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ADJUSTMENT OF THE AXIAL LOAD ON
THE BIT WHEN HOLE DEEPENING BY
USING THE SCREW MECHANISM

The object of the research is a screw mechanism for adjusting the axial load on the bit during a hole deepening.

Mathematical modeling of dynamic processes that occur in the drill string during the hole deepening in deep
wells is considered. It is shown that in the process of hole deepening, the longitudinal oscillations are proportional
in their intensity to the torsional ones. Obtained boundary conditions for mathematical models of the column with
the use of a shock absorber or a screw amplifier.

In the course of research, it was found that the screw working mechanism of the axial load creates a relationship
between the axial load on the bit and the torque on the screw. This makes it possible to install safety devices that
limit the torque of the drive shaft (reciprocating engine, rotor). It is shown that various types of energy supplied to
the punch, which are transformed by the punching motor and amplified due to the axial (screw) amplifier installed
above the bit, ensure the rotary-progressive movement of the ball bit and increase the drilling performance. It
was determined that the obtained dependencies take into account the change in time of the axial load and torque
depending on the parameters of the axial amplifier and the geological and technical conditions of drilling and the
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arrangement of the bottom of the drill string.

The research results will be useful to scientists and specialists of the oil and gas industry during the physical
modeling of the processes of adjusting the axial load on the bit during a hole deepening by using a screw mechanism.
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1. Introduction

When drilling oil and gas wells, technical and economic
indicators are determined, for the most part, by the ef-
ficiency of the rock-destructive tool — mechanical speed
and bit penetration [1-3]. Therefore, great attention is
always paid to issues of drill string dynamics.

The most realistic way of controlling the dynamics
of the drill string is the use of drill string bottom lay-
outs (DSBL) with drilling mode correction devices [1, 4, 5].

Of particular importance is the use of corrective devices
to increase well drilling performance. Alignment of bit oscil-
lations generated by the drill string by changing operating
parameters makes it possible not only to increase well drilling
performance, but also to affect core storage during the trip.

Industrial tests of DSBL correction devices showed
their sufficiently high efficiency [6-8].

Therefore, it is relevant to study the processes occur-
ring in the drill string during well drilling.

Thus, the dynamic processes occurring in the drill
string during the hole deepening in deep wells were cho-
sen as the object of research. And the aim of research
is to study the longitudinal and torsional oscillations
when adjusting the axial load on the bit by using a
screw mechanism.

2. Materials and Methods

The work uses the method of mathematical model-
ing of a mechanical system. Variants of connecting the
correcting device as a shock absorber or amplifier of the
axial load are studied. For research, a correction device
is used, in which a screw mechanism is used.

. Resulis an 1SCUssion

When drilling oil and gas wells, technical and eco-
nomic indicators are determined, for the most part, by
the efficiency of the rock-destroying tool — mechanical
speed and bit penetration [9].

The design of the correction device is shown in Fig. 1.
It consists of a body 4 connected to a lower part 12, which
has an internal multi-turn non-self-locking thread. A hollow
screw 11 is screwed into the nut, which is connected to
the barrel 2. A washer 10 is screwed onto the barrel, on
which a thrust bearing 9, a lower piston 8, and a thin-
walled shell 6 are mounted. The volume between the
barrel and the wall of the shell is filled with an elastic
filler 7, for example, made of IRP-1124 rubber. On the
other side, the upper piston 5 is inserted, which rests
on the upper guide.
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Fig. 1. Corrective device and scheme of axial load caused by torque: a — shock absorber; b — screw amplifier; 1 — drill string (DS); 2 — adapter;
3 — screw; 4 — packing nut; 5 — nut; 6 — oil seal; 7 — body; 8 — puck; 9 — barrel; 10 — shell; 11 - filler; 12 — piston; 13 — bearing; 14 — puck;
15 — oil seal; 16 — adapter; 17 — blade spiral calibrator (BSC); 18 — bit

The threaded adapter connects to the body 4 and
has a thread in the upper part to the shaft of the
downhole motor or the drill string. The proposed de-
vice can be used as a shock absorber or amplifier of
the axial load on the bit. In the case of using the
device as an amplifier, the drive shaft is connected by
a thread through the converter 17 to the screw 11.
In the case of using the device as a shock absorber,
a chisel is attached to the converter 1 on the thread.
The options for connecting the device are shown
in Fig. 2 [9].

When using the device as an amplifier of the axial
load due to the power of the torque transmitted from
the rotor or the shaft of the reciprocating engine, the
screw is screwed into the nut and through the support
bearing and piston acts on the elastic element and elasti-
cally deforms the shell, which elastically deforms. Thus,
through the shell shock absorber, the axial force from
the screw is transmitted to the bit through the housing
and the lower guide.

Depending on the value of the torque, the value of
the axial load on the bit changes. Let’s consider the ef-
fect of changing the main parameters on the operation
of the screw mechanism and their effect on the value of
the axial load.

The main parameters of the screw mechanism
include the average diameter and the angle of el-
evation of the thread. Important parameters are also
the step and number of thread steps and the screw
stroke [10-12].
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Fig. 2. Options for connecting the correction device:
a — as a shock absorber; b, ¢ — as an amplifier of the axial load
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In the proposed correction device, a hollow screw is
used, the average thread diameter of which is determined
according to [11]:

ki
d =2 N 17273 ,
=N fa[o]

where N — axial load; 2y — coefficient of reduction of the
screw cross-section along the inner diameter, kj=1.1-1.15;
ko — coefficient of permissible overload, ky=2.0-3.0;
ks — coefficient of uneven distribution of the load on
turns, k3=1.1-1.15; k4 — coefficient of complex stress
state and stress concentration in the section, £;,=0.8-0.9;
[0] — allowable compressive stress of the screw material,
for 40XH steel [6]=40-42 kN/cm?.

Taking into account the values of these coefficients,
let’s obtain:

(1)

d, =0.98-1.19YN = 0.1/N kH. 2)

The elevation angle of the screw thread is assumed
to be non-self-braking (the angle of elevation of the
thread is greater than the angle of friction). The axial
force that loads the screw causes significant friction on
the cutting surface, which must be overcome by the
driving torque. Let’s consider a simple case with the
use of a rectangular thread in the adjusting mechanism.
Fig. 3 shows the scheme of the mechanism, which is
loaded with an axial force Q — the thread is rectangular,
right-hand, with the elevation angle a and the average
radius of the thread r,,=d,,/2. When rotating the drill
string or the drive shaft of the drilling motor, which is
connected to the screw of the device, to increase the
axial load, the screw is screwed into the nut, and through
the bearing, the axial force is transmitted through the
filler, which elastically deforms the cylindrical elastic
shell (diaphragm). The axial load is transmitted to the
bit through the lower piston and through the body.
When rotating the screw in the direction indicated in
the figure (to move in the direction of the force, i. e.
downward), it is necessary to spend some moment, which
let’s denote by M,,. Let’s determine the dependence for
this moment taking into account Q, 7, and f (fric-
tion coefficient on the thread). Let’s suppose that the
drill string or the shaft of the drilling motor rotates at
a certain moment of time at a constant speed, which
gives the basis for the equation of motion to be pre-
sented in the form of the equation of work:

A=A+ A, 3)
where A,, — the operation of the power drive; A, — work
of friction forces.

The driving factor is M, the useful resistance of the
longitudinal force of other forces applied to the screw
from the side of the bit nut and the friction of the device
body with the well wall 8F, because the forces of normal
reaction will not do the work.

Let’s determine the work of frictional forces 8F by
the movement corresponding to one revolution of the
screw. In this case, M,, will be performed a work at the
angle of rotation 2m, and the force Q will be performed
along the path h=zt equal to the screw stroke, and at
the same time proportional to the pitch of the helical

line of the thread. The path of the points of application
of force 8F will be given by the sum of the lengths of
the turns that are engaged with the turns of the nut. For
a one-way thread, such a path will be represented by the
length of the turn [ Then, after substitution, let’s obtain
for a one-way thread:

M 21 =Qh+38Fl, (4)
and for a multi-way thread (4) it will be written:
M, 2n=Qzt + X 8F, (5)

where z — the number of ways; ¢ — thread pitch; h=zt —
screw stroke.
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Fig. 3. Scheme of the device load caused by the torque and axial load
caused in the drilling process

In the future, let’s consider the operation of a device
with a one-way thread.
For a one-way thread, it is possible to write [11]:

2mr,
h=2nr, tano and [/=—%,
coso

substituting these expressions in (4), let’s obtain:

M 2n=Q2nr, tana+28F%, (6)
coso.
or
M, = rm,(QtanOH ZSF) . )
coso.

Given that there is sliding friction 8F = f8R, . To exclude
SR, , let’s formulate the conditions of uniform movement
of the axis z screw in the form of the sum of force pro-
jections on the axis:

—-Q+X fOR, coso—XdFsino=0. ()

Substituting 8F through /3R, and solving the above
equations, after a series of transformations and definitions,
let’s obtain the equations in the final equation:

M, =0r, tan((x+p), )

|G
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Let’s determine M, when using different bit drives —
rotary, electric drive, turbine, screw engine.

With the rotary method of drilling, deepening of
the hole with a bit is carried out due to the rotary
and translational movement of the drill string with a
defined layout and taking into account the operation
of the bit with the column and the hole. The given
kinetic energy is developed by the working parts of the
process when the column @, is moved at an angle under
the action of the average torque during the downward
movement M, and the moment M, that arises due
to the axial load:

. 2

(O]
7= (M, Mg, =228, (10)
Gh
M. =—, 11
=5 (11)

where G — the force of the weight of the drill collar part,
which determines the axial load on the bit.

The angles ¢, and ¢, of rotation of the drill string
and the screw, which ensure the interaction of the weapon,
the tooth of the bit with the rock, corresponding to the
linear movements of the screw s, and s,:

2
(pp:(pm_‘—(Pd:?n(sm_’—sd)’ (12)

where (pp:2 s :k%sm (k=0.7-1.0).

T
7 P
Then the required average value of the torque will be
during the movement of the screw down to the bit:

T Th

M,2——+M,=——+M,_.
ko,m ks, m

4=

(13)

Drill collar has a large reserve of kinetic energy and
momentum M, that is always sufficient to overcome friction.

With the rotary method of drilling with a downhole
drive, the drill string consists not only of drill pipes
and a bit, but it also includes an engine that is located
above the downhole. Therefore, in order to fully char-
acterize the operation of all elements that participate
in deep drilling and their relationship, it is necessary
to characterize the bit drives, drilling engines and their
mechanical characteristics.

The moment on the bit, necessary for drilling the rock
with a ball bit, is in a complex functional dependence on
the parameters that characterize the design of the bit, the
mechanical properties of the rock, the angle of curvature
of the well, as well as on the load and speed of rotation
of the bit. If only the load P and the speed of rotation
of the bit are taken as variables, and all other factors for
a specific case are constant, then the moment on the bit
can be written in the simplest form [13]:

M,=MP, (14)
where M, — specific moment; P — axial load on the bit.

The moment on the bit, with the turbine method of
drilling, is determined by the dependence [13]:

n
Md:MT(l—n”}MwP, 15)

x

where n,=n, — neglecting the frictional forces in the layer
support.
The resulting formula for the torque of a screw engine
has the form [14]:
M =M,pDet , (16)
where e — the eccentricity to the engagement tooth ra-
dius 7; the specific moment M, is expressed as:

(7)

where z, — the number of rotor steps; C, — the dimen-
sionless parameter.
Let’s determine the order of change of the axial load
when using a screw amplifier for different drilling methods.
Substitute (10) and (11) into (13) and after a series
of transformations let’s obtain for rotary drilling:

Gh
(Md +E)(pp +ih

< .
2mks, M, 2n

(18)

To determine the moment on the shaft of the screw
engine, let’s use relations (16) and (17) and the general
equation (9). After substitution and a number of trans-
formations, let’s obtain:

Q= M pDet (19)

% tan(o+p)

It is known from the theory of similarity of turbines [15]
that the value of the torque can be written as:

M=A,n’Dy, (20)
where n — the number of revolutions of the turbine; D — cal-
culated diameter; y — density of washing solution; A,, — pro-
portionality coefficient (quantity, constant for this regime
and dependent on the kinematic scheme of the flow part).

Substituting expression (20) into equation (9) and
after transformation let’s obtain:

An’D’
Q=g . 21)

% tan(o+p)

The change in the axial load on the bit during tur-
bine drilling can be recorded using the relationship (15).

The given dependencies must be clarified taking into
account the time-varying axial load and torque depending
on the change in the geological and technical conditions
of drilling and the drill string pile.

4. Conclusions

1. The axial load screw working mechanism creates a
relationship between the axial load on the bit and the
torque on the screw. This makes it possible to install safety
devices that limit the torque of the drive shaft (reciprocat-
ing engine, rotor).

2. Different types of energy supplied to the punch,
which are converted by the punching motor and ampli-
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fied by the axial (screw) amplifier installed above the
bit, provide rotary-progressive movement of the chip bit
and increase the drilling performance.

3. The obtained dependencies take into account the
change in time of the axial load and torque depending on
the parameters of the axial amplifier and the geological
and technical conditions of drilling and the layout of the
bottom of the drill string.
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