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The paper proposes an improved design of a shock absorber used in drilling deep oil and gas and
geothermal wells with polycrystalline diamond compact (PDC) bits. The proposed innovations
successfully combat the dangerous phenomenon of self-excited vibrations, which can lead to
malfunctions such as stick-slip and whirling of the drilling tool. Most conventional drill shock
absorbers are designed to only absorb longitudinal vibrations, which was sufficient when using roller
cutter bits for the drilling process. However, the design features of PDC bits and the phenomenon of
interaction of their cutters with interlayered rocks during deep drilling impose new requirements on
the properties of the drill shock absorber. To protect the downhole tool from abnormal torque values
and torque oscillations, it is proposed to equip the shock absorber with a special torque transmission
unit in the form of a fourteen-thread self-releasing screw pair. This unit is capable of transforming
increases in external torque into increases in the force that loads the elastic element of the shock
absorber. The numerical and analytical models of the mechanism of transferring external axial load
and torque to the elastic element of the drill shock absorber are constructed. The distribution of contact
pressures on the interacting surfaces of the screw pair and the distribution of equivalent stresses in the
screw pair parts are analysed. The strength of the proposed drill shock absorber assembly was
evaluated using the Huber-von Mises energy criterion. The dependence of the load transmitted to the
elastic element of the shock absorber on changes in the external torque and external axial force is
investigated. In general, it is determined that the external load is distributed evenly between all turns
of the screw pair, and the limit state of the parts of the proposed assembly is not reached even under
high-torque operating load. The obtained analytical dependencies will allow to effectively determine
the required strength and stiffness of the elastic element of the drill shock absorber at the design stage.
The obtained analytical results were verified using a finite element model.

© 2024Growing Science Ltd. All rights reserved.

1. Introduction

Today, for the efficient extraction of oil and gas and geothermal resources, deep vertical, directional and horizontal wells
have to be constructed. Therefore, in practice, intelligent drilling is increasingly preferred (Li et al., 2022; Yavari et al., 2023),
and to avoid problems with increasing drilling depths and constructing wells of complex configuration, advanced design tools
and auxiliary highly specialised equipment are used (Haige et al., 2022; Maury et al., 2022; Velichkovic et al., 2018).

The peculiarities of the behaviour of long pipe strings under complex loads (Mao et al., 2024; Vytvytskyi et al., 2017,
Shats’kyi & Struk, 2009) and the phenomenon of contact interaction of drilling tool elements with the wall and bottom hole
(Bembenek et al., 2024; Grydzhuk et al., 2019) cause significant vibration loads. Vibrations have a harmful effect on drilling
equipment, lead to significant energy losses and, in general, to a deterioration in the technical and economic performance of
drilling (Saadat et al., 2023; Wang et al., 2023). The drilling industry has made significant progress in producing high-quality
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bits, optimising the bottom of the drill string, and using ground controls to minimise vibrations. However, drillers have to find
a balance between vibration reduction and drilling performance, as different rock formations and different drilling conditions
often place conflicting demands on bit design. This problem becomes particularly relevant when a single bit is driven through
heterogeneous, discontinuous or fractured rock formations with variable mechanical properties (Zhang et al., 2023; Kang et
al., 2023).

A number of technical measures, methods, and devices have been proposed to reduce the harmful effects of vibrations
and regulate the dynamic mode of the drill string (Zribi et al., 2022; Liu et al., 2023). Special devices for reducing vibrations
and regulating the dynamics of the drilling tool deserve particular attention (Svitlytskyi et al., 2023; Liu et al., 2023;
Velichkovich, A. & Velichkovich, S., 2001). In fact, in the practice of drilling deep wells, good results have been shown by
drill string vibration absorbers and elastic spindles of downhole motors designed to absorb one or more types of vibrations
(Yongwang et al., 2023; Aarsnes et al., 2019; Velichkovich & Dalyak, 2015). Typically, drill string vibration absorbers are
installed between the bit and drill collars or between the bit and downhole motor, which does not exclude the possibility of
installing them in other places of the drill string, for example, to perform purely technological or local protection tasks (Riane
et al., 2022; Velichkovich, 2007; Velichkovich et al., 2011).

The effectiveness of such vibration protection systems is mainly determined by the strength, stiffness and damping of the
elastic element. To solve the issue of vibration protection in a particular situation, it is necessary to rationally select these
parameters at the design stage — to reduce the stiffness of elastic elements without compromising their strength and provide
the required level of damping. When it comes to elastic elements for drilling shock absorbers, their cross-sectional dimensions
are limited by the diameter of the borehole, and they are subjected to high static and dynamic loads, and sometimes
temperature effects and interaction with abrasive and aggressive media are added to this. In such difficult operating conditions,
plate and shell elastic elements (Shats’kyi et al., 2021; Velychkovych, 2022; Dutkiewicz et al., 2022) and magnetorheological
dampers (Saleh et al., 2021; Shatskyi & Velychkovych, 2023) have proven to be efficient and effective at the same time.
Similar problems associated with the occurrence of abnormal vibration loads often have to be solved at oilfields when
producing oil with submersible pumps (Ma & Dong, 2023; Kopei et al., 2023). The abrasive environment with which
individual shock absorber elements are in active contact leads to rapid wear of steel parts, therefore, protective functional
(Dubei et al., 2022; Ropyak et al., 2023) and functional-gradient coatings are applied to their surface (Shats’kyi et al., 2019).

Drilling with PDC bits is currently the most effective option for rock destruction for the construction of oil and gas and
geothermal wells (Deng et al., 2023). However, as the drilling depth increases, rock formations have higher strength and
abrasiveness, worse drillingability, and more frequent interlayering and heterogeneity, which can lead to strong vibration of
the PDC bit. Especially dangerous for screw motors, threaded connections and drilling tools are self-excited vibrations, which
can lead to dysfunctions such as stick-slip and whirling (Nisse et al., 2023; Tian & Detournay, 2021).

Classical drill shock absorbers were mainly designed to dampen only longitudinal vibrations (Yongwang et al., 2023;
Shatskyi & Velychkovych, 2019). To protect the equipment from overloading with excessive torque and torsional vibrations,
the drill shock absorber must be equipped with a unit that converts the rotational motion of its body parts into translational
motion of the barrel. Due to this, sharp changes in torque will be transformed into a change in axial force acting on the shock
absorber's elastic element. It is proposed to use a multiple-thread self-releasing screw pair with a trapezoidal profile of turns
as a mechanism for transmitting the axial load and torque to the shock absorber. Under operating load, frictional contact
interaction occurs between the screw pair elements. The result of such contact interaction will obviously have a significant
impact on the peculiarity of load transfer to the elastic element, as well as on the strength of the parts of the proposed assembly.

One of the fundamental problems of a screw pair is the metrology of real precise characteristics and prediction of force
interaction and the real contact area and contact stresses between the interacting surfaces (Li et al., 2022; Tutko et al., 2021).
Despite the rapid development of numerical modelling methods, analytical solutions still play an important role in modelling
friction pairs (Popadyuk et al., 2016; Lozynskyi et al., 2024). They can be used as a benchmark for numerical methods to
achieve an "analytical understanding" of contact problems and for the proper design of virtual experiments (Grabon et al.,
2018).

The article is aimed at: constructing numerical and analytical models of the mechanism for transmitting axial load and
torque of a drill shock absorber; studying the dependence of the load transmitted to the elastic element of the shock absorber

on changes in external torque; analysing contact stresses on interacting surfaces and assessing the strength of the parts of the
proposed assembly.

2. Materials and Methods
2.1. Design features of the drill shock absorber

Now the design features of the proposed drilling shock absorber, as well as its main components, assembly units and their
interaction with each other, are considered. Fig. 1 shows the general view of the shock absorber in section, additionally, two
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main components of the shock absorber are highlighted: on the right — the elastic element block; on the left — the mechanism
for transmitting external torque and axial load to the elastic element. The shock absorber unit consists of a set of disc springs
that are arranged in series. The unit for transmitting external torque to the elastic element is a fourteen-thread, self-releasing
screw pair with a trapezoidal helical profile.

Fig. 1. Drill shock absorber for damping longitudinal and torsional vibrations
1 — shock absorber shaft with multi-thread; 2 — shaft housing with multi-thread; 3 — lower split bearing; 4 — elastic
element housing; 5 — split ring; 6 — bushing; 7 — pressure ring; 8 — disc springs; 9 — lower split bearing; 10 — inner shaft; 11
— adapter connector; 12 — piston adapter; 13 — sealing piston; 14 — safety nut; 15 — upper adapter.

The shaft 1 consists of a lower part with a locking connection thread, a polished stem with a protective coating that contacts
the rubber seals in the housing 2, and a working section with a screw surface. The shaft body 2 has seats for several rubber
sealing elements and a split bearing 3 and has a section with a screw surface. The screw surfaces of the shaft 1 and housing 2
form a multi-thread screw pair. The split bearing 3 acts as a lower plain bearing when the shock absorber housing is rotated
relative to the output shaft. The body of the elastic element 4 contains an intermediate plain bearing assembly and a package
of disc springs 8. The split ring 5 and the bushing 6 act as an intermediate plain bearing, they absorb radial loads and ensure
the centring of the output shaft. The pressure ring 7 is the intermediate link between the thrust shoulder of the output shaft
and the spring pack. This pressure ring transfers the load from the screw pair to the spring assembly. The other end of the
elastic element is fixed by a thrust ring, which is supported by an adapter connector 11. The spring element 8 ensures the
necessary flexibility of the system and dissipates the energy of torsional vibrations. The split bearing of the inner shaft 9
centres and absorbs the radial loads from the inner shaft of the drill shock absorber 10. The inner shaft 10 is a continuation of
the output shaft 1 and carries the sealing piston 13. An adapter 11 connects the body of the elastic element 4 and the piston
adapter 12. The inner space of the piston adapter 12 contains the sealing piston 13, which can be either a bushing or a polished
surface with a protective coating. The sealing piston 13 is the upper sealing unit and pressure compensator in the lubricant-
filled chamber of the drilling tool. The safety nut 14 is a stroke limiter of the inner shaft 10 relative to the sealing piston 13,
it prevents the piston from moving outside the working area. The upper adapter 15 is equipped with a connection thread, i.e.
it is an adapter from a special thread to a lock thread. The disc springs used to form the elastic element have a high load-
bearing capacity, are reliable, suitable for use at elevated temperatures and, when properly designed, provide optimum
settlement and damping. To extend the warranty period, the shock absorber is sealed and filled with grease. A pressure
compensation system is also used to eliminate the influence of hydrostatic pressure in the well.

When deepening a well with a combined or rotary method using PDC bits, torque fluctuations and momentary jamming
of the bit with subsequent acceleration of its rotation (Stick-Slip phenomenon) are quite common. This is usually due to the
fact that the geological section is represented by interlayers and inclusions of rocks with different physical and mechanical
properties. Another factor is the design of PDC bits (the presence of blades that can sometimes go too deep into the rock), as
well as the choice of a high axial load on the bit to ensure high mechanical drilling speed.

The Stick-Slip phenomenon can be eliminated by preventing the bit from jamming during drilling. Above, we have
identified three main causes of tool jamming: high axial load; aggressive bit design; and rock characteristics. While we have
no influence on the last two factors, the first one (axial load) can be influenced if we consider the proposed tool as a kind of
axial load regulator. Such load control is carried out by changing the length of the drill shock absorber in case of excessive
growth of the external torque. Let's imagine that while working on the bottom of a well, the bit blades have gone too deep
into the rock layer, or have encountered a layer of very strong rock and the bit has jammed. The drillstring continues to rotate
at a constant speed, causing the torque applied to the drilling tool to increase dramatically. The proposed shock absorber reacts
instantly to these changes. The housing 2 starts to rotate relative to the output shaft 1 and, depending on the amount of increase
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in external torque, this rotation can be carried out until the shaft moves to the uppermost position, thus reducing the length of
the tool and the drill string as a whole. The screw pair (output shaft 1 —body 2) converts the torque increase into a force that
compresses the elastic element and essentially lifts the bit by the amount of the elastic element's deflection 8. The axial load
on the bit is reduced, the depth of the blades in the rock becomes smaller and the bit continues to rotate. As soon as the external
torque returns to normal, all moving parts of the shock absorber return to their original position. Such a drill shock absorber
can also be classified as a device for automatically adjusting the axial load and torque on the bit.

2.2. Analytical model of the axial load and torque transmission unit of a drill shock absorber

To select the right type and required characteristics of the elastic element of the drill shock absorber, it is necessary to be
able to accurately determine the loads that will act on this assembly during operation. The design of the proposed drill shock
absorber involves the use of a special mechanism for transmitting axial load and torque to the elastic element (Fig. 2). This
special mechanism is presented in the form of a fourteen-thread self-releasing screw pair with a trapezoidal profile of turns.

0,000 ), 0,300(m) 0,00 150,00 300,00 (rm)
[ aaae— ES— I 020 a0

0,075 0,225 75,00 225,00
Fig. 2. General view (a) and longitudinal section (b) of the axial load and torque transmission unit in the drill shock

absorber

Now consider a situation where the bit at the bottom of a well has slowed down (or stopped) due to excessive rock
resistance. Suppose that an additional external torque M is applied to the shock absorber body parts. It tries to rotate the shock
absorber body parts relative to the shaft and causes the contact interaction of the screw pair elements. The screw pair
transforms the applied torque into an axial force O, which compresses the elastic element of the shock absorber, causing its
settlement A. Let us consider the force interaction between the elements of a screw pair based on the model of Fig. 2. Let us
imagine that one thread of the screw thread is untwisted by one revolution (Fig. 2, a). In this case, one edge of the thread
forms the hypotenuse of a right triangle, the base of which is equal to the circumference of the circle of average radius R of
the screw pair, and the height of such a triangle is equal to the thread pitch # multiplied by the number of turns n. Angle a is
the angle of rise of the cut. The conditions of frictional interaction on the contact surfaces are taken in the form of Coulomb's
law. The external torque M causes a circular force in the screw pair 7 = M / R . On the contacting surfaces, the contact
pressure force N is directed along the normal to the cut surfaces, and the friction force F acts in a plane tangent to the cut
surface (Fig. 2, b and Fig. 2, ¢).

Now we will determine the relationship between the external torque M and the force O compressing the elastic element

of the shock absorber. Then, we write the equilibrium equation for the shaft model (Fig. 2, b), taking into account that the
profile of the screw pair's turns is trapezoidal (Fig. 2, d):

DY, =—0+ Ncosfcosa— Fsinar=0. M

Equilibrium equation for the housing model (Fig. 2, ¢)

ZXZ, =—P+ Ncosfsina+ Fcosa =0. @
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In the process of jointly solving the system of Eq. (1) and Eq. (2), we multiply Eq. (2) by R, moving from forces to
moments, and also take into account that the friction force is determined by the formula /' = f'N , where f— is the friction
coefficient on the contact surfaces of the screw connection. As a result, we obtain:

— force Q, that loads the elastic element
M cosacosf— fsina

R sinacosf+ fcosa’
— contact pressure resultant

M 1 “
R sinacosf+ fcosar’

— friction forces resultant

M 1 (5)
R sinacosf+ fcosa
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Fig. 3. Model of force interaction in the system screw pair — elastic shock absorber element: a — design diagram of
the analytical model; b — shaft loading diagram; ¢ — housing loading diagram; d — profile of the screw pair's threads.

Excluding from formula (3) the trigonometric functions of the angle of thread rise, after the transformations, we obtain
the final form of the dependence of the axial load Q, which is transmitted to the elastic element of the shock absorber, on the
change in the external torque M:

nh
1-f——se
_M f275R il (6)
Q_R ﬂ+fsecﬂ.
2R

If the drill shock absorber is loaded with external axial force Po only, a torque 7 will occur in the screw pair, which can
be determined by the formula

nh
ecCpD——
‘fs -

T=PR p . (7)
n
I+ f——secf
27R
This moment 7" will contribute to the formation of the load value of the elastic element. To calculate this contribution, it
is enough to substitute the value of T calculated by formula (7) in formula (6) instead of the value of M. After performing the

above steps, we obtain an expression for determining the force Qo , transmitted to the elastic element when the shock absorber

is loaded only by an external axial force F:
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3 fsecf—tga 1-fsecftga
Qo =-F, ) . (®)
1+ fsecftgar  fsecPB+tgo
In the case when the shock absorber is simultaneously subjected to an external torque M and an external axial load [, it
is necessary to first use formula (7), and then in formula (6), instead of M, substitute the sum of M + T .
During the operation of the shock absorber, normal O and tangential 7, contact stresses will act on the surface of the

screw threads

o M cos fcose o
7R*h sinocos B+ fcosar’
— M cos fcosa (10
7R*h sinacos S+ fcosa’
and shear stresses 7 will act in the cross-section of the turns
M cosa
s (11)

7R*h sinacos S+ fcosa’
here, according to the standard for a trapezoidal cut profile, it is assumed that the height of the contact surface of the turn and
the average width of the turn are equal 0.54. Since a complex stress state occurs in the dangerous points of the screw pair
material, we will use the Huber-von Mises energy criterion to assess the strength. To ensure strength, it is necessary that the

highest equivalent stresses O, , that occur in the material during operation do not exceed the permissible stresses [o]:

o, :%\/02 +6(z2 +72) <[o]. (12)

To check the strength of a screw pair, it is necessary to first use formulas (9)-(11), and then check the fulfilment of the
inequality (12).

2.3. Numerical model of the axial load and torque transmission unit of a drill shock absorber

To verify the adequacy of the proposed analytical model and verify certain analytical results, we decided to use a numerical
model of the axial load and torque transmission unit of the drill shock absorber. The deformable bodies in contact were
represented as separate arrays of finite elements with a certain number of nodes in the contact area (Fig. 4).

Ansys Workbench 2022 R2 modules were used to build the model and obtain results. The calculation mesh for the screw
connection parts was generated using the Tetrahedrons method. The advantage of the tetrahedral mesh is that it allows for a
good approximation of the surface contour, and it is also recommended for modelling contact problems. In the process of
forming the finite element model, a mesh independence study was performed using the methodology recommended by Ansys
(Stolarski et al., 2018). As a result, three-dimensional meshes with elements in the form of tetrahedra with an average edge
length of 3 mm were obtained for both parts of the screw connection (in the areas of the cut, the mesh was refined). For the
generation process, we used the "Patch Independent" method, which is convenient because it overlays the mesh on the design
area and then cuts off all fragments that go beyond the geometric area.

The mechanical and geometrical parameters of the screw connection are as follows. The material of the shaft and the

shock absorber housing is structural alloy steel with yield strength 480MPa, Young's modulus — 2.1- 10" Pq , shear

modulus — 8-1010Pa and Poisson's ratio — 0.31. The outer diameter of the screw connection is 80 mm, the average
diameter is 75 mm, the number of threads is 14, and the pitch is 10 mm.

The following software parameters were used to describe the contact interaction of screw pair parts: contact type —
“Frictional” with a friction coefficient of 0.05 (this coefficient was changed in the course of the study); contact formulation —
“Augmented Lagrange method”; 0.0015 penetration tolerance; normal stiffness factor on the contact surfaces — “Program
controlled”. It should be noted here that the Augmented Lagrange method was chosen because this method allows for minimal
penetration of the contact surfaces, but at the same time ensures the reliability of the results and acceptable computational
time.
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Fig. 4. Finite element models of a part of the shock absorber body (a) and a part of the shock absorber shaft (b)

In total, the created model of the screw pair contains 521801 finite elements. To obtain numerical solutions, a step-by-
step loading process was used, with the boundary conditions refined at each loading step using an iterative method. The study
mainly evaluated the ability of the screw pair to transform external torque into axial force, while controlling the values of
contact pressures, axial displacements, and equivalent stresses. The load increases were chosen to be small in order to maintain
a close to linear relationship between displacements and deformations within each load step.

3. Results and Analysis

The main feature of the proposed mechanism for transmitting axial load and torque in the shock absorber is that, under
certain circumstances, it is capable of converting the rotational movement of the shock absorber body parts into translational
movement of the barrel (or vice versa). In this case, the excessive increase in external torque is transformed into an axial force
that is transmitted to the elastic element. Excessive torque increase can be caused by slowing down or jamming of the bit due
to strong blade penetration into the rock, rock layering or fracturing, abrupt change in the mechanical properties of the rock,
etc. It should be noted that the barrel, compressing the elastic element, raises the bit above the bottomhole surface by the
amount of the elastic element's upsetting and thus allows the bit to continue rotating in the nominal mode.

The analytical dependence between the change in the external torque M and the value of the axial load Q compressing
the elastic element of the drill shock absorber is analysed. In Fig. 5, the graphical results of the force interaction in a screw
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pair are presented in a dimensionless form, since in this case, a whole group of possible dimensional problems corresponds to
one solved dimensionless variant. The graphs in Fig. 5, a demonstrate the change in the load on the elastic element depending
on the friction coefficient on the contact surfaces of the screw pair. With an increase in the friction coefficient, the load on the
elastic element decreases, and this dependence is non-linear. All other things being equal, screws with fewer threads are more
sensitive to changes in the coefficient of friction. The graphical dependencies in Fig. 5, b illustrate how the load on the shock
absorber's elastic element will change with changes in the geometric parameters of the screw pair. With an increase in the
ratio 1/ R — the force that will compress the elastic element will decrease, and this dependence is non-linear. All other things
being equal, screws with a higher coefficient of friction on the contact surfaces are more sensitive to changes in geometric
parameters.

4 3
JS=0

3 . \0.05\\
% 2 n=10 \ % k\\
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n=14 \
\ 1.5 =03

sé

0 0.1 02 015 02 025 03
h/R
a b
Fig. 5. Changes in the load transferred to the shock absorber's elastic element: a — depending on the friction coefficient on
the contact surfaces of the screw pair (we accept £/ R = 0.26 ); b — depending on the geometrical parameters of the screw

pair (we accept n =14)

The numerical results shown in Fig. 6 are obtained for a real drill shock absorber with an outer diameter of 121 mm, which
is planned to be used for drilling for production strings. The parameters of the screw connection are as follows: outer diameter
of the screw connection thread is 80 mm, average diameter is 75 mm, number of threads is 14, pitch is 10 mm. As the external
torque M increases, the axial force Q acting on the elastic element increases linearly. With a decrease in the coefficient of
friction on the contact surfaces, the resistance forces in the screw connection decrease and, as a result, the load on the elastic
element increases.

The next numerical testing of the model was focused on determining the settlement of the elastic element caused by an
increase in external torque. Both the finite element and analytical models were used for calculations, and the results were

compared. In both cases, the shock absorber barrel loaded a linear elastic element with a stiffness of C = 2000 AN /m . In

the numerical model (Fig. 7, a), a virtual tensile spring was used, the upper end of which was connected to the upper end of
the barrel (shown in green), and the lower end of the spring was fixed in space (the reaction in the fixation and the local
coordinate system are shown). As for the boundary conditions, the lower end of the barrel is not allowed to rotate (this

corresponds to the case of bit jamming), while the body is only allowed to rotate about the longitudinal axis.
| Operating load range |

=@
150 ! QQLJ
S
/
100
=02
0.kN f:
50
0
0 1 2 3 4

M, kN-m

Fig. 6. Dependence of the force compressing the shock absorber elastic element on the external torque
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An external torque was applied to the body and the elongation of the virtual spring A was measured. In the analytical
model (Fig. 3, a), we took into account that A=/ C . The analytical model (Fig. 7, b) gives slightly overestimated results
for the settlements, and the percentage of discrepancy between the results increases with increasing external load. For example,
when an external torque of 500 kNm was applied, the discrepancy between the analytical and numerical results was 8%, and
at 3500 kNm the discrepancy increased to 12%. It should also be noted that with the installation of a stiffer elastic element
and a reduction in the displacements in the screw pair, the discrepancy between the numerical and analytical results decreases.
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Fig. 7. Determination of the settlement of an elastic element caused by an external torque (friction coefficient on contact
surfaces is 0.05): a — virtual model of a screw pair; b — comparison of numerical and analytical results

If the drill shock absorber is loaded with an external axial force Po , only a certain part of it Qo will load the elastic
element of the shock absorber, the rest will be used to overcome the drag forces in the screw pair. The relationship between
Po and Qo is illustrated graphically in Fig. 8. Obviously, with the growth of the friction coefficient, the resistance forces
in the screw pair increase, and the load transmitted to the elastic element decreases accordingly.
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Fig. 8. Relationship between the external axial force Po and the force Qo , transmitted to the shock absorber elastic

element
To assess the strength of a screw pair, the stressed state of its parts in response to an external load was considered. It was
found that the highest equivalent stresses occur on the surfaces of the threads. The analytical results presented in Fig. 9, were
obtained on the basis of formulas (9)—(12). To verify the analytical results obtained, the following virtual experiment was
conducted (Fig. 10). An external torque M = 1000 kN was applied to the housing, which is only allowed to rotate around
the longitudinal axis. The lower end of the shaft was prevented from rotating, and a smooth barrier was placed in front of the
upper end of the shaft. The housing, rotating around its longitudinal axis, forced the shaft to move progressively in the axial

direction and press with a force Q against the smooth barrier. Fig. 10 shows the contact pressure chromograms on the
interacting surfaces and the equivalent stress chromograms in the screw connection parts.
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Fig. 9. The largest equivalent stresses in a screw pair
(analytical result)

The general picture of the contact pressure distribution on the surfaces of the screw pair in contact interaction is shown
in Fig. 10, a (here the internal part — the shaft is shown transparent). The distribution of contact pressures between the turns
of the screw pair is fairly uniform, which means that the external load will be distributed between all turns of the contact pair.
The contact pressure is unevenly distributed along the length of the turn, with disturbances at the beginning and end of each
turn, which is likely to lead to faster wear of these particular parts of the screw connection turns.
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Fig. 10. Results of the virtual experiment: a — contact pressure on the interacting surfaces; b — equivalent stresses in the
screw connection; ¢ — equivalent stresses in the screw connection parts
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Figs. 10, b and 10, ¢ show a general picture of the distribution of equivalent stresses in the material of the connection
parts. The equivalent stresses were calculated using the Huber-von Mises energy theory of strength. The resulting
chromograms show that all turns of the screw pair are involved. If we exclude from the calculation several singularity points
that occur on the equivalent stress chromograms, the value of the maximum equivalent stresses should be taken as the lower
limit of the stress range, which is marked in red on the numerical scale. This value is 39.4 MPa and is in good agreement with

the analytical result shown in Fig. 9 (see value of 0, when M =1000N -m ).

If in the virtual experiment, the results of which are shown in Fig. 10, we increase the external load by a factor of 5, we
will get the results shown in Fig. 11.

Under high torque loading of a screw pair, the maximum equivalent stresses occur in the lower parts of the turns, while all
the turns of the connection are in a similar stress state. This means that the external load is distributed approximately evenly
across all the connection turns, but the lower parts of the turns will experience faster wear.

A: Static Structural

Equivalent Stress 2

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 15

16.02.2024 16:59

185,47 Max
165,35
145,23
125,11
104,99
84,865
64,744
623
24,502
43812Min — ——" &

300,00 (mm)

Fig. 11. The case of a high-torque operating load of a screw pair
(external torque applied M =5000N -m )

Comparing the maximum value of the equivalent stresses — 185 .47 MPa (Fig. 11) with the value obtained analytically
— (see Fig. 9 for the value of O, when M =5000N -m ) we see a good convergence of the results obtained in different

ways. Recall that the material of the shock absorber shaft and housing is structural alloy steel with yield strength 480 MPa

. This value is higher than the maximum equivalent stresses that occur under high torque loading of the screw pair, and
therefore the ultimate state of the structure is not reached. By dividing the yield strength of the material by the maximum
equivalent stress, the actual safety factor with which the screw pair is operated is obtained.

4. Conclusions

The paper proposes an improved shock absorber design for use in the drilling of deep oil and gas and geothermal wells
when rock destruction occurs using PDC bits. The drill shock absorber is equipped with a unit that converts the rotational
motion of its body parts into the translational motion of the barrel. As a result, sudden changes in external torque are
transformed into a change in the axial force that loads the shock absorber's elastic element. Due to its new properties, the
shock absorber is able to prevent self-excited vibrations, which can lead to dysfunctions such as stick-slip and whirling of the
drilling tool.

The numerical and analytical models of the mechanism of transferring external axial load and torque to the elastic element
of a drill shock absorber are constructed. An analytical dependence was obtained to determine the value of the load transmitted
to the elastic element of the drill shock absorber when the external torque changes. This result will allow for an efficient
selection of the characteristics of the elastic element for a drill shock absorber. An analytical assessment of the strength of the
shock absorber screw pair was carried out using the Huber-von Mises energy criterion.

Using a numerical model of a screw pair, the distribution of contact pressures on the interacting surfaces and equivalent
stresses in the details of the proposed assembly is analysed. It has been determined that the external load is evenly distributed
between all turns of the screw pair, and under high-torque operating load the limit state of the assembly parts is not reached.
A numerical estimation of the value of the shock absorber elastic element's settlement, which occurs under the action of an
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external torque, has been carried out. The identification of a number of results obtained by the finite element method with the
results of analytical solutions allows us to recommend the proposed analytical model for practical applications.
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