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Active control of sound radiation due to subsonic wave scattering from discontinuities 
represented by a line constraint or by a uniform reinforcing rib positioned on a fluid-loaded 
infinite plate is analytically studied. The mathematical models are based on the plate vibration 
and sound radiation due to a line force or a line moment solved in the spectral k domain. For 
simplicity, the far-field pressure is estimated by the stationary phase approach. Feed-forward 
control is achieved by adding secondary line forces applied to the plate near the discontinuity. 
The amplitudes of control forces are determined by the optimal solution of a cost function that 
integrates the far-field radiated acoustic intensity in a semicylindrical space around the 
discontinuity. The results show that for subsonic incident waves, high reduction in radiated 
pressure due to spectral wave scattering at the discontinuities is possible with two active 
control forces located near the discontinuity. The amount of sound reduction as well as the 
residual directivity pattern is shown to depend upon the number and location of the control 
forces. 

PACS numbers: 43.40.Vn, 43.30.Jx 

INTRODUCTION 

Active control of sound radiation has recently attracted 
substantial attention from acoustical engineers. For well-de- 
fined sound radiation patterns, quadratic optimal control 
theory provides a relatively straightforward mathematical 
approach to suppress the radiated acoustic power output in a 
spatially defined acoustic domain. Although the technique 
of optimizing a quadratic cost function is well known, its 
application to the control of sound radiation is still a chal- 
lenging research subject. This approach is well defined by 
Nelson et al. • and its application to control of noise in cylin- 
drical cavities as well as radiation from panels has been suc- 
cessfully demonstrated. 2'3 

For the past few decades, much work has been carried 
out analyzing the vibration and sound radiation of fluid- 
loaded plates excited by forces. 4-7 As well as this, attention 
has been also directed to the problem of scattering of waves 
from discontinuities on fluid-loaded plates. 8 This problem is 
important because scattering of subsonic, nonradiating 
waves from discontinuities on fluid-loaded plates can often 
lead to radiation of acoustic power. 4 As discontinuities are 
present on all physical systems such as marine vessels and 
aircraft, this phenomenon is important in terms of noise con- 
trol. 

The paper is concerned with applying active control to 
reducing the sound radiation due to wave scattering from 
discontinuities. The active control is achieved by applying 
forces near the discontinuities and the control approach is a 
steady state feed-forward model. The optimal control forces 
are obtained using quadratic minimization of a cost function 
based on the radiated acoustic power. For this initial investi- 
gation, the analysis is based on an idealized system consist- 
ing of infinite thin plate with semi-infinite acoustic fluid on 
one side and in vacuo on the other. The discontinuities con- 

sidered consist of a line constraint or a uniform rib attached 

to the plate. The mathematical approach is to describe the 
response of the plate system in the spectral k domain and 
solve for the far-field radiated pressure using the stationary 
phase approach. For the numerical examples presented here 
the acoustic field is considered to be water ensuring strong 
coupling between plate and fluid response. The incident 
acoustic waves are limited to subsonic, thus all noise radi- 
ation to the far field is due to wave scattering phenomena. 

Although the infinite plate system is idealized, the paper 
does consider two new themes: active control of sound radi- 

ation from fluid-loaded coupled structures as well as control 
of radiation due to line discontinuities. The results thus add 

new understanding to this important problem. 

I. ANALYSIS 

The infinite plate is considered to be loaded with an 
acoustic fluid on one side and in vacuo on the other. There 
are two forms of discontinuities to be studied. The first dis- 

continuity is of a line constraint at which plate displacement 
is constrained to zero. When the subsonic incident flexural 

wave impinges on the constraint it interacts with the con- 
straint causing the discontinuity to exert a reaction line force 
on the plate. This line force generates additional plate waves 
and associated radiation, which represents the scattered 
fields. The second discontinuity consists of a reinforcing rib 
attached to the plate. In this case the rib is assumed to act as a 
lumped mass that has both translational and rotational iner- 
tia and thus can be approximated as exerting both a reaction 
moment as well as a force on the plate. In this case these 
reaction inputs will be related to the inertial properties of the 
rib as driven by the incident field on the plate. Both of these 
cases are shown in Fig. 1. 

Thus, before considering control of sound radiation 
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FIG. 1. (a) Arrangement of line constraint discontinuity. (b) Arrange- 
ment of rib constraint discontinuity. 

from these discontinuities, it is appropriate to review radi- 
ation from plates driven by line forces and moments. 

A. Radiation due to a line force 

Consider the infinite plate as shown in Fig. 1 (a) which 
is excited by a harmonic line force at x - 0, 

F(x,t) -- Fo•5(x)e- ion,, ( 1 ) 

where co is the frequency of excitation, Fo is the complex 
magnitude, and •5(') is the Dirac delta function. 

With a k-plane Fourier transform and associated mani- 
pulations, the normalized plate out-of-plane velocity can be 
expressed as the sum of residue terms and two branch inte- 
grals. 4 These residues and branch cut integrals can be evalu- 
ated using the procedure developed by Nayak. 4 Thus the 
response of the plate is evaluated as 

(2) 

where kp = (co2m/D)1/4 is the in-vacuo flexural wavenum- 
ber, m is the mass per unit area, D = Eh 3 [ 12 ( 1 -- v 2) ] is the 
bending rigidity, E is the Young's modulus, vis the Poisson's 
ratio, and h the thickness of the plate, respectively. Other 
important terms are a = ko/kp, ko = co/Co the acoustic 
wave number in the fluid, kx = kx/kp the nondimensional 
wave number, X=kpx the nondimensional distance, 
•' -- poCo/cocm the fluid loading parameter, in which Po is the 
acoustic fluid density, and Co the sound speed in the fluid, 
and coc--c•(m/D) •/2 the coincidence frequency. The 

meanings of • and co c are well defined in Refs. 5-7. 
The integral of Eq. (2) can be solved using contour inte- 

gration as outlined by Nayak. 4 Before carrying this out it is 
necessary to find the system poles. The location of the system 
poles can be obtained by solving the system characteristic 
equation that has been extensively studied by Crighton7 and 
Junger and Feit. 9 The system characteristic equation is 

(k4 __ 1)(a2 __ •2 )1/2__ i•'/a -- 0. (3) x x 

If •z = ( 0:2 -- •x ) 1/2, the roots of the characteristic equation 
should be chosen such that Im(kz)>/0 or when 
Im(k• ) = 0, Re(k• ) >•0 in order to satisfy the Sommerfield 
radiation condition 4 (see Fig. 2). The meanings of poles in 
Fig. 2 were well explained by previous researchers. 4'7 

The associated acoustic field pressure in the top half- 
plane is given by 6 

p•(X,Z) 
•F(X,Z) = 

FokoPoCo/4com 

_ 2i f. oo exp[ i(LX + •/a 2 -- • • Z) ] d•,, rr -oo (k4x- 1)(o•2--k2x)1/2--i•'/tz 
(4) 

where Pr is the nondimensional pressure caused by a line 
force Fo. 

For the far-field pressure, Eq. (4) is evaluated using the 
stationary phase approach as 

pF(R,O) 2/• COS Oe i(køR •r/4) = , (5) 
1 + i/• (a 4 sin 4 0- 1 )cos 0 

where •r(R,O) = pr(R,O)/cr and cr -- poFo/2x/2v'Rkom. 
Throughout the paper, the plate out-of-plane velocity, the 
near-field pressure, and the far-field pressure are evaluated 
using Eqs. (2), (4), and ( 5 ), respectively. 

B. Radiation from a line moment 

If the plate is restrained by a rib instead of being sup- 
ported by a line constraint, there will be both a line force and 
a line moment generated by incident wave impinging on the 
rib. 

The radiation due to a line force has already been de- 
rived, and a similar approach will be taken for the line mo- 

k x-plane 

lm(kx) 
i' 

FIG. 2. Integration contour in k plane and locations of roots. 
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ment excitation. Using a k-Fourier transform approach the 
response of a plate due to a line moment is 

M(x,t) = Mo6'(x)e -i•', (6) 

where Mo is the complex magnitude and fi' ('), and the deriv- 
ative of the Delta function with respect to its argument, can 
be written as 6'(x) = (d/dx)[•(x) ]. 

The associated acoustic field has been derived by Liu 
and Rumerman 5 as 

p•4 ( x,z) = 
p•, ( x,z) 

Mok•,kopoCo/4wrn 
2i 

ep[tLx + X oo (•4• _ 1)(a 2_•),,2_ 
(7) 

where •4 is the nondimensional pressure caused by a line 
moment Mo. 

Similar to the derivation of Eq. (5), the far-field radiat- 
ed pressure due to a line moment is derived with stationary 
phase approach as 

P•4 (R,O) -- 2i/t sin0 cos 0e - = , (8) 
1 + i•t ( tZ 4 sin4 0 -- 1 ) cos 0 

where •(R,O)=p•(R,O)/c• 
2x/2rrR m. 

and cM =poMokp - 

C. Radiated pressure field from line constraint with 
control forces 

The configuration of the line constraint system is shown 
in Fig. 1 (a). When an incident flexural Wave impinges on the 
discontinuity, t•he line constraint effectively exerts a back 
reaction force Fo on the plate where the caret denotes the 
c•omplex amplitude of the force. The other two forces F• and 
F2 represent control forces applied to the plate. For a flexural 
wave input (the noise field) of 

wi(x,t) = •Zo eik•- i•" (9) 
where wi is the incident wave displacement and ki is the 
incident wave number, the flexural wave velocity will equal 

•o ^ ^ vi (x,t) = eisa- i•t where Vo = - iw Wo and the wave ro- 
tation displacement is 

•Vi(X,t) 
•x = ik, kp •o e•- i•t = ik, kp v i ( x,t ) . 

By supe•osition the total velocity response of the plate 
system to the back reaction force and the control forces can 
be written, at x = 0, as 

Fokp •(0)+ • V(kpln) e v(O,t) = + 4wm •= • •m 
(10) 

where n is the number of control forces and •(x) is given by 
Eq. (2). Applying the boundary condition of the line con- 
straint that out-of-plane displacement is zero at x = 0 gives 

A N A 

Fo= E Fnon-•-ot' (11) 
n=l 

A 

where ¾n = -- •(keln )/'fi(O), and v'= - 4wmVo/k•,•(O), 
and the time variation is omitted. 

Since the control forces are located near the line con- 

straint, the distance to the observation point from all forces 
is almost identical, thus only the phase shift is considered in 
the pressure radiated by the control forces while the nondi- 
mensional magnitudes of the pressure radiation due to the 
control forces are considered the same as that of the con- 

straint reaction force. The pressure field radiated from the 
control forces can thus be approximately expressed as 

fin (R,O)_•fiv(R,0)exp [ -- i sgn(/• )kol• sin 0 ] 
(12) 

for a control force n, positioned at x = l•, and •v(R,O) is 
given by Eq. (4). Note that the approximation holds when 
I I• I '• R and "sgn" is a sign function that either takes + 1 or 
-- 1 according to positive or negative values of l•. 

Using Eq. (11 ) as the solution for the back reaction 
force, the total plate radiated pressure can be expressed in 
terms of the incident wave amplitude (usually ass•umed 
known) and the unknown control force amplitudes, F•, as 

N 
A 

_rad 

Ptota• (R,O) = O• + • a•F•, (13) 
n=l 

where 

an = (po/2x/2•rRkom )•v ( R,O) 

X{exp[ -- isgn(ln)kol n sin 0 ] + On} (14) 
and 

b I = (po/2x/2rrRkorn)•r(R,O)v', 
or be written in vector form as 

prad ar• b, total (R,O): 

where at= [a•,a2,'",a• ] and O - Ol. 

(15) 

(16) 

D. Radiated pressure from rib constraint with control 
forces 

For the rib-plate system the derivation is very similar, 
but the form of the boundary condition is different. In this 
case it is assumed that the rib stays attached to the plate, thus 
the rib out-of-plate displacement and rotation (taken as a 
lumped parameter system) must equal the plate at the point 
of contact, x----0. Thus when an incident flexural wave 
strikes the rib, it exerts both an inertial back reaction force 
and moment as depicted in Fig. 1 (b). Note that the actual 
total displacements and rotations are not constrained to 
some fixed values as in the line constraint case. The applica- 
tion of control forces will lead to markedly different behav- 
ior. 

Besides Eq. (2), the translational and rotational plate 
velocities due to a line force or moment can all be obtained by 
following Nayak's approach. 4 These admittances were given 
by Liu and Rumerman 5 as follows: 
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Or(X) = 
3v (X) 

Fo k • /4win 

2i ik x 

( a 2 -- • • ) l/2ei•x 
X _ dk,,, (17) 

(k 4 -- x x 

•vt(X) = v(X) = -- •v(X), (18) 
Mok v 2/4wm 

3v (X) 
OM(X) = 

3/4wm 

2if_' E2 x 

( a2 _ • 2 ) 1/2eik•( _ 
x _ • dkx. (19) 

(k 4 _ 1)(a2 __ E2 )1/2__ X 

Equations (2), (17), (18), and (19) indicate the transla- 
tional velocity due to line force, the rotational velocity due to 
a line force, the translational velocity due to a line moment, 
and the rotational velocity due to a line moment, respective- 
ly, where the line force or moment is located at X = 0. The 
procedure to evaluate these admittances will follow the same 
Cauch residue approach used in evaluating Eq. (2). For bre- 
vity these numerical calculation procedures are omitted here 
since they are very similar to the approach introduced in Sec. 
IA. 

Following the procedure of the previous section, the to- 
tal velocity responses of the plate-rib system with an inci- 
dent wave and control forces can be written as 

A A 

2 •r(O) + • •4(0) o(O,t) = + 4corn 4wm 
A 

+ •r( ) e (20) 
=1 4wm 

and 
t 

A A 2 Mok3 b(o,t) = OVo Fok • •(0) + • •(0) 8x + 4w m 4w m 

) + • sgn(ln) P (Iklnl> e (2a> n= I 4wrn 

With the approach used by Junger and Feit 9 and Cremer and 
Heckl 1ø of dealing with the scattering of flexural wave by a 
plate discontinuity and some manipulations, the back reac- 
tion force and moment 

A N A • 
Fo : E Fn lJn -•- lJn (22) 

n=l 

where 

iMrkt,•F(O ) )•F(kpln) v; = '4rn -- iMrk•, •F (0) •F (0) (23) 

t 

4m-- iMrk•,•F(O) k•,•F(O) ' 

and 

in which Mr and Mr are the mass and rotational inertia of the 
rib per unit length, respectively, and 

A N A 

Mo = + u' (25) 

where 

and 

iJrkp , sgn(l, ) Un -- 3 gM (0) 4m -- iJrkp kpOM(O) 

• A 

Ut= ' 3gM(0) k3•M(0) c3X 4m -- iJrk p p 

(26) 

(27) 

The total radiated pressure field due to the rib back reaction 
force and control inputs can be expressed in terms of control 
forces as 

N 

_rad E Ptotal (R,O) = b• + a,F•, 
n= 1 

where 

an = (po/2•/2•rRko m) •r ( R,O) 

and 

(28) 

X exp [ -- i sgn (l n ) kol n sin 0 ] + •r (R,O) v; 

ß -Jr- kpFM(R,O)lln), (29) 

b 1 ---- (po/2J2rrRkom) [Fr (R,O) v"+ lh,F• (R,O) u']. 
(30) 

Since the form of Eq. (28) is the same as Eq. (13), it can also 
be rewritten in vector form analogous to Eq. (16). 

E. Optimal solution for feed-forward control 

The optimization technique for feed-forward control re- 
lies on forming a quadratic function in the control force am- 
plitudes and finding the minimum of that function; the opti- 
mal solution. Usually this is achieved by squaring an 
appropriate response variable of the system. 1'3 

Thus, in order to derive the optimal amplitude of the 
control forces so as to reduce the radiated noise, we need to 
define a suitable cost function. A suitable cost function in 
this case is the total radiated power from the plate to the half- 
space far field. Thus the cost function is given by 

A •s _rad 2 /3(F• ) = /•total I ds, (31) 

where s is the semicylindrical half-space surface in the far 
field at some arbitrary distance R. 

Substituting the expressions for total radiated pressure 
for the line constraint or the rib constraint, Eq. (16) or (28) 
into Eq. (31 ), respectively, the cost function becomes 

•(F• ) = FrAF * + FrB + BnF * + C, (32) 

where A = œs [ aan ] ds, B = œs [ ban ] ds, and C 
= $s[bb"lds. 

Note that in expressions A, B, and C, a and b have differ- 
ent definitions when line constraint or rib constraint is con- 

sidered and in the above equations ,,n,, denotes the trans- 
pose conjugate operator. The cost function is a real scalar 
function of the complex control vector F. Here, A is a Hermi- 
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tian matrix, i.e., A r= A *. When two control forces are 
used, and are symmetrically located, A becomes a real sym- 
metric matrix. 

In order to derive the optimal control forces, the cost 
function is differentiated with respect to the control forces 
and set to zero, as outlined in Refs. 1 and 2. The optimal 
solution of Eq. (32) becomes 

Fop t : --A *-lB*, (33) 
where the optimal control force vector is given by, for N 
forces, 

Fo• t -- [F• F2'" F•v]. (34) 

II. RESULTS AND DISCUSSION 

For the system studied, the plate is assumed infinite, 
thin, elastic, and immersed in a fluid on one side. The media 
chosen were steel and water with material properties dimen- 
sions given in Table I. The incident flexur,,al wave was as- 
sumed to have a displacement amplitude Wo -- 1 + 0i mm. 
Two subsonic frequencies, 1170.8 and 11708 rad/s, were 
considered as example calculations. These frequencies were 
equivalent to values ofto/tOc equal to 0.02 and 0.2, where the 
critical frequency for this system is toc = 58538 rad/s. 6'9 In 
all the directivity patterns it was assumed that the observa- 
tion point was at R -- 10 m centered on the line constraint. 

For the rib constraint, the rib was assumed to be made of 
steel with dimensions and properties also given in Table I. 
For the results presented here, either one or two control 
forces were considered as control inputs. When one control 
force is used, the matrices in the optimal analysis degenerate 
to scalars, however the approach remains the same. 

The first step in the calculation of radiated pressure with 
and without control is to evaluate the A and B matrices in the 

cost functions. The approach used here follows closely that 
of Feit and Liu, 6 in which the residue contributions are eval- 
uated explicitly (this also involves solving the system char- 
acteristic equation of which the poles are discussed by 
Crighton7 and Junger and Feit 9 in detail) and the branch cut 
contributions were evaluated numerically using a Gauss- 
Kronrod integral approach. This procedure can be quite dif- 
ficult and the authors refer the reader to the excellent work 

by Feit and Liu 6 that discusses the major pitfalls. The work 
of Feit and Liu 6 also studies the response of an identical 
system as considered here to a line force and details the radi- 
ation patterns of the far field and near field under the same 
frequencies. These will be seen to correspond to the noise or 
primary field considered here. 

The results are plotted in terms of the far-field radiation 
directivity pattern centered on the discontinuity. For con- 
venience in the radiation plots, negative values of radiation 
angle 0 correspond to negative axial coordinate positions in 
X. 

A. Line constraint, to/too =0.02 

Figure 3 presents the sound pressure directivity patterns 
in the far field for co/COc = 0.02. It is apparent that in Fig. 3 
the noise field is monopole-like, being fairly uniform with 
radiation angle. This is to be expected since the line con- 
straint acts as a single back-reaction force. 

When one control force is applied at l• = 0.36 m on the 
right side of the constraint, the radiated pressure is markedly 
reduced 1,y around 15 to 25 dB. The residual sound field has 
the shape of a dipole radiation source, due to the control 
force combining with the back reaction force to create a mo- 
ment-like input to the plate (as they are not colocated). Note 
that applying the control force at x = 0 will lead to no reduc- 
tion, since due to the boundary condition, the input imped- 
ance is infinite at this point. Studies have also shown that 
either increasing or decreasing the control location will lead 
to a deterioration in amount of reduction. There is an opti- 
mal location for the control force location and this will be 

further studied in a companion paper. 
When two control forces at l• = 0.16 m and l 2 = -- 0.16 

m are applied, there is a further increase in the amount of 
sound reduction. The residual radiation field is now sym- 
metric and has the radiation pattern associated with a high 
order source. 

It is interesting to note that there are two alternate ways 
to view the control action. On one hand from the "superposi- 
tion" point of view the control action is effectively reducing 
the back reaction force from the discontinuity thus reducing 
the monopole radiation term. Another point of view is to 
consider that the reaction force in concert with the control 

force creates a radiation source that is higher order with an 
associated lower radiation efficiency with little significant 
change in spatially averaged plate response amplitudes. 

B. Line constraint, to / toc = 0.2 

For the next two cases the input frequency was in- 
creased. Figure 4 shows that at this higher frequency the 
radiation field is still monopole-like but has significantly in- 
creased in amplitude due to plate mobility increasing with 
frequency. 

When one control force is employed, located at x- 
= 0.12 m, there is sound reduction but not nearly to the 

TABLE I. Material properties. 

Phase Density 
System speed (m/s) (kg/m 3) 

Thickness Incident wave 

(m) magnitude (mm) 

Steel plate 2916 (shear) 
Water 1500 

Rib 

7700 0.0254 1 + 0i 
1026 

Density (kg/m 3 ) Height (m) Width (m) 
7700 0.127 0.05 
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FIG. 3. Directivity pattern of radiation, the line constraint case: 
wlwc = 0.02. 
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FIG. 5. Directivity pattern of radiation, the rib constraint case: 
wlwc = 0.02. 

degree of the lower frequency as shown in Fig. 3. In this case, 
the control force location was again varied to find an optimal 
location. Note that its axial position is less than the lower 
frequency most likely due to the shorter wavelengths for this 
case. These effects will be discussed in more detail in the 

companion paper which focuses on plate responses. • 
When the number of control forces is increased to two 

(l• = 0.02 m, 12 = -- 0.02 m) improved control is achieved, 
with reductions of 25 to 35 dB being observed. It is apparent 
that as the frequency of excitation is increased the impor- 
tance of using an additional second control force also in- 
creases. 

C. Rib constraint, to/t% =0.02 

The sound radiation from a rib constraint is more com- 

plicated since the noise source consists of a line force as well 
as a line moment. The combination of such sources will in- 

crease the difficulty of control, as we will see in the following 
results. 

Figure 5 gives the radiation directivity patterns for an 
excitation frequency of W/Wc = 0.02. In this case control is 
applied by a single force located at l = 0.0054 m. It is appar- 
ent from Fig. 5 that the noise field is still monopole-like for 
the rib system. Although the rib exerts both a back reaction 

moment as well as a force, the latter is a far more efficient 
source and thus its contribution dominates the radiation 
field. 

When control is applied the sound field is markedly re- 
duced by 60 to 80 dB. Note that the directivity pattern is 
again dipole-like since the main action of the control force is 
to cancel out the rib inertia force Fo leaving the dipole like 
radiation from the dipole term. It is also interesting to note 
that when the control force is located at x = 0 the amount of 

reduction is not as great. Thus offsetting the force allows 
control of the back reaction force as well as creating a control 
moment input, thus simultaneously controlling both source 
terms. 

When two control forces are symmetrically applied at 
l• = 0.0013 m and 12 = -- 0.0013 m, a further sound reduc- 
tion can be seen in Fig. 5. The results also reveal that the 
closer the two control forces are, the larger the reduction can 
be achieved. This is reasonable since the two control forces 
are able to cancel the sound radiation from a line force as 
well as from a line moment. A very short distance between 
the two control forces will better simulate a control line mo- 
ment which will lead to improved suppression of the mo- 
ment radiation due to the rib rotational inertia. In practice it 
will be difficult to implement two extremely closely spaced 
forces and a design compromise will be necessary. 

Without control , One force control ....... , Two force control 

0= 0 ø 
'". o .............. : .............. . o ..*" 

.90 ø 90 ø 
150 100 50 0 50 100 150 

Sound Pressure Level (dB) 

FIG. 4. Directivity pattern of radiation, the line constraint case: 
wlwc = 0.2. 

D. Rib constraint, to/t% =0.2 

For an increased input frequency, a similar result as the 
previous case is found with one control force located at 
l• = 0.0092 m as shown in Fig. 6. However in this case the 
amount of reduction achieved is reduced to around 30 to 50 
dB. This result tends to indicate that the radiation term from 
the moment reaction becomes more important as the rate of 
rotational acceleration of the rib increases with w 2, and plate 
wavelengths become shorter. 

With two control forces symmetrically located at 
l• = 0.0001 m and l 2 = -- 0.0001 m, increased noise reduc- 
tion is achieved. However Fig. 6 illustrates some interesting 
aspects. Although two control forces were used it was not 
possible to totally attenuate the radiated sound. This result is 
most likely due to the fact that the rib theoretically exerts its 
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FIG. 6. Directivity pattern of radiation, the rib constraint case: wlw c = 0.2. 

reaction moment at a line while the control moment input is 
distributed over x. Thus the control input cannot completely 
"cancel" the rib moment unless the two control forces can be 

implemented on a single line, i.e., as a pure line moment. 

III. CONCLUDING DISCUSSION 

Active control of sound radiation from a fluid-loaded 

plate with subsonic waves incident upon either a line con- 
straint or an uniform rib has been analytically studied. The 
control approach is based upon quadratic optimization of 
the total acoustic power radiated into the fluid half space. 

The results demonstrate that for both discontinuity 
cases, significant reductions in the radiated sound pressures 
can be achieved with two control forces located near the 

discontinuity. The efficiency of sound reduction was demon- 
strated to be strongly dependent upon frequency and the 
location of the control forces. In general, as the frequency is 
increased the role of the second control force increases in 

importance. 
The amount of reduction obtainable was also shown to 

be influenced by the nature of the discontinuity. In general, 
better control was achieved for fixed boundary conditions 

such as the line constraint than for free boundary conditions 
such as the rib. 

This study adds new understanding to research in scat- 
tering from fluid-loaded discontinuities. The results indicate 
that sound radiation from subsonic waves impinging upon 
discontinuities can be suppressed by active structural inputs 
near the discontinuity. The approach is also extendable to 
other plate boundary conditions and finite plates. The plate 
vibrational response and intensity distributions will be ex- 
tensively studied in accompanying papers. 
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