Development of an Evaluation Method for Spatially

Resolved Carbon Fiber Strain Sensors by Means of
Artificial Neural Networks

Diploma Thesis - Introduction

29.06.2022 Life cycle optimization, maintenance planning and adaptive control
systems in fiber reinforced structures require the monitoring of loads

Nils Wieja and stresses during operation. State of the art systems using strain

gauges can measure strains at limited numbers of discrete points,
while systems based on fiber optic time domain reflectometry require
complex and cost intensive evaluation units. A novel sensor based on
electrical time domain reflectometry (ETDR) allows to acquire
information about the spatial distribution of strain along a fractured
carbon fiber (CF) embedded in a composite structure.
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from measured ETDR reflectograms. Fig. 1: Principle of the CF strain sensor and evaluation method

Methodology

1. Design of a structure with integrated sensors 2. Deliberate fracturing of ultra-high modulus CF rovings
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4. Development of ANN
FNN-1200 CNN-64-256

Tensile loaded CF roving
is fractured Fig. 3: Fracturing of CF rovings in
a 4-point bending test

3. Training data generation
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Fig. 5: Architecture of developed ANN and corresponding Results Fig. 4: Test bench used for training data generation
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The developed demonstrator structure allows to extend R o5
the measurement length of novel CF strain sensors from N o 50
60 mm to one meter. The comparison of different ANN 0.5% . . . . |
architectures shows that convolutional neural networks IE),II%R+CNN §y 015
(CNN) are superior to conventional feed-forward ANNSs in 0.25% HI 1\ = = : 0.10
terms of generalization capability when applied to the - P 0.05
present sensor setup. Furthermore, the developed 0%} Y/ — o -
evaluation method allows the processing of noisy data. 33 | '
This allows measurement rates up to 200 Hz with existing -0.25% | 1 170.05
TDR devices. Comparison measurements with an -0.10
established digital image correlation method (Fig. 6) -0.5% ' . . . -0.15
indicate a good agreement of the measured strains. 0 200 ; 4001 thGOO 500 1000
However, it should be noted that the quality of the ensor length /mm
measured values is highly dependent on the training Fig 6: Comparison of strain distributions on the surface of the
data. developed demonstrator determined by DIC and CF sensor.
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