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Abstract : Accelerometers are widely used to measure the lateral vibrations of pipe-like structures such as a gun tube under
impulse loads. Stress waves that precede the lateral vibrations due to the explosion within a gun contribute little to the
vibrations, but saturate the accelerometer input. A mechanical filter eliminates this high-frequency stress wave and only
transmits the signal corresponding to the lateral vibrations. The mechanical filter consists of a mechanical structure for
mounting the accelerometers and a damping material. The low-pass filter characteristics are determined from the equivalent
damping and stiffness property of this damping material. In this paper, we tested nine commercially available damping
materials for their vibration characteristics by using a test rig. We also observed the change in the vibration characteristics
while compressing the material. We designed and manufactured a mechanical filter and verified its filtering performance.
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Fig. 1 Dynamic model of a mechanical filter
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Fig. 2 Ideal frequency response of a mechanical filter
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Table 1 Tested damping materials

Materials Appr. Thickness [mm]
Silicon 6.5
Rubber 5.7
PVC 5.2
Urethane 6.3
Silicon foam 53
Felt 5.5
Noise-isolation sheet 5.7
Butyl sheet 5.1
Felt+rubber sheet 4.8
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Fig. 3 Test set-up to measure the vibration characteristics
of various damping materials
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Fig. 4 Frequency responses of least adequate materials:
silicon, rubber, and PVC
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Fig. 5 Frequency responses of mildly adequate materials:
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Fig. 6 Frequency responses of the most adequate materials:
urethane, silicon foam, and felt
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Fig. 7 Change in filter characteristics due to compression
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Fig. 9 The cross-sectional diagram of the mechanical
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Fig. 10 Experimental setup for testing the performance
of the mechanical filter
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Table 2 Change of resonance frequency and damping
ratio with respect to the compressed
thicknesses of felt using flat plate apparatus

g Eie%f— Thickness Resonance DamPing
layer [mm] Freq. ratio
4.65 169 0.0233
4 4.15 224 0.0219
3.65 300 0.0232
4.65 234 0.0305
5 4.15 287 0.0412
3.65 475 0.0538
4.65 359 0.0270
6 4.15 425 0.0458
3.65 581 0.0243
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Fig. 12 Frequency response result of each compressed
mechanical filter between two tests
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