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Mathematical models of optimization of rock destruction process during well drilling are considered. In most models, the
criterion for optimization is the speed of mechanical drilling. According to the authors, this criterion does not allow optimal
use of chisels. A method for determining the energy consumption of the process by measuring technological parameters is
proposed. Primary converters of load on the chisel, drilling pressure of the drilling mud and other technological parameters are
designed and manufactured. Analog signals are converted into digital. The pulsating signals are smoothed mathematically.
The optimization criterion is the minimum value of process energy consumption
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OnTuMmizanis mnapaMeTpiB pyiiHYBaHHS TiPCbKOI NOPOIH
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3anponoHOBaHO MaTeMaTHIHy MOJIeJIb B3a€MOIT 10J10Ta Ta mopoau npu OypinHi cBeputoBuHM. Ha ocHOBI 3akoHOMIpHOCTEHT
TEXHOJIOTTYHHX TTAPaMETPIiB PO3PaXOBaHO CHEPTOEMHICTD Mporiecy Oypinus. HoBa Moaenb 1ae MOKIMBICTH CIIPOTHO3YBATH, 32
SIKMX TIapaMeTpiB OYPiHHS CBEPAIOBUHHI CHEPTrOEMHICTB IIBOTO MPOIIECY € MiHIMaIbHO0. [IpaKTHYHOKO IIHHICTIO JaHOT MOAEITI
€ MOXIUBICTh PEKOMEHAYBAaTH ONTHMAJIbHI apaMeTpy Hpolecy OypiHHS CBEPJIOBUHH B TIPCHKUX MOPOJax. ABTOPOM, 30K-
pema, Bil3HaYEHO, 10 MOLIYKY ONTHMAJIBHUX ITapaMeTpiB Mporiecy OypiHHI CBEPJIOBUHHU IIPHUCBSIUSHO IOCTAaTHHO OAarato po-
6it. OxHak, B OLIBIIOCTI MOJeNel 3a KpUTepii onTuMizarii NpuHHITO MeXaHIuYHy MIBUAKICTH OypiHHS, 10, HA [yMKY aBTOpa,
HE J]a€ MO>JIMBOCTI ONTUMAJIBHO BUKOPHUCTATH NOPOJOPYHHIBHUIM iHCTpyMeHT. [IpoananizoBaHo, 0 0COOIMBOCTSIMH TEXHO-
JIOTIYHOTO TPOIIeCy OypiHHS CBEPUIOBHH SIBIIETHCS T€, IO J0 HHOTO HEMAE MPSIMOTO JAOCTYILy TOMY, IO MOPOROPYHHIBHAI
IHCTPYMEHT 3HaXOIUThCS Ha BUOOT CBEP/VIOBHHY, a il IIIMOMHA 3a 3BUUAif csirae NEeKiabKoX Tucsd MeTpis. KpiM toro npu poboTi
IHCTPYMEHT 3HAXOJUTHCS SIK MPABUIO B 00epTanHi. TakoX BiI3HAUEHO, 1[0 OCHOBHUMHM MapaMeTpaMH Mpoiecy OypiHHS CBe-
PIUIOBHH SIBJISIOTHCS HABAHTAKCHHS Ha MOPOJOPYIHIBHUN IHCTPYMEHT, IIBUAKICTh HOro 00epTaHHS Ta KUIbKICTh IIPOMUBHOT
piguHu. BeTaHoBieHO, 1110 HiJBEICHA €HEPTris PO3NOAUILETHCS Ha PyHHYBaHHS OPOM, PyHHYBaHHS CaMOro iHCTpyMEHTI Ta
YacTKOBO Ha BHJiICHHS Teruia. OOIPYHTOBaHO OPUTiHAIBHHIN CIIOCIO BU3HAUCHHS €HEPrOEMHOCTI MPOLeCy OypiHHS CBEPUIO-
BUH 3a JIONIOMOT'0F0 BUMIPIOBaHHS HOTO TEXHOJIOTIYHKX MapameTpiB. [Ipu 1iboMy 3a KpUTEpiil onTHMi3alii IPOIIOHYETHCS MPHUii-
MaTé MiHIMaJbHE 3HaYeHHS €HEPro€MHOCTI TEXHOJIOTIYHOTO IIpolecy, TOOTO CIIiJi BU3HAYUTH Taki ImapaMeTpu OypiHHS, 3a
SIKAX MIHIMI3YIOTBCSI CHEPTOBHTPATH Ha OJUHUIIO 00’ €My BHOYpeHOI nopou. 3alpoNOHOBAaHHH CIIOCIO peai3oBaHO B IPO-
rpaMHO-TEXHIYHOMY IIPHCTPOi Ta anmpoOoBaHO 3a BUPOOHWYMX yMOB. TeXHIYHY HOBH3HY PO3POOKHM 3aXHUIIEHO ITATEHTOM Ha
BUHAXIJ

Kurouogi ciioBa: OypiHHS, 10J0TO, TipChKa MIOPO/a, ONTHMI3allis
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Introduction

The peculiarities of the technological process of well
drilling are that it does not have direct access to it. The
powder tool is located on the wells, and their depths
reach several thousand meters [1-3].

In addition, when working, the tool is usually rotated.
The main parameters of the drilling process are the load
on the bit, the speed of rotation and the amount of wash-
ing fluid.

Energy-gighed is distributed to the destruction of the
rock, the destruction of the instrument itself and partly
to heat.

Many works is devoted to finding the optimal process
parameters. In most models, the optimization criterion is
the mechanical speed of drilling. According to the au-
thors, such criterion does not allow the use of a tool to be
optimally. The proposed method of determining the en-
ergy intensity of the process by measuring technological
parameters. In this case, the optimization criterion is the
minimal value of the energy intensity of the technology
process, that is, such drilling parameters are minimized
by the power of energy per unit of volume.

The proposed method was implemented in the
program-technical device and tested in production.
Patent No. 8696 received.

Review of the research sources and publications

Finding the optimal ratio of the mode and technolog-
ical parameters of the well drilling process, which is the
axial load on the drilling bit, the speed of rotation of the
bit, the performance of the washing fluid, there has al-
ways been a lot of attention.

So in the period from 1932 to 1940 director of the
Groznensky Research Institute was V. Fedorov. Empir-
ical dependence of mechanical drilling speed on adjust-
able parameters was obtained

Vu=an" G @9

where: a, x, y are the coefficients that depend on the
characteristics of the rock and the method of drilling;

n is the frequency of rotation of the bit;

G is the load on the bit.

For example, according to L. Sturmann, in turbine
drilling in the rocks of the Kashir world

x=0.7;y=1,1;a=0.0024.

Subsequently, many mathematical models and tech-
niques were developed for the optimal management of
the technological process of drilling (Shishkin O.,
Pozarsky A., Leonov O., Eiffel R., Brewda G., Guhi-
zad M., Halle-Woods, Young etc.).

So the authors of the work [4, 10] suggested the fol-
lowing models

Vi=Voel; (2.1)
Vi=Vo (1 + at)?; (2.2)
Vi=Vo(1+ at)"; (2.3)

where: k, p, m are the coefficients that are selected ex-
perimentally;

V) is the initial mechanical speed of drilling;

t is the current time.

Such expressions are valid only when the geological
and technical conditions do not change, which is rare in
practice. In addition, as the bit wear, the mechanical
speed decreases, the specific load on the rock also de-
creases.

The author of the work [8] states that the effectiveness
of the volume destruction of the breed with a roller-
cone bit is achieved provided

G = a pu Sk (3)

where:

G is the load on the bit;

o is a factor coefficient;

puw — hardness of the breed when pressing the stamp;
Sk is the total area of the supporting teeth.

With p,, xSk < G, the process takes place in the volume
area, with p,xSr< G - in the area of destruction from
fatigue, or even in the abrasion area.

The task of determining mechanical speed due to the
change in the area of contact of the supporting teeth is
covered in the work [11].

We must agree with the authors of work [13] where
the basic principles of building automated control sys-
tems for drilling wells are formulated. How good are
your models?

Can they be used to improve your drilling processes?

These are questions often posed in relation to real-
time model applications, including models integrated
with drilling control.

Do the models fulfill requirements with regards to ac-
curacy and calculation speed?

Can the data be applied by the models to both inter-
pret the state of the process and provide reliable input
for calculations?

Can the rig equipment be used safely and securely to
control the processes? This paper seeks to answer these
questions and further elaborate on current activities and
near-term challenges in drilling automation.

While static models are generally accepted, the use of
dynamic models is emerging. In real-time model appli-
cations, it has been found that rig equipment analysis is
necessary to assess applicability or upgrading require-
ments.

Controlling machines for drilling operations using
outputs from models has been successfully achieved.
This paper provides examples of recent developments
within drilling automation, drawing from applications
of closed-loop control systems in the North Sea.

Challenges regarding interpreting state-of-the-pro-
cess are discussed, with respect to existing rig instru-
mentation, while examining the need for enhanced sur-
face and downhole sensors.

Mathematical models used with the drilling control
system must communicate regularly with the drilling
process to extract information from sensors and provide
updated control commands for automation. How sensor
data is applied through models to enable automation
functionality is also illustrated.
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Definition of unsolved aspects of the problem

As a result of the load and rotation, a rotary moment
is formed on the chisel. On the mouth of the well, the
total moment is controlled, which is formed at the ex-
pense of the moment at the chisel and the moment of
rotation of the drilling column. Its value can be verified
by the calculated method.

Problem statement

Therefore, the purpose of this work is to create a
mathematical model of interaction of the chisel and the
breed by which energy costs are minimized.

Basic material and results
Torque at rotor when drilling (Nm):
Ny +N,

M, = 9740% , 4)
where: Ny — the power required to rotate the WT drill-
ing column,

N4 — the power required to rotate the WT rotor,

n is the speed of rotation of the table of the rotor rpm.
The power required for the rotation of the drilling col-

umn is determined by the formula of Fedorov V.

Nk = cr-n'>-DL23-y, dpi*-Ly, )

where: ¢ is a coefficient that depends on the well cur-
vature (for vertical wells ¢; = 13.5%10%);
D, — the diameter of the bit m,
7 — the density of the drilling mud kg/m?,
dp: — diameter of drill pipes m,
Ly, — the length of drill pipes m.
The power required to rotate the bit (kW)

Ny= Cz-n-Dd0‘4-Gdl‘3-10'4 , (5)

where: ¢ — coefficient of hardness of the breed (for
sandstones ¢, = 6).

The task of the driller is to find the optimal value of
the first two parameters in which the recess will be ef-
fective.

In this case, the criterion, as a rule, is the mechanical
speed of the deepening, which according to the author
cannot be the optimal criterion, since the intensity of
wear bit is unknown.

The author of the work [6] states that the use of intel-
lectual systems in the drilling of oil and gas wells will
make it possible to effectively solve a number of tasks:

— reducing the degree of wear of the drilling bit;

— reducing the number of descent and lifting opera-
tions required to replace worn bit;

— increasing the time of operation of the bit; increase
of mechanical velocity;

— improving the control of the well wall;

— reducing the vibrations of the drilling column and
the potential reduction of the number and frequency of
failures of equipment on the efficiency;

— reducing the manifestations of drilling of drilling
mud and reducing the time required to solve the disap-
pearance of circulation;

—reducing the time required to perform hunting oper-
ations; reduction of the freezing of drill pipes;

Reduction of the time required to solve the problem
of scattering the well and twisting the drilling column.

Such functionality can be ensured by building an in-
tellectual system based on a database hierarchy and
knowledge of oil.

A similar system is proposed in [5] where for the de-
tailed characteristics of the drilling brigade it is neces-
sary using the developed computer system from the
controlled point, i.e. from the drilling installation, auto-
matically transmit information to the dispatch point:

1) the actual depth of the well;

2) types and duranological recommendations (for ex-
ample, at mechanical speed, piercing on a bit, time of
flight, etc.), which will allow to ensure the fulfillment
of routine tasks and delivery of wells with minimal
costs and high quality. In [9], a dimensionless energy
criterion was used to describe complex processes of
rock destructiontion of all possible technological pro-
cesses (operations) on the drill;

3) some technological parameters (on request). Con-
sidering the information received, we can conclude that
the drilling team is completed with a drilling team and
adherence to tech

h= MVT/‘)z ’ (7
p
W= a(V)[UstWi] )]
where: M =p V;

[Uo+ W] — the sum of the potential and kinetic energies
of the elements of the rock structure in the area of de-
struction;

o(V) is the coefficient of explosive effect;

V is the volume of the focal area;

p is the density of the rock;

vp is the speed of the wave.

Therefore, the equation (4) and (5) allow you to quan-
tify the optimal energy range.

When calculating the energy criterion [7] of the volu-
minous destruction of the mountain in the drilling pro-
cess requires information about the proportion of ore
and rocks in combination with the value of longitudinal
speed

e(Ha

v, (@) pvf,
where: e(?) is the energy consumed by a drilling tool
for the destruction of the rock in the control area of the
well;
o — the estimated coefficient of seismic influence of un-
derground explosive work;
V,(t) — the volume of broken rock in the control area of
the well.

Among the controlled drilling parameters, the ratio of
load on the bit to its diameter and the speed of rotation
are distinguished.

Dependence of drilling speed on the above parame-
ters and taking into account the wear of the working
surface of the chisel is the appearance

&)
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dF w
- = T Ns h P 10
e ®
where: fis the penetration rate,
h — wear of the height of the bit, n is the speed of the
bit.
The mathematical model [11], was accepted as a

basic, which used the finalized model A. Paradise.

nG?
Vi = 7 Q4 > (11)
A+b,n")1+b,G )(l+bQQ )
Model Restriction:
Gunin < G < Gy ; (12.1)
Nmin <n< Nmax 5 (122)
Gy <Ny;
" " 12.

P.O<N, (12.3)

where: Vs — mechanical speed of passage;

kp is the ratio of the breed of breed;

n — speed of rotation of the bit;

G — axial load on the bit;

QO — pump performance;

b, bg, bo — coefficients that determine the shape of the
curve vy = f'(n, g q);

Gmin, Gmax — minimum and maximum load on the bit;
Mminy Mmax — Minimum and maximum speed of rotation
of the bit;

Np— mechanical power of the drive on the bit;

N, = Q-Pc — the power of the drive on the chisel;

Pc — the pressure of the solution in the riser.

The main one in this model is the criterion of "maxi-
mum mechanical piercing Vy=max", where the optimi-
zation of the drilling process with the help of the target
function is carried out.

The listed and other models as a criterion determine
the mechanical speed of drilling (Fig. 1), which can be
disagreed, since the maximum speed can lead to the
early destruction of the labor tool, so the method of con-
trolling the wear of the latter is offered on the basis of
determining the energy intensity of the process of de-
struction of the rock.

mechancal speed mf

gritfag capacily i

Figure 1 — Dependence of speed on power

The method uses the fact that the intensity of wear in
time depends on the resistance of the rock of its me-
chanical destruction. Each array of rock is character-
ized by its value of energy consumption ea. and the time
necessary for its destruction of DT and is determined
by the bite of Nd and the thickness of the layer.

Thus, the measure of wear of the chisel is associated
with the energy intensity of the process and the time of
operation of the eaves.

Figure 1 shows the dependence of mechanical drilling
speed on the supply power for different values of the
energy intensity of rock. The task of controlling the cur-
rent value of the wear of the chisel during drilling is
reduced first to the indisputable measurement of the en-
ergy intensity of the process and the time of passing the
homogeneous layer.

Since the geological section of the well, as a rule, con-
sists of various sediments (Fig. 2) of which the energy
intensity is different, the degree of wear of the chisel in
different layers will be different.

Degree of wear 7%

e

Figure 2 — Dependence of wear on time

The energy intensity of the process is defined as en-
ergy consumption per unit volume, that is, the volumet-
ric energy intensity of the rock. (Fig. 3). By integrating
the energy integrity of the process over time is ob-
tained.

Rock destruction energy < Bt destruction energy >

7 En=Bbr) 3‘9 Vo

Figure 3 — Energy distribution
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E, = Ltf E, dt . (13)

The instantaneous value of the energy consumption
of the process is determined by the supply power and
mechanical drilling speed v,

N, joile

- ﬂRsz m’

m ; (14)
where: 772 is the area of the well.

When drilling wells, measuring technological param-
eters, determined to the bit power

Na= M, @, (15)

where: M, is the moment on the bit;
o is the angular speed of rotation of the bit,

Md:Mp—Mxo; (16)

where: M, is the moment on the rotor;
M, is the moment of idle rotation of the drilling col-
umn.

For the criterion of deepening of the well, you need
to take a minimum of energy consumption of the drill-
ing process

Accumulated Data on Energy Baters can be used to
promptly determine the wear of the latter
I=L 5" Ear —LI’ZE dt ; (18)
Ed =11 Ed y, m ’
This method of determining the wear of the chisel is
protected by patent [12].
The proposed model was implemented in the

"Corunde" software and tested in the conditions of
drilling of wells in the DGP "CHNG".

Conclusions

Therefore, proposed mathematical model of interac-
tion of chisel and rock. On the basis of the character of
technological parameters, the energy intensity of the
drilling process is calculated.

The model calculates in which parameters the energy
intensive is minimal. Optimal parameters are recom-
mended for drilling.

_ 4GwD  8Gn
"3, 3DV, a7
where: N is the speed of the bit;
G — load on the bit;
D — diameter of the bit;
Vo is a mechanical drilling speed.
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