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Barely Visible Inpact Damage Detection Analyses of CFRP by
Various NDE Techniques

Hyunmin Lim*, Boyoung Lee*, Yeong K. Kim**!

ABSTRACT: This study aims to detecting and analyzing the defects of damaged carbon fiber reinforced composites
after impacts, particularly focusing on barely visible impact damages. The impact test was progressed by a drop-weight
machine and applied to introduce simulated damages on laminated composites used in aircrafts. Various non-
destructive testing (NDT) techniques were applied to identify the defects on the specimens with different levels of
impact energies. Based on the measurements data, the levels of the barely visible impacts, and the applicability and
effectiveness of the detection methods were discussed. Generally, the results demonstrated that their inner damages
contained bigger footprints than those on the surfaces. However, when the damage energy was low, it was found that
the inner damage size could be smaller than those appeared on the surfaces.
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Fig. 1. Shape of the test specimen.

Table 1. Specification of the carbon fiber tape

Density 1.55 (g/cm?)
Nominal modulus (E,) 142 (GPa)
Tensile modulus (E,,) 147 (GPa)
Compressive modulus (E;.) 137 (GPa)
Nominal shear modulus (G;,) 4 (GPa)
Poisson’s ratio 0.34

©

Fig. 2. (a) Impact test machine, (b) Fixing specimen by clamps,
(c) Impactor tup.
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(a)

Fig. 3. DNT machines (a) DS 2030, (b) Form Talysurf Serise 2.
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Fig. 5. Impact damages of the surfaces.
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Fig. 6. Images using the laser scanner.
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Fig. 7. Images using the surface roughness measurements.
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Table 2. Results of the surface damage measurements in x-axis

Energy | Naked eye Laser scan Surface roughness
3] 4 mm 10 mm 10 mm
5] 5 mm 9.5 mm 11 mm
7] 6 mm 13 mm 13 mm
10] 8 mm 14 mm 15 mm

Table 3. Results of the surface damage measurements in y-axis

Energy Naked eye Laser scan rosl?gr}f:::ss
3] 4 mm 10 mm 10 mm
5] 5 mm 11 mm 14 mm
77 6 mm 14 mm 14 mm
10] 8 mm 10.5 mm 11 mm ‘
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Fig. 8. Images using the IR thermography.
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Fig. 9. Images using the ultrasonic tests.
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Table 4. Results of the internal damage measurements in x-axis ==
264 "
Energy IR thermography Ultrasonic test ] | & ‘rzsuzrhness B4
v ultrasonic
3] - 4 mm a 224 Linear Fit of eye
£ 20 — Linear Fit of laser
5] 14.5 mm 10 mm < 7] ——Linear Fit of roughness
§ 18 4 —— Linear Fit of ultrasonic
7] 16.7 mm 18 mm g o]
10] 20.7 mm 22 mm ©
o 144
j)]
g 124 v v
Table 5. Results of the internal damage measurements in y-axis § 10 %_;/’_7
: X 8-
Energy IR thermography Ultrasonic test il o
3] - 12 mm i)
5] 11.3 mm 12 mm —— 77— 77— 17—
2 3 4 5 6 7 8 9 10 1
7] 12.2 mm 18 mm S
10] 14.5 mm 25 mm

Fig. 12. Relations between the energies and the damage dis-
tances in y-axis.
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