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Abstract

In this study, vibrations and resulting acoustic radiations from an elastic beam impacted by a

steel hall were studied theoretically and experimentally. First the transverse vibrations of free-

free elastic beams are analysed with modal analysis technique. The impact forces are modeled
with the Hertz’s theory and the contanct duration is compared with the measured values. Also the

calculated beam vibrations are verified with the

experiemental results. Then the acoustic radia-

tions due to the beam vibration are studied numberically and experimentally. The acoustic

pressure is calculated assuming the beam has an elliptical cross-section. The predicted acoustic
pressure is compared with the measured value. It was found that both the predicted beam
vibrations using the Hertz's theory and the estimated acoustic pressure under the assumption of

an elliptical cross-section are in very good agreements with the measured values.
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Spheres Diameter (mm) mlol22E8] AlsE A ZE7) (preamplifier B&
Sphere A 15.8 K2619) & AAHA dAE 24dzra323 3Ae9
Sphere B 9.7 on] HP3562% &ste] steasEzalg 24354
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Table 2 Natural frequency of the beams (unit . Hz)
1 2 3 4 5 6 7 8 9 10 11
Beam A Theory 390 | 1074 | 2105 | 3480 | 5199 | 7262 | 9668 | 12419 | 15513 | 18951 | 22732
Exp. 391 | 1088 | 2125 | 3500 | 5219 | 7281 | 9578
Beam B Theory 204 563 | 1102 | 1823 | 2723 | 3804 | 5064 | 6505 | 8125 | 9926 | 11907
Exp. 203 562 | 1094 | 1812 | 2672 | 3766 | 4969 | 6437 | 7937 | 9687 | 11594
Beam C Theory 533 | 1471 | 2883 | 4767 | 7121 | 9946 | 13241 | 17008 | 21245
Exp. 531 | 1500 | 2875 | 4750 | 7062 | 9750 | 12812
Beam D | Theory 888 | 2447 | 4797 | 7930 | 11847 | 16546 | 22029 | 28295
Exp. 891 | 2422 | 4719 | 7766 | 11437

E=2.1x10"Pa p=7770kg/m*
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Fig. 9 Fourier transform of the acceleration signal

Table 3 First peak value of the acceleration

Beam Sphere Impact Velocity First peak value(m/s/s)
(mm) (m/s) Theory Experiment | Error(%)
Beam A Sphere A 0.5 17710 16202 8.5
Beam A Sphere A 0.8 32797 30120 8.2
Beam A Sphere A 1.0 44363 40094 9.6
Beam A Sphere A 1.2 46510 48634 13.9
Beam A Sphere A 1.5 75817 64200 15.3
Beam A Shpere B 1.0 32009 22164 30.7
Beam A Sphere C 1.0 48049 45126 6.1
Beam B Sphere A 1.0 106720 63200 40.8
Beam C Sphere A 1.0 32151 28500 11.4
Beam D Sphere A 1.0 42445 33050 22.1
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Table 4 Maximum acoustic pressure (dB re. 20.Pa)

Beam Sphere Impact Velocity Maximum pressure (dB)
(mm) (m/s) Theory Experiment | Error(dB)
6=90°, $=90°, R=2.0m
Beam A Sphere A 0.5 92.2 93.4 1.2
Beam A Sphere A 0.8 97.4 98.9 1.5
Beam A Sphere A 1.0 99.9 101.6 1.7
Beam A Sphere A 1.2 101.9 103.5 1.6
Beam A Sphere A 1.5 104.5 105.3 0.8
Beam A Sphere B 1.0 96.5 94.8 -1.7
Beam A Sphere C 1.0 100.3 101.5 1.2
Beam B Sphere A 1.0 104.8 103.1 -1.7
Beam C Sphere A 1.0 97.5 98.6 1.1
Beam D Sphere A 1.0 99.5 100.1 0.6
0=90", ¢=45, R=2.0m
Beam A Sphere A 0.8 93.5 94.6 1.1
Beam A Sphere A 1.0 96.0 95.0 -1.0
Beam A Sphere A 1.2 98.1 96.0 -1.9
Beam A Sphere A 1.5 100.5 99.3 —1.2
6=45", ¢=90°, R=1.65m
Beam A Sphere A 0.8 98.2 99.8 1.6
Beam A Sphere A 1.0 100.2 99.7 —0.5
Beam A Sphere A 1.2 101.9 101.1 —0.8
Beam A Sphere A 1.5 104.0 101.8 —2.2
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