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Abstract: The fact that application of simulation is expedient for concrete proposal selection is shown in the 

article after analysis of existing proposals of mine works automation. To solve this task, models of mine 

technical systems were developed on queuing theory base with software implementation on a specialized 

simulation language GPSS World. Methods of mine technical systems automatization efficiency estimation, 

which is based on the minimum labor input criterion of cycle in entered mine-geological conditions is 

proposed. As example task solution of selection of efficient automatization mine technical system variant with 

use the proposed method. In the article conclusion we showed prospects of further work which is reduced to 

creation of specialized software product for engineer. 
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1 Introduction 
An analysis of achievements of the leading 

companies in the field of automatization of 

underground mining works: Atlas Copco, GIA 

Industry, Sandvik (Sweden), Caterpillar (USA), 

Dyno Nobel (Norway), Normet (Finland), PAUS 

(Germany), Siamtek (Canada) [1,2] showed that all 

proposals has only one decision. It is enter of 

automated equipment as: drilling rigs, loading 

machines, anchor drilling rigs, chargers. It is 

human-adapted technologies. However, many 

operations cannot be performed automatically such 

as bafring-down, communications build-up, 

connection of detonators, etc. As a result, the effect 

of automatization can be lost. We face with a task of 

evaluating of input of automated processes 

proposals in mining systems. 

Task is complicated by arrangement decisions 

multivariance, diversity of automatization processes 

proposals and random kind of technological 

operations because of external environment 

influence, equipment failures, etc. Math modeling is 

used to solve such tasks. Often we have to take a 

serious simplification and assumptions to show the 

dynamics of the modeled system because analytical 

and numerical methods do not allow us to describe 

some parts of mining system and interaction 

between them. Frequently it lead to huge differences 

between simulating results and real system 

behavior. Simulating with showing of mining 

technological system dynamics displayed on 

computer in some algorithm, which simulates action 

is the most effective 3-7. 

Simulation is advisable for mining technical 

systems computer researches and automatization 

effectivities evaluation [8-12].  

 

 

2 Engineering of mining technical 

systems conceptual model 
Majority of operations in mining are discrete with a 

finite number of variables. These operations include 

beginning and end of drilling, loading and unloading 

of coal, the beginning and end of the combine, and 

others. 

Conceptual model which showing the mining 

systems was developed. This model is presented in 

the form of a "black box" with managed and 

unmanaged inputs (Fig. 1). 
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Fig. 1 conceptual model of mine technical system 

 

Constructive and technological parameters are 

attributed to managed inputs (X1, X2, …, XN): the 

number of tunneling machines, blast holes quantity 

and depth, duration of technological operations, 

equipment type and characteristics, etc. Unmanaged 

inputs (Y1, Y2, …, YM) are attributed to physical-

mechanical properties of adjacent strata, technical 

parameters of excavation. Output of the model (Z1, 

Z2, …, ZK) is laboriousness and tunneling cycle 

average duration. 

The tunnel equipment set is represented as a 

system T, which moves in massif between A and B 

points (Fig. 2). 

 

 
Fig. 2 excavation scheme 

 

At the end of the excavation works system moves 

at some step 1 to the last point B. Step, that system 

has to move before next cycle will start, is a request 

on moving of excavation machines to the last point. 

Quantity of requests decreases with moving of 

tunneling equipment. 

For service of request a set of equipment must 

execute sequence of operations: rock excavation, 

rock lading and roof supporting. 

Time of each operation depends from many 

determinate and random factors. Determinate factors 

are a mine working cross-section and length, blast-

hole depth and number, excavation machines 

number. Random factors are process operation 

duration, solid physical and mechanical properties, 

etc. However, generally operation duration is 

determined by random probability distribution 

function of service duration by equipment unit. 

 

 

3 Formalization of conceptual model  
For formalization of conceptual model used a 

queuing theory [13-16], and requests consistently 

pass through the facilities: for example, drilling rig, 

loader and anchor drilling rig. Service time is 

random. 

Mining system models were developed as closed 

multi-channel and multi-phase queueing networks, 

where equipment next cycle readiness moments is a 

request. Requests service is a delay on excavation 

processes cycle time in facilities simulating 

appropriate equipment. Technological process 

duration shown by entering of random delay in 

facilities. The number of requests incoming on 

system input sets the excavation length. 

 

cl

L
m     (1) 

 

where L – excavation length, lc – scraper working 

progression for a cycle. 

In real conditions equipment can starts the next 

cycle after the end of previous, moreover time 

interval between cycle start and end depends on 

random factors. This peculiarity is displayed in 

model by feedback enter, whereby next request 

enter on queuing network’s input after previous 

request appearance on network’s output. In this 

way, feedback forms input request stream. Request 

appearance rate is equal to request service rate, 

therefore input queue do not forms. Research task 

reduces to total time of request service and degree 

evaluation of equipment use. 

Average excavation cycle duration calculated in 

model as sum of random amounts: 
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where tрi, tпi, tкi  – random request service time value 

by facilities simulating equipment for rock 

destruction, rock loading and roof supporting at the 

i-cycle. 

Average laboriousness of excavation cycle 

calculated as: 
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where tpi nрi, tпi nпi, tki nki, tвi nвi  – laboriousness of 

rock destruction, rock loading, roof supporting and 

ancillary works at the i-cycle, nрi, nпi, nki, nвi – 

number of people, engaged in appropriate processes. 

Depending of the excavation conduct mining 

system described by double-channel multi-phased 

closed queueing network (rock blasting method) or 

dual-circuit closed double-channel multi-phased 

queueing network (mechanical method). Request in 

models is an equipment readiness moment to the 

next excavation cycle, facilities in model is an 

excavation machines serving requests in random 

time. Requests entrance rate determined by its 

servicing speed (Fig 3, 4). 

 

 
Fig. 3 mining system model (rock blasting method) 

as queueing network 
 

 
Fig. 4 mining system model (mechanical method) as 

queueing network 

 

With using a rock blasting method on the one 

channel request extends through drilling rigs, 

loaders and anchor drilling rig (Fig. 3). Additional 

works displayed on the other channel. In the end of 

excavation cycle served request is fixed by cycle 

counter and allow an entrance to system input for 

unserved request. Request service time represented 

as a function: 
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where tp, tп, tк – random rock destruction, rock 

loading, roof supporting time values; S – tunnel 

profile; fh – rock hardness coefficient, nbh – the 

number of blast-holes for a cycle; lbh – blast-hole 

length;  – blast-hole use coefficient; kl – rock 

loosening coefficient; P
d
, P

l
 – drilling and loading 

machines efficiency; n
d
, n

l
 – the number of drilling 

and loading machines; Vh.v. – haulage vehicle 

volume; le – excavation  length of roof support in 

one cycle; nr –number of laborers involved in roof 

supporting. 

For accounting of time changing in loader trip 

with scraper working progression, system supported 

by the cycle counter which increase transporting 

time depending on excavation cycle number: 

 

),(),( mlilft tni
 (5) 

 

where lt – rock transporting trip length; m –the 

number of required for excavation. 

Requests consequentially pass through two 

interconnected queueing networks in model of 

mining system which shows process of excavation 

(Fig. 4).   The first queueing network contains 

facilities, simulating excavation combine, rollback 

machine and equipment for communications 

increasing, the second one – facilities, simulating 

roof supporting mechanism and equipment for 

materials transporting. In first network request 

service lasts in random interval 
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where ns – the number of sinkers; R – combine 

efficiency. 

Request leaves the system after inequality 

adequacy: n0<n, where n0 – rollback machine 

completed transporting rounds count; n=V/Q  – 

rounds count, required for complete rock 

transporting (V – destructed rock value, Q – rollback 

machine value). If n=n0, then request enter to the 

second queueing network. After the time с=f(S, fh), 

request becomes executed. Cycle counter fixes next 

cycle, then next request enter becomes available. 

Requests incoming interval a is equal to the time of 

request servicing by both queueing networks 

а=(b+c). 

 

 

4 Software implementation models 

As mining technologies models program realization 

instrument the most suitable solution is GPSS 

World language [17-22], since nowadays it is most 

effective and widespread software for complicated 

discrete systems PC-simulating, and successfully 

used for mining queueing network simulating [23]. 

Using GPSS World had been developed typical 

program organization unit (POU) for mining models 
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constructing: “cutting with lading”, “drilling”, 

“charging”, “lading”, “roof supporting”. POU 

“cutting with loading” represented on Fig. 5. 

 

 
Fig. 5 block diagram of POU “Cutting and loading” 

 

In block 1 (ASSIGN), necessary to set the 

rollback machine required rounds to destroyed rock 

transporting: 
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Delay in block 2 (ADVANCE) simulates 

rollback machine coming to a combine for loading 

in time: 
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where νr.m. – rollback machine speed. 

A combine functioning for a time simulated by 

three blocks: SEIZE – combine is not available, 

ADVANCE – combine cutting part processing 

scraper working on the specified program, 

RELEASE – combine is available. Combine 

processing time is: 
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where Te – excavation laboriousness, Lc – forwarding 

of scraper working for a cycle, nw – the number of 

mineworkers. 

After rollback machine loading it drives off from 

combine to unloading place, this operation 

reflecting in block 6 (ADVANCE) with time: 
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In block 7 (LOOP) going value n0 decreasing on 

1 and equality n0=0 check. If condition not satisfied, 

then transact transfers to block 2 simulating empty 

rollback machine coming to combine for lading. 

Developed POU allow creating of mining 

systems models, which may be used for researches 

of automatization efficiency evaluating; selection of 

rollback machine bucket optimal volume; maximum 

length of rock mass transporting way with 

excavation cycle efficiency limitation; selection of 

rollback machine volume, etc. 

With use of computer engineering in GPSS 

World syntax had been developed simulation 

models of mining systems. Queueing networks 

characteristics define by the model structure: 

1) Multi-channel: Nk = Ns, where Nk – 

queueing network channel count, Ns – segment 

count in model flowchart. 

2) Multi-phase: Nf = Nn, where Nf – queueing 

network phases count, Nn – facilities reflecting 

blocks count in model flowchart. 

3) Insularity: after passing all operation 

simulating blocks request return to block, reflecting 

excavation cycle start. 

 

 

5 Assessment methodology and 

example of using 

Method of mining systems automatization 

efficiency evaluation on developed simulation 

models with certain mining and geological 

conditions on cycle laboriousness minimum criteria 

is offered. 

In existing mining system model a blocks subset 

a B displaying technological operations executing 

are allocated, and technological operations time is 

changed due to offering of automatization option. 

For example, in block, which simulates combine 

cutting part control, time reduced on 20-30% due to 

automatic scraper working processing and cross-

section bust exclusion. 

For every variant with cycle time limit keeps a 

condition 

 
m

i
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where ti – time of i-operation; tc – cycle time, m – 

excavation cycle operation count, tave – general 

average cycle duration of mining system automated 

variants. 

In model a blocks subset b B with operations 

required human involvement are allocated. Humans 

count (ni) and processing time (ti) for i-operation are 

introduced. In model laboriousness of i-operation is 

a multiplication ni ti. 

For every variant excavation cycle laboriousness 

value estimated by equation 

 
m

i

iii tnT
1

 (12) 

 

Then choose a variant with Ti = min and check a 

condition (1). 

As an example we give solution of task which is 

to choose effective variant of mining system 

automatization with proposed method use. 

Research object is a mining systems simulation 

models with set of different equipment, which 

produced in Russia: drilling rigs “1 SBU-2K” and 

“YBSH-532”; blasting excavation complex “Sibiri-

2TM”; combine “KP-25”; rollback machines 

“MPKT”; lading machine “PNB-3D2”; electric 

locomotive “AM-8D”, wagon “VPK-10”; trolley 

“VG-3,3”; tubbing placer “TY-3r”. Seven 

alternative mining systems variants with different 

sets of equipment were considered for same mining 

and geological conditions. 

Simulate modelling has been done for excavation 

with length 600 m, overall rock section 29.05 m
2
, 

roof supporting with metallic frame lining “SVP-

33” on rock with rock-hardness ratio 6 by professor 

M. M. Protodyakonov scale. 

In the mining system automatization efficiency 

evaluation on simulation models suitable solutions 

of technological operations automatization has been 

chosen and results of simulating experiments robotic 

and existed technologies has been compared. As a 

result has been received series of recommendations 

and statements. 

In mining systems has been suggested to mount 

on drilling rigs the drilling bar positional steering 

and rotation-supply speed automated control system. 

The system supports steering of drilling bar on 

variable blast-hole scheme, scraper working drilling 

with manipulators based on reprogrammable blast-

hole position scheme with bar space-control and 

supply bar control. Automated guidance with 

drilling bar program eliminates blast-holes marking 

operation and reduces bar transposition time from 

blast-hole to blast-hole. An opportunity of several 

robots service by one operator allows reduce the 

number of people, employed in drilling bar control. 

For explosive blast-hole charging has been 

suggested to apply a self-propelled (hinged) charge 

machines with remote control which extra stocked 

by charging hosepipe emitter and charging process 

control panel. It allows reduce blast-hole charge 

time and workers count. 

For lading automatization has been suggested to 

set up a distance or automatic load control system 

on loaders. It allows carriage rock lading by loader 

in ventilation time of scraper working. Lading time 

reducing on 10-15% is possible due to stabilization 

of load cycles and operator’s personal errors 

exclusion. 

Metallic frame roof supporting has been 

suggested to substitute on anchor bracing with 

automated self-propelled (hinged) anchor drilling 

rigs use. It allows reducing roof supporting process 

time and exclusion anchor elements set up 

operation. 

With combine use in mining system has been 

suggested automatic control of it’s operating part. 

Owing to automatic scraper working processing by 

harvester shaft, cross-section bust is excluded, as a 

result scraper working destroying time can be 

reduced on 20-30%. 

Using developed POU existing and with 

suggested solutions mining systems models has 

been created. 

Due to simulation excavation cycle duration and 

laboriousness has been defined for every variant. 

Data is displayed in diagram on Fig. 6. 

Mining excavation technologies simulating 

by dint of suggested method allows making a 

preliminary evaluation of several technological 

variants and choose more effective. 

By the cycle duration and laboriousness 

minimum criteria according to shown method 

preferable mining system automatization 

variant have a following equipment set: YBSH -

532; PNB-3D2; AM-8D; VG-3,3; SVP-33 

(variant 6). Operation automatization in this 

system allows reduce working cycle time on 27-

47%, laboriousness on 65-84%. 
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Fig. 6 excavation cycle duration and laboriousness diagram 

 

6 Conclusion 

Simulating with showing of mining systems via 

queuing theory, followed by software 

implementation on a specialized simulation 

language GPSS World allows through experiments 

to evaluate the effectiveness of the proposed method 

of proposals for automation of operations. 

Developed simulation models will take part in 

base of software product of computer mine technical 

systems simulation. The product will compete with 

systems like Datamine, Micromine, Mineframe, 

Surpac, Vulcan owing to: 

- registration of mining works dynamics 

- possibility of random period of technological 

operations execution accounting and equipment 

interaction in scraper works space 

- formalized comparison and selection of optimal 

technical and organizational options for mining 

- evaluation of technologies automatization 

efficiency 

Implementation of the software will enable 

engineers with little experience in modeling, 

investigation and optimization of mining systems to 

solve complex engineering problems to assess the 

effectiveness of automation and technology choice 

of the optimal variant, which eventually will reduce 

the costly risks during the design phase of the mine. 
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