‘ energies

Article

Numerical Study on the Dynamic Response of an Offshore
Converter Platform with Integrated Equipment During
Float-Over Installation

Zhengiang Jiang !, Weiwei Wu 2, Tianchai Wang 2, Zhenzhou Sun 1, Bo Zhang 3, Guohai Dong 3 and Chunwei Bi **

check for
updates

Academic Editor: Luana Gurnari

Received: 14 October 2025
Revised: 26 October 2025
Accepted: 27 October 2025
Published: 28 October 2025

Citation: Jiang, Z.; Wu, W.; Wang, T.;

Sun, Z.; Zhang, B.; Dong, G.; Bi, C.
Numerical Study on the Dynamic
Response of an Offshore Converter
Platform with Integrated Equipment
During Float-Over Installation.
Energies 2025, 18, 5656. https://
doi.org/10.3390/en18215656

Copyright: © 2025 by the authors.
Licensee MDP], Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ / creativecommons.org/
licenses /by /4.0/).

Power China Huadong Engineering Corporation, Hangzhou 311122, China; jiang_zq@hdec.com (Z.].);
sun_zz@hdec.com (Z.S.)

China Power Construction (Wenzhou) Green Energy Development Co., Ltd., Hangzhou 311122, China;
zjwwwei@126.com (W.W.); zjttwtc@163.com (T.W.)

State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology,

Dalian 116024, China; bzhangl@mail.dlut.edu.cn (B.Z.); ghdong@dlut.edu.cn (G.D.)

Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China
*  Correspondence: bichunwei@ouc.edu.cn

Abstract

With the transformation of the global energy structure, offshore wind power is developing
on a large scale, and the efficient and safe installation of offshore converter platforms has
become a key technological bottleneck. Based on the elastic force—gravity similarity princi-
ple, a 1:65 model scale was adopted. A physical model of the offshore converter station
platform was constructed, and the accuracy of the numerical simulation was validated by
comparison with the physical model tests. This study investigates the dynamic response
of the offshore converter platform and converter valve equipment during the float-over
installation and mating process. The structural dynamic responses at key positions were
analyzed. The results indicate that, due to the slender and flexible structure of the converter
valve equipment, the Z-direction acceleration at the top is about 20% higher than that at
the bottom. Moreover, the stress and strain at the bottom connection with the deck are
higher than those at the top. The Y-direction acceleration at the edge foundation beam
of the platform module is 47% higher than that at the mid-span position. The vibration
frequency of the foundation beam on the first floor with the converter valve arranged is
increased by 15%. When the jacket piles are subjected to impact, the mid-span response
is 25% higher than that at the edges, showing characteristics of “strong at mid-span and
weak at the edges”.

Keywords: converter platform; numerical simulation; coupling analysis; dynamic response

1. Introduction

Since the beginning of the 21st century, the offshore wind power industry has de-
veloped rapidly [1,2], and the construction of offshore converter platforms has become
particularly important. As an important supporting facility for offshore flexible direct
current (DC) transmission, the offshore converter platform undertakes conversion be-
tween alternating current (AC) and DC power, meeting the requirements of the power
system for safety and power quality. The offshore converter platform is composed of a
ten-thousand-ton steel structure integrated with electrical equipment, which must not
only ensure sufficient load-bearing capacity but also guarantee the proper operation of
high-voltage converter valve equipment. At present, existing technologies struggle to
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balance computational accuracy and efficiency, especially when dealing with the inte-
grated motion and response of the platform and valve tower. The nonlinear boundary
conditions introduced by contact collisions, the non-zero initial conditions, and the high-
frequency vibration responses further increase the difficulty of the solution. Therefore, it
is urgently necessary to develop a multi-substructure integrated analysis method for the
contact—collision conditions during float-over installation in order to provide theoretical
and technical support for the safe construction of offshore converter platforms.

Flexible DC transmission employs voltage source converters (VSC) [3,4], including
modular multilevel converters (MMCs) and high-voltage HCDC, among others [5,6]. Cur-
rently, advanced flexible DC transmission technology has been extensively applied in
long-distance, high-capacity power transmission, offshore platforms, and island power sup-
ply, making it an essential technical approach for constructing modern power systems [7,8].
During offshore transportation, installation, and long-term operation, offshore flexible
DC converter valves are exposed to adverse environmental loads such as wind, waves,
and currents, which produces higher safety requirements for marine flexible DC converter
valves [7,8]. Lan et al. [9] analyzed the floor response spectra (FRS) of various deck levels
of an offshore electrical platform under multi-directional random wave excitation, and
further discussed their correlation with the natural frequencies of the equipment. The
quantitative relationship between equipment elevation and frequency-band amplification
is provided, which directly supports vibration verification of equipment (including valve
towers), as well as vibration checks and vibration reduction layout after transportation
during on-site installation. Luo et al. [10] conducted numerical and model test compar-
isons focusing on the standby phase of dual-barge float-over operations, quantified the
effects of mooring/fender systems and environmental disturbances on station-keeping
and random responses, and provided sensitivity analyses of key parameters as well as
engineering recommendations. Sun et al. [11] proposed a simplified vibration converter
valve model. In comparison with the original complex model, discrepancies in physical
parameters and vibration characteristics were within 5%, with the simplification degree
quantified at 95%. Assessing vibration levels and identifying their form and spectrum
is an important tool for evaluating the dynamic properties of structures, and frequency
response analysis can be effectively used to determine dynamic characteristics in complex
systems. This approach has also been successfully applied in the vibration analysis of cen-
trifugal loop dryer machines, where Karpenko et al. [12] revealed the relationship between
vibration characteristics and operational performance based on vibration and frequency
response analyses, providing methodological support for evaluating vibration responses
and optimizing structural designs of offshore converter valves.

With the continuous improvement of the theoretical framework of dynamics and
the rapid development of computational technology, time-domain dynamic simulation
methods have gradually become the mainstream research approach in the numerical simu-
lation of float-over installation engineering. O’Neill et al. [13] carried out numerical studies
on barge stability during the float-over installation process, employing MOSES to assess
the stability parameters of float-over barges under varying heel angles. Using the SIMO
software, they performed time-domain simulations. To reduce computational conditions, a
novel design wave method (Constrain New Wave) was proposed, which significantly re-
duced computational time, and statistical comparisons indicated no substantial differences
in the results. On this basis, O’Neill et al. [14] conducted a sensitivity analysis of equipment
parameters such as LMU, DSU, mooring lines, and fenders, and determined that these
positioning and buffering devices have a significant influence on the motions of the barge
and the topside module during the float-over installation process. Ji et al. [15] conducted
studies on the float-over installation of Spar platforms under the environmental conditions
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of the West African sea area, using the MLTSIM software for time-domain simulations, and
ultimately obtained the six degrees of freedom motions and forces of the barge and the
topside module. On this basis, the stiffness of the LMU and DSU devices was designed,
and appropriate schemes were selected through comparison of motion response results.
Refined modeling of key equipment on large offshore platforms is not only a current
research focus but also a critical technological prerequisite for ensuring safe service of
platforms in complex marine environments. The accuracy of such modeling directly affects
the overall structural safety, operational reliability, and economic efficiency over the entire
life cycle of the platform. It also serves as an essential means to deeply reveal the coupling
mechanisms among devices and to precisely capture the mechanical behavior and dynamic
response under complex loading conditions. Berhault et al. [16] carried out numerical
simulation studies on the float-over installation of a topside module on a jacket platform
in a certain sea area, simulating devices such as the mooring system, LMU, DSU, and
fenders. The quasi-static catenary method was applied to calculate anchor chains and
mooring lines, while the fenders, LMU, and DSU were simplified using linear-stiffness
springs. Hu et al. [17] incorporated structural characteristics into the modeling of the LMU,
and subsequently examined the nonlinear influences of barge system motions-namely
sway, heave, and roll-on the LMU. Chen et al. [18] introduced a bilinear spring-damper
system, taking into account the limited load-carrying capacity of the vibration absorption
system, and developed an effective constant-parameter time-domain model (CPTDM) to
investigate the nonlinear dynamics of a floating structure composed of rigid-body motions,
impact absorption systems, and mooring dynamics. Zhou et al. [19] proposed a novel active
motion compensation device (MCE) that reduces the duration and magnitude of barge
impacts during load transfer, thereby improving the efficiency of load transfer operations.
At present, with the increasing maturity of related technological systems, research on
multi-body coupled dynamics in the field of float-over installation technology in offshore
engineering is gradually evolving from early simplified analyses of single-system models to
in-depth explorations of the coupling characteristics of multidimensional complex systems.
Lan et al. [20] investigated the coupling among platform, riser tower and equipment, com-
paring the differences between “platform/equipment decoupled” analysis and “platform-
riser tower coupled modeling”, and evaluated the transfer effects of platform structural
parameter variations on riser tower responses. Clarifying the dynamic characteristics of the
platform (natural frequency, damping, and inter-story stiffness distribution) significantly
affects the peak acceleration/displacement of the riser tower, thereby supporting coupled
verification and tuning after installation. Zhao et al. [21] proposed a numerical modeling
strategy tailored for non-stationary conditions, in which hydrodynamic coefficients are
updated over time to characterize the evolution of loads and responses, enabling a more
realistic reproduction of the time-varying forces and motions during the berthing/contact
stage. Chen et al. [22] developed a coupled model for catamaran-Spar float-over installa-
tion, covering both the initial-contact and final-contact stages, and addressed issues of gap
resonance and mechanical coupling, quantifying the impact of connection and hydrody-
namic coupling on stability. Wang et al. [23] incorporated the dual-barge with DP control
and flexible connections/fenders into a fully coupled time-domain framework, quantified
the sensitivity of operational window and force distribution to DP gain, connection param-
eters, and wave direction, and provided guidelines for parameter tuning. Ullah et al. [24]
further incorporated suspended load-hull coupling into a nonlinear model, demonstrating
that the mutual excitation between load swing and hull motion amplifies impacts and
relative displacements, which need to be mitigated through coordinated buffering and
control strategies. Luo et al. [25] conducted a coupled time-domain numerical evaluation
for dual-barge float-over operations, pointing out that wave spectra and wave directionality
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have significant effects on docking stability and limiting forces, and proposed engineering
optimization recommendations regarding barge spacing and connection configuration.
Chen et al. [26] developed a time-domain coupled impact model of roll and pitch, con-
sidering wave-induced multiple collisions, and analyzed the complex impact behaviors
associated with floating deck installations. By contrast, existing studies often replace the
converter valves with equivalent loads or decouple them from the platform, failing to
capture how valve flexibility feeds back on platform modes and response amplification;
they frequently rely on quasi-static, frequency-domain, or mode-superposition approaches
premised on linear or weakly nonlinear assumptions, which are inadequate for transient
collisions and multi-interface contact in float-over docking; parameter identification and
validation of key buffering/positioning devices (LMU/DSU) are often incomplete, lacking
mutual calibration with physical tests; quantitative conclusions about spatial response dis-
tributions and positional differences are limited, offering insufficiently actionable indicators
for operation windows, stiffness tuning, and risk assessment.

This study focuses on the docking collision process during the offshore float-over in-
stallation stage, investigating the dynamic response of the topside platform module and the
jacket structure with LMU devices under “steel-to-steel” contact collisions. Through numer-
ical simulation, this study proposes an integrated multi-substructure analysis method for
offshore converter platforms and converter-valve equipment under contact-collision condi-
tions. A 1:65 physical model, constructed according to the elastic force—gravity similarity
principle, is used to validate the method at key measurement locations, further improving
the theoretical framework and simulation methodology for structural dynamic analysis of
offshore converter platforms. Using an explicit dynamic calculation method, finite element
numerical simulations were conducted in ABAQUS to validate the accuracy of the model
and to analyze the structural dynamic responses at key locations of the converter valve
equipment, topside platform module, and jacket structure. The remaining chapters of this
study are organized as follows: Section 2 introduces the numerical methods and models
employed in this study. Section 3 presents the results and discussion. Section 4 provides
the conclusions.

2. Numerical Method
2.1. Transient Dynamics Theory

Docking collision is the most critical stage in the float-over installation process,
involving a complex load transfer process and nonlinear coupling among different
structures [27,28]. A sufficiently small time step is required to clearly capture the in-
tense impacts of contact collisions [29]. This necessitates the use of transient dynamics
theory and explicit dynamics in ABAQUS to perform the calculations, thereby improving
computational efficiency while ensuring accuracy.

Transient dynamic analysis technology refers to an engineering mechanics analysis
method in which loadings based on event functions are taken as input conditions, and the
time-varying displacement, stress, strain, and other dynamic response data are obtained
through computation. The equilibrium equation established in the dynamic analysis is:

M5 (t) 4 C5(t) 4+ K8(t) = F(t) 1)

where F(t) denotes the load vector, which is a known function of time; 5(t) represents
the displacement vector, which is a function of time; 5(t) and 5(t) are the velocity vector
and acceleration vector, which are the first-order and second-order derivatives of the
displacement vector with respect to time, respectively.
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Using the kinetic energy of the entire system,
1.1 .
T= Eu Ku>0 ()
It can be obtained that
92T 3)
K 8uiau]- I

Thus, the stiffness matrix M reflects a positive-definite symmetric matrix as well as
the kinetic energy of the system.
From the elastic potential energy of the entire system,

U= %uTKu >0 4)
It can be obtained that 5
0-U
ij auiauj ji (5)

Thus, the stiffness matrix K reflects a semi-definite matrix and the potential energy of
the system.

In dynamic analysis, the damping parameter C is usually modeled using a viscous
damping model, in which the magnitude of the damping force is linearly proportional to the
velocity of motion. ABAQUS (version 6.14-1)/Explicit with explicit central-difference time
integration is employed to simulate the float-over docking stage, which involves strong
nonlinear contact/separation, non-zero initial conditions, and high-frequency transient
responses. The explicit scheme avoids global Newton iterations and is therefore more
robust for multi-interface contact and topology switching than implicit solvers, which in
such problems often suffer from convergence difficulties and step cutbacks. The stable
time step is controlled by element size and material wave speed, enabling resolution of
short-duration impacts. By contrast, the mode superposition method assumes a linear (or
weakly nonlinear) system and is not used for the contact—collision analysis; it is applied
only to the linearized model to extract natural frequencies/modes and to rationalize initial
damping estimates. Finite-element discretization follows the structural features of each
component with local mesh refinement in contact and stress-concentration regions. Contact
is modeled using standard surface-to-surface formulations available in ABAQUS.

2.2. Finite Element Model

A full-scale prototype steel structure model was established based on the actual
dimensions and material properties of the structure. In the finite element model, the
pipe members were simulated using PIPE sections, while the beam members included
both I-beams and rectangular beams, which were modeled using the I-Beam and RECT
beam sections, respectively. The PIPE and BEAM members were discretized with line
elements (B31). The electrical equipment was modeled by combining PIPE elements and
BEAM elements according to its dimensions and material properties, while the structural
counterweight was represented using non-structural mass elements (Mass).

The finite element model of the large offshore converter platform mainly consists
of three parts: the topside platform module, the converter valve equipment group, and
the jacket structure. The overall finite element model of the converter platform is shown
in Figure 1. The topside platform module weighs 21,000 tons, with main dimensions of
73 m x 69 m x 45 m. It consists of seven internal decks, with accessible platforms located
on the first, fifth, and sixth levels. The converter platform module is primarily composed of
beam and column structures, as shown in Figure 2a. The converter valve equipment group
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consists of 12 units, arranged along the platform’s X-direction in a 2 x 6 configuration.
Each unit weighs 55 tons, with a total weight of 660 tons, and all are slender and flexible
cantilever structures, as shown in Figure 2b. The jacket structure is a single six-leg vertical
piled jacket, designed to allow float-over installation vessels to enter for construction and
installation. It weighs 12,000 tons, with plan dimensions of 69 m x 48 m, as shown in

Figure 2c. The positions of the key nodes are also indicated in Figure 2.

J6

(b)
Figure 2. Cont.



Energies 2025, 18, 5656

7 of 21
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Figure 2. Finite element models of each module of the offshore converter platform and key nodes.
(a) topside platform module, (b) converter valve equipment group, (c) jacket structure.

2.3. Experimental Validation
2.3.1. Modal Validation

As illustrated in Figure 3, the physical model of the offshore converter platform was
constructed at a 1:65 geometric scale in strict accordance with the elastic force—gravity
similarity principle [30,31], ensuring that the key dynamic characteristics of the prototype
were preserved in the scaled specimen. To assess the fidelity of the numerical representation,
modal analyses were conducted for both the scaled physical model and the full-scale
prototype, and the corresponding results were placed in a one-to-one comparison for
validation purposes. For the physical model, the first-order natural frequency along the X
direction of the structure was determined to be 1.972 Hz. For the numerical finite element
model, the first-order natural frequency in the same direction was obtained as 2.054 Hz.
The difference between these two values corresponds to a relative error of 4.16%, which
is within an acceptable range for engineering validation. The close agreement of the
modal frequencies, derived independently from the physical experiment and the numerical
simulation, confirms the rationality and credibility of the finite element modeling strategy,
indicating that the model adequately captures the stiffness distribution, mass characteristics,
and boundary conditions relevant to the platform’s dynamic behavior.

2.3.2. Dynamic Response Validation

Before conducting the overall contact-collision study of the converter platform, a
single-pile contact—collision experiment was first carried out. The physical model experi-
ment results were compared with the numerical simulation results to evaluate the reliability
of the chosen numerical method for contact—collision analysis. In the preliminary experi-
ment, the PTO motion simulation system was used to simulate the contact—collision posture
of the pile legs. The PTO motion simulation system (a six-degree-of-freedom shaking table)
was a closed-loop servo simulation platform, as shown in Figure 4. It was composed of
six actuators and twelve universal joints, with six joints at the top and six at the bottom.
Through the telescopic motion of the six actuators, the topside platform was able to move
in six degrees of freedom in space (X, Y, Z, «, 3, v), thereby enabling the simulation of
various spatial motion postures.
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Figure 4. PTO shaking table.

The peak acceleration response obtained from the single-pile contact—collision physical
model experiment was compared with that from the numerical simulation analysis. The
peak acceleration response of the model experiment was 1.54 m/s?, while that of the numer-
ical simulation was 1.61 m/s?, resulting in a relative error of 4.35%. The analysis revealed
that the error was caused by vibrations that occurred when the PTO six-degree-of-freedom
shaking table started to drop. This level of discrepancy is acceptable for engineering
purposes and supports the reliability of the contact-collision numerical methodology.

A physical model experiment of the overall contact-collision behavior of the converter
station platform was carried out using the PTO shaking table, with a docking drop velocity
of 0.4 m/s set as the working condition. The peak values of acceleration and strain responses
at the location of the converter valve equipment on the first deck of the platform were
compared with the numerical simulation results. In the physical model experiment, the
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peak acceleration response at the bottom of the converter valve equipment was 8.92 m/s?,
while the numerical simulation yielded 9.70 m/s?, with an error of 8.04%. In the physical
model experiment, the peak strain response at the bottom of the converter valve equipment
on the first deck was 79 pe, while the numerical simulation gave 85 e, resulting in a relative
error of 7.06%. The analysis revealed that the error arose because the physical model
experiment adopted a combined integrated approach, in which the excitation was applied
only to the converter valve equipment through contact-collision, without considering the
interaction between the converter valve equipment and the platform deck modules. In
contrast, the numerical simulation was based on an integrated finite element model, and
its results were closer to reality. The structural dynamic response results obtained from
the numerical simulation and those from the physical model experiment were generally
consistent, with the relative error falling within the required range, thereby verifying the
reliability of the contact-collision numerical method.

3. Results and Discussion

The dynamic responses of the offshore converter platform under contact-collision
conditions during the float-over installation were analyzed. The study focused on key
structural components, including the converter valve equipment, the topside platform
module, and the lower jacket. Representative monitoring positions (J1-J20) were selected
to evaluate the acceleration and strain responses under a docking drop velocity of 0.3 m/s
and an LMU stiffness 22.4 kN/mm. The following sections present and discuss the detailed
dynamic response characteristics of each component.

3.1. Dynamic Response of the Converter Valve Equipment Structure

In this section, a vertical docking drop velocity of 0.3 m/s and an LMU stiffness of
22.40 kN/mm are defined. The nominal LMU stiffness was derived from the supplier’s
vertical load—compression curve by linearizing the curve within the operating compression
range and adopting the local slope as the nominal value; to reflect the curve’s nonlinearity
at larger compressions, a +30% variation around 22.40 kN/mm was also considered in a
sensitivity check. The structural acceleration responses at key positions of the converter
valve equipment (J1-J6) are analyzed. The time-history curves of acceleration responses
in the X, Y, and Z directions at positions J1, ]2, and J3 are shown in Figure 5. During the
float-over docking and lowering process of the offshore converter station platform, the
Z-direction acceleration responses of the converter valve equipment at J1, J2, and J3 were
all significantly higher than those in the X and Y directions. From the characteristics of
the Z-direction acceleration responses, the peak acceleration responses of the converter
valve equipment at the three positions are relatively close: 6.53 m/s? at J1, 6.95 m/s? at
J2, and 6.74 m/s? at J3. The Y-direction acceleration responses show a clear positional
difference: at positions J1 and J2, the acceleration responses are higher than at J3, with peak
values of around 3 m/s?, while the peak value at J3 is only 1.52 m/s?, approximately half
of the former two. From the characteristics of the X-direction acceleration responses, the
acceleration at positions J1 and J3 is higher than that at ]2, with peak values of around
1.9 m/s?, whereas the peak acceleration at J2 is 0.85 m/s?, approximately half of the
former two.

The time-history curves of acceleration responses in the X, Y, and Z directions at
positions J4, J5, and J6 are shown in Figure 6. At positions J4, J5, and J6, the peak Z-direction
acceleration responses are significantly higher than those at positions J1, J2, and J3, and the
Z-direction acceleration response still maintains a dominant advantage over the X-direction
and Y-direction responses.
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Figure 5. Time-history curves of bottom acceleration responses of the converter valve equipment at
different positions.

Specifically, the peak Z-direction acceleration responses at positions J4, J5, and J6
are 8.33 m/s?, 9.04 m/s?, and 8.14 m/s?, respectively, which are about 20-35% greater
than the peak responses at positions J1, J2, and ]3. This reflects the amplification effect
of the cantilever structure on vertical dynamic loads, and the magnitude is consistent
with amplification levels reported for slender equipment under float-over impact/coupled
dynamics [17,26]. From the characteristics of the horizontal acceleration responses, the X-
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and Y-direction accelerations at positions J5 and J6 are significantly greater than those at
position J4, in line with central load-path concentration and connection/fender-parameter
sensitivity observed in coupled float-over evaluations [23,25]; this difference likely arises
from boundary-constraint stiffness and local mass/stiffness distribution near J5-J6.
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Figure 6. Time-history curves of top acceleration responses of the converter valve equipment at
different positions.

The strain response results of the converter valve equipment at positions J1-J6 are
shown in Figure 7. The peak strain responses of the converter valve equipment at positions
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J1, ]2, and J3 are relatively close, reaching 85 e, 88 pe, and 69 e, respectively. And at
all three positions, the maximum strain of the converter valve equipment is compressive
strain. In contrast, at positions J4, J5, and J6, the converter valve equipment exhibits
obvious differentiation. The strain responses at these three positions are characterized by
the combined action of tensile and compressive strains, with the peak values of maximum
compressive and tensile strains being nearly equivalent. The peak strain responses at J4, J5,
and J6 are 3 pe, 9 pe, and 8 pe, respectively. Overall, the strain responses of the converter
valve equipment at positions J1-J3 differ by an order of magnitude from those at positions
J4-J6, with the former showing significantly higher peak values than the latter.
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Figure 7. Time-history curves of strain responses of the converter valve equipment at
different positions.
3.2. Dynamic Response of the Topside Platform Module

The time-history curves of acceleration responses in the X, Y, and Z directions at
positions J7, J8, ]9, and J10 are shown in Figure 8. During the float-over installation and
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docking process of the offshore converter platform, the foundation beam of the topside
platform module, serving as a critical load transfer structure, exhibits pronounced direc-
tional characteristics in its acceleration responses. Among the three-directional acceleration
responses of the foundation beam, the peak value in the Z-direction is the most pronounced.
This observation is consistent with the dynamic characteristics governed by vertical impact
loads during the float-over docking and lowering stage. In the horizontal direction of the
platform, the foundation beam at position J7 exhibits higher peak acceleration responses in
the X, Y, and Z directions compared with that at position ]J8. Specifically, the peak accel-
erations reach 4.85 m/s? in the X direction, 7.10 m/s? in the Y direction, and 14.90 m/s?
in the Z direction. In the vertical direction of the platform, the foundation beam at posi-
tion J7 exhibits higher acceleration responses in all three directions compared with those
at positions J9 and J10. Furthermore, the foundation beam at position J10 demonstrates
larger accelerations in the X and Y directions than that at position J9, while both exhibit
comparable trends in the Z-direction acceleration responses. These acceleration response
patterns are closely associated with the structural characteristics.
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Figure 8. Time-history curves of acceleration responses of deck foundation beams at
different positions.

During the complex dynamic load transfer process of float-over installation and
docking of the offshore converter platform, the column structures experience significant
acceleration responses. To address this, four representative positions (J11, J12, J13, and
J14) of the column structures in the topside platform module were selected for detailed
analysis. The acceleration response time history curves in the X, Y, and Z directions at
positions J11-J14 are shown in Figure 9. In terms of the directional characteristics of
acceleration responses, the column structures at positions J11, J12, and J14 exhibit the
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largest peak accelerations in the Z-direction. At the J13 position, the column structure
presents a unique situation where the acceleration in the X direction is greater than that in
the Y and Z directions. Further analysis of the differences at different positions shows that
the Z-direction acceleration of the column at position J14 is greater than that at position J12,
while the peak acceleration responses in the X and Y directions differ little. At position J11,
the peak acceleration response in the Y direction is 12.27 m/s?, and the peak acceleration
response in the Z direction reaches 18.01 m/s?.
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Figure 9. Time-history curves of column acceleration responses at different positions.

The strain response time-history curves at positions J7, J§, ]9, and J10 are shown in
Figure 10. In the horizontal direction of the platform, the peak strain responses of the
foundation beams at positions ]J7 and J8 are relatively similar, with both being dominated
by compressive strain. The peak strain reaches 85 e at position J7 and 81 pe at position
J8. In the vertical direction of the platform, the foundation beam at position J10 exhibits
the maximum peak strain response of 100 pe, whereas the beam at position J9 shows the
minimum peak strain response of 50 pe.

The strain response time-history curves at positions J12 to J15 are shown in Figure 11.
The maximum strains of the column structures at positions J12, J13, and J14 are compressive,
while at position J15, the maximum strain is dominated by tension. At position J12, the peak
strain response reaches 227 e, representing the maximum among the measured positions.
Furthermore, the strain of the column structure at position J14 is greater than that of the
column structure at position J15.
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Figure 10. Time-history curves of strain responses of deck foundation beams at different locations.
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Figure 11. Time-history curves of strain responses of column structures at different locations.

3.3. Dynamic Response of the Lower Jacket Structure

The time-history curves of acceleration responses in the X, Y, and Z directions at
positions J16 and J17 are shown Figure 12. During the float-over installation and lower-
ing process of the offshore converter platform, the lower jacket, as the key load-bearing
structure responsible for transferring the loads of the topside platform, exhibits significant
acceleration response characteristics in the Z direction, showing the maximum dynamic
response. A comparative analysis of the acceleration responses of pile legs at different
positions reveals that the Z-direction peak acceleration at position J16 reaches 31.55 m/s?,
which is markedly higher than the 23.92 m/ s2 recorded at position J17. In addition, the
pile leg at position J17 also exhibits a relatively high level of acceleration response in the Y
direction, with a peak value of 21.35 m/s?, reflecting the dynamic stress characteristics of
the pile leg under lateral loading at this position.
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Figure 12. Time-history curves of acceleration responses of the main pile legs at different locations.

During the float-over installation and lowering process, the loads carried by the lower
jacket are transferred to the bottom pile legs through the spatial truss system. Hence, it
is essential to investigate and analyze the acceleration responses of the truss structure.
The time-history curves of the acceleration responses in the X, Y, and Z directions at the
positions J18, J19, and J20 of the spatial truss structure are shown in Figure 13. Through
comparative analysis of the three-directional acceleration data at monitoring points J18, J19,
and J20, it is found that the acceleration responses at all three positions are most significant
in the Z direction, reflecting the dominant role of vertical dynamic loads during the float-
over mating process. Among them, the Z-direction acceleration response at position J19
reaches a peak value of 7.67 m/s?, which is significantly higher than the 4.42 m/s? at
position J18 and the 3.19 m/s? at position J20, forming a distribution characteristic where
the response value at the central monitoring point is higher than those at both sides. This
is closely related to the load-bearing characteristics of the truss structure. Meanwhile,
at position J20, the Z-direction acceleration during the contact collision process exhibits
periodic peak fluctuations, with a trend of gradual attenuation.

The stress response time-history curves at positions J16-J20 are shown in
Figures 14 and 15. The peak strain response of the pile leg at position J16 reaches 1113 e,
which is significantly greater than that of the pile leg at position J17, and both maximum
strains are compressive strains. The peak strain responses at J18, J19, and J20 are similar,
with alternating tensile and compressive strains, and the maximum compressive and tensile
strain peaks are close. Through the analysis of strain responses at different positions of the
lower jacket, it can be concluded that during the float-over installation and lowering process
of the offshore converter platform, the pile legs of the jacket, due to the instantaneous
restructuring of the load-bearing system and the dynamic redistribution of loads, exhibit
abrupt changes in their strain response characteristics, with peak values reaching 1100 pe.
Since the weight of the topside platform module is mostly concentrated in the middle, the
strain of the pile legs at the mid-span positions is greater than that of the pile legs at the
edge positions. The strain of the truss structure in the lower jacket is smaller compared
with that of the pile legs. Due to the complex mechanical effects induced by contact colli-
sions, the truss structure experiences high-frequency vibrations in three-dimensional space.
During these vibrations, the cyclic deformation of the structure leads to alternating tensile
and compressive strains with nearly equal amplitudes, exhibiting distinctive dynamic
mechanical response characteristics.



Energies 2025, 18, 5656

17 of 21

Acceleration (m/s?)

Acceleration (m/s?)

Acceleration (m/s?)

—

-2

-3

Direction — X
Direction — Y|

Direction — Z

S w EN W
T

N

RS
0.0 0.2 0.4 0.6 0.8 1.0
Time (s)
(a) Position J18
I I
Direction — X
Direction — Y
Direction — Z
0.0 0.2 0.4 0.6 0.8 1.0
Time (s)
(b) Position J19
I I
Direction — X
Direction — Y
Direction — Z
UL
|
il
I’H
0.0 0.2 0.4 0.6 0.8 1.0

Time (s)

(c) Position J20
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Figure 14. Time-history curves of strain responses of main pile legs at different positions of the jacket.
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4. Conclusions

This study investigated the dynamic responses of an offshore converter platform
subjected to high-frequency vibration excitation, induced by contact collisions during the
float-over installation and lowering process. Based on the integrated numerical simulation
results, the coupled dynamic behaviors of the topside platform, converter valve equipment,
and lower jacket were analyzed. The main conclusions are summarized as follows:

(i) The converter valve equipment is a bottom-fixed, slender and flexible cantilever struc-
ture. This structural feature has a significant influence on its acceleration response,
but a limited effect on stress and strain. Among the three-directional accelerations
of the converter valve equipment, the Z-direction acceleration response is the most
prominent, and the Z-direction acceleration amplitude at the top position exceeds
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that at the bottom position by about 20%. Meanwhile, the Y-direction acceleration at
the bottom of the converter valve equipment in the edge position is greater than that
at the mid-span position. The stress and strain responses at the bottom of the con-
verter valve equipment, where it connects with the deck, are greater than those at the
top position.

(ii) The platform module has a cantilever structure extending outward along the Y-
direction. This structural characteristic has a significant influence on acceleration,
while its effect on stress and strain is limited. The acceleration of the deck foundation
beam at the edge position is about 47% higher than that of the mid-span foundation
beam. Due to the arrangement of converter valve equipment on the first-layer deck
foundation beam, its acceleration vibration frequency is 15% faster than that of other
floors. Under comparable weight conditions, stress and strain exhibit an increasing
trend with the rise in height. The Z-direction acceleration of the main column structure
of the platform module is the largest, while for other column structures, the X-direction
and Z-direction accelerations are close.

(iii) The pile legs of the jacket structure exhibit pronounced stepwise variations in dynamic
response when subjected to transient impact loads induced by contact collisions. The
dynamic response of the pile legs at the mid-span position is about 25% greater than
that at the edge positions, forming a non-uniform response characteristic of “strong at
the mid-span and weak at the edges”. Meanwhile, as it is necessary to reserve space
for barge entry to carry out float-over installation, the top of the jacket structure is
formed by a Y-Z plane composed of columns and braces. This configuration results in
relatively large X-direction and Y-direction accelerations of the main pile legs, reaching
about half of the peak of Z-direction acceleration.

However, this study also has certain limitations. The structural modeling does not
explicitly account for fluid—structure interaction or barge hydrodynamics; the contact-
collision process is imposed via prescribed docking kinematics rather than being coupled to
vessel motions, which may underestimate added-mass and radiation-damping effects near
impact. The material models and connections are simplified (predominantly elastic), the
boundary conditions are idealized, and validation covers only a limited set of loading cases;
broader experimental calibration across more operating conditions would help bound
model error and improve external validity.
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