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Active control of power flow transmission in finite connected plate
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a b s t r a c t

The vibration propagation and active control of power flow in finite connected plate

structure are studied. The dynamic response of the connected plate is obtained by the

wave approach. The active power flow at the junction of the connected plate is

suppressed by the feedforward active vibration control. It indicates that the active

power flow at the junction of the connected plate cannot be well suppressed by the

optimal control force for minimizing the acceleration, but it can be effectively

suppressed by the optimal control force for minimizing the active power flow. The

small error of the optimal control force has slight effects on the control results.

& 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The connected rectangular plate structures are usually used in many engineering applications such as the satellite
structures and ship hulls. Disturbance produced in these structures by the external excitation can propagate through the
junction of the connected plate structures. For example, the high speed reaction flywheel in satellite can produce median
and high frequency disturbances that can transmit through the junction of the satellite structure and the disturbances can
influence the positioning accuracy and imaging quality of the photographic camera in the satellite. Therefore, it is
necessary to study the disturbance propagation and vibration suppression of the connected rectangular plate structure.

The power flow model can be used to describe the vibration propagation in structures [1–14]. The active power
represents the time-average power in a vibration cycle and it corresponds to the local net transport of disturbance energy.
Noiseux [1] used the active power to describe the energy transporting from one part of the structure to another. Romanoa
et al. [3] presented a generalized formulation of the structure power flow, or the Poynting vector for thin elastic shells and
plates. He gave the Poynting vector formulation in different coordinates, and obtained the relationship between the energy
and power flow in different coordinates. He proved that the vibratory strength of shells and plates could be estimated by
structure power flow.

Mace [4,5] calculated the distribution of structural power flow with statistic energy analysis (SEA) approach. He studied
the power transmission in one-dimensional beamlike coupled structures and two-dimensional plate-like structures and
estimated the structural coupled loss factors by combining wave approach with SEA method. Cuschieri et al. [6–10]
presented the mobility power flow approach (MPA). The input and transmitted powers can be calculated by the structure
mobility functions to analyze the response of L-shaped plate in mid-frequencies. And the active power flow was used to
represent the transmission of vibratory energy in the finite L-shaped plate. The input power from the disturbance sources
and the transmitted power through coupled joints can be obtained.

Kessissoglou [11] calculated the active power flow of an L-shaped plate in the median and high frequency regions and
the in-plane longitudinal and shear waves were considered in the power flow calculation. She found that these in-plane
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motions had significant effects on the power flow in median and high frequencies. Choi et al. [12] gave a higher-order
sandwich theory in conjunction with an equivalent mobility-based power flow progressive approach to determine power
flow for a sandwich configured floating raft vibration isolation system. He found that the loss factors of the sandwich
configured floating raft could influence effectively the power flow transmitted to the foundation in the median and high
frequencies. Yan et al. [13,14] studied the power flow transmitting in a submerged infinite cylindrical shell reinforced by
supports of rings and bulkheads. The input vibrational active power flow into the structure was calculated and the
influences of different structural parameters on the results were discussed.

The active vibration control has been used extensively to suppress the active power flow in beams [15–19]. Pan and
Hansen [15] analyzed the physical control model of the total power for the bending, torsional and longitudinal waves in
the infinite beams. They considered that only the active power could travel to the far field in the infinite beams, while the
reactive component power could only exist in the local oscillation, and could not propagate to the far field of infinite
beams. Pan and Hansen [16] researched the effect of the locations and type of error sensor on the active control of
vibrational power flow in infinite beam. They used the vibration amplitude as the cost function for the active control of
the vibrational power transmission in the infinite beam. Schwenk et al. [17] studied an algorithm to control adaptively the
structural vibration intensity in a beam. A number of control actuators and error sensors were use to investigate the
effectiveness of adaptive control of structural intensity. And the effect by controlling the intensity was compared to that by
controlling the acceleration.

Audrain et al. [18] investigated the active structural intensity control in finite beams based on theory and experiment.
The instantaneous intensity was completely taken into account in the control algorithm. These results approved that active
intensity control could preserve a good control performance when error sensors were placed in the near field of the control
source and the primary disturbance. Pereira et al. [19] used an active control method based on minimizing the active part
of the structural intensity to reduce the overall vibration level in beams. They considered that the control forces dissipated
the input power due to the perturbing forces. Pan and Hansen [20] researched the active control of harmonic vibratory
power transmission along a semi-infinite plate. They calculated and compared the effects of the optimal control force for
minimizing the active power flow and acceleration in a certain position of the plate. It was shown that the location of
control force influenced very much to the active control of vibrational power flow transmission in the plate.

Although much attention has been paid to the power flow of the beam- and plate-like structures, to our knowledge,
there has been no published work on the active control of power flow transmission through the junction of the finite closed
connected plate structure in the open literatures. Previous works on the active control of power flow transmission in
structures mainly focus on the beams [15–19] and semi-infinite plates [20].

In this paper, the wave propagation and active vibration control in finite closed connected plates are investigated using
wave approach. The dynamic responses at specific locations of connected plate structure for median and high frequency
excitations are obtained by the wave method. The active control based on the structural active power flow is used to
suppress the energy propagation at the junction of the coupled plate structure. In the numerical calculation, the active
power at the junction of closed connected plate structure and L-shaped plate are suppressed by active control, respectively,
and the influence of the error of the control force on the control results is considered. It is seen that the active power flow
transmitted through the junction of the connected plate can be effectively suppressed by the active control.

2. Dynamic response

A closed connected plate structure as shown in Fig. 1 is considered. The structure consists of four plates, and each plate
is simply supported along two parallel edges corresponding to y=0 and Ly. The length of the coupled plates are L1, L2, L3 and
L4, respectively. The material and thickness of the four plates are the same. The dynamics model of the plate can be
expressed as

Dr4wþrh
@2w

@t2
¼ f ðx,y,tÞ, (1)

where r is the material density, h is the thickness, D¼ Eh3=½12ð1�n2Þ� is the flexural rigidity, E and n are Young’s modulus
and Poisson’s ratio of the plate, and f(x,y,t) is the external excitation.

For the simply supported boundary edges, the transverse displacement of the plate can be given by

wðx,y,tÞ ¼
X1
n ¼ 1

½A1 eikxxþA2 eknxxþA3 e�ikxxþA4 e�knxx� sin kyy eiot , (2)

where w is out-of-plane displacement of the plate, A1, A2, A3 and A4 are the wave displacement amplitudes, ky=np/Ly is the

modal wavenumber in the y direction, kx ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
k2

F�k2
y

q
and knx ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
k2

Fþk2
y

q
are the wavenumbers in the x direction for the

travelling and evanescent waves, where kF ¼
ffiffiffiffiffiffiffiffiffiffiffiffi
rh=D4

p ffiffiffiffiffi
o
p

is the plate flexural wavenumber and o is the circular frequency.

The harmonic dynamic factor eiot is generally contained in the expressions for the wave approach. So the harmonic
dynamic factor eiot in Eq. (2) is omitted in the followings.

Generally speaking, the in-plane displacement is very small compared to the out-of-plane one. There exists the wave
mode transition between the flexural and in-plane waves at the joint of the closed coupled plate structure. The in-plane
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wave motion should be considered in the calculation of the power flow for the closed plate structure [11]. The equations of
in-plane motion are [10,21]

@2u

@x2
þ

1�n
2

@2u

@y2
þ

1þn
2

@2v

@x@y
þ
ð1�n2Þr

E
o2u¼ 0, (3)

@2v

@y2
þ

1�n
2

@2v

@x2
þ

1þn
2

@2u

@x@y
þ
ð1�n2Þr

E
o2v¼ 0, (4)

where u(x,y) is the in-plane longitudinal displacement, and v(x,y) is the in-plane shear displacement. For the simply
supported plates along the longitudinal edges, the in-plane longitudinal and in-plane shear displacements can be
expressed as [11,21]

uðx,yÞ ¼
X1
n ¼ 1

ðl1B1el1xþl2B2el2xþkyB3el3xþkyB4el4xÞ sin kyy, (5)

vðx,yÞ ¼
X1
n ¼ 1

ðkyB1el1xþkyB2el2xþl3B3el3xþl4B4el4xÞ cos kyy, (6)

where l1,2 ¼ 7
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
k2

y�k2
L

q
and l3,4 ¼7

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
k2

y�k2
S

q
are the eigenvalues of the in-plane displacement solutions, and

kL ¼o
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
rð1�n2Þ=E

p
and kS ¼o

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2rð1þnÞ=E

p
are the longitudinal and shear wavenumbers. The dynamic response of plate

can be exactly determined by Eqs. (2), (5) and (6), but there exists the cut-on frequencies in the wave solutions of the plate
[20]. In order to calculate accurately the dynamic response in median and high frequencies, the minimized mode number

should be taken as NB ¼ ðLxLy=2hÞ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
12rð1�n2Þ=E

p
ð2poÞ (number of banding modes), NL ¼ ½pLxLyrð1�n2Þ=E�ð2poÞ2 (number

of in-plane longitudinal modes), NS ¼ ½pLxLy2rð1þnÞ=E�ð2poÞ2 (number of in-plane shear modes) [11].

The dynamic response of the closed coupled plate structure as shown in Fig. 1 can be analyzed by combining the wave
method and substructure approach. Considering the disturbance force as the continuous conditions, the flexural and in-
plane displacements in plate 1 can be expressed as

w1Iðx1,y1Þ ¼
X1
n ¼ 1

½A1eikxx1þA2eknxx1þA3e�ikxx1þA4e�knxx1 � sin kyy1, 0rx1ox0, (7)

w1IIðx1,y1Þ ¼
X1
n ¼ 1

½A5eikxx1þA6eknxx1þA7e�ikxx1þA8e�knxx1 � sin kyy1, x0rx1oL1, (8)

u1ðx1,y1Þ ¼
X1
n ¼ 1

ðl1B1el1x1þl2B2el2x1þkyB3el3x1þkyB4el4x1 Þ sin kyy1, (9)

v1ðx1,y1Þ ¼
X1
n ¼ 1

ðkyB1el1x1þkyB2el2x1þl3B3el3x1þl4B4el4x1 Þ cos kyy1: (10)
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Fig. 1. The schematic diagram of &-shaped connected plate structure
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The flexural and in-plane displacements in plate 2 can be expressed as

w2ðx2,y2Þ ¼
X1
n ¼ 1

½A9eikxx2þA10eknxx2þA11e�ikxx2þA12e�knxx2 � sin kyy2, 0rx2oL2, (11)

u2ðx2,y2Þ ¼
X1
n ¼ 1

ðl1B5el1x2þl2B6el2x2þkyB7el3x2þkyB8el4x2 Þ sin kyy2, (12)

v2ðx2,y2Þ ¼
X1
n ¼ 1

ðkyB5el1x2þkyB6el2x2þl3B7el3x2þl4B8el4x2 Þ cos kyy2, (13)

The flexural and in-plane displacement in plate 3 can be expressed as

w3ðx3,y3Þ ¼
X1
n ¼ 1

½A13eikxx3þA14eknxx3þA15e�ikxx3þA16e�knxx3 � sin kyy3, 0rx3oL3, (14)

u3ðx3,y3Þ ¼
X1
n ¼ 1

ðl1B9el1x3þl2B10el2x3þkyB11el3x3þkyB12el4x3 Þ sin kyy3, (15)

v3ðx3,y3Þ ¼
X1
n ¼ 1

ðkyB9el1x3þkyB10el2x3þl3B11el3x3þl4B12el4x3 Þ cos kyy3 (16)

and the flexural and in-plane displacements in plate 4 can be expressed as

w4ðx4,y4Þ ¼
X1
n ¼ 1

½A17eikxx4þA18eknxx4þA19e�ikxx4þA20e�knxx4 � sin kyy4, 0rx4oL4, (17)

u4ðx4,y4Þ ¼
X1
n ¼ 1

ðl1B13el1x4þl2B14el2x4þkyB15el3x4þkyB16el4x4 Þ sin kyy4, (18)

v4ðx4,y4Þ ¼
X1
n ¼ 1

ðkyB13el1x4þkyB14el2x4þl3B15el3x4þl4B16el4x4 Þ cos kyy4, (19)

where Aj (j=1, y, 20) and Bj (j=1, y, 16) are the flexural and in-plane displacement amplitude coefficients, which can
be determined by 36 equations from the continuous and coupling conditions. There are four continuous equations at
the applying force position [20] and 32 continuous equations at the coupling junctions of the plates. For the symmetry of
the closed connected plate structure, there are eight coupling equations at the junction of every two consecutive plates. For
the junction of the plates 2 and 3, the continuous conditions can be written as [11]

Mxx2 ¼Mxx3,
@wxx2

@x2
¼
@wxx3

@x3
, (20,21)

w2 ¼ u3, w3 ¼�u2, (22,23)

Qx2þ
@Mxy2

@x2
¼Nxx3, Qx3þ

@Mxy3

@x2
¼�Nxx2, (24,25)

v2 ¼ v3, Nxy2 ¼Nxy3, (26,27)

where Mxx is the bending moment, Qx is the out-of-plane shear force, Mxy is the twist moment, Nxx is the in-plane
longitudinal force, and Nxy is the in-plane shear force. The expressions of Mxx, Qx, Mxy, Nxx and Nxy are written as

Mxx ¼�D
@2w

@x2
þn @

2w

@y2

!
, (28)

Qx ¼�D
@3w

@x3
þ

@3w

@x@y2

!
, (29)

Mxy ¼�Dð1�nÞ @
2w

@x@y
, (30)

Nxx ¼
Eh

ð1�n2Þ

@u

@x
þn @v

@y

� �
, (31)

Nxy ¼
Eh

2ð1þnÞ
@u

@y
þ
@v

@x

� �
: (32)

The continuous equations at other coupling junctions are similar to Eqs. (20)–(27).
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Considering the coupling conditions at the junctions of different plates and the continuous conditions at the position
where the force is applied, the matrix equation concerning to the displacement amplitude coefficients can be written as

½a�fAg ¼ fFg, (33)

where [a] is a 36�36 matrix which consists of the coupling and continuous conditions, A and F are the displacement
amplitude coefficients and force matrices, respectively, and are given by

fAg ¼ fA1,A2,A3,A4,A5,A6,A7,A8,A9,A10,A11,A12,A13,A14,A15,A16,A17,A18,A19,A20,

B1,B2,B3,B4,B5,B6,B7,B8,B9,B10,B11,B12,B13,B14,B15,B16g
T , (34)

Ff g ¼ 0,0,0,0,0,0,0,
�2F0

LyD
sin kyy0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

� �T

: (35)

The displacement amplitude coefficient matrix A can be determined from Eq. (33). The displacement responses at
arbitrary position of the closed plate structure generated by the disturbance source ~F 0 acting at the position (x0,y0) is given
by

w0ðx,yÞ ¼wx0ðx,yÞF0, u0ðx,yÞ ¼ ux0ðx,yÞF0, v0ðx,yÞ ¼ vx0ðx,yÞF0, (36a,b,c)

where wx0(x,y), ux0(x,y) and vx0(x,y) are the flexural and in-plane displacement responses generated by the unit force acting
at position x0. While the displacement responses generated by the active control force ~F s acting at the position (xs,ys) is
given by

wsðx,yÞ ¼wxsðx,yÞFs, usðx,yÞ ¼ uxsðx,yÞFs, vsðx,yÞ ¼ vxsðx,yÞFs, (37a,b,c)

where the meaning and form of wxs(x,y), uxs(x,y) and vxs(x,y) are the same as those of wx0(x,y), ux0(x,y) and vx0(x,y), but only
the continuous conditions of the location at which the force ~F s is applied are different.

3. Active control of the power flow

The feedforward active control approach which has been used to control the power transmitted in the beams [18] and
semi-plates [20] is employed in this paper. A single control force is considered since only slight improvement of the control
result can be obtained at some frequencies by increasing the number of the control actuators [22]. The controller which
uses a filtered-x, feedforward, least-mean-square (LMS) and adaptive algorithm can implement the suppression of
vibratory power transmission through the structure [23]. The active power flow at the junction of the plates is used as the
cost function, which represents the time-average energy transmitted through the junction between the plates [6–10]. The
active power flow through the section at the constant x is then given by [20]

Ixa ¼�
1

2

Z Ly

0
Re ðiowÞ�Qx� io @w

@x

� �� ��
Mxx� io @w

@y

� �� ��
MxyþðiouÞ�NxxþðiovÞ�Nxy

� �
dy: (38)

From Eqs. (36a,b,c) and (37a,b,c), the flexural and in-plane displacements of the closed coupled plate structure is given
by

w¼wx0F0þwxsFs, (39)

u¼ ux0F0þuxsFs, (40)

v¼ vx0F0þvxsFs: (41)

Substitution of Eqs. (39)–(41) into Eqs. (28)–(32), the following equations can be obtained:

Mxx ¼�D
@2wx0

@x2
þn @

2wx0

@y2

 !
F0þ

@2wxs

@x2
þn @
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" #
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Qx ¼�D
@3wx0
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þ
@3wx0

@x@y2

!
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@3wxs

@x3
þ
@3wxs

@x@y2

!
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" #
, (43)

Mxy ¼�Dð1�nÞ @2wx0

@x@y
F0þ

@2wxs

@x@y

 !
Fs, (44)

Nxx ¼�
Eh

ð1�n2Þ
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� �
F0þ
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þn @vxs

@y
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� �
, (45)

Nxy ¼
Eh

2ð1þnÞ
@ux0

@y
þ
@vx0

@x

� �
F0þ

@uxs

@y
þ
@vxs

@x

� �
Fs

� �
: (46)
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Substitution of Eqs. (42)–(46) into Eq. (38), there is

Ixa ¼�
1

2

Z Ly

0
ReðAF�0 F0þBF�0 FsþCF�s F0þHF�s FsÞdy, (47)

where
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By setting the partial derivatives of the active power flow with respect to the real and imaginary parts of the control
force to be zero, the optimal control force can be obtained as follows:

Fopt
s ¼�

R Ly

0 B� dyþ
R Ly

0 C dy

2
R Ly

0 ReðHÞdy
: (48)

Substituting Eq. (48) into Eq. (47), the minimizing active power flow transmitted through the section x of the connected
plate structure can be yielded. Of course, if the coordinate x is chosen at the junctions of the coupled plate, the time-
average power transmitted through the junctions between the plates can be suppressed by Eqs. (47) and (48).

4. Numerical results and discussions

4.1. Active power at the junction of closed plate structure

The displacement responses and active power flow of the closed connected plate structure as shown in Fig. 1 are
computed and suppressed with the active control method. The material parameters are n=0.3, E=2.0�1011 Pa and
r=7.8�103 kg/m3. The structural damping factor is considered in the analysis by using the complex Young’s modulus
E(1+ iZ), where Z=0.001 is the structural damping factor. The width and thickness of the plate are Ly=0.6 m and h=0.004 m.
The lengths of the plates are L1=L2=L3=L4=1.6 m. The disturbance ~F 0 is located at x0=1 m, y0=0.41 m of plate 1, and the
control force ~F s is located at xs=1 m, ys=0.2 m of plate 1. In the calculation, F0=1 N. The error sensor is located at xe=0.2 m,
ye=0.3 m of plate 2.

To verify the validity of the proposed method, a comparison between the results obtained by FEM and the present
method has been made. In the calculation of FEM, the rectangular element is used to disperse the connected rectangular
plate structure. According to the finite element method, the discrete dynamical equation of the whole structure can be
written as

½M�f €qgþ½C�f _qgþ½K�fqg ¼ ff g (49)

where q is the nodal displacement matrix of the whole structure, [M], [C] and [K] are the mass, damping and stiffness
matrices of the whole structure and f is the force matrix. The modal analysis and vibration response of the structure can be
calculated by finite element software (in this paper, the MSC. Nastran and Patran 2007 are used). The dynamical response
in the mid-point of plate 3 of the connected plate structure with 1536 elements is calculated by the MSC. Nastran software
and shown in Fig. 2.

Fig. 3 shows the response in the mid-point of plate 3 calculated by FEM and the proposed wave method. Different
element numbers are used in FEM, such as 768 elements and 1536 elements. As shown in Fig. 3, with the increase of the
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element number in the FEM, the FEM results are convergent to the results of the wave method as the frequency increases.
While all the results agree well with each other in the low frequency regions.

The FEM results agree with the results of the wave approach in low frequency regions in the coupled plate structure as
shown in Fig. 2. And the FEM results are convergent to the results of wave method as the frequency increases. However, in
the median and high frequency regions, the error of the results for FEM becomes larger as the frequency increases because
of the uncertainty and the truncation error of the high-order modes. So, the results of FEM are not precise for the median
and high frequencies even if more element numbers are employed. But the responses in the median and high frequency
regions that satisfy the wave model assumption can be calculated by the wave approach.

In Fig. 4, the active control with different control forces is used to suppress the active power flow at the junction of the
plates 1 and 2 in the closed connected plate structure in the lower frequency regions. As shown in Fig. 4, the results of the
optimal control force are very good under 100 Hz, and above 100 Hz the control effects are very good near the resonate
frequencies. The results of the optimal control force with 1 percent error are the same as those of the optimal control force
above 100 Hz. It indicates that the active control effect of the active power transmitted through the junction of the closed
connected plate is effective in lower frequency regions, and small error of control force has very slight influences on the
control results.
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Fig. 2. The response of the mid-point in plate 3 calculated by 1536 elements with MSC. Nastran software.
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In Fig. 5, the active control with different control forces is used to suppress the active power flow at the junction of
plates 1 and 2 in the coupled plate structure for higher frequency regions. As shown in Fig. 5, the results of the optimal
control force are very good near most of the resonate frequencies, and the results of the optimal control force with 1
percent error are the same as those of the optimal control force. It implies that the active control effect of the active power
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percent of optimal control force for minimizing the active power flow (’’’’); and optimal control force for minimizing the active power (—)

(dB ref.: 10�10w).

70

60

50

40

30

20

10
1400 1500 1600 1700 1800 1900 2000

Frequency (Hz)

A
ct

iv
e 

po
w

er
 (d

B
)

Fig. 5. Active control of active power at the junction of plates 1 and 2 in &-shaped plate with different control forces: without control force (- - - -); 99

percent of optimal control force for minimizing the active power flow (’’’’); and optimal control force for minimizing the active power (—) (dB

ref.: 10�10w).

C.-C. Liu et al. / Journal of Sound and Vibration 329 (2010) 4124–4135 4131



中国科技论文在线 http://www.paper.edu.cn

transmission through the junction of the closed connected plate structure is effective in higher frequency regions, and the
control effect is not affected by small error of control force.

In Fig. 6, the active control with different control forces is used to suppress the active power transmitted through the
junction of plates 1 and 2 in the closed connected plate structure. As shown in Fig. 6, for the optimal control force required
to minimize the acceleration, the controlled active power flow is very good under 100 Hz. But above 100 Hz, the controlled
active power flow is bigger than that without control force at many frequencies. While the control results of the optimal
control force for minimizing the active power flow are better than those of the optimal control force for minimizing the
acceleration in the whole frequencies. It indicates that the active power transmission through the junction of the closed
connected plate structure can be well suppressed by the optimal control force for minimizing the active power flow.

4.2. Active power at the junction of L-shaped plate

The responses and active power flow of an L-shaped plate as shown in Fig. 7 are calculated and suppressed by the active
control method. The material parameters are the same as those of the closed plate structure. The width and thickness of
the plate are Ly=0.8 m and h=0.006 m. The length of the plates are L1=1.6 m and L2=1.2 m. The disturbance ~F 0 is located at
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x0=0.8 m, y0=0.3 m of the plate 1, and the control force ~F s is located at xs=0.8 m, ys=0.5 m of plate 1. In the calculation,
F0=1 N. The error sensor is located at xe=0.2 m, ye=0.3 m of plate 2.

In Fig. 8, the responses of the mid-point in plate 2 are calculated by the FEM and wave method. Different element
numbers are used in FEM, such as 224 elements and 768 elements. The results in Fig. 8 are similar to those in Fig. 3. With
the increase of the element number in the FEM, the FEM results are convergent to the results of the wave method as the
frequency increases. While all the results agree well with each other in the low frequency regions. It indicates that the
structural vibration response in medium and high frequency regions can be more exactly computed by the wave method
than by the FEM.
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In Figs. 9 and 10, the active control with different control forces is used to suppress the active power flow at the junction
of the L-shaped plate in the lower and higher frequency regions, respectively. As shown in Figs. 9 and 10, the results are
similar to those in Figs. 4 and 5. It implies that the active power transmitted through the junction of the L-shaped plate can
be effectively suppressed by the active control, and the control results are affected very slightly by the small error of
control force.
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In Fig. 11, the active control with different control forces is used to suppress the active power transmission through the
junction of plates 1 and 2 in the L-shaped plate. As shown in Fig. 11, the results are similar to those in Fig. 6. It shows that
the control effect by the optimal control force for minimizing the active power flow is better than that by the optimal
control force for minimizing the acceleration.

5. Conclusions

The dynamic responses of the connected plate structures are investigated by the wave method. The disturbance
propagation at the junction of the connected plates is suppressed by active control for minimizing active power flow. The
conclusions can be drawn as follows:

(1) The response of the finite connected plate structure in the medium and high frequencies can be calculated by the wave
method.

(2) The active power flow through the junction of the connected plate structure can be effectively suppressed by the
control force for minimizing the active power flow. And the control effect by the optimal control force for minimizing
the active power flow is better than that by the optimal control force for minimizing the acceleration.

(3) Small error of the optimal control force for minimizing the active power flow has slight influences in low frequencies,
but no effects in medium and high frequency regions on the active control of the energy propagation through the
junction of the finite coupled plate structure.
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