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Abstract

As offshore wind power moves into deeper waters, large-scale electrical platforms are
key to efficient power transmission. However, their heavy topside modules create major
installation challenges. As traditional lifting methods are inadequate, the float-over method
has become a viable solution for installing topside modules, but it is essential to study
the structural responses to collisions during the process to ensure construction and equip-
ment safety. This study establishes a physical model of the offshore converter station at a
1:65 scale based on the elastic force-gravity similarity principle. Assuming the barge carry-
ing the topside module descends at a constant speed, the study investigates the dynamic
response of the platform during the float-over mating process. Float-over collision tests are
conducted to obtain the platform’s acceleration, strain, and displacement responses and to
analyze the effects of collision speed, offset position, and Leg Mating Unit (LMU) stiffness
on the dynamic structural response characteristics. The results show that as collision speed
increases from 10 mm/s to 50 mm/s, the topside acceleration response increases up to
5.7 times. Beam strain remains mostly unchanged, and displacement increases first, then
decreases. Under fixed descent velocity, x-offset increases jacket strain and converter valve
acceleration, while y-offset raises platform acceleration and reduces valve acceleration
by approximately 20 percent. At 50 mm/s, higher LMU stiffness causes the acceleration
response to first drop, then rise. These findings support safe float-over installation.

Keywords: offshore converter station platform; float-over installation; dynamic response;
model test

1. Introduction
Amid accelerating electricity demand and the spread of net-zero commitments, off-

shore wind has expanded rapidly and is emerging as a core decarbonization technology [1].
Numerous companies worldwide are actively entering the offshore wind power sector,
driving the preparation and improvement of the industry chain. A large number of offshore
wind farms have already been put into operation, and the industry has formed a large-
scale market that continues to grow rapidly [2,3]. As nearshore wind resources become
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increasingly saturated, offshore wind farms are gradually expanding into deeper waters.
The construction of large-scale offshore converter station platforms can enhance the power
transmission efficiency and energy utilization of offshore wind farms, thereby technically
reducing power generation costs [4]. These platforms feature topside modules weighing
up to ten thousand tons, posing great installation challenges and high construction risks.
Therefore, it is crucial to complete the installation of the converter station topside module
while ensuring the safety of both its structure and electrical equipment. Traditional lifting
methods are not suitable for installing such massive topside modules. Given extensive
evidence that float-over installations are safe and stable in offshore oil and gas practice, the
method is a viable option for mating large offshore converter-station topside modules to
jacket foundations [5].

In 1983, the Philips Maureen Project successfully used the float-over method to install
the topside modules of an offshore platform, marking the world’s first offshore production
platform installed using this technique. Since then, the advantages of the float-over method
have been recognized, and many scholars both in China and abroad have devoted efforts
to its research and application. D. Edelson et al. [6,7] provided a systematic introduction to
the float-over method and gave a brief summary of the related hydrodynamic issues. Hong
et al. [8] explored the technical, operational, and economic aspects of floating offshore wind
farm installation, providing a comprehensive overview of the advanced technologies at that
time. Through a critical analysis of the complexities involved in the installation process,
they identified key research areas to promote the widespread application and efficiency
of floating wind power technologies. They emphasized the importance of standardized
foundation design, advanced installation methods, and collaboration between academia
and industry. Traditional float-over installations require the jacket structure to have a groove
at the top in either the longitudinal or transverse direction to accommodate barge entry.
The direction of the groove is crucial, as it significantly affects the float-over installation
of the topside module. O’Neill et al. [9–13] investigated the structural integrity of typical
jackets under float-over conditions and compared them with traditional lifting methods.
They highlighted that proper selection of mooring and fender system parameters is critical
for controlling the relative motion and impact loads between the topside module and the
lower jacket. Duquesnay et al. [14] emphasized the importance of the mating process in
float-over installations. They examined the influence of construction weather standards on
float-over operations and discussed the effects of mooring lines and component stiffness
on the performance of the installation system.

At present, numerous studies on float-over installation are being conducted by schol-
ars, primarily using numerical simulations and physical model tests. These studies cover
various types of platforms, including jacket platforms and Spar platforms, and provide a
relatively comprehensive analysis of motion responses and load characteristics during the
float-over mating process. Chu et al. [15] developed and evaluated the float-over installa-
tion design for the Wandoo B integrated deck using both numerical simulation and physical
model testing. Through time-domain analysis, they studied mooring line forces, impacts
between barge fenders and the concrete gravity structure (CGS), and the loads on the
LMU and DSU. Koo et al. [16,17] investigated the float-over installation of Spar platforms
using model tests and numerical simulations. They presented the motion responses and
load characteristics of the float-over installation under random seas, regular waves, and
three wave directions (beam seas, head seas, and oblique seas). Jung et al. [18] conducted
numerical simulations of float-over installation using SESAM software with a quasi-static
analysis method. The simulation process was divided into phases—entry, load transfer,
and exit—evaluated at 0%, 50%, and 100% time points. In their model, the LMU and DSU
were represented by springs with constraints in three directions, while fender and mooring
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line stiffnesses were considered nonlinear. Jung et al. [19] further applied time-domain
analysis to verify the safety of float-over operations across all load transfer phases. They
modeled components such as the DSU, LMU, fenders, and mooring lines to study interac-
tions among the barge, topside, and jacket. Berhault et al. [20] carried out a numerical study
of float-over installation for a jacket platform topside module in a specific sea area. Their
model included the mooring system, LMU, DSU, and fenders. Mooring lines and chains
were computed using a quasi-static catenary method, while the LMU, DSU, and fenders
were simplified using linear spring stiffness. However, due to slow computational speed,
the study could only capture general trends in multibody coupled motion and was not
sufficient for engineering design guidance. Tahar et al. [21] used MLTSIM and WAMIT soft-
ware to study dual-barge float-over installation via numerical simulations and model tests.
They simplified the load transfer process using time-domain theory and used WAMIT’s
Green function method to calculate radiation and diffraction potentials on the mean wetted
surface. This yielded frequency-domain hydrodynamic parameters such as added mass,
damping coefficients, first-order wave force transfer functions, and second-order mean drift
forces. MLTSIM was then used to solve motion differential equations in the time domain. Ji
et al. [22] studied float-over installation of a Spar platform in West African sea conditions
using MLTSIM for time-domain simulations. They obtained six-degree-of-freedom motions
and multibody interaction forces of the barge and topside module. Based on these results,
they designed the stiffness of the LMU and DSU and selected appropriate configurations
by comparing coupled responses. Tan et al. [23] focused on the LMU and DSU used during
float-over operations, analyzing the loads they experienced during load transfer. Liu and
Li [24] proposed a two-step mode expansion methodology for offshore jacket structures,
which took into account the modeling errors between the finite element model and the
tested structure and estimated them within the range of physical significance. Liu et al. [25]
proposed an improved modal strain energy method for damage localization in jacket-type
offshore wind turbines by defining a series of stiffness correction factors. Byle [26] provided
an overview of float-over system components and their functions for offshore platforms and
analyzed potential design risks including both obvious high-consequence failures and hid-
den performance deficiencies, ultimately proposing a sample specification. Hamilton [27]
studied float-over mooring systems, discussing their dynamic characteristics under marine
environmental conditions and analyzing fender collisions and barge-to-jacket clearances.
Xia et al. [28] conducted tank model tests to simulate float-over installation of small offshore
platform topside modules, using springs to measure collision forces between the barge
and the jacket. Kim et al. [29] performed experimental studies focused on installation
of semi-submersible platforms. Although many engineering projects have adopted the
float-over method and related studies are abundant, most remain numerical in nature. To
accommodate computational constraints, numerical models often simplify the platform and
the installation process, which limits the engineering guidance value of their results. Only a
few physical model tests have focused on the forces and load transfer of local components
such as the LMU and mooring lines. This study uses systematic physical model tests to
examine, at the whole-structure level, how collision speed, offset, and LMU stiffness affect
the platform’s dynamic response. Particular attention is given to the vibration sensitivity of
electrical equipment at the corresponding locations. This study fills a gap in the existing
literature and provides a more comprehensive theoretical basis and experimental data for
the safe implementation of float-over installation of offshore power platforms.

This study conducts physical model tests on a large-scale offshore converter station
platform, using the elastic–gravity similarity principle with a geometric scale ratio of
1:65. A six-degree-of-freedom motion platform is used to carry the topside module model,
which is mated with the jacket model at different descent velocities. The tests analyze the
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platform’s acceleration, strain, and displacement responses during the float-over collision
process. The study focuses on the dynamic structural response characteristics under
varying descent velocities and further investigates the effects of topside horizontal offset
and Leg Mating Unit (LMU) stiffness. The results aim to provide theoretical support and
experimental reference for the safe float-over installation of large-scale offshore converter
station platforms.

2. Experiments
2.1. Similarity Criterion

During the float-over collision process, various components of the converter station
platform primarily undergo bending vibrations. In order to maintain similarity in inertial
forces, elastic restoring forces, and external forces, the model must first satisfy the elastic-
force similarity law [30]. The similarity relationship can be expressed as:

λρ · λA · λ · λu · λ−2
t = λI · λE · λu · λ−3 (1)

where λ, λρ, λA, λt, λu, λE, and λI represent the geometric similarity ratio, mass density
ratio, cross-sectional area ratio, time scale ratio, deformation ratio, elastic modulus ratio,
and moment of inertia ratio, respectively.

In the case of bending vibration of structural components, a more flexible approach
can be adopted-strict geometric similarity is not required. Instead, the requirements on
cross-sectional dimensions can be relaxed, and it is sufficient to maintain similarity in
sectional stiffness. Therefore, the following relationship holds:

λ2
t = λρ · λ4 · λ−1

E · λ−2
r (2)

where λr denotes the similarity ratio of the radius of gyration of the cross-section.
The model satisfies the similarity law between elastic force and gravity [31], and the

corresponding similarity relationship is given by:

λ3 · λρ · λ−2
r = λE (3)

To facilitate model fabrication, the density similarity ratio is set to 1.0. Therefore, the
final similarity relationships for model construction are as follows:

λ3 · λ−2
r = λE (4)

2.2. Physical Model

The experiment takes a 10,000-ton offshore converter station platform as the research
object. Based on the elastic–gravity similarity criterion, a geometric scale ratio of 1:65 was
selected for the physical model construction. As shown in Figure 1, the model consists of
two main parts: the topside module and the jacket structure. The jacket is equipped with
Leg Mating Units (LMUs), which buffer collisions as load is transferred from the barge to
the jacket during float-over mating. In terms of geometry, the stabbing cone is mounted
on the underside of the topside module, and the receiver is mounted on the top of the
jacket; the receiver has a conical recess that mates with the cone. During float-over mating,
the cone enters the recess under self-weight and guiding constraints; the conical interface
provides a self-centering effect that converts small horizontal offsets and minor angular
misalignments into normal contact forces along the cone surface, thereby guiding and
aligning the module. In this study, the LMU was simplified for modeling (see Figure 1b):
the shell, receiver, and cone were 3D-printed in fiber-reinforced nylon, and the internal
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buffering was represented by springs selected to match the prototype’s vertical stiffness
(approximated by piecewise-linear segments). The lengths of tubular and beam members
were scaled according to the geometric similarity ratio, while cross-sectional dimensions
were designed based on similarity of the moment of inertia. To satisfy mass similarity, lead
blocks and lead rings were used as counterweights [32]. The topside module and jacket
were fabricated from acrylic (PMMA).

(a) Topside Module Model  (b) LMU Model 

   
(c) Jacket Model  (d) Overall Model 

Figure 1. Offshore converter station platform model.

During model fabrication, all beam members with different cross-sections were re-
placed by rectangular beams to satisfy the similarity of the radius of gyration, while some
slender tubular members were substituted with solid circular rods. The topside module
model measures 1.25 m × 1.15 m × 0.70 m (length × width × height), with the correspond-
ing prototype dimensions of 81.25 m × 74.75 m × 45.50 m; the jacket model measures
1.27 m × 0.95 m × 1.70 m, with prototype dimensions of 82.55 m × 61.75 m × 110.50 m.
Using the P1650 × 52 member as an example, the similarity relations and numerical ratios
of the relevant physical quantities are summarized in Table 1. The structural parameters of
selected components in the topside module model are listed in Table 2.

Due to differences in material properties between the prototype and the model, as
well as variations in weight distribution on the platform, lead sheets were used to adjust
the weight of individual components in the model structure. For structural components,
the mass was scaled according to the mass similarity ratio. For non-structural mass, such
as equipment weight, scaling was based on the force similarity ratio. As a result, both
gravitational and elastic similarity requirements were satisfied. The weight of the topside
module model is approximately 215.8 kg, the jacket model weighs about 161.3 kg, and the
total weight of the offshore converter station platform model is approximately 377.1 kg.
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Table 1. Model design basic parameter similarity relations (using P1500 × 30 member as an example).

Parameters Similarity Relations Similarity Scale Ratio

Length λ 65
Area λA 749

Volume λ·λA 48,685
Density λρ = 1 1

Mass λρ·λ·λA 48,685
Velocity

√
λ 8.06

Acceleration λg = 1 1
Time

√
λ 8.06

Frequency 1√
λ

0.124

Force λ3 274,625
Moment λ4 17,850,625

Second Moment of Area λA·λr
2 3,898,903

Mass Moment of Inertia λ·λA·λr
2 253,428,706

Stress λ4·λD·λA
−1·λr

−2 298

Table 2. Cross-sectional dimension parameters of components in the topside block section.

Prototype Cross-Section Prototype Model Model Cross-Section
Dimensions (mm) Model Cross-Section

I-beam

H2200 × 800 × 30 × 60 43.9 × 8

Rectangle
(Height × Width)

H1500 × 500 × 24 × 48 29.5 × 5
H700 × 300 × 11 × 24 14.3 × 3
H600 × 200 × 11 × 17 11.5 × 2
H500 × 200 × 10 × 16 9.8 × 2

Circular Tube
P1500 × 44 24 × 3 Circular Tube

(Outer Diameter × Wall Thickness)P1000 × 30 15 × 2
P600 × 20 12 Round Bar (Diameter)

Note: H2200 × 800 × 30 × 60 indicates an H-beam with a section height of 2200 mm, flange width of 800 mm,
web thickness of 30 mm, and flange thickness of 60 mm.

2.3. Experimental Setup

The docking collision test focuses on the impact that occurs during the mating process
between the stabbing cone of the topside module and the LMU on the jacket structure. The
topside module model is hoisted and released at a certain velocity (as shown in Table 3)
using a six-degree-of-freedom (6-DOF) motion platform to achieve docking with the jacket
model. Due to spatial constraints, the platform surface was extended, and the extended
portion was considered an integral part of the motion platform. The overall experimental
setup is shown in Figures 2 and 3.

Table 3. Test groups with different collision velocities.

Case No. Model Collision Velocity (mm/s) Prototype Value (m/s)

A1 10.0 0.080
A2 12.5 0.101
A3 15.0 0.121
A4 17.5 0.141
A5 20.0 0.161
A6 22.5 0.181
A7 25.0 0.202
A8 27.5 0.222
A9 30.0 0.242

A10 32.5 0.262



J. Mar. Sci. Eng. 2025, 13, 2000 7 of 23

Table 3. Cont.

Case No. Model Collision Velocity (mm/s) Prototype Value (m/s)

A11 35.0 0.282
A12 37.5 0.302
A13 40.0 0.322
A14 42.5 0.343
A15 45.0 0.363
A16 47.5 0.383
A17 50.0 0.403

Figure 2. Schematic diagram of the experimental setup.

 

Figure 3. Experimental setup.

The physical quantities measured in the experiment include the acceleration, strain,
and displacement at key locations of the topside module; the acceleration and strain at the
LMUs; and the strain on the main legs of the jacket structure. An NI (National Instruments,
TX, USA) data acquisition system was employed, in combination with strain gauges, to col-
lect strain data at critical structural locations. Type-II non-waterproof accelerometers were
used to measure acceleration responses at key points. These sensors offer a measurement
accuracy of up to 0.3%, a sampling frequency of up to 1000 Hz, and provide high stability
and strong anti-interference capability. Displacement responses were measured using the
FZ-Motion optical motion capture system. This system features high-speed, high-resolution
imaging sensors (up to 12 megapixels), a working distance of up to 40 m, and a maximum
frame rate of 500 FPS.



J. Mar. Sci. Eng. 2025, 13, 2000 8 of 23

Considering that important electrical equipment needs to be installed on the first deck
of the platform (as shown in Figure 4a), where all lines in the figure denote beams, three
accelerometers and six strain gauges were installed at central locations on the deck, with
all sensors mounted on the beams. The strain gauges were placed on the beam aligned
with the x-axis and at positions midway between the two beams aligned with the y-axis.
Additionally, four acceleration sensors were placed at the edges of different platform levels
(as shown in Figure 4b), and one acceleration sensor was installed at each LMU. Two main
legs were selected, with four strain gauges placed around the circumference at the top and
mid-height of each leg (as shown in Figure 4c). Finally, three displacement measurement
points were arranged on one side of the topside module (as shown in Figure 4d) to monitor
its displacement variation.

 
(a)  (b) 

 
(c) 

 
(d) 

Figure 4. Sensor arrangement. (a) Plan view of measurement points on the first deck; (b) Topside
module model and accelerometer locations; (c) Jacket model and sensor locations; (d) Displacement
measurement points on the topside module.
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2.4. Test Conditions

According to the design basis, the test conditions were classified into four groups.
Group A involved frontal collisions at varying velocities, where the model impact velocity
increased in 2.5 mm/s increments from 10 mm/s to 50 mm/s, corresponding to prototype
velocities ranging from 0.08 m/s to 0.40 m/s. Group B investigated combinations of
lateral offsets and collision velocities, with all offset distances set at 4 mm from the center
(equivalent to 0.25 m in the prototype). Group C examined different LMU model stiffness
values coupled with varying drop velocities. All tests were conducted in triplicate to
reduce random errors. It should be noted that not all test results are presented in the
following sections; similar conditions yielded comparable conclusions, and conditions
with no significant patterns were analyzed but not reported in order to avoid excessive
redundancy. All test conditions conducted in this study are summarized in Tables 3–5.
All tests used the same topside module and jacket model. The collision velocity and
topside offsets were controlled by the six-degree-of-freedom motion platform, and the
LMU stiffness was varied by replacing internal springs of different stiffness.

Table 4. Test groups with different offset situations.

Case No. Along x-Axis (mm) Along y-Axis (mm) Collision Velocity
(mm/s)

B11 4 0 15
B12 4 0 25
B13 4 0 35
B14 4 0 40
B21 0 4 15
B22 0 4 25
B23 0 4 35
B24 0 4 40
B31 −4 0 15
B32 −4 0 25
B33 −4 0 35
B34 −4 0 40
B41 0 −4 15
B42 0 −4 25
B43 0 −4 35
B44 0 −4 40
B51 2.82 2.82 15
B52 2.82 2.82 25
B53 2.82 2.82 35
B54 2.82 2.82 40
B61 2.82 −2.82 15
B62 2.82 −2.82 25
B63 2.82 −2.82 35
B64 2.82 −2.82 40
B71 −2.82 2.82 15
B72 −2.82 2.82 25
B73 −2.82 2.82 35
B74 −2.82 2.82 40
B81 −2.82 −2.82 15
B82 −2.82 −2.82 25
B83 −2.82 −2.82 35
B84 −2.82 −2.82 40
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Table 5. Test groups with different LMU stiffness.

Case No.
Vertical Stiffness of the LMU (kN/m) Collision Velocity

(mm/s)Prototype Model

C11 8466 2.0 15
C12 8466 2.0 25
C13 8466 2.0 35
C14 8466 2.0 40
C15 8466 2.0 50
C21 55,583 13.1 15
C22 55,583 13.1 25
C23 55,583 13.1 35
C24 55,583 13.1 40
C25 55,583 13.1 50
C31 84,140 19.9 15
C32 84,140 19.9 25
C33 84,140 19.9 35
C34 84,140 19.9 40
C35 84,140 19.9 50

3. Results
The experiments were carried out based on the test conditions listed in Tables 3–5. Acceler-

ation, strain, and displacement response data of the electrical platform were obtained under
this group of conditions. The experimental data were processed to generate time-history
curves, peak value variation plots, and other related graphs to investigate the dynamic
response characteristics of the electrical platform during the float-over collision process,
as well as the influence of collision velocity, offset position, and LMU stiffness parameters
on these responses. Unless otherwise specified in the following analysis, acceleration
responses refer to the Z-direction, and displacement responses refer to the X-direction.

3.1. Effect of Collision Velocity

The peak acceleration responses at each measurement point under Condition Group
A were obtained. Since each condition was tested three times, the average of the three
peak values was used. The variation in peak acceleration response with increasing collision
velocity was plotted as a point-line graph, as shown in Figure 5. Figure 5a,b represent
the acceleration responses of the topside and the six LMUs, respectively. As shown in
the figures, acceleration responses increase with rising collision velocity. In some velocity
ranges, a decrease followed by an increase is observed, but overall, the structural accelera-
tion response of the electrical platform shows an increasing trend. At a drop velocity of
50 mm/s, the maximum acceleration response among the topside measurement points is
0.58 g, while the maximum acceleration at the LMUs is 2.65 g. In addition, the acceleration
response at the LMUs is greater than that of the topside due to their direct contact with the
collision interface. When the collision velocity increases from 10 mm/s to 50 mm/s, the
measurement point J8 on the topside shows the largest increase—up to 5.7 times. For the
LMUs, point J11 exhibits the highest increase, up to 20.6 times.

The acceleration responses at three measurement points on the first deck of the plat-
form were compared by averaging the results from three repeated tests and calculating
the standard deviation as error bars, as shown in Figure 6. The figure shows that at lower
collision velocities, the peak acceleration responses of the three points are similar. However,
as the collision velocity increases, the peak responses at points J1 and J8 become greater
than that at J6. J1 and J8 are located closer to the center of the platform, indicating that
acceleration response peaks tend to be higher near the platform center. This phenomenon
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is related to the structural design and weight distribution of the first deck. Under impact
loads such as those from collisions, vibrations tend to be more intense at the central area
of the platform, resulting in higher acceleration responses at nearby points. The observed
experimental errors are random in nature and are difficult to reduce through test plan
optimization. Instead, repeated testing can help lower the impact of such errors. Among
the three points, J1 has the smallest average relative error at 6%, while J6 and J8 have higher
average relative errors of 9% and 9.8%, respectively.

   
(a) Topside module  (b) LMU 
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Figure 5. Effect of collision velocity variation on acceleration response.
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Figure 6. Comparison of acceleration responses at different positions on the first level of the platform.

As the collision velocity increases, the variation in peak strain response on the first
deck of the topside is shown in Figure 7. Due to the randomness inherent in collision
tests, each condition was tested three times. Line graphs with error bars were plotted,
showing that measurement points with higher peak strain values tend to exhibit greater
random error. Among the points, S6 has the highest average peak strain response, reaching
a maximum of 49.58 µε. A one-way ANOVA was performed to assess the uniformity of
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the strain peak values [33]. Using point S6 as an example, an F-test was conducted to
evaluate the significance of the effect of collision velocity on the peak strain response. The
results, shown in Table 6, indicate that there is no statistically significant difference in
peak strain values under different collision velocities at a 0.05 significance level. The same
uniformity analysis was carried out for the other three measurement points, yielding the
same conclusion. Therefore, it is considered that the peak strain response on the first deck
of the topside does not change significantly with increasing collision velocity.
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Figure 7. Effect of collision velocity variation on strain response.

Table 6. Uniformity check of strain response peaks.

Case No.
Peak Strain Response (µε)

First Test Second Test Third Test Mean

A3 39.703 40.322 37.151 39.058
A4 33.787 42.793 48.160 41.580
A5 42.587 38.770 48.815 43.391
A6 44.853 35.879 50.931 43.888
A7 41.214 43.338 48.377 44.310
A8 55.452 38.981 46.301 46.911
A9 43.783 49.345 40.010 44.379

A10 44.764 50.057 34.318 43.046
A11 60.710 50.715 37.315 49.580
A12 42.281 39.736 41.664 41.227
A13 50.698 40.248 41.237 44.061
A14 44.320 50.812 43.307 46.146
A15 41.030 48.482 53.950 47.821
A16 43.737 46.949 57.579 49.422
A17 43.407 39.816 51.747 44.990

Grand mean 41.728
MSA 8.905
MSE 41.859

F 0.21 < F0.05(14,30) = 2.037
P 0.9983
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As the collision velocity increases, the variation in the peak displacement response of
the topside is shown in Figure 8. It can be observed that the peak displacement response
first increases and then decreases with increasing collision velocity, with a turning point at
42.5 mm/s. Additionally, point D3 is located on the topmost level of the topside, while D1
is on the first level. Therefore, the higher the layer within the topside structure, the greater
the peak displacement response.
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Figure 8. Effect of collision velocity variation on displacement response.

3.2. Effect of Topside Offset

The experiments were conducted based on the test conditions listed in Table 4 to
obtain acceleration, strain, and displacement response data of the electrical platform under
this group of conditions. The aim was to investigate the effect of float-over collision in an
offset posture on the dynamic structural response characteristics of the topside.

Taking condition B14 as an example, the topside module is offset by 4 mm in the posi-
tive x-direction, with an impact velocity of 40 mm/s. The time-history curves of structural
acceleration response under this condition are shown in Figure 9. In the figure, J1 and J7
represent acceleration responses in the z-direction, while J10 and J11 exhibit acceleration
responses in both the x- and z-directions. Under offset conditions, the acceleration time-
history curves of J1 and J7 are similar to those under central (non-offset) collisions, showing
a sudden jump at the moment of impact followed by gradually stabilizing oscillations.
However, when the module is offset along the x-axis, the response at J1 exhibits periodic
fluctuations with a certain frequency. J10 and J11 are located on the LMUs. Due to the
x-direction offset of the topside module, their x-direction acceleration responses show
regular oscillations, with a longer response duration compared to the z-direction.
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Figure 9. Time history curve of structural acceleration response for the topside module under
x-axis offset.

In the B-group test conditions, the topside module is offset in eight different directions,
with each offset direction having a distance of 4 mm from the docking center. The peak ac-
celeration responses at selected measurement points on the topside module were extracted
under various impact velocities for all eight offset directions and plotted in a radar chart, as
shown in Figure 10. In the legend, “J1-40” denotes the peak acceleration response at point
J1 under different offset directions with an impact velocity of 40 mm/s. Overall, offsets
along the y-axis and in the negative x-direction have the most significant influence on the
acceleration response.

Taking impact velocities of 35 mm/s and 40 mm/s as examples, the variation in
peak strain responses at point S14 under different offset conditions is analyzed, as shown
in Figure 11. When the topside module is offset along the x-axis, the peak strain at S14
increases, with strain gauges No. 2 and No. 4 showing a greater increase compared to No. 1
and No. 3. When the module is offset along the y-axis, strain No. 4 at S14 decreases, while
the other strain readings do not exhibit a clear trend. Overall, in terms of the maximum
strain at S14, x-axis offsets lead to an increase in response, whereas y-axis offsets result in
a decrease.

Taking the impact velocity of 40 mm/s as an example, the time-history curves of
structural displacement responses under both offset and central collision conditions are
compared, as shown in Figure 12. Figure 12a shows the displacement response when the
topside module is offset by 4 mm in the positive x-direction, while Figure 12b presents the
response under central (non-offset) collision.
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Figure 10. Radar chart of acceleration response for the topside module under different offset conditions.

It can be observed that the displacement fluctuations under the x-axis offset condition
are larger than those in the central collision case. Additionally, in Figure 12a, the curve
exhibits a baseline shift of –4 mm at the end, indicating that the topside module returned to
an aligned position after the collision. The pronounced vibrations at the three measurement
points in the x-direction suggest that the structure may have relatively low stiffness along
the x-axis, making it more susceptible to large displacements.
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Figure 11. The influence of different offset conditions on strain response of jacket.
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Figure 12. Time history curves of structure displacement response for the topside module under both
offset and orthogonal collision conditions.

3.3. Effect of LMU Stiffness

The experiments were carried out based on the test conditions listed in Table 5 to
investigate the dynamic response characteristics of the electrical platform under float-over
collision conditions, as well as the relationship between LMU stiffness and the platform’s
dynamic response.
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The variations in acceleration responses at measurement points J1, J8, J10, and J11
under different impact velocities are shown in Figure 13. In the legend, “J1-25” refers to
the peak acceleration response curve at point J1 under an impact velocity of 25 mm/s. As
the LMU stiffness parameter increases, the acceleration responses at J1 and J8, which are
located on the first deck of the platform, exhibit a significant upward trend. Mechanism
analysis indicates that higher LMU stiffness results in smaller deformation required to store
the same amount of energy and a shorter interaction duration. According to the impulse-
momentum theorem, the LMU exerts a greater reaction force on the topside module under
these conditions. Consequently, the topside module experiences a stronger force over a
shorter time span, leading to higher acceleration responses.

   
(a) Peak acceleration response at J1  (b) Peak acceleration response at J8 

   
(c) Peak acceleration response at J10    (d) Peak acceleration response at J11 
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Figure 13. Relationship between LMU stiffness and structure acceleration response.

Notably, the acceleration responses at J10 and J11, which are located on the LMU,
show an opposite trend: their response amplitudes decrease as the LMU stiffness increases.
This inverse behavior can be attributed to the enhanced energy storage capacity of the
LMU system resulting from increased stiffness in its internal linear spring elements. These
phenomena, to a certain extent, reveal the coupling mechanism between the dynamic
response of offshore platform structures and the stiffness parameters of the LMU.

The influence of LMU stiffness on the peak strain response at leg strain point S14
under different impact velocities is shown in Figure 14. At impact velocities of 25 mm/s,
35 mm/s, 40 mm/s, and 50 mm/s, the four strain gauges on S14 exhibit similar trends
with varying LMU stiffness. When the stiffness reaches its maximum value, the peak
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responses of strains 14-1, 14-3, and 14-4 decrease significantly, while strain 14-2 shows a
slight increase, exhibiting an opposite trend.
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Figure 14. Relationship between LMU-stiffness and structure strain response. (a) S14—Collision
velocity 25 mm/s; (b) S14—Collision velocity 35 mm/s; (c) S14—Collision velocity 40 mm/s;
(d) S14—Collision velocity 50 mm/s.

The effect of LMU stiffness on strain responses during contact-collision experiments
is relatively complex, as different structural locations exhibit different response patterns.
Observing the four strain gauges arranged circumferentially around the S14 tubular mem-
ber, it can be seen that the differences between strain values increase with higher LMU
stiffness. This is because increased LMU stiffness leads to more uneven compression in the
leg structure.

The influence of LMU stiffness on the peak displacement response of the topside
module under different impact velocities is shown in Figure 15. As illustrated in the
figure, when the impact velocity is relatively high, the peak displacement response first
increases and then decreases with increasing LMU spring stiffness in the range of 2 kN/m to
19.9 kN/m. This indicates that increasing the spring stiffness within a certain range
amplifies the displacement response; however, once a critical stiffness threshold is exceeded,
the displacement response begins to decrease.
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Figure 15. Relationship between LMU stiffness and structure displacement response.

This phenomenon can be attributed to the dual role of the spring stiffness. At moderate
stiffness levels, the springs provide some buffering effect while still allowing the topside
module to sway, thus increasing the displacement response. However, when the stiffness
is further increased—for example, up to 19.9 kN/m—the spring coils become thicker and
more tightly wound, restricting the swaying motion of the module and thereby reducing
the displacement response.

4. Discussion
This study reveals the impact of collision velocity, offset position, and LMU stiffness

on the dynamic response of the offshore converter station platform during the float-over
installation process through experimental analysis. First, collision velocity plays a critical
role in the platform’s dynamic response, particularly in terms of acceleration. As collision
velocity increases, the platform’s acceleration response significantly increases, indicating
the need to control the descent speed during installation to reduce the impact on the
structure and electrical equipment.

Next, the offset position also has a significant effect on the platform’s dynamic response.
Offsets along the x-axis lead to increased strain on the jacket legs and greater displacement
fluctuations on the platform, while y-axis offsets affect the acceleration response on the
first deck of the platform. This indicates that during actual installation, offset should be
minimized, especially along the x-axis, to ensure the stability of the installation process.
The offset during the installation process reflects the impact of waves on the barge’s
movement. Due to the influence of waves, the barge is difficult to keep stationary during
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the actual operation, making it challenging to align accurately for the collision. Therefore,
it is recommended to perform the operation during periods of calmer sea conditions.
Additionally, during the installation process, the platform’s offset should be continuously
monitored, with particular attention given to avoiding excessive x-axis displacement, in
order to minimize fluctuations in dynamic response and ensure the stability and safety of
the installation process.

Finally, the impact of LMU stiffness on the platform’s response is more complex.
Higher LMU stiffness increases the acceleration response at the top of the platform but
mitigates the response at the LMU connection. Excessively high LMU stiffness can reduce
the platform’s displacement response, suggesting that an appropriate stiffness should be
selected during LMU design to achieve optimal buffering effects. The recommended stiff-
ness range is 13.1–19.9 kN/m, which effectively reduces displacement while maintaining
sufficient energy absorption capacity during collisions. Furthermore, LMUs should be
made from materials with high elasticity, corrosion resistance, and durability to withstand
repeated dynamic loading during installation.

5. Conclusions
This study conducted physical model tests to investigate the dynamic characteristics

of a 10,000-ton offshore converter station platform and its electrical equipment during float-
over docking collisions. Based on the elastic–gravity similarity law, integrated structural
models were established with geometric scales of 1:65 for the platform and 1:25 for the
converter valve. The tests analyzed dynamic responses under varying impact velocities,
tilt and offset conditions of the topside module, and different LMU stiffness values. Accel-
eration, displacement, and stress responses were obtained under contact collision scenarios.
The effects of impact velocity, docking alignment, and LMU stiffness on the structural
dynamic behavior were systematically examined.

(i) Within a descent-velocity range of 10–50 mm/s, the platform’s acceleration response
increases with velocity: the maximum peak at the topside-module measurement points
reaches 0.58 g at 50 mm/s, while the LMU region reaches 2.65 g. At topside-module point
J8, the peak increases by a factor of 5.7 from 10 mm/s to 50 mm/s, and at LMU point J11
the increase is by a factor of 20.6. For displacement, the x-direction peak first increases and
then decreases, with a turning point around 42.5 mm/s; at the same velocity, higher levels
(e.g., D3) exhibit larger displacement peaks.

(ii) Under fixed descent velocity, different offset directions of the topside module
during contact with the jacket affect the structural response. When offset along the x-axis,
the strain peak on the jacket legs increases, acceleration response on the first deck decreases,
and displacement fluctuations in the topside module become more pronounced. In con-
trast, y-axis offset leads to reduced strain on jacket legs but increased deck acceleration.
X-direction offset also increases acceleration response of the converter valve while slightly
reducing strain at some positions. For Converter Valve No. 8, acceleration increases under
x-axis offset and decreases under y-axis offset, with consistent reductions of approximately
20% across different height levels. During the installation process, minimizing offsets,
especially along the x-axis, is crucial for ensuring stability.

(iii) The acceleration response on the first deck increases with higher LMU stiff-
ness, while the acceleration at the LMU connection between the topside module and the
jacket generally decreases as stiffness increases. At section S14, when stiffness reaches its
maximum (19.9 kN/m), the strain peaks at 14-1/14-3/14-4 decrease significantly, while
14-2 shows a slight increase, indicating non-uniform compression. For displacement, at
higher impact velocities (≥35–50 mm/s), the topside module’s peak displacement first
increases and then decreases as stiffness rises, suggesting an optimal buffering range.
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For the converter valve, acceleration increases with stiffness at low velocities but shows
a non-monotonic trend at high velocities. A stiffness range of 13.1–19.9 kN/m should
be considered for optimal buffering and structural stability, particularly under higher
impact velocities.

The stiffness of the LMU should inherently be nonlinear, but in this study, it is approx-
imated as piecewise linear and controlled by multiple springs. Additionally, this study
assumes that the topside module falls at a fixed velocity, following the barge, and collides
with the jacket structure without considering the effects of waves on both the jacket and
the barge. First, the stiffness of the LMU can be modeled more accurately using a nonlinear
approach, considering material properties and large deformations under dynamic loading
conditions. Secondly, the effects of sea states on the barge and jacket during the installation
process, including wave motion and wind forces, should be taken into account to better
simulate real-world conditions. Additionally, advanced numerical simulations and full-
scale testing can be used to validate these studies and improve the design guidelines for
offshore platform installation.
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