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A Study of the Dynamic Analysis and Design Method of Deepwater
Drilling String Systems

LIAO Maolin, ZHOU Yingcao, SU Yinao, LIAN Zhilong, JIANG Hongwei
(CNPC Engineering Technology R&D Company Limited, Beijing, 102206, China)

Abstract: During deepwater drilling operations, the drilling string extending from a platform to the bottom hole
will collide and rub with the riser or wellbore at multiple points at different depths, presenting the characteristics of
nonlinear contact. In order to accurately understand the nonlinear dynamic characteristics of deepwater drilling string
systems, we proposed a dynamic model that based on the structure of pipe-in-pipe. The dynamic response simulation
was conducted by using Abaqus finite element software, and then the simulation results were imported to Isight
optimization software to carry out the multi-objective optimization design based on reliability analysis to determine the
combination of design parameters that meet the requirement of engineering feasibility and safety reliability. The study
suggests that the overall deformation of the string system from the proposed pipe-in-pipe model is smaller when
compared with a model that only considers the riser, indicating that the overall offset of deepwater drilling string
system is restrained by the interaction between the inner and outer strings. In addition, the proposed multi-objective
optimization design method based on reliability analysis can effectively avoid the failed optimization design caused by

parameter fluctuations in the vicinity of the constraint boundary.
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Fig.1 Dynamic model of deepwater drilling string system
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Fig.2 Results of Abaqus numerical simulation
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Fig.3 Effect of main design parameters on the dynamic response of drilling string system
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Fig.4 Effect of different combinations of the rotational stiffness of upper and lower flexible joints on the dynamic response

of drilling string system
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Fig.6 Reliability analysis results of the optimal solution when fluctuations occur within £10% of the design parameters

AEE RESAANBIEOR B9 IR, DR i 3] 9 A 47 i A g
{0 ] I 3 2 TR T AT R 22 ] SR 2 T TR R

5 #Ein 5L

1) HH BT A% B8 B A A 2, AR A P A
BT 5545 2 (0 A8 FE A A 25 ol R B2 JE /DN, B M A
R AR B JH O A 2R e ) R Al R A . 3
LIS TSP AR 74 P A S5 M BOK B A R 4
T 5, TE 25 72 B AL 22 4 fi B8 90 1R 9 RE S 7R 52 B R
F8 T8 3 B3 2T

2) AL T HT AR AT 9 2 BRI AR BT O7
5, RIZBET I A4S B A AR 95 1% 4 BEE 7] ik 5 2
TR A AT PR A2 A AT REME 2 5 ThT A 2K

3) gy A A BURLI, B IR BT W
W, T Al AT AR R — A U T A A R Y
SRR DR R E, oo e — R LR N AME A
Z [ FR AR EL AR T, DT 582 W) 5 A 2R S ) R A 3l 25
IO, R B TR BT SE  T LAEIE

2 % X M

References

U] SR, XU A, BOKEHRRKAE RG24 T I BEE KOR FIRF 9T
[M]. dtst: Bl L, 2016: 1-8.

ZHOU Shouwei, LIU Qinyou. Theory and application research of

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

deepwater drilling riser system mechanical behavior[M]. Beijing:
Science Press, 2016: 1-8.

BURKE B G. An analysis of marine risers for deep water[J]. Journal
of Petroleum Technology, 1974, 26(4): 455-465.

SIMMONDS D G. Dynamic analysis of the marine riser[R]. SPE
9735, 1980.

KROLIKOWSKI L P, GAY T A. An improved linearization
technique for frequency domain riser analysis[R]. OTC 3777, 1980.
DAREING D W, HUANG T. Natural frequencies of marine drilling
risers[J]. Journal of Petroleum Technology, 1976, 28(7): 813-818.
KIRK C L, ETOK E U, COOPER M T. Dynamic and static analysis
of a marine riser[J]. Applied Ocean Research, 1979, 1(3): 125-135.
PATEL M H, SAROHIA S, NG K F. Finite-element analysis of the
marine riser[J]. Engineering Structures, 1984, 6(3): 175-184.
FR, FAER, AL R R B TR 1 # S iR B
PE[T. AR 1.2, 2015, 13(1): 25-29.

WANG Yanbin, GAO Deli, FANG Jun. Characteristic analysis on
transverse coupling vibration of offshore drilling riser-drilling
fluid[J]. Oil Drilling & Production Technology, 2015, 13(1): 25-29.
=15k, XV, Be S, A 2B R AE VR A TR R K A AL 25 43
FrO). £ LI, 2014, 43(8): 13-17.

YAN Tie, LIU Shanshan, BI Xueliang, et al. Mechanical analysis of
deep sea riser considering the effects of drill string[J]. Oil Field
Equipment, 2014, 43(8): 13-17.

YAZDCHI M, CRISFELD M A. Non-linear dynamic behaviour of
flexible marine pipes and risers[J]. International Journal for
Numerical Methods in Engineering, 2002, 54(9): 1265-1308.
RAMAN-NAIR W R, BADDOUR R E. Three-dimensional
dynamics of a flexible marine riser undergoing large elastic de-
formations[J]. Multibody System Dynamics, 2003, 10(4): 393-423.

[ dE AXF]



