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Performance Evaluation of Oblique Impact Damage Detection in

Carbon Fiber Reinforced Polymers Using a Flexible Grid Sensor
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ABSTRACT: Carbon fiber reinforced polymers(CFRPs) are vulnerable to impact. Therefore, it is important to apply a
structural health monitoring(SHM) system capable of detecting impact damage. In actual operating environments,
impacts often occur at oblique angles to the surface, making it necessary to evaluate the damage detection
performance of SHM systems under oblique impact conditions. In this study, an oblique impact test fixture was
fabricated, and performance evaluation tests were conducted for an SHM system using a flexible grid sensor to detect
damage under oblique impacts. The experimental results demonstrated that the area of the elliptical penetration
damage increased with increasing impact angle. In addition, the proposed SHM system effectively estimated the
penetration damage area with a maximum error of 11.7%.
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Fig. 1. Manufacturing process of flexible grid sensors
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Fig. 2. Geometry of flexible grid sensors
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Fig. 3. Configuration of the oblique impact test fixture
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Table 1. Material properties of the carbon fiber prepreg[14]

Val Val
Properties ( (?Pl;e) Properties ( (?Pl:; Properties  Value
E, 53 G, 3.65 Vi 0.064
E, 53 G, 3.65 Vis 0.064
E, 5.9 G,; 3.65 Va3 0.32

Fig. 5. Impact test setup
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Fig. 6. Experimental results of oblique impact test
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Table 2. Comparison of measured and estimated damage areas
at different impact angles

Measured Estimated . .
Impact angle Estimation
o damage area  damage area
) 2 ) error (%)
(mm”) (mm®)
0 125.8 117.8 6.4
15 127.7 117.8 7.7
30 142.4 159.0 11.7
45 1724 188.5 9.3
60 202.8 188.5 7.1
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Fig. 7. Schematic illustration of the estimated damage area
range based on disconnected sensor lines
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Fig. 8. Results of oblique damage visualization by sensor signals
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