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SUMMARY 

Conducted industrial tests of a prototype of a device for measuring forces in a drill string 
confirmed its operability and the possibility of using it as a tool for obtaining data to assess 
the effectiveness of drilling operations and equipment operating conditions. The obtained 
amplitude-frequency characteristics of the oscillations make it possible to isolate individual 
components from the signal, to conduct a qualitative assessment of the operation and state of 
the bit structure with the possibility of further analysis of its effect on the oscillatory 
processes in the system. 
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Introduction  
 
The urgent task of supplying the needs of Ukraine with hydrocarbon raw materials causes an increase 
in drilling of wells with high technical and economic indicators, which requires a systematic search, 
adaptation and implementation of the latest technologies. One of the directions for solving these 
problems is to create an integrated method for ensuring reliable operation of the elements of the drill 
string and effective destruction of rocks. Reliability indicators depend not only on the design and 
manufacturing technology of the drill string elements, but also on the loads acting on them. The level 
of loads acting in the well is determined by the state and spatial orientation of the wellbore, the 
properties of rocks, drilling modes, the state of the bit structure, etc. The problem becomes especially 
relevant in difficult geological and technical drilling conditions (Zamani et al., 2016). 
 
Method and Theory 
 
To date, there is no unified approach to solving problems related to ensuring the operational reliability 
of the drill string elements. Among the main loads acting on the drill string, there are axial, bending 
and torsional. They arise from the weight of the string, deformation of the string in the well, dynamic 
factors during tripping, drilling mud flow, vibrations of the string due to the work of the bit, etc. 
(Biletskyi et al., 2018). More often they are determined using analytical methods, laboratory 
experimental studies and computer simulations (Xianbo et al., 2020). There are practically no studies 
that combine the theoretical foundations with the results of their industrial use and take into account 
the influence of such operational factors as drilling regime parameters and the state of the cutting 
structure of the bit (Hall et al., 2013). 
 
To assess the load of equipment in practice, as a rule, tools and complexes installed on the daylight 
surface are used. The data obtained with their help underlie the assessment of existing loads. 
However, this approach does not allow a reliable assessment of the actual load level of downhole 
equipment. Also, the stress-strain state and parameters of the interaction of the bit with the rock are 
significantly affected by the current state of its cutting structure (Ivasiv et al., 2020). Therefore, the 
registration of parameters characterizing the stress-strain state of downhole equipment must be carried 
out directly at the bottomhole. This is due to the need to develop easy-to-use and reliable technical 
means of registration. However, the availability of means of registration does not solve the problem.  
 
The issue of developing an integrated approach to its solution, taking into account the theoretical 
foundations of the design of the well construction process and information about the features of the 
operation of downhole equipment, remains relevant. This is possible with continuous monitoring of 
the drilling process and allows one to assess the operating time, the risk of equipment failures and 
adjust, if necessary, both the design of the drill string and its operating modes. 
 
Taking into account the above, a method is proposed that provides for constant monitoring of the 
drilling process and is implemented in several stages. The first stage is the design of optimal modes of 
drilling and operation of downhole equipment. The second stage is monitoring during the drilling 
process of the actual loads on the elements of the drill string and the state of the bit structure. For a 
more complete and accurate assessment of the load, monitoring is carried out both at the wellhead and 
at the bottom of the well. When using a deep-seated device with registration of information on a 
“memory card”, the third stage takes place, which consists in a refined assessment of the residual 
resource based on the results of the run (Yurych, 2016). 
 
The implementation of the approach requires on-line registration of the current values of drilling 
regime parameters using interactive technologies. Their use is not always appropriate and possible, in 
particular, in small shallow deposits where the equipment used does not allow such monitoring. In 
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view of this, for the purpose of monitoring, it is proposed to use a device for measuring forces in the 
drill string.  
 
The design of the device provides for the registration of the bending moment and longitudinal 
displacements in the section of the drill string. Work with the device can be divided into three stages. 
At the first design stage, it is necessary to determine the place of inclusion of the device in the design 
of the bottom of the drill string and agree on a work plan. The second stage involves the operation of 
the device in the well with its subsequent raising and reading the data recorded on the "memory card". 
At the final stage, they are processed and analyzed (Ivasiv et al., 2014).  
 
Assume that the bit actuation function is monotonic and has a variable component. Such a component 
may be one of the geometrical dimensions of the cutting structure. Its change in the process of 
destruction of the bottomhole irreversibly leads to a change in the nature of the interaction between 
the cutting structure of the rock cutting tool and the bottomhole. Under such conditions, the cutting 
process is gradually replaced by the friction process. This leads to a change in the nature of the power 
and kinematic disturbances on the bit and the vibration parameters of the drilling tool as a whole. 
 
In order to check the operability of the device design, an industrial test of its prototype was carried 
out. The test was carried out on the Kadobna 28 well in the range from 190 m to 400 m with the 
following operating parameters: ρ = 1100-1120 kg/m3, Pb = 80-100 kN, n = 60-70 rpm. During 
drilling, a bottom hole assembly (BHA) of the following design was used: bit PDC 215,9 FG-5; 
10KSI-215,9 STKn; DC 165/71 (9,2 m); 10KSI-215,9 STKn; DC 165/71 (9,2 m); device (1,1 m); DC 
165/71 (55,2 m). Ground measuring equipment controlled the axial load on the bit, the torque on the 
rotor, the rotational speed, the flow rate of the drilling fluid, the pressure on the riser.  
 
Based on the results of the analysis and processing of the records obtained at the wellhead, the 
absence of anomalous peak values of the regime and technological parameters was established. 
During the run, a high ROP was ensured: 18.2 m/h at the beginning and 17.1 m/h at the end. 
Volumetric destruction of the bottomhole confirmed the examination of the cuttings on vibrating 
screens. Therefore, it can be concluded that the optimal load of the drilling tool is created during the 
run. According to the results of visual inspection and coding of bit wear, wear of 0.9 mm along the 
height of the end structure in its peripheral part, and 0.3 mm in the central part, was established. 
 
By registering longitudinal vibrations near the bit using the device, a time function was obtained, the 
visualization of a fragment of which is shown in Figure 1. An oscillating process in this form cannot 
be mathematically described in the time domain. With an accuracy acceptable for practice, the 
oscillating process is described in the frequency domain. The transition from the time domain to the 
frequency domain was carried out using the Fourier transform algorithm. 
 
The results of measuring the amplitude-frequency characteristics of the longitudinal oscillations of the 
bottom of the drilling tool are shown in Figure 2. On the constructed amplitude-frequency 
characteristics, as the first informative feature, one can single out the value of the main component 
(harmonic) caused by cutting its rock, and an additional component caused by its erasure. The peak 
amplitude of BHA cross-section oscillations with a new bit is observed at a frequency of 10 Hz and is 
about 4.3 mm, the amplitude of a lower order at a frequency of 8 Hz is 1.8 mm. For the BHA section 
with a partially worn bit at the same cutting frequency of 10 Hz, the peak value of the oscillation 
amplitude is less, namely equal to 3.6 mm and is 1.9 mm at the erase frequency. 
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Figure 1 An example of visualization of measurements in a well 
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Figure 2 Frequency implementation of longitudinal oscillations of the BHA section 
 
Another informative sign of bit wear is the area of the oscillation spectrum. In a certain frequency 
range, it is possible to determine the area of both the entire spectrum and its part. The area of the 
spectrum is estimated by numerical integration of the amplitude A(f) over discrete frequencies using 
the parabolic method (Wei, 2018): 
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,      (1) 

 
where A(f) is an oscillation amplitude; 

f is an oscillation frequency; 
fгр is a limit frequency. 
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Depending on the number of harmonics and amplitude values, the area of the spectrum can be 
determined as follows: 
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 , (2) 

 
where Ai is an amplitude of і-th harmonic (i=0,1,2,…n); 

h is a sampling interval.  
 

Analytical calculations have established that the area of the oscillation spectrum for a new bit is 5.2 
mm⋅Hz, and for a partially worn bit it is 3.8 mm⋅Hz 
 
Conclusions 
 
Current research shows a growing interest in optimizing drilling processes by monitoring and 
analyzing the parameters that characterize it. One of the obstacles to such monitoring is the lack of 
relatively expensive technical means, the use of which would be possible and economically feasible in 
most industrial facilities. Conducted industrial tests of a prototype of a device for measuring forces in 
a drill string confirmed its operability and the possibility of using it as a tool for obtaining data to 
assess the effectiveness of drilling operations and equipment operating conditions. The obtained 
amplitude-frequency characteristics of the oscillations make it possible to isolate individual 
components from the signal, to conduct a qualitative assessment of the operation and state of the bit 
structure with the possibility of further analysis of its effect on the oscillatory processes in the system. 
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