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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.



bacpengakTtops
3. . 1., mpodeccop, KP ¥FA akanemuri
HN.K. BeiicembeToB
Bac penakTopbIHBIH OpBIHOACAPHI
Koaraes I'.K. npod., reosr.-MuH. F. TOKTOPHI
Pegaxnous ankKacs

AbaxanoB T./. mpod. (KazakcTtan)

Abumesa 3.C. npod., akagemuk (Kazakcran)
Ara6exkosB B.E. akanemuxk (benapycs)

Aaues T. npod., akagemuk (O3ipOaiikan)
Bakupos A.B. pod., (Keipreizcran)

Becnae X.A. npod. (Kazakcran)

Bumum6aes B.K. npod., akagemuk (Kazakcran)
BykrykoB H.C. mpod., akagemuk (Kasakcran)
Byaar A.®. poo., akagemuk (YkpanHa)

I'anues U.H. ipod., akanemuk (ToxikcTaH)
I'paBuc P.M. npod. (AKLL)

Epranmues I'.K. npod., akanemuk (Kazakcran)
Kykos H.M. npoo. (Kazaxcran)

KoxaxmeroB C.M. nipod., akagemuk (Kazaxcran)
KonTopoBuu A.J. nmpod., akanemuxk (Peceit)
KypckeeB A.K. npod., akagemuk (Kazakcran)
Kypuasos A.M. nipo., (Peceit)

Meney A.P. npod., akanemuk (Kazakcran)
MyxamemxanoB M.A. nipod., kopp.-mymieci (Kazakcran)
HurmatoBa C.A. npod. (Kazakcran)

O3n0eB C.M. ipod., akanemuk (Kazakcran)
IocToaaruii B. npod., akagemux (MosoBa)
Pakunmes B.P. npod., akagemuk (Kazakcran)
CeiitoB H.C. npod., kopp.-mymeci (Kazakcran)
CeiitmypaToBa I.1O. nipod., kopp.-mymieci (Kazakcran)
Crenanen B.I'. mpod., (I'epmanwst)

Xampepu Tx. . npod. (AKLI)

ITeiinep M. npod. (I'epmanus)

«KP ¥T' A Xa6apaapsbl. ['eosiorust moHe TeEXHMKAJBIK FbUIBIMAAP CEPUACHD».

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Menmrikrenytmi: «Ka3akctan PecyOnikaceiHbH ¥ ATTHIK FRUIBIM akagemisice» PKB (Anmarts! K. ).

Kazakcran pecryOnuKachiHBIH MoJIGHHET TeH akmapar MHUHHUCTDIITiHIH AKHapaT j>KOHEe MyparaT KOMHTETIHIEe
30.04.2010 »x. Oepinren Ne10892-7K mep3imIiik 0aCbUIBIM TipKeyiHe KOWBLTY Typajibl KyalliK.

Mep3imainiri: ®KbuisiHa 6 peT.
Tupaxsr: 300 nanHa.

Penaxiusaneig mekerxkaipl: 050010, Anmats K., [lleBuenko ker., 28, 219 6e., 220, Ten.: 272-13-19, 272-13-18,
http://www.geolog-technical . kz/index.php/en/

© Kazakcran PecryOnukachiHbIH Y ITTHIK FRUIBIM akaneMusichl, 2020

Pepaxmmsaaerr  Kasakcran, 050010, Anmarsr k., Kaban6aii 6aTsip kerr., 69a.
MEKEHKaNbI: K. H. CorbaeB aThIHAAFBI T€OJOTHS FRUTBIMAAP HHCTUTYTHL, 334 6emme. Tem.: 291-59-38.

Tunorpagusasiy Mexerkaiibl: «NurNaz GRACE», Anmars! K., PeickyioB kem., 103.




I'maBHBIH penakToOD
I. 9. H., ipodeccop, akanemuk HAH PK
. K. Beiicem0eToB
3aMecTUTENb II1aBHOTO peAAaKTOpa
Koaraes I'.2K. pod., TOKTOp Te01.-MHUH. HAYK
PenakuuoHHas KONNETr U

AbaxanoB T./l. mpod. (Kazaxcran)

Aoumesa 3.C. pod., akagemuk (Kazaxcran)
Ara6exoB B.E. akanemuk (benapych)

Aaues T. npod., akagemuk (AzepOaiimkaH)
Bakupos A.B. mpod., (Keipreizcran)

Becnae X.A. npod. (Kazaxcran)

Bummm6aes B.K. npod., akagemuk (Kazaxcran)
BykrykoB H.C. mpog., akagemuk (Kazaxcran)
Byaar A.®. poo., akagemuk (YkpaunHa)

I'anues U.H. npoo., akanemuk (TamkuKucTan)
I'paBuc P.M. nipoo. (CILIA)

Epranmues I'.K. npod., akanemuk (Kazaxcran)
Kykos H.M. npoo. (Kazaxcran)

KoxaxmeroB C.M. nipod., akagemuk (Kazaxcran)
KonTopoBuu A.J. npod., akanemuk (Poccus)
KypckeeB A.K. npod., akanemuk (Kazaxcran)
KypuagoB A.M. nipod., (Poccus)

Meney A.P. npod., akanemuk (Kazaxcran)
MyxamemxanoB M.A. nipod., 4i.-kopp. (Kazaxcran)
HurmatoBa C.A. npod. (Kazaxcran)

O3poeB C.M. nipod., akagemuk (Kazaxcran)
MocTtoaaruii B. mpod., akanemuk (MoiioBa)
Pakumes B.P. npod., akagemuk (Kazaxcran)
CeutoB H.C. mpoo., wi.-xopp. (Kazaxcran)
CeiitmypaToBa 3.10. nipod., un.-kopp. (Kazaxcran)
Crenanen B.I'. mpod., (I'epmanwst)

Xampepu Tx. . npod. (CLIA)

ITeiinep M. npod. (I'epmanus)

«HM3BecTusi HAH PK. Cepusi reo/ioruu U TEXHUYECKHX HAYK».

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

CoOcrBenHuk: PecnyOnmkanckoe oOmiectBeHHoe oObeanHeHne «HamuwoHnaneHas axajgemus Hayk PecrmyOnuxu
Kazaxcran (. AnMartsr).

CBHUIETENBCTBO O NOCTAHOBKE HA y4YeT IEPHOANYECKOro IedaTHOro u3nanus B Komurere mHpOpMaLuy U apXuBOB
MunucreperBa KyapTypbl 1 uHpopmarmn Pecrryonmkn Kazaxcran Ne10892-7K, sernannoe 30.04.2010 .

ITeprognaaOCTH: 6 pa3 B rox.
Tupax: 300 3K3eMIUTSIPOB.

Anpec pegakauu: 050010, T. Anmarsl, yiu. Llleuenko, 28, kom. 219, 220, Tten.: 272-13-19, 272-13-18,
http://www.geolog-technical .kz/index.php/en/

© HammonanpHas akanemust Hayk Pecry6imkn Kazaxcran, 2020

Anpec penakuun: Kazaxcran, 050010, r. Aimmartsr, yin. Kaban6aii 6ateipa, 69a.
Wnctutyt reonornueckux Hayk um. K. . CarnaeBa, komnara 334. Ten.: 291-59-38.

Anpec tunorpadun: «NurNaz GRACE», r. Anmartsl, yi. Prickynosa, 103.




Editor in chief
doctor of Economics, professor, academician of NAS RK
I. K. Beisembetov
Deputy editor in chief
Zholtayev G.Zh. prof., dr. geol-min. sc.
Editorial board:

Abakanov T.D. prof. (Kazakhstan)

Abisheva Z.S. prof., academician (Kazakhstan)
Agabekov V.Ye. academician (Belarus)

Aliyev T. prof., academician (Azerbaijan)

Bakirov A.B. prof., (Kyrgyzstan)

Bespayev Kh.A. prof. (Kazakhstan)

Bishimbayev V.K. prof., academician (Kazakhstan)
Buktukov N.S. prof., academician (Kazakhstan)
Bulat A.F. prof., academician (Ukraine)

Ganiyev L.N. prof., academician (Tadjikistan)

Gravis R.M. prof. (USA)

Yergaliev G.K. prof., academician (Kazakhstan)
Zhukov N.M. prof. (Kazakhstan)

Kozhakhmetov S.M. prof., academician (Kazakhstan)
Kontorovich A.Ye. prof., academician (Russia)
Kurskeyev A.K. prof., academician (Kazakhstan)
Kurchavov A.M. prof., (Russia)

Medeu A.R. prof., academician (Kazakhstan)
Muhamedzhanov M.A. prof., corr. member. (Kazakhstan)
Nigmatova S.A. prof. (Kazakhstan)

Ozdoyev S.M. prof., academician (Kazakhstan)
Postolatii V. prof., academician (Moldova)

Rakishev B.R. prof., academician (Kazakhstan)
Seitov N.S. prof., corr. member. (Kazakhstan)
Seitmuratova Ye.U. prof., corr. member. (Kazakhstan)
Stepanets V.G. prof., (Germany)

Humphery G.D. prof. (USA)

Steiner M. prof. (Germany)

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technology
sciences.

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty).

The certificate of registration of a periodic printed publication in the Committee of information and archives of the
Ministry of culture and information of the Republic of Kazakhstan N 10892-)K, issued 30.04.2010.

Periodicity: 6 times a year.
Circulation: 300 copies.

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
http://www.geolog-technical kz/index.php/en/

© National Academy of Sciences of the Republic of Kazakhstan, 2020

Editorial address: Institute of Geological Sciences named after K.I. Satpayev
69a, Kabanbai batyr str., of. 334, Almaty, 050010, Kazakhstan, tel.: 291-59-38.

Address of printing house: «NurNaz GRACE», 103, Ryskulov str, Almaty.




N E W S of the Academy of Sciences of the Republic of Kazakhstan

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 3, Number 441 (2020), 24 —31 https://doi.org/10.32014/2020.2518-170X.50

UDC 622.23.05

ID. T. Khojibergenov', B. K. Uralov', Ye. P. Voevodin', A. Abdukarimov?, B. N. Absadykov’

'M. Auezov South Kazakhstan State University, Shymkent, Kazakhstan;
1. A. Karimov Tashkent State Technical University, Tashkent, Uzbekistan;
3A. B. Bekturov Institute of Chemical Sciences, Almaty, Kazakhstan.
E-mail: uralov-1973.2@mail.ru, mr.abdali@mail.ru, b_absadykov@mail.ru

RATIONAL DIAGRAM OF DRILLING AND VALUES
OF WORKING ANGLES OF A DRILLING TOOL CUTTING BIT

Abstract. The process of the rotary drilling process and proposes rational drilling pattern applicable for drilling
operations is considered in this article. The analysis of the kinematics of the drilling tool in the process and the
direction of drilling speed is determined. The values of the working angles of the cutting tooth of the drilling tool are
assigned, which strengthen and prevent the sinking of the walls of the wells, and also prevent the occurrence of
vibrations in the drilling tool. The dynamic loads associated with speed change in the process are transmitted to the
cutting tool. If the speed of movement is uniform, then inertial forces arise at the time of sudden braking. If the
motion is accelerated or slowed down, then inertial forces arise in the process of motion itself. In contrast to existing
designs, when for most drilling tools, a pair of acting forces is directed along the direction of rotation of the drilling
tool, that is, horizontally, in our case, a pair of forces is directed along the axis of the drilling tool - vertically. The
vertical direction of the pair of forces along the axis of the drilling tool reduces the resistance to drilling, as well as
the appearance of a retracting force down the axis of the well. The optimal geometry of cutting teeth with rational
values is proposed. The studies were conducted to determine the durability of the drilling tool, depending on the
emerging drilling forces. According to the research results, a drilling tool with cutting teeth from a carbide plate was
designed and manufactured.

Key words: rotary drilling, hole, rock cutting tool, drill string, drilling pattern, shearing forces, wear, soil,
cutting speed, drilling speed, vibration, rock, drill fluid.

Introduction. One of the most widely used methods for creating production and exploration wells is
rotary drilling. It is provided by the transmission of rotational movements from the surface rotor to the
drill string [1].

Rotary drilling has been used for over one hundred and forty years [1,2]. The technology of this
method of wells punching was first used in the United States of America in the early eighties of the
nineteenth century. Since then, it has not changed much, with the exception of minor innovations that have
led to the efficiency of the process. The changes affected rock-cutting tools - they were improved, new
liquid media were created for washing the wells, and the strength of the parts of the mechanism was
strengthened [1,2].

In rotary drilling, the static axial loads are greatest and are created by the deadweight of the drill
string. Other loads leading to tensile stresses include pipe friction against the rock when lifting the
column, pressure drop in the turbodrill and drill bit, force caused by sticking and tightening of the column.
During the drilling tool round trip operations, dynamic loads are transferred to the drill string connected
with a change in speed. If the speed of movement is uniform, then inertial forces arise at the moment of
sudden braking. If the movement is accelerated or slowed down, then inertial forces appear in the process
of movement itself. In the vertical sections during rotation, variable loads appear due to the curvature of
the column as a result of stability loss [3].

The relevance of research. Basically, in rotary drilling, the roller drill bit is the most loaded and
critical element of the drilling rig, for the life cycle of which (almost more than 10 years), the costs of used
bits are usually several times higher than the cost of the machine itself [4,5].

—— 4 ——
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In connection with the crisis rise in the cost of drilling operations, research by scientists is aimed at
solving the following main directions [4,5].

a) Improvement the design of drilling rigs in order to increase their reliability;

b) Improvement and creation of new high-speed and wear-resistant structures of drilling tools for a
number of typified mining, geological and technological conditions of quarries;

c) Improvement the organization of drilling operations management and forms of service
maintenance;

d) Optimization of the technological process of drilling wells directly in the industrial conditions of
existing quarries.

It should be noted that the first two directions are carried out outside the quarries, differ in
evolutionary development and are the subject of mainly design developments [4+7].

It is known that when drilling deep wells, 11 factors were identified that affect the wear of a drilling
tool, the geometry of the drilling tool itself being prevailing [6].

On these topical issues, a group of scientists on the project “AP0513118 Creation of drilling tools for
drilling wells in the extraction of solid, liquid and gaseous minerals (contract No. 164 of 03/15/2018)”
explore a new drilling scheme [7+11].

Purpose of work: Study of rational drilling patterns and the values of the working angles of the
drilling tool of the rake angle y, relief angle o, wedge angle f, and also the angle of inclination of the
cutting tooth w.

Materials and research results. In existing drilling tools during drilling, the nature of the developed
compressive and shearing forces, the size of particles separated from the massif depends on many factors
[12+18].

Upon reaching stresses in the rock being destroyed at a critical level, a chipping will occur in front of
the leading edge of the cutting edge of the drilling tool. Further, the drilling tool rotating around its axis
will stretch against a recently formed chip ledge and the process will be repeated. When a drilling tool
slips during drilling process crushing, shredding and chipping of rock is occur.

As the hardness of rocks increases from soft to medium, the angle of the cutting edge o of the tapered
teeth increases from 30+40° to 80+90°, and the size of the rock-cutting teeth and inserts decreases [12+15].

With such values of the rear angle o, the cutting taper of the drilling tool becomes dull, and obviously
the drilling forces will increase significantly.

For carbide rock cutting tools, the working front, rear, and taper angles are not interconnected, since
the reinforcing plates can be of various shapes, and for drilling tools with diamond-carbide plates most
often can be round cylinders. The point angle J of such plates is 90°, and the front f and rear a are
interconnected. The cutting force F.,, and the formation of cleaved rocks depend on the value of the rake
angle S.

The greater the negativity of the rake angle, the higher the resistance of the rock to cutting. The
magnitude of the rear angle depends on the kinematic, technical, mining and technological conditions of
cutting [19].

It is proved that the resistance of the rock to crushing R. and chipping R, are proportional to the
contact strength P. [20]: R. = 0.24P.; R, = 0.06P. - for incisors with a positive rake angle f;
R.,=0.07c - for incisors with zero rake angle f; R., = 0.08P. - for incisors with a negative rake angle .

Usually, to prevent the cutting element from landing on the rear face when passing through the top on
a descent from each wave, the value of the back angle should not exceed 14.5°, and since the rock-cutting
drill reinforced with diamond-hard-alloy drill plates, the front f and rear « angles are structurally
interconnected (at an angle of sharpening § = 90°), then the maximum negativity with a minimum increase
in cutting force for new generation crowns is the rake angle f equal to 15° [19].

Some scientists believe that the working rear angle o, in mining tools is usually 5 + 20°. It is not
recommended to increase it too much at the front positive angle, as this leads to a decrease in the strength
of the cutting part. With the front, negative angle, it can be increased to 30° without much damage to the
strength. Wear sites in this case grow less intensively [21].

In practice, depending on the strength of the rocks, rational values of the angle of sharpening J and
the working rake angle characterizing the strength of the cutting part are established: soft - 6 = 60+65°;
B, =0+10° medium strength - 6 = 65+70°, B, = —5+0° above the average strength - 6 =70+90°,
By =- 25+-10° [22+24].
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The proposed drilling patterns are significantly different from existing methods. The difference lies in
the fact that the cutting disk located at a certain angle w relative to the axis of the drilling tool 1, vertically
from bottom to top, planes the rock (figure 1).

N=N

S‘ti Vi
‘7w a

Figure 1 — Scheme for determining the working angles of a cutting tooth of a drilling tool

In the half-turn of the drilling tool, the left part of the tooth along axis 4 with surface 2 cuts off the
soil from the walls of the well, where the right part of the tooth with surface 3 along axis 4 smoothes the
treated surface of the well. To study the drilling pattern and determine the optimal working angles of the
cutting wedge, experiments on a drilling tool were carried out on teeth 2,3,4,5, which are made of high-
speed steel (figure 2). For cutting into the soil in the design of the drilling tool provided tip / mounted on
the housing 6 and equipped on three rows with round carbide inserts.

Figure 2 — Drilling tools with cutting teeth made of high-speed steel grade P6M5

The difference between the emerging pair of forces from the drilling tools used in the direction. If the
majority of drilling tools have a pair of forces directed on the direction of the drilling tool rotation
[4,6,12,16,18], that is, horizontally, then in our case, a pair of forces is directed along the axis of the
drilling tool in the vertical direction (figure 1). This confirms the forecasts for a decrease in drilling forces,
as well as the appearance of a retracting force down the hole. For this, it is necessary to conduct additional
research to optimize the angle of inclination w and to refine the technological process with respect to the
ratios of the values of penetration and rotation of the drilling tool.

— 26 ——
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It should be noted that according to the geometry of the drilling tools in existing drilling methods, the
back face touches and rubs against untreated soil, the cutting element lands on the back side [20+23]. In
this connection, the drilling process as a whole is deteriorating.

In the studied design of the drilling tool, the back relief angles a; and «, along surface 5 have zero
values in statics, and in kinematics it will reach negative values (figure 1), which will smooth and tamper
the cut surface of the well. It turns out that by treating the surface of the rear surfaces of the cutting teeth
of the walls of the borehole, we strengthen it, preventing shedding and fragments of parts of the walls after
drilling. In addition, the full contact of the surface 5 during the drilling process does not allow vibrations
in the drilling tool (figure 1).

Preliminary calculations of the geometric parameters of the cutting tooth were made taking into
account the volume of the element capturing the rock was calculated based on the volume of the
trapezoidal slot in the disk knife (figure 3). There are special slots for the removal of cut soil to the top
with drilling mud on the cutting tooth.

According to the deformation of solids [25,26], to obtain a clean shear, taking into account the tooth
thickness /4, and the volume of rock extracted per one revolution, the lifting angle of the cutting tooth was
set as w=18+22° (figure 1). At such values of the tooth elevation angle, it becomes possible to obtain a
shear angle of the rock close to f = 45° It is known that with such kinematics of the cutting tooth,
minimal efforts are spent to destroy a solid [25-27].

The experiments were carried out on drilling of mixed soils with a drilling tool with cutting teeth
made of high-speed steel grade P6MS5 (figure 3).

63/ A
\N/ -f-\/ )
W \ 7

Figure 3 — The design of the fifth cutting tooth (figure 2)

The drill tool contains a sleeve 6 (figure 2), four parallel-mounted teeth 2,3,4,5 mounted in it in the
form of disks having cutting edges 4 and B (Figure 1). The cutting edges have the same relief angles equal
to a;=a,= - (0+1.5°) and the rake angles with the values y/=20+25°, y2= - (20+25°).

Based on the obtained research data, a boring tool with cutting bit was made from a carbide blade of
the BK6 brand (figure 4). The boring tool is designed for drilling of hard rock, it has: 1 - a cone-shaped tip
equipped with solid plates in two grooves; 2,3,4,5 - cutting bit in the form of a disk made of structural
steel grade 45 steel. The disks are mounted on the drilling tool sleeve (6) and are equipped with hard
plates on the front surfaces; 7,8,9,10 - hole for the delivery of drilling fluid into the drill zone, under a
certain pressure. It should be noted that the drilling fluid is supplied separately to the drill zone for each bit
which facilitates the removal of cut soil. In the sleeve 1, the design of the drilling tool provides a shank
with a tapered thread, which is installed with a sleeve adapters on standard drill pipes.
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Figure 4 — A boring tool with cutting bit from a BK6 carbide plate

Conclusions. According to the research, the following results are formed:

1. The studied drilling pattern is rational, applicable for drilling operations. The drilling speed V. at
point 4 will be directed upward at an angle depending on the values of revolution and feed of the drilling
tool. The resulting pair of forces is directed along the axis of the drilling tool vertically making it possible
to reduce the drilling forces, as well as the appearance of a retracting force down the borehole (figure 1).

2. Negative values of the rear angles a; and a;, along the surface 5 of the cutting bit will smooth, tamp
the cut surface of the well, preventing crumbling of the walls of the well (figure 1). The presence of
contact between the rear surfaces of the bits strengthens the walls of the borehole, prevents shedding and
occurrence of vibrations in the drilling tool (figure 1).

3. An optimal geometry of cutting bit with rational values has been developed (figure 3).

4. Based on the calculations and experiments, the working angles of the cutting bit are assigned
(figure 1): - the angle of the cutting bit rise is w = 18 = 22°, where minimal effort is spent to destroy the
solid; trailing angles equal to a; = a, = - (0+1,5°) and rake angles with values y;, = 20+25°,
Y, =-(20+25°).

5. Based on the results obtained, a drilling tool with cutting bits was designed and manufactured from a
carbide blade of the BK6 brand to determine the resistance and study the emerging drilling forces (figure 4).

|Jl. T. XoumnﬁepreHOBIL b. K. Ypauos', E. II. Boesoxun', A. A6aykapumos’, b. H. AGcaabikos®

M. OyesoB atbiHgarbl OHTYCTiIK Kazakcran Memiiekettik yHuBepcuteri, LllsimkenT, Kazakcran;
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PAIIMOHAJI/IbI BYPFBIJIAY CYJIBACHI )KOHE BYPFBIJIAY KOH/1bIPFBICBIHbBIH
KECY TICTEPIHIH )K¥MbIC BYPbIIIBIHBIH MAHBI3AbIJIBIFbI

AnHoramusi. JXymbicTa OyprbuiayIblH ailHaIMallbl MPOLECi KapacThIPBUIBIN, OYpFbUIAY JKYMBICTAPhl YILIiH
KaObUIIaHATBIH YTHIMJIbI OYpFbUIAY ChI30achl YCHIHBLUIFAH. BYPFbUIay KypasbIHbIH KHHEMATHKACHIH Tajigay Oapbi-
CBIHIA OYpFHUIAY >KBUIIAMIBIFBIHBIH OaFBITHl aHBIKTaNFaH. POTOpNBI aifHanmMmanbsl OyprbUIay Ke3iHAEri MIapIibl
Kamay — OYpFeIIay CTAaHOTBIHBIH €H JKOFaphl )KYKTEMeCi J)KOHE €H KayalThl AJIEMEHTI, IeMeK, OHBIH OMIipIIiK I[HKIIBI
yuriH (ic xky3inge 10 KpuiiaH acTaM) sKYMcalFaH KallayJlblH IIBIFBIHIAPHl MAlIMHAHBIH 63 KYHBbIHAH OipHele ece
acelll Tycedi. Bysn Oyprbulay CTaHOKTapbIHBIH CEHIMIUINIH apTThIpy JKOHE OypFbulay KYpajIapblHBIH JKaHa,
JKBUIJAMBIPAK KOHE TO3IMAlI KOHCTPYKLUSUIAPBIH Kacay MakKcaThbIHIa OypFbUIay CTAHOTBIHBIH KOHCTPYKIHUSUIAPbIH
JKETUIAIpYTe OaFbITTAIFaH FAIBIMIAPIBIH SKCIICPUMEHTTIK 3€PTTEYJICPiHIH KalTa )KaHFbIPYbIHA ceOer OOJIbI.

Byprbuay xKyMbICTapbIHBIH AaFIapBICTHIK KBIMOATTaybIHa OaiiIaHBICThI, FAIBIMAAPIBIH 3epTTEYJIepl Keneciaen
Heri3ri Makcarrapra OarbITTaifaH: Oyprbllay CT@HOKTapbIHBIH CEHIMAUIIIH apTThIpy MakcaThlHIA OJapblH
KOHCTPYKUMSUIAPBIH JKETULAIPY; KapbepiephiH Oipkarap THITEIreH Tay-KEeH-TCOJOTHSUIBIK JKOHE TEXHOJIOTHSUIBIK
JKaFJalnapsl YIIiH OyprbUIay KypalJapblHbIH XKaHa, KbUIIAM XKOHE TO3IMAi KYPBUIBIMAAPBIH JKETUIIIPY XKOHE KYPY;
OypFbUIay KYMBICTAPBIH OACKAPYABI )KOHE CEPBHUCTIK TEXHUKAIBIK KBI3MET KOPCETYII YHBIMAACTBIPY bl KETIIAIPY;
JKYMBIC ICTeTl TYPFaH KapbepiepAiH OHEPKOCINTIK XKarmaWblHOa YHFBIMalIapAbl OYPFBUTAYIBIH TEXHOJIOTHSIIBIK
MIPOIIECiH OHTAMIaHIBIpYFa OarpITTanFaH. bipiHIIi exi OaFrbIT KapbepiepIeH THIC KY3€Te achIPbUIaIbI, JaMy SBOIO-
LUSUIBIK CUIIATBIMEH EpEeKIIIeIeHe [l )KoHEe Heri31HeH KOHCTPYKTOPIIBIK d3ipieMenep/IiH MoHi OOJIbII CaHaabl.

— 28 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 3. 2020

Bypreiiay KypanbIHBIH 3€pTTENETIH KOHCTPYKIHMACHIHIA apTKbl OYPBINTApIBIH CTaTHKaga HOJNIIK MoHI Oap
JKOHEe KMHEMAaTHKaJa oJlap YHFBIMAHBIH KeCUIreH OCTiH TETICTeUTIH JKoHE YTIKTEHTIH Tepic MOHIepre kereni. SrHu
YHFBIMa KaOBIpFaJapbIHBIH KECETiH TICTEePiHIH apTKHI OeTiH oHen, OypreulaynaH KeiiH KaObIpramapIslH OeIikTepi-
HIH TOrUTyl MEH ChIHYBIH OOJIIbIpMaii, OHbI HBIFAUTTHI. bynan 6acka, Oyprbuiay MpoLECiHAe YCTIHT KaOaTThIH TOJBIK
OaiinaHbIChl OYpFbUIAY KYpalbIHIA JIPUIIIH Naiia 60ybIHa K01 OepMeiii.

JXKymbIc icTen TypraH KypbUIBIMIApFa KaparaHIa, OyprbUIay KYpalIapbIHBIH KOIILUIiHIe *KYMBIC iCTEHTIH
KywTep >kyObl OyprbUIay KYpajbIHBIH aliHaily OarbIThl OOMbIHINA OarbITTajFaH, SFHU KeJJCHEeH, Oi3iH jkaraaiina
KYLITEp >KyObl OYpFbIIay KypalbIHBIH OCi OOMBIHIIA — TiriHEeH OarbITTaNFaH. byprbuliay KypaiblHbIH OCi OOWBIHIIA
KYILITEp KYOBIHBIH TiriHEH OarbITTadybl OyprbIIayFa KeAepri KYIITEepiHiH TOMEH IeyiHe, COHali-aK YHFbIMaHbIH OCi
OolibIHIIA TOMEH Kapail TapTyIIbl KYIITiH maiifa OosyblHa oKen coraibl. TiK OpHajlacKaH ydackenepie aiHaiy
NIPOLIECIH/IE OPHBIKTHUIBIKTHI )KOFAJITY HATHIKECIH/Ie OaraHaHbIH KHCAIOB! CajllapblHaH aybICHalibl )KYKTEeMeep naiina
Oonaisl.

OkcriepumenTrep POMS mapkainbl KbUTHaM KeceTiH OojaTTaH jKacallFaH KecKim Tictepi Oap Oypreuray
KYpaJbIMEeH apajac TOMBIPAKThl OypFeuIay OOUBIHIIIA KYPTi3iIi.

JKyprizinren 3eprreynepaiH ajgplHFaH MamiMeTTepi HeriziHme BK 6 mapkansl KaTTel OaNKWTHIH IUIACTHHAAAH
KecKil Ticrepi Oap Oyprbuiay Kypaibl o3ipieHi. byprbuiay Kypaiibl KaTThl )KbIHBICTAP/Ibl OYpFbUIAYFa apHAIIFaH, eKi
nasaga KaTThl IUIACTHHAJIApPMEH >KaOIbIKTalFaH KOHYC TYpiHIEri YIUTHIFBI Oap 45 MapKaibl KOHCTPYKLMSIIBIK
OonaTTaH jkacajFaH JUCK TypiHIeri kKeceriH tictepi Oap. Juckinep Oyprbuiay KypaliblHbIH KOPIyChIHA OEKITIIreH
KOHE aNJbIHFBl OeTTepiHe KaTThl IUIACTUHAJIApMEH >XaOJbIKTanraH; Oyprbulay epiTiHIICiH Oyprbuiay aiiMarbiHA
Oenrini applHMEH JKeTKi3yre apHalfaH TeCiK OpbIH ainFaH. bypreuiay aiimarbiHa opOip Ticke apHajraH Oyprbuiay
epiTinzici 6exnek Oepineni, Oy aXKpIparaH TONBIPAKTHIH aryblH JKeHULAeTeli. bypreutay Kypaibl KOHCTPYKIMSCBIHBIH
KOPIYCBIH/Ia CTaHAapTThl OypFbuIay KyObIpiiapblHa apHajJIFaH ©TKI3TiIITEpiH ThIFBIHBIMEH OPHATBUIATHIH KOHYCTHIK
OypaHnnacel 6ap e3eKIe KapacThIPbIIFaH.

JKyprizinren 3epTreynep HOTIKECIHIE OYpFBUIAYABIH YTHIMABI CYI0achl YCHIHBUIFAH, OFaH COHKeC, TYBIHAAN-
THIH KymTep Oybl OyprpUTay KYpalbIHBIH OCi OOMBIHINIA TiriHeH OarbITTanFaH, Oy OypreuTay KYIIiH TOMEHICTYTE,
COHJaif-aK OypFhUTay YHFEIMACHl OOMBIHIIIA TOMEH Kapail TapTKBIII KYIIKE He O0IyFa MYMKIHIIK Oepei.

Keckimn TicTiH 6eTi OOMBIHIIA 0 KOHE 0, APTKBI OYPHIITAPBIHBIH TEPIC MOHACP] YTIKTEIE I, YHFbIMA KaObIpFra-
JapbIHbIH OiTenyiH OONAbIpMaii, YHFbIMaHbIH KeciireH OeTiH TericTeiai. TicTep/iH apTKbl OETTepiHIH KaHACYbIHBIH
Oouybl OypFbUIay KypaliblHIa JIpUIIiH naiaa 00mybiHa K01 OepMei, YHFbIMaHbIH KaObIpFaapblH HbIFAHTa/IbL.

Byprbuiay kyuirepine Te3IMIUIIKTI aHBIKTAY XKoHE 3epTTey yiuiH BK6 Mapkainbl KaTThl OaJIKUTBIH IU1ACTUHAaH
KecKil Ticrepi 6ap Oyprbulay Kypaibl KypacThipblinsl. [laiina Oonran Oypreutay KyluTepine OaillaHbICThI OypFbuUIay
KYPaJIbIHBIH OEpIKTIriH aHbIKTay OaFbITHIHIAFbl 3€PTTEYNIEp KYPri3uireH. 3epTTey HOTHXKECIHIE, KaTThIKYHMaIbl
TaKTalIIaaaH TYpaThiH TicTepi Oap KeceTiH OyprblIay Kypalibl JaibIH b, KacallFaH.

Tyiiin ce3nep: aiiHanManbsl Oyprbulay, YHFBIMA, Tay-KeH Kecyre apHairaH Kypajl, Oyprbuiay OyphILIb,
Oyprputay YATiCi, BUDKY KYILITEpi, TO3y, TONBIPAK, KECY >KbUIIAMIBIFbI, OYpFbUIAY >KBULAAMABIFBI, IIpii, Tay
JKBIHBICHI, OYPFBUIAY €PITIHIICI.
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PAIMOHAJIBHASI CXEMA BYPEHUSA U 3HAYEHUS PABOYUX YIUVIOB
PEXYHEI'O 3YBA BYPUJIBHOT'O MHCTPYMEHTA

AnHoTanusi. B pabote paccMoTpeH mpolece BpaliarelibHOro crnocoba OypeHus: U npeiodkeHa paruoHalbHast
cxema OypeHusi, mpuMeHuMast Juist OypuiabHbIX pabot. [IpoBeneH aHanu3 KHHEMATHKUA OypHIBLHOTO WHCTPYMEHTA B
npoiiecce pabOThI, ONPEENCHbI HAMpaBJICHHsS CKOpOCTH Oypenus. I[Ipu pOTOpHOM BpamaTtelbHOM OypeHHH
HIAPOILIEYHOE JI0JIOTO SIBJISIETCSI CaMbIM BBICOKOHArPY)KEHHBIM M OTBETCTBEHHBIM JJIEMEHTOM OypOBOTO CTaHKa, 3a
YKU3HEHHBIA IUKJI KOTOpOTo (TpakTudecku Oomnee 10 jier) 3aTpaThl HAa U3pacXOJ0BaHHBIE JIOJIOTA B HECKOJIBKO pa3
NPEBBIIAIOT CTOMMOCTh CaMOil MAIMHBL. JTO U SIBWIOCH MPUYMHONH BO300HOBJIECHHS OKCIEPUMEHTAIBHBIX
l/ICCJ'Ie[lOBaHI/Iﬂ YYCHHBIX, HaIllpaBJICHHbBIX Ha COBCPUHICHCTBOBAHUC KOHCprKLIl/Iﬁ 6ypOBI)IX CTaHKOB C ILICJIbIO
MOBBIIICHUA KX HAACKHOCTH MW CO3JaHUEC HOBBIX CKOPOCTHBIX H l/ISHOCOCTOﬁKHX KOHCprKLll/Iﬁ 6ypOBI)IX
HHCTPYMEHTOB.

B cBs3M ¢ KpUBHCHBIM YIOPOXKaHHUEM OYpPOBBIX pa0OT HCCIICIOBAaHUS YYCHBIX HANPABICHBI U PEIICHUS
CJIEYIONINX OCHOBHBIX HAIPABJICHUI: COBEPIICHCTBOBAHNE KOHCTPYKIUIA OYpPOBBIX CTAHKOB C IIENBIO MOBBIIICHUS
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UX HaJEKHOCTH, COBEPIICHCTBOBAHHE M CO3JaHNWE HOBBIX CKOPOCTHBIX M M3HOCOCTOMKHMX KOHCTPYKHIWI OypOBBIX
WHCTPYMEHTOB MJIsl psAa THUINHM3MPOBAHHBIX TOPHO-TEOJIOTHMYECKMX W TEXHOJOTMYECKHX YCIOBHH Kapbepos;
COBEPIICHCTBOBAHNE OPTaHM3AINN YIIPABICHUS OypOBBHIMU paboTaMu U (HOpM CEPBHCHOTO TEXHHIECKOTO OOCITyKHU-
BaHMSA; Ha ONTHMH3AIMIO TEXHOJOTHYECKOTO Ipolecca OypeHHs CKBa)XKUH HEMOCPEACTBEHHO B MPOMBIIIIEHHBIX
YCIIOBUSIX JEUCTBYIOIIMX KapbepoB. HeoOXoamMo OTMETHTH, YTO [Ba NMEPBBIX HAIIPABIECHHS OCYILIECTBIAIOTCS BHE
KapbepoB, OTIMYAIOTCS SBOIOLUOHHOCTBIO DPA3BUTHS M SIBISIIOTCSA IIPEAMETOM B OCHOBHOM KOHCTPYKTOPCKHX
pa3paboToK.

B HCCﬂeﬂyeMOﬁ KOHCTPYKIIUN 6ypl/l.]'l]>HOF0 HWHCTPYMECHTA 3aIHUC YTIJIbl UMCIOT HYJICBbIC 3HAYCHHNA B CTaTUKE, U
B KMHEMaTHKe OHW OyIyT NOCTHIraTh OTPULATENILHBIX 3Ha4eHHH (pUCYHOK 1), KOTOpble OyIyT BBITJIAXKHBATH U
TpaMOOBaTh Cpe3aHHbIE IMOBEPXHOCTH CKBaXWHBI. [losrydaercs, yTo 00pabaThiBasi HOBEPXHOCTH 3aJHUMHU ITOBEPX-
HOCTSIMH PEXYIINX 3yObeB CTEH CKBaXXHMHBI, Mbl YKPEIUISIEM €ro, IPeIOTBpalliasi OChIAaHKs U OTJIOMKH 4acTel CTeH
nocie OypeHus. Kpome 3Toro, MmoJjHBIH KOHTAaKT MOBEPXHOCTH B Ipouecce OypeHHUs HE JIOIMyCKaeT IOsBICHHH
BHOpaImii B OypHIbHOM HHCTPYMEHTE.

B ommune or cymecTByOmMUX KOHCTPYKLHH, KOrja y OOJIBIIMHCTBA OypWIJIBHBIX MHCTPYMEHTOB Tapa Jei-
CTBYIOIIMX CHJI HalpaBJeHAa 10 HANpaBJCHUS BpAIICHUS OypHIBHOIO HMHCTPYMEHTA, TO €CTh 10 TOPU3OHTAIH, B
HallleM ClTy4ae apa CHJI HallpaBJieHa 10 OCH OypHJIBHOIO HHCTPYMEHTA — [0 BepTHKainu. Hanpasienue mapsl cuit o
ocu OypHIIBHOTO MHCTPYMEHTa II0 BEPTHKANN IMPUBOJUT K CHI)KEHHIO CHJI CONPOTHUBICHUS OypeHHIO, a TaKxke
MOSIBJICHUIO BTSTHBAOIIEH CHJIBI BHU3 10 OCH CKB&KMHBI. Ha BepTHKaNbHBIX ydacTKax B IIPOLIECCE BPALICHUS
TMOABJIAIOTCA IEPEMEHHBIC HAI'PY3KH BCJICACTBUC UCKPUBJICHUA KOJIOHHBI B PE3YJILTATC MOTCPU yCTOﬁ‘lHBOCTH.

[To pe3ynbraram UccieqOBaHU CKOHCTPYHUPOBaH M MU3rOTOBIIEH OYPHIIBHBIA MHCTPYMEHT C PEXYLIIMMU 3yObsi-
MU U3 TBEPJIOCIUIAaBHOM TUIACTHHBI.

OKCHEepUMEHTHI POBOIMIINCH 1O OypeHUIO CMEIIaHHBIX I'PYHTOB OYpHMIIBHBIM MHCTPYMEHTOM C PEXYIIMMHU
3yObsiMu U3 ObICTpOpeXyILei cTanu Mmapku POMS.

Ha ocHOBe mONydeHHBIX [aHHBIX IPOBEJCHHBIX WCCIEIOBAHMH H3TOTOBJIECH OypHIBHBIH HHCTPYMEHT C
PEXYIIUMHI 3YObSIMH W3 TBEPAOCIUIABHOW IacTWHBI Mapku BK6. BypumpHBIE HHCTpYMEHT NpeIHA3HAYEH IS
OypeHHs TBEpABIX IOPOJ, IMEET HAKOHEYHHK B BHJAE KOHyCa OCHAIICHHON TBEPIBIMH IUIACTHHAMHU B IBYX Ma3ax;
pexyiue 3yObs, B BUJE ANUCKA M3TOTOBJIEHHbIE M3 KOHCTPYKIMOHHOHM cramu Mapku 45. Jlucku 3akperuieHsl Ha
Kopmyce OypHIbHOTO MHCTPYMEHTA U Ha NMEPEeAHUX MOBEPXHOCTSAX OCHAIICHBI TBEPIBIMM IUTACTHHAMU; OTBEPCTHE
JUISL TOCTaBKU OypOBOTO pacTBOpa B OypHMYIO 30HY, HOJ ONPEAEICHHBIM HAaopoM. B Oypumyto 30Hy AJs KaXI0ro
3y0a OypWJIBHBIH PAacTBOp IMOJAETCS NO OTIEIbHOCTH, YTO oOJerdaer yBoJ Cpe3aHHOro rpyHra. B kopmyce,
KOHCTPYKIUHU OYpPHJIBHOIO MHCTPYMEHTA MPEIYCMOTPEHO XBOCTOBHK C KOHYCHOW DPe3b00ii, KOTOpblE yCTaHABIH-
BAeTCs C BTYJIKOM NEPEXOJHUKAMH Ha CTaH/IapTHBIE OypUIIbHbIE TPYOBI.

B pesynbrare nmpoBeneHHBIX MCCIEAOBAHUI IpeIJIoKeHa palroHalbHAsi cxeMa OypeHHs, B COOTBETCTBUH C
KOTOpOH, BO3HHMKAIOIAsl Ilapa CHJI HalpaBieHa BEPTHKAIGHO 10 OCH OypWJIBHOTO HHCTPYMEHTAa, 4YTO JIAeT
BO3MOXKHOCTH CHU3UTH CHJIBI OypEeHUsI, a TAK)XKE IPOSIBUTHCS BTATHBAIOIICH CHJIE BHHU3 110 OYpUMOi CKBaKHHE.

OtpunaTenbHble 3HAYEHHUS 3aJHUX YIJIOB 0; M (i, TI0 MOBEPXHOCTH PEXYIIEero 3ybda OyIyT BBITIAXHBATh,
TpaMOOBaTh CPE3aHHYIO MOBEPXHOCTh CKBaKMHBI, NMPEJOTBpAIasi KPOIICHNSI CTEH CKBAXWHBI. Hamnmume KOHTakTa
3aJHUX MOBEPXHOCTEH 3yObeB YKPEIUIIET CTEHbl CKBAXXHMHBI, IIPEIOTBPAINAs OCBHIIIAHUS W HE JIOITyCKas MOSBICHHUN
BHOpaImii B OypHIbHOM HHCTPYMEHTE.

Jnst ompeneneHusi CTOWKOCTH M HCCIENOBaHWSA BO3HUKAIOIMX CWJI OypeHUs CKOHCTPYHPOBAH OypHIIbHBINA
WHCTPYMEHT C PEeXYHIHMMH 3yObsSMHU M3 TBepIOCIUIaBHOH miactuHbl Mapku BK6. IIpoBenensl ucciemoBaHust 1o
OTIPEJICIEHUI0 CTOMKOCTH OYypUIILHOTO MHCTPYMEHTA B 3aBUCUMOCTH OT BO3HUKarommx cuil Oypenus. [lo pesynbTa-
TaM MCCIIEIOBaHUI CKOHCTPYHUPOBAH M HM3TOTOBJEH OYpPHJIBHBIH WHCTPYMEHT C PEXYILUMH 3yObSIMH U3 TBEPHO-
CIUIaBHOM TUIACTHHBI.

KoueBsbie ciioBa: BpamarensHoe OypeHHe, CKBaKHHA, HHCTPYMEHT JJIsl TOPHOH pe3KH, OypHiIbHAsl KOJIOHHA,
cxema OypeHUsl, CWIIBI CIBHIA, U3HOC, TPYHT, CKOPOCTh PE3aHMs, CKOPOCTh OypeHus, BUOpawus, nopoaa, oypoas
JKHJIKOCTb.
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