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Abstract

Purpose is to substantiate design factors and technological parameters of next-generation facilities of hydromechanical
drilling basing upon the determined features of interaction between breaking pellets and rock mass.

Methods. The studies of directionality features and bottomhole processes for rock mass breaking have been carried out using
the current analytical methods and laboratory experiments. Among other things, certain mathematical and physical simulation
techniques, methods of theoretical processing and interpretation of the research results under SolidWorks, Statgraphics, and
Mathcad environments, and a number of relevant instruments and materials have been applied. Following their technological
sequence, the well bottomhole rock-breaking processes were simulated using a special laboratory stand equipped with a con-
trol-and-measuring unit (inclusive of a flowmeter, manometer, tachometer, and coordinate spacer among other things).

Findings. Application perspectiveness of the combined techniques for rock breaking has been proved. Structural designs of
the next-generation facilities for well drilling have been proposed. The pellet-impact drilling features have been analyzed
from the viewpoint of its significant dynamic component during the rock mass breaking. Nature of the effect of breaking
load rate on the results of bottomhole deformation processes has been identified. Efficiency of the proposed scheme to im-
prove pellet-impact drilling based upon maximum use of a well bottomhole deformed by pellets has been proved. Measures to
increase technical and technological indicators of pellet drilling have been considered. Requirements for the conditions stabi-
lizing operation of a collar of the pellet-impact device have been outlined. Further research tendencies have been specified.

Originality. It has been determined that compliance with specific geometrical and hydromechanical ratios, corresponding to
the stable mode of a well sinking, is the factor required for reliable operation of hydromechanical drilling facilities.
Practical implications. The results of stand-based tests as well as analytical studies may become the foundations to develop
efficient engineering decision for hydromechanical well drilling with high technical and economic indicators. The data, concer-
ning bottomhole rock breaking processes, are the basic ones to work out rational standard parameters of well sinking processes.
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1. Introduction

1.1. The problem statement

Classification analysis of the current stage of drilling en-
gineering and its key component being rock mass breaking
proves literally the availability of numerous methods and
techniques to shape a well shaft. Among other things, they
rely upon technical and technological features of tool sup-
port [1]-[4]. Such a situation results from a variety of geolog-
ical and engineering problems solved for drilling. The fol-
lowing are the main ones: to obtain qualitative core samples
of rock formations and productive formations; and develop-
ment of a reliable serviceable channel for mineral extraction.

Taking into consideration high capital intensity of a drill-
ing cycle, determined also by considerable depths and rela-

tive to them localization of the basic production operations
concerning well construction, researchers are focused on the
development of such drilling techniques characterized by
maximum continuity and independence [2], [3]. The above-
mentioned can be commented as follows: any drilling tech-
nique should match stability criteria of a rock-breaking tool
making it possible to save time for auxiliary operations con-
nected with the tool interchange; moreover, operations by
corresponding tool should be excluded from the influence of
factors preventing from strict adherence to operation practices.
To some extent, achievement of the goals is held back by
objective manifestation of rather wide range of physicome-
chanical and chemical characteristics of rock mass in the
process of its deformation [5]. The following should also be
added: on the whole, drilling process depends inevitably
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upon certain technological restrictions set up by the require-
ments for a well as a capital mine working and upon clear
range of the equipment and tool capabilities.

1.2. Analysis of recent studies and publications

From a viewpoint of practical issues of the mining sec-
tor, factual information concerning prevailing tendencies
demonstrates such an important point that the majority of
the available rock cutting techniques (inclusive of those
ones applied for well drilling) are based upon mechanical
separation of rock mass into certain fragments of one size
or another. The process takes place under the action of local
disturbing forces exceeding the internal rock forces [2], [3].
Under the specified conditions, rock efforts result from the
action of hard tools, hydraulic flows, and the developed
waves and fields of diverse nature [6]. In this context, fur-
ther progress and improvement are mainly accounted for
rock-breaking tools if general approaches to the idea of the
applied drilling techniques have been maintained. Such an
orientation of the activities has helped make real progress
in the extension of tool efficiency, rationalization of a
structure sequence, achievement of optimum indices of
penetration rate, and certain substantiated simplification of
a rock-breaking tool design as well as operating parameters
of the tool [7], [8].

However, problematics of the listed issues is demonstrat-
ed convincingly in the complexity and sometimes impossibil-
ity to achieve the integrated efficiency of medium-hard rock
cutting aside from hard and solid ones [9]. Rock formations,
characterized by frequent hardness changes, are challenging
for the process of a well shaft shaping [10].

1.3. Singling-out a previously unsolved
part of the general problem

Physical manifestation of deformations being available
in rock mass (i.e. buckling, chipping, cutting, crushing
etc.) [6] is a distinctive feature of the majority of produc-
tion methods of well drilling resulting in its fragmentation.
Nevertheless, the examples cannot limit possible alterna-
tives of a well bottom advance within the rock mass. Such
breaking techniques, being predominantly a physical ten-
dency, are applied in practice to different extents [8]. They
are based upon internal forces and connections participating
in the process under the effect of temperature, electromag-
netic, and other fields inclusive of those ones provoking
radical changes in the rock mass conditions (for instance,
change in its aggregate state).

At the same time, common feature of the abovemen-
tioned techniques is as follows. Despite the fact that in cer-
tain cases they are quite efficient, their implementation is
complicated and rock characteristics restrict them violently.
The latter is far from being typical for rock disintegration.
However, by no means such problem statement can be con-
sidered as the basis for exclusion of physical methods from
the techniques to shape a well bottom. The matter is that
numerous theoretical studies and drilling practices have sub-
stantiated the following: extremely high breakage indices
(mainly, it concerns hard rock) can be achieved while com-
bining different deformation types and their development
techniques. In our case, it is combination between the me-
chanical action of specific tools and hydraulic energy of
directed liquid flows [11].
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1.4. Purpose of the paper and problem definition

It is required to substantiate both structural and techno-
logical parameters of the improved hydromechanical drilling
facilities relying upon the determined features of interaction
between breaking pellets and rock mass.

Well penetration process, divided into separate trips, in-
cludes numerous activities not directly associated with bottom-
hole disintegration. Well construction (particularly, in terms of
hard rock) initiates the necessity of comparatively frequent
pulling out of drill string including those cases when it is re-
quired to replace worn tool from its bottom end [12]. The factor
encouraged development of devices and technologies helping
prolong a trip owing to use of removable rock-breaking tool (it
is transported inside a drill string without its surfacing); and use
of hard pellets filling (shot) into a well through its collar or
transporting to the bottomhole with the help of a liquid flow.
Implementation of the idea of the last method made it possible
to identify its key advantages and disadvantages [11], [13].
Meanwhile, analysis of scientific data and industrial data as
well as laboratory experiments and theoretical studies has
shown significant potential of hydromechanical method, almost
ignored by the current drilling practices.

2. Materials and methods

According to the defined problem, pellet-impact drilling,
first applied for well construction by researchers from the
USA, is a basic principle of the proposed method [14]. How-
ever, the facilities, designed for implementation of the effi-
cient drilling technique, have demonstrated their limited
application and significant imperfection during the operation.
The last circumstance initiated the search for new perfect
designs of facilities to be applied for hydromechanical drill-
ing. The device, shown in Figure 1, meets optimally the
bottomhole factors of a well construction designed by the
Department of Oil-and-Gas Engineering and Dirilling
(OGED) of the Dnipro University of Technology
(DUT) [15]. The device operates as follows: when liquid
circulation arises within the internal share of a body 1, mo-
tion of rock-breaking pellets 3 starts destructing the bottom-
hole. In a well bottom zone the liquid flow is divided into
two parts. One of them raises up to an impact apparatus 2
together with the pellets; another one, containing muck, get
to the annular space between the edge and body of a rock-
breaking ring 4, and bottomhole and well walls respectively.
The muck is removed through a wash-out port 8. A ring 4 is
required to shape rectangular profile of the bottomhole owing
to disintegration of its curvilinear walls which origination
depends upon processing a drilling route, and results in the
decreased penetration rate or in the complete penetration
process. A liquid flow places and houses pellets 3 within
catchers 5 contained by ring 4 in the lower part.

Constant rotation of ring 4 results from the available tur-
bine set within the upper part. The turbine set is driven by a
liquid which flow is divided into two streams while leaving a
shaft 9. One of the flows moves to a jet device. Being rotated
by 180°, another one moves to a turbine. Then it migrates to a
space between a well walls and the device body through holes
10. Another possible alternative to disintegrate rock using hard
pellets is the improvement of a shot drilling device
(Fig. 2) [16]. To compare with the previous one, the device
makes it possible to construct wells with core sampling.
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Figure 1. A facility for pellet-impact drilling
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Figure 2. A facility for shot drilling

The facility operates as follows: liquid rotation initiates
turning motion of a propelling screw 7 which torque is trans-
ferred to shots 3 through adapter 8 and consequently, through
a core catcher housing 1 and a rock ring 2. The shots interact
with rock and disintegrate it. The through grooves 4 being of
variable height lowering from an axis to a ring 2 periphery
are required to place and house consistently shots 3, and
transfer reliably torque to them. Shots 3 rub away during
drilling. Then, they separate themselves gradually from
grooves 4. The rubbed shots are replaced by larger and more
capable ones from vertical collector grooves 6. The mecha-
nism, delivering new shots and removing the rubbed ones,
excludes possibility of accumulation of the shots within the
external space of a well and its unreasonable development.
After the device lowering, shots 3 are introduced superficial-
ly into a drilling liquid flow. In this context, they go freely
through a drill string. Then, they get to internal cavity of a
core receiver through a pin 17, a flange 12, a flexible shaft 9
(with a collet valve 14), and a hollow rotor 11 placing conse-
quently within grooves 6. When the facility is being erected
on a well bottom, its slotted connectors 13 interlock; and a
flange 12 moves down, shutting a collet valve 14. The pro-

124

cedure varies a motion direction of drilling fluid to pass
through circulation channels 16 only initiating putting into
operation a propelling screw 7. Spring 15, placed in the
internal space of a flexible tubular shaft 9, is required to
fasten reliably a collet valve while its closing. High rotation
frequencies of a ring 2 with shots 3 as well as its multi-
contact with a bottomhole favour the most efficient condi-
tions of rock breakage required right for shot drilling. Owing
to the abovementioned, both procedure and orientation of
elementary act of rock fragmentation vary; penetration rate
increases respectively. Core breakoff and its holdup within a
core catcher body are performed at the expense of motor 7
cessation as well as left rotation of the drill string with the
device. In this case, significant friction between a core column
and shots 3, located in collector grooves, a cutaway circular
core breaker 5 is screwed down on the thread with its simulta-
neous join within the cut area and corresponding decrease in
the internal diameter. The abovementioned will result in its
join and tight core pressing through shots 3. Several rotations
of a drill string are sufficient to perform the breakoff stipulat-
ing high stresses within the core as well as its chipping.

The experiments, studying technological characteristics
of orientation and behaviour of face breakage processes in
terms of operation of the advanced hydromechanical drilling
facilities, have been carried out with the use of the current
analytical methods and laboratory tests. Among other things,
certain mathematical and physical simulation techniques;
methods of theoretical processing and interpretation of the
research results under SolidWorks, Statgraphics, and
Mathcad environments; and a number of relevant instruments
and materials have been applied [17]-[19].

The process of solving problems of optimum planning of
laboratory and analytical experiments involved following
basic stages: parametrization and substantiation of the
planned model; the required output data preparation and
analysis; evaluation of the model; and result generation [20].

Following their technological sequence, the bottomhole
breaking processes were simulated using a special laboratory
stand equipped with a control-and-measuring unit (inclusive
of a flowmeter, manometer, tachometer, and coordinate
spacer among other things).

3. Results and discussion

Practices of drilling operations is the objective index
making it possible to evaluate to the fullest extent possible
the potential efficiency of certain innovative or rationalized
design and engineering solutions [21]. At the same time, the
commonly-known fact is out in the open: manufacturing
complexity as well as engineering support of certain (among
other things, design components) of numerous innovative
drilling methods and techniques is the key constraining fac-
tor preventing from their general industrial application. The
matter is that the design components also often need radical
restructuring of the whole basic process of a well construc-
tion which is not always possible and economically feasible
in terms of the available minimum financing level of geolog-
ical and mining sector. The factor, being among the most
influential ones, was taken as a principle to modernize hy-
dromechanical drilling.

Significant diameter variations and constant changes in
the bottomhole conditions, depending upon gradual penetra-
tion of rock mass, impact mainly all corresponding proces-
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ses [22], [23]. In terms of the factors, implementation of the
design mode parameters for the development of rock-cutting
tools, is under the heaviest influence.

To a great extent, downhole tool efficiency depends upon
compliance with rational norms of axial load on it [24].
However, increase in penetration levels up extremely the
possibility to transmit the required load effort to the tool due
to large contact area between a drill string and well walls
stipulated by design arrangement of a drill string, characteris-
tics of environment, operation mode of a drill string in a
well, and natural or artificial borehole curving.

It is also important that the manufacturing of a rock-
breaking tool is connected with consumption of critical mate-
rials and expensive ones which use cannot always correspond
positively to the final results of drilling as a technological
operation [25]. Moreover, design of core tools with large
diameters is not mastered technically (and even baseless-
ly) [26] imposing extra constraints on geological and engi-
neering conditions of the relevant well construction.

A drilling technique, implemented with the help of de-
structive pellets, most correspond to such a supercomplex (at
some points) problem of compliance with the restrictive and
fundamental features of innovative development of well
construction methods [11]-[13].

The designs of facilities, proposed by the experts from
OGED of the Dnipro University of Technology, combine the
most positive characteristics making it possible to avoid or
minimize the available disadvantages as for the mechanism
of rock breaking on a bottomhole. The process rationaliza-
tion, inclusive of substantiation of all its factors, will help
increase significantly effectiveness of the methods which
may become a progressive alternative to the current low
income-earning and cost-plus techniques.

Rock breaking efficiency, involving use of the considered
drilling facilities being united as hydromechanical ones, will
be identified with the help of characteristics of materials to
be broken (usually, the index is objective one); structural
features of rock-cutting tools (i.e. pellets, shots as well as
specific rings to hold the latter with adequate geometric and
mechanical characteristics); and drilling mode factors (i.e. a
value of the cutting force, its direction, and rate of reaction).

Introduction of a mechanical rock-breaking tool, intended
to avoid the substantial disadvantages of well construction
with the use of pellets, is the innovative structural character-
istic changing fundamentally the downhole processes of
pellet-impact drilling [14]. Since rock-cutting ring is the key
tool of the facilities, all its structural components as well as
their mechanism of interaction with pellets and rock mass as
well as operation drilling schedules should be substantiated
thoroughly and harmonized with a wide range of properties
of contacting materials.

First of all, origination of numerous drilling techniques as
well as rock breaking tools depends upon the fact that rocks
have a set of interconnected properties defining their physi-
comechanical characteristics. Rock strength and hardness are
the basic characteristics when a direct instrumental action on
rock mass takes place. It should be mentioned that if metal
alloys and various natural or synthetic materials are applied
as rock cutting elements, then their designs and operation
schedules make it possible to cut rock mass with different
performance indicators correlating with the diversity of man-
ifestation of rock properties.
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A rock-breaking scope and its power intensity may be as-
sumes as a representative qualitative and quantitative meas-
ure of efficiency. Power intensity can be evaluated using
amount of the broken rock or a degree of the tool penetration
into the rock. Moreover, it is quite clear that the penetration
is not the purpose. The task is to separate as much rock as
possible from the formation during the operation.

According to the abovementioned, it is usual to separate
such forms of rock failure as surface form, fatigue form,
and volumetric one. The volumetric rock failure type, being
the most efficient one, is characterized by a large propaga-
tion of deformations within the rock mass resulting in the
formation of holes.

Analysis of the production data as well as the laboratory
ones makes it possible to confirm that as for the failure forms
well penetration process is identified by proficient considera-
tion of physicomechanical behaviour of rock mass.

To compare with other drilling techniques, hydromechan-
ical (i.e. pellet-impact) method is first characterized by the
disproportionately high velocities of load application (with
the help of pellets) to rocks. The velocities are 60 m/s and
more. In terms of a failure scheme, it can be comparable with
roller drilling [2] and [27] if only bits operate to crush and
shear. The fact differs the bits from the viewpoint of signifi-
cant dynamics of load application being rather efficient as for
the predetermination of volumetric form of rock failure since
it is extremely important for hard rock.

Moreover, comparison of impact velocities, shown in Ta-
ble 1, proves that in terms of pellet-impact drilling, the latter
exceeds greatly that one of roller bit one.

Table 1. Impact velocity while using cutting structure of roller bits

Standard size of a bit

Minimal required period of 190.5NU — lgl_osg'?gl:_
cutter tooth-rock contact, ms 74Y — R30 R508
Impact velocity, m/s
6-8 0.54-0.41 -
5-7 - 0.87-0.62

Two standard sizes of roller bits operating within the me-
dium-hard and hard rock have been selected for the compari-
son taking into consideration values of minimal required
period of cutter tooth-rock contact 7 [28].

Relying upon the prerequisite that any drilling technique
will be feasible if only it has minimum indices of power
intensity as well as expenditures connected with bottom
rock-cutting tools, it is possible to demonstrate substantial
advantages of the methods being developed.

Well penetration velocity u, evaluated according Formu-
la (1), is the objective drilling index helping estimate a de-
gree of rational use of the drilling rig output inclusive of its
downhole component [2]:

1 N
u=—-—,

A F
where:

A, — power intensity of rock failure process;

N — capacity value supplied to a well bottom;

F — well bottom area.

In turn, power intensity of a rock breaking process is
identified using the formula:

(1)
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W
A=y )

where:

W — is power consumed to break the rock (in our case, it
is the pellet-impact energy);

V — volume of the broken rock.

In general, value of a pellet impact, is determined as follows:

2
mv
W=—, 3
5 ®)
where:
m — mass of the pellet impacting a downhole;

v — velocity of the pellets.

Analysis of Formulas (1)-(3) helps conclude the follo-wing:
well penetration velocity is directly proportional to the down-
hole efficiency and reciprocally proportional to power intensity
of breaking as well as a downhole area; and pellet-impact tech-
nique is characterized by sizeable energy values of impacts as
well as their frequency ratio. Just at this spot it should be noted
that the available methods, identifying the breaking process
indices, are based upon the data obtained resulting from static
(i.e. rather slow) penetration of indenters. Anyway, that cannot
represent adequately the breaking mechanism essence in terms
of substantial dynamics of load application. In the light of the
above, OGED of the DUT has performed a number of studies
to obtain the data concerning pellet velocity effect on the
progress and results of deformation and breaking processes
within the rock mass. Table 2 demonstrates their key data.

Table 2. Basic dynamic characteristics of rock breakage with the help of pellet impact

Approximate rock

Rock breaking conditions

Results of the breaking process

Rogl:uzgder hardness through Nature of_Ioad Load application Depth of a breakdown Approximate volume of a
intender, N/mm? application velocity v, m/s hole, mm breakdown hole Vp 103, mm?
4820 static - 5.0 0.436
Coarse-grained 20 5.5 0.734
granite - dynamic 30 6.2 0.986
40 6.5 1.512
5660 static - 4.3 0.368
Fine-grained dynamic 20 4.8 0.646
granite — 30 53 0.859
40 6.1 1.406
Data from Table 2 supports convincingly the idea of un-

conditional relationship between the velocity of load applica-
tion v scale of breaking processes in rocks. It is easy to see
that gradual breaking penetration results in faster process of
propagation of the breaking deformations. The fact can be
interpreted by means of the available manifestations of tan-
gential stresses. Studies have shown that they are quite im-
portant if load application is of dynamic nature. Metal pat-
terns with 2.5 mm diameter and rounded necks were used as
rock-breaking indenters for static loading, and metal pellets
with 5 mm diameters were used for the dynamic one. It
should be also noted that under the defined condition the
process depends upon petrographic composition of rock; i.e.
a complex of determinative components of mechanical char-
acteristics of the latter should also involve size-consist in
terms of similar mineralogical ratios.

Comparison of power consumption W by rotary drilling
and pellet-impact drilling shows that their balance differs
greatly. Rotary drilling consumes power heavily for rock
breaking within a downhole (determined by the nature of bit
operation while interacting with rock mass); and for on-load
rotation of drill pipes being nonavailable in case of pellet-
impact drilling. In the context of pellet-impact drilling, pow-
er input for rock cutting N is performed by means of hydrau-
lic channel also fulfilling functions like in the context of
rotary drilling. Hence, a pellet-impact device, incorporated
by a turbine facility also equipped with a hydraulic supply
channel, is quite an organic structural concept. On the one
hand, it does not provoke significant increase in downhole
efficiency losses; on the other hand, it helps localize the
device drive right in front of the bottomhole zone. Moreover,
impact acceleration v increases significantly a bottomhole
area covered by breaking zones (Fig. 3). The rock was bro-
ken down at v=20m/s (Fig. 3a) and v =30 m/s (Fig. 3b).
Light spots indicate the undisturbed downhole areas.

(b)

Figure 3. Photos of a model bottomhole of pellet-impact drilling

Efficiency of the rock-breaking ring within the upgraded
pellet-impact drilling device may be provided owing to ade-
quate ratios between velocities of the bottomhole advance
involving unavoidable formation of its curvilinear periphery
and the periphery failure by means of the last ring being that
very link supporting optimum drilling velocity. In the majori-
ty of cases, the drilling implementation depends upon it.

Expediency of the use of a rock-breaking ring was sup-
ported by specific studies defining circumstances of an inter-
action process between a mechanical breaking member of the
pellet-impact device and rock mass. Table 3 represents their
basic results.

Analysis of the data, shown in Figure 3, proves that in
terms of the modernized pellet-impact drilling, breaking pro-
cesses are influenced heavily by a value of a pellet load C,
transferred with the help of a breaking ring, rotation velocity,
and the bottomhole condition. Besides, while comparing cer-
tain values of penetration velocity of a model bottomhole u,
stipulated by the changes in various factors, one can observe
the following: increase in u intensity depends heavily upon
rotation velocity n which growth results in steady u increase.
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Table 3. Basic characteristics and results of interaction between the breaking ring of a pellet-impact device and rock mass

Operating parameters of a rock-breaking process

Axial load on a ring C, N/mm?

Condition

Rock under of a model 2 3 4 2 3 4 2 3 4

study bottomhole Rotation velocity of a ring n, min-!
225 260 370
Penetration velocity of a model bottomhole u, mm/min
Coarse-grained monolith 5.36 5.49 5.66 5.65 5.86 6.03 6.52 7.03 7.16

granite disturbed 6.86 7.08 7.3 7.46 7.78 8.08 8.76 9.48 9.68

Fine-grained monolith 3.28 3.46 3.52 3.49 3.67 3.71 4.06 4.29 4.48
granite disturbed 4.22 4.46 4.65 4.61 4.88 4.96 5.48 5.82 6.04

The facts are confirmed additionally by the data in Fig-  where:

ure 4. The deformed bottomhole condition, demonstrated by
its fissures and irregularities, resulting from active action of
rock-breaking pellets, will factor into comparatively signifi-
cant reduction of rock mass strength. Under the conditions,
penetration velocity of the model bottomhole u experiences
26-36% increase. Following stage of the analysis was to
identify the effect of the velocity of the device rotation as
well as its rock breaking ring and, hence bottomhole charac-
teristics of pellet motion within a bottomhole on the penetra-
tion velocity of the well u. Figure 4 demonstrates the data.

12
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Time of rotation of a pellet-impact device (n. min*)

Figure 4. Dependence of the well penetration velocity upon bot-
tomhole conditions of rock breaking

Analysis of the data, represented in Figure 4, helps un-
derstand that there is a stable tendency of the growth of bot-
tomhole penetration rate u along with the increasing periph-
eral rotation velocity and the same frequency for the condi-
tions of rock breaking with the help of pellets (in terms of
one or another technical and process procedure). This con-
clusion confirms the substantiations of the previously formu-
lated statement concerning the possibility to improve a shot-
based drilling method by expanding frequency ranges; that
was the basis for the modernization of a device for shot dri-
lling of wells represented in Figure 2 [29].

The obtained results also help state that there is the possi-
bility (only in terms of the proposed structural design) to
solve some problems of well sinking optimization, i.e.: com-
pensate effectively incomplete values of axial load on rock-
breaking pellets by increasing rotation of a device without
any geological and technological disturbance of a standard
well construction cycle. Formula (4) can be used for rough
estimate of the parameters of a mode of modernized pellet-
impact drilling; that will give an approximate information
concerning the current values of bottomhole advance [30]:

Vp Mk

Uy =
”'szv

, (4)
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M —amount of pellets passing through a pellet-impact
device per time unit;

ki — coefficient taking into account the bottomhole condi-
tions of rock breaking with the help of pellets;

Rw — radius of the well being drilled.

According to the data of the performed studies, while
designing mode parameters of a modernized device for
pellet-impact drilling, ux should correlate with the advance
velocity of a mechanical rock-breaking ring to exclude the
possibility of the formation of curvilinear peripheral part of
the bottomhole with such physical and mechanical
characteristics which will be insuperable for a breaking ring.

Attention should be also paid to the facts identified while
modelling a process of interaction of a rock-breaking pellet
and rock mass; the studies are illustrated by the data
represented in Table 4.

Table 4. Estimation data of the interaction process between a
rock-breaking pellet and rock mass

Peripheral velocity of a device
rotation Vo, m/s

0 1.0 1.25 1.5
Rock under study Axial load on a ring C, N/mm?
3
Depth of a breaking hole, mm
Coarse-grained granite 2.9 3.6 3.9 44

The data in Table 4 demonstrate that the deformation
processes in rock mass are stipulated by the nature of
implementation of breaking effects. In terms of the available
motion of pellets within the bottomhole, it is possible that
breaking processes in rock will progress under axial loads
being quite lower than the ones in case of static breaking.
However, generally such a conclusion requires more
thorough analysis and clarification.

Activation of certain properties of washing fluids by
using surfactants or their compositions is the most important
factor of the intensification of bottomhole breaking
processes. That is proved by the experimental data
represented in Table 5.

Table 5. Effect of surfactants on the processes of pellet-rock mass

interaction
Average velocity of the breaking
load application v, m/s
20 30 20 30
Rock under study Type of a washing qu_uid
Technical water
Technical water treated with a
surfactant — sulfonol
Depth of a breaking hole, mm
Coarse-grained granite 5.5 6.2 6.2 7.0
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The effect of surfactant application increases
considerably if there are previous deformations (in the form
of fractures) on the bottomhole. That is proved by the data
from Table 6.

Table 6. Nature of the surfactant effect on the processes of inte-
raction of pellets and previously deformed rock mass

Average velocity of the breaking
load application v, m/s
30 20
Type of a washing liquid
Technical water
treated with a
surfactant — sulfonol
Depth of a breaking hole, mm
6.3 6.9

20 30

Rock under study

Technical water

Coarse-grained granite 5.8 7.8

The results of laboratory and analytical studies
represented in the paper are the intermediate stage of
studying and technical-technological modernization of a
hydromechanical drilling method. The theoretical statements
and some generalizations represented in the paper require
further analysis, specification, and testing, i.e.: it is necessary
to identify rational range of sizes of breaking pellets and their
motion velocity towards the bottomhole; moreover, it is
required to clarify the value of minimally needed and
technologically substantiated amount of breaking pellets
involved in the formation of different parts of bottomhole
zones of a well.

4, Conclusions

Comparative analysis has been used to prove positive fea-
tures of the hydromechanical devices being designed. First of
all, that is the possibility to create high degrees of dynamicity
of breaking load application on the rock mass. In this con-
text, the latter is characterized by the velocities of pellet
impacting from 20 up to 40 m/s compared with the similar
indices of the roller-bit technique (being the closest one in
the very essence of operation) that is not more than 1 m/s.

The laboratory methods have shown that within the indicat-
ed range of pellet-impacting velocities one can observe a regu-
lar increase in the penetration depth of breaking deformations
by 18-28% in terms of simultaneous 2.0-2.2 times growth in
the volumes of broken rock — compared with the minimum
values; besides, the dependence of breaking processes on the
mineralogical properties of rocks has been determined.

According to the studies of the features of breaking pro-
cesses occurring during the operation of hydrodynamic de-
vices, the correlation of the dependence between geological-
mineralogical and physical properties of rock bottomhole and
mode parameters of the well sinking act has been defined. It
results in considerable fluctuation of the drilling velocity
values. That is characterized as follows: in terms of fixed
rotation frequency (peripheral velocity) of a rock-breaking
ring of a hydrodynamic device and variable values of its
axial load, range of fluctuations of the bottomhole penetra-
tion values u is not more than 6-10%; however, in the contra-
ry case, we observe more considerable increase in u indices —
up to 20% and more. That confirms the available factor of
close interconnection between the intensity of breaking pro-
cesses, relative to the proposed technical and technological
scheme, and their mode and parametric support.

The availability and nature of the factor of washing fluids
activation with the help of surfactants have been identified.
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Under the specified experimental conditions, the essence of
this factor is shown in the increasing penetration depth of
breaking deformations (fractures) by 12-24%.

The obtained analytical and laboratory data are the basis
for further design and technological research aimed at the
development and wide industrial implementation of a mod-
ernized effective method of hydromechanical well drilling
with high technical and economic indices. The experimental
characteristics of the bottomhole rock-breaking processes are
the foundation for the development of rational mode parame-
ters of technological operations for well sinking.
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JociaigxeHHs MeXaHIKH pouecy pyiiHyBaHHS TipcbKUX NOPin
B YMOBAaX ripoMexaHiqYHOro OypiHHs

A. Irnaros

Merta. OOrpyHTYBaHHSI KOHCTPYKTUBHHX 1 TEXHOJIOTIYHUX HapaMeTpiB MOJCPHI30BAaHUX MPHUCTPOIB TiApOMEXaHIYHOTO OypiHHS, BHXO-
JUTYH 31 BCTAHOBJIEHHX OCOOJIMBOCTEH IPOIIECY B3a€MOJIT pyIHIBHUX KYJIb i3 TOPOJAHMM MacHBOM.

Metoauka. locnimkeHHs 0COOIMBOCTEl CIPSIMOBAHOCTI Ta XOXy NMPOTiKaHHS BUOIWHUX NPOIECIB PyHHYBaHHS TipCbKOTO MacuBY, BH-
KOHAHO 13 3aCTOCYBaHHAM CyYaCHHX METOJIB aHATITUYHOTO aHAJi3y H eKCIEpUMCEHTAIBHO-Ta00paTOpHUX AOCIIIKEHb, 30KpeMa IUITXOM
BHUKOPUCTAHHA OKPEMUX MPHIOMIB MaTeMaTHYHOTO Ta (i3MIHOTO MOJIEIIOBAHHS, METOAUK TEOPETUIHOI OOPOOKH Ta iHTepIpeTaLii pe3yib-
TaTiB JociipkeHs y cepeposuii SolidWorks, Statgraphics, Mathcad i HU3KH BigIIOBIJHHX KOHTPOJIBbHO-BUMIPIOBAJIBHHUX TPHUIIANiB Ta MaTe-
pianiB. CBepUTOBHHHI BHOIIHI TOPOJIOPYHHIBHI MPOILIECH Y CBOIM TEXHOJOTIUHII MOCTIJOBHOCTI MOJICITIOBAIUCH HA CHEIIAILHOMY JOCIiJI-
HUIBKOMY JIAOOpaTOPHOMY CTEHI, 00JaTHAHOMY KOHTPOJIBHO-BUMIPIOBAIEHUM OJOKOM (30KpeMa, BUTPATOMIpOM, MaHOMETPOM, TaXOMET-
POM, KOOPAUHATHUKOM).

PesyabTaTu. JloBe1eHO NEPCIIEKTHBHICTh 3aCTOCYBaHHS KOMOIHOBAaHHX CIIOCO0IB pyHHYBaHHS TipCHKUX IMOpPiA. 3alpOIIOHOBAHO KOHC-
TPYKTUBHI CXEMH MOJIEPHI30BaHUX MPUCTPOIB [UIsl OypiHHS CBEpAJIOBHH. BUBYEHO 03HAKM KyJIECTPYMHHHOTO OYpiHHS 3 IO3MILIH HassBHOCTI
B HBOTO 3HAYHOI AWHAMIYHOI CKJIaJIOBOI y TpoIecax pyHHyBaHHS IipCbKOI0 MacHBY. 3’SICOBAHO XapaKTep BIUIMBY IIBHIKOCTI MPUKIIAJCHHS
pyHHIBHOTO HaBaHTaXXCHHS Ha pe3yJbTaTH BUOIMHUX AedopMamiiHux nmpoueciB. JJoBeaeHo edheKTHBHICTH 3aIPOIIOHOBAHOI CXEMHU MOJICPHI-
3amii KyJecTpyMHHHOTO OypiHHA, 0 0a3yeTbes HA MaKCHMAlIbHOMY BUKOPHCTaHHI OCOONMBOCTEH cTaHy Ie(OPMOBAHOTO KYJSIMH BHOOIO
CBEpUIOBUHH. PO3IIISTHYTO 3aX0.¥ OO MiJBUINCHHS TEXHIKO-TEXHOJOTTYHUX ITIOKa3HUKIB Ipo6oBoro OypiHHs. OKpecieHi BUMOTH 10 yMOB
3a0e3eYeHHs CTAIOCTI POOOTH HOPOJOPYHHIBHOTO KiJIBLI KyJIECTPYMHHHOTO IIpHCTpoto. [TepepaxoBaHi HaIIpsSIMH MOAIBIINX JIOCIiKEHb.

HayxoBa HoBH3HA. BcTaHOBIIEHO, 110 TOKa3HUKOM HaIifHOCTI pOOOTH MPUCTPOIB TiAPOMEXaHIYHOTO OYPiHHS € JOTPUMAaHHS y iX KOHC-
TPYKIISAX 1 TEXHOJOTIYHUX CXeMax 3aCTOCYBAaHHS IIJIKOM ITIEBHHX T€OMETPHYHHX Ta MapaMEeTPHYHHX CIIBBiIHOIIEHB, IO BiINOBITAIOTH
CTIHKOMY PEXHMY HOTJINOICHHS CBEPAIOBHHH.

IIpakTnuna 3HaunMicTb. OTpUMaHi pe3yJbTaTH CTEHJOBUX I aHATITHYHUX JOCIIUKEHb MOXKYTh OYTH MOKJIaJeHI B OCHOBY CTBOPEHHS
e(eKTHBHOI TEXHOJOTIi TiApOMeXaHIiqHOTO OYpiHHS CBEPIJIOBHH 3 BHCOKHMHU TEXHIKO-€KOHOMIYHHUMH MOKa3HUKaMHU. J{aHi 3 BUBYEHHS BH-
OIfHUIX TOPOIOPYHHIBHHX MPOIIECiB € 0a30BUMH U PO3POOKH palliOHATFHUX PEKUMHUX MTapaMeTpiB MPOLECY IMOTIHOICHHS CBEPIJIOBUH.

Knrouosi cnosa: ceeponosuna, nopooa, 6ypinns, eubiii, yacmoma obepmarisi, WEUOKICIb NO2AUOIeHHS

HccnenoBanne MexaHUKH MpoLecca pa3pymeHusi FTOPHBIX MOPOJ
B YCJOBHUSAX THIPOMEXAHHYECKOr0 OypeHust

A. UrnaroB

Heas. O6ocHOBaHNE KOHCTPYKTHBHBIX ¥ TEXHOJIOTHYECKHX MapaMeTPOB MOJICPHH3UPYEMBIX YCTPOHCTB IMAPOMEXaHIMYECKOT0 OypeHus,
HCXOJS U3 yCTAHOBJIEHHBIX 0COOEHHOCTEH IpoIiecca B3aUMOACHCTBHS pa3pyHIAONINX MIAPOB C HOPOJHBIM MAaCCHBOM.

MeTtoauxka. VccnenoBanre 0coOEHHOCTEH HANpPaBIEHHOCTH M XO0Ja MPOTEKaHHs 3a00HHBIX MPOIECCOB pa3pyIICHHUsS TOPHOTO MacCHBa
BBIIIOJTHEHO C MPHUMEHEHHEM COBPEMEHHBIX METONOB AHAIUTHYECKOTO aHAIN3a M AIKCHEPHMEHTAIbHO-IA00pAaTOPHBIX HCCIECIOBAHUH, a
MMEHHO ITyTeM HCIOJIb30BaHMS OTJCIbHBIX IIPHEMOB MaTEMaTHYECKOT0 U (PH3UIECKOT0 MOJCINPOBAHHS, METOANK TEOPETHIECKOit 06paboT-
KA M MHTEPIpeTaly pe3ynbTaToB HccienoBanuil B cpexe SolidWorks, Statgraphics, Mathcad u psaa coOTBETCTBYIONIMX KOHTPOJBHO-
HU3MEPHUTENbHBIX TPUOOPOB 1 MaTepuanoB. CKBaKHHHBIE 3a00HHBIE TOPOIOPA3PYyIIAIONINE IIPOLECCH B CBOSH TEXHOJIOTHUECKOH MOCTIEen0Ba-
TENPHOCTH MOJENUPOBAINCH Ha CIEIHAIFHOM HCCIIEN0BATEIbCKOM JIAOOPATOPHOM CTEHAE, 000PYIOBAaHHOM KOHTPOJIBHO-M3MEPUTEIHLHBIM
6JI0KOM (B YaCTHOCTH, PaCX0I0MEPOM, MAHOMETPOM, TAXOMETPOM, KOOPAHHATHUKOM).

PesyabTathl. J[0kazaHa NepCeKTUBHOCTD IPUMEHEHUS] KOMOMHHUPOBAHHBIX CIIOCOOOB pa3pyILIeHHs TOPHBIX MOpo. [IpemioxeHsl KOH-
CTPYKTHBHBIE CXEMBI MOAEPHU3HPYEMBIX YCTPOHCTB Ut OypeHUs CKBaXHH. V3ydeHBI 0COOCHHOCTH IIapOCTpyiHHOTO OypeHHs C Mo3ummit
HaJIM4HS y HETO 3HAYNTENbHOHM IMHAMHYECKOW COCTaBILIONIEH B IpoIeccax pa3pylIeHHs TOPHOTO MacCHBA. BBISICHEH XxapakTep BIMSHHS
CKOPOCTH IIPUJIOKEHHS pa3pyLIaloliell Harpy3Ku Ha pe3ysibTaThl 3a00HHbBIX 1eopMaMOHHBIX mporeccoB. Jloka3aHa 3G (eKTHBHOCTD Npe-
JIO)KEHHON CXEMbI MOJEPHH3AIMH [IapOCTPYHHOTO OypeHus, 6asupyroleiics Ha MaKCUMaJIbHOM HCIIOJIb30BaHUH OCOOCHHOCTEH COCTOSHUS
nehopMHUPOBAaHHOTO IIapaMy 3a00s1 CKBAKHHBL. PacCMOTpEHBI MEpOIPHUSTHSI, HOBBIIIAIONINAE TEXHUKO-TEXHOJIIOTHIECKHE TTOKa3aTeIn ApoOo-
Boro Oypenns. O603HaueHbI TPeOOBAaHUS K yCIOBHSAM 00ECIICUCHUS] YCTOMINBOCTH PabOTHI MOPOIOPa3PyIIAIOIETro KOJIbIA MapOCTPyIHOTO
ycrpoiicTa. [lepeuncieHsl HanpaBleHUs AaTbHEHIINX HCCIEA0BaHUH.

Hayunasi HOBM3Ha. Y CTaHOBJICHO, YTO MOKa3aTelieM HaJIeKHOCTH pabOThl YCTPOHCTB THAPOMEXaHUYECKOT0 OypeHHs SBIsIeTCsl COOMI0-
JICHUE B UX KOHCTPYKIHMSAX U TEXHOJOTHYECKIX CXeMaX MPHMEHEHHs BIOJIHE ONPEIEIeHHBIX TeOMETPHIECKHX U NTapaMeTPHIECKHX COOTHO-
IIeHUH, OTBEYAIOMINX YCTOHINBOMY PEKIMY YTITyOKH CKBayKHHBI.

IlpakTHyeckas 3HAYMMOCTB. [ToydeHHbIE pe3yabTaThl CTEHJOBBIX M AHAIUTUUECKUX HCCIEJOBAHUI MOTYT OBITh IOJIOXKEHHBIE B OC-
HOBY co31aHust 3G (HEKTUBHOM TEXHOIOTHH THAPOMEXaHHYECKOro OYPeHHUs CKBaKHH C BEICOKMMH TEXHHKO-3KOHOMUYECKHUMH MOKa3aTEJISIMH.
JlaHHBIE TTO M3y4YeHHIO 3a00HHBIX MOPOIOPa3PYIIAIONINX IPOIECCOB SBISIOTCS 0a30BBIMH JUIS Pa3pabOTKU PAI[MOHAIBHEIX PEXUMHBIX ITa-
paMeTpoB Impolecca yriyOKH CKBaXKUH.

Knrwoueswie cnosa: cxeadicuna, nopooa, bypenue, 3a001l, 4yacmoma epawjerusl, CKOpocmo yeuyoxu
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