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Abstact: During well-dnlling in conditions when bedding of solid rock 1s at shallow depth (from the first meters)
there are significant vibrations of drilling string and connected equipment. In such situation when length of a
drilling string is small and axial load on drilling bit is minimum, the effective device is necessary for
compensation of axial pushes and vibrations. At the same time the geometrical shape of the damping element
has to ensure the stability at significant excess of limit load and reliability. Warranty of shape retention at
drilling depth mcrease (and respectively, increase of drilling string length and weight) will allow to avoid the
additional round-trip operations for extraction of the damping device. The study considers the main stages and
features of computer simulation of damping elements operating at shallow depth of solid rock bedding by finite
element method and also the subsequent optimization of its design which has allowed to increase a compliance
from 0.8-15 mm and at the same time to provide sufficient strength reliability. The calculation model of the
analysis and also boundary conditions for modeling of multicontact interaction of slot surfaces of damping
elements is described in detail. The computer simulation allows to perform optimization of model at a designing
stage. [t considerably reduces costs for creation of new model of a design as excludes need of production of
several natural samples and their bench testing for durability verification.
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INTRODUCTION

The result of high-quality construction of a well is its
durability and reliability m operational conditions. It is
based on application of modern both the above-ground
and downhole equipment with use of the cumulative
technological experience of drilling operations executing.

As experience of the boring enterprises testifies, the
application of a rotary method of drilling using the modem
types of the screw down-hole motors as the drive of rock
cutting tool is priority in this direction (Dvoynikov
and Blinoz, 2016)

The most essential advantage: the mcreased energy
characteristics allowing to drill wells of various depth with
different types of a profile with broad ranges of type and
properties of drilling fluids and parameters of the drilling
mode and also using different designs and standard sizes
of the rock cutting tool.

In the drilling process by screw down-hole motor
(Cao and Wu, 2010) there are various swings and
vibrations which can lead to damages of drilling string
elements and also breakage of the bottom hole assembly.
The main forms of vibrations of drilling string are.

The axial vibrations, caused by drilling bit operation
and a pulsation of drilling fluids fluid in working chambers
of screw down-hole motor (Syzrantseva and Syztrantseva,
2016) the cross beats of screw down-hole motor body
caused by design features of the hydraulic mechanism.
Axial and torque vibrations (taking into account axial load
to drilling bit and amount of deflection in the place of the
angle controller of power section and spindle) lead as a
rule to loss of drilling string stability and emergencies n
a well.

For the purpose of increase of drilling string reliability
1n practice of drilling it 1s accepted to mount the damping
elements providing decrease an axial vibrations of bottom
hole agsembly. Design of a damping element provides the
body with the rigid-elastic mechanism (spring) inside
which is the basic element for vibrations absorbing. Also
damping element may contain the hydraulic camera
providing vibration lowering by compressibility of fluid.

One variant of damping element design is the
mechanical device for decrease of longitudinal vibrations
of drilling bit described m research. However, as practice
shows, damping element of this type have restrictions of
the free axial stroke and low strength characteristic.
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This study considers the features of computer
simulation of damping elements operating and
optimization of their designs, for the purpose of ensuring
its working capacity at different regimes of bottom hole
assembly operation (Syzrantsev and Syzrantseva,
2016).

MATERIALS AND METHODS

Computer simulation: The geometrical shape of mutial
variant of damping element was the cylinder with several
slots, perpendicular rotation axes (two slots n one plane),
showed on Fig. la. Slots are made in such way that each
two couples of neighboring slots are turned from each
other on 90°. Material of the damping element: steel 65G
(yield strength 1s 1220 MPas, tensile strength 1s 1470
MPas). The axial loading leads to the “folding™ of
damping element design allowing to compensate axial
pushes in the drilling process. Hertz equation used for
contact pressure estimation allows to get only stress
value in centre of contact area and does not allow to
analyze the multicontact interaction between surfaces of
slots of damping element. Therefore for thus task decision
1t 15 advisably to use numerical method.

For today development of numerical methods allows
to carry out modeling of various physical processes. The
Finite Element Method (FEM) (Burkhart et al., 2013) is
widely used in various industries mcluding oil and gas
sector of industty (Syzrantsev and Syzrantseva, 2016,
Bae et al., 2016, Makhutov et al., 2009; Dhatt et al., 2012).
However, the calculation model for simulation has to be as
close as possible to loading conditions of researched
equipment at its operation. Program complex ANSYS is
characterized by the most ample opportunities for the
solution of spatial contact tasks and it s successfully
applied for durability and reliability estimation of drilling
(Oshibkov et al., 2015a; Syzrantseva, 2016) and oil
equipment (Syzrantsev and Syzrantseva, 2016).

We will consider the main stages of the Finite Element
Analysis of damping element. In the analysis process the
five stages of modeling and calculation are realized. At the
first stage the creation of geometrical model is carried out.
The geometrical model was designed by CAD-system and
imported to ANSYS, it allows to simplify considerably the
process of model creation. Because of symmetry of a
damping element about two planes, only ¥ part of sample
was subjected to the analysis (Fig. 1). To check the
accuracy of the geometrical model created in
CAD-system, it is possible by using the coordinate
measuring machines (Shchurov, 2011). At the second
stage imported from CAD-system geometrical model is
subjected to meshing by finish elements in software
ANSYS. As the geometrical model of the damping
element has an irregular spatial shape, the finite element
model is meshed by three-dimensional structural element

@

VA E,
S
e

=
)

1;'%

2

Fig. 1: The calculation model of the computer analysis: a)
geometrical model and b) finite element model)

Solid92 (Oshibkov ef al, 2015b). For contact task
description we created 10 symmetric contact pairs
(Sclovyov and Cherniavsky, 2013) defined by elements
CONTAI174-TARGE170 modeling deformable contact
taking into account friction, as recommended in study
(Ananth and Ramesh, 2012).

At the third stage boundary condition are defmed.
Bottom surface of damping element has zero
displacements on all degrees of freedom. Symmetry is
applied on face surfaces of model. Nodes attached to
upper swrface of damping element are coupled and
subjected by axial compressing force F, (Fig. 1b).

At the fourth stage for this task decision we used
SRARSE SOLVER. As analyzed model was optimized in
accordance with restrictions and features of Finite
Element Method, there was not required to change the
options for solving non-linear contact task. At the fifth
stage the analysis of results needed for estimation of
serviceability criteria of damping element 1s carried out.

For check of calculation model adequacy it 1s
necessary to estimate the finite element grid quality. The
finite element grid quality estimation was realized similar
to study (Oshibkov et al, 2015a), in accordance with
equation:

ESOL-NOSL
V,—————x100% = 8.72%
ESOL
Where:
ESCL = Element solutions

NSOL = Nodal solutions

The estimation has shown quite satisfactory results.
Total displacements in damping element loaded by axial
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Fig. 2: Total displacements of initial variant of damping
element
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Fig. 3: Contours of von Mises stress of imitial varant of

damping element

force F, = 30 kN are presented on Fig. 2, maximum axial
displacements of mmtial design of damping element were
0.8 mm. Contours of von Mises stress the most illustrative
for damping element durability estimation are shown on
Fig. 3. Maximum value 1s 512.4 MPas.

Optimization of damping element design: The design of
damping element offered initially did not meet the set
requirements as was characterized by an insufficient
compliance for compensation of axial pushes. The
computer modeling allows to perform optimization of
model at a designing stage that considerably reduces
costs for creation of new model of a design as excludes
need of production of several natural samples and their
bench testing.

Therefore, performed  the
optimization of the damping element geometrical shape so

researchers  have
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Fig. 4. Total displacements of optimized variant of
damping element
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Fig. 5: Contours of von Mises stress of optimized variant
of damping elementaq
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Fig. 6: Function of maximun von Mises stress
depending on axial compressing force wvalue
(Results of computer simulation showed by labels
and plotted function 0BEQV showed by solid
curve)

that to increase the damping element compliance and at
the same time not to allow to exceed the yield strength of
material. In a design there were following changes:
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thickness of a cylinder wall the and distance between
slots decreased, the number of slots and their size
mcreased and also holes mn the slot edges for elimination
of stress concentrators were added. The new shape of
damping element has also been calculated on the loading
much exceeding the operating load (F, = 10 kN). At excess
of limit load there 1s “folding” of damping element design
and the maximum value of von Mises stress decreases a
little due to their redistribution from places of stress
concentrators to places of contact between slot surfaces.
The result of the stress-strain condition calculation of a
final shape of damping element is given on Fig. 4-6. Under
the maximum operating load (F, = 30 kN) the value of
compression of damping element is 15 mm, the value of
the maximum von Mises stress 828.7 MPas.

By results of additional computer simulation of an
optimal model the function of maximum von Mises stress
depending on axial compressing force value varied in
mterval from 0.1-30 kN was established with the help of
regression analysis:

G pqy =L (F)
The curve of fimction (2) 1s presented on Fig. 6.
CONCLUSION

The method of computer sinulation of damping
element described in paper allows to estimate the
compliance value (the axial stroke) of a design and also its
streng th characteristics at a designing stage. By
stage-by-stage change and modification of an iutial
design the comparative analysis of different variants of a
design without production and test of natural samples 1s
carried out that considerably reduces the price of
optimization process (Lee ef af., 2014)

The offered method of simulation has allowed the
authors to develop the new design of damping element
which 1s charactenized by the compliance increased almost
by 20 times and at the same time sufficient strength
reliability. The developed design of damping element will
allow to increase efficiency of drilling of oil and gas wells,
ensuring operationalstability of the screw down-hole
motor and rock cutting tool.
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