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Abstract 

Aiming at the problem of vibration fatigue life of drill string in deepwater non riser 
drilling, the three-dimensional vibration equation of drill string in deepwater non riser 
drilling is established. Based on miner's linear cumulative damage theory, combined 
with drill string vibration stress response and S-N curve, the vibration fatigue life 
analysis method of drill string in deepwater non riser drilling is formed, and the 
transverse vibration fatigue life of drill string is analyzed. The results show that the 
downstream vibration is mainly dominated by wave force. Under the excitation of wave 
and current, the fatigue damage of drill string in seawater section is much greater than 
that in formation section. Therefore, it is only necessary to analyze the fatigue life of drill 
string in seawater section. The fatigue damage caused by vibration is the largest at about 
180m from the upper end of the drill string, and its fatigue life is about 0.3 years, 
indicating that the drill string with a service time of nearly 0.3 years needs to be 
inspected in time. 
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1. Introduction 

With the continuous reduction of land and shallow sea oil and gas reserves, countries all over 
the world began to carry out deep water oil and gas exploration and development[1]. Riser free 
drilling is an offshore drilling technology rising at home and abroad in recent years[2]. Because 
this technology abandons the riser system in conventional drilling, the drill pipe is in direct 
contact with seawater, which reduces the load borne by the drilling platform, correspondingly 
reduces the requirements of the anchoring system and increases the reliability of the anchoring 
system. Riser free drilling belongs to double gradient drilling technology, The double gradient 
drilling fluid circulation system solves the problem that the drilling fluid operation window of 
conventional drilling technology is too narrow, reduces the use of casing, saves the cost of 
drilling and improves the safety of drilling operation. However, in the process of drilling, the 
drill string is in direct contact with seawater, and the drill string will vibrate in multiple 
directions under multiple influencing factors of ocean current and bit formation, and the drill 
string may suffer fatigue failure or even failure under vibration[3]. Therefore, it is urgent to 
study the vibration fatigue life of drilling string without riser. 

At present, there is no research on the vibration fatigue life of drilling string without riser, but 
the fatigue of conventional drilling string has been deeply studied by many scholars. In the early 
stage, some scholars studied the drill string[4-5], and then some scholars studied the vibration 
phenomenon of drill string through theoretical analysis, numerical simulation and field test, It 
is considered that drill string vibration is the main factor causing drill string failure [6-8]. Some 
scholars have studied the fatigue failure of general drill string and analyzed its fatigue life[9-12]. 
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In recent years, Zheng et al. [13] studied the fatigue of drill string based on the linear cumulative 
damage theory, obtained the stress time history response by solving the dynamic model, and 
predicted the influence of random and deterministic vibration on the fatigue life of drill string 
by spectrum analysis. Wang Jiajia et al. [14] proposed a method to study the fatigue life of drill 
string in deep-water drilling by using numerical simulation method and ANSYS software, and 
calculated the fatigue life of drill string in an example well. Geng Yanan et al.[15] corrected the 
tensile stress and bending stress of the drill string with the stress concentration factor based 
on the mechanical research of the conventional flawless drill string, and established the fatigue 
life prediction model of the drill string according to the fatigue crack propagation theory. 

The existing research on drill string vibration fatigue mainly focuses on conventional drilling, 
and there is a lack of research on drill string fatigue in non riser drilling. Therefore, the three-
dimensional vibration model of drilling string without riser is established by using the energy 
method, Hamilton variational method, micro element method and D'Alembert principle, and 
the vibration response of drilling string without riser is obtained. Based on miner's linear 
cumulative damage theory, combined with the vibration stress response and S-N curve, the 
vibration fatigue life of drilling string without riser is predicted, The effects of main factors such 
as Reynolds number and internal flow velocity on the transverse vibration fatigue life of drilling 
string without riser, and the effects of fluctuating WOB and rotating speed on the longitudinal 
and torsional vibration fatigue life of drilling string without riser are analyzed.  

2. Research method of drill string fatigue life 

2.1. Three dimensional vibration equation of drill string 

Under the influence of ocean currents and waves, the drilling string without riser will produce 
transverse vibration, which is represented by drag force in the downstream direction and lift 
force in the transverse direction. In order to analyze the three-dimensional coupling vibration 
of the drilling string, the coordinate system shown in Figure 1 is established. 
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Fig.1 Riserless drill string coordinate system and its schematic diagram 

As shown in Figure 1, make the upper end of the drill string as the coordinate origin, the 
downstream direction as the axis, the cross flow direction as the axis, and the vertical axis of 
the drill string as the axis, so that the deformation of the drill string along the axis is, and the 
deformation along the axis is. The transverse vibration equation, longitudinal vibration 
equation and torsional vibration equation of drilling string without riser are established by 
using energy method, Hamilton variational method, micro element method and D'Alembert 
principle. 
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Where
i w pm m m m   , im is the length mass of the internal flow unit of the drill string, wm is the 

additional mass of the external fluid of the drill string, 2 / 4w M w om C D  , 
pm  is the length mass of 

the drill string unit,  2 2 / 4p o im D D  ,   is the material density of the drill string, w  is the 

outflow density, oD  is the outer diameter of the drill string, iD  is the inner diameter of the drill 

string, MC  is the additional mass coefficient, t  is the time, the deformation of the drill string 

along the flow direction is u , the deformation in the cross flow direction is v , z is the 
longitudinal displacement of the drill string, and E is the elastic modulus, I represents the 
moment of inertia, T represents the effective axial force of the drill string, V is the drilling fluid 
flow rate, c represents the vibration damping of the drill string, cU  is the current velocity, DC  is 

the resistance coefficient, LC  is the lift coefficient, DC  represents the wave resistance coefficient, 

wU  is the wave velocity,   represents the longitudinal vibration propagation velocity,   is the 

torsional angle, and M is the torque. 

2.2. Fatigue analysis method of drill string 

Based on the three-dimensional vibration equation of the drill string established in the previous 
section, the vibration response of the drill string without riser is analyzed, the stress spectrum 
of each alternating stress of the drill string is obtained by using the rain flow counting 
method[16], and then the vibration fatigue life of the drill string without riser is predicted in 
combination with miner's linear cumulative damage theory[17]. The S-N curve of drill string is 
needed to predict the fatigue life of drill string without riser. Generally, the S-N curve is 
expressed as formula (4) after fitting. As long as the material parameters in the formula are 
determined, the S-N curve of drill string can be obtained. 

lg lg lgN K x S                                                                            (4) 

Where, K  and x  are the parameters of S-N curve, N isthe number of cycles and S is the yield 
stress value. In this study, the D curve in DNV code[18] is selected as the S-N curve of drilling 
string without riser, lg K  is 11.687, x  is 3.0 and yield stress of 600MPa. Combined with Miner's 

linear cumulative damage theory and drill string vibration response analysis, the fatigue life of 
drill string in non riser drilling can be predicted finally. As shown in Figure 2, the calculation 
code of this method is written in FORTRAN language. 
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Fig.2 fatigue life prediction method of drilling string without riser 

The calculation parameters are: drill string length 1000m, water depth 600m, drill string 
material density 8700kg / m3, drilling fluid flow rate density 1198kg/m3, seawater density 
1030kg/m3, drilling fluid flow rate 3.0 m/s, drill string inner diameter 0.1310 m, drill string 
outer diameter 0.1492 m, borehole diameter 0.4445 m, gravity acceleration 9.8 m/s2, elastic 
modulus 210 Gpa, additional mass coefficient 1.0, hook load 200 KN, Reynolds number 
100~300, friction coefficient 0.3 Seawater dynamic viscosity coefficient 0.001pa · s, structural 
damping coefficient 0.1 and 0.001, speed ratio 1.0~4.0, WOB 90000N, average WOB 100kN, 
fluctuating WOB 10kN, number of cone 3, rotating speed 60rpm, elastic modulus 2.1×1011 MPa, 
damping coefficient 0.1, damping coefficient 0.001, suspension stiffness 9×106 N/m and shock 
absorber stiffness 5×106 N/m. 

3. Lateral vibration fatigue analysis of drilling string without riser 

This section is based on the fatigue life prediction method of drilling string without riser 
proposed in the previous section. Firstly, the time history response of alternating bending 
stress along and across the flow direction at different positions of the drill string is obtained 
through vibration analysis, and then the stress amplitude, average stress and cycle times of 
stress response at each position are counted by rain flow counting method to obtain the stress 
spectrum, Then the Goodman formula is modified, and finally the transverse vibration fatigue 
life of drill string is predicted and analyzed combined with S-N curve. 

Fig.3 and Fig.4 show the stress time history response and stress spectrum of along flow 
vibration at the two positions where Z/L is 0.3 and 0.7 respectively. It can be seen from Fig.3 
that since the position Z/L = 0.3 is located in the seawater section, under the excitation of wave 
and current, the bending stress response amplitude of drill string can reach 450MPa, and the 
response period is 8 s, which is the same as that of wave, indicating that the downstream 
vibration is mainly dominated by wave force. From the stress spectrum, it can be seen that the 
range and main distribution range of cyclic stress at the position Z/L = 0.3 are near the stress 
amplitude of 350 MPa, It can be seen from figure 5-4 that since the position of Z/L = 0.7 is in 
the formation section, the vibration at this position is constrained by the well wall, resulting in 
small bending deformation of the drill string, the amplitude of the bending stress is about 35 
MPa, and the stress amplitude of most stress cycles is less than 5 MPa, and the stress amplitude 
of only a few stress cycles is around 25 MPa. 
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(a) Time history response of bending stress            (b) Stress spectrum 

Fig.3 Time history response and stress spectrum of forward flow bending stress at Z/L=0.3 of 
drill string 
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(a) Time history response of bending stress                            (b) Stress spectrum 

Fig. 4 Time history response and stress spectrum of clockwise bending stress at Z/L = 0.7 of 
drill string 

Fig.5 shows the downstream vibration fatigue damage amount and fatigue life of drilling string 
without riser under wave current excitation. The relationship between fatigue damage amount 
and fatigue life is reciprocal. It can be seen from the figure that under the excitation of wave and 
current, the fatigue damage of drill string in seawater section is much greater than that in 
formation section, so it is only necessary to analyze the fatigue life of drill string in seawater 
section. The variation trend of fatigue damage caused by downstream vibration of drill string 
in seawater section is that it decreases with the increase of depth, while the fatigue life is on the 
contrary. The variation law of fatigue life of offshore pipe string is the same as that in literature. 
The maximum amount of fatigue damage caused by vibration is about 180m at the upper end 
of drill string, and its fatigue life is about 0.3 years, It shows that the drill string with service 
time of nearly 0.3 years needs to be subject to flaw detection in time to determine whether it 
can continue to be used, especially the place where the upper end of the drill string is close to 
the water surface. 

Fig.6 and Fig.7 show the bending stress time history response and stress spectrum of cross flow 
vibration of drilling string without riser at Z/L of 0.3 and 0.7 respectively. It can be seen from 
Fig.6 that the position Z/L = 0.3 is in the seawater section. Under the excitation of ocean current, 
the bending stress response amplitude of drill string can reach 15MPa. From the stress 
spectrum, it can be seen that the stress amplitude of most stress cycles at the position Z/L = 0.3 
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is very small, and the rest are mainly distributed near the stress amplitude of 14MPa. It can be 
seen from Fig.7 that the bending stress amplitude at the position Z / L = 0.7 is about 12MPa, 
And the stress amplitude of most stress cycles is less than 5MPa. 
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(a) Fatigue damage                            (b) Fatigue life 

Fig.5 Downstream vibration fatigue damage and fatigue life of drill string 
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(a) Time history response of bending stress                 (b) Stress spectrum 

Fig. 6 Time history response and stress spectrum of cross flow bending stress at Z/L = 0.3 of 
drill string 
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(a) Time history response of bending stress                     (b) Stress spectrum 

Fig.7 Time history response and stress spectrum of cross flow bending stress at Z/L = 0.7 of 
drill string 

 



Scientific Journal of Intelligent Systems Research                                                                                        Volume 4 Issue 3, 2022 

ISSN: 2664-9640                

383 

Fig.8 shows the cross flow vibration fatigue damage and fatigue life of drilling string without 
riser under ocean current excitation. It can be seen from the figure that due to the ocean current 
action in the form of uniform flow, there are many locations with large fatigue damage on the 
drill string in the seawater section. The fatigue damage of the drill string in the formation 
section is relatively negligible. The location with the largest fatigue damage is about 20 m at the 
upper end of the drill string, and its fatigue life is about 2.5 years, which is greater than the 
fatigue life of the drill string under downstream vibration, However, pay attention to the 
vibration at the upper end of the drill string to avoid fatigue failure. 

 

1000

800

600

400

200

0

0.0 2.0x10-6 4.0x10-6 6.0x10-6 8.0x10-6 1.0x10-5 1.2x10-5 1.4x10-5

Fatigue damage (0.01 / s)

D
ep

th
 (

m
)

 

 

1000

800

600

400

200

0

0 2 4 6 8 10 12 14 16 18 20

Fatigue life (years)

D
ep

th
 (

m
)

 

 

 
(a) Fatigue damage                            (b) Fatigue life 

Fig. 8 Cross flow vibration fatigue damage and fatigue life of drill string 
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