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Аннотация: На начальном этапе разработки рудных месторождений собственники стал-
киваются с тем, что срок и стоимость подготовительных горных выработок и околостволь-
ных дворов ставит под сомнение рентабельность освоения месторождения в целом, что 
приводит к снижению количества вовлекаемых в разработку рудных месторождений и 
разведанных запасов руды в мире. Одним из наиболее эффективных способов снижения 
срока строительства рудника является применение механизированных стволопроходче-
ских и горнопроходческих комплексов различного типа, предлагаемых различными про-
изводителями. Приводится сравнительный анализ существующих типов проходческих 
комбайнов и используемых технологий, а также выводятся корреляционные зависимости 
производительности проходческих комбайнов от различных рабочих параметров, вклю-
чая скорость проходки, схему управления комплексами и их элементы. Применение при 
строительстве рудника механизированных комплексов показало по сравнению с буров-
зрывным способом сокращение сроков ввода в эксплуатацию более чем втрое. Описаны 
наиболее часто применяемые системы контроля и управления рабочими параметрами 
механизированных комплексов и пути их совершенствования.
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Introduction
While drilling an oil or gas well takes 

from several weeks to several months, 
after which oil or gas can be mined from 
the well, laying forth a path for generat-
ing profits and directing recourses to fur-
ther field development, the mining of ore 
deposits at significant depths requires fi-
nancial investments of greater magnitude, 
which must often be spent for several 
years before the start of mineral extrac-
tion. The length of technical and economic 
cycles, which are measured in decades un-
der the existing corporate procedures, is 
the reason for the refusal to develop well-
explored ore deposits, such as the Baltic 
marble deposits, Siberian gold deposits, 
beryllium deposits in Buryatia, or lithium 
deposits in Zimbabwe and iron ore depo- 
sits in Nigeria. It is a well-known fact that 
the most significant financial investments 

must be made during the construction of 
infrastructure on the surface above the de-
posit. Mines and tunnels for the organiza-
tion of approaches to the formation con-
taining a mineral ore should be arranged, 
which will begin to pay off only a few 
years after the completion of infrastructure 
preparation. In these conditions, technolo-
gies that increase the speed of mine shaft 
construction by the most commonly used 
drilling and blasting method to a much 
higher one can change financial strategies 
and increase the number of deposits being 
developed in ore-rich countries [1—3].

Methods, Measured Parameters and 
Types of Equipment
The mining shaft construction indust- 

ry is young: fully mechanized VSM-type 
shaft-sinking machine appeared in 2006, 
and shaft sinkers for the construction of 
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mines to a depth of more than a kilometer 
with pneumatic soil transport appeared no 
earlier than 2014. Only Raise Boring tech-
nology has been in the market for a long 
time.

Methods for calculating the penetra-
tion rate, taking into account the logistical 
cycles of operation of a mechanized shaft-
sinking machine: excavation, soil trans-
portation to a transitory tank, container 
or a hub, installation of lining or anchors, 
transportation of material to the surface, 
sorting and logistics of the material on the 
surface, the procedure for lowering vari-
ous parts of the shaft-boring complex in 
the direction of the face, routine mainte-
nance and repair did not exist until 2006 
due to the lack of a fully mechanized shaft 
sinker as such. There were only individual 
elements of mechanization during the shaft 
construction process that were not related 
to fully automated shaft sinking systems. 
The operation of the first shaft-sinking ma-
chines showed that the mechanized shaft 
sinking is significantly faster than drilling 

and blasting [4, 5]. It should be noted that 
the mining industry uses several types of 
mechanized shaft-boring complexes sum-
marized in Table 1 [6—8].

Results and Discussion 
Among the shaft sinkers of various 

types, there are machines with partial and 
full-face excavation, with pneumatic or 
hydraulic transportation of spent rock from 
the shaft face, or with lifting the soil with 
a bucket and a whinch. When planning the 
construction of a shaft, the designer faces 
the task of completing its construction in 
the shortest possible time in order to start 
developing the deposit as soon as possible. 
It should be noted that the larger the diam-
eter of the shaft in the mine is, the more 
efficient the logistics of ore delivery will 
be. A  separate group includes ventilation 
shafts, the diameter of which is determined 
by the necessary air intake, these shafts are, 
as a rule of a smaller diameter. Comparison 
of different types of shaft sinkers can be 
made only under similar geological con-

Table 1
Technical parameters of shaf-sinking machines and methods  
of mechanized shaft construction
Характеристики стволопроходческих комплексов различных производителей  
и методы механизированной проходки шахтных стволов
No Name and type  

of the shaft 
sinking machine

Possible  
shaft  

diameter, 
m

Possible 
depth, 

m

Type of lining Average 
penetration 

rate, m  
a day 

Additional technical 
information

1
SPK type shaft 

sinkers produced 
in Russia

5.5—6.6 2000
Concrete 

and cast-iron 
segmentаl lining

1.5—3 if  
the diameter  
is 7 meters

Bucket and winch 
logistics, works for 

rock ground, EX-proof 
certified. Siemens-type 

SPS

2
SPKB shaft 

sinkers produced 
in Russia

6—8 2000

Concrete 
and cast-iron 

segmental lining 
with grouting of 

annular space

1.5—3 m 
a day if the 
diameter is  
7 meters

Hydraulic shielded side 
grippers, drum cutter, 

bucket and winch 
logistics, UCS up to 

120 MPA, works with 
various methods of 

ground water control. 
Siemens-type SPS
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3
Chinese Shaft 
Sinker Gangtie 

Jiliang
5—10 1000

Concrete 
and cast-iron 

segmental lining

1—2 m a day 
if the diameter 

is 7 meters

Bucket and winch 
logistic, slurry and 

pneumatic transportation 
of material to the 

surface. Drum cutter. 
Siemens-type SPS

4 CREG produced 
in China 599 P 7.83 200

Concrete 
and cast-iron 

segmental lining

2—3 meters 
a day not 
depending 
on the face 
diameter

Full face cutting wheel 
Siemens-type SPS for 

controls

5 Raise Boring 
machines 1—10 2000

Formation 
walls at the 
contraction 

stage, lining, 
grouting and 

concrete spaying 
later

From 0,75 
to 1,5 a day 

depending on 
the ground 

and machine 
type

After drilling the pilot 
hole, the cutting head 

is raised to the surface. 
SPS

6 SBR Shaft-
sinking machine 7—12 2000

Concrete 
and cast-iron 

segmental  
lining

3 meters a day 
with 7 meters 

diameter. 
Depends on 
diameter and 

formation

Height is 40 meters, 
weight 350 t, suspended 

on ropes, pneumatic 
material logistics to the 
surface. Formation UCS 

120 MPA. Open face 
with a drum cutter. SPS

7 SBC-type shaft-
sinking machine 7—12 2000

Mesh  
and sprayed  

concrete

3 m  a day 
independent of 
the diameter

Hard rock formation, 
full-face cone-shaped 

cutting head SPS

8

SBE Light — 
weight closed-

dace shaft 
sinker to be 

installed in rock 
or consolidated 

ground formation

7—10 2000
Mesh  

and sprayed 
concrete

3 m  a day 
independent of 
the diameter

Hard rock formation, 
full-face cone-shaped 

cutting head SPS

9

SDJ, 
Herrenknehct и 
ZM 01 Кomazu 
Drilling system 
and mechanized 

wall lining

4—12 100—
2000

Ordinary lining 
or mesh

1—3 meters  
a day 

depending  
on diameter

Soft rock and hard rock 
formation. SPS

10

VSM well 
sinking machine. 

Suspended by 
ropes inside a 

sinking shaft with 
a cutting edge

5—12 200 Concrete lining

3—10 meters  
a day 

depending on 
the diameter

Slurry ground 
transportation. SPS
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ditions. It should consider that during 
the construction of mines by drilling and 
blasting, time and recourses should be al-
located for the stabilization of alluvial soil 
by freezing, jet grouting piles, or chemi-
cal methods of soil consolidation. Most 
mechanized shaft-sinking complexes are 
based on technology that allows a contrac-
tor to install the formwork and develop the 
face without first fixing the soil. For these 
reasons, as a rule, shaft-sinking complexes 
are individually designed and modified for 
projects in specific geological conditions.

Shaft Sinkers Machines  
Made in Russia
Russian-made shaft sinking machines 

usually use a selective cutting drum and 
excavator arm for excavation and buckets 
of various volumes to deliver the drilled 
material to the surface. The rate of pen-
etration of these machines significantly 
outstrips the productivity of the drilling 
and blasting method, the machines use 
hydraulic gripper jacks and shields for 
alternate support on the walls of the shaft 
and face supports for controlled descent 
of the complex and the technological part 
for installing various types of formworks, 
which is suitable for working with special 
methods for soil consolidation, including 
freezing [9—13]. One example of such 
a machine is the piece of equipment pro-
duced at the Skuratov factory in Tula. Such 
shaft-sinking machines are used in min-
ing industry for shaft construction for the 
extraction of raw materials for potash fer-
tilizers and other mineral resources. The 
parameters of the machine are shown in 
Table 1.

Raise Boring Equipment 
The principle of raise boring technol-

ogy is that the cutting head, driven by drill 
pipes from the installation on the surface, 
rises from a gallery or a tunnel, leaving be-
hind a drillhole equal to its diameter. This 

technology cannot be used for the con-
struction of blind-end mining shafts, but it 
can accelerate the construction of ventila-
tion and production shafts as galleries are 
built, and in cases with difficult mountain-
ous terrain, it can be used for the construc-
tion of the main mining formation access. 
One of these raises is boring rig, produced 
by the American company Robins .

Foreign Shaft Sinkers Machines 
and Raise Boring Equipment
Herrenknecht and Kawasaki compani- 

es, as well as the Chinese manufacturing 
concern CREG, are among the major sup-
pliers of shaft sinking machines. 

The SBC shaft sinking system for drill-
ing in rocky ground to a depth of up to 
2 km is manufactured by Herrenknecht AG.

Thus, it can be seen that machines with 
different operating principles serve one 
purpose — the construction of shafts [14, 
15]. Let's say two or three types of shaft 
sinking machines are applicable for con-
struction in the conditions of one particu-
lar project, most often contractors face 
difficulties in choosing the type of rock 
output and the method of processing the 
face. In order to establish the main selec-
tion parameters, it is necessary to compare 
two main types of mechanized shaft sink-
ing machines: a machine with a selective 
milling cutter drum and a bucket for lifting 
material to the surface and a machine with 
a full-face cutting head with continuous 
pneumatic soil transfer to the surface [1, 
16, 17].

Calculations
Let us calculate the penetration rate for 

the shaft sinker with a partial excavation 
cutting drum and a bucket-based system 
of material logistics in soft rock formation 
[18, 19]. 

Taking into account the technological 
differences between the above-mentioned 
equipment and shaft-sinking machines with 
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a full-face cutting head and a slurry-based 
or pneumatic material transportation, which 
allows drilling without interrupting for 
pauses in soil logistics, it is possible to de-
duce the dependence of the productivity of 
shaft sinkers of various types on the dia- 

meter of the face under equal conditions 
[20]. This comparison provides a theoreti-
cal understanding of the difference in pen-
etration rate of shaft sinkers of different 
types in similar conditions with the same 
depth and diameter of the mine. Analysis 

Table 2
Analysis of penetration rate for a shaft sinker with a partial excavation cutting drum  
and a bucket-winch logistics system in soft rock formation
Анализ производительности проходки для стволопроходческих комплексов  
с рабочим органом избирательного типа и бадьей

Analysis of penetration rate for a shaft sinker with a partial excavation cutting drum and a 
bucket-winch logistics system in soft rock formation

Avеrage bucket speed S m/hour 5,000.00
Excavation rate at the face v m/hour 0.60
Time for bucket filling t1 hour 1.30
Disembarkation time t2 hour 0.25
Ring assembly time t3 hour 0.50
Bucket volume V m3 30.00
Depth of the shaft H m 1,000.00
Shaft diameter D m 7.00
Penetration depth per one bucket travel h m 0.78
Number of bucket travel operations to achieve the necessary depth N — 1,282.17
Time of the first full operational cycle T1 hour 2.05
Time for the last operation cycle T2 hour 2.25
Total shaft sinking time Ttotal hour 2,756.61
Days of shaft sinking if working 12 hours a day Ttotal hour 229.72

Fig. 1. Correlation between the volume of the bucket and penetration rate for a shaft sinker with partial face 
excavation and a bucket in soft rock formation
Рис. 1. Зависимость производительности проходки от объема бадьи при частичной разработке забоя и от- 
каткой бадьи в мягком скальном грунте
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of penetration rate for a shaft sinker with 
a partial excavation cutting drum and a 
bucket-winch logistics system in soft rock 
formation is shown in Table 2.

In reality, all mines have different de-
signs and are built in various geological 
conditions [21]. The choice of the type of 
shaft-sinking machine based solely on the 
technical characteristics and cost as asser- 
ted or assumed by the manufacturer cannot 
be adequate without taking into account 
the specifics of the project. If we are talk-
ing about a single project, then we are talk-
ing about calculations in the conditions 
of a single geological formation. Fig.  1 
shows the dependence of the sinking per-
formance depending on the diameter of the 
shaft. When analyzing the graph, it should 
be understood that with the same bucket 
size, the number of lifting operations per 
meter of depth increases with the diameter 
of the shaft. The result of calculating the 
penetration rate for a shaft sinker with a 

slurry or pneumatic material transporta-
tion is shown in Table 3.

Based on the calculation, it can be as-
sumed that under the same geological con-
ditions and operating modes, the differ-
ence in the speeds of mechanical penetra-
tion with full and partial face excavation 
may be small with a small diameter of the 
shaft and increases with increasing diame-
ter. A visual comparison is shown in Fig. 2.

The fact is that with a well-designed 
process, the speed of penetration of a tun-
nel boring machine with a full tunnel lenth 
conveyor depends little on the diameter 
of the face. The graph shows that the ef-
ficiency of a mechanized shaft sinker with 
full face excavation and pneumatic trans-
port increases with increasing diameter of 
the face. At the same time, it should be 
understood that the power consumption of 
a complex with a pneumatic material con-
veyor and a full-face cutting head is seve- 
ral times higher than the power of a comp- 

Table 3
The result of calculating the penetration rate for a shaft sinker  
with a slurry or pneumatic material transportation
Результаты расчета производительности проходки для стволопроходческих комплексов  
с рабочим органом на весь забой и пневмо- или гидротранспортом грунта

Analysis of the shaft sinker penetration
Average bucket speed S m/hour 5,000.00
Excavation rate at the face v m/hour 1.20
Time for bucket filling t1 hour 0.25
Disembarkation time t2 hour 0.20
Ring assembly time t3 hour 0.50
Bucket volume V m3 1,000.00
Depth of the shaft H m 1.30
Shaft diameter D m 12.00
Penetration depth per one bucket travel h m 1.83
Number of bucket travel operations to achieve  
the necessary depth

N — 2.03

Time of the first full operational cycle T1 hour 769.23
Time for the last operation cycle T2 hour 1,487.18
Total shaft sinking time Ttotal hour 123.93
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lex with a milling cutter and a bucket, for 
example, consumed. Therefore, when de-
ciding on the cost of operating a particu-
lar complex, in addition to penetration 
rate, special attention should be paid to 
power consumption. Since the profitability 
of mine construction using various types 
of shaft-boring complexes and the initial 
stage of field development is assessed 
comprehensively based on the following 
parameters [22]:

• Geological and hydrogeological con-
ditions; 

• Technology performance;
• The cost of the complex;
• Availability and cost of electricity, 

utilities, ports, and roads (more complex 
complexes require heavy parts, which 
places special demands on roads).

Thus, we can conclude that during 
the construction of small-diameter shafts, 
two types of machines can be comparable 
in performance if the bucket size is large 
enough or if a bucket and a storage tank 
are used, but with an increase in the dia- 

meter of the mine, a  shaft sinker with a 
non-selective type cutting head and con-
tinuous pneumatic rock transport to the 
surface is the most preferable. 

Hard-to-Account Factors  
Influencing Results
All calculations shown in Tables 2 and 

3 do not take into account the time spent 
on repairs, troubleshooting and emergen-
cy situations in case of failure of grossly 
complex equipment, as well as downtime 
when encountering unexpected geological 
conditions. Modern shaft sinkers are tra-
ditionally equipped with Siemens Sematic 
S7 systems or their analogues designed for 
indoor installation on production lines and 
power plants. Control in such systems is 
carried out by means of the components 
specified in scheme at Fig. 3. 

All elements in Fig. 3 are separately 
installed units. The units are installed in 
electrical enclosures protected from dust 
and splashes in accordance with the appro-
priate protection classes. SPS cards have 

Fig. 2. Correlation between diameter and construction time for a shaft sinker with different types of exca- 
vation
Рис. 2. Зависимости между диаметром забоя и временем строительства шахты стволопроходческими комп- 
лексами при различных методах откатки грунта
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a limited number of inputs and outputs 
and are usually set to one of the functions 
or a group of controlled parameters. The 
modern shaft-boring complex has dozens 
of functions from rotation of the cutting 
head, suspension retention, supports to 
segmental lining and grouting systems and 
hundreds of controlled parameters from 
the moment, speed of rotation of the cut-
ting head and wear of the cutting tool to 
pressure in all hydraulic systems as well 
as voltage and current of electric drives 
all functions and measured parameters are 
interconnected by thousands of different 
conditions, not all of which are displayed 
on the computer screen of the visualization 
system. For this reason, it is impossible to 
place all control system units in one cabi-
net and they are often placed in dozens of 
electrical cabinets. If a malfunction occurs 
in the system (one of the parameters is not 
displayed or the function is not working), 
it is very difficult to determine the cause of 
the malfunction and it is necessary to indi-
vidually check and track the signals going 
from and to all components related to the 
malfunctioning function and all control 
and measuring systems around each com-
ponent.

Very often, if a relay or sensor fails, 
mechanics and electricians of the field 
spend several hours and sometimes days 
searching for and replacing the failed com-

ponent, and in dusty conditions and with 
strong vibration, sensors and electronic 
components can fail quite often. In order 
to improve the situation, an even more 
complex system for diagnosing major mal-
functions is superimposed and installed on 
a shaft sinker control system. A system for 
diagnosing all possible malfunctions sim-
ply does not exist. As a result, in order to 
maintain the shaft sinking machine control 
system, it is necessary to have very high-
class PLC specialists and include the inev-
itable downtime associated with trouble-
shooting in the project budget. The elec-
tronic control system for the shaft sinker is 
not the most expensive, but it is definitely 
one of the most complex systems in the 
machine, and it accounts for the majority 
of problems at job sites. The most reliable 
mechanism is always simple. This also 
applies to control systems. The current 
level of microelectronics development in 
the world makes it possible to reduce the 
number of control elements of mechanized 
shaft sinkers, their size and cost. Replacing 
the multicomponent control scheme of the 
complexes with a system with one prog- 
rammable controller could make it possi-
ble to create a machine with a control sys-
tem which consists of a small number of 
quickly replaceable units. This solution is 
implemented on excavators, cranes, trac-
tors and huge mining dump trucks through 

Fig. 3. Diagram of control elements of a modern shaft-sinking machine
Рис. 3. Цепь элементов управления и контроля работы стволопроходческого комплекса
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controls working with various protocols 
such as J1939. Combining even one pair of 
functions from scheme 1 in one controller 
helps to significantly reduce the complex-
ity and increase the reliability of the entire 
control system for any shaft sinker, regard-
less of its type.

Conclusion
The article provides an overview of 

new mechanized shaft sinking and offers a 
performance comparison between all tech-
nologies. For example, Successful const- 
ruction of two priority workings of the 
near-barreled yard in the Republic of Be- 
larus at potash deposits using the SBR in-
stallation; Construction of potash mines in 
Berezniki using Russian-made shaft-sink-
ing machines.

The use of mechanized shaft sinkers 
has shown a reduction in the construction 
time of the shaft by more than three times 
compared with the drill-and-blast method.

The practical application of the shaft 
sinkers in their first projects showed a 
significant increase in the penetration rate 
compared to traditional methods used be-
fore their introduction to the mining in-

dustry. The practical application of vari-
ous technologies confirmed that the most 
productive technology for blind vertical 
shaft sinking operations is introduced by 
full-face excavation machines equipped 
with continuous material logistics repre-
sented by slurry circuits or pneumatic con-
veying systems. The type of shaft sinking 
machine appropriate for a certain project 
should be selected based on the geological 
and economic conditions of the project, 
as well as the design of the shaft, its di-
ameter and type of lining. The complexity 
of the control and electronic steering sys-
tems proved to be the most popular ma-
chine design factor that led to unexpected 
situations and downtime at the job sites. 
Most manufacturers of such machinery are 
working towards reducing complexity and 
decreasing the number of components in 
their control systems. 

The simplicity of the control system af-
fects the sinking performance no less than 
the design of the mechanical and hydrau-
lic parts of the machine, as well as reduces 
operating costs, which inevitably affects 
the profitability of the initial phase of ore 
deposit development.
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