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Active control of sound radiation from a baffled simply supported finite beam is analytically 
studied. The beam is subjected to a harmonic input force and the resulting acoustic 
field is minimized by applying a control point force. For a single frequency, the flexural 
response of the beam subject to the input and control forces is expressed in terms of flexural 
waves of both propagating and near-field types. The optimal control force complex 
amplitude is derived by minimizing the acoustic radiated pressure at one point located in the 
far field. The far-field radiated pressure, the displacement of the vibrating beam, and 
the one-dimensional wave-number spectrum of the beam velocity are extensively studied. In 
order to further understand control mechanisms, the radiated pressure due to the 
flexural propagating wave and the flexural near-field wave, respectively, is investigated at the 
minimization point before and after the control is involved. The analysis shows that, 
when the control is applied, the combination of the radiated pressure due to the two different 
types of waves (as their associated radiation is out-of-phase) at the minimization point 
causes the large pressure attenuation. These results demonstrate that structural near fields are 
important in terms of predicting performance in active control of structurally radiated 
sound. 

PACS numbers: 43.40.Vn 

INTRODUCTION 

Structural vibrations as well as their associated radi- 

ated sound fields have always been a problem in industry. 
If the sound radiation is unacceptable, different passive 
control approach are traditionally used to attenuate noise. 
However, passive techniques generally give poor control 
performances in the low-frequency region. In the last de- 
cade, active noise control has emerged as a practical pos- 
sibility to reduce acoustic noise fields especially at low fre- 
quencies. This method usually employs acoustic control 
sources to attenuate the primary noise field. The active 
noise control approach and some of its applications have 
been described in Refs. 1 and 2. The technique has been 
successfully implemented for one-dimensional sound field. 
However, for a three-dimensional radiated sound field, 
there are some disadvantages with using acoustic sources 
as the control inputs amongst which are the number of 
sources required, size, and diflSculties in implementation. 

A new approach for the active control of structurally 
radiated sound fields has been investigated. Fuller 3 demon- 
strated that reduction of the far-field acoustic radiation can 

also be obtained by directly modifying the response of the 
structure by applying structural inputs rather than by add- 
ing a distribution of acoustic sources in the surrounding 
sound field. The active control of sound radiation can be 

achieved by either point forces 3 or piezoelectric elements 4 
directly applied on the vibrating structure surface, while 
information is obtained from radiation associated re- 

sponses. 

Most of all previous theoretical and experimental 
works on beams have been concerned with active control of 

bending motion and flexural power flow. 5-m The active 
control of sound radiation due to a clamped edge discon- 
tinuity on a semi-infinite beam has been investigated theo- 
retically by Guigou and Fuller • and experimentally by 
Guigou et al. •2 Recently, the dynamic behavior of a con- 
trolled simply supported beam has been studied by Burdi- 
sso and Fuller. •3'•4 They demonstrated that the simply sup- 
ported beam has new eigenproperties to the disturbance 
when the control is applied to minimize either the out-of- 
plane motion at one point on the beam or the radiated 
pressure level at one point in space. 

In the present paper, active control of sound radiation 
from a finite simply supported beam is studied. The beam 
is subjected to a harmonic input force and the resulting 
acoustic field is minimized by applying a control point 
force (both forces approximating shakers). For a single 
frequency, the flexural response of the beam subject to the 
input and control forces is expressed in terms of flexural 
waves of both propagating and near-field types. The opti- 
mal control force complex amplitude is derived by mini- 
mizing the acoustic radiated pressure at one point located 
in the far field. On determining the optimal control force, it 
can be re-substituted in the constitutive equations for the 
system and the minimized fields can be evaluated. The 
main scope of this paper is to investigate how the control of 
the radiated pressure at the minimization point occurs. It 
should be noted that all previous analytical studies on ac- 
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FIG. 1. Coordinate system. 

tive structural acoustic control (ASAC), for example Ref. 
3, have ignored structural near fields. The main purpose of 
the present paper is to determine whether these structural 
near fields, present at discontinuities such as the control 
and input locations and the boundaries, are important in 
determining and predicting control performance. To this 
end, the radiated pressure due to the flexural propagating 
wave and the flexural near-field wave, respectively, is com- 
pared at the minimization point before and after the con- 
trol is involved and the importance of the wave compo- 
nents is investigated. 

I. BEAM DISPLACEMENT 

The Cartesian coordinate system used in this analysis 
and the location of the simply supported beam in the co- 
ordinate system are shown in Fig. 1. The beam is taken to 
be located in an infinite baffle (in the x,y plane) and the 
simply supported boundary conditions are applied at both 
ends, i.e., at'x--4-1/2, where I is'the length of the beam. 
The time dependence for all the fields is assumed to be 
e -iwt, where (o is the angular frequency. 

The simply supported beam is first excited by an input 
shaker, modeled as a point force/•n located at x=an. To 
achieve active control, a control point force •E½ located at 
X=ac, appioximating a control shaker, is then applied to 
the beam. This system is described in Fig. 2(a). 

Consider an infinitely long beam. Here, •E•,/t•/• and •E 2, 
37/2 applied on the infinite beam in the manner shown in 
Fig. 2(b) with the correct complex values will create at 
x------1/2 and x=l/2, respectively, the boundary condi- 
tions of a simply supported beam. Hence, the part of the 
infinitely long beam, which is located between --l/2<x•l/ 
21 will behave in every respect as if there were simply sup- 
ported Conditions at both end. Therefore, the response of 
the beam due to 

(i) an input point force F n located at x=an (the dis- 
turbance), 

"(ii) a point force •E• located at x-- -- 1/2 (due to the 
simply supported condition), 

(a) 

Z' 

(b) * 
M1 M2 

A A A A 

F1 Fn Fc F2 

"'- x 

FIG. 2. (a) Schematic of the simply supported beam. (b) Forces and 
moments applied on the beam. 

(iii) a line moment •1 located at x = -- 1/2 (due to the 
simply supported condition), 

(iv) a point force P2 located at x=l/2 (due to the 
simply supported condition), 

(v) a line moment/1•/2 located at x = 1/2 (due to the 
simply supported condition), 

(vi) and a control Point force/•½ located at x =a½, has 
to be derived. 

The flexural displacements of an infinite thin beam due 
to a point force and a line moment have been fully derived 
by Guigou. ll It was found that the out-of-plane displace- 
ment due to a point force/• located at any position 
on the beam is 

w(x) = (il•/4EIk•) [eif +ie-f ], (]) 

and the out-of-plane displacement due to a line moment 
located at any position x=a is 

• sgn(x--a) 
w (x) = -- EIk• [eikf I•-•1 --e-kfl•-'•l], (2) 

where the structural wave number is 

k f= 4x[o2m/EI, (3) 

E1 is the flexural stiffness (E is the modulus of elasticity, ! 
is the cross-sectional moment of inertia), m is the density 
per unit length, both constant throughout the length of the 
beam, and the function sgn (x--a) is defined by 

.. 
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sgn(x-a)= [ q-l' if x•a, - 1, otherwise. 
(4) 

•--E(•--•/3), (5) 

It can be observed that a point force or a line moment 
creates two different flexural waves on each side of the 

application point: a propagating flexural wave (first term 
in the bracket) and a nonpropagating near-field flexural 
wave (second term in the bracket). 

In this case, the beam is assumed to be slightly 
damped. Structural damping is included by using a com- 
plex modulus of elasticity defined as follows: 

where/3 is the damping ratio or loss factor. The previous 
equations are also valid when E is replaced by the complex 
modulus of elasticity. It can be noted that the structural 

bending wave number kf also becomes complex due to the 
damping. 

Thus, using the superposition principle and Eqs. (1) 
and (2), the flexural displacement of the beam system as 
shown in Fig. 2 (b) is given, for -- l/2 4x 4 l/2, by 

w (x) -- 4•-]• 3 [ e'k/I I + ie- I1 + 41•Ik3 [ eikf(x+ l/2) + ie- kf(x+ l/2)1 _ 4•3 [ eikf(x+ l/2) _ e- ] 
iP2 ]•'I2 [ eik f( l/2-x) -k f( l/2-x) il•c q-4,•;Ik3 [eik/(l/2-x) q-ie-k/(l/2-x)] q-4,•Yk3 --e ] q-4,•;Ik3 [eik/lx-•cl +ie-k•lx-acl]' (6) 

Note, in Eq. (6) positive and negative wave components due to the noise and control forces are derivable from the 
modulus of the spatial variation term. 

The forces, F1 and/52, and the moments,/•/1 and/0 2, are found in such a way that the system satisfies the simply 
supported boundary conditions at x=- l/2 and at x = l/2, which are defined by 

wlx=-Z/2=wlx=z/2=O (7) 

and 

02w 02w 

Ox2 - l/2 Ox2 x= l/2 X--" 

Then, the four unknowns magnitudes are given by a system of four linear equations, which can be written in matrix form 
as follows: 

( 1 + i) (ei•fiq- ie-kfi) 0 --ikf(ei•fl--e-•fl) ' 

( eik fiq- ie-a fi) ( 1 + i) ik f( eik fi--e-a fi) 0 
(-- 1 +i) (--dkfi+ie-kfi) --2ikf ikf(eikfi+e-kfi) 

(--eikfl-nt-ie-kfl) (-- 1 +i) --ikf(eikfl+e-kfl) 2ikf 

Pl 

_ ( eikf(l/2 +a n) q_ ie-kf(l/2 +a n) ) 

-- ( eik f ( l/2-an) q- ie-k f (l/2-an) ) 

__ ( _elk/(1/2 +a, q- ie-k f( l/2 +a, ) 

__ ( __ ei•/(l/2- a•) + ie- k/(l/2- a•) ) 

' _ (eikf(l/2+ac) _nt_ ie-kf(l/2+ac)) 

-- ( eik f ( l/2-ac) q- ie- a f( l/2-ac) ) 

_ ( _eiaf(l/2+ac ) +ie_kf(l/2+ac) ) Pc. 
.-- ( --eiaf(l/2-ac ) + ie-af(l/2-ac ) ) 

(9) 

Therefore, the four unknowns/•l,/•2, 3•/1, and/17/2 are determined as functions of the input point force/•n and the 
control point force Pc. For simplification of the notation, the unknowns are given by 

P• .4,( • ) [.4c(•) 
.4c(2) 22 A,(2) P"+[Ac(3 Pc • = A,(3) ) ' 

215/2 •(4) [Ac(4) 

(10) 
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where the An(j) and Ac(j) for j= 1,4 can be easily deduced from Eq. (9). 
Thus, the flexural displacement of the simply supported beam is given by the following expression, for -l/2•<x•<l/2' 

w (x) = ( iPn/457Ik 3) [ eikf I x- a, 1-3- ie- kfl x- an I + (An ( 1 ) + ikfA n ( 3 ) )eikf (x + l/2) -3- (iA n ( 1 ) -- ikfA n ( 3 ) )e- kf(x + l/2) 

+ (An(2) -- ikfAn(4) )eikf (l/2-x) nt - (iAn ( 2 ) n t- ikfAn(4) )e-kf (l/2-x)] nt - (i15c/4t•ik•) [eikflx-acl nt - ie-kfl•,-acl 

+ (Ac( 1 ) + ikfAc( 3 ) )eikf (x + l/2) -Jr- (iAc( 1 ) -- ikfAc( 3 ) )e-ks(x + l/2) + (A c( 2 ) -- ikfAc(4) )eikf (l/2-x) 

+ (iAc( 2 ) + ikfAc( 4 ) )e-•'///2-,,) ]. (11) 

It should be noted at this point that a simply supported 
boundary condition only transforms an incident (near- 
field) propagating wave into a reflected propagating (near- 
field) wave; traveling waves incident on a simple support 
do not generate a reflected near-field (unlike a clamped 
boundary condition, which couples an incident propagat- 
ing wave with a reflected propagating wave and a reflected 
near-field wave). Thus, in this case, the input force (dis- 
turbance) and control force are mainly responsible for the 
presence of near-field flexural waves, except when located 
close to a boundary. 

In terms of radiation, the simply supported beam sys- 
tem is considered as a 2-D structure and thus the displace- 
ment is constant along the width of the beam. Hence, the 
out-of-plane displacement can be rewritten as 

w(x,y)--w(x), (12) 

region. It can be noticed that a direction of radiation (•,•) 
in the far field is equivalent to a couple (/c•,/Cy) in the 
wave-number domain defined by 

/cx--ko sin t3 cos $, 

/Cy= ko sin • sin •, 

(14) 

which are the points of stationary phase. It is now neces- 
sary to find the spectral response of the simply supported 
beam under study. 

The double spatial Fourier transform is defined by 

;• f-• eikxxeik•y fa,ay) = vf x,y) ax ay, (15) 

which is reduced to 

for Ixl and lYl where/y represents the width of 
the beam. •//2 •//2 •( kx, ky ) = v(x,y)eikxxeikyy dy dx, 

d--l/2 d -- ly/2 
(16) 

II. FAR-FIELD RADIATED PRESSURE 

Using the spherical coordinate system as shown in Fig. 
1, it was demonstrated in Ref. 11 that, for any general 2-D 
system with light fluid loading, the far-field radiated pres- 
sure can be closely approximated by the expression, de- 
rived using the method of stationary phase 

p(r,O, 4)= --itopo•(ko sin 0 cos 4, k0 sin 0 sin 4) 

X (ei%r/2rcr), (13) 

where P0 and k0 are, respectively, the density and the wave 
number in the surrounding acoustic medium and •(k•,ky) 
represents the spatial Fourier transform of the velocity of 
the vibrating structure. 

The far-field radiated pressure is a function of the dou- 
ble spatial Fourier transform of the out-of-plane beam ve- 
locity for •/k} + ky 2 •< k0, which is defined as the supersonic 

as the beam is located in a rigid infinite baffle, i.e., 
v(x,y) =0 for Ixl > l/2 and lyl > l/2. 

As the beam displacement is taken to be constant 
along the width of the beam [see Eq. (12)], the integrals 
with respect to x and y are separable, i.e., 

•( kx, ky ) - d 13,/2 eiky y My 1J(x)e ikxx dx d-- l/2 

=•'(ky)•'(k,,), (17) 

where v(x) can be derived from Eq. (11 ). 
The expression of •(ky) is easily obtained by integra- 

tion, 

sin ( kyly/2 ) 
•( ky) - ky/2 ' (18) 

and the expression of •(k,,) is found to be 
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io]• n I½ikxan--½i(kf-kx)(l/2)+ikfan ½ikxan__½i(kf+kx)(l/2)-ikfan = + •(kx) 41•Ik•[ k f- k x + k f+ kx k f+ ik x 
eik•an _ e - ( k f- i•x) ( t/2 ) + • fan 1 -- e •( • f + •x) t 

+ +{An( 1 ) +ikfAn(3 ))½ -ikx(l/2) 
k f-- ikx k f q- kx 

1 --e-(kf -ik•)t 1 --ei(kf -k•)t 
+{An(1)--kfAn(3))e - ik•( t/2 ) + {An(2 ) -- ik fA n ( 4 ) )e ik•( t/2 ) 

k f x- ik x k f-- kx 

.•_(An(2).•_kfAn(4))eikx(l/2)l--e-(kf+ikx)l ) gO)Pc (eikxac--•i(kf--kx)(l/2)+ikftlc + 

½ikxac__½i(kf+kx)(l/2)-ikfac ½ikxac__½--(kf+ikx)(l/2)--kfac ½ikxac__½-(kf--ikx)(l/2)+kfac 
+ + + 

k f q- kx k f q- ikx k f- ikx 

1 -e i(kf+ kx)t 1 --½-- (kf --ikx)l 
q-{Ac( 1 ) q- ikfAc( 3 ))e -ik•(l/2) q-{Ac( 1 ) --kfAc( 3 ))e -ik•(l/2) 

kfq-k x kf-ikx 

+{A½(2) --ikfA½(4))e ik•(l/2) 
1 --ei(k• -k•)t 

it/2) 
kf--kx 

e •k•a• -- e- ( kfq- ik x) ( l/2 ) -- kfa n 

1 • e -- ( k f+ ik x) l I (19) 

The method of separating the double spatial Fourier inte- 
gral into two single integrals, implies that •(ky) is indepen- 
dent of the input force and the control force. Thus, only 
the one-dimensional wave-number spectrum •(k•,) will be 
studied before and after the control is applied. 

III. OPTIMAL CONTROL 

In the following control strategy, the sound pressure 
level is to be minimized at one specified point in the far 
field. The location of the point in space, where the sound 
pressure level has to be optimized, is given by (roOoqbe) in 
the spherical coordinate system. The control point force 
has to drive the beam such that the sound pressure level is 
minimum at this location. Thus, the optimum complex 
amplitude of the control point force Pc is obtained by min- 
imizing the square value of the pressure modulus at the 
point (t'e, Oe,(•e ) in the far field. 

The cost function, defined as the square of the pressure 
modulus is 

A=p( re, Oe,•e)P*( re, Oe, qbe), (20) 

where "*" denotes the complex conjugate. 
To simplify the notation, the far-field radiated pressure 

at (roOoc)e) can be rewritten as 

A = N( re, 0e,•e) N* ( t'e, 0e,•e)•'n•n • 

q- N( r o O o • e) C• ( r o O o c) e ) ISnP c* 

+ N* ( re, OoC•e) C(roOoc•e) l•n*l• c 

q- C ( re, O e, (• e ) C* ( r e, O e, c• e ) l•cl•c* . (22) 
The cost function is a real quadratic function of the control 
force. For a given location of the control force, this qua- 
dratic cost function has a unique minimum value associ- 
ated with an optimal control force magnitude. Taking the 
derivatives of the cost function A with respect to the real 
and imaginary part of the control force leads to the optimal 
solution for the control force complex amplitude 

N(roOe, 4e) 

Pc= -- C( re, Oe,(•e ) Pn ' (23) 
It should be noticed that minimizing the radiated pressure 
in the far field at (re, 0e, 4e) is equivalent to reducing the 
wave-number spectrum at (kxokye), where kxe and ky e are 
given by Eq. (14) as a function of 0e and 4e' Wave-number 
domain control approaches based on this concept have 
been demonstrated in Ref. 15. Therefore, the control force 
is independent of the radius re, if r e is large enough to place 
the minimization point in the far field. Thus, this type of 
control is referred as a directional control, as the radiation 
is minimized in the direction (0o4e) in the far field. 

p( t'oOe,•e) = N( re, Oe,•e)P n q- C( re, Oe,•e)Pc , (21) IV. INDIVIDUAL FLEXURAL WAVE CONTRIBUTION 

where the values of N( ?'e, 0e,•e) and C(?'e, Oe,(•e ) can be de- 
duced from Eqs. (13), (18), and (19). 

Therefore, the cost function A to be minimized is re- 
written as 

Since the out-of-plane displacement of the beam is 
given in terms of both propagating and nonpropagating 
near-field waves, it is possible to determine their relative 
contribution to the radiated far-field pressure. 
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TABLE I. Beam characteristics. 

Width 4.0 cm 

Length 38.0 cm 
Flexural stiffness 5.33 N m 2 

Density 0.6267 kg/m 
Damping ratio 0.1% 

Equation ( 11 ), giving the out-of-plane displacement of 
the simply supported beam, can be rewritten in the form 

W(X) = Wpr(X ) -+- Wnf(X), (24) 

where Wpr and Wnr represent, respectively, the propagating 
(terms in e+#V x) and nonpropagating near-field (terms in 
e+•V x) components of the beam flexural displacement. 
Upon taking the spatial Fourier transform of each dis- 
placement component, the far-field radiated pressure can 
be then expressed as 

p(r,O,&) =Ppr(r,O,&) +pnf(r,O,&), (25) 

where Ppr and Pnf are, respectively, the pressure radiated by 
the propagating and near-field component of the beam dis- 
placement. This decomposition of the pressure into two 
components respectively due to the propagating waves and 
to the near-field waves is expected to show the mechanisms 
by which the control is achieved at the minimization point, 
as well as enabling a study of the relative contributions of 
the different wave types. 

V. RESULTS 

The beam characteristics are presented in Table I. The 
input point force is taken to have a magnitude of 1N and is 
located at X=an=--0.4l. The control force position is 
fixed at X=ac=l/8. Three different frequencies of excita- 
tion are studied: 31.7 Hz, corresponding to the first flexural 
mode of the system; 126 Hz, corresponding to the second 
flexural mode of the system; and 600 Hz, corresponding to 
an off-resonance frequency of the system. The radiated 
pressure is computed at a radius r= 7.62 m from the center 
of the beam, which is well into the far field. The pressure 
field is minimized at the location (re=7.62 m, Oe=O , •e 
=0) in the spherical coordinate system, which is at a dis- 
tance of 7.62 m above the center of the beam in the x,z 
plane. By minimizing the radiated pressure in the far field 
at this location, the one-dimensional wave-number spec- 
trum is minimized at kxe=O, as explained previously. 

A. On-resonance excitation 31.7 Hz, first mode 

Figure 3 shows the far-field pressure radiated in the x,z 
plane by the simply supported beam for an excitation fre- 
quency of 31.7 Hz, corresponding to the first mode. First, 
it can be noticed that, as expected for this frequency, the 
radiation from the beam, when no control is involved, is 
similar to a monopole source corresponding to the struc- 
tural motion of the first mode. For this particular case, the 
radiated pressure due to the propagating flexural waves 
and the near-field flexural waves, respectively, is shown in 
Fig. 4(a) and is monopolelike for both of them. It can be 
seen that the radiation is mostly due to the propagating 

0-- 0 ø 

.90 ø 90 ø 
90 60 30 0 30 60 90 

Sound Pressure Level (dB) 

FIG. 3. Far-field pressure radiated in x,z plane at 31.7 Hz: • 
out control; ----, with control. 

., with- 

waves and that the two different types of waves radiate in 
phase such that their associated radiated fields add coher- 
ently (as the total sound pressure level is larger than either 
each). When the control force is applied to the beam in 
order to attenuate the pressure at the minimization point, 
Fig. 3 shows that the pressure field is highly attenuated 
(more than 80-dB reduction) and dipole like ( 10 dB were 
added to the actual pressure levels in order for the pressure 
field under control to be observable). In Fig. 4(b), it can 
be observed that the radiated pressure due to the propa- 
gating flexural wave has been attenuated by about 65 dB, 
and that the radiated pressure due to the near-field waves 
has been reduced by 15 dB. When the control is invoked, 
the sound pressure levels associated to these two types of 
waves are almost equal (about 15 dB in all directions). 

(a) O= o ø 
-45 ø ................. 450/ 

o ! : 

90 60 30 0 30 60 

Sound Pressure Level (dB) 

90 ø 

(b) 

90 ø .90 ø 
90 90 60 30 0 30 60 

Sound Pressure Level (dB) 

FIG. 4. Components of the far-field pressure radiated in x,z plane at 31.7 
Hz: (a) without control; (b) with control.---, due to near-field flexural 
waves; .... , due to propagating flexural waves. 
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o 
-I/3 -I/6 o I/6 I/3 I/2 

Beam coordinate 

FIG. 5. Out-of-plane displacement at 31.7 Hz: 
, with control. 

, without control; 

However, as the total radiated pressure is largely attenu- 
ated, it can be deduced that these two different flexural 
waves now radiate out-of-phase, such that their associated 
radiated field cancel each other. 

Figure 5 shows the out-of-plane displacement without 
and with control. (The large displacements are due to the 
slightly damped system being driven very close to reso- 
nance.) Before the control force is applied, the displace- 
ment corresponds to that expected, i.e., a mode shape cor- 
responding to the first mode of the simply supported beam. 
When control is applied, the displacement of the beam is 
reduced to a very low level of vibration (hardly observable 
on the figure). Therefore, in this case, the attenuation of 
the radiated pressure is associated with a direct attenuation 
of the vibratory motion of the beam. 

The one-dimensional wave-number spectrum [•(kx)] 
is shown on Fig. 6. In the case without control, the spec- 
trum corresponds exactly to the one expected for a funda- 
mental mode, with a maximum of amplitude at kx-0. 
When the control is involved, the wave-number spectrum 
amplitude is reduced to an amplitude close to zero for all 
the wave numbers. The extremely small amplitudes in the 
supersonic region (region defined as the radiating wave- 
number components) correspond to the fact that the pres- 
sure is nearly completely attenuated (as noticed on Fig. 3). 

B. On-resonance excitation 126 Hz, second mode 

For the second case, the beam is excited with a fre- 
quency of 126 Hz near the second mode of vibration. Fig- 
ure 7 shows the far-field radiated pressure without and 
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FIG. 6. Wave-number spectrum at 31.7 Hz: 
, with control. 
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FIG. 7. Far-field pressure radiated in x,z plane at 126 Hz: 
out control; ----, with control. 

with- 

with control. For the uncontrolled case, the radiation pat- 
tern is similar to that of a dipole radiator, as it is expected 
for the second mode of vibration. However, the sound pres- 
sure level is not zero at 0--0, as the pressure radiated by 
the second mode should be. This is probably due to the fact 
that the vibratory motion has small components from 
other modes and so is not perfectly symmetric with respect 
to the center of the beam due to the nonsymmetric position 
of the disturbance force. Figure 8 (a) shows that the prop- 
agating flexural wave is mostly responsible for the sound 
radiation in all direction except for 0 close to zero. The 
near-field flexural waves still radiate as a monopole radia- 
tor even if the overall motion is dominantly dipole like. At 
0--0, these two types of waves radiate in phase. When the 
control is invoked, the sound pressure level is attenuated at 
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FIG. 8. Components of the far-field pressure radiated in x,z plane at 126 
Hz: (a) without control; (b) with control---, due to near-field flexural 
waves; .... , due to propagating flexural waves. 
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FIG. 9. Out-of-plane displacement at 126 Hz: • 
----, with control. 

, without control; 

the minimization point and for 0 very close to zero, else- 
where it is slightly increased (about 2.5 dB). Figure 8(b) 
shows that the pressure field due to the near-field waves 
has been decreased by 6 dB; on the other hand, the pres- 
sure field due to the propagating waves has been increased 
by about 2 dB. However, at 0=0, the acoustic pressure 
radiation due to the propagating waves and the one due to 
the near-field waves are equal and out-of-phase, such that 
the total radiated pressure at 0=0 is canceled. This result 
implies that the attenuation at the error point is due to the 
interaction of the propagating and near-field waves; a re- 
sult that stresses the importance of near-field components. 

The out-of-plane displacement can be observed on Fig. 
9. It corresponds, as expected, to the second mode of vi- 
bration, with a node at the center of the beam and a max- 

imum displacement at x--+ l/4. When the control is ap- 
plied, the mode shape is unchanged but the vibration level 
is increased. Thus, in this case, the attenuation of the pres- 
sure level at the minimization point in the far field leads to 
an increase of the vibratory motion. Note that near-field 
terms in the structural response are unobservable. How- 
ever, being monopolelike, they are more efficient radiators 
than the propagating component, which increases the near- 
field structural motion importance in the radiated acoustic 
field. 

The one-dimensional wave-number spectrum for the 
uncontrolled and controlled cases can be observed on Fig. 
10. The shaded region denotes the supersonic region. As 
expected for the uncontrolled case, the wave-number spec- 
trum peaks for kx•_ + Ikfl, where I kfl is the modulus of 
the complex structural wave number. This maximum can 
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FIG. 10. Wave-number spectrum at 126 Hz: 
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FIG. 11. Far-field pressure radiated in x,z plane at 600 Hz: 
without control; • •., with control. 

also be related to kx= + 2re/l, corresponding to the second 
flexural vibrational mode of the simply supported beam 
determined by modal analysis. When the control is applied, 
the amplitude of the wave-number spectrum is largely re- 
duced at kx=O and is slightly increased for all other wave 
numbers. This increase of magnitude in the supersonic re- 
gion and the large decrease at k•=0 correspond to the 
observation made in Fig. 7. The spectrum still presents the 
same peaks, i.e., the mode shape of the beam is not 
changed by the control (as noticed previously in Fig. 9). 

C. Off-resonance excitation 600 Hz 

The last case studied corresponds to an off-resonance 
excitation of the simply supported beam at 600 Hz. Figure 
11 shows the far-field radiated pressure without and with 
control. The radiation pattern without control is almost 
like a dipole radiation pattern with only a slight node 
around 0=0, implying contributions from several modes. 
In Fig. 12(a), it can be noticed that the near-field flexural 
waves still radiate as a monopole radiator, and are radiat- 
ing 12.5 dB more in level than the propagating waves at 
0=0. The two wave components radiate in phase and thus 
add coherently. When the control is applied, the far-field 
radiation from the beam is reduced to a dipole radiation 
structural motion, with no radiation in the direction 0=0. 
The sound pressure levels are also well reduced for the 
directions close to 0=0 and slightly attenuated elsewhere. 
It can be noted in Fig. 12(b) that at 0=0, the radiation 
from the near-field waves has been reduced by 7.3 dB and 
the one from the propagating waves has been increased by 
5 dB. The attenuation of the total sound pressure level at 
0=0 again occurs because the two components radiate 
equally and out-of-phase. 

Figure 13 shows the out-of-plane displacement, which 
is close to that corresponding to the fourth mode (507 
Hz). Three node and four antinodes can be observed; how- 
ever, the displacement distribution is not symmetric with 
respect to the center of the beam. When the control is 
invoked, the mode shape is changed as the location of two 
nodes are moved, and the maximums of amplitude are 
attenuated. It can also be noticed that the displacement 
amplitude is attenuated between x = 1/2 and the location of 
the input force. In this case, the minimization process leads 
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FIG. 12. Components of the far-field pressure radiated in x,z plane at 600 
Hz; (a) without control; (b) with control.---, due to near-field flexural 
waves; .... , due to propagating flexural waves. 

to a small decrease of radiation for directions not close to 
0=0 and to a change of mode shape and a decrease in 
amplitude of the out-of-plane displacement. 

Figure 14 presents the one-dimensional wave-number 
spectrum with and without control. For the uncontrolled 

case, two main peaks can be observed close to kx= m lkfl 
and two other ones closer to kx=O located at kx= m I kfl ? 
4. The two main peaks, also corresponding to kx=4rr/l for 
modal analysis, shows that the fourth flexural vibrational 
mode is mostly responsible for the response of the beam at 
this frequency. When the control is invoked, the spectrum 
amplitude is reduced in all the supersonic region with a 
large attenuation at kx=O. The general shape of the spec- 
trum is changed (the values of kx for which the peaks 
occur are slightly increased), which is related to the 
change in the mode shape of the vibrating beam noticed 
previously. 
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FIG. 13. Out-of-plane displacement at 600 Hz: 
----, with control. 

without control; 

FIG. 14. Wave-number spectrum at 600 Hz: 
, with control. 

•,, without control; 

D. Control comparison with and without near-field 
waves 

It is interesting to investigate the control performance 
by calculating the optimal forces using only traveling 
waves and then calculate the minimized field using the 
expressions that include both near-field and traveling 
waves. Such calculations should give some insight on the 
consequences of neglecting the near field when predicting 
the performance of realistic ASAC system. Table II pre- 
sents the amplitude and phase of the control forces in order 
to control, respectively, the total pressure field and the 
pressure field only due to the propagating waves in the 
direction 0=0. First, it should be noticed that the control 
force is for all cases out-of-phase (phase close to 180 ø) with 
the input or disturbance force. 

For the first mode of the simply supported beam, the 
control of either the total pressure or the pressure due to 
the propagating waves leads to almost the same optimal 
amplitude value for the control force. This was expected, 
as it was noticed in Fig. 4(a) that the propagating flexural 
waves are mainly responsible for the sound radiation at this 
frequency. When the control minimizes the pressure due to 
only propagating waves at 0=0, the pressure due to the 
near-field waves is still reduced by half [in the same way 
observed in Fig. 4(b)] in all directions. However, the pres- 
sure due to the propagating waves becomes negligible as 
highly reduced in all directions. Therefore, the total pres- 
sure field under this control situation is approximately 
equal to the pressure field due to the near-field waves under 
control, which is about 16.5 dB in all directions. 

For the second mode and off-resonance cases, Table II 
shows that the optimal control forces calculated with the 

TABLE II. Optimal control force amplitude and phase. 

Force to control Force to control 

Frequency pressureincl. both pressure incl. only 
Condition (Hz) wave types propagating waves 

1st mode 31.7 0.334435 N, 0.334232 N, 
/179.99 ø /179.99 ø 

2nd mode 126.0 0.252983 N, 0.112613 N, 
/179.98 ø /179.89 ø 

Off-resonance 600.0 0.427298 N, 0.152152 N, 
/179.86 ø /179.30 ø 
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FIG. 15. Far-field pressure radiated in x,z plane at 600 Hz: 
without control; ----, with control on propagating waves only. 

near-field waves neglected are significantly different than 
when both wave types are included (corresponding to the 
realistic situation). Figure 15 presents the controlled radi- 
ation directivity for the frequency of 600 Hz, correspond- 
ing to the optimal gains derived from only propagating 
wave information. When compared with Fig. 11, it is ap- 
parent that the main effect of ignoring the near-field waves 
on calculating the optimal gain is to markedly reduce the 
attenuation obtained at the error microphone. At other 
locations, the residual sound levels are increased by ap- 
proximately 3 dB. Calculations reveal that the residual 
value at the error microphone in Fig. 15 is equal to the 
near-field contribution at this point. This observation 
agrees with the usual observability requirements in control 
system performances (i.e., to be controlled, a variable has 
to be first observed). 

Vl. CONCLUSIONS 

The active control of sound radiation from a simply 
supported beam has been analytically studied. For excita- 
tion on- and off-resonance, a control point force approxi- 
mating a shaker has been shown to be effective to actively 
modify the vibrational response of the system in order to 
obtain directional sound control, i.e., the minimization of 
the acoustic radiated pressure at one point located in the 
far field. The large decrease of the radiated pressure at the 
minimization point has been shown to be caused by the 
destructive combination of the pressure radiated, respec- 
tively, by the propagating flexural waves and the nonprop- 
agating near-field flexural waves (equal and out-of-phase). 
This phenomenon proves that, even if the near-field flex- 
ural waves can be neglected in terms of vibration, they play 
an important role in terms of radiation and control. This 

characteristic is due to the high radiation efficiency associ- 
ated with the monopole source term of the structural near 
fields. The attenuation of the radiated acoustic pressure at 
the minimization point in the far field is related to a de- 
crease of the supersonic wave-number component, corre- 
sponding to the direction of minimization, in the vibra- 
tional response of the system. This attenuation is not 
necessarily associated with a decrease of the amplitude in 
the global vibrational response of the system. These results, 
in general, demonstrate that structural near fields play an 
important role in active structural acoustic control and 
should be considered in the design of ASAC systems. 
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