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An analytical formulation and numerical analysis are presented for the vibration and following noise radiation
of a simply supported beam. The analytical solution was found in a form that is appropriate to describe the
control of the beam vibration using active structures. The modeling approach can be used for forming of
feedback control of the system of vibration loads by means of distribution of the actuators along the beam

length.

Introduction

Extensive literature is devoted to investigations of
optimum control of the oscillations of elastic beams
and plates [1; 2]. Active damping for the flexible
distributed systems was introduced more then 40
years ago [3; 4]. These researches are included now
into the general theory of optimum control. In recent
years a number of researches have been carried out
for active structural control with usage of sensors
and actuators as elements of these control systems.
In given article a one-dimensional problem of the
oscillations of a beam for criteria based on the
minimal  acoustic radiation is  considered.
The solution of this problem provides an ideal
control system with maximum active damping of the
beam vibration and minimum of correspondent
sound emission.

Theoretical grounds of the problem

A simply supported beam has been exemplified to
demonstrate a new method of multi-criteria
optimization. We consider the sound radiation of a beam
of finite length L which is simply supported at its ends,
so we may consider the displacement and acceleration
of the oscillation at these points like absent:

4(0) = 82u(0)

=0;

: (1)
0 u(L)

u(L) = =0.

The solutlon of the problem is defined by solving of
Helmholtz equation and equation of transverse
motion of the beam (for harmonic waves):
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where F' is a load per unit of beam length;
— M
F = Fpexp(i@p)d(x —xz) + D F; exp(ig  )3(x — x;) ;
jAl
@; is a phase of j-th mode; M — is the sum of force’s

moments:
K

M =3 M, exp(iy,)8'(x—x;);
P

vy, is a phase of k-th force’s moment; &'(x) is a

derivative of Dirac function; ® is an angular
frequency; £ is a Young’s modulus; / is a moment of
inertia of cross section S of the beam.

For second equation in (2) the finite Fourier
transformation may be used:

u(n)= fu(u) sin(@jdx ;

I F(x) sm[ jdx

A general solution of the equation for with boundary
conditions (1) can be obtained #(x) in form of the
following expansion:
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where modal frequencies of the beam oscillations
are defined as:

IE (nn)z
0,=[—|—|.
pS\ L

For calculation of the acoustic field around the beam
a model of plane piston, which is set in an infinite
rigid baffle may be proposed.

For the vibrating plane piston following conditions
on the beam

P _ pou(x)
oz

and on the baffle
ap
=0)—=0
(z=0) %

must be fulfilled. In this case exact solution for
acoustic pressure can be presented in a form [5]

2 Lb .
0 exp(ikr
P,y 0)=— P [ [P, o dvodyy,  (4)
21 55 r
where

r=—x) + (=)

Equation (4) gives an exact solution of the task
under consideration in terms of the prescribed
displacement distribution of the beam. Acoustical
power of the beam in this case is specified by

Lb
W = Re [ v, 0w" () (5)
00

where
w(x) =—iou(x) .
Sound power level can be written

w
L, =10lg—,
W gWo
where
W, =10 Wt.

Equation (4) may be used as a functional to
minimize of an acoustical power of the beam.

Influence of the load location

The load value and its position on a beam are the
main parameters, influencing on noise radiation by a
beam without actuators, which may used for
decreasing of this noise.

For a simply supported steel beam with length 0,61
m, width 0,051 m, and thickness 0,00635 m, the
noise spectra in dependence with load (equal to Fr =
1 in every case) location are shown in fig. 1. One
may see that not only the level of noise, but
significance of the particular frequency modes may
change with load location. For example, for the load
position in center of the beam, X = 0,5, first, third
and fifth modes are significant only.
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Fig. 1. Noise spectra of the beam radiation in
dependence with load location:
1 *XF= 0,5, 2 *XF: 0,75, 3 *sz 0,95, 4 *XF: 0,995

For the load position in Xz = 0,75, besides them a
second mode is quite dominant, and so on.

Spectra of displacement of the bean in oscillation
(fig. 2) show that the first mode is a dominant
always, for it the calculated values are following:
0,000204, 0,000102, 0,000005 and less then
0,000001 m for the locations Xz = 0,5, Xr = 0,75,
Xr=0,95, and Xr = 0,995 accordingly.
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Fig. 2. Displacement spectra of the beam oscillation
in dependence with load location:
1 —Xp=0,5;2—Xp=0,75; 3 — Xp=0,95; 4 — Xp-= 0,995

For most of the cases the results show that first four
modes of the beam oscillations are enough to be
considered for the noise radiation investigation. For
example, the set of sound pressure levels the first
seven modes for beam with load in the center is
shown (Total SPL = 124,28 dB) in table

First seven modes of the beam oscillation

Mode Angular | Displace-| Sound SPL,
frequen-| frequency ment, pres-sure,| dB

cy, Hz | of the mode| mx 10* Pax10™
40,15 2522 2,04 0,58897 | 1239
160,61 | 1009,1 0,01 0,05445 | 98,58
361,37 | 2270,5 0,03 0,36950 | 111,9
642,43 | 4036,5 <0,01 0,09447 | 95.80
1003,8 | 6307,0 <0,01 0,31765 | 106,3
1445,5 | 9082,1 <0,01 0,12084 | 93,7
1967,4 | 12361,8 <0,01 0,25249 | 102,5
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Influence of number of loads and their location

Load on the beam may be presented in distributed
form along the beam.
Influence of the load distribution was investigated
using the same model (3)—(5) in comparison with the
case of the single load located in a center of the
beam.
The sum of distributed loads always was equal to 1,
so to the value of point-located load. In the case of
the distributed loads the displacement of the beam
oscillation becomes less and noise radiation — less
efficient too (fig. 3).
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Fig. 3. Number of loads influence on displacement
(a) and noise (b) spectra of oscillated beam:
1-1 load; 2-2 loads; 3—4 loads; 4-9 loads

In these cases the distances between the loads were
equalized, for example for 9 loads AXz=0,1111, for
4 loads AXr=0,2.

Efficiency of the noise radiation may rise if to
minimize the total distance of the range of
distributed loads’ location. For example in fig. 4 the
cases for 4 distributed loads are analyzed. They are
located in ranges Xj...X; in following way:
0,2...0,8; 04...0,6; 0,47...0,53; 0,485...0,515;
0,496...0,504 (it means that in first case AXF=0,2 m
and in last case AXr = 0,02). Last a spectrum for
AXr = 0,02 in range 0,496...0,504 is very similar in
form to the spectrum with single load (fig. 1 or
fig. 3, b, but less noisy).

1 125 250 ] 500 f,Hz

Fig. 4. Influence of the distance range of loads
location for 4 distributed loads:
1 - 02.08;, 2 - 04...0,6;
4-0,485...0,515; 5-0,496...0,504

3 — 047...0,53;

This effect o a number of loads on noise efficiency
is shown in fig. 5 — forms of the spectra are the
same, but if the number of the loads is more, the
SPL of their noise is less.

All the distributed loads located inside the length
range 0,496 — 0,504 m.
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Fig. 5. Number of loads influence on displacement
(a) and spectra of noise () radiated by a beam:
1-1 load; 2-9 loads; 3—4 — loads



ISSN 1813—-1166. Bichux HAY. 2005. Ne3 163

Influence of number of actuators But if an actuator will be distributed its efficiency
and their location for 1 load becomes less in dependence of the number of

The model (3)~(5) was used for analysis of the actuator forces (fig. 6). Efficiency becomes less if
actuator influence on radiated noise by a beam. In all ~ the location of the actuator or its phase are shifted
cases the single load equal to 1 in a center of the from the optimum values.

beam was investigated. A simple analysis of the Conclusion

expression for displacement (3) show that if an  New model for oscillation and noise radiation of a
actuator to locate in same p.lace as a l(-)ad,. but with simply supported beam was defined. Results of its
delayed phase on a m, the noise and oscillation of the  analysis show that it is appropriate for optimization

beam must be absen?, please see in fig. 6 a green — of the actuator location depending of character of the
spectra. All the distributed actuators located inside  1oad and actuator

the length range 0,496 — 0,504 m.

L, dBe

Literature

1. Komkov V. Optimal control theory for the
damping of vibrations of simple elastic systems,
Springer — Verlag, Berlin, 1972. — 158 p.

2. Preumont A. Vibration control of active
structures. — Dordrecht: Kluwer Academic Publishers. —
2003. - 350 p.

3. Olson H.F. Electronic control of noise, vibration,
and reverberation // Journal of the Acoustical
e Society of America. — 1956. —28. — P. 966-972.
an N S S 1 4. Rockwell T.H., Lawther J.M. Theoretical and
1 125 250 375 500 f, Hz experimental results on active vibration dampers //

. . . Journal of the Acoustical Society of America. —
Fig. 6. Number of influence on SPL spectra of noise 1964. — 36. — P. 1507-1515

radiated by a beam with 1 load:

a0

a0

1 — without actuators (total SPL = 124 dB); 2-1 actuator 3. Moder n  methods in .analytlcal acoustics,
(total SPL = 0.0 dB); 3-2 actuators (total SPL = 25,6 dB); Springer—Verlag / D.G. Crighton et al. London;
4-9 actuators (total SPL = 48,3 dB) Berlin, 1994. — 738 p.

Cratts Hagidnuia 1o penakigi 01.11.05.

O.1 3anopoxenp, B.I. Tokapes, Bepuep Xydenbax (Himeuunna), llredpen MapOypr (Himewuuna), Onad Tere
(Himeuunna), Hinbc Momuiep (Himeuuuna), Maprin /lannemans (HimeuunHa)

MozenroBaHHs BUIIPOMiHIOBaHHS ITyMy OaJIKOFO

HaBeneHo aHamiTHYHUI pPO3B 30K Ta MOrO YUCIOBHMH aHai3 Ui BU3HAYCHHS BiOpamii Ta BHUIPOMIHIOBaHHS
CTBOPIOBAHOT'O HEIO ITYMY IPOCTOK 3aKPIMIeHO0 3 000X OOKiB 0anmkor. Po3B’s30k BU3HAYCHO y (HOpMi, CIIPUATIUBIH
UI OOTPYHTYBaHHS YIIPaBIiHHS BiOparfi€ero Oanky 3 BHKOPHCTaHHAM aKTUBHUX METOMIB raciHHsA. OTpuMmaHuit
pO3B’SI30K MOXe OyTH 3aCTOCOBAHMH Ui OOTPYHTYBaHHS YIPABIIHHSA CHCTEMOIO HAaBAaHTAXXCHHA Ha Oanky, ska
CTBOPIOE BiOpaIlito, pO3MOAUICHIMH B3JJOBXK OAJKH aKTyaTOpaMH y BHTIISAL CHIJI i MOMEHTIB.

AWM. 3amopoxeu, B.M. Tokapes, Bepuep Xydentbax (I'epmanums), lllreden MapOypr (I'epmanms), Onad Tere
(I'epmanwust), Hunee Moanep (I'epmanus), Maptun Jlanaemann (I'epmanms)

MonennpoBaHue U3ITy4IeHHUS IIyMa OaaKon

HpI/IBe,Z[eHO AHAJIUTUYECKOEC PCHICHUEC U €ro YHMCJIEHHBIA aHajInu3 JJIL OIIpEACIICHUA Bn6pau1/m n HU3JIIYYCHU
CO3/1aBaeMOr0 €l IIyMa MPOCTOW 3aKPEIUICHHOW ¢ 00eux CcTopoH Oajikoi. Pemenwe ompeneneHo B (opme,
OJIArOTNPUATHOM i1 0OOCHOBaHUS YIIPABJICHUS BHOpAIlUeil OAJKU C HMCIOJb30BAaHHEM aKTHBHBIX METOJIOB TallCHUS.
[MomyueHHOE pelIeHue MOXKET OBITh NPUMEHEH sl OOOCHOBAaHHWS YIPABICHHUS CHCTEMOW HArpy3Kd Ha Oalky,
CO3JIaloNIel BUOPAIIHIO, pacipeIeICHHBIMH BIOIb OAJTKH aKTyaTOPaMHU B BHIIC CHJI I MOMCHTOB.



