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In this paper the parameters of vibration control system, including placement and size of actuators was
investigated. The results show that location, value, width of distribution, distribution type and phase difference
between the load and actuator have a great influence on noise produced by the beams. The investigation also
indicates differences in the laws of control for minimizing sound emission by simply supported and cantilever
beams. The influence of actuator parameters are presented on noise cancellation and discussed.

Hocnidoiceno napamempu cucmem KOHMPONO 8i0payii, 30Kpema, pO3MAuLy8aHHs ma pO3MIp aKMyamopis.
Ioxkazano, wo posmiwenns, GeIUdUna, WUPUHA PO3NOOLLY, Mun po3nooiny, pizHuys az Midc HAGAHMANCEHHM
i KOMnecyyoio Cuio Maome 3HAYHUL 8NIUE HA WYM, WO Cmeoploembcs barkamu. Posenanymo pesynomamu
0ocnioxceHb, AKi 6KA3VIOMb HA PI3HUYI 8 3aKOHAX KOHMPOTNIO, WO BUKOPUCIOBYVIOMbCA ONA 3MeHUleHHs
BUNPOMIHIOBANHS 36YKY BLILHO 0ONEPMOI0 MA KOHCOAbHUMU OANKAMU, Ma GNIUG NAPAMEMpPI6 aKmyamopis Ha

SMEHULEHHS WUYM) .
Introduction

Vibration control of flexible structures has been a
major research topic over the past few years [1; 2].
In recent years, a great number of research results
have been presented in active structural vibration
control using distributed actuators.

The acoustic field characteristics for some simplest
models and methods for their investigation have
been proposed [3].

In this study the parametric investigation of
acoustical characteristics of simply supported (SS)
and cantilever beams are done.

Mathematical formalization of noise emission by a
beam includes a model and methods of acoustic
characteristics evaluation, that was studied [4; 5].

Comparing sound power levels
for simply supported and cantilever beams

The main goal of this article is parametrical research
of acoustical characteristics of the noise, produced
by SS and cantilever beams with the purpose of
finding the best set of actuator parameters, that
effectively reduces created noise.

The method of noise assessment, created by a beam
[4; 5] was realized in computer program.

It was used for the parametrical investigation of
forces’ location, parameters of distribution and
phase influence on sound radiation characteristics.
Therefore acoustical emission is the function of
these parameters and frequency.

In order to find the best set of actuator parameters
the sound power levels (SPL) was summarized in
the frequency range under investigation.

After that total SPL was defined for every set, and
then the set with minimal total SPL was chosen.

For the computations the steel beam with the
following parameters is used:

— length is 0,61 m;

—width is 0,051 m;

— height is 0,00635 m;

— young modulus is 2,1-10"" Pa;

— density 7800 kg/m’;

— damping loss factor 0,011.

Next steps were used for calculations:

— frequency step is equal to 5 Hz;

— step for forces’ group location is equal to 0,05 of
relative beam length (the beam is considered to have
a unit length);

— phase step is equal to 7/6;

— step between forces in both load and actuator
groups is equal 0,1.

The analysis of the obtained results shows, that the
same load produce almost the same noise on these
two objects the laws of this load compensation is
different.

The case of objects compensation loaded with the
IN force at 0,75 of relative beam length is shown on
fig. 1.

The length origin for cantilever beam is its clamped
end.

This load is compensated by the point actuator of
value 0,8N with the variable location. The phase
difference between load and compensating force
is m. For SS beam the noise is reduced in any
actuator position.

But for cantilever beam the noise increases within
the intervals from 0,1 to 0,55 and from 0,9 to the
free end. SS beam also has some local minimum in
0,25. And the obvious minimum for both beams is
0,75 of relative beam length.
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Fig. 1. Total SPL for cantilever ("*7) and SS (---)
beam at variable actuator position

The influence of actuator distribution

As it was discussed in the previous article the usage
of different types of forces value distribution has
different effect on noise reduction. For the fig. 2 the
load of value 1 N was located at 0,75 of relative

beam length.
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Fig. 2. Total SPL for the point load compensation
by actuators distributed in different ways

Investigation was dedicated to the problem of
choosing the best type of actuator value distribution
for compensating point load. For all types of
distribution the phase difference between the
actuators and the load was 7.

The best SPL reduction is done by convex parabola,
triangular and linear loadings. 0,7 is quite close to
the minima 0,75, but this distance is not the same for
linear and reverse linear loading. That is we have the
most good and bad results for this ways of actuator
value distribution.

Now let us consider the situation when the load is
also distributed fig. 3.
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Fig. 3. Scheme for triangular load and actuator
beam loading

The curves depicted on the schemes of loadings
represent the shapes of oscillations corresponding to
different modes. Both load and actuator are of triangular
type distribution and the position of actuator group is
variable. The load group has the fixed position and
distributed between 0,55 and 0,95 of relative beam
length with central force applied to 0,75. Phase
difference between load and actuator equals m. The
results of investigation are depicted on the fig. 4.
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Fig. 4. Sound spectrum (@) and total SPL (b)
for varied location of triangular actuator group
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The X; coordinate on the figure represents the
location of the central force in the actuator group.
The digits in the upper-right corner of the total SPL
graph correspond to the total SPL produced by the
beam subjected to the distributed load of triangular
type without the actuator group. As it can be seen
the minimum corresponds to 0,75 of relative beam
length.

In this position of actuator group 4,88 dB refers
more to the calculation error than to the real SPL
radiated by the beam.

Calculations show that the shift of actuator position
on 0,05 of relative beam length leads to the change
of SPL on 109 dB. The values in distributed
loadings are chosen in such way that the sum of all
forces in the group equals to unit.

For the case shown on fig. 5 the load is also
distributed by the triangular law, its position is fixed.
The actuator value distribution is uniform. The
phase in the actuator group changes linearly from
120 to 240° (2/3mn — 4/3m). In this way the phase
difference between the central force in the actuator
and forces of load group equals m. The location of
actuator is variable.

The results of investigation are depicted on the
fig. 6.

The first mode minimum corresponds to the location
of actuator group at the half of the beam.

This situation is usual for the case when actuator is
of less value compared to the load value. But in the
considered case they are equal.

The minimum of the second node corresponds to
0,75, and the third mode has the minima at the beam
ends.

After summation of the received spectrum we get
the minimum corresponding to 0,65 of relative beam
length.

Thus we can see that force value distribution cannot
be efficiently substituted with the phase distribution.
In the case of uniform actuator value distribution,
shown on fig. 7, we also vary the position of
actuator group.

Investigations (fig. 8) shows that there are two
minima of the first mode corresponding to 0,25 and
0,75. Second mode minimum is 0,75 and third is
0,25. For the considered case noise level reduction is
22 dB. This is worth compared with the situation
depicted on fig. 3, 4. The fig. 9 represents the case of
beam loading with the fixed triangular load and
variable position convex parabolic actuator.

The phase difference between forces in excitation
group and forces in compensating group is equal
to m. There are no phase difference between forces
within one group.
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Fig. 5. Scheme for triangular load and linear phase
actuator beam loading
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Fig. 6. Sound spectrum (a) and total SPL (b)
for varied location of actuator group with linear
phase distribution
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Fig. 7. Scheme for triangular load and uniform
actuator beam loading
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Fig. 8. Sound spectrum (a) and total SPL (b) for varied location of uniform actuator group,

compensating triangular distributed loading
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Fig. 9. Scheme for triangular load and convex
parabola actuator beam loading

The step between forces in actuator group is fixed to
be 0,1 of relative beam length.

The loading results in the very similar spectrum fig.
10, a to the case with triangular actuator group, but
now minimum SPL corresponding to all modes of
simply supported beam oscillations (0,75) is not so
deep.

After summation of the received sound spectrum,
that is on fig. 10, » the minimum corresponding to
0,75 can be observed.

The total SPL reduction is 45 dB. This is better than
reduction at uniform loading and worth compared to
triangular one.

In the case depicted on fig. 11 we investigate
cantilever beam.

The load is distributed by concave parabolic law and
fixed in the position between 0,55 and 0,95 with the
central force located in 0,75 of relative beam length.
The beam origin is in the clamped end.
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Fig. 10. Sound spectrum (a) and total SPL (b)

for varied location of convex parabola actuator
group, compensating triangular load
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Actuator distribution is also convex parabolic. The
location of actuator group is variable. After some
calculations the SPL spectrum depicted on fig. 12
can be obtained. The only one minimum can be seen
for all modes of oscillations, it corresponds to 0,75.
The digits in the upper-right corner of the total SPL
graph correspond to the total SPL produced by the
cantilever beam excited by the distributed load of
concave parabolic type without the actuator group. It
enables us to estimate total SPL reduction.

03

Fig. 11. Scheme for concave parabolic load and
convex parabolic actuator cantilever beam loading
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Fig. 12. Sound spectrum (a) and total SPL () for
varied location of convex parabola actuator group,
compensating concave distributed loading

For this case it’s excellent. Fig. 13 shows the case of
cantilever beam compensation by the uniformly
distributed actuator.
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Fig. 13. Scheme for concave parabola load
and uniform actuator beam loading

We vary the actuator position. The results depicted
on the fig. 14 indicate minima corresponding to 0,75
for the first and second modes of cantilever
oscillations.
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Fig. 14. Sound spectrum (@) and total SPL (b) for
varied location of wuniform actuator group,
compensating concave load
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The third mode has the minimum in 0,7.

And 0,25 correspond to the minimum of the fourth
mode.

After summation we receive the minimum total SPL
105,27 dB corresponding to 0,73.

For the next investigated case, which is shown on
fig. 15, actuator value distribution is linear and
actuator location is variable.
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Fig. 15. Scheme for concave parabola load
distribution and linear actuator beam loading

The result (fig. 16) is very similar to the previous but
now all minima are shifted at 0,05:0,7 of relative
beam length is the minimum of first, second and
fourth modes, 0,6 is the minimum of the third one.
And as a result the total SPL shown on fig. 16, b
also shifts to position 0,68.

But the total SPL reduction is better than for the
uniform actuator distribution.

The next investigation is dedicated to the problem of
choosing actuator width corresponding to the best
cantilever beam compensation.

For that we place the load group between 0,4 and 0,8
with the central force located at 0,6 of relative beam
length (fig. 17).

The step between the forces in the load group is 0,1.
The centre of actuator distribution is also 0,6, but the
step between the actuators is variable.

For the loads and actuators the same type of forces
distribution is used.

As we can see from the results shown on figure 18
all modes behaves themselves very similar.

All of them have the minimum in 0,1.

In fact zero steps between the actuators on both plots
refer to the point loading.

Unfortunately the small change in actuator width on
0,08 of relative beam length (change in step between
forces is 0,02) leads to the sharp change in the total
SPL (107,97dB).

Also from the fig. 18, b we can see that it’s better to
use the force distribution with the width smaller than
the width of the load group.
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Fig. 16. Sound spectrum (a) and total SPL (b)
for varied location of linear actuator group
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Fig. 17. Scheme for concave parabola load
and actuator cantilever beam loading
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Fig. 18. Sound spectrum (a) and total SPL (b) for the actuator group with varied width

Conclusions

Five forces are quite enough to substitute forces
value distribution. The best compensation can be
observed in the case when the load and actuator are
distributed in the same way. Namely, both load and
actuator must have the same width and types of
distribution, but different in phase on n radians.

A small shift of actuator location from its optimal
position usually leads to the big changes in SPL.

The same concerns to the actuator width.

Linear and reverse linear forces distributions results
in the shifting of the optimal actuator location
relative to the minima in the cases of other types of
distribution (parabolic, triangular and uniform).
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