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Abstract: Deepwater subsea wellheads are subjected to long—term complex dynamic loads, including marine
environmental loads, platform motions, and riser vibrations. Their dynamic stability is crucial to ensuring deepwa-
ter drilling safety. However, existing research has not adequately addressed the impact of structural parameters,
particularly wellhead inclination, on dynamic stability. This study establishes a fully coupled dynamic model of the
drilling platform-riser—subsea wellhead system incorporating initial wellhead inclination. The influence of inclina-
tion angle, wellhead stick—up height, and conductor dimension on dynamic stability is systematically analyzed.
Furthermore, orthogonal experiment is designed to quantify the sensitivity of these parameters to key stability indi-
cators. The results demonstrate that, given the conductor wall thickness, increasing the conductor diameter miti-
gates the dynamic response of the subsea wellhead, and given the conductor diameter, increasing the conductor
wall thickness also reduces the dynamic response. Moreover, the dynamic response of the subsea wellhead
enhances with the increasing wellhead stick—up height, and also with the increasing wellhead inclination angle.

The cementing quality has less impact on the dynamic response. Clearly, wellhead stick—up height is the most sig-

s FEETH . PEBEMSGSRIIIE RO AR S TARA” (KJIGI-2023-0002); ER ST LR T8 IRk
FEBEAKE KT 10 RGN AR A DB R B HARBTE” (2022YFC2806501-3)



&l A AR

2026 % 54K 104

nificant factor affecting dynamic stability, followed by inclination angle, conductor diameter, and wall thickness,

while cementing quality exhibits the least influence. This research reveals the mechanism by which structural

parameters of the subsea wellhead govern its dynamic stability, providing a theoretical basis for optimizing well-

head design and enhancing deepwater drilling safety.

Keywords: subsea wellhead; fully coupled model; wellhead inclination; structural parameters; dynamic sta-

bility; sensitivity analysis
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Fig. 1  Fully coupled model of the drilling
platform-riser—subsea wellhead system
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Table 1  Riser system configuration
G2 B A% /m B /m AR EE /m H: T i kg W kg
Ll 0.660 4 0.05 3.202 1 59.12 59.12
Rk 0.5 0.1 2913 1 5310 5310
Fhe i 0.533 4 0.025 4 10.67 1 8 533.85 8 533.85
e 0.660 4 0.025 4 35.473 1 38 434 33 629.8
7.6 m G BC R T 0.533 4 0.025 4 7.62 1 7 844.88 5815.05
12.1 m @ By 0.533 4 0.025 4 12.192 1 11 663.7 8 063.97
BREPLAR 0.533 4 0.025 4 22.86 2 17 584.4 15298.3
P 7K A P 7 BRLAR 0.533 4 0.025 4 22.86 8 23 366 628
PR 7K AE T g AR 0.533 4 0.023 8 22.86 26 23 000.8 330.22
P K A5 T B 0.533 4 0.0222 22.86 5 24279.9 1660.15
S HeE S+ LMRP+BOP 0.914 4 0.050 8 15.47 1 429 596 373713
mEE 0.685 8 0.119 86 1.714 5 1 2 426.7 2426.7
R0 0.908 05 0.117 47 0.711 2 1 902.2 902.2
S 0.914 4 0.038 1 24.4 1 20 090.33 20 090.33
S 2 0.914 4 0.025 4 35.6 1 29 312.13 29312.13
B 0.508 0.025 4 60 1 6 046.03 6 046.03
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Fig. 2 Dynamic characteristics of subsea wellhead under

different inclination angles
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Fig. 3 Dynamic characteristics of the subsea wellhead under

different conductor dimensions
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Fig. 4 Dynamic characteristics of subsea wellhead under

different cementing qualities
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Fig.5 Dynamic characteristics of subsea wellhead under

different wellhead stick—up heights
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Table 2 Factors and levels of orthogonal experiment

SEEAE SRR BT EAMEE R

ki3 (A)/mm  (B)/mm (C)/m (D)/(°) (E)/m
K 1 762.0 25.4 0 0 2.5
IK-2 914.4 38.1 6 1 3.5
K3 = = 12 2 45
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Table 3 Results of orthogonal experiment

S-S A B C D E

k1 435631 4369.99 440323 4239.15 4075.67

k2 442792 441424 438629 439220 454239

k3 — — 438682 454499 455829
e 2£/(kN-m) 71.61 44.25 16.94  305.84  482.62
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Fig. 6 Range analysis of the maximum bending

moment for subsea wellhead
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