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GEOLOGICAL AND MINING-ENGINEERING PECULIARITIES
OF IMPLEMENTATION OF HYDROMECHANICAL DRILLING PRINCIPLES

Purpose. Substantiation of the design solutions in separate units of the modernized hydromechanical devices and specification
of rational technological modes of their operation in specific geological and technical conditions. Proposals on construction of
wells by development and introduction of progressive methods and techniques.

Methodology. Analysis of the peculiarities of the modernized hydromechanical drilling devices in terms of rock breaking is
performed using modern methods of analytical analysis and experimental research, i. e. by using mathematical and physical mod-
eling; method of modeling and processing of research results in the SolidWorks medium and others; control and measuring tools
and materials. The process of solving the problems of optimal planning of the experiment was divided into four stages: development
of a planned model; preparation of the necessary initial data; calculation of the model; obtaining and processing of the results. The
well rock-breaking processes were modeled on a special-purpose laboratory stand equipped with a measuring and control unit
(flow meter, manometer, tachometer, and coordinate spacer).

Findings. The main ways to improve well hydromechanical technologies have been identified. The fundamental principles have
been formulated concerning the process of design of such equipment schemes that will combine the most productive and efficient
methods of the rock mass operations. A number of factors characteristic of the implementation of well hydromechanical technolo-
gies, have been identified, i.e.: rational range of physical properties of rocks according to which proper technical and technological
characteristics of the devices are selected; structural use of mechanical rock-breaking organs of the devices; and operating param-
eters of the drilling process. It has been proved that the developed design schemes of hydromechanical drilling devices, in terms of
their optimal technical performance and technological development, can be recommended for their use in the appropriate geo-
logical and technical conditions, where the implementation of other methods is inexpedient or limited.

Originality. Formation of the peripheral part of the bottomhole is a subordinate factor determined by the device design; effec-
tive profiling is possible only due to the introduction of additional components into the hydromechanical drilling devices, which
makes it possible to use certain technological methods.

Practical value. The obtained results of laboratory and analytical studies are basic to design operating parameters of the well
deepening processes by using the hydromechanical devices. Data from the study on bottomhole working processes of hydrome-
chanical technologies are the starting point for the substantiation of design and technological parameters of modernized pellet
impact devices.

Keywords: hydromechanical drilling, well, washing liquid, rock, pellet impact device, bottomhole

Introduction. Analysis of the problems concerning the de-
velopment of leading branches of science and production
proves the all-round use of innovative methods and technolo-
gies [1, 2], whose implementation is possible only on the basis
of wide generalization and thorough study on primary and
secondary scientific-production processes and subsystems
[3, 4], that finally determines the trajectory and results of hu-
man manufacturing activity [5, 6].

Current practice of industrial production demonstrates
that the improvement of both certain technological processes
and the whole technological chains [7, 8] should be based on
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complex and interrelated approaches to the solution of the
problems related to increasing productivity and improving
quality of operations [9, 10].

The approaches are not the exception for the mining in-
dustry, a powerful industry of domestic production that cre-
ates the material basis for many other producing operators.

Mode of occurrence of minerals in the earth’s interior as
well as their quality, reserves, and economic expediency of ex-
traction are defined with the help of mining and exploratory
workings and drilling wells [11].

Deposits of coal, iron and manganese ores, numerous de-
posits of nonferrous metals, being of simple mode of occur-
rence and expansion, are explored mostly by drilling. Polyme-
tallic ores as well as the ores of rare precious metals are ex-
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plored by drilling in combination with mining and exploratory
workings [12].

Drilling is widely used in production to solve numerous
problems; it is especially popular in terms of geological survey-
ing, exploratory and field operations as well as during the engi-
neering and geological studies. Progress of the national econ-
omy results in the considerable increase in the volumes of well
drilling application connected with the exploration and devel-
opment of solid and liquid (gaseous) mineral deposits. More-
over, growing scopes of hydrotechnical, industrial, and hous-
ing construction operations also require rapid increase in the
amount of drilling operations and the costs for their perfor-
mance respectively [11].

Relying on the aforementioned, search for the ways to re-
duce capital intensity of drilling operations and increase their
efficiency is one of the most important problems of the current
stage of mining industry development; there is no doubt in the
topicality of that problem.

One of the most prospective ways to rationalize the drilling
methods and technology is the improvement of the predomi-
nant cycle of well construction — breaking of its bottomhole.

A peculiarity of the breaking process in terms of well con-
struction is considerable distancing of a rock-breaking tool
from the main drive of a drill rig, resulting in great energy loss-
es during its transferring onto the well bottomhole. That char-
acterizes mostly rotary and spindle drilling. That is the men-
tioned reason resulted in the origin of drilling methods, which
differ in the location of drive motor immediately close to a
rock-breaking tool — those methods are called turbine, screw-
motor, and electric drilling methods [11].

Construction of a well shaft is not a continuous process. It
is accompanied by the operational and forced shutdowns to
replace the worn rock-breaking tool among other things. In
particular, not mentioning all the features of drillstring trip-
ping, it should be noted that the duration of those operations
accounts for 30 % of all the drilling time or even more [13].

The research works dealing with the improvement of well
construction process may be divided conventionally into sev-
eral areas. Among them, there are the following essential ones:
rationalization of the industrial organizations, improvement
of the power equipment, focus of the facility on the most im-
portant operations of a well construction cycle, increasing ef-
ficiency of energy consumption and, the topmost area, the
development of innovative drilling techniques [1].

Rock breaking while drilling has one more peculiarity,
which differentiates this process from the one characteristic for
some other industries, — that is compulsory separation of certain
rock volume from the mass and its removal to the surface [14].

It has been proved theoretically and experimentally that
the directivity of breaking processes within the rock mass is
determined by the application of the external forces aimed at
overcoming the force of internal bonds within the rock mass
and final resulting in its breaking. Along with that, special
studies have demonstrated the available close relation between
the results of deformational processes and velocities of the ap-
plied loads. The latter factor is the reason why numerous in-
novative techniques of rock breaking, which are based mostly
on the intensification of effects of different physical fields and
their combined action, have appeared [15].

Thus, there is no doubt that the increasing efficiency of
rock breaking while drilling will influence directly or indirectly
all other indices of the well construction cycle.

Methods. Since the operation related to the rock breaking
on bottomhole was selected as the starting point of the im-
provement of a complex well construction process, studies by
the specialists of the Department of Oil-and-Gas Engineering
and Drilling (OGED) of Dnipro University of Technology
(DUT) are focused on specification of the fundamental prin-
ciples of design of such equipment schemes that will imple-
ment the most productive and efficient methods of the rock
mass operations [16].

Development of a series of principally new models of drill-
strings for hydromechanical drilling is the result of thorough
analysis and generalization of literature sources as well as prac-
tical experience of industrial organizations; the models can be
called the devices of combined action. They unite organically
rather an efficient method for rock breaking by pellet impact-
ing and a method for processing the peripheral zone of well
bottomhole, which is proposed in the work “Petroleum Engi-
neering: Drilling and Well Completions” (Gatlin C.).

The studies concerning the operation of the developed
equipment for hydromechanical drilling carried out at the De-
partment of OGED of Dnipro University of Technology [15]
have identified numerous effecting factors for the devices. The
following factors are the most important ones to be analyzed in
the paper: a rational range of physical properties of the rock ac-
cording to which the technical and technological characteristics
of the devices are selected; physical properties of breaking pel-
lets; structural use of mechanical rock-breaking organs of the
devices; operating conditions of the drilling process, and so on.

The conducted studies have proved demonstratively the
competitiveness of the developed devices for hydromechanical
(modernized pellet impact) drilling under the corresponding
geological and technical conditions; their use will favor both
the improvement of drilling productivity and cutting time for
secondary operations.

Research on the operational features of the modernized
hydromechanical drilling devices in terms of rock breaking has
been performed involving up-to-date methods of analytical
analysis and experimental studies, i.e. by the methods of
mathematical and physical modeling with the results process-
ing in the SolidWorks medium etc., measuring and control
equipment and materials.

The process of solving the problems of optimal planning of
the experiment was divided into four stages: development of a
planned model; preparation of the necessary initial data; cal-
culation of the model; and obtaining of the results.

The well rock-breaking processes were modeled on a spe-
cial-purpose laboratory stand equipped with a measuring and
control unit (flow meter, manometer, tachometer, and coordi-
nate spacer).

Results. Despite the availability of considerable practical
and theoretical experience in the sphere of well construction,
constant improvement of its main technological operations
and their maintenance is currently the determining factor for
organizational scheme of a cycle of mechanical rotary drilling
and its main component — rock breaking, there is still an issue
of the bottomhole tool life. Due to the considerable influence
of the well conditions (rapid abrasive wear of the cutting struc-
ture, sign-variable loads, temperature factors, aggressive ac-
tion of washing liquid, and so on), the indicated parameters
are unacceptably low. The indicated factors are also compli-
cated by the fact that the general negative features of rotary
mechanical drilling are represented by rather high nonproduc-
tive power losses on the way from the surface power equipment
to the bottomhole rock-breaking tool [17, 18].

The generalized data make it possible to state the follow-
ing: rock breaking on the bottomhole takes place under condi-
tions of the use of rather insignificant amount of the whole
energy balance consumed for well construction; that is the
reason why the integral coefficient of efficiency is evaluated
only by shares of the whole number.

The represented data became the momentum into the
large-scale research works to develop modern progressive
drilling methods, which will be characterized by the reducing
to minimum or total leveling of the disadvantages peculiar for
the technologies of mechanical rotary drilling.

Development of new methods is accompanied by the in-
depth implementation of the innovative achievements of a
considerable range of fundamental and applied sciences.

While the majority of new methods has not fallen outside
the limits of theoretical and laboratory studies, a small alterna-
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tive group of so-called physical methods and its bright repre-
sentative — hydromechanical (pellet impact) technique — is at
the stage of commercial implementation and use. Moreover,
nowadays its use has proved its efficiency while drilling dry
spots of exploratory and, especially, curvilinear intervals of di-
rectional wells including the operating ones. Solid studies on
that issue are represented in the paper “Pellet impact drilling”
(Uvakov A.B.).

In terms of pellet impact drilling, rock is broken by means
of contact interaction of a certain number of steel pellets with
the well bottomhole. Fig. 1 shows a principle scheme of a hy-
dromechanical pellet impact device and the drilling method.

There are following key components of the designed cut-
ting structure of a hydromechanical drilling device: a metal
case I, a nozzle of special configuration 2, a chamber to mix
the liquid flows 3 (the mentioned elements create somewhat
simplified impact apparatus, whose characteristic feature of
operating cycle is the injection coefficient determined by the
ratio of consumption of injected and operating liquids), break-
ing pellets 4, and circular holes 5.

The device as a complex structure operates as follows. Cer-
tain calculated amount of breaking pellets 4 is supplied onto
the well bottomhole. Next, a surface pump helps to create the
motion of liquid (purifying agent) flow, which is called the op-
erating one, through a circulating channel of a drillstring.
Coming out from a nozzle 2 within the downhole interval with
the considerable absolute velocity, the flow forms a rarefaction
zone; due to that, there is additional suction (injection) of a
purifying agent from the well circular channel and the break-
ing pellets 4 through circulating holes 5 to a mixing chamber 3.
Interaction of the liquid flows in the chamber 3 must definitely
have two parallel processes: increase in the pressure indices
occurring without the immediate loss of mechanical energy;
leveling of absolute velocities of liquids; in this context, con-
sumption of purifying agent in the chamber 3 exceeds signifi-
cantly the ones in the nozzle 2 [19]. Thus, interactions of the
lows of the breaking pellets 4 accelerate up to the considerable
velocities and impact the bottomhole. Collision of the pellets 4
with rock mass is accompanied by the deformation processes
resulting in rock breaking with different intensity degree. When
the impacting is over, pellets and breaking products are lifted
caught by the upward liquid flows. As a result of the consider-
ably lower weight, breaking products are taken from the well by
the upward flow of washing liquid while pellets and large de-
bris of breaking products are included in the circulation pro-
cess again.

The most important difference of hydromechanical (pellet
impact) drilling comparing to many others is pretty dispropor-
tionate rates of load application (with the help of pellets) to the
bottomhole rock reaching up to 60 m/s and more. However, it
is well-known that all the basic physical characteristics used in
the design calculations of drilling technology are obtained un-

{

Fig. 1. Structural and logical sequence of the functioning of hy-
dromechanical (pellet impact) drilling facilities [19]

der conditions of almost static test of rock that anyway cannot
reflect the essence of rock breaking mechanics in terms of the
implementation of hydromechanical drilling schemes.

Basing on the identified features of hydromechanical drill-
ing as a method of high dynamicity, specialists of the Depart-
ment of OGED of Dnipro University of Technology have car-
ried out a series of stand studies whose aim is to obtain the data
on the influence of the pellet velocity effect on the develop-
ment and results of deformation and breaking processes within
the rock mass (represented by the elastoplastic rocks). Main
results of the studies are given in Table 1.

The data represented in Table 1 tell us about the evident
connection between the velocity of load application v and
scales of manifestation of rock breaking processes within the
rock mass. Along with the increasing v, one can observe the
decreasing depths and volumes of breaking; in other words,
typical elastoplastic rock acquires the properties of brittle rock.
That result is somewhat opposite to the one obtained for elas-
toplastic brittle rocks; along with the increasing v, the latter
shows the tendency to growing integral index V). As a rock-
breaking indentor, the study involved a metal stamp with a
rounded tip with the diameter of 2.5 mm in terms of static
load, and metal pellets with the diameter of ¢, = S mm in terms
of dynamic load.

To exclude the effect of anisotropy on the rock breaking
indices, the studies similar to the aforementioned ones were
carried out in terms of breaking of cement rock, simulating the
elastoplastic rock in its properties — aleurolite. Table 2 gives
the data of those studies.

The data in Table 2 show that there are no significant
changes in the nature of deformation processes for the break-
ing conditions relative to the homogeneous material under
analysis — they are similar to the ones for real rocks. Thus, the

Table 1
Basic dynamic characteristics of rock breaking process
by pellet impacting
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= ) 25 e g | Eoar
£ Es | 88| €5 |g=S
g8 Ea) Se| 5§ | g5 -
< £ zZ g > 8| 25 | <8N
limestone 1460 static — does not result in
typical breaking
— dynamic 20 6.7 1.968
30 5.4 1.262
Table 2

Basic dynamic characteristics of artificial bottomhole
breaking by pellet impacting
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factor of the available dependence of the properties of elasto-
plastic rocks on the velocities of load application as well as the
manifestation of brittle properties in the mentioned rocks, pe-
culiar for those conditions, may be considered as a proved one.

Basing on the conducted studies, it can be stated that in
terms of breaking of elastoplastic rock, one should be stick to
relatively slow velocities of load application v as their increase
results in the reduced breaking scale.

Speaking about the pellet impact drilling and technical
means for its implementation, it is sure that they can be char-
acterized as relatively simple, which is one of the main advan-
tages of that method. The fact that the hydromechanical de-
vices are equipped with free mobile rock-breaking pellets de-
termines a practically unrestricted number of drilling runs,
being the main reserve of the productivity increase. A serious
organic disadvantage of the pellet impact technique is that a
parabolic shape of the bottomhole (Fig. 1) stipulates the direc-
tion of all following structural workings. Analysis of the condi-
tions of well profile formation makes it safe to say that the for-
mation of a peripheral part of the bottomhole is the subordi-
nate factor determined by the proper operation of the devices.
Efficient profile formation is possible only in terms of the in-
troduction of additional units in a set of the hydromechanical
drilling devices, which will help using certain technological
methods. The aforementioned has resulted in the use of spe-
cial units, introduced in the assemblies, for the formation of
peripheral bottomhole part — mechanical rock-breaking or-
gans, the following technological schemes: immediate pro-
cessing of the peripheral bottomhole zone with steel rock-
breaking pellets; formation of the well profile due to rock mass
effected by fragments of rock-breaking pellets and even the
rock itself; and combined scheme of breaking that includes the
principles of the previous two schemes to a greater or lesser
degree.

Consequently, the next stage of the research involved the
determination of operational features of mechanical rock-
breaking organs of modernized devices equipped with the pel-
lets. Attention was paid to the analysis of functional depen-
dence of the deepening rate of well bottomhole # on physical
condition of the breaking pellets (their material and property
indices) and load value C on the latter. The studies, whose re-
sults are given in Fig. 2, involved metal pellets of d, = 5 mm;
the pellets were standard and thermally processed.

The data in Fig. 2 show the differences in the operational
mechanics of rock-breaking pellets with different physical
properties. If the thermally processed pellets are used, then al-
most proportional u increase is observed along with the grow-
ing C throughout the whole range. In terms of standard pellets,
somewhat lower indices of well bottomhole u deepening are
characteristic, and proportionality of growth for the latter is
violated if C > 2.6 N/mm?. Besides, visual inspection of the
worked out standard pellets demonstrates the development of
plastic deformations in them, which is seen in the deviation of
their shape from the spherical one. Thus, more detailed stud-

)

g 45

S 40 L

Q

'g 3.5 Thermally

E £ 3.0 - processed pellets
%g 2.5 o i I S PP Standard pellets
S E 20 :

o .

3 1S ,/ 1

S 10 / =

g2 o0s5L=

4 1.0 1.5 20 25 30 35

Axial load on mechanical rock-breaking organ
of the device C, N/mm2

Fig. 2. Mechanics of the operation of different (in physical prop-
erties) rock-breaking pellets on the modeled well bottomhole

ies are required to solve the problem of giving the breaking pel-
lets certain physical properties.

The studies were carried out for the conditions of fine-
grained granites; rotation frequency of a rock-breaking organ
was n =260 min~'.

Stable conditions to break rock mass of a peripheral share
of the well bottomhole in terms of the structural schemes of
modernized hydromechanical devices are possible only under
conditions of reliable location and keeping of the pellet within
a special-purpose rock-breaking organ — ring, and direction of
the pellets under its butt-end area.

Due to the mentioned reasons, further studies were aimed
at specifying the effect of peculiarities of structural design of
seats and butt-end area of the ring, and technological modes
of operations of the latter. The studies involved rock-breaking
rings with relatively smooth surface of a seat and butt-end
area; in other case, contact surfaces of the seat and butt-end
area were rough (with notches). The study results are repre-
sented in Fig. 3.

The data in Fig. 2 show the unambiguity of the effect of
rough contact surface of the ring seats and butt-end area on
the indices of rates of well bottomhole deepening u. While us-
ing the rings with rough contact surface, all other things being
equal, it is possible to reach higher u indices comparing to the
operation of standard rings. The indicated fact is the result of
the increasing reliability of contacting and torque transferring
for the pellets by the rough surface of the ring and seat. Grad-
ual u increase in time for the rings with smooth contact sur-
faces is the result of the fact that the pellet surface acquires the
distinct roughness. Some « fluctuations in time for the rings
with rough contact surfaces can be explained by periodic con-
tamination of relief irregularities of the surfaces by the rock
breaking products.

The studies were performed for the conditions of large-
grained granites. Rotation frequency of a rock-breaking organ
was n =260 min~'; axial load was C = 3 N/mm? of the butt-end
area of the rock-breaking organ.

Conditions of well profile formation may be implemented
not only by the action of pellets on the rock mass but also by
the cutting and wearing effect of their fragments, whose for-
mation is connected with the deformation processes of contact
interaction in the “rock-breaking organ — pellet — rock mass”
system and use of brittle breaking materials. That was the rea-
son to study the nature of the operation of cast iron pellets
within the well bottomhole. Fig. 4 demonstrates the research
results.

Development of the brittle-material pellet (Fig. 4) can be
divided conventionally into three stages. Stage one involves
rapid increment of well bottomhole deepening u; stage two
shows comparatively short-term stabilization of « value; and
stage three demonstrates slow u decrease of almost down to
the complete stoppage of the breaking process. The given se-
quence is also characterized by the considerable change in the
state of breaking pellets. In terms of stage one, we can observe
intense pellet splitting; stage two differs with the fact that the
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Fig. 3. Mechanics of the operation of rock-breaking rings with
different state of contact surface of seats and butt-end area
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pellets have maximum abrasive properties at the expense of
bared sharp edges; and stage three is connected with gradual
blunting of cutting faces and further splitting of pellet frag-
ments. Moreover, it should be noted that in terms of their
breaking properties, cast iron pellets are highly competitive
with the steel ones (in the context of the materials under
study); in some cases, they are even better than the indices of
the latter in terms of u parameter. Thus, under conditions of
both rational selection of the material for pellets and techno-
logical modes of the operation of hydromechanical devices, it
is possible to reach the required indices of well deepening.

The conducted research has also proved the expediency of
the design of a hydromechanical device, proposed by the spe-
cialists of the Department of OGED of Dnipro University of
Technology, which contains a case / with a flow device 2. The
efficient formation of a peripheral zone of the well bottomhole
is possible at the expense of action of pellets fragments 3 on the
rock mass; the pellets are located and kept in a special rock-
breaking organ 4 in the form of matrix, which bottomhole area
is porous in its structure 5 (Fig. 5) [20].

Basing on the data that in terms of the proposed device,
basic scheme of the formation of a peripheral zone of well bot-
tomhole is selected to be the cutting and wearing action of pel-
lets fragments on the rock mass, we can state the following: the
indicated process will be stable only if we stick to certain con-
ditions concerning the maintenance of rational values of axial
load C on the butt-end area of a rock-breaking organ. These
are the methods for the implementation of the proposed state-
ment which are to be studied further.

Fig. 6 contains generalized data as for the clarification of
the mechanism of effect of values C on the boundary attain-
able values of the well bottomhole deepening u.

While analyzing the data in Fig. 6, we can make the fol-
lowing conclusions: for brittle-material pellets, there is a cer-
tain rather narrow range of rational values of axial load C on
the butt-end share of a rock-breaking organ, in terms of which
u has its maximum indices for a specific case of the geological

Fig. 5. Bottomhole share of a hydromechanical drilling device [20]
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Fig. 6. Mechanics of the deepening of a peripheral share of the
well bottomhole in terms of changeable values C

and technical conditions. In this context, qualitatively, relative
to the physical state of breaking pellets, interval of the increase
in rates of well bottomhole deepening # may be characterized
by the availability of unbroken pellets on the bottomhole; op-
eration of the device with maximum « values is accompanied
by the start of splitting of the rock-breaking pellets; decrease in
rate u takes place along with the intense pellets breaking.

The studies were carried out in terms of coarse-grained
granite; rotation frequency of rock-breaking organ was n =
=260 min™!, d, = 5 mm.

Quite different breaking conditions of a peripheral share of
the well bottomhole, in terms of the same technological data,
are observed while using durable steel pellets; the data in Fig. 7
support the statement.

Dependence of the mechanics of the well bottomhole for-
mation on the number of pellets M operating on it (Fig. 7) may
be explained by the redistribution of load C between the pellets
and changes in the processes of contact interaction of rock-
breaking components of a bottomhole share of a hydrome-
chanical device.

Increasing M factors into the decreasing specific value of
axial load C on a certain pellet; however, in this context, con-
ditions of pellets operation improve in general (Fig. 8). In
terms of a small number of breaking pellets on the bottomhole,
they are mostly prone to the actions of deformation processes.
Moreover, the represented data show clearly the correspon-
dence of each value M to its maximum of deepening rate u;
however, on average, the difference between its indices does
not exceed 6—8 % with the assumption that growing M results
in the increasing consumptions of bottomhole power N. Thus,
the following conclusion can be drawn: creation of the effi-
cient conditions of rock breaking is connected with the re-
quired availability of a certain number of pellets M on the well
bottomhole; the number of pellets corresponds to the mini-
mum of the consumption of bottomhole power N and rational
values of u and C.
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Axial load on the mechanical rock-breaking
organ of the device C, N/mm

Fig. 7. Conditions of deepening for a peripheral share of the well
bottomhole in terms of the variable number of breaking pel-
lets M

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2021, N2 1 15



[
S
v 4 71
53¢ /
53 /
E g5 /7 Axi

B ial load
F24 77 — =25
5 31 At N on mm?
83 /
55 2l JPTE REEEN 4 Axial load
- 5 L ==
cl > ----- Cc=35
ST - 2
=R | N on mm
3 2 3 4 5

Typical size of the pellet breaking products ¢, mm

Fig. 8 Data on the granulometric composition of the pellet
breaking products A in terms of changeable values C

Basing on the data represented in Fig. 8, it is possible to
state the following: increase in axial load C on a pellet results
in the intensifying processes of deformation, wearing, and
breaking of the pellets; moreover, a higher value C corre-
sponds to the increasing volumes of fine fractions A. It may be
noted qualitatively that: 1) in terms of lower value C, process-
es of deformation and wearing prevail over the breaking of
pellets; 2) there is stable growth of abrasive action of the in-
creased number of fine fractions of breaking products on the
elements of bottomhole assembly of a hydromechanical drill-
ing device.

The studies were carried out in terms of coarse-grained
granites; rotation frequency of a rock-breaking organ was n =
=260 min™!, d, =5 mm.

The obtained research data also show the efficiency of the
device operating according to the scheme of cutting and wear-
ing action on the peripheral share of the well bottomhole while
working just in terms of elastoplastic rocks characterized by
relatively low hardness parameters.

Thus, in terms of their optimal technical arrangement and
technological run, the developed structural schemes of the de-
vices for hydromechanical drilling may be recommended to be
used in the corresponding geological and technical conditions
where implementation of other methods is not expedient or
limited.

Conclusions.

1. According to the results of the review of literature sourc-
es, thorough analysis of the industrial and laboratory data
made it possible to specify the main ways for improving the
well hydromechanical technologies.

2. The fundamental principles have been formulated con-
cerning the process of design of such equipment schemes that
will combine the most productive and efficient methods of the
rock mass operations.

3. Studies on the operation of the improved hydrome-
chanical drilling devices have identified numerous factors in-
fluencing their work. The following factors are among the
most important ones, analyzed in this paper: a rational range
of physical properties of rocks according to which proper
technical and technological characteristics of the devices are
selected; structural use of mechanical rock-breaking organs
of the devices; and operating parameters of the drilling pro-
cess.

4. Study on the peculiarities of hydromechanical drilling
educed certain potential possibilities that can be the basis for
the application of the represented method to perform a wide
range of drilling operations in terms of the operating and pro-
jected mining enterprises.

5. Experimental and theoretical studies on the peculiari-
ties of the implementation of hydromechanical drilling prin-
ciples and operating characteristics of the modernized pellet
impact devices should be continued in terms of elaboration of
rational technical and technological solutions with the maxi-
mum consideration of mining and geological conditions of a
specific site.
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Meta. OOrpyHTYyBaHHS KOHCTPYKTUBHUX PillIeHb B OKpe-
MUX BY3JIaX MOJIEPHI30BaHUX TiIpoMeXaHiYHUX MPUCTPOIB i
BU3HAUEHHS PALliOHAIbHUX TEXHOJOTIYHUX PEXUMIB iX poO-
0OTH y KOHKPETHUX I'e0JIOrO-TeXHIYHUX yMoBax. [Iporo3uiii
3i CMOPY/IXKYBAaHHSI CBEPUIOBUH IUISIXOM PO3POOJIEHHST Ta
BITPOBAJI>KEHHSI TPOTPECUBHUX METO/IIB i MPUIAOMIB.

Mertoauka. JlocnimxkeHHs 0codauBocTeld poOOTH MOJEP-
Hi30BaHUX MPUCTPOIB TiApOMEXaHIYHOro OypiHHS Ha TIPU-
KJ1a[li pyHHYBaHHS TipCbKUX MOPiJl BUKOHAHO i3 3aCTOCYBaH-
HSIM CyYyaCHUX METO[iB aHAJiTMUHOTIO aHali3y Ta eKCIepH-
MEHTaJIbHUX MOCIIIKeHb, 30KpeMa, IUISIXOM BUKOPUCTAHHS
METO/IiB MaTEMaTUYHOTO I (hi3MYHOTO MOJIEJIIOBAHHS, METO-
MK MOJIeJIIOBaHHS Ta OOpOOKMW pe3ysbTaTiB JOCHTIIKEHb Y
cepenoBuili SolidWorks Ta iH., KOHTPOJbHO-BUMIipIOBaJlb-
HUX TpwianiB i marepiamiB. [Ipomec posB’si3aHHST 3amaq
ONTUMAJIBHOTO TUIAHYBAHHSI €KCIEPUMEHTY TMOJIISBCS Ha
YOTUPU €TaIu: CKJIadaHHs MOJEJIi, 10 IJIaHyBalach; Miaro-
TOBKAa HEOOXiIHWX BUXIIHUX NAHUX; PO3PAXyHOK MOJIEi;
oTpruMaHHs Ta 00poOKa pe3dyibTaTiB. [IpoTikaHHST cBepIO-
BUHHUX MOPOJOPYHHIBHUX MPOLIECIB MOZIETIOBAIOCS Ha CIle-
1iaapHOMY J1aOOpaTOPHOMY CTEHIi, OOJagHAaHOMY KOHTp-
OJIbHO-BUMIipIOBaJIbHUM OJIOKOM (BUTpaTOMip, MaHOMETD,
TaXOMeTp, KOOPANHATHUK).

PesynbraT. BusHaueHi OCHOBHI LIUISIXM BIOCKOHAJIEHHS
CBEPIIOBUHHUX TilpoMexaHiYHUX TexHooTiit. Chopmynbo-
BaHi 3acaJiHUYi TMOJIOKEHHSI MpOollecy MPOEKTYBaHHS KOH-
CTPYKTUBHUX CXEM MPUCTPOIB, 1[0 PEaTi30BYIOTh TaKi CIIOCO-
Ou pyitHYBaHHS, sIKi KOMOiHYIOTb Y cO0i HAHOIbII MPOAYK-
THUBHI Ta e(eKTUBHI MeTOIM Ail Ha MOpiTHUIT MacuB. Bcra-
HOBJIeHa HHU3Ka (hbaKTOpiB, XapaKTepHUX s peatizalii
CBEPIIOBUHHUX TilPOMEXaHIYHUX TEXHOJIOTil, 30KpeMa: pa-
LiOHAJIbHU Niana3oH (hi3MYHUX BIACTUBOCTEH MpChbKUX MO-
pin, BiAMOBIAHO 0 SIKOTO MiAOMPAIOTHCSI TEXHIKO-TEXHOJIO0-
riYHi XapaKTepuCTUKU MTPUCTPOIB; (Pi3MUHi BIACTUBOCTI pyii-
HIBHUX KYJIb; KOHCTPYKTUBHE BUKOHAHHSI MEXaHIYHUX TMO-
PONOPYIHIBHUX OpraHiB MPUCTPOIB; PEXUMHI MapameTpu

npouecy oypiHHs. JloBeneHo, 110 po3podJieHi KOHCTPYKTUB-
Hi CXeMM MPUCTPOIB TiApOMEXaHIYHOro OypiHHS, 3a OMNTHU-
MaJbHOTO TeXHIYHOTO BUKOHAHHSI i TEXHOJIOTTIHOTO BifIpa-
LIIOBAHHS, MOXYTh OYTHM peKOMEHI0BaHi 0 3aCTOCYBAHHS Y
BiIMTOBIAHUX TeOJOTO-TEXHIYHUX YMOBax, Je peajtizallisl iH-
LIMX METOJIIB HepallioHaJbHa a00 0OOMeXeHa.

HaykoBa HoBU3HA. YTBOpeHHd TepudepiiiHOi YaCTUHU
BUOOIO € MiAJIErTMM YUHHUKOM, BU3HAYYBAaHUM CAMUM BU-
KOHAaHHSM TMPUCTPOiB; edeKTUBHE MNPodiieyTBOPEHHS
MOXJIMBE TiIbKU 332 PaXyHOK YBEAECHHS 10 CKJIaAy MPUCTPO-
iB TiIpOMeXaHiuHOTO OYpiHHS MOMATKOBMX BY3JiB, 1O N0-
3BOJISIIOTH 3aCTOCYBAHHSI MEBHUX TEXHOJOTIUHMX METOMIB i
MPUIAOMIB.

IIpakTiyna 3Haummicth. OTpuMaHi pe3yabTaTu jJadbopa-
TOPHMX I aHATIITUYHUX JOCTIIKEHb € 6a30BUMU [UTSI TIPOEK-
TYBaHHSl DPEXUMHUX IapaMeTpiB TMpoLEeCcy TMOMIUOIECHHS
CBEPIUIOBUHM 33 PaXyYHOK BUKOPHUCTAHHS TiIpOMeXaHITHUX
npucTpoiB. [laHi 3 BUBUYEHHSI BUOIMHUX pOOOYUX IPOLECIB
riIpoMexaHiYHUX TEeXHOJIOTiN € BUXITHUMU TOJIOKEHHSIMU
TUTS1 OOTPYHTYBAHHSI KOHCTPYKTUBHUX i TEXHOJIOTIYHUX Mapa-
METPiB MOJIEPHi30BaHUX KYJIECTPYMUHHUX TIPUCTPOIB.

KunrouoBi cioBa: ciopomexaniune OypinHs, ceeponosuma,
npomuganvia piouna, 2ipcvka nopooa, CmMpyMUHHULL anapam,
8uoill
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Heab. O60cHOBaHWE KOHCTPYKTUBHBIX PELIEHUU B OT-
NEJIbHBIX y371aX MOAEPHU3UPOBAHHBIX TMIPOMEXaHUYECKUX
YCTPOWCTB 1 OTIpeieJIeHUe PallMOHATBLHBIX TEXHOJIOTUIECKIX
PEXMMOB MX PabOThl B KOHKPETHBIX I'€0JIOr0-TEXHUYECKUX
ycnoBusix. [IpemioxeHnst TI0 COOPYKEHUI0 CKBAXUH ITyTEM
pa3paboTKy M BHEAPEHUSI MPOTPECCUBHBIX METOOB U TIpUe-
MOB.

Meroauka. MccnenoBaHue ocoOeHHOCTe pabOTbl MO-
NEPHU3NPOBAHHBIX YCTPOUCTB TUAPOMEXaHUIECKOTO Oype-
HMSI Ha TIpUMepe pa3pyLUeHUs TOPHBIX MOPOJ BBIMOJIHEHO C
MPUMEHEHNEM COBPEMEHHBIX METOMOB aHAIUTUIECKOTO
aHaJau3a U 9KCMEePUMEHTAJIbHBIX MCCAeNIOBaHUI, B YaCTHO-
CTU TIyTeM WCIIOJIb30BAHUSI METONOB MAaTeMaTUIeCKOTO U
(uznyeckoro MoaeIMPOBaHUSI, METOIMK MOAEIUPOBAHUS U
00paboTKM pe3yIbTaToB McciaenoBaHuii B cpene SolidWorks
U JIp., KOHTPOJIbHO-U3MEPUTEIbHBIX MPUOOPOB U MaTepua-
noB. [Ipouecc pemeHust 3ama4 ONTUMATBLHOTO TUIAHUPOBA-
HMSI 9KCIIEpMMEHTA eJIUJICS Ha YeThIpe 3Tarna: COCTaBlIeHUe
MOJIeJIN, TUTAHUPOBAHKE; TIOATOTOBKA HEOOXOMUMBIX UCXOM-
HBIX JaHHBIX; PACUeT MOJEJU; MOJydYeHHe U 00paboTKa pe-
3ynbTaToB. [IpoTekaHne CKBaKMHHBIX TOPOIOpa3PyIIaio-
LIMX TIPOLIECCOB MOJEIMPOBAIOCH Ha CIIELIMAIbHOM Jlabopa-
TOPHOM CTEHJIe, 000PYIOBAHHOM KOHTPOJIBHO-N3MEPUTETh-
HBIM OJIOKOM (pacXxogoMep, MAaHOMETp, TaXOMETpP, KOOPAU-
HaTHUK).

PesynbraTbl. OmipesiesieHbl OCHOBHBIEC ITyTH COBEPIICH-
CTBOBAHUST CKBAXXWHHBIX TMIPOMEXaHUIECKUX TEXHOJOTHUH.
ChopMyImpoBaHbl OCHOBHBIE TTOJIOKEHUSI TTpoliecca MPoeK-
TUPOBAHUST KOHCTPYKTUBHBIX CXEM YCTPOWCTB, peau3yio-
IIUX TaKKE CITOCOOBI pa3pyIIeHUs, KOTOpble KOMOMHUPYIOT B
cebe Hanboee MPon3BOAUTETbHBIE U 9 (DEKTUBHBIE METOIBI
BO3JICMCTBHS Ha TTOPOIHBI MAacCUB. YCTaHOBJICH psii ak-
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TOPOB, XapaKTePHBIX ISl pealM3allii CKBaKUHHBIX THAPO-
MEXaHUYECKUX TEXHOJIOTUI, B YACTHOCTHU: PAIlMOHATbHBIN
nrana3oH (U3MYECKUX CBOWMCTB TFOPHBIX MOPOJ, COMIACHO
KOTOPOMY MOIOMPAIOTCST TEXHUKO-TEXHOJIOTMUECKUE XapaK-
TEPUCTUKU YCTPOIUCTB; GU3NUYECKUE CBONCTBA PA3PYLLIUTEb-
HBIX 111apOB; KOHCTPYKTUBHOE MCIIOJHEHUE MEeXaHUYeCKUX
MopoIopa3pylIaloIIUX OPraHOB YCTPOMCTB; PEeXMMHBIEC Ma-
pameTphbl mpoiecca OypeHus. JlokazaHo, 4To pa3paboTaH-
Hble KOHCTPYKTHUBHBIE CXEMbI YCTPOMCTB THMIPOMEXaHWde-
CKOTO OypeHWUsl, IPY ONTUMAIbHOM TeXHUYECKOM UCTIOTHEe-
HUU U TEXHOJOTUYECKOI OTpabOTKE, MOTYT ObITh PEKOMEH-
JOBaHbl K MMPUMEHEHUIO B COOTBETCTBYIOIIUX T'€OJOrO-TeX-
HUYECKUX YCIOBUSIX, TIIe pean3alius IpyTuX MeTOI0B Hepa-
LIMOHAJIbHA UM OTpaHMUYeHa.

Hayunasa noBusna. OGpazoBaHue nepudepuitHoii yactu
320051 SIBASIETCS] MOMUMHEHHBIM (DaKTOPOM, OMpenesisieMbIM
CcaMUM UCITOJTHEHUEM YCTPOUCTB; addeKTuBHOE TTpoduIeo-
Opa3oBaHMe BO3MOXKHO TOJIbKO 32 CUET BBEACHMSI B COCTaB

YCTPOICTB TMAPOMEXaHUYECKOTO OYPEHUST TOTIOIHUTETbHBIX
y3JI0B, TO3BOJISIIOIINX MPUMEHEHHME OTMPEACICHHBIX TEXHO-
JIOTUYECKUX METONIOB U MIPUEMOB.

IIpakTuyeckasi 3HAYMMOCTb. [loydeHHBIE PpE3yTbTATHI
JTa0OPATOPHBIX U AHATUTUYECKUX MCCIICIOBAHUIN SIBIISIIOTCS
0a30BBIMU [JISI MTPOCKTUPOBAHUSI PEXMMHBIX MapamMeTpoOB
rpoiiecca yriayOJIeHUs CKBaXXWHBI 32 CYET MCIOJIb30BaHUSI
TUAPOMEXaHUUECKUX YCTPOICTB. JJaHHbIEe TI0 U3YUeHUIO 3a-
GOITHBIX PAOOYUX TIPOLIECCOB TMIPOMEXaHUYECKHUX TEXHOJIO0-
TUIA SIBJISTIOTCSI UCXOTHBIMMU TTOJIOXEHUSIMU JIJISI 00OCHOBaHMSI
KOHCTPYKTUBHBIX M TEXHOJOTUYECKUX IMapaMeTPOB MOIEp-
HU3UPOBAHHBIX IAPOCTPYHHBIX YCTPOICTB.

KiioueBblie cioBa: eudpomexanuueckoe Oypenue, cKeajicu-
Ha, NPOMbIBOUHASL HCUOKOCMb, 20PHAS NOPOOA, CMPYIHbLIL anna-
pam, 3a60i
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