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The Experimental Study on the Absorbed Energy of Carbon/Epoxy

Composite Laminated Panel Subjected to High-velocity Impact

Hyun-jun Cho*, In-Gul Kim*', Seokje Lee*, Kyeongsik Woo**, Jong-Heon Kim***

ABSTRACT: The evaluation and prediction for the absorbed energy, residual velocity, and impact damage are the key
things to characterize the impact behavior of composite laminated panel subjected to high-velocity impact. In this
paper, the method to predict the residual velocity and the absorbed energy of Carbon/Epoxy laminated panel
subjected to high velocity impact are proposed and examined by using quasi-static perforation test and high-velocity
impact test. Total absorbed energy of specimen due to the high-velocity impact can be grouped with static energy and
kinetic energy. The static energy are consisted of energy due to the failure of the fiber and matrix and static elastic
energy, which are related to the quasi-static perforation energy. The kinetic energy are consisted of kinetic energy of
moving part of specimen, which are modelled by three modified kinetic model. The high-velocity impact test were
conducted by using air gun impact facility and compared with the predicted values. The damage area of specimen
were examined by C-scan image. In the high initial impact velocity above the ballistic limit, both the static energy and
the kinetic energy are known to be the major contribution of the total absorbed energy.
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Fig. 1. Definition of velocity of moving cone.
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Fig. 2. Schematics of high-velocity impact test.

Table 1. Material property of prepreg (USN 150B, SK chemicals)

Symbol Unit Value

Young’s modulus along th

foung’s modulus along the E, GPa 1810
fiber direction
Young’s modulus along th

oung’s modulus along the E, GPa 82
Transverse direction
Axial shear modulus G, GPa 4.6
Axial Poissons ratio Vi, 0.28
Thickness h mm 0.140
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Table 2. Result of high-velocity impact tests

Specimen Initial Residual | Absorbed
thickness D/d velocity velocity energy
(mm) (m/s) (m/s) )

3 159 24.00 12.90
185 93.04 13.35
167 26.821 14.18
2.33 4
184 86.36 13.78
5 173 0 -
182 61.49 15.32
; 216 19.44 24.16
242 104.42 24.88
223 34.83 25.33
3.48 4
240 48.49 27.62
5 231 27.23 27.47
245 75.31 28.37

D/d=3 D/d=4
V, = 159m/s V, = 185m/s V, = 167m/s
V., = 24.00m/s V., = 93.04m/s V., = 26.82m/s
[=29.5mm (=35.4mm [=53.3mm
=44
T Qe
D/d=4 D/d=5
V, = 184m/s V. = 173m/s V. = 182m/s
V. = 86.36m/s V. = Om/s V. = 61.49m/s
[=36.0mm I=NA [=45.7mm

Fig. 3. C-scan images (specimen thickness = 2.33 mm).

D/d=3 D/d=3 D/d=4

V, = 216m/s V, = 242m/s V, = 223m/s
VT = 19.44m/s VT = 104.42m/s VT = 26.82m/s
1=31.0mm [=35.6mm

[=34.7mm

D/d=5 D/d=5

V, = 240m/s V, = 231m/s V, = 245m/s
V. = 48.49m/s V. =27.23m/s V. =7531m/s
[=35.5mm 1=36.0mm [=41.8mm

Fig. 4. C-scan images (specimen thickness = 3.48 mm).
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Table 3. Prediction of kinetic energy using damage area

(specimen thickness = 2.33 mm)

E
Did | Vv, vV, | Egq Ui
Modell|{Model2|Model3{Model4
3 159 24.00 1119 0.724710.0004 | 0.0339 { 0.0338
185 93.04 ' 15.68 | 0.0093 {0.5135|0.5101
4 167 26.82 11.82 2.95 [0.0026 | 0.0445|0.0437
184 | 86.36 ’ 13.97 {0.0084 | 0.4428 | 0.4398
173 0 - - - -
5 12.34
182 | 61.49 11.41 {0.0087 | 0.2289 | 0.2261

Table 4. Prediction of absorbed energy using damage area

(specimen thickness = 2.33 mm)

E
Dd |V, vV, | Eg obs
Modell|{Model2|Model3{Model4
159 24.00 11.92 | 11.19 | 11.22 | 11.22
3 11.19
185 93.04 26.87 | 11.20 | 11.70 | 11.70
167 26.82 1478 | 11.83 | 11.87 | 11.87
4 11.82
184 86.36 25.80 | 11.83 | 12.27 | 12.26
173 - - - - -
5 12.34
182 | 61.49 23.76 | 12.35 | 12.57 | 12.57

Table 5. Prediction of kinetic energy using damage area

(specimen thickness = 3.48 mm)

E
Did |V, V. | Eg i
Modell|{Model2|Model3{Model4
3 216 19.44 12 0.982510.0005 | 0.0335 | 0.0332
242 [104.42 ' 22.62 |10.0117 [ 0.9603 | 0.9560
223 34.87 3.33 10.00200.1075{0.1068
4 22.32
240 | 48.49 6.600 |0.0038 | 0.2083 | 0.2070
5 231 27.23 23,30 2.08 [0.00130.0658]|0.0653
245 75.31 ' 21.40 | 0.0149 | 0.5083 | 0.5031

Table 6. Prediction of absorbed energy using damage area

(specimen thickness = 3.48 mm)

E
D/d |V, V. | Eg obs
Modell|Model2|Model3|Model4
216 19.44 22.10 | 21.12 | 21.15 | 21.15
3 21.12
242 | 104.42 45.75 | 21.13 | 22.08 | 22.08
223 34.87 25.64 | 22.32 | 22.43 | 22.43
4 22.32
240 48.49 28.72 | 22.32 | 22.53 | 22.53
231 27.23 25.37 | 23.30 | 23.36 | 23.36
5 23.30
245 75.31 44.69 | 23.31 | 23.80 | 23.80

o]

2 Aol g Holx] ghout WETASE ool A= Model

19] 457t g o the mee] onr 2 e u

I Experimental value

B2 Vodel 1
I Vodel 2
8 Model 3
B Model 4

Absorbed energy(J)

Fig.

12.90 11.92

119 1122 11.22

(D/d)

1448 1478

11.83 11.87 11.87

5. A comparison of experimental value and predicted value

using damage area at low residual velocity.

(specimen thickness = 2.33 mm)
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6. A comparison of experimental value and predicted value

using damage area at high residual velocity.

(specimen thickness = 2.33 mm)
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7. A comparison of experimental value and predicted value

using damage area at low residual velocity.
(specimen thickness = 3.48 mm)
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Fig. 8. A comparison of experimental value and predicted value
using damage area at high residual velocity.
(specimen thickness = 3.48 mm)
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