard coal mine under the consideration of an applicable completely 
mechanized extraction to ensure a daily extraction of 30.000 tons of usable material out of two coal 
beds 

For Fl. 950: 

   
   

  
        

 And, on the distance of 424 m, there are 262 units. So, 

For Fl. 970: 

   
    

   
         

For Fl. 950: 

   
    

   
        

 So, as a result, the time for moving the roof support should be from 8 to 12 

second for each unit, to fall into a pattern of mining. In the real conditions, the time of 12 

seconds is not enough to move the support forward. According to this, the speed of the 

shearer haulage should be reduced to the speed of the support unit’s travel. 

 The speed of travel the one support unit can be estimated. 

   
  
  

 
 

 
  

where    - width of the shield, include free space between units, m; 

    - time for the travel of support, min. 

 Time for the travel of support include in itself time for moving of the worker from 

one support to another(5 sec), time for clearing the shield(15 sec), time for unloading 

the support(10 sec), time for a move of the support(20 sec) and time for the shield 

moving apart(10 sec). So, in total, the time for the travel of support takes approximately 

1 minute. 

   
     

 
      

 

   
  

 The speed of the travel of support 1,6 m/min is applied. 

9.2 Calculations of the different cutting sequences 

 Parameters for estimation 

1. Mining and geological conditions. 

 Seam thickness:  

Fl. 970 – 3,34 m; slice of hoist rock in the seam – 0,19; 
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Fl. 950 – 2,48 m; slice of the hoist rock in the seam – 0,25 m. 

 Seam depth: Fl. 970 – 314 – 1511 m; Fl. 950 – 456 – 1625 m; 

 Average density of coal: 

  in-situ 1,35 t/m3; 

  broken 1,04 t/m3(swelling ratio = 1,3) 

 Panel width: 444 m rib-to-rib 

The panel is developed by a two-entry gateroad system. 

2. Shearer parameters. 

 Model Caterpillar EL2000 

 Drum diameter: 1,9 m 

 Drum web: 1,15 m 

 Drum rotational speed: 45,2 rpm 

 Shearer weight: 70 tons  

 Maximum haulage speed: 30,1 m/min 

3. Assumptions: 

 Production days for an underground mine is 360 days per year with a three nine-

hour production shifts per day, or 20 shifts per week, on Sunday there is one 

maintenance shift. 

 Shift duration is 9 hour, taking into account 30 minutes travel to and from the 

face, what brings 8 hours of production time. 

 The utilization factor of the shearer is 80%. 

9.2.1 Bi-di cutting cycle 

 Cycle of operations 

 1) Snaking length of the conveyor 20 m is required. Within distance of 20 m, the 

SL cuts the coal slice on a bottom of the face, and then runs empty from the headgate 

to the 20 m mark. The thickness of the slice – 1,44 m(thickness of the seam – drum 

diameter). The speed of the flitting is taken from calculations based on the support 

setting speed. 
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 2) Full speed coal cutting from HG to TG. Full seam coal cutting runs to the TG, 

the distance of the travel 444 m - 20 m = 424 m. Cutting speed is constant. 

   
   

   
          

 3) Re-position of cowls and ranging arms to reverse cutting direction from TG to 

HG. Time for an operation – 1 minute is applied. 

 4) Cutting first the bottom coal between the two drums left in HG to TG run of 

task 2(1st wedge cut) and then full seam height coal cutting to the 20 m mark. Cutting 

length = 444 – 424 = 20 m. Cutting speed is constant. 

   
  

   
           

 5) Re-position of cowls and ranging arms to reverse cutting direction from HG to 

TG. Assumption - 1minute. 

 6) Cutting first the bottom coal between two drums let in the 1st wedge cut in task 

4(2nd wedge cut) and then full seam height coal cutting to the TG. Cutting length 20 m. 

Cutting speed based on the cutting resistance. 

   
  

   
           

 7) Re-position of cowls and ranging arms to reverse cutting direction from TG to 

HG. Assumption - 1 minute. 

 8) AFC snaking length is approximately 20 m. Within this distance, the shearer 

cuts the bottom coal between the two drums and then runs empty from TG to the 424 m 

mark.  

    
  

   
           

 9) Full speed coal cutting from TG to HG. Cutting length – 424 m. Cutting speed 

is constant. 

   
   

   
          

 10) Re-position of cowls and ranging arms to reverse cutting direction from HG to 

TG. Assumption -  1 minute. 

 11) Cutting first the bottom coal between the two drums left in the TG to HG run 

of task 9(1st wedge cut) and then full seam height coal cutting to the 20 m mark. Cutting 

speed – 1,6 m/min. 
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 12) Re-position of cowls and ranging arms to reverse cutting direction. 

Assumption -  1 minute. 

 13) Cutting first the bottom coal between the two drums left in the 1st wedge cut 

in task 11(2nd wedge cut) and then full seam height coal cutting to the HG. Cutting 

length – 20 m. Cutting speed – 8,68 m/min. 

    
  

   
          

 14) Re-position of cowls and ranging arms for reverse cutting direction and 

preparing for next cutting cycle. Assumption - 1 minute. After this, the winning machine 

is ready to mine next strip of the seam. 

 Total time for one cycle is a sum of time required for operations listed above. 

                                                 

                                                 

                

 The total time for one cycle is presumed – 611 minutes. 

 The factor of shearer utilization can be obtained from estimations, taking into 

account time for maneuvers and downtimes and maintenance operations. The factor of 

utilization is approximately 80%. 

Production calculations 

 Total coal production per cutting cycle. 

                                        
    

     
  

where   – thickness of the seam; 

   – web width, m; 

   – panel width, m; 

   – in-situ density of coal, t/m3. 

Average output per hour: 

     
  

  
            

  

   
            

 

    
  

where    - factor of shearer utilization. 
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Output per shift: 

                       
 

     
  

Output per day 

                         
 

   
  

Output per week 

                           
 

    
  

Annual output(raw coal) 

                             
 

    
  

where 52 – amount of weeks in the year. 

 In the seam is located a slice of the rock. Assuming the type of rock – limestone. 

The density of a limestone is from 2,5 to 2,7  t/m3. Based on this data, minimum ash 

content, which comes from the mining of the extracted coal may be calculated. 

 Amount of a hoist rock extracted from the seam: 

                                         
 

     
  

 To determine ash content, the next equation is presented: 

  
  

  
 

      

       
             

 The total volume of rock mass, extracted per one cycle from the face of 444 m 

length: 

                              
 

     
  

 So, in the end, the received product is going to be with a minimum 10,8 and 

18,3% ash content.  

 To depict production rates for seams Fl. 970 and Fl. 950, the results are collected 

into a table. 
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Seam/Meaning 
Thickness of 

a coal, m 

Thickness of 
a limestone, 

m 

Daily 
output, 
t/day 

Ash 
content, % 

Cycle time, 
min 

Fl. 970 3,15 0,19 9175,5 10,8 611 

Fl. 950 2,23 0,25 7096 18,3 611 

Table 18. Daily output of the coal using bi-directional cutting sequence 

9.2.2 Uni-di full-face cutting cycle 

 Cycle of operations 

 1) The shearer starts to move from the conjunction of HG and a face and mines 

the coal on the full web. On the side of TG, 16 m of the coal strip is already mined. The 

length of a run is: 444 – 16 = 428 m. The speed of cutting is constant, taking into 

account on the factor of utilization, the speed of cutting – 1,6 m/min. 

   
   

   
            

 2) Re-position of cowls and ranging arms to reverse cutting direction. Assuming 1 

minute. 

 3) Extraction of the coal slice between the drums. The distance between drums – 

16 m. So, the length of shearer movement – 16 m. Assuming maximum speed of 

cutting, which allows the cutting resistance – 1,6 m/min. 

   
  

   
         

 4) “Empty” run of the shearer. The winning machine “cleans” a bottom from coal 

and loads it into AFC, what exclude a manual work in working face. The length of the 

run is: 444 – 16 – 16 = 414 m. On a distance of 16 m to the HG speed of flitting will be 

changed. Cutting speed of “empty” flitting may be increased. To reduce the time of 

cycle, assume 27 m/min. 

   
   

  
           

 5) Self-sumping of the shearer into a next coal strip. The distance of self-sumping 

– 15 m. The cutting speed – 1,6 m/min. 

   
  

   
         

 6) Re-position of cowls and ranging arms to reverse cutting direction. Assuming 1 

minute. After what, the shearer is ready to mine next strip of the coal. 

 Total time for one cycle is a sum of time required for operations listed above. 
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 The total time for one cycle is presumed – 305 minutes. 

 The factor of shearer utilization can be obtained from estimations, taking into 

account time for maneuvers and downtimes and maintenance operations. The factor of 

utilization is approximately 80%. 

Production calculations 

 Total coal production per cutting cycle. 

                                    
    

     
  

where   – thickness of the seam; 

   – web width, m; 

   – panel width, m; 

   – in-situ density of coal, t/m3. 

Average output per hour: 

     
  

  
            

  

   
          

 

    
  

where    – factor of shearer utilization. 

Output per shift: 

                     
 

     
  

Output per day 

                       
 

   
  

Output per week 

                        
 

    
  

Annual output(raw coal) 
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 In the seam is located a slice of the rock. Assuming the type of rock – limestone. 

The density of a limestone is from 2,5 to 2,7  t/m3. Based on this data, minimum ash 

content, which comes from the mining of the extracted coal may be calculated. 

 Amount of a hoist rock extracted from the seam: 

                                     
 

     
  

 To determine ash content, the next equation is presented: 

  
  

  
 

      

       
             

 The total volume of rock mass, extracted per one cycle from the face of 444 m 

length: 

                              
 

     
  

 So, in the end, the received product is going to be with a minimum 10,8 and 

18,3% ash content.  

 To depict production rates for seams Fl. 970 and Fl. 950, the results are collected 

into a table. The haulage speed of the shearer will be the same on the seam Fl. 950, 

what will give the same time for cycle of cutting.  

Seam/Meaning 
Thickness of 

a coal, m 

Thickness of 
a limestone, 

m 

Daily 
output, 
t/day 

Ash 
content, % 

Cycle time, 
min 

Fl. 970 3,15 0,19 9190,5 10,8 305 

Fl. 950 2,23 0,25 7107,7 18,3 305 

Table 19. Daily output of the coal using uni-di full-face cutting sequence 

9.2.3 Uni-di half-face cutting cycle 

 Cycle of operations 

 1) The shearer starts to move from the conjunction of HG and a face. The 

shearer runs “empty” to the point splits the face to two equal parts. The length of the run 

is 222m. The speed of the shearer – 27m/min.: 

   
   

  
          

 2) Self-sumping of the shearer and winning of the second half of the face with a 

speed of pull 1,6 m/min. 
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 3) Re-position of cowls and ranging arms to reverse cutting direction. Assuming 1 

minute. 

 4) “Empty” run of the shearer. The winning machine “cleans” a bottom from coal 

and loads it into AFC, what exclude a manual work in working face. The length of the 

run is 222 m. The speed of movement – 27 m/min.  

   
   

  
          

 5) Self-sumping of the shearer into a next coal strip. Extraction of the second part 

of the working face. Speed of pull 8,68 m/min. 

   
   

   
            

 6) Re-position of cowls and ranging arms to reverse cutting direction. Assuming 1 

minute. After what, the shearer is ready to mine next strip of the coal. 

 Total time for one cycle is a sum of time required for operations listed above. 

                                                        

 The total time for one cycle is presumed – 296 minutes. 

 The factor of shearer utilization can be obtained from estimations, taking into 

account time for maneuvers and downtimes and maintenance operations. The factor of 

utilization is approximately 80%. 

Production calculations 

 Total coal production per cutting cycle. 

                                    
    

     
  

where   – thickness of the seam; 

   – web width, m; 

   – panel width, m; 

   – in-situ density of coal, t/m3. 

Average output per hour: 
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where    - factor of shearer utilization. 

Output per shift: 

                     
 

     
  

Output per day 

                       
 

   
  

Output per week 

                        
 

    
  

Annual output(raw coal) 

                         
 

    
  

 In the seam is located a slice of the rock. Assuming the type of rock – limestone. 

The density of a limestone is from 2,5 to 2,7  t/m3. Based on this data, minimum ash 

content, which comes from the mining of the extracted coal may be calculated. 

 Amount of a hoist rock extracted from the seam: 

                                      
 

     
  

 To determine ash content, the next equation is presented: 

  
  

 
 

     

       
             

 The total volume of rock mass, extracted per one cycle from the face of 444 m 

length: 

                             
 

     
  

 So, in the end, the received product is going to be with a minimum 10,8 and 

18,3% ash content. 

 To depict production rates for seams Fl. 970 and Fl. 950, the results are collected 

into a table. The haulage speed of the shearer will be the same on the seam Fl. 950, 

what will give the same time for cycle of cutting.  
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Seam/Meaning 
Thickness of 

a coal, m 

Thickness of 
a limestone, 

m 

Daily 
output, 
t/day 

Ash 
content, % 

Cycle time, 
min 

Fl. 970 3,15 0,19 9470 10,8 296 

Fl. 950 2,23 0,25 7323,8 18,3 296 

Table 20. Daily output of the coal using uni-di half-face cutting sequence 

 Considering the results of the extraction with a usage various cutting sequences, 

the most productive is half-face uni-directional sequence. The biggest advantages of the 

system is that, the clearing operations of the left coal on a bottom of the face doesn’t 

require additional manual work, because the shearer does it during the “empty” run; 

moving of the cowls is not so often in comparison with a bi-directional mining and self-

sumping of the shearer doesn’t requires additional split of the cycle. 

9.2.4 Choose of cutting sequence 

 Considering the results of the extraction with a usage various cutting sequences, 

the most productive is half-face uni-directional sequence. The biggest advantages of the 

system is that, the clearing operations of the left coal on a bottom of the face doesn’t 

require additional manual work, because the shearer does it during the “empty” run; 

moving of the cowls is not so often in comparison with a bi-directional mining and self-

sumping of the shearer doesn’t requires additional split of the cycle. 

 Based on the daily output, using this method and winning equipment, amount of 

the longwalls that work simultaneously, to achieve the goal of 30000 tons of usable 

material per day is: 

for Fl. 970: 

    
     

    
         

for Fl. 950: 

    
     

      
         

 The lack of production rate, during the mining seam Fl. 950 may be 

compensated, if its factor of shearer utilization will be applied at least 0,82, or, the 

shortage may be filled by production rate on the Fl. 970. Also, if the utilization factor of 

the shearer in time may be increased to 0,85, the only 3 working faces are needed to 

work simultaneously, to achieve the goal. If 4 longwalls will employ the uni-di half-face 

method for an extraction only the seam Fl. 970, the production from these faces will be 

as follow: 
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 The another one option, that working faces are located both on Fl. 970 and Fl. 

950. Than the production rate will make up: 

                                 

9.2.5 Panel belt conveyor 

 The belt conveyor is used for moving the load from the AFC to incline belt 

conveyor. The calculations will be done according to the methodology given in the 

textbook by Bilichenko, 2002. 

The initial data is: 

 Productivity of the conveyor should be not less than: 

     
      

     
     

    

   
          

 

 
  

where        production rate of the longwall were being mined from coal seams 970; 

    - duration of the shift; 

    - amount of shifts; 

 1,2 – assurance factor. 

 

 angle of the gallery - 1°; 

 length of a transportation – 1150 m. 

 For these conditions, the belt conveyor 2ЛТ80У-01 is suitable and it posses 

certain technical characteristics. (see. Annex p. VI) 

 Calculations 

1. Mass per 1 m: 

of upper roller carriages: 

   
    

    
 

    

   
     

  

 
  

of lower roller carriages: 

   
    

    
 

     

   
     

  

 
  

of a load: 

       
    

     
 

     

       
      

  

 
  

of a belt: 
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where      and     mass of rotating parts of roller carriage, loaded and empty 

respectively, kg; 

      and      – distance between roller carriages, loaded and empty respectively, 

m;  

    - mass of 1 m2 of a belt, kg; 

   - width of a belt, m; 

   – velocity of a belt.  

2. Driving force for the moving of branches: 

lower(empty):  

                                          

                                                        

            

upper(loaded): 

                                                    

                                                      

                           

where   - gravitational force, m/s; 

    - factor, concerns local resistance to movements. For length of transportation 

more than 850 – 1,1. 

   – factor of branch movement resistance. For mine belt conveyors 0,06…0,08. 

Average value – 0,07 is applied. 

 

Figure 32. Scheme of the belt conveyor 

3. Tractive power on driving drums: 

                                                    

4. Starting tension of the belt: 



59 
Planning and development of a hard coal mine under the consideration of an applicable completely 
mechanized extraction to ensure a daily extraction of 30.000 tons of usable material out of two coal 
beds 

 4.1 By the data of cohesion on the drive: 

         
        

     
 

            

      
             

where    - assurance factor of motor tractive ability, in range of 1,2...1,4. The average 

value of 1,3 is applied. 

     – factor of belt to drum cohesion, 2,85. 

 4.2 By the data of loaded branch deflection: 

                                      

 

Figure 33. Diagram of belt tension 

5. From the diagram, the maximum tension of the conveyor belt may be defined. 

                                              

6. Critical tension of the belt. 

                                          

where    - breaking point of the belt. 

7. Amount of conveyors for the given length of transportation. 

  
      

     
 

          

        
         

 For the transporting 1 conveyor belt is applied with a length of 1150 m. 

8. Capacity of the drive motors of one conveyor. 
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where      - regime factor, concerns irregularity of capacity distribution between drive 

motors.  

   – coefficient of efficiency. 

 Since sum drive motors capacity of the conveyor makes up 165 kW, two 

conveyors should be installed with an equal length of 575 m.  

 Additional check by capacity should be done. 

    
  

     
        

      
            

where 

     
  

     

     
 

       

 
             

 Finally, to satisfy the requirements of conveyor capacity, 2 conveyors type 

2BT80U-01 should be installed with a length of 575 m each. 

9.3 Matching calculations for the shearer and AFC 

 Armored face conveyor should be appropriate for certain conditions of mining. 

Here, this condition is production rate of the one face. From the previous estimations, 

were defined that, the production volume of the face with a face length of 444 m is 

292,2 m3/h from the coal seam Fl. 970 and 226 m3/h  - Fl. 950. These values contain 

the volume of hoist rock as well.  

 Assuming, that additional load on the AFC will be required in amount of 10%. So, 

the amount of rock which is going to be load is – 321,5 and 248,6 m3/h. 

 Among the conveyors, which are proper for the shearer EL2000, conveyor with a 

pan width of 1032 mm may be applied. The minimum chain speed of the AFC, which 

will be satisfied for the production rate can be estimated. (cp. Peng, 2006) 

   
  

       
 
 

 
  

where    - amount of rock which is going to be load, m3/h; 

    - width of the pan, m; 

    - clearance on the side, from the AFC toeplate to the drum, m; 

   – swelling factor, 1,3. 
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 Due to the production rates, the speed of the chain will be various during the 

extraction of the different seams. 

Seam/Meaning 
Thickness of the 

seam, m 
Assumed amount of the 

rock, m3/h 
Chain speed, 

m/min 

Fl. 970 3,34 321,5 14,4 

Fl. 950 2,48 248,6 11,4 

Table 21. Chain speed of the AFC CAT PF4/1032 

 So, the speed of chains of the AFC with a pan width of 1032 mm should be 14,4 

and 11,4 m/min. 

 In the same time, when shearer cuts from head to tail, coal is cut by the tail drum 

has to pass under it. In this case, the clearance under the shearer is a crucial factor. 

The following calculations are intended to check it. 

1. Headgate to tailgate cutting trip. Volume of the coal that passes below the shearer, 

which is cut by the front drum depends on the drum cutting speed. 

          
  

   
  

where   – cutting width, 1,15 m; 

   – drum diameter, 1,9 m; 

    – shearer‘s haulage speed, m/min. The haulage speed during the uni-di half-

web cutting sequence is 1,6 m/min for the both seams. 

So, for in-situ volume: 

                    
  

   
  

and broken volume: 

                        
  

   
  

where 1,3 – swelling factor. 

 The clearance area under the shearer is approximately 0,67 m2. It can obtained, 

if the pan width is the minimum – 1032 mm, what is appropriate for the chosen shearer, 

is multiplied to clearance under the shearer, 649 mm. Assuming, the coal travels at the 

same speed as conveyor, the volume per unit time passing under the shearer is: 

        
 

   
  

where   – area under the shearer, m2; 
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    – chain speed, m/min.  

So, for the AFC installed in the face of Fl. 970: 

                   
 

   
  

and in the face of Fl. 950: 

                   
 

   
  

 Result. The volume of the coal which is cut by the shearer’s front drum has to 

pass below the shearer and should match the carrying capacity of the conveyor. 

Comparing the    and     and    , the carrying capacity of the conveyor under the 

shearer is much higher than the coal cut by the front drum of the shearer. The 

conclusion is, that the shearer can be run with a haulage speed of 1,6 m/min. 

2. Tailgate to headgate cutting trip. Cut by both drums. 

             
  

   
  

where   – thickness of the seam, m. 

So, for the Fl. 970 coal seam: 

for in-situ volume: 

                         
  

   
   

and broken volume: 

                             
  

   
  

and for the Fl. 950 coal seam: 

for in-situ volume: 

                         
  

   
   

and broken volume: 
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 Result. Comparing the estimations above, the total carrying capacity of the 

conveyor is enough high to satisfy the conditions of coal cutting by the shearer when it 

travels with a  constant speed on the both coal seams. The haulage speeds are the 

same on the coal seams Fl.970 and Fl. 950. 

 According to Peng, 2006, the following conditions, in the choice of the AFC must 

be satisfied: 

if       

  a. Cutting from tailgate to headgate 

for the Fl. 970: 

                                                            

                                                   

             

for the Fl. 950: 

                                                            

                                                   

             

The condition is met. 

  b. Cutting from headgate to tailgate 

                                                        

                         

          

 The condition is met. 

 The armored face conveyor PF4/1032 is suitable for the given conditions. 

9.4 Reserves estimation 

 Total volume of the reserves in the mine field, may be assessed based on the 

dimensions of given coal seams and their thicknesses. With a data of total volume, a 

conclusion about approximate lifetime of the mine can be done. Assuming, the coal 

seams has a proper rectangular shape. Therefore, the next equations could be made: 
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where      – area of a seam “m” in a bed series “n”, m2. 

 It should be noticed, that these numbers give a definition of total volume of coal 

in the mine field, and not that which can be mined feasible. 

1) Reserves in the seam Fl. 970 

volume of coal share in the seam Fl. 970 

                                                      

               

volume of limestone share in the seam Fl. 970 

                                                      

              

what gives a total volume in tonnage in the seam Fl. 970: 

     
                                             

2) Reserves in the seam Fl. 950 

volume of coal share in the seam Fl. 970 

                                                     

                 

volume of limestone share in the seam Fl. 970 

                                                     

              

what gives a total volume in tonnage: 

     
                                                

 In the conditions, which were presented before, such a width of the face, cutting 

sequence, appropriate winning machines, the more beneficial is the mining of seams 

with a uni-directional half-face cutting sequence, using the CAT EL2000 shearer loader. 
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 Without including losses of the coal during the mining, the coal which will be 

mined during the drifting, and the pillars which are not feasible to mine, the whole coal 

could be mined during the period of: 

  
                                      

                          
       

 In case of employing 4 working faces separately on two seams, e.g. the only one 

coal seam is under extraction in certain period of time: 

  
           

          
 

            

            
                          

 Bed series 4 and 7, are contained in coal seams Fl. 970 and Fl. 950, have a 

relatively short lengths to be extracted with the longwall mining method, accordingly to 

experience of USA and Australian coal mining. On this purpose, they might be extracted 

with a room-and-pillar method. 

 So, the coal, taking to account unmineable bed series 4 and 7, could be mined in 

period of: 

  
                      

          
 
                       

            
            

              

10  Conclusion 

 This graduate work focused on achieving a daily production target of coal in 

30000 tons of usable material out of two coal seams. Under a consideration of certain 

parameters, namely, angles of the dip and strike, seam’s thickness, depth of the bed, a 

location of a mine allotment, a structure and characteristics of the deposit, it was 

decided to develop the field by a method of the longwall mining. 

 Options for an opening of the mine field were regarded and an advantage took a 

method of the opening by 3 vertical shafts. One of the shafts, upcast and transport 

shaft, locates in a middle of the mine field, when 2 other shafts are downcast and 

intended for air supply for each half of the mine field. 

 The direction of winning operations conducted to a centre of the mine allotment, 

starting from edges with a full collapsing of a goaf with an advance of the working face 

and with a decrease of a length of preparation workings after a panel was mined. 

 The development of the panels was done taking into account examples of 

longwall panel design by leading countries in coal mining by an underground longwall 

method such as Australia, U.S.A and Germany. Different types of an entry system and 

principles of a barrier pillar design were considered. As a result, it was decided to apply 
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two-entry system for a preparation of the panels and among several approaches of 

barrier pillar design, the average value were implemented.   

 Highly mechanized equipment provided by leading companies in a construction 

of mining equipment such a CAT, Joy and Eickhoff were considered in this work. 

Among these companies shearer loaders for given conditions were selected and 

checked. After an estimation of their production capability, the preference remains for 

the SL CAT EL2000. 

 For a transportation of coal from the working space, a scraper conveyor 

PF4/1032 CAT company’s was chosen. The selection was made based on the 

reception capacity of the pipeline and ability to co-work with the mentioned SL. 

 Considering a support of the space in the extraction area, based on the pressure 

of a destroyed crack rock above the face, and an experience of using an identical type 

of shields, it was decided to use MS Joy Group A and B, for coal seams Fl. 970 and Fl. 

950 respectively. 

 Moving the coal from along a headgate is provided by a belt conveyor 2ЛТ80-У. 

Another conveyor belt with similar technical characteristics may be also employed. 

 According to the results of performance of the winning machine, as a result, to 

ensure the planned production rate of the mine of 30000 tons of usable material, it is 

required a simultaneous extraction of the coal from 4 working faces with parameters 

given in this thesis. Time for the mining whole volume of coal makes up 78,76 years, if 4 

panels are being mined from one coal seam, and 88,23 – from two coal seams, 2 

panels from each one. 
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List of abbreviations 

AFC     Armored Face Conveyor 

SL     Shearer Loader 

MS     Mechanized support 
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Annex 

Panel design 

Coal seam 
Bed 

series 
Length on 

the strike, m 

Length on the 
dip, m Angle of the 

strike, degree 
18° 25° 

Fl. 970 

1 1137 

5392 8658 

-4 

2 876 +190 

3 852 +190 

4 613 +190 

5 1089 +190 

6 330 +190 

7 1134 +190 

8 2945 +180 

Fl. 950 

1 1184 

5272 8658 

-4 

2 758 +190 

3 994 +190 

4 663 +190 

5 969 +190 

6 330 +190 

7 1134 +190 

8 3040 +180 

Fl 930 

1 1232 

5152 8658 

-4 

2 568 +190 

3 1088 +190 

4 710 +190 

5 755 +190 

6 330 +190 

7 1134 +190 

8 3150 +180 

Table 22. Dimensional characteristics of the coal seams 
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Shearer loader Joy 7LS2A 

Mine 
Seam 

height, m 
Cutting 

height, m 
Panel width, 

m 
Panel 

length, m 
Overburden, 

m 

Mach Mining 1,8 2,1 427 7925 152 

Sugar Camp 
A 

1,8 1,8 427 5791 274 

Sugar Camp 
B 

1,8 2,1 427 5944 274 

Bailey 1,6-1,8 2,4 457 3658 183-305 

Cumberland 2-2,1 2-2,1 482 3658 183-366 

Emerald No. 
1 

1,8-2,1 1,8-2,1 381-442 3048 152-305 

 1,8-2,1 1,8-2,1 442 1219 152-305 

Enlow Fork 1,6-1,8 2,3 457 7925 183-305 

 1,6-1,8 2,2 457 7925 183-305 

Harrison 
Country 

2,3 2,2 427 3658 274 

Leer 2,4 2,1 366 2743 229 

Mountainer II 2,1 2,1 305 1524 335 

Table 23. Areas of usage the shearer loader Joy 7LS2A 
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Mechanized support 

Figure 34. Group A Joy mechanized roof support 
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Mechanized support 

Figure 35. Group B Joy mechanized roof support 
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Panel design 

 

Figure 36. Panels in the coal seam Fl. 970 

 

 

 

 

 

 

 

 

 

 

 

 



78 
Planning and development of a hard coal mine under the consideration of an applicable completely 
mechanized extraction to ensure a daily extraction of 30.000 tons of usable material out of two coal 
beds 

Panel belt conveyor 

Characteristic Meaning 

Velocity of the belt, m/s 2,5 

Maximum capacity, t/h 520 

Receiving capacity, m3/min 10,2 

Total power of drive, kW 55x3 

Belt type 2Шх800х4хТК 

Length of  the one conveyor, m 600 

Amount of drive drums 3 

Contact angle of drive drums, degree 240 

Type of motors ЭДКОФ43 - 4 

Hydraulic clutch ГПЭ - 400 

Diameters of the drive drums, mm 500 

Diameter of an idler, mm 89 

Mass of rotating parts of roller carriage, kg 
Loaded branch Empty branch 

14,7 11,62 

Distance between roller carriages, mm 1400 2800 

Mass of 1m2 of a belt, kg 17,6 

Table 24. Characteristics of the belt conveyor 2BT80U-01 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


