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ABSTRACT

Semi-rigid structures such as buildings and bridges produce low amplitude vibration responses when
various forces are applied to them. The best way to monitor low level signals is to deploy piezo type
accelerometers owing to the high sensitivity and frequency bandwidth. One of the problems with piezo

type sensors is the high hardware cost. In the real world, it is rare to implement piezo accelerometers

for applications where precision is not of the utmost importance. In the present work, a polymer sensor

is developed for vibration measurement in buildings and bridges. The sensors generate a high electric output
signal even if the actual response of the structure is on the order of background noise vibration levels.
The performance of the proposed sensor is experimentally verified for a target frequency of a 30 Hz
band signal generated from a semi-rigid concrete wall. The vibration level is in the range of 0.001 to

0.01 G. The evaluation utilizes the following parameters: vibration modes, relative response level, and

repeatability. The laboratory test shows that the design specifications meet the required target frequency
and signal output level rigorously. We conclude that the proposed polymer sensor aimed at the specific
frequency band has numerous advantages for the vibration monitoring of semi-rigid structures such as floating
floors in apartment housing units. It can also be a cost-effective solution for various field problems.
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Table 1 Characteristics of different sensors

Type Frequency rage [Hz] Amplitude [G] Output Temperature [°C] Complexity cost
Ceramic 100k~ 10 k 0.001 ~ 100 AC -50 ~ 150 High
Semiconductor 1k~1k 1.5~100 AC, DC -20~70 Middle
Polymer 1~100 0.001 ~ 10 AC -20 ~ 60 Low
INTERNAL

PIEZO-RESISTIVE MASS

SUEBSTRATE

Fig. 1 Illustration of a ceramic acceleration sensor
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Fig. 2 Illustration of semiconductor sensor
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Fig. 3 Illustration of polymer acceleration sensor
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Fig. 4 Simplified diagram of the specimen
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Fig. 5 Sensitivity of the acceleration sensor

Table 2 Mechanical property of PVDF

Property PVDF Unit
Young’s modulus 2x10°~4x10° [N/m?]
Mass density 1780 [kg/m’]
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Table 3 Response range of the PVDF sensor

Added mass | lst resonance frequency | Max. response
[e] [Hz] [um/m]
77.7 20.4
0.5 473 33.1
1.3 31.9 455
2.0 26.8 34.3
P
P
M=PL |
(7
o’
7
A L

Fig. 6 Diagram of cantilever
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Table 4 Strain response of cantilever beam while various
degree of angle is exposed

Angle Max. response
(dgree) [pm/m]

0 50.8

15 40.6

30 27.8

45 13.0

60 11.1

75 43.5

90 53.0
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Fig. 10 Measurement set-up of test environment

Table 5 Comparison of test and computation results

Add mass Test Computation Error
[g] [Hz] [Hz] [%]
1.3 30 31.9 6.3
2.0 24 26.8 11.7
8
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Fig. 11 Signal output response of the designed sensor type
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