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ABSTRACT: The work aims to develop strain sensors suitable for safety monitoring of ships and marine engineering structures
and propose calibration methods. In view of the characteristics of the marine environment, considering the sensor packaging
technology, a strain sensor with elastomer and resistance strain gauges as the main components was developed through struc-

tural design and finite element simulation calculation. A special calibration beam for sensor was designed and the calibration
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process and data processing method research were completed. The calibration experiment was carried out to obtain the calibra-

tion data of the sensor as well as the conversion coefficient and nonlinear error of the sensor. Environmental and reliability test

verification of sensors were carried out. The conversion coefficient of the sensor had a high consistency. The maximum value of

the coefficient was 0.342. The minimum was 0.335. The deviation was 2.05%. The maximum nonlinear error of the test sensor

was 1.3%. It has passed 9 environmental tests and 2.56 cycles of reliability assessment with a total of 1 980 hours. The calibra-

tion method presented is applicable. The sensor can withstand the long-term effects of temperature, humidity and salinity in ma-

rine environmental conditions and meet the monitoring needs of real ships.

KEY WORDS: marine engineering; structural safety; strain monitoring; elastomer; calibration technology; environment and re-
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Fig.1 Elastomer structure
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Fig.2 Finite element simulation calculation diagram of
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Fig.3 Simulation calculation results of elastomers: a) stress level; b) relative displacement
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Fig.7 Layout of calibration beam strain gauge
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Fig.8 Calibration process of strain sensors
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Fig.9 Calibration test system of sensors
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Tab.1 Calibration data group of sensors
215 Groupl Group2 Group3 Group4
%5 Sensorl/Hif Sensor2/Ji Sensor2/Hij Sensorl/J&F Sensor3/fij Sensord/J&i Sensor4/fij Sensor3/J&
21531 Group5 Group6 Group7 Group8
%5 SensorS/Hil Sensor6/Ji Sensor6/Hij SensorS/J& Sensor7/H Sensor8/Ji& Sensor8/Hi} Sensor7/J&
2 ERSBERRHANEEEREITELER
Tab.2 Conversion coefficients and non-linear error calculation results of sensors
s fiE Sl S2 S3 S4 S5 S6 S7 S8 S9 S10  RFUE REERKMHE %
B 0324 0321 0332 0327 0329 0.325 0339 0327 0317 0316
Sensorl 0.335 0.56
Jei 0.343 0340 0.352 0.347 0348 0.345 0.359 0347 0.336 0.335
Il 0.323 0.320 0.331 0.326 0.328 0.324 0.338 0.327 0.316 0.316
Sensor2 0.337 0.67
J& 0.348 0.345 0.357 0.352 0353 0.350 0.365 0352 0.341 0.340
B 0334 0331 0343 0338 0.339 0.336 0.350 0338 0327 0.326
Sensor3 0.342 0.71
Jei 0.347 0344 0356 0.351 0352 0.349 0363 0351 0.340 0.339
Il 0.324 0.321 0.332 0.328 0.329 0.326 0.340 0.328 0.317 0.317
Sensor4 0.335 0.59
J& 0.343 0340 0.352 0.347 0348 0.344 0.359 0347 0.336 0.335
B 0328 0326 0337 0.332 0.333  0.330 0.344 0332 0322 0321
Sensor5 0.340 1.3
Jei 0.348 0.345 0.357 0.351 0353 0.349 0364 0352 0.340 0.340
il 0.329 0.326 0.337 0.332 0334 0.330 0.344 0332 0322 0.321
Sensor6 0.341 1.2
J& 0.350 0.347 0.359 0.354 0355 0.351 0366 0354 0.343  0.342
B 0325 0322 0333 0.329 0.330 0.327 0341 0329 0318 0.318
Sensor7 0.337 0.96
Jei 0.346 0343 0355 0.349 0351 0.347 0362 0350 0.339 0.338
Il 0.324 0.322 0.333 0.328 0.329 0.326 0.340 0.328 0.317 0.317
Sensor8 0.340 1.04
J& 0.351 0.348 0.360 0.355 0.357 0.353 0.368 0355 0.344 0.343
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Tab.3 Duty parameters of environmental and reliability test
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Ui 30g2f1E5% 11 ms/A&: 5 H 31K
ARG +5°~+45°
N 35 “C/96 h/5%NaCl
e W
2 pH=6.5~7.2
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