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DRILLING TOOL WITH NEGATIVE DRILLING FORCE VALUE

Abstract. Unstableprices for good sintheextr active industry dictate reduction in the cost of used technologies.
However, in the modern subsurface management industry, use of innovations in drilling technologies conversely
increases the cost of work, complicating operating conditions. The research carried out by scientists is aimed at
modernizing the drilling technology and creating new drilling tools of the same type used at the given time. In all
used drilling methods, curving of drill pipes is laid in the technological process in advance, as a blunt drilling tool,
before cutting into the ground, resists a drill pipe. The authors of the article have developed a new geometry of the
drilling tool, which has negative drilling force values, which draws down the drill pipe. Taking into account the ne-
gative values of the drilling force P, it becomes possible to exclude the heavy weight drill pipes from the compo-
sition of the drill string. Naturally, when tensioning the drill string, there should be no curving process. If such theory
is confirmed in industrial trials, there may not be a need for a bent housing. The absence of the borehole curving
during drilling allows to exclude stabilization mechanisms in the borehole arrangement. The exclusion of some
mechanisms from the drilling complex will obviously reduce the cost of drilling. The creation of such drill chart will
undoubtedly reduce the cost of drilling works.

Key words: drilling, curving of drill pipes, drilling tool, drilling force, drill string rotation, borehole, drilling
bit, bottom, centralizer, stabilization device, drilling fluid, drill chart, drill pump, criteria of drilling capacity.

Introduction. With the development of techniques and technology, technological processes should
be cheaper and easier to use. However, the drilling process with the use of innovations is becoming more
expensive and more complicated in operation.

In this regard, the group of scientists is exploring the drilling process in order to develop a drilling
tool and drill charts, since the drilling process is used in various economic sectors and various types of
drilling tools are used. The oil and gas industry is prevailing and resonant for the economy. Reducing the
cost in the oil and gas production will significantly affect the economy of any country in a positive way.

In practice, rotary drilling (about 80%) is widely used for formation of boreholes in oil and gas
deposits, where vertical, directional and horizontal drilling methods are used. It is expected to increase the
volume of rotary drilling and drilling with screw downhole motors. In Europe and the USA, the main
method is rotary drilling, in particularthe rotary drilling expands the volume of drilling by downhole
motors [1-3].

It is necessary to pay attention to the fact that in the rotary drilling method, the work is performed due
to the rotation of a rock destruction tool (drilling bit, boring head) applied against the bottom, to which the
axial stress and rotation torque are transmitted. Not insignificant aspect in the drilling technology is
translation of motionto drill pipes and rotation of drilling tool, since the drilling effort directly depends on
this process |7, 8].
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The principle of operation of the drilling process in all methods is similar, where rotor receives
rotation from electric motor or internal combustion engine through driving shaft [9-11]. The shaft rotation
by conical rotor gear train is transformed into rotation of the rotary table relative to the borehole axis.
Drivinginsertion pieces are installed on the rotary table, to which the rotary table rotation is transmitted.
Drivinginsertion pieces (of smaller sizes) are installed inside the drivinginsertion pieces, the inside dimen-
sion of which corresponds to the section of upper carrier pipe of the drill string. The section of the drill
string’s carrier pipe can have square, hexagon, cross and other forms. The inside dimension of the
drivinginsertion pieces should have a similar form, rotating the drill string’s upper carrier pipe.

The main body of the drill string is drill pipes [12-15]. Heavyweight drill pipes (HWDP) are installed
between them and drilling bit, which weight should provide necessary load on the drilling bit during rotary
drilling and operation of pipes in the stretched state [9-15].

The main task when borehole drilling is to prevent curving of the borehole and bring the borehole to
the vertical in case of its curving.

When borehole drilling, the following basic methods are used to ensure the bore verticality [5-10]:

- use of the “pendulum” effect due to creation of maximum possible deflecting force on the drilling
bit, directed to the side opposite to the direction of the borehole curving and increase at that in the
borehole wall cutting intensity by the lateral face of the drilling bit;

- preservation of existing minor inclination angle of the borehole due to centering of the lower part,
1.€. by the bottom hole assembly (BHA) by arrangement of support-centering element (SCE) at the
optimal distance from the drilling bit;

- active reduction of the borehole curving due to the deflecting force or change in the direction of the
drilling bit axis.

These methods of laying the vertical borehole are implemented by appropriate technical means:
pendulous BHA; rigid BHA; stepped BHA; rotary controlled systems (RCS).

An important technological factor determining the vertical borehole curving is pitch stability of the
drill string located above the drilling bit. In the drill string’s stability loss, the deflecting force appears on
the drilling bit, under the effect of which the drilling bit will destroy the bottom at some angle to the axis
of the borehole and cut the borchole wall in the transverse direction, which will lead to the borehole
curving.

The above brief analysis on the study of the borehole curving shows that in addition to the drilling
tool, there are a number of technological aspects that affect the drilling process. However, the main reason
for its curving is the drilling chart itself.

The main part. In the applied drilling charts, where the cutting wedge of the drilling tool crashing
into the ground faces a heavystress [10-15]. In these drilling charts, direction of speed and direction of the
resulting drilling force have opposite values. As a result, axial stresses are fully transmitted to the borehole
of the drilling machine. Considering the length of the borehole and discontinuity of operation of the active
drilling tools, the transmitted stresses have a resonant nature, which leads to the destruction of the cemen-
ting elements. In order to prevent such situations, such safety elements as a bent housing, centralizer,
stabilization device, etc. are provided in advance in the borehole.

The research of the scientists to improve the drilling process and increase productivity is concentra-
ted in:

- creation of a new geometry of drilling tools, which use expensive hard alloys, increasing resistance;

- in order to increase the service life of the drilling complexes, new mechanisms, devices and
equipment are created that increase the cost of drilling equipment;

- development of new drilling fluid compositions that improve the drilling process and simulta-
neously increase the costs of the drilling process;

However, despite the improvement of the process in all used methods, great efforts are being made in
the drilling zone [16]. In addition to the cutting pattern, an important reason for the occurrence of large
values of the drilling effort is the drilling tool geometry. Since basically the drilling tools are equipped
with blunt cutting or raker teeth. The teeth wedge angle sometimes exceeds 90°.

The entire weight of the heavyweight drill pipe is attached from above on the blunt drilling tool.
During drilling, the ratio of the applied force and value of the drilling tool rotation are significantly
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Drilling tool for rotary drilling: 1, 2, 3, 4 — cutting teeth in the form of a disk;
5 —body; 6 — boring bit for crashing into the ground or rock; 7 — damper

different. In these cases, the teeth are pressed into the ground or rock, and the concentrated force acts in
the opposite direction, curving the drill pipes [17-27].

Analysis of the drilling methods shows that in the existing technologies the case of “pipe curving” is
laid in advance. To exclude this case, it is necessary to change the drilling tool geometry with the
appropriate drilling method.

The proposed drilling method and drilling tool work perfectly according to the different drilling
pattern. The geometry of the drilling tool being created allows manage the drilling process, i.¢. set amount
of emerging drilling forces in advance (figure).

Preliminary tests of the proposed drilling tool design on the layout showed that the cutting teeth at the
point 4 touching the wall of the hole on the ground made by the rotary bit 6 begin to crash into the ground,
raising the cut ground to the top. In turn, the cut ground layer, opposing, begins to press down the cutting
tooth of the drilling tool. In this case the resultant force P will have negative values. If combine the arising
forces on each tooth of the drilling tool, it can be assumed that during the drilling process the resultant
drilling force value will be sufficient to draw the drill pipe down. In this case, it may be possible to make
the drilling tool draw the drill strings down, rather than push them off. Having achieved this, it is possible
to radically revise the role of constituent elements in the drilling process.
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Conclusions. Based on the initial studies carried out, it can be concluded that for the proposed
drilling pattern and design of the drilling tool:

1. The acceptable drilling method is rotary.

2. When drilling, it is better to use the drilling fluid for the cut ground with necessary technical
means: drill pump; earth storage; rotary hose riser; filter; swivel; swivel sub; sludge separator; travelling
block; hook; hose, etc.

3. To set rake of the cutting tooth (figure) in order to force the drilling tool to be drawn down the well
within 25+50° with respect to the criteria of the ground drilling capacity according to the classification of
Academician V.V. Rzhevsky.

4. Possibly, to except from the drilling complex composition the mechanisms of the safety elements
for the borehole curving:

- curving mechanism;

- stabilization device. However, after a series of experimental demonstrations.

5. Taking into account that the forces are consumed minimally with a pure shear of a rigid body and
discontinuity occurs at 45° [28]:

- it is necessary to choose geometrical values of the cutting wedge so as to destruct solid rock at 45°;

- the wedge angle values should not exceed 95°. In this case, taking into account difference in the
geometric values of the cutting wedge in statics and kinematics, carry out the sharpening taking into
account the kinematic values. It should be noted that the rear angle in kinematics acquires negative values.

6. Install copper or plastic plates between the cutting teeth and bushings (figure) to extinguish impact
loads of the drilling process. The thickness of the plates should be chosen in the ratio of the drilling tool
tooth geometry:

- prepare the cutting teeth from carbide blades by baking and with subsequent mechanical processing
of their plates, applying wear-resistant coatings;

- prepare the cutting teeth from high-speed steel by cutting, hardening and grinding;

- arrange the cutting teeth and bushings on the body and fasten them by isolating connection, i.c.
thread. Cut the inside thread on the drilling tool body, and the outer thread on the neck of the bit in the
form of a rotary bit (figure). The thread must be left, against the drilling tool rotation.

7. Provide for damper in the drilling tool construction instead of the centralizer on the drill pipe
(figure). The damper must be made of structural steels by cutting, hardening and thread connection in the
drilling tool body.

The damper will serve as a centralizer, preventing oscillations arising during the drilling process by
extinguishing then in the drilling tool location, and at the same time will serve as the drilling tool guiding
clements.

8. The drilling mode parameters should be average for solid ground, and high for soft ground.

The research carried out within the framework of the grant theme: “AP0513118 Creation of drilling
tools for borehole drilling in the production of solid, liquid and gaseous minerals (Contract No. 164 dated
15.03.2013)” showed that the drill chart being developed should be worked out in such values of the
drilling mode to exclude some elements in the borehole. For example, taking into account the negative
values of the drilling force P, exclude from the borehole composition the HWDP. Naturally, when
tensioning the borehole, there should be no curving process. If such theory is confirmed in industrial trials,
there may not be a need for a bent housing. The absence of the borehole curving during drilling allows
exclude stabilization mechanisms in the borehole arrangement.

The exclusion of some mechanisms from the drilling complex will obviously reduce the cost of
drilling.
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TEPIC BYPFBLIIAY
KYIII AP BYPFBIJIAY KYPAJIJIAPBI

Annotamust. Ken eHmipy eHEpKaciOiHACTI TayapnapablH TYPAKChI3 Oarachl KOJNJAHBUIATHIH TEXHOJIOTHSLIAP-
JBIH KYHBIH TOMCHACTYTC aJibI Keledl. JlereHMeH Kasipri 3aMaHFbl HHAYCTPHAAA OYPFBIIAY TECXHOJIOTHACHIHIATHI
HHHOBALMIAPIBL KCP KOHHAYBIH MAWANaHy, KCPIiCIHIIC, OHIIPIC KYHBIH APTTHIPHIN, OHIIPICTIK KAFAAWIBl KHBIH-
Jaramel. FanmeMaapasH KYPri3reH 3eprreyiepi Oyprbliay TEXHOJIOTHACHIH JKAHFBIPTYFA KOHE COJI YAKBITTA KOJ-
JAHBLIATHIH >KAHA THITETI OYPFBUIAY KYPaXJapblH jKacayra OarbITTaidFaH. bBypreulayaa KONNAHBUIATHIH OapibIK
omictepzae OypreIIay KyOBIPIAPBIHBIHKUCAIOBI, TEXHOIOTHIBIK IPOIIECTE AMABIH-a1a KOHbUFaH, cededi Joram Oyp-
FBUIAY KYpaussl, >Kepi Kecim OonmMal, Oyprbliay KyOBIPHIH Kepi mrepeni. MakaiaHbIH aBTOPIAPBIMEH OYpFBUIAY
KYOBIPBIH TOMEHTE TAPTATHIH, Kepi OypFbIIAY KYIIiHE He OYPFhIIAy KOHABIPFBICH d3ipieHai. byprpimay kymi P tepic
MOHJCPIH €CKEPE OTBIPHII, OYPFBLIAY TONTAMACHIHAH ayBIP OYPFBIIAY KYOBIPIAPBIH ANBIN TACTAyFa O0Jaxbl. OpHHE,
Oyprbinay OaraHZApBIH TAPTKAHAA, KUCHIKTHIK Mporecci OoimMaybl kepek. Erep MyHmal TeopHs 6HEPKICINTIK
CBIHAKTApJA pPacTanca, OHJA KHCBHIKTBIK MCXAHH3MIHIH KKETTLNIri OoiaMaybl MyMKiH. Bypreuiay OapsIChIHIA
OaraHAap KHCHIKTHIFBIHBIH OOJMaybl, OaraHIapAbl KypacThIpy KE3iHAC TYPAKTAHABIPY MEXaHH3MICPIH aJbIIl
Tactayra MYMKIHAIK Oepeni. Bypreinay KemieHiHEH KeHOIp MeXaHM3MACPII aibIl TacTay, OYpFBUIAYABIH ©3IHIIK
KYHbIH aWTapibIKTall TeMeHaeTeai. byprpumayapiH MyHAai CcynOachIH jKacay, OYPFBUIAY SKYMBICTAPBIHBIH ©31HIIK
KYHbIH TOMCHICTEI].

Tyiiin cesaep: Oyprouiay; OypreuIay KyOBIPIAapbIHBIH KHCAIOBI, OYPFBIIAY KYpajsl, OyprblIay KYIIi; Oypreuiay
TOOBIHBIH, AMHANYBI, YHFbIMA, KaIlay, KCHXXAp, OPTANBIKTAHIBIPFBINI, TYPAKTAHIBIPYINBI KOHIBIPFBI, OYpPFBLIAY
epITIHICI;, OYPFBUIAY CYJIOACHL, OYPFBIIIAY COPFBICHL, OYPFBIIAHY KPHTEPHILICPI.
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BYPOBOUW UHCTPYMEHT
C OTPHIATEJBHBIM 3HAUEHHUEM CHUJIBLI BYPEHUS

Annoramus,. HectaOuibHbIC IICHBI TOBAPOB B JOOBIBAIOIICH MPOMBIIIICHHOCTH AMKTYIOT CHIDKCHHE ceOe-
CTOMMOCTH B HCHOJIB3YCMBIX TEXHOJOTHSX. OMHAKO B COBPEMCHHOW OTPACITH HEIPOTONB30BAHHS MPUMCHCHHC
HOBIICCTB B TCXHOJOTHSAX OypCHHsS, HA00OPOT, MOBBIMACT CCOCCTOMMOCTh PAOOTHI, YCIOKHSIS YCAOBHS DKCILIya-
Tauud. [IPpOBOAMMBIC YUCHBIMH HCCJICAOBAHUS HANPABJICHBI JJISI MOJCPHHU3ALUH TCXHOJIOTHH OYPCHHUS M CO3TAHHS
HOBBIX OYPOBBIX HHCTPYMCHTOB, aHAIOTHYHBIX HCIOJb3YCMBIM B JAHHOC BpPeMs. BO BCEX MPUMEHSACMBIX COCO0ax
OYPCHHA HCKPHBIICHUC OYPHIIBHBIX TPYO 3apaHee 3aJI0/KCHO B TCXHOJOTHUCCKOM MPOLECCE, TaK KAK TYMOH OypoBOH
HHCTPYMCHT, HC YCICBAS BPC3aThC B TPYHT, OTTAIKHBACT OYPHIBHYIO TPYOy. ABTOpAMH CTAaThH pa3padoTaHA HOBAS
reoMeTpusi OYpOBOT0 MHCTPYMEHTA, UMCIOIIAS OTPULATCIBHBIC 3HAYCHUS CHITBI OYyPEHHS, KOTOPAsi BTATHBACT BHU3
OypumsHYI0 TpyOy. C yUCTOM OTPHUATCIBHBIX 3HAUYCHHH CHIBI OypeHHS P MOABIACTCS BO3MOKHOCTh HCKIFOUCHHS
U3 COCTaBa OyPHUITBHBIA KOJOHHBI YTDKCJICHHBIX Oy PHIBHBIX TPYO. ECTECTBEHHO, MPH HATSHKCHHH OYPUITLHOTO CTBO-
Ja HE JOJLKHO OBITh MPOLECCA UCKPHUBICHUS. ECIH TAKyHO TCOPHIO MOATBEPANTH B MPOMBIIJICHHBIX HUCIBITAHUSAX,
BO3MOJKHO, OTMAJACT HAMOOHOCTh MPUMCHCHHS MEXAHH3MA MCKPHUBICHUS. OTCYTCTBHC HMCKPHUBJICHHS CTBOJA TPHU
OYPCHHH JacT BO3MOXKHOCTh HCKIIFOYHTH TPH KOMIIOHOBKC CTBOJIA M MCXAHH3MOB Cral0mmm3amuu. VCKmodcHHC
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HEKOTOPBIX MEXAaHU3MOB U3 OYPHIIBHOTO KOMIIICKCA, OUCBHAHO, CHH3UT ceOecTonMOCTh Oypenus. Co3ganne Takon
CXeMbl OypeHUsI, HECOMHCHHO, CHU3HT CE0ECTONMOCTh OY PHIIBHBIX PadoT.

KiroueBnie ciioBa: OypeHUe, HCKPUBICHHE Oy PHIBHBIX TPYO; OYpOBOH HHCTPYMCHT;, CHia OYPEHHS;, BPALICHHIE
OypHIFHOH KOJOHHBI, CKBAKHHA, AOJOTO; 3a00I, HECHTPATOP; CTAOMIH3HPYIOMICS YCTPOICTBO, OYPOBOil PacTBOp;
cxeMa OypeHust; OypoBoii HACOC, KPUTCPH OYPUMOCTH.
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