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Abstract: The vibration and noise performance of the off-
shore platforms are significant factors affecting the com-
fort and physical and mental health of the staff, and are
also important indicators for evaluating the status of plat-
forms. Based on the principle of structural dynamics,
taking the semi-submersible platform as the research
object, this article systematically and comprehensively
studies the vibration characteristics and transfer laws of
some partial-frame structures to the overall structure by
combing theoretical derivation and numerical simula-
tion. Firstly, the coupling dynamic model of the device-
plate-platform is established, and the vibration transmis-
sion from the excitation source to the platform structure
through the coupling system is analyzed theoretically.
Secondly, the multimodal vibration mechanism of the
plate frame and cabin structure is discussed by consid-
ering the plate frame and the plate frame as one. Finally,
based on the semi-submersible platform structure, the
study of complex multi-modal vibration transfer law of
platform structure is carried out, which contributes to the
research on multimodal coupled vibration protection of
offshore platform structure.

Keywords: marine platform, multimodal vibration, plate
frame structure, vibration analysis

1 Introduction

With the proposal of the green environmental protection
design concept, the influence of long-term use of the
vibration and noise levels of marine equipment on crew
health is receiving increasing attention. Therefore, the cur-
rent vibration and noise reduction technology has become
a major contradiction in the design of high-end offshore
platforms, and it is also the core technology of the compe-
titive development of various maritime powers. The off-
shore platform structure is composed of a large number
of plate structures. The plate structure is an important part
to ensure the mechanical performance of the platform
structure, and it is also one of the main factors affecting
the vibration transmission of the platform. However, the
slab structure has the coupling vibration problem of beam
and plate structure, the overall structure vibration of the
platform has the coupling vibration problem of local vibra-
tion and overall vibration, and the structure form is com-
plex. Therefore, the research is carried out from simple to
complex, from a single structure to a coupled system.

1.1 Research on vibration characteristics of
the plate frame

For the slab and plate frame structure, the plate frame
can be regarded as the coupling between the slab and the
beam structure, and it can also be regarded as the loading
of certain boundary conditions at the corresponding posi-
tion of the slab. Therefore, the slab and the plate frame are
the same in terms of analysis theory, calculation, and solu-
tion, and are collectively called plate structure here. The
study of plate structure vibration has a history of more
than 200 years, and many theories have been formed,
including classical plate theory [1], first-order shear defor-
mation theory (FSDT) [2–5], high-order shear deformation
theory (HSDT) [6,7], and three-dimensional elastic theory.

Classical plate theory is based on Kirchhoff-Love’s
“straight normal” assumption, which ignores the transverse
shear strain of the structure, and can handle the thin plate
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problem well [8]. On the basis of the Kirchhoff plate model
and the Euler beam model, Lin [9] studied the dynamic
response of stiffened plates with different boundary condi-
tions by theoretical and experimental methods. Wang et al.
[10] used the modal superposition method to study the
vibration and acoustic radiation responses of a finite-size
rectangular stiffened plate with decoupling layers based
on the Kirchhoff plate model and the Euler beam model,
and the results reflected that the shear wave has a significant
effect on the low-frequency vibration level difference of the
stiffened plate. Gao et al. [11,12] based on Kirchhoff’s theory,
considering the four degrees of freedom of stiffened ribs,
established a theoretical model of the stiffened plate, and
discussed the relationship between the free vibration and
forced vibration of ribs. Du et al. [13–15] studied a unified
method for free and forced vibration of stiffened plates
without angles under classical and elastic boundary con-
ditions. Mu et al. [16] studied the dynamic response of
foam sandwich panels under time-independent impact
loads based on the stepped sandwich plate model. In
this model, the Kirchhoff plate theory is used for the panel,
and the first-order or second-order shear theory is used for
the sandwich layer. The results show that the gradient
foam sandwich panel has a better vibration absorption
effect than the uniform foam sandwich panel.

The FSDT and the higher-order shear deformation
theory assume that the transverse shear strain of the
elastic body is distributed along the thickness direction
according to a certain law, and the solution accuracy is
higher. On the basis of FSDT, Abedi et al. [17] deduced the
governing differential equations and boundary condition
equations of rectangular composite laminates with common
adhesion and arbitrary boundary conditions. On the basis of
FSDT, Ye et al. [18] studied the free vibration problem of
thick composite laminates with general boundary by using
the improved Fourier solution. In this model, the displace-
ment and rotation angle of the plate is expressed by the new
triangular series expansion. On the basis of FSDT, Pang
et al. [19–22] used the penalty parameter method to obtain
the boundary conditions. The free vibration of the compo-
site laminated shell was analyzed by the Rayleigh–Ritz
method, and the convergence study and numerical verifi-
cation were carried out. Jin et al. [23] used the improved
Fourier–Ritz method, which is improved based on Reddy’s
high-order shear theory, to establish a vibration equation
of sandwich beams with different boundary conditions of
laminated panels and viscoelastic sandwich layers. The
model takes into account the effects of bending–stretching
coupling, bending–torsion coupling, stretching–torsion
coupling, and Poisson’s ratio. On the basis of Reddy’s HSDT,
Marjanovi and Nefovska-Danilovic [24,25] established the

dynamic stiffness matrix of rectangular multilayer plate ele-
ments with free boundaries. By introducing the boundary
layer equation, three coupled Euler–Lagrange equations in
the model are transformed into two uncoupled equations, so
that the establishedmodel can analyze the transverse free vibra-
tion of laminated plates with different boundary conditions.
Nguyen et al. [26] established a new HSDT to study the free
vibration and buckling characteristics of sandwich beams with
functionally graded materials. The correctness of the theory is
verified by comparingwith the existing high-order shearmodel.

1.2 Research on vibration characteristics of
platform structure

For the platform structure, Xu et al. [27] introduced the
tuned inertial damper into the offshore platform as a pas-
sive control device, transforming the original multidegree-
of-freedom system into a single-degree-of-freedom modal
system, thereby reducing the excessive vibration of the
platform structure caused by wave and seismic loads.
Tang et al. [28] studied the vibration characteristics of
typical raft structures based on acoustic black holes. Stu-
dies suggested that the optimal value of the main para-
meters of the acoustic black hole is applied to the raft
structure, which can significantly reduce the average
vibration response peak of the raft structure. In parti-
cular, the vibration acceleration level in the frequency
domain above 500 Hz is reduced by about 10 dB. Wang
et al. [29] studied the stiffened plate under multisupport
excitation, verified the effectiveness of the coherency
design method of dynamic vibration absorption optimi-
zation, and proposed a low-frequency multiline spectral
vibration control method for the local resonance region
of offshore platforms. Leng et al. [30] proposed a vibra-
tion isolation system based on magnetorheological elas-
tomer to control the vibration of offshore platforms. A
semi-active fuzzy controller is used to realize real-time non-
resonant vibration control, and its effectiveness is evaluated
numerically. Su et al. [31] improved the structure of a dril-
ling platform, established a coupling dynamic model, and
studied the coupled vibration characteristics of the drilling
platform under the combination of cyclic impact load, par-
allel wind load, and orthogonal wind load.

1.3 Research on structural vibration
transmission characteristics

In the field of structural vibration transmission character-
istics, a majority of scholars focus on the rational design
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of the base structure to reduce the vibration energy trans-
mission of mechanical equipment. The input impedance
of the base is an important acoustic design parameter of the
equipment base, which determines the amount of vibration
energy transmitted to the platform structure. Increasing the
input impedance of the base structure is a more effective
measure to achieve structural vibration control. Therefore,
it is necessary to clarify the correlation of the base structure
impedance. The influencing factors and the influence degree
of each factor can provide theoretical support for designers
to optimize the coupling vibration energy transfer character-
istics between the equipment and the base. In this regard,
foreign scholars’ research started earlier. Ding et al. [32]
analyzed the influence of different forms of base structures
on the vibration and sound radiation characteristics of ships.
His research showed that the base structure with uniform
force transmission can effectively control the hull vibration.
Tian et al. [33] studied the input energy, distribution, trans-
mission, and vibration characteristics of the structural
strength of the base, which provided a basis for the struc-
tural design of the platform base. Wang et al. [34] carried
out an approximate calculation of the vibration and acoustic
radiation of the blockingmass-plate structure. The structural
vibration was approximated by the finite element method
(FEM), while the sound field and structural surface were
approximated by the boundary element method of the
Helmholtz equation. The influence of the structural para-
meters of the blocking mass on the vibration and acoustic
radiation was obtained.

Experts and scholars have carried out a lot of research
on the vibration characteristics of typical structures such
as beams and frames, carried out theoretical derivation of
structural vibration, and carried out numerical simulation
based on the modal superposition theory [35,36] and the
finite element analysis [37]. Limited by the difference in
ship form characteristics, there are few studies on the
vibration characteristics of offshore platform structures.
This research focuses on the typical and overall structure
of the semi-submersible platform, and reveals the vibration
transmission and attenuation mechanism of the equipment–
base–platform coupling system. Based on the real ship test
inversion excitation data, the influence analysis of the vibra-
tion characteristics of the typical structure of the platform is
carried out, which can provide effective support for the vibra-
tion control of the platform structure.

2 Theoretical equations

Power equipment is widely used in the fields of ships
and marine engineering, and the periodic vibration load

generated during its operation is the main source of
vibration and noise in marine structures. The equipment
vibration response is transmitted to the platform structure
through the equipment–base–platform coupling vibration
system, which hurts the structural safety, personnel com-
fort, equipment service life, and accuracy of the offshore
platform. The basic theory of vibration transmission of off-
shore platforms is deduced as follows.

The equipment-based platform coupling dynamic
model is simplified and established as a multidegree-of-
freedom vibration system. The systematic damping is sim-
plified as proportional damping, and then the differential
equation of forced vibration with damping is expressed as
follows:

+ + =MẌ CẊ KX F, (1)

where M is the mass matrix; C is the damping matrix; K
is the stiffness matrix; F is the external excitation force
acting on the multidegree-of-freedom vibration system;
and X is the displacement response of any point of the
multidegree-of-freedom vibration system.

From Fourier transform into Eq. (1), the following
formula can be obtained:

( ) ( ) ( )+ +− =M C K X Fω jω ω ω .2 (2)

By introducing displacement impedance, Eq. (2) can
be rewritten as follows:

( ) ( ) ( )=Z X Fω ω ω , (3)

( ) ( )= − + +Z M C Kω ω jω ,2 (4)

where ( )Z ω is the displacement impedance matrix.
According to the vibration theory, the response of

any point in a multidegree-of-freedom vibration system
can be expressed as a linear combination of each modal.
Assuming that the system is an N-degree-of-freedom
system, the response at any point l in the vibration
system can be expressed as follows:

( ) ( ) ( ) ( )

( )∑

= + + ⋯

=

=

x ω φ q ω φ q ω φ q ω

φ q ω ,

l l l lN N

r

N

lr r

1 1 2 2

1

(5)

where ( )q ωr is the r-order modal coordinates, φlr is the
vibration mode coefficient of the r-order modal, and the
corresponding matrix form can be expressed as follows:

= {
⋯

}φ φ φ φ .r 1r r Nr2
T (6)

The modal matrix composed of modal vectors of each
order can be expressed as follows:

= [
⋯

]Φ φ φ φ .N1 2 (7)
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From Eqs. (5) and (7), the response of the multide-
gree-of-freedom vibration system is expressed as follows:

( ) =X ΦQω , (8)

where

( ) ( ) ( )= [ ⋯ ]Q q ω q ω q ω .N1 2
T (9)

Arrange the aforementioned to obtianed the following:

( ) ( )− + + =M C K ΦQ Fω jω ω .2 (10)

The mass matrix and stiffness matrix in Eq. (10)
satisfy the following orthogonality conditions:

⎧

⎨
⎩

=

≠

=

φ Mφ r s
M r s
0, ,

, ,s r
r

T (11)

⎧

⎨
⎩

=

≠

=

φ Kφ r s
K r s
0, ,

, .s r
r

T (12)

According to the aforementioned description, the
damping of the multidegree-of-freedom vibration system
is assumed to be Rayleigh damping and satisfies the fol-
lowing equation:

= +C M Kα β , (13)

where, α and β are the proportional coefficient.
For Eq. (13), the decoupling condition needs to be

satisfied to establish the following orthogonal conditions
are established.

⎧

⎨
⎩

=

≠

=

φ Cφ r s
C r s
0, ,

, ,s r
r

T (14)

where Cr is called modal damping.
Assume that:

[ ]=Φ MΦ Mdiag ,r
T (15)

[ ]=Φ KΦ Kdiag ,r
T (16)

[ ]=Φ CΦ Cdiag .r
T (17)

For Eq. (13), multiplying the left side by ΦT, and con-
sidering the orthogonality condition shown in Eq. (14),
the following relation can be obtained.

( [ ] [ ] [ ])+ + =Q Φω M jω C K F– diag diag diag .r r r
2 T (18)

As suggested by Eq. (18), any r-order modal must
have the following relation.

( )− = + =ω M jωC K q F ,r r r r r
2 (19)

where

( )= φ FF ω .r r
T (20)

Meanwhile, Eq. (19) can be rewritten as follows:

( )
=

− + +

q F
ω M jωC K

,r
r

r r r
2 (21)

where

( ) ( )∑= =

=

φ FF ω φ f ω .r r
j

N

jr j
T

1
(22)

The vibration displacement of point l of a multide-
gree-of-freedom vibration system is given as follows:

( ) ( )∑=

=

x ω φ q ω .l
r

N

lr r
1

(23)

For the equipment–base–platform coupling system, it
may be assumed that the base is point P, and the excitation
force acts directly on point P. When the excitation force is a
single-point excitation, it has the following matrix form:

( ) ( )= [ ⋯ ⋯ ⋯ ⋯ ]F ω f ω0 0 0 0 .p (24)

Then the modal force can be expressed as follows:

( )=F φ f ω .r pr p (25)

According to the aforementioned formula, Eq. (21)
can be rewritten as follows:

( )

( )

( )

( )
=

∑

− + +

=

− + +

=q
φ f ω

ω M jωC K
φ f ω

ω M jωC K
.r

j
N

jr j

r r r

lr p

r r r

1
2 2

(26)

By substituting Eq. (26) into Eq. (23), we obtain the
displacement at point l of the multidegree-of-freedom
vibration system.

( )
( )

( )
∑=

− + +
=

x ω
φ φ f ω

ω M jωC K
.l

r

N
lr pr p

r r r1
2 (27)

Since point l is any point on the platform structure, it
is assumed that the vibration response assessment point
of the platform structure is also point l. The transfer char-
acteristic between the excitation force of the equipment
and the displacement of any point of the platform struc-
ture can be expressed as follows:

( )
( )

( ) ( )
∑= =

− + +
=

H ω x ω
f ω

φ φ
ω M jωC K

,lp
xf l

p r

N
lr pr

r r r1
2 (28)

where ( )H ωlp
xf is the displacement transfer function.

According to the relationship among displacement,
velocity, and acceleration, it can obtain the transfer func-
tion between the excitation force of the equipment and
the velocity and acceleration of any point of the platform
structure. Thus, the vibration response of the platform
structure is obtained, including displacement, velocity,
and acceleration.
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Equation (26) describes the transfer relationship between
the vibration displacement of any point of the platform and
the excitation force of the equipment. However, due to the
complexity of the real environment on the platform, it is
difficult to obtain the accurate excitation force of the equip-
ment, but the vibration acceleration at the equipment base
panel is more convenient to obtain. Therefore, the vibration
response of equipment base panels is generally measured in
practical engineering applications. The transfer function of
the base vibration acceleration under the equipment excita-
tion to the hull surface vibration velocity response is given in
the following text.

From Eq. (26) and the relationship between vibration
displacement and vibration velocity, the vibration velo-
city at point of the platform structure can be expressed as
follows:

( )
( )

( )
∑=

− + +
=

v ω
ωφ φ f ω

ω M jωC K
.l

r

N
lr pr p

r r r1
2 (29)

According to the relationship between the vibration
displacement response and the vibration velocity response,
the vibration acceleration response of point P is expressed
as follows:

( )
( ) ( )

( )
∑=

− + +
=

a ω
ω φ f ω

ω M jωC K
.p

r

N
pr p

r r r1

2 2

2 (30)

According to Eqs. (29) and (30), the transfer charac-
teristic function between the vibration acceleration of
point p and the point l of the platform can be expressed
as follows:

( )
( )

( )
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( ) ( )
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= =
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∑
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∑
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=
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N ωφ φ f ω

ω M jωC K

r
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N
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r
N
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1

1

1
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2 2

lr pr p

r r r

pr p

r r r

2

2 2

2 (31)

where φlr represents frequency, while φlr and φpr are the
vibration mode coefficient of the r-order modal at the
point l and the point p of the platform.

3 Numerical results and discussion

The aforementioned theoretical research will be applied to
carry out numerical simulation in this section. Based on
the finite element software ABAQUS, a numerical simula-
tion environment is built to study the vibration character-
istics of the overall structure of the plate frame, cabin, and
offshore platform. The FEM used in this research is a
common method for structural vibration analysis, which
has been widely recognized in the industry, and its effec-
tiveness verification process is not described in this article.

3.1 Research on vibration transmission
characteristics of typical local plate
frame structures

The plate frame structure is a significant part of the off-
shore platform and is also an important structure to
transfer the periodic load of equipment. Taking the plate
frame structure as the research object, as shown in Figure 1,
the vibration transfer characteristics of the typical plate
frame structure are studied. Among them, the plate length
L = 14,400mm, the plate width B = 7,560mm, the cross-
sectional size of the beam is T400 × 8/200 × 10, the cross-
sectional size of the longitudinal beam is HP120 × 7, and the
plate frame structure adopts ship steel materials with E =
2.1 × 1011 Pa, ρ = 7,850 kg/m3, and ν = 0.3. Set excitation
points and checkpoints at the beam, aggregate, and plate
structures.

E

The inspection point

Aggregate

The inspection point

Plate

Exciting force

Aggregate

The inspection point

Beam

Exciting force

Beam

Exciting force

Plate

Figure 1: Schematic diagram of the plate frame structure model.
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3.1.1 Comparative analysis of vibration response under
different loads

Vertical unit force and periodic equipment load are sepa-
rately applied to the center of the plate frame structure
to analyze the vibration transfer characteristics of the plate
frame structure. Based on the previous vibration test results
of ship machinery equipment, the periodic excitation force
generated by the equipment is inverted by iterative calcula-
tion. The periodic load of equipment is shown in Figure 2,
and the initial excitation frequency is 12Hz.

The excitation is applied at the center position of the
beam, and the results of extracting the vibration velocity
response at the position of the typical beam, aggregate,
and plate in the plate frame structure are shown in Figure 3.
Figure 3(a) shows the vibration velocity response curve

under unit force load, and it is found that there are clear
peaks at 13.6, 16.4, 31.5, 53.6, and 79.2 Hz. Figure 3(b) shows
the vibration velocity response curve under periodic force
load. The frequencies corresponding to the peak velocity
include the odd-order frequency of the plate frame mode
and the peak frequency of the excitation source load, and
the vibration peak is more evident at the frequency corre-
sponding to the peak load. The peak frequency of the initial
modal frequency of the plate frame is much higher than
other frequency values, so the initial inherent frequency
of the structure is designed to be higher than the frequency
of the general excitation force in a certain range, to avoid
resonance and improve the stiffness and reduce the vibra-
tion response value.

3.1.2 Comparative analysis of vibration response at
different loading positions

Periodic vertical excitation is applied at the load position
of the longitudinal aggregate and beam, as well as at the
center of the plate. The vibration velocity response result
is shown in Figure 4. It can be seen from the figure that,
first, when the load is applied to the position of the aggre-
gate and the plate, the vibration response spectrum is
tantamount to the peak frequency when the load is
applied to the beam, which is mainly the peak frequency
of the excitation load, but the vibration response trend
at each peak frequency is different. Second, when the
loading position is at the peak position of the local or
overall mode shape, and the test point is at the peak
position of the mode shape, the vibration response also
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Figure 2: Equipment periodic input load.
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Figure 3: Vibration velocity response curve of the deck panel structure. (a) Unit force load. (b) Periodic force load.
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shows evident peak values, such as the frequency of 13.6
and 70.7 Hz. Third, the structure resonates when the exci-
tation frequency is close to the inherent frequency of the
structure and the loading position is at the peak position
of the vibration mode for the plate and frame structure.
As is shown, the velocity response value at 36.1 Hz is
much higher than other peaks.

Combining Figures 3(b) and 5, the frequencies corre-
sponding to the extreme vibration response are 13.6 and
36.1Hz. The vibration responses corresponding to these two
frequencies under different load positions are analyzed. At
the same time, as far as the results of calculation and analysis
are concerned, the structural vibration mode changes under
different excitation positions. With vibration velocity as the

assessment index, the peak value of structural vibration is
also different under the excitation of periodic load. As
shown in Figure 5, the vibration response value of the
plate frame structure is the smallest when the load acts
on the beam with high rigidity, followed by the stiffener,
and the plate is the largest, and the vibration response
cloud map corresponds to the modal vibration mode.
When the frequency is 36.1 Hz, the peak response value
of the structure applied to the aggregate and plate is sig-
nificantly higher than that applied to the beam, and the
resonance is generated at the plate and the frame struc-
ture. The excitation point of the beam is at the node posi-
tion of the mode shape, and the response peak value does
not appear even when the vibration is resonant.
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Figure 4: Vibration velocity response curve at different loading positions. (a) Excitation force applied to the plate. (b) Excitation force
applied to aggregate.

Figure 5: Vibration response cloud map of peak frequency mode at different loading positions. (a) Mode-13.6 Hz, (b) load acts on beam
response peak-6.4 mm·s−1, (c) load acts on aggregate response peak-8.7 mm·s−1, (d) load acts on plate response peak-9.6 mm·s−1,
(e)mode-36.1 Hz, (f) load acts on beam response peak-1.9 mm·s−1, (g) load acts on aggregate response peak-21.7 mm·s−1, and (h) load acts
on plate response peak-22.5 mm·s−1.
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3.2 Research on vibration transfer
characteristics in local high vibration
response region

The vibration of the offshore platform structure is trans-
mitted to each deck by the plate frame structures where
the excitation source is located through the bulkhead.
Due to the excitation source and its structural character-
istics, there are some areas beyond the requirements of
vibration design standards in some areas, which are
defined as high vibration areas. To study the structural
transfer characteristics in high vibration areas, a cabin
structure of the superstructure of an offshore platform is
taken as the research object to establish a vibration ana-
lysis model. The structural model information is as fol-
lows: the thickness of the structural plate is t = 8mm; the
longitudinal truss section size is T600 × 12/300 × 25; the
beam section size is T400 × 8/200 × 10; the longitudinal
beam section size is HP160 × 7; the height of the bulkhead
is 3,300mm, and the center of the cabin is provided with
a column ϕ141 × 9.5 mm. As shown in Figure 6, the
simply supported constraint is applied to the lower bulk-
head boundary of the target deck.

3.2.1 Research on free vibration characteristics of the
platform structure

The vibration mode analysis of the aforementioned cabin
model is conducted, and the modal frequency within
100 Hz is shown in Figure 7. The mode order is about

600, and the change of frequency value decreases with
the increase of the order, because when the order increases,
the number of mode nodes also increases accordingly.
There are a large number of local modes in each structure
interval and their frequency values are relatively close.

The generalized mass values of different modal orders
are obtained by calculating the free vibration of the struc-
ture. As shown in Figure 8, the generalized mass has
arresting peaks at mode 46 and mode 67. Compared with
the mode shape diagram, the two-order frequency corre-
sponds to the lateral and longitudinal modes of the struc-
ture, as shown in Figure 9(a) and (b); Figure 9(c) shows
the initial vibration mode of the model, and the peak value
is shown as the local vibration mode of the roof of the
cabin B. Compared with Figure 9(d), the initial vibration

Figure 6: Schematic diagram of cabin structure. (a) Deck aggregates
and (b) bulkhead stiffener.
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mode of the bottom deck appears in cabin A. Figure 9(c) and
(d) shows the coupling of the local vibration mode of each
bulkhead segmentation interval and the overall vibration
mode of the deck. Figure 9(e)–(h) lists the mode shape corre-
sponding to the peak frequency of the preloaded excitation
load and gradually presents the slab structure, the multinode
vibration mode of the plate frame, the multinode vibration
mode of the slab, and the vibration mode of the plate as the
frequency increases.

In summary, for the typical cabin structure, the nat-
ural modal properties of the structure include the vibra-
tion mode of the whole model, the vibration mode of the
local plate frame structure, the vibration mode of the slab
and the vibration mode of the plate, and the local vibra-
tion modes reflect the coupling characteristics with the
overall vibration modes to various degrees.

3.2.2 Research on vibration transmission
characteristics of the platform structure

Considering the structural characteristics of the cabin,
cabin A and cabin C show symmetrical characteristics
about cabin B, so the assessment points are only set in

cabin A and cabin B. As shown in Figure 10, the central
beam of the bulkhead in the two cabins and the aggregate
between the beam and the boundary are selected as the
assessment points. The assessment point of the cabin
roof corresponds to the floor, and the excitation point is
set at the junction of the aggregate in cabin B.

The cabin vibration response results are shown in
Figure 11. As shown in Figure 11(a) and (b), the peak
vibration frequency of the floor and roof structure is close
to 12, 60, and 72 Hz. Due to the position where the excita-
tion load is applied, small vibration peaks occur at fre-
quencies of 14.4 and 18 Hz, which are the peak positions
of local vibration modes. Figure 11(c) shows the vibration
response value of the assessment point in the bulkhead
in the vertical direction and the transverse direction with
a large amplitude of the bulkhead. Comparing Figure
11(a) and (b), it is found that the peak value acting on
the bottom plate is about 2.5 mm·s−1, while it is about
1.8 mm·s−1 on the desk position, and that of the bulkhead
assessment point is approximately 0.18 mm·s−1, which is
much lower than the deck position. It can be considered
that the vibration load is less attenuated by the vibration
of the bulkhead, and the deck vibration response is the
main way.

Figure 9: Mode shape diagram of superstructure structure. (a) f = 29.7 Hz, (b) f = 37.1 Hz, (c) f = 11.6 Hz, (d) f = 13.8 Hz, (e) f = 24 Hz,
(f) f = 36 Hz, (g) f = 48 Hz, and (h) f = 72 Hz.
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Figure 10: Schematic diagram of excitation position.
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To better analyze the relationship between vibration
response law and mode shape, Figure 12 lists the corre-
sponding vibration modes and vibration response cloud
images with peak frequencies of 11.6 and 72.3 Hz. It can
be seen from the figure comparison that the trend of the
vibration velocity cloud map on each deck is the same as
that of the vibration mode shape regardless of the low-
order integral coupled mode shape or the high-order local
mode shape. Influenced by the loading position, the vibra-
tion response value near the loading area of the bottom
deck is relatively higher than that of other areas.

3.3 Research on vibration characteristics of
semi-submersible offshore platform

In semi-submersible drilling platform, as a large-scale deep-
water Marine equipment, vibration is mainly induced by the

comprehensive action of major vibration sources such as
propulsion system, power machinery, drilling system, air
conditioning, and ventilation system. The vibration forms
are complex, while the influencing factors are diverse.
ABAQUS software was used to establish the offshore platform
model. Due to the large size of the main structure of the plat-
form, shell elements were used in the calculation model, shell
elements and beam elements were combined in the model of
the strong beam and truss structure, and beam elements were
used in the structure of the ribs and small supporting mate-
rials, and rod elements were used in the linear members such
as the pillars, and acoustic tetrahedral elements were used in
the fluid domain. When the geometric model is divided into
grids, the mesh cell size L and the length of the longitudinal
wave corresponding to the calculated frequency λ shouldmeet
the relationship of < <L λ L6 .

For the finite element analysis of large-scale struc-
tures, in addition to meeting the requirements of the

Figure 11: Comparing graph of the vibration response curve of cabin structure. (a) Underdeck, (b) deckhead, and (c) bulkhead.
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aforementioned mesh size, it is also necessary to analyze
the mesh independence of the finite element model.
Therefore, this study takes the first three natural frequen-
cies of the structure as the assessment index, sets the
initial value of the grid size to 1.0 m, and gradually refines
the grid to carry out the grid independence analysis. The
results are shown in Table 1.

What can we find in Table 1 is that as the element size
decreases, the calculation results of the natural frequency
of the structure gradually approach. Especially when the
0.6m mesh is refined to 0.4m, the calculation results of
the natural frequency of the structure are almost the same,
but the number of elements of the finite element model
will increase greatly, and the cost of calculation will also
increase. Therefore, the significance of further refinement
of the grid here is not significant.

Finally, the finite element convergence mesh scale is
determined to be 0.6 m. The finite element model of
offshore platform structure contains 407,786 elements,
including 142,965 beam elements and 264,821 shell ele-
ments. The Figure 13 shows the vibration characteristic
analysis model of the semi-submersible offshore platform.

It indicates that the main equipment causing the
overall vibration of the platform and contributing to the
structural vibration is the diesel generator set, DP push
press, and drilling mud pump. These devices generate
periodic excitation loads during operation and are the
primary vibration sources of the semi-submersible plat-
form. The diesel generator set is centrally arranged in the
tail of the deck box, the mud pump is centrally arranged
in the middle part of the ship, and the DP thruster is
distributed in the bow, middle, and tail of the two pon-
toons. The vibration characteristics of the semi-submer-
sible platform are analyzed by using the test data that
have the same specification with the input load.

3.3.1 Free vibration characteristic analysis of semi-
submersible platform

Figure 14 shows the vibration mode diagram of the first
eight modal frequencies of the platform. The semi-
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Figure 12: Vibration mode and vibration velocity response contour.

Table 1: Element size verification

Element size 1.0 m 0.8 m 0.6 m 0.4 m

Element number 183899 266145 407786 800237
First mode 1.17 Hz 0.92 Hz 0.71 Hz 0.70 Hz
Second mode 2.33 Hz 1.88 Hz 1.63 Hz 1.64 Hz
Third mode 2.45 Hz 2.01 Hz 1.78 Hz 1.76 Hz

Figure 13: Global vibration analysis model of semi-submersible platform. (a) Geometric model of the semi-submersible drilling platform and
(b) fluid–solid coupled model.
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submersible platform is a three-dimensional structure,
and the overall mode shape is more complex than the
ship structure. The mode shape includes torsion, bending,
and the coupling of the two. The direction covers the ver-
tical, longitudinal, and transverse. At the same time, the
lower hull, the overall mode shape, and the local mode
shape of the buoy and the column have a coupling mode
shape because of the structural characteristics of the lower
hull. Due to the complexity of the semi-submersible
platform structure, the transmission of its vibration
response is relatively more complicated. The vibration
characteristics of the semi-submersible platform structure

are pursued further in combination with the vibration
response analysis.

3.3.2 Overall vibration response characteristics
analysis of semi-submersible platform structure

According to the aforementioned research, the structural
vibration mode is gradually complex with the increase of
the inherent frequency of the structure. Figure 15 shows
the overall structural vibration response cloud column.
Figure 15(a) shows the frequency response cloud map of

Figure 14: Semi-submersible rig global modal. (a) f = 0.71 Hz, (b) f = 1.63 Hz, (c) f = 1.78 Hz, (d) f = 2.12 Hz, (e) f = 2.44 Hz, (f) f = 2.49 Hz,
(g) f = 2.52 Hz, and (h) f = 2.59 Hz.

Figure 15: Contours of global structure vibration response of semi-submersible drilling platform. (a) f = 2.5 Hz, (b) f = 10.7 Hz, (c) f = 72 Hz,
and (d) peak vibration response of the overall structure of the platform.
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Figure 16: Spectrum diagram of vibration acceleration response of deck box structure. (a) Bow of the main deck, (b) midship of the main
deck, (c) stern of the main deck, (d) bow of the middeck, (e)midship of the middeck, (f) stern of the middeck, (g) bow of the bottom deck, (h)
midship of the bottom deck, (i) stern of the bottom deck, and (j) bow of the double bottom deck.
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the corresponding frequency of the global vertical bending
mode of the structure, while Figure 15(b) shows the fre-
quency response cloud map of the push machine blade
frequency, and Figure 15(c) shows the response cloud
map of the dominant engine ignition frequency. Com-
paring Figure 15(a)–(c) shows that with the increase of
frequency, the structural vibration response also gradually
presents the local structural vibration of complex high
nodes from the trend of low-order single overall vibration
response. The vibration response is much higher than
other frequencies at the excitation frequency, and the fre-
quency response contribution of low-order excitation fre-
quency is relatively high. Figure 15(d) shows the peak of
the vibration response cloud picture of the overall platform

structure. The comparison reflects that for the structural
area far from the excitation source, the vibration peak
corresponds to the response cloud map of the propeller
blade frequency. The spectrum characteristics of load
near the main engine and mud pump are complex, and
their spectrum characteristics are consistent with the spec-
trum characteristics of the equipment itself.

3.3.3 Vibration response characteristics analysis of
platform deck box structure of semi-submersible

The deck box is divided by the transverse and longitu-
dinal bulkheads. The bow is mainly the living area, while

Figure 17: Deck box structure vibration response cloud picture f = 10.7 Hz. (a) Overall view and (b) section view.

Figure 18: Contrast cloud picture of vibration response and mode of bottom deck excitation frequency. (a0) f = 9.96 Hz, (b0) f = 10.7 Hz, and
(c0) f = 11.9 Hz, and (a1) f = 9.98 Hz, (b1) f = 10.7 Hz, and (c1) f = 11.9 Hz.
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the midship and stern serve as the mechanical areas. For
the convenience of vibration identification, the deck hold
is divided into three sections: bow, midship, and stern,
and five sections: port, port-middle, midship, starboard-
middle, and starboard.

By analyzing the frequency response curve of the deck
box area, as shown in the Figure 16, it can be seen that for
the whole deck box structure, the peak response of the bow
region and midship region mainly focuses on the corre-
sponding frequency of propeller blade frequency and poly-
ploid blade frequency. The midship has peak values at the
first frequency of the dominating engine and the second
stroke frequency of the mud pump. The frequency response
amplitude of the midship region is lower than that of the
propeller blade. For the whole frequency band of the aft
region and the bottom midship region, the deck has multi-
order frequency response amplitudes because the aft is
close to the main engine and the structure around the
excitation source presents multiorder frequency response
amplitudes of the main engine. The load transfer of the
mud pump is evident through the midship section of the
bottom deck. The structure reflects the frequency response
amplitude of the multistage mud pump in this area.

Furthermore, the vibration characteristics of the deck
box structure corresponding to the propeller blade fre-
quency of 10.7 Hz are analyzed, as shown in Figure
17(a), and the structural vibration is global vibration
and local coupled vibration. In terms of overall vibration,
the global vibration response trend of each deck is con-
sistent with the frequency mode shape, and the vibration
response of the bottom deck is relatively low due to the
double-bottom structure design. In matters of local vibra-
tion, the local peak occurs in the local deck area due to
relatively low structural stiffness, as shown in the gray
area in Figure 17(b). To further analyze the correlation
between structural response and mode, Figure 18 compares
the corresponding vibration response spectrum map and
mode shape diagram of the bottom deck structure at the
peak frequencies of the three dominating excitation sources
in detail. It is found that the vibration response at each
typical frequency is corresponding to the mode shape near
the frequency. The difference is that the vibration response
of the structure near the excitation source will appear at the
peak frequency of the excitation source.

4 Conclusion

In this research, the semi-submersible offshore platform
is taken as the research object, focusing on the vibration

characteristics of the plate frame, deck box, and the
overall structure. Considering the coupling effect between
the equipment–base–platform, the vibration transmission
and attenuation characteristics of the structure are deduced
in detail. The coupling mechanism between the compo-
nents is revealed, and the internal relationship between
the external excitation and any point of the complex struc-
ture is established. Based on the aforementioned theory,
this study analyzed the dynamic characteristics of the struc-
ture from the perspective of modal vibration mode and
vibration response, and drew the following conclusions:
1) The spectral characteristics of the external excitation,

the applied position, and the natural frequency of the
structure are closely related to the structural vibration
characteristics. Increasing the local stiffness can effec-
tively reduce the response peak.

2) For complex structures, the frequency response char-
acteristics gradually increase with the increase of fre-
quency, and there is a coupling relationship between
the local mode and the overall mode, which is parti-
cularly obvious in the high-order modes of the struc-
ture under external excitation.
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