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Abstract: Aiming at the present situation that the effect of
excitation type on typical ship grillage structure vibration
is not fully revealed, different excitations are applied on
typical ship grillage structure to study the effect of dif-
ferent excitation. Finite element method (FEM) is intro-
duced to solve grillage vibration and sound radiation,
and a test model is used to verify the effectiveness of
the simulation method by comparing test results and
simulation results. Mean square vibration velocity and
acoustic power are compared to explore the effect of exci-
tation type on grillage vibration. The research shows that
the simulation method (FEM) is effective in grillage vibra-
tion and sound radiation; the peak frequency of acoustic
power and mean square velocity of grillage structure
under different excitation are basically the same; uniform
distribution excitation is a better way to reduce structure
vibration and noise.

Keywords: ship grillage, vibration characteristics, model
tests, excitation type, FEM

1 Introduction

Ship is one of the mainmeans of transportation on the sea,
reducing ship vibration, and noise has gradually become
the main breakthrough direction for ship designers [1,2],
and it is particularly important to explore the vibration

transmission characteristics of ship structure. The hull
structure can be seen as the coupling connection of
numerous grillage structures [3]. Grillage structure is
complex in form and has coupling vibration problems
of beam structure and plate structure [4]. At the same
time, the grillage structure is the main transmission
path and response area of vibration energy [5]. Therefore,
it is of great practical significance to research the vibration
transmission characteristics of typical ship grillage struc-
tures for vibration and noise reduction. A vibration test of
a typical ship grillage structure is carried out to verify the
effectiveness of the simulation method. Furthermore, con-
sidering many kinds of excitation exist in practical engi-
neering, the research studies the influence of excitation
types on grillage vibration, and it also provides support
for vibration protection of ship structure.

In the research studies of ship vibration and vibration
tests, Zhang et al. [6] calculated natural frequencies of
local grillage structures for high-speed ships and ana-
lyzed the influence of propulsion on local vibration.
Zou et al. [7] carried out an acoustic optimal design of a
1,500-ton small waterplane area twin hull ship with only
a small increase in the structure weight. Wang et al. [8,9]
investigated vibration characteristics of a wide flat ship
and a river-sea-going container ship under different exci-
tations by experiments and numerical calculation. Consid-
ering the low frequency and flowing noise characteristics
of a ship, Han et al. [10] estimated the vibration and noise
in ship cabins. McVicar et al. [11] researched the influence
of slam force duration on the vibration response of a high-
speed catamaran. Tang et al. [12] investigated the long-
itudinal vibration of a trimaran in regular waves. Some
model tests are also carried out by many scholars; Gao
et al. [13] applied the direct testing method to analyze
underwater vibration characteristics of a typical stiffened
cylindrical shell, and the result showed that mechanical
force is the main influence of the high frequency.

Due to the fact that the size of whole ship is very
large, and it is difficult to analyze ship vibration quickly,
lots of research studies pay much attention to vibration
characteristics of typical ship grillage. In the research
studies of forced vibration characteristics of typical ship
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grillage structures, Du et al. [14] introduced auxiliary sine
functions and virtual boundary spring stiffness technique
to analyze vibration characteristics of typical stiffened
plates, and a forced vibration test was carried out to
verify the effectiveness of the proposed method. Gao
et al. [15,16] studied the steady and transient vibration
response of stiffened plates and stepped annular/circular
plates through theoretical and experimental methods,
the research showed that the proposed semi-analytical
method is reliable. Bo et al. [17] applied the time-variant
reliability method to evaluate the reliability of ship gril-
lage structure effectively. Sahoo et al. [18] analyzed time-
dependent deflection responses of composite plate, model
tests, and simulation methods were combined to conclude
the influence of each structure parameter. Gong and Zhang
[19] used the local cabin finite element method (FEM)
model to analyze grillage structure mode accurately.
Aiming at the statistical energy method, Wang et al.
[20] proposed a simplified method for grillage structure
to improve calculation efficiency. Pandey et al. [21] car-
ried out a bending characteristics comparison research
of experimental and numerical analysis for composite
materials. The validity of the numerical model is veri-
fied, and the effect of different variables on mechanical
characteristics is concluded. Korgesaar et al. [22] carried
out the response research for ice-strengthened grillage
frames under a range of pressure. To investigate natural
frequencies and vibration response, Sharma et al. [23]
proposed a general mathematical model for doubly curved
laminated composite shell panels, and the research shows
that support conditions and the lamination scheme have a
great influence on the response. He et al. [24] combined
the power flow theory of two-dimensional plates and FEM,
and they studied vibration transmission characteristics of
the coupled plates under medium- to low-frequency exci-
tation. Lu [25] used frequency spectrum analysis methods
to analyze vibration characteristics of ship grillage and
optimize the dynamic characteristics of a grillage. Lin
et al. [26] separated out mode shapes and frequencies
whose contribution is largest to the acoustic radiation
peaks and optimized structure parameters. Kryzhevich
et al. [27] optimized the structure layout of a large-span
deck grillage based on ship design approaches. Aiming at
vibration response analysis for smart composite curved
shell panels, Singh et al. [28] developed a nonlinear math-
ematical model and applied it to structure design.

For free vibration analysis of typical structure, Cho
et al. [29] applied numerical procedure and in-house
code on free vibration analysis of a stiffened plate
with lumped masses, the results showed that this method
has high accuracy and practical application value.

Nguyen-Minh et al. [30] proposed a cell-based smoothed
discrete shear gap method (CS-FEM-DSG3) to analyze the
free vibration of grillage structure, and the method
showed some advantages in the calculation. Sahoo and
Barik [31] carried out a parametric study for free vibra-
tion characteristics of grillage structure under various
boundary conditions; some numerical examples were
introduced for validation. To analyze free vibration char-
acteristics of laminated plates, Hirwani et al. [32] devel-
oped amathematical analysis model based on higher-order
shear deformable kinematic models. Different geome-
tries are introduced to verify the convergence of the
numerical models. Qing et al. [33] developed a novel
mathematical model for stiffened laminated plate free
vibration analysis, numerical examples demonstrated
the method had the excellent predictive capability. Jadee
et al. [34] studied the free vibration characteristics of
isotropic plates by FEM and experiment method. Based
on a multi-segment partitioning strategy and semi-analy-
tical method, Pang et al. [35,36] researched free vibration
behaviors of doubly curved revolution shells and com-
bined composite laminated shells and compared them
with simulation results; the proposed method showed
great convergence and stability. Li et al. [37,38] analyzed
free vibration characteristics of functionally graded porous
cylindrical shells and uniform and stepped circular cylind-
rical shells with arbitrary boundary conditions. They first
proposed Jacobi-Ritz method for typical ship structure
vibration analysis in the world, and a unified model
of ship structure for vibration analysis was established;
the proposed method improved the analysis efficiency
and had a positive effect on ship vibration research stu-
dies. To simplify the complex ship geometry model, Pang
et al. [39] also carried out the free vibration research of
spherical–cylindrical–spherical shell based on semi-ana-
lytical method.

Aiming at the influence of different load on vibration
characteristics, a large number of scholars carried out
related research studies. Lin and Pan [40] presented a
closed-form solution to research the vibration response
of stiffened plates under point force excitation. Sahoo
and Barik [41] developed an efficient solution for stif-
fened plate vibration analysis under different excitations,
including single and multiple moving loads. Srivastava
et al. [42] studied vibration characteristics of stiffened
plates under in-plane and edge loads; the research pre-
sented the stresses all over the region under different
loads. Song et al. [43] carried out the research on typical
ship structure vibration and acoustic radiation under dif-
ferent excitations. Yang et al. [44] researched the effect of
blade loading on fluid-induced exciting force and noise
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of the pump. Tamijani and Kapania [45] proposed an
element-free Galerkin formulation to analyze the random
response of stiffened plates, and the effects of beam stiff-
ness and in-plane load on spectral density were also
investigated.

According to the above research summary, some defi-
ciencies of the existing research studies are concluded.
Most research studies are carried out based on the simu-
lation method, and few scholars combined the test
method with the simulation method in grillage dynamic
characteristics analysis. Point excitation and uniform
distribution excitation are common in engineering; how-
ever, research studies on vibration characteristics of gril-
lage structure under various classic excitation conditions
are rarely published. Few scholars studied the effect of
excitation type on grillage structure vibration and sound
radiation.

In view of the shortcomings of other research studies,
this article introduces a model test to verify the effective-
ness of the simulation method (FEM). Single-point exci-
tation, multi-point excitation, and uniform distribution
excitation are common excitation kinds in engineering
applications, to analyze if dynamic characteristics of gril-
lage, acoustic-structure coupling theory, and FEM are
innovatively combined. And the research results can be
referred to by ship practical low-noise design.

The research idea of this article is described as fol-
lows. Considering the accuracy of grillage structure
vibration simulation, a model test is introduced to verify
the effectiveness of the simulation method (FEM) by
comparing test results and simulation results. The test
result shows that FEM is effective in vibration and sound
radiation analysis. Different excitation types are applied
to a simple grillage, the calculated results are compared
with each other to discuss the effect of excitation type on
grillage vibration. The flow diagram is shown in the gra-
phical abstract.

2 Theoretical model

2.1 Vibration model of stiffened plate

Ship typical structure is mainly composed of plates and
beams; therefore, the vibration of beams and plates
directly affects the ship's overall vibration. By analyzing
vibration characteristics of basic structures, the analysis
method of complex structure vibration can be concluded.

Differential equation of bending vibration for the
homogeneous thin plate under external load F(x,y) is
shown below:
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where ω signifies displacement function of plate, which
is expressed as ω = ω(x,y); D represents bending stiffness,
which is expressed as D = Eh3/(12(1 − ν2)). And E, ν, h
denote, respectively, elastic modulus, Poisson’s ratio and
plate thickness.

According to d’Alembert’s principle, inertia force of
plate transverse vibration is introduced to the equation,
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below:
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Bending vibration differential equation of orthotropic
plate under excitation q(x,y,t) is shown as follows:
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where D1, D2 are respectively bending stiffness at x and y
directions, and D1, D2, D3 can be expressed as below:
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Stiffened plate is a common structure in ship struc-
ture, aiming at actual engineering needs, and different
section beams are applied in plate structure. T-section
beams are common in stiffeners; for stiffened plates
with T-section beams, the stiffness of stiffened plate can
be expressed as follows:
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where Iax and Ioy denote moment of inertia in x and y
directions; d1 and t1 signify thickness and length of the
web plate in x and y directions; d2 and t2 represent thick-
ness and length of the plate in x and y directions.

2.2 Mean square velocity and radiated
sound power

According to the boundary element theory, the velocity of
the radiant surface is given, the sound pressure at the
node can be calculated, and the radiated sound power
can be obtained [46]. Therefore, the vibration velocity of
the structure surface is calculated using the FEM, and the
vibration velocity of the structure surface is taken as the
boundary condition of boundary element calculation;
then the radiated sound power of the structure can be
analyzed and obtained.

The average square vibration velocity of the surface
of the grillage can show the overall vibration character-
istics of the grillage structure. According to the definition
of the mean square vibration velocity, it can be known as:
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S
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s

2 2 (10)

where S is the surface area of the vibration of the struc-
ture; V is the normal vibration velocity distribution func-
tion of a vibrating surface.

Similarly, according to the definition of vibration
velocity level, it can be known that:
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where v is the effective value of the mean square vibration
velocity of the structure; v0 = 1 × 10−9m·s−1 is the refer-
ence speed value.

Radiated sound power refers to the average sound
energy radiated outward in unit time through an area S,
which is perpendicular to the direction of sound pro-
pagation. Therefore, the radiated sound power can be
expressed as:
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where I is the sound intensity, and its unit is W·s−2; Re
refers to the real part.

Similarly, the sound power level is defined as follows:
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where w is the radiated sound power, and the reference
sound power value is w0 = 1 × 10−12 Pa.

3 Model test verification

The vibration test model of grillage structure is designed
to verify the effectiveness of the simulation method.
The modes and vibration transmission characteristics
of the grillage model are tested. By comparing simula-
tion results and test results, the grillage vibration char-
acteristics and effectiveness of simulation method can
be concluded.

3.1 Test model

The test model is a steel grillage structure model with
length a = 2.0 m, width b = 2.0 m, and thickness h =
6 mm. Half of the side length is set with T-section
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×
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8 60 beam, and the other 1/4 position is set with T-

section( )⊥
×

×

7 17
5 50 beam. The model is set with simple sup-

port boundary conditions as shown in Figure 1.

3.2 Test principle

3.2.1 Test principle of mode

Differential equation of motion for multi-degree-of-
freedom vibration system is calculated as follows:

( ) ( ) ( ) ( )+ + =Mx t Cx t Kx t F ẗ ̇ , (14)

where M, C, and K, respectively, represent mass matrix,
damping matrix, and stiffness matrix. F(t) and x(t) denote
external load vector and displacement vector.

Fourier transformation is applied to theoretical model;
x(t) and F(t) are expressed as x(t) = Xejωt, F(t) = Fejωt.

( ) ( ) ( )=X t H ω F t , (15)

where frequency response transfer function is expressed as:
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φr represents r-order mode of the structure, and fre-
quency response function matrix is expressed as follows:
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where mr, kr, cr, respectively, denote mass matrix, stiff-
ness matrix, and damping matrix of r-order mode. Any
element of H(ω) can be expressed as follows:

( )
( )

∑=
− +

=

H ω
φ φ

k ω m jωc
,ij

r

n
ir jr

r r r1
2 (18)

where Hij(ω) means that the response function of point j
under excitation of point i. And the specific line of the
response matrix is shown:
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Therefore, all the parameters of mode are shown in
the response function matrix, and every line of the matrix
corresponds to a specific mode. A fixed test point is set at
the test structure surface, and every test point is excited
by the same load. By this way, all the parameters of the
mode can be analyzed.

3.2.2 Test principle of transfer function

A structure is excited at a specific location (point A) by a
load FA(ω), and vibration response at point B is XB(ω); the
vibration transfer function from point A to point B is
expressed as follows:
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Therefore, some acceleration sensors are placed at
test points to collect vibration response, by changing dif-
ferent loads; transfer function of grillage structure under
different excitation can be calculated.

3.3 Test process

Because this test is carried out to study vibration trans-
mission characteristics and modes of the grillage struc-
ture, it is necessary to use the vibration exciter to load.
In addition, vibration acceleration at different positions
of the grillage structure needs to be tested. For this
reason, test points are arranged at the intersection of
the vertical and horizontal strength members, and the
structure mode is measured by excitation at the geo-
metric center of the structure. Test points are uniformly
arranged on the diagonal at the of the grillage structure,
excitation position locates the geometric center of the
structure. The vibration transfer function of the struc-
ture is measured. The test schematic diagram of mode
and vibration transmission characteristics is shown in
Figure 2, and the arrangement of test points is shown in
Figure 3.

Test process is shown in the test schematic diagram:
vibration exciter is arranged at the center of the structure,
and the exciter is secured with rope. Acceleration sen-
sors, which are set at the surface of the structure, connect
with the data collection system. Under the excitation,
vibration signal is tested by sensors and collected by col-
lection system, and then, dynamic signal analysis system
on a computer starts data processing and analyzes char-
acteristics. The vibration exciter is placed as shown in
Figure 4. To simulate simple boundary conditions, the
four corners of the test model are respectively placed
on a piece of wood, as shown in Figure 5.

Time history signal generated by the exciter and the
vibration acceleration response time history signal of
each test point are collected in the test. The excitation
force frequency domain signal and response frequency
domain signal are obtained by the fast Fourier transform

2
m

0.5m

2m

0
.5

m

(a) (b)

Figure 1: Test model: (a) diagram of test model; (b) physical drawing of test model.
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Figure 3: Schematic diagram of measuring point layout: (a) modal test points arrangement; (b) transmission characteristic test points
arrangement.

Vibration exciter

Cable

Data collection system

Dynamic signal 

analysis system

Acceleration sensor

Figure 2: Schematic diagram of test.

Figure 4: Arrangement of vibration exciter.
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method, and the vibration transfer function of different
test points under the excitation force is obtained. The
vibration time history curves of some signal channels
are shown in Figure 6.

3.4 Test results

Based on the test model, the four corners of the structure
are simply supported. Some modes are obtained by simu-
lation method (FEM), as shown in Figure 7. Some modes
of the structure are obtained by the data processing of
the test results. The tested mode results are shown in
Figure 8. It is observed that the natural frequencies of
the structure obtained from the test are different from
the natural frequencies of the corresponding mode shape
of the structure obtained from the simulation, but the
difference is relatively small. The tested modes corre-
spond to the simulation mode basically.

The test and simulation results of structural vibration
transmission characteristics are shown in Figure 9. It can
be observed that the tested structural vibration transmis-
sion characteristics curve is basically consistent with the
simulation curve, but the tested curve is more complex
and has more peak points. Compared with the simulation
results, the peak value of test results deviates.

The vibration transmission characteristic curve of
each test point has no obvious peak in the 5–48 Hz fre-
quency band, and only a small vibration peak appears in
the test results around 19 Hz. This is because the excita-
tion position is located near the node line of 8.0, 17.5,
and 43.5 Hz modes of the grillage structure, which is
not easy to cause strong vibration of the structure at
these modal frequencies. At 4.4 Hz, strong vibration at
each test point is caused, and the difference in vibration
amplitude is small. This is because the structural mode
near this frequency is the overall vibration of the gril-
lage. At 49 Hz, strong vibration of all test points was
caused, and the vibration response of test point 1# was

Figure 5: Simulation of simple boundary conditions.

Figure 6: Time history signal curve: (a) acceleration time history signal of channel #1; (b) excitation force time history signal of channel #4.
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the largest because the mode of the structure near this
frequency was mainly manifested as the subpanel vibra-
tion near the test point 1#.

When the excitation force frequency is close to the
overall mode frequency of the structure, the structural
vibration is shown as the overall strong vibration.

Figure 7: Structural mode simulation results: (a) 4.2 Hz, (b) 8.0 Hz, (c) 17.5 Hz, (d), 43.5 Hz, (e) 47.7 Hz, (f) 51.9 Hz, (g) 73.3 Hz, and
(h) 73.9 Hz.

Figure 8: Structural mode test results: (a) 4.4 Hz; (b) 48.7 Hz.

(a) (b)

0 50 100 150 200 250 300

40

60

80

100

120

140

160

A
cc

el
er

at
io

n
 l

ev
el

(d
B

)

Frequency(Hz)

 Simulation  value

 Test value

0 50 100 150 200 250 300

40

60

80

100

120

140

160

A
cc

el
er

at
io

n
 l

ev
el

(d
B

)

Frequency(Hz)

 Simulation  value

 Test value

Figure 9: Vibration transmission test results of structure: (a) test point 1#; (b) test point 2#.
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When the excitation frequency is close to the local plate
mode frequency of the structure, the vibration of the
structure is dominated by the plate position vibration.
The vibration response of the grillage structure is larger
only at the resonant frequency, but smaller at other fre-
quencies. Therefore, the vibration response of the struc-
ture at the resonant frequency should only be considered
when carrying out vibration protection. When the first
natural frequency of the structure is higher than a certain
range of excitation force frequency, the vibration response
of the structure can be relatively small.

The results obtained from the test are consistent with
the simulation results, which verifies the effectiveness of
the simulation method (FEM). And the effect of excitation
type on grillage vibration will be researched with FEM.

4 The effect of excitation type on
grillage vibration characteristics

4.1 Research subject

The length of the grillage structure model is L = 3.6 m,
its width is B = 2.5 m, and the thickness of the plate is
t = 5 mm; the length direction is provided with a beam
with an interval of 1.2 m, and the cross section size of

the beam is ⊥
×

×

6 125
9 125 ; the width direction is provided

with a longitudinal bone with an interval of 0.5 m, and
the cross-section size of the longitudinal bone is L100 ×
63 × 7; the diagram of grillage structure model is shown
in Figure 10. The structural material parameters are as
follows: the elastic modulus is E = 2.1 × 1011 N·m−2, the
Poisson ratio is µ = 0.3, and the density is ρ = 7,850 kg·m−3.

4.2 Vibration characteristics of grillage
under different excitations

In order to research grillage structure vibration charac-
teristics under different excitations, a unit force is applied
to the structure by means of single-point excitation, two-
point excitation, and uniform distribution excitation. In
single point excitation, vertical unit force is applied to the
center of the subpanel. In two-point excitation, vertical
force (0.5 N) is set at the intersection of longitudinal
bone, beam, and the center of the subpanel, respectively.
In uniform distribution excitation, vertical force (1 N) is
uniformly distributed over the whole center subpanel.
The loading position of different excitation forces is
shown in Figure 11.

In the simulation part, the FEM is used for calcula-
tion. The plate structure is simulated by a two-dimen-
sional shell element; the longitudinal bone structure is
simulated by a one-dimensional beam element. The two-
dimensional shell element type is S4R element, and the
one-dimensional beam element type is the B31 element.
To ensure the accuracy of the analysis process, the basic
grid size is set to 0.02 m. Totally, the number of S4R shell
elements is 22,500, and the number of B31 beam elements
is 970. And the grillage structure is surrounded by simple
boundary conditions. FEM simulation model of grillage
structure is shown in Figure 12.

The vibration velocity response of different excitation
is calculated using FEM, and the vibration velocity
response diagrams of different excitations are shown
in Figures 13–15.

It is observed that 53 Hz mainly causes the overall
vibration of the grillage, 97 Hz mainly causes the vibra-
tion of the middle subpanels, and 103 Hz mainly causes
the vibration of the stiffened plate. According to the

3.6m

2
.5

m

0
.5

m

1.2m

Figure 10: Grillage geometry model.
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analysis results of the forced vibration characteristics of
grillage structure with simple boundary conditions, the
vibration response distribution of the grillage structure
under the peak frequency is basically the same regard-
less of the single-point excitation, two-point excitation,
or uniform distribution excitation. Therefore, the peak

frequency of structural vibration transmission is less
related to the type of excitation force.

Under different excitation, the calculation results
of the mean square velocity of the grillage structure
are shown in Figure 16, and the calculation results of
acoustic power level are shown in Figure 17.

It is noted that all the mean square velocity curve has
large peak values at 53, 97, 103, 127, 142, 182, and 186 Hz,
while the curve of two-point excitation has a peak value
at 83 Hz, which is different from others. The maximum
value of mean square velocity level is 133 dB, which is
under uniform distribution excitation. In 0–75 Hz fre-
quency band, the mean square velocity value of two-
point excitation is less than others. Generally, comparing
the mean square velocity value of different excitations,
for most frequency bands (75–300 Hz), the mean square
velocity of single point excitation is larger than others,
and uniform distribution excitation has a minimum value

Figure 11: Loading position of different kinds of excitation: (a) single-point excitation, (b) two-point excitation, and (c) uniform distribution
excitation.

Figure 12: FEM simulation model of grillage structure.

Figure 13: Vibration velocity response diagram of single point excitation: (a) 53 Hz, (b) 97 Hz, and (c) 103 Hz.
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of mean square velocity. Therefore, uniform distribution
excitation is a better way to control structure mean
square velocity generally.

It also shows that all the acoustic power level curves
have large peak values at 53, 103, 127, 142, 182, and
186 Hz, while the curve of two-point excitation has a
peak value at 83 Hz, which is different from others. The
maximum value of acoustic power under different excita-
tion is 100 dB. In 75–300 Hz frequency band, the acoustic
power-level value of uniform distribution excitation is
less than other values of single-point and two-point exci-
tation. And in 0–75 Hz frequency band, the acoustic

power-level value under different excitation is close to
each other. Therefore, for most frequency bands, uniform
distribution excitation is a better way to control structure
acoustic power generally.

It is observed that the peak frequency of the mean
square vibration velocity function and acoustic power
function of the grillage structure are less related to the
type of excitation force. For mean square velocity and
acoustic power, by comparing curves of different excita-
tion, the trend of the same function is basically consistent
with other excitation, but the phenomenon of peak offset
exists in different curves.

Figure 15: Vibration velocity response diagram of uniform distribution excitation: (a) 53 Hz, (b) 97 Hz, and (c) 103 Hz.

Figure 14: Vibration velocity response diagram of two-point excitation: (a) 53 Hz, (b) 97 Hz, and (c) 103 Hz.
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Figure 16: Mean square velocity level under different excitation.
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Figure 17: Acoustic power level under different excitation.
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5 Conclusion

Aiming at the present situation that the effect of excita-
tion type on typical ship grillage structure vibration is not
fully revealed, this article takes simple grillage structure
as a test model to explore the effectiveness of the simula-
tion method (FEM). Modal test and vibration transmis-
sion characteristics test of typical ship grillage structures
are carried out. And mean square velocity level and
acoustic power level are compared to research on the
effect of excitation type on grillage vibration. The main
conclusions are as follows:
(1) The results of mode and transmission characteristics

test is basically consistent with simulation results,
which verifies the effectiveness of simulation method
(FEM).

(2) Under different excitation, the peak frequency of
acoustic power and mean square velocity of grillage
structure is basically the same.

(3) For most frequency bands, compared with single-
point excitation and two-point excitation, uniform
distribution excitation has less value of acoustic
power and mean square velocity.

(4) In engineering practice, various kinds of loads should
be transformed to uniform distribution loads in order
to control structure vibration and sound radiation.
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