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ABSTRACT 

One of the methods used nowadays in simulating dynamic behaviour in drilling operations is by random vibrational analysis. In 

many engineering and drilling operations, the dynamic loading is random vibration. A random vibrational analysis of a drill string 

was done in a vertical water well by Ansys workbench 2020. Random vibrational analysis was performed to identify frequency response 

of the drill string. The probability of deformation for each sigma under random vibration was carried out. There is higher probability 

about 99.7% of failure in the axis of supplied PSD acceleration. The response power spectral density (RPSD) was carried out in x, y 

and z taking any point of the (BHA) bottom hole assembly, mainly the bit. From the results of response PSD, it is shown that there is 

higher value of resonance (spikes) as the drill pipe (DP) increases in both x-axis, y-axis and z-axis which are lateral and longitudinal 

movements which causes lateral and longitudinal vibrations to the drill string. The results can be used to understand the most cause, 

which is lateral vibrations, for parameter optimization. With this for a critical component, on a range of frequencies we can determine 

lateral displacements. 

KEY WORDS: Random Vibrations, Ansys workbench, Random Frequency, (PSD) Power Spectral Density, Root Mean 

Square (RMS). 

 

1.0INTRODUCTION 

One of the safest means of clean water is by boreholes. Drilling is being much expensive due to drill rig cost caused by failure of 

various parts due to vibrations. Excessive drill string vibrations causing secondary damage such as drill pipe fracture, bearing 

damage, decrease in rate of penetration and early failure of bits resulting in high maintenance and drilling cost of rigs. About 40% 

of all exploration and production costs are found in drilling operations [28]. 

Drilling efficiency can be improved by preventing drill string failures, optimization and good interpretation of the drill string dynamics. 

On the (BHA) Bottom Hole Assembly, the drill string is used to supply adequate weight to the bit (WOB), transmit torque and 

transport fluids 

down hole. Excluding the drill pipe on the drill string the bottom part is called the Bottom Hole Assembly (BHA) [29]. 

Random vibrations deal with the probabilistic analysis of the response of structures. In random vibrations, random parameters and 

initial condition ae used. In this it can be used with random excitation and random boundary conditions. Experiments of real structures 

are initially simulated in random environments. Random vibration analysis ae used in optimization and other purposes [25]. 

Drill string vibrations are difficult so there is need for predictive ability more accurately. Random vibrations has no clear pattern, 

it’s not easy to define a vibration environment. This environment vary in a totally unpredictable manner. Random vibrations cannot 

be predicted. In random vibrations, many frequencies are excited on the same time. There is no periodicities. Resonances of different 

components on drill string can be excited simultaneously. 

 

2.0 DRILL STRING VIBRATIONS 

Random vibration motion is non deterministic. We cannot accurately predict the future behaviour. Random vibration analysis can be 

done to investigate the statistical properties of drill string or a response of a mechanical system, mainly standard deviations, stresses 

and forces. Random excitation are represented by power spectral density (PSD). The amplitude of excitation can constantly change 

at any given frequencies. If we look in many processes, average value of random excitation is uniform, so we characterize random 

excitation as a statistical process [27]. 

Dynamic loading can be explained as random vibration. The figure 2.0 is a graph of random vibrations on amplitude versus time 

histories. The three parameters of interest are frequency, time and amplitude so we can analyze a random process in a statistical 

manner. Random vibration characterization results in a frequency spectrum of Power Spectral Density (PSD). The Power Spectral 

Density defines the distribution of power over the frequency range of excitation [24]. 
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Figure 2.0: The graph of Random Vibration for amplitude vs time [30]. 

Random vibrations follow a normal o the Gaussian distribution as figure 2.1. 

 

Figure 2.1: Normal or the Gaussian distribution [26] 

 

2.1 PROBLEMS CAUSED BY DRILL STRING VIBRATIONS 

Drill string vibrations results drill bit failures, bearing damage and drill pipe fracture. Drill string vibration results in the unstableness 

of wellbore and a lot of energy is wasted. Some studies proves that the most dangerous effect of vibration is subjected to the drill 

collars and adjacent drill pipe. Each vibration model has its own effect on the drilling operation [5]. 

 

3.0. MATERIALS AND METHODS 

The material used in this analysis is mainly structural steel as shown in table 1. Also the specifications of parts of drill strings (DS) 

used in the analysis are shown in table 2. 

Table 1: Material used 

 

 Property value Unit 

1 Density 7850 kgm−3 

2 Young Modulus 2E + 11 Pa 

3 Poisson’s Ratio 0.3  

4 Bulk Modulus 1.6667E + 11 Pa 

5 Shear Modulus 7.6923E + 10 Pa 
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Table 2: Specifications of DS parts used 

 

Part OD ID Length Units 

DC 0.076 0.060 1 m 

DP 0.076 0.068 20 m 

DP 0.076 0.068 40 m 

DP 0.076 0.068 60 m 

3.1 RANDOM VIBRATIONS 

Scalar or vector representation of random vibration is given by 

 

�̇� = 𝑔(𝑥. 𝑦. 𝑎) 𝑥(0) = 𝑥0, 𝑡 ≥ 0 (1) 

 

Then x represents system response; y is system excitation; a, is for system parameters; the dot represents the differentiation with 

respect to time; and g (.) is the deterministic functional form. Several problems with this aspect were solved in the case were g (.) is a 

function of linear excitation while the excitation cannot move, Gaussian random process. 

3.2 STATISTICAL APPROACH 

The most commonly used probability of distribution is the Normal or the Gaussian distribution. The probability density function (PDF) 

for a normal distribution is given by: 

 

1 𝑥 

1 [(−2)( 

 

 

 

)2] 

𝑝 = 𝑒 

√2ᴨ 

𝑥𝑟𝑚𝑠 

(2) 

 

Equation 1 is plotted as figure 3.0. In equation 2, X and Xrms can have displacement, velocity and acceleration units, or derivatives 

of these terms. 
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Figure 3.0: PDF for a Normal Distribution 

 

3.3 INPUT ACCELERATION AND DISPLACEMENT CHARACTERIZATION 

The simplest random excitation to analyze is a band limited white spectrum (BLWS) shown in Figure 3.1. 

 

 

 

 

Figure 3.1: BLWS 

 

 

𝐺𝑟𝑚𝑠 = √𝑤(𝑓2 − 𝑓1) (3) 

 

This value could be used in equation 2 to predict the probability of occurrence of instantaneous values of acceleration for a random 

signal. The RMS displacement is the square root of the area under the curve of 𝑚2/Hz. For a BLWS, the RMS displacement can be 

shown to be given by 

 

𝑔 1 𝑓3− 𝑓3 1 

𝑋𝑟𝑚𝑠 = 𝐺𝑟𝑚𝑠  x 

√ 2 1          

(4) 

4ᴨ2 3 𝑓2 𝑓3 

𝑓2 − 𝑓1 

1 2 
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Where, 

Grms = input acceleration 

𝑔 = acceleration constant (9.81m𝑠−2) 

𝑓1 = lower frequency, Hz 

𝑓2= upper frequency, Hz 

For most cases, 𝑓2 is significantly higher than 𝑓1 and equation 4 can be approximated by: 

 

𝑋𝑟𝑚𝑠 

=  
565𝐺𝑟𝑚𝑠 

√𝑓3 𝑓2 

 

(5) 

 

 

4.0 RESULTS AND DISCUSSIONS 

The DS random vibrational analysis was modelled in Ansys shown in figure 4.0. The drilling fluid impact was considered negligible 

and insignificant. 

 

 

 

Figure 4.0: Drill string modelling in Ansys 
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4.1 MODAL FREQUENCY 

The figure 4.1, 4.2 and figure 4.3 shows the modal frequency of first 26 modes (20m DP), 49modes (40m DP) and 73modes 

(60m DP). The range of frequency was set from 0 to 62Hz. 

 

Figure 4.1: Modal frequency of first 26 modes (20m DP). 

 

 

 

Figure 4.2: Modal frequency of first 49 modes (40m DP). 
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Figure 4.3: Modal frequency of first 73 modes (60m DP). 

 

 

4.2 RANDOM VIBRATION 

The table 3 and figure 4.4 is PSD acceleration against frequency. The accelerations supplied were given at random. The acceleration 

was applied in the longitudinal axis that is the y axis. 

 

 

Table 3: PSD acceleration against frequency 

 

Frequency [Hz] Acceleration [(m/s²)²/Hz] 

5. 100. 

15. 200. 

20. 350. 

30. 

45. 200. 

60. 
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Figure 4.4: PSD acceleration against frequency. 

 

 

4.3 DIRECTIONAL DEFORMATION 

The table 4, table 5 and table 6 shows directional deformation in x, y and z directions for 1 sigma, 2 sigmas and 3 sigmas respectively. 

The probability of deformation for each sigma under random vibration is given. There is higher probability about 99.73% of 

deformation in y since the PSD acceleration was supplied along the axial/longitudinal movement(y direction) as shown by table 4, table 

5 and table 6 results below. If the PSD acceleration was along the lateral directions, it means more deformation was to be experienced 

along the lateral directions. This shows that under random vibrational analysis a drill string can experience both lateral and 

longitudinal deviations with a measurable deformation depending on the supplied PSD acceleration at random. The results of 

deformation are same in x and z directions which are 

lateral movements. The larger the drill string, the lower the value of maximum deformation. 1 x RMS (1 sigma) accounts for 68.27% 

of total response, 95.45% and 99.73% for 2 x RMS (2 sigma) and 3 x RMS (3 sigma) respectively. 
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Table 4: Directional deformation (20m DP) 
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Table 5: Directional deformation 40m DP) 
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Table 6: Directional deformation 60m DP 

 

 

4.4 RESPONSE PSD 

The response power spectral density (PSD) was carried out in x, y and z taking any point of the bottom hole assembly, mainly the bit 

and the results are as below. From the results on figure 4.5, figure 4.6 and figure 4.7 below of response PSD, it is shown that there is 

more resonance in all axis when drill pipe size increases which are lateral and longitudinal movements which causes lateral and 

longitudinal vibrations to the drill string. The resonance is more and not deterministic for a 60m DP than a 20m DP at shown in both 

lateral and longitudinal movements. There is lack of periodicity. Many frequencies may be excited at the same time. The resonance 

is shown by spikes in the figures below. The area under PSD response represents the Root Mean square (RMS) value. Table 7, 8 and 9 

shows the root mean square values and the expected frequencies. 
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Table 7: RMS value and expected frequency in x direction (lateral) for 20m, 40m and 60m respectively 

 

 

 

Table 8: RMS value and expected frequency in y direction (longitudinal) for 20m, 40m and 60m respectively 

 

 

 

Table 9: RMS value and expected frequency in z direction (lateral) for 20m, 40m and 60m respectively 

The figure 4.5, figure 4.6 and figure 4.7 shows the RPSD in x-axis (lateral) for 20m, 40m and 60m DP respectively 
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Figure 4.5: Response PSD in x-axis (lateral) for 20m DP (amplitude(y) vs frequency (x)) 

 

 

 

Figure 4.6: Response PSD in x-axis (lateral) for 40m DP (amplitude(y) vs frequency (x)) 
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Figure 4.7: Response PSD in x-axis (lateral) for 60m DP (amplitude(y) vs frequency (x)) 

 

 

The figure 4.8, figure 4.9 and figure 4.10 shows the RPSD in z-axis (lateral) for 20m, 40m and 60m DP respectively: 

 

 

 

Figure 4.8: Response PSD in z-axis (lateral) for 20m DP (amplitude(y) vs frequency (x)) 
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Figure 4.9: Response PSD in z-axis (lateral) for 40m DP (amplitude(y) vs frequency (x)) 

 

 

 

 

Figure 4.10: Response PSD in z-axis (lateral) for 60m DP (amplitude(y) vs frequency (x)) 

 

The figure 4.11, figure 4.12 and figure 4.13 shows the RPSD in y-axis (longitudinal/axial)) for 20m DP, 40m and 60m DP 

respectively: 
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Figure 4.11: RPSD in y-axis (longitudinal) for 20m DP (amplitude (y) vs frequency (x)) 

 

 

 

 

Figure 4.12: RPSD in y-axis (longitudinal) for 40m DP (amplitude(y) vs frequency (x)) 
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Figure 4.13: RPSD in y-axis (longitudinal) for 60m DP (amplitude(y) vs frequency (x)) 

 

 

5.0. CONCLUSIONS 

Drilling string vibration is a phenomenon that has attracted great interest of researchers. Lateral vibrations are the most cause of failure 

in drill string vibrations. The shocks produced by lateral vibrations can be higher than those which result from longitudinal/axial 

vibrations. This is because under lateral vibrations, the drill string collides with the wellbore wall, creating huge shocks. Random 

vibrational analysis was performed to identify the frequency response of the drill string at any point mainly the bit. The probability 

of deformation for each sigma under random vibration was carried out. There is higher probability about 99.7% of failure in the axis 

of supplied PSD acceleration. The response power spectral density (PSD) was carried out in x, y and z taking any point of the bottom 

hole assembly, mainly the bit. From the results of response PSD, it is shown that there is higher value of resonance (spikes) as the 

DP length increases in both x-axis, y-axis and z-axis which are lateral and longitudinal movements which causes lateral and 

longitudinal vibrations to the drill string. The drill pipe size of 40m or between 20 and 60 is considered optimum in water well 

drilling to avoid resonance. 

There is need for a further study with bit/rock interaction, mud friction boundary conditions and including drilling fluids in the model. 

A good computer with big ram and processor is needed for more fine meshing in FEA. 

 

ACKNOWLEDGEMENTS 

It would be incomplete to succeed without the mentioning of the people who made it possible, whose guidance made my effort with 

success. I want to thank my supervisors Eng. 

P. Mupfumira and Eng. Ndala, for their wholehearted support and inspiring guidance and advice. Words are not enough to express 

my feelings towards my classmates, as they have always been the constant support of moral encouragement throughout my research 

work 

 

REFERENCES 

[1] Loeken E.A, et al, “Design Principles behind the Construction of an Autonomous Laboratory-Scale Drilling Rig”, (2021). 

[2] Nystad M, et al, “Real-Time Minimization of Mechanical Specific Energy with Multivariable Extremum Seeking”, 2021. 

[3] Pirawin A and Vadeveloo L, “Lateral vibration analysis of drill string using finite element method”, 2020. 

[4] Losoya E.Z, et al, “Lab scale drilling rig autonomously mitigate downhole dysfunctions and geohazards through bit design, 

control system and machine learning”, March 2018. 

[5] Ahmed M. A, “Drill string instability phenomena studied by superior analysis techniques, resonance modelling”, 2020. 

[6] Jialin T, et al, “Mathematical Modeling and Analysis of Drill String Longitudinal Vibration with Lateral Inertia Effect”, March 

2016. 

[7] www.tomax.no, 2012 

[8] Controls B and Hopkinton M.A, “Random Vibration an Overview”. 

[9] Bayu W, “Main Technical issues regarding problems when drilling geothermal wells”, 2012. 

http://www.tomax.no/


Copyrights @Kalahari Journals Vol.7 No.6 (June, 2022) 

International Journal of Mechanical Engineering 

108 

[10] https://hutchinsonai.com/wp-content/uploads/2020/01/RANDVIB.pdf 

[11] Westermann H et al, “A new test rig for experimental studies of drill string vibrations”, 2015. 

[12] Haji .A et al, “Analytical Random Vibration Analysis of Boundary-Excited Thin Rectangular Plates”, Vol. 13, No. 3, 2013. 

[13] Ashkan H. H and Fook F. Y, “Analytical Random Vibration Analysis of Boundary- Excited Thin Rectangular Plates”, 

Vol. 13, No. 3, 2013. 

[14] Mohammed F et al, “Investigation of drill string vibration reduction tools”, 2012. 

[15] Sherif A, “Drilling Vibration Modes and Penetration Rate Modeling using Artificial Neural Network and Multiple Linear 

Regression Analysis in Khoman Formation at the Egyptian Western Desert”, 2010. 

[16] Costopoulos T and Spitas V, “Reduction of Gear Fillet Stresses by using One-Sided Involute Asymmetric Teeth”, Mechanism 

and Machine Theory 44, 1524–1534, 2009. 

[17] Bath K.J, “Finite Element Procedure, Second Edition”. 

[18] Cavdar K, et al, “Computer Aided Analysis of Bending Strength of Involute Spur Gears with Asymmetric Profile”, Journal of 

Mechanical Design 127(3), 477-484, 2005. 

[19] Hill R, "Elastic properties of reinforced solids: Some theoretical principles," Journal of the Mechanics and Physics of solids, 

vol. 11, pp. 357-372, 1963. 

[20] https://scholarsmine.mst.edu/masters_theses/5150 

[21] www.slb.com/drillingop 

[22] Garnich M and Hansen A.C, "A Multicontinuum Approach to Structural Analysis of Linear Viscoelastic," J Appl Mech, 

vol. 64, 1997. 

[23] Paez T. L, “Random Vibrations: Assessment of the State of the Art”, 1999. 

[24] Jansen J.D et al, “Journal of sound and vibration”, volume 179, issue 4, 1995. 

[25] Thomas L. P, “Random Vibrations: Assessment of the State of the Art”, 1999, 

[26] www.corses.ansys.com 

[27] www.graspengineering.com 

[28] https://www.researchgate.net/figure/Types-of-vibration-on-drill-string-Source-Lopez- 11_fig1_282927789 

[29] https://link.springer.com/article/10.1007/s13202-013-0093-7 

[30] Bendat, J, “Statistical Errors for Nonlinear System Measurements Involving Square-Law Operations,” Journal of Sound and 

Vibration, V. 90, No. 2, p. 275, 1983. 

https://hutchinsonai.com/wp-content/uploads/2020/01/RANDVIB.pdf
https://scholarsmine.mst.edu/masters_theses/5150
http://www.slb.com/drillingop
http://www.corses.ansys.com/
http://www.graspengineering.com/
https://www.researchgate.net/figure/Types-of-vibration-on-drill-string-Source-Lopez-11_fig1_282927789
https://www.researchgate.net/figure/Types-of-vibration-on-drill-string-Source-Lopez-11_fig1_282927789

