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Аннотация: раскрывается важность и  актуальность буровых работ в  районе вечно-
мерзлых грунтов. Рассмотрены проблемы, возникающие при проведении буровых ра-
бот в районе Арктики. Существующие буровые инструменты недостаточно эффективно 
работают и  требуют высоких энергозатрат при  осуществлении процесса бурения, что 
приводит к  созданию новой конструкции бурового инструмента. Рассмотрена новая 
конструкция винтового бурового инструмента и  принцип её взаимодействия рабочей 
поверхности с  мерзлым грунтом. Целью теоретических исследований являлся анализ 
процесса взаимодействия второго участка разрушающей части винтовой лопасти буро-
вого инструмента с мерзлым грунтом. Осуществляются выведения зависимостей общего 
крутящего момента при работе второго участка разрушающей части от исследуемых па-
раметров винтовой лопасти. Проводится результаты исследования взаимодействия вин-
товой лопасти разрушающей части винтового бура с мерзлым грунтом. Производится 
построение зависимости величины крутящего момента от исследуемых геометрических 
параметров винтовой лопасти бура. Определяются диапазоны рациональных значений 
исследуемых геометрических параметров винтовой лопасти второго участка разрушаю-
щей части винтового бура. Делаются выводы об эффективности использования винтового 
бура на мерзлых грунтах перед существующими буровыми инструментами за счет ре-
ализуемого характера разрушения грунта отрывом и дальнейшим сдвигом породы и об 
перспективности использования его на мерзлых грунтах.
Ключевые слова: винтовой рабочий орган, буровой инструмент, мерзлый грунт, скол грунта.
Для цитирования: Мартюченко И., Зенин М., Иванов С., Колесников А. Буровой инстру-
мент на  мерзлых грунтах   // Горный информационно-аналитический бюллетень.  — 
2022. — № 10-1. — С. 59—65. DOI: 10.25018/0236_1493_2022_101_0_59.

Drilling tools on frozen soils
I. Martyuchenko1, M. Zenin1, S. Ivanov1, A. Kolesnikov1

1 Yu. A. Gagarin Saratov State Technical University, Saratov, Russia 

Abstract: The article reveals the importance and relevance of drilling operations in the area 
of permafrost soils. The problems arising during drilling operations in the Arctic region are 
considered. existing drilling tools are not efficient enough and require high energy costs during 
the drilling process, which leads to the creation of a new design of drilling tools. A new design 
of screw drilling tool and the principle of its interaction between the working surface and frozen 
ground are considered. The purpose of the theoretical study was to analyze the process of 
interaction of the second section of the destructive part of the screw blade of the drilling tool 
with frozen ground. The dependences of the total torque during operation of the second section 
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The introduction 
Currently, the development of the 

Arctic territories is one of the most 
important urgent problems. Drilling 
operations are among the most expensive 
types of construction works. Special 
natural and climatic conditions lead to 
high demands, which complicates the 
processes of construction and operation 
of structures. The Arctic zone occupies 
25% of the area of Russia, where 
permafrost soils are widespread. Due to 
the active development of these territories, 
difficulties arise in drilling permafrost 
soils [1—8]. 

The high cost of drilling for 
construction in Arctic zones is due to a 
number of problems.

The main physical and mechanical 
property of frozen soils, especially frozen 
sand, is strength. The strength of such 
frozen soils is comparable to that of 
concrete, and it is quite energy intensive 
and expensive to overcome it with a 
drilling tool. Also, frozen sand is highly 
abrasive, which leads to wear of the tool 
surface during drilling [9—15].

Analysis of existing drilling tool 
designs has shown that current drilling 
tools used in frozen ground carry out the 
drilling process by cutting deformation 
or compression of rock. This nature of 
interaction of the working surface with 
frozen ground is not effective enough and 

is an energy-consuming drilling process 
[16—20]. 

Materials and methods
Improvement of existing and creation 

of new screw drill designs is an urgent 
scientific and technical task.

A screw drill consists of a core on 
which a continuous helical blade including 
a leading part and a breaking parts is 
placed. The leading part has a constant 
pitch and radius of the helical blade. The 
breaking part, in its turn, is shaped as a 
helical surface with a constant radius 
increment per one turn relative to the pitch 
of the tapered section of the blade. The 
diameter of the blade coil on the breaking 
part is larger than the diameter of the base 
of the cone described by the edge of the 
coils of the blades of the entering part. As 
a consequence, there is an increase in the 
pitch of the helical working body, relative 
to the tapered traction part. The angle of 
inclination of the forming upper surface 
of the helical blade on the cylindrical 
part of the tip to the axis of rotation also 
changes its value. 

The principle of operation is as 
follows: the screw is brought into contact 
with the frozen soil, then it is given an 
axial thrust and torque by means of the 
drilling equipment. The drill plunges 
into the soil. At the same time, the soil is 
pushed apart by the tapered core and the 

of the destroyng part on the studied parameters of the screw blade are derived. The results 
of the study of the interaction between the screw blade of the destroying part of the screw 
drill and frozen ground are carried out. The dependence of torque value on the investigated 
geometrical parameters of the screw drill blade has been plotted. The ranges of rational values 
of the investigated geometrical parameters of the screw blade of the second section of the 
destructive part of the screw drill have been determined. The conclusions are made about the 
efficiency of using the helical drill on frozen soils before the existing drilling tools due to the 
implementable character of soil destruction by tearing off and further displacement of the rock 
and about the prospects of its use on frozen soils.
Key words: screw working body, drilling tool, frozen soil, ground chipping.
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pulling part of the constant pitch helical 
blade and compacted in the directions 
normal to their forming surfaces. As 
a result of compaction, the soil in the 
intertwist space is hardened and allows 
the conical part of the blade to develop 
traction capacity without being destroyed 
by it [21]. 

The breaking part of the blade, which 
works as a helical wedge, contacts 
the ground after the entry part of the 
blade. Due to its significant outreach, 
by increasing the radius, and changing 
the angle of inclination of the forming 
upper surface of the helical blade to the 
rotation axis, relative to the last turn of 
the traction part of the blade, the edge of 
the breaking part of the blade destroys the 
soil, predominantly by shear deformation. 
Namely, by increasing the radius of the 
helical blade, the drill enters the ground, 
working as a wedge, thereby forming 
a crack and subsequent detachment by 
changing the angle of inclination of 
the forming upper surface and further 
increasing the radius leads to the formation 
of a borehole and a repeated process.

Let’s take a closer look at the 
destructive part of the screw drill. It 
can be conventionally divided into two 
sections, which implement the process of 
breaking the ground.

The first section begins at the transition 
point from the entry part of the helical 
blade. It has a variable radius, which when 
the tool is rotated by the radius rotation 
angle, , increases to the value at which 
the formation of the crack and further soil 
detachment is observed. In the same way, 
the angles of inclination of the upper and 
lower formations of the helical surface of 
the blade change.

The interaction of the helical blade is 
comparable to the work performed by an 
asymmetrically shaped wedge. As a result 
of such interaction with frozen ground, 
a wedging force arises due to the angles 

of inclination of the forming upper and 
lower surfaces of the helical blade. 

When the helical blade interacts with 
the ground due to friction forces, the 
force vectors on the ground will deviate 
in the direction of element introduction 
by the value of the friction angle. In the 
same way, the ground impact force will 
be divided into horizontal and vertical 
components. The horizontal component 
will be of great interest for the formation 
of cracks. At the same time for greater 
efficiency of detachment of the soil and 
lower value of energy intensity of this 
process, it is necessary to comply with the 
ratio of the following parameters: radius 
of the screw blade on the second section 
to the radius of the screw blade on the 
first section and the radius of the screw 
blade on the first section to the pitch of 
the screw blade on the second section of 
the destroying part of the screw drill. 

Next, consider the second section. It 
has a variable radius, which increases to 
its maximum value when the tool is rotated 
by the angle of rotation of the helical blade 
radius, at which the increment occurs. In 
this case there is a change in the angle of 
inclination of the upper formative to 90 
degrees and an increase in pitch relative 
to the pitch of the traction part. 

The second section during the 
operation of the destroying part of the 
screw drill is necessary to create an open 
surface, providing the formation of a crack 
at an angle to the axis of the well, which 
contributes to obtaining a wellbore with 
a diameter larger than the diameter of the 
destroying propeller blade. The process of 
interaction of the helical blade located on 
the second section during the work of the 
destroying part is shown in Fig. 1.

As seen in Figure 1, the helical blade 
penetrates the ground in the same way 
as in the first section, and the borehole 
is formed due to shear deformation. A 
change in the angle of inclination of the 
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upper forming surface leads to a change in 
the direction of the horizontal component 
of the force acting on the ground by the 
helical blade of the second section, which 
indicates an increase in the shear force 
and a decrease in the energy intensity of 
soil destruction. With the given values of 
the angles of inclination of the upper and 
lower surfaces of the helical blade, the 
maximum effect on the formation of the 
borehole is achieved. 

The second section has an increased 
pitch, which provides soil shear on the 
cylindrical surface, covering the edges of 
the propeller blade.

Research results
An important criterion for the efficiency 

of the helical drill operating process is 
the torque, which determines the energy 
intensity of the drilling process. The main 
parameters influencing the torque from 
the process of breaking the ground with 
the drill are the geometric parameters of 
the screw blade of the breaking part. 

The purpose of theoretical studies was 
to determine rational parameters of the 
screw drill, at which the torque value will 
be the lowest.

The magnitude of the torque arising on 
the second section during the interaction 
of the helical blade of the destroying part 
has the following form: 

 M2 = P4x · r2, (1)

where, horizontal component of the 
resultant ground shear force of the helical 
blade of the second segment of the 
destroying part.

To determine the torque arising from 
the operation of the screw blade of the 
second section of the destroying part, it 
is necessary to determine the horizontal 
component of the resultant shear force of 
the soil by the screw blade. 

Horizontal component of the resultant 
soil shear force by the screw blade, arising 
on the upper surface of the screw blade of 
the second section of the destroying part 
is as follows:

Fig. 1. Calculation scheme for determining the shear force of the soil by the helical blade of the 
second section from the angle of inclination of the middle helical line
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 P4x = P4n·sin(ω2),  (2)
where, P4n — the resultant shear force of 
the soil arising on the upper surface of the 
screw blade of the first section.

The resulting shear force of the soil 
by the helical blade is determined by 
Coulomb’s law:

 P4n = τ·Fсд, (3)

where, Fсд — ground shear area, м2.
The dependence of the horizontal 

component of the resultant shear force on 
the geometric parameters is as follows:

 P4x = τ·(2·π·r2·h1)·sin(ω2). (4)

Considering the obtained expressions, 
the value of the torque arising from the 
action of the screw blade of the second 
section will be:

 M2 = (τ·(2·π·r2·h1)·sin(ω2))·(r2). (5)

Results 
The main parameters influencing the 

value of the torque during operation of 
the helical blade of the second section 
of the destroying part are geometrical 
parameters of the helical blade of the drill. 

Dependences of the torque on the angle 
of elevation of the middle propeller blade 
on the second section and on the ratio of 
the propeller blade radius on the second 
section to the pitch of the propeller blade 
on the first section are shown in Fig. 2.

Dependences of torque on the angle 
of rise of the middle screw blade on the 
second section and on the ratio of the 
screw blade radius on the second section 
to the pitch of the screw blade on the first 
section have a linear character. With an 
increase in the angle of rise of the mean 
helical line of the propeller blade of the 
second section of the breaking part, there 
is an increase in the value of torque. The 
same character corresponds to an increase 
in the ratio of the helical blade radius 
on the second section to the pitch of the 
helical blade on the first section, which 

also leads to an increase in the value of 
the torque. 

It was found that the lowest value 
of the torque of the drilling process is 
achieved when using a helical drill with 
the following geometrical parameters: the 
angle of rise of the average helical line of 
the helical blade of the second section of 
the breaking part is in the range of values 
, the ratio of the radius of the propeller 
blade on the second section to the pitch of 
the propeller blade on the first section is 
in the range 1.55…1.7. 

Further decrease in the values of 
geometrical parameters, as it can be seen 
from the graph in Fig. 2, leads to the zero 
value of the torque value on the second 
section of the destructive part of the screw 
drill, which is caused by the termination 
of the screw blade operating process.

Conclusion
As a result of theoretical research, we 

obtained that a new design of drilling 
tools and new method of impact on the 
ground, which leads to shear deformation 
and detachment, allows to reduce the 

Fig. 2. Dependence of torque on the angle of 
elevation of the middle propeller blade on the 
second section and on the ratio of the radius of 
the propeller blade on the second section to the 
pitch of the propeller blade on the first section 
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energy costs of the drilling process in 
frozen soil. This way of interaction 
of drilling tool with frozen soil is a 
promising direction in drilling for 
construction in the Arctic zone.

As a result of the analysis it has 
been established that using the obtained 
rational values of the angle of rise of the 
average helical line of the upper surface 
of the screw blade on the second section 
of the breaking part and the ratio of the 
radius of the screw blade on the second 

section to the pitch of the screw blade on 
the first section, the torque of the screw 
drill is reduced by 40—50%, and the 
power consumption of the drilling process 
by 20—25%. 

The conducted theoretical studies 
showed the necessity and feasibility of 
further research aimed at determining the 
rational modes of operation, contributing 
to achieving the highest efficiency of 
drilling wells in frozen soils during 
construction in the Arctic zone. 
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