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0 Introduction

Mechanical vibration, which is inevitably generat⁃
ed by the operation of main, auxiliary engines and
shaft systems within a ship, transmits through the
base and excites the hull, causing the hull to vibrate
and radiate noise into the surrounding water[1]. The
phenomenon is not conducive to the quietness of ship
and will also worsen crew's working and living envi⁃
ronment, so it must be controlled to reach a lower lev⁃
el of mechanical vibration. At present, isolation per⁃
formance of a floating raft is the main means of cen⁃
tralized control (isolation) of mechanical vibration[2-3].

After decades of development, theories and tech⁃
niques for isolation performance of floating raft have
been developed. In practical engineering applica⁃
tions, the ways to improve the isolation effect of float⁃
ing raft mainly include selecting appropriate dynam⁃
ic parameters, designing rafts and bases rationally
and optimizing the arrangement of vibration isola⁃

tors. In terms of suitable dynamic parameters, Yan et
al.[4] studied the effects of main structures and dy⁃
namic parameters of the system on vibration isolation
and noise reduction by taking a floating raft isolation
system with two diesel generators as the object re⁃
seach. Zhang et al.[5] studied the influence of raft
mass, stiffness and damping on the isolation perfor⁃
mance of the whole system from the perspective of vi⁃
bration isolation transmissibility by establishing a re⁃
duced-order finite element model for the vibration
system of floating raft. In the aspect of rational de⁃
sign of raft and base, Su et al.[6] studied the effect of
rotational inertia and rigidity of raft as well as base
impedance on vibration performance by taking the
floating raft vibration isolation mounting of some die⁃
sel generator and its base as the research project. In
regard of optimizing the arrangement of vibration iso⁃
lator, Du et al.[7] deduced the transmission power
flow of double-layer vibration isolator in aligned and
non-aligned installation schemes based on the admit⁃
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tance method and found when the structural transfer
admittance is less than the input admittance,
non-aligned installation is more conducive to reduce
the transmission of wide-frequency vibration.

The above studies on vibration isolation system of
a floating raft show that selecting reasonable parame⁃
ters is an effective way to improve the isolation per⁃
formance of the system. However, these studies main⁃
ly focus on the choice and effect of dynamic parame⁃
ters, while the effect of geometric parameters of a raft
on the isolation performance and the distribution of
natural frequency for a floating raft are little studied.

In order to solve the above problems, this paper
proposes to establish a parametric model of the float⁃
ing raft, using the finite element method to analyze
the effect of geometric parameters of the raft on the
isolation performance of the system and the distribu⁃
tion of natural frequency of the raft under the prem⁃
ise of constant total mass of the elastic raft, so as to
obtain some useful conclusions.
1 Establishment of parametric

models for the raft

The prerequisite of parametric analysis is to estab⁃
lish a parametric model, which is built and analyzed
using parameters (variables) rather than numbers,
and a new model can be built and analyzed by sim⁃
ply changing parameter values in the model. The
parametric model has two levels: parametric geomet⁃
ric model and parametric finite element model. Para⁃
metric geometric model is often the base of paramet⁃
ric finite element model, which is usually an exten⁃
sion of parameter action range in geometric models.
Moreover, the geometric model cannot be directly
used for analysis and calculation, which needs to be
transformed into finite element model for the utiliza⁃
tion of analysis and optimization programs[8].

At present, when parametric analysis or optimiza⁃
tion for the vibration isolation system of a floating
raft is carried out, the complicated structure of a raft
is often simplified for the established parametric
model. For example, geometrical parameters of raft
structure are usually not involved when the raft is
simplified into a steel plate with a certain thickness
or a rigid body with a certain mass, which is not con⁃
ducive to the checking computation of vibro-acous⁃
tic transfer properties and acoustic design of the raft
structure.
1.1 Parametric geometric model of a raft

The floating raft with horizontal grillage is most

widely used at present. Based on the geometric voxel
characteristics of such floating raft structure, it can
be decomposed into three parts: upper and lower pan⁃
els and an intermediate orthogonal rib with waist
with middle holes, as shown in Fig. 1.

According to the shape analysis, the upper and
lower panels of floating raft can be determined by
the total length, total width of the raft, as well as total
height and thickness of upper and lower panels of
the floating raft; the ribs can be determined by the
distance and thickness of the rib as well as the
length and width of middle holes on the rib (Fig. 2).

Among them, the rib distance is controlled by the
number of ribs, so the location dimension——rib dis⁃
tance can be expressed by the number of ribs. There⁃
fore, all geometric parameters of the raft are shown
in Table 1. The purpose of modifying the size and
shape of the raft can be achieved by modifying the

Fig.1 Floating raft with horizontal grillage
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Fig.2 Geometric parameters of floating raft
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value of geometric parameters.

1.2 Parametric finite element model of a
floating raft

ANSYS Parametric Design Language (APDL) is a
scripting language that can automatically perform fi⁃
nite element analysis or set up analytical models by
means of parameterized variables, and its parameters
include geometric dimensions, material properties,
mesh size, load boundary conditions, etc [9]. The mate⁃
rial of a raft used on ships is generally steel. There⁃
fore, the influence of material parameters is not con⁃
sidered in this paper, while the effect of geometric
parameters on isolation performance and its natural
frequency distribution is emphasized.

According to the initial values of geometric param⁃
eters of the raft, APDL is used to establish the finite
element model expressed by the above parameters,
as shown in Fig. 3. Rafts are simulated by Shell 181
shell element, which can well simulate the bending
and shearing deformation.

2 Effect of geometric parameters

After taking the vibration isolation system of a
floating raft as the research object, the finite element
model is established based on the parametric model
of a raft structure, and the harmonic response analy⁃
sis is performed. The power equipment is connected

with the raft through an upper isolator, while the raft
is connected with the base through a lower isolator.
The following methods are used at modeling time:
Mass 21 unit is used to obtain the equivalent mass,
rotational inertia and inertia moment of power equip⁃
ment; the connection between power equipment and
isolator is established by coupling degree of freedom
(DOF). Three Combine 14 elastic damping elements
are used in all vibration isolators to simulate the stiff⁃
ness and damping in three directions. The accuracy
of this finite element simulation method has been
verified in Reference [10]. The finite element model
of the floating raft isolation system is shown in Fig. 4.

The isolation performance is evaluated by the vi⁃
bration level difference, and the vibration displace⁃
ment level difference LD is selected as follows:

LD = LU - LB = 10 lg(å
i = 1

m S 2
U - i

m å
j = 1

n S 2
B - j

n
) （1）

where LU is the vibration displacement level at the
engine mount of device; LB is the vibration displace⁃
ment level at each joint on the interface between the
lower isolator and the raft; SU - i is the displacement
response at the ith joint node on the interface between
the device and the upper isolator; SB - j is the dis⁃
placement response at the jth joint node on the inter⁃
face between the lower isolator and the raft; m is the
number of upper isolator; n is the number of lower
isolator.

Due to the parameterization of raft, the vibration
displacement level difference can be expressed as
the function (h) of 12 geometric parameters and fre⁃
quency f i.e.,
LD = h(x1x2x3x4x5x6x7x8x9x10x11x12 f )（2）

The total raft volume v can be expressed as a
function (g) of 12 geometric parameters, so the fol⁃
lowing equation can be obtained on the premise that

No.
x1

x2

x3

x4

x5

x6

x7

x8

x9

x10

x11

x12

Parameter
FRH

FRL

FRW

TLTK

NOLLB

NOWLB

BLTK

LEL

LEW

WEL

WEW

LBTK

Meaning
Total height
Total length
Total width

Thickness of upper panel
The number of ribs in the length direction
The number of ribs in the width direction

Thickness of lower panel
Middle hole length of ribs in the length direction
Middle hole width of ribs in the length direction
Middle hole length of ribs in the width direction
Middle hole width of ribs in the width direction

Rib thickness

Table 1 Geometric parameters of floating raft

Fig.3 Parametric finite element model of floating raft
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Fig.4 Finite element model of floating raft isolation system
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the total raft mass is constant:
m = ρv = ρg(x1x2x3x4x5x6x7x8x9x10x11x12)

（3）
where m is the total raft mass; ρ is the material
density of raft; v is the total raft volume.

As can be seen from Eq. (3), at least the values of
two geometric parameters should be changed to keep
the total mass of elastic raft unchanged. For exam⁃
ple, the raft model increases the thickness of upper
panel by 0.01 mm while reduces the thickness of low⁃
er panel by 0.01 mm. The total raft mass can remain
unchanged if other geometric parameters are kept
the same. When modal analysis is performed on the
raft, the finite element model of the raft in the float⁃
ing raft isolation system can be taken out to calculate
the inherent characteristics of the raft under free
boundary conditions and analyze the influence of
geometric parameters on the natural frequency distri⁃
bution of the raft.

Due to a large number of different combinations of
geometric parameters, and space limitations, only
several parameter parametric combination with sig⁃
nificant impacts are analyzed in the paper with the
consideration of practical engineering application.
2.1 Effects of different combinations of

total floating raft length (FRL) or to-
tal floating raft width (FRW) and to-
tal floating raft height (FRH) on the
vibration isolation

Generally, the effects of changes of FRL or FRW
tend to be consistent on the vibration isolation sys⁃
tem. Without loss of generality, this paper takes the
case of changing FRW and FRH while keeping other
geometric parameters unchanged as an example to
analyze the effect of different combinations of these
two on the vibration isolation performance, and the
case of changing FRL and FRH will not be repeated.
Fig. 5 and Table 2 respectively show the curves of vi⁃
bration level difference and the modal frequency of
raft under free state with three combinations of FRW
and FRH.

As can be seen from Fig. 5, curves of vibration lev⁃
el difference basically overlap at the low frequency,
but there is a large difference at the middle and high
frequencies, which shows that the isolation perfor⁃
mance of FRW and FRH is mainly reflected at high
frequency. In the middle and high frequencies of
100-1 000 Hz, the vibration level increases with the
rise of the raft height, and the fluctuation amplitude
of vibration level difference decreases, which im⁃

proves the isolation performance of the system. From
Table 2, it can be seen that with the increase of FRH
and the decrease of FRW, natural frequencies of the
first six-order elastic vibrations move toward high
frequency, which means that the increase of raft
height can increase its stiffness, reduce the modal vi⁃
bration density, and improve the vibration isolation
performance. It can be seen that FRH is one of the
most important geometric parameters that affect the
isolation performance of the system. Therefore, in
practical engineering applications, if the conditions
permit, properly increasing FRH will improve the vi⁃
bration isolation performance.
2.2 Effect of the length-width ratio of

raft (RATIO) on vibration isolation
performance

With other parameters remaining unchanged, only
the RATIO (RATIO = FRL/FRW) is changed, that is,
only the combinations of FRL and FRW of raft are
changed. Curves of vibration level difference and the
modal frequency of raft under the free state with
RATIO as a variable of three different floating rafts
are shown in Fig. 6 and Table 3.

Fig. 6 shows that curves of vibration level differ⁃
ence basically overlap at low frequency and RATIO
almost has no effect on isolation performance.
Curves of vibration level difference fluctuate with

Fig.5 Curves of vibration level difference with FRW and
FRH as variables

Order

1
2
3
4
5
6

Modal frequency/Hz
FRH=0.728 m
FRW=0.94 m

447.56
456.77
462.74
471.66
492.77
502.85

FRH=0.430 m
FRW=1.84 m

331.06
357.40
357.53
368.31
368.49
369.70

FRH=0.159 m
FRW=2.74 m

123.11
157.29
221.31
254.76
280.86
359.14

Table 2 The natural frequencies of floating raft
with FRW and FRH as variables
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the decrease of RATIO at the middle and high fre⁃
quencies. After combining with Table 3, it can be
seen that natural frequencies of elastic vibration in
the first few orders do not move in the direction of
high or low frequency as the RATIO increases or de⁃
creases. For example, when RATIO = 1, natural fre⁃
quencies of elastic vibration in the first and second
order are the highest, which are the lowest in the
third order. Therefore, the distribution of natural fre⁃
quencies of elastic vibration can be changed by ad⁃
justing RATIO, which is an effective means to stag⁃
ger the vibration frequency of mechanical equipment.
2.3 Effect of different combinations of

FRH and thickness of ribs (LBTK)
as variables on isolation on isolation
performance

With other parameters remaining unchanged, only
FRH and LBTK are changed. Curves of vibration lev⁃
el difference and modal frequencies of raft under the
free state with three combinations are shown in Fig. 7
and Table 4.

As can be seen from Fig. 7, when FRH and LBTK
change, curves of vibration level difference at low fre⁃
quency are basically the same, which fluctuate at the
middle and high frequencies with FRH and LBTK as
variables. The curves corresponding to the maximum
vibration level difference also vary in different fre⁃
quency ranges. Therefore, according to spectrum fea⁃

tures of the power equipment, the isolation perfor⁃
mance of the vibration isolation system in specific
frequency band can be improved specifically by ad⁃
justing the FRH and LBTK.

In addition, from Table 4, it can be seen that with
the increase of FRH and the reduction of LBTK, the
natural frequency of elastic vibration in the first few
orders moves to the direction of high frequency,
which shows that FRH is one of the most significant
geometric parameters that influences the stiffness
and natural frequency of the raft. Therefore, the pur⁃
pose of adjusting the distribution of natural frequen⁃
cy and improving the isolation performance can be
achieved by adjusting FRH and LBTK.
2.4 Effect of the number of ribs in the

length direction (NOLLB) and the
thickness of the upper panel (TLTK)
as variables on isolation performance

When other parameters remain unchanged, only
NOLLB and TLTK of the raft are changed. Curves of
vibration level difference and modal frequencies of
raft under the free state of three different combina⁃
tions are shown in Fig. 8 and Table 5.

Fig. 8 shows that the influence of NOLLB and
TLTK as variables is mainly reflected at medium and
high frequencies. After combining with Table 5, it
can be seen that as NOLLB increases, TLTK decreas⁃

Fig.6 Curves of vibration level difference
with RATIO as a variable

Order
1
2
3
4
5
6

Modal frequency/Hz
RATIO=1

252.74
379.47
438.00
541.42
556.22
727.42

RATIO=1.5
254.24
315.59
501.20
509.52
601.65
689.63

RATIO=2
252.12
258.04
481.77
541.67
577.22
585.36

Table 3 The natural frequency of floating raft with
RATIO as a variable
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Fig.7 Curves of vibration level difference with FRH and LBTK
as variables

Order

1
2
3
4
5
6

Modal frequency/Hz
FRH=0.18 m

LBTK=0.015 2 m
198.12
269.18
400.68
428.97
495.90
590.70

FRH=0.24 m
LBTK=0.011 1 m

249.08
336.41
488.61
518.27
594.27
684.61

FRH=0.30 m
LBTK=0.008 7 m

291.45
391.08
556.13
582.22
665.28
741.89

Table 4 The natural frequencies of floating raft with FRH
and LBTK as variables
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es, but the fluctuation of corresponding vibration lev⁃
el difference tends to weaken, which indicates that
the stiffness of raft can be improved by appropriately
increasing the number of ribs, and reducing the num⁃
ber of local vibration modes at the same frequency is
beneficial to improve the overall isolation perfor⁃
mance of floating raft in the whole frequency range.
Besides, when the first-order natural frequency of
floating raft is changed by adjusting the number of
ribs and the panel thickness, the first-order natural
frequency has the maximal value. After exceeding
the maximal value, if the number of ribs continues to
increase, the first-order natural frequency of floating
raft will be reduced. Therefore, the number of ribs
may not be increased at the expense of panel thick⁃
ness in the acoustic design of raft structure. The val⁃
ues of the two should be weighed according to the
spectrum features of mechanical equipment and the
excitation frequency should be avoided to obtain ex⁃
cellent vibration performance.
2.5 Effect of TLTK and the thickness of

the lower panel (BLTK) as variables
on vibration performance

When other parameters remain unchanged, only
the thickness of the upper and lower panels is
changed. Curves of vibration level difference and
modal frequencies of raft under the free state of three

different combinations are shown in Fig. 9 and Table 6.

Fig. 9 shows that curves of vibration level differ⁃
ence basically overlap at low frequency, and have
the consistent trend at high frequency, showing that
the overall isolation performance cannot be signifi⁃
cantly improved by changing TLTK and BLTK. It
can be seen from Table 6 that a slight offset at the
natural frequency of elastic vibration occurs by
changing the combinations of TLTK and BLTK. For
example, the offset of natural frequencies of the first
few orders in Table 6 is about 15-22 Hz. When up⁃
per and lower panels have the same thickness, the
natural frequency of the elastic vibration in the first
few orders will reach a maximum value. Therefore, if
there is little room for adjusting the overall size of
raft in practical engineering applications, changing
the combinations of TLTK and BLTK is a way to ad⁃
just the natural frequency of raft, avoid the vibration
frequency of mechanical equipment, and improve iso⁃
lation performance of the system.
3 Conclusions

In this paper, parametric modeling technology is
used to establish a parametric finite element model
for the floating raft. Under the premise of keeping
the total mass of the elastic raft unchanged, the ef⁃
fect of geometric parameters of raft on the isolation

Order

1
2
3
4
5
6

Modal frequency/Hz
NOLLB=2

TLTK=0.022 1 m
168.65
253.57
257.70
304.80
358.53
379.80

NOLLB=6
TLTK=0.019 7 m

265.41
360.36
420.84
508.28
528.99
647.89

NOLLB=10
TLTK=0.015 7 m

262.33
346.93
492.14
517.12
589.65
654.33

Table 5 The natural frequencies of floating raft
with NOLLB and TLTK as variables

Fig.8 Curves of vibration level difference with NOLLB and TLTK
as variables
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Table 6 The natural frequencies of floating raft with
TLTK and BLTK as variables

Order

1
2
3
4
5
6

Modal frequency/Hz
TLTK=0.010 m
BLTK=0.025 m

246.15
332.86
475.10
497.96
570.96
641.69

TLTK=0.014 m
BLTK=0.021 m

259.97
345.04
490.28
515.21
587.96
654.31

TLTK=0.017 5 m
BLTK=0.017 5 m

263.48
348.19
494.19
519.50
592.25
657.46

Fig.9 Curves of vibration level difference with TLTK and
BLTK as variables
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performance of system and distribution of natural fre⁃
quencies of raft are discussed. The conclusions are
as followes:

1) In low frequency range, the geometric parame⁃
ters have little effect on the isolation performance of
the vibration isolation system of floating raft, and the
raft can be simplified as a rigid body for analysis and
calculation. The effect of the raft elasticity on the iso⁃
lation performance of the vibration isolation system
can be ignored; in the middle and high frequency
ranges, the geometric parameters of floating raft have
a great influence on the isolation performance of the
vibration isolation system of floating raft, which is
mainly reflected in the fluctuation of vibration level
difference curves and frequency shift.

2) The natural frequency of the first-order elastic
vibration of raft can be improved by increasing the to⁃
tal height of raft, the number of ribs and making the
total length equal to the total width under permitting
conditions, which is beneficial to improve the isola⁃
tion performance of vibration isolation system of
floating raft.

3) According to spectrum features of the power
equipment, the vibration isolation performance can
be improved by adjusting the geometric parameters
of floating raft to avoid the excitation frequency of
the mechanical equipment.
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筏架几何参数对隔振系统性能的影响分析
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摘 要：［目的目的］为了研究几何参数对浮筏隔振系统性能的影响，［方法方法］运用参数化建模技术建立筏架的参数

化有限元模型，以振级落差作为隔振效果的评价参数。在弹性筏架总质量不变的前提下，分析筏架几何参数对

系统隔振性能和筏架固有频率分布的影响。［结果结果］结果表明：筏架的几何参数对浮筏隔振系统隔振效果的影响

主要体现在中、高频段；筏架高度、长宽比、肋板数目是影响浮筏隔振系统隔振性能和筏架固有频率分布最重要

的几何参数；调整筏架几何参数是避开机械设备激振频率的有效途径之一。［结论结论］所得结论对浮筏隔振系统设

计具有一定的工程实用价值。

关键词：浮筏隔振技术；几何参数；隔振效果；固有频率
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