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A.V. Ilvanov, V.[ . Korolev

The Naval Ship Systems Integration Division, Krylov State Research Center,
Saint Petersburg, Russian Federation

APPLICATION OF COMPOSITE MATERIALS
WITH EMBEDDED CONDITION MONITORING SENSORS
IN THE PRODUCTION OF SHIP HULL STRUCTURES

This paper addresses the issues of polymer-based composites application in the shipbuilding
industry with respect to the naval ship hull structures production. The need for the development of an
automatic stress control system for composites used in hull and fairings is discussed. Additionally, the
development of manufacturing techniques for polymer-based composites with embedded optical fiber
strain sensors is considered.

Key words: polymer composite materials, automatic systems for monitoring the strength of
composite materials, fiber-optic strain gauges.
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V.V. Makhsidov, L.A. Kasharina, A.A. Evdokimov, A.Ye.Raskutin

FSUE «All-Russian Scientific-Research Institute of Aviation Materials»,
Moscow, Russian Federation

APPLICATION OF FIBRE BRAGG GRATINGS FOR STRAIN
MEASUREMENT OF AVIATION AND BUILDING STRUCTURES
BASED ON POLYMER MATRIX COMPOSITE

Fibre Bragg gratings (FBG) are a promising basis for sensor-based measurement of strain and
begin more widely used in measuring systems for different designs. This paper examines the possibility
of using FBG in the built-in control system designs from polymeric composite materials (PCM)
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in a number of industries, in particular for structural elements of aircraft. There discuses two methods of
strain measurements for PCM structures using fiber-optic sensors on the examples of standard samples
and a three-stringer panel of carbon plastic. The first method is based on calibration by strain gage and
has an inaccuracy of 6 %. This technique is recommended for standard samples, for example, used to
determine properties of PCM. The second method is a modified version of the first and based on the
calibration of strains obtained in the result of theoretical calculations using computer-aided software.
The method has an inaccuracy of 9 %. A modified version of the calibration has the advantage that
does not require the structure destruction and allows calibrating the design with the hard to reach plac-
es. In the case of aviation equipment, this method can be used during the strengthening test at the
stage of certification. The modified method is recommended for the system of built-in control to obtain
strains and loads of the PCM-structures.

Keywords: fibre optic sensor, fibre Bragg grating, strain, structural element, structural health
monitoring.
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DETERMINING STRAINS OF CARBON-REINFORCED PLASTIC LATTICE STRUCTURE USING
FIBER-OPTIC SENSORS

The paper presents the results of measuring strains of carbon-reinforced plastic lattice structural
members during strength testing. It has been determined that Bragg grating based fiber-optic sensors
glued on the external surface of the structure show the results which are analogous to the results of
standard strain gages. It has been established that the moment of failing the structure is accompanied
with the release of a large quantity of heat which can be fixed by an infrared imager. It is supposed that
heat processes in carbon-reinforced plastic begin still before the failure, but they cannot be fixed on the
external surface because of the rapid growth of a load.

Keywords: fiber-optic sensors, Bragg grating, strain, composite materials, carbon-reinforced
plastic, lattice structures, strength testing.
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