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The Absorbed Energy of Carbon/Epoxy Composite Laminates
Subjected to High-velocity Impact in Considering the
Loss of Projectile Mass

Hyun-jun Cho*, In-Gul Kim*', Seokje Lee*, Young-A Kim**, Kyeongsik Woo**

ABSTRACT: In this paper, we conducted high velocity impact test for Carbon/Epoxy composite laminates and
proposed advanced method for predicting the absorbed energy of composite laminates. During high-velocity impact
test, we discovered loss of projectile mass macroscopically using high speed camera, thus we calculated the absorbed
energy of composite laminates by taking loss of projectile mass into account. We proposed a model for predicting the
absorbed energy of composite laminates subjected to high-velocity impact, the absorbed energy was classified into
static energy and dynamic energy. The static energy was calculated by the quasi-static perforation equation that is
related to the fiber breakage and static elastic energy. The dynamic energy can be divided by the kinetic energy of
deformed specimen and fragment mass. Finally, the predicted absorbed energy considering loss of projectile mass was
compared with experimental results.
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Fig. 1. Loss of projectile mass
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Fig. 2. Experimental set-up of high-velocity impact test
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Table 1. Result of High velocity impact tests

Impact velocity Residual velocity
(m/s) (m/s)

Specimen Hich Absorbed
P Infrared | Magnetic ' d Magnetic |energy 0);
spee
sensor sensor P sensor
camera

S454HC-1| 592.8 591.72 570.6 557.1 71.39

S454HC-2| 602.6 609.76 - 567.91 88.47
S454HC-3| 612.3 612.87 - 571.97 86.96
S458HC-1| 587.2 589.39 520.4 511.07 154.71
S458HC-3| 621.6 621.12 - 564.44 120.62
S458HC-4| 807.3 816.33 771.0 753.77 176.32




352

Hyun-jun Cho, In-Gul Kim, Seokje Lee, Young-A Kim, Kyeongsik Woo

1ol A ALtE &=

T
d 7

sheict.

=
'6‘
oz

=

Table 20] A= Cscan$ o]-g-3lo] Blelgt 37 T 23
HF Z
S|

AeflA &

A A= 54
) A abolo] o U A wto] glr i 7}
SAE o] L7 R

Aol A &4

o_>ﬂ,
i

SFIUE AR SHE SES o8

Olt
ol
2
)
2

A A Zqke] 49 ololeh = Fol 4 B3

Table 2. Damaged area of composite laminates

Specimen S454HC-1 S458HC-1 S458HC-4
Impact velocity 591.72 589.39 81633
(m/s)
C-scan AN
image & \"
Diameter of 49.1 74.6 68.4
damaged area (mm)

Table 3. Disappeared fragment mass of specimens
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Specimen Disappeared mass (g) 4.3 E30UX| o2 U 2N
SASMC-] 0.44 A (9% olgslo FARANA £l Aol e &
S454HC.2 054 FoILAE Aslslon, $ARA £ dgol
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Table 4. Weight change of projectiles o] W32 Flolsly| Qste] 2E & 2AE X|Ho] Fks
Projectile mass of | Disappeared mass ZAA AE ] 18], 1.58, 28] = 2|20 WA
Projectile| After impact (gr) (gr) o J1ato] o] Aeko] A|H o] A% Aeko|gtil 7HA
wpecmen I?gars)S Hig}cli LS-DYNA Hig}cli LS-DYNA st el 7 e 5 Table 634 T, 525 =)
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S454HC-1|  3.59 3.05 3.29 0.54 0.3 Hj ﬂl—,sz](-])(;zr:;]js;—qq;;:;ifii ;f;si /\E] oﬂS}\—]j\]fi
S458HC-1|  3.59 3.05 3.07 0.54 0.52 L RS wo|n] 800 m/s 2ALE EAAG|A 15 -2
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Table 5. Calculation of absorbed energy_impact test
E,,. 0% (J) E,,. 25% (J) E,,._50% (J) E,,._75% (J)
Specimen High speed LS-DYNA High speed LS-DYNA High speed LS-DYNA High speed LS-DYNA
camera camera camera camera
S454HC-1 155.19 117.94 134.24 106.31 113.29 94.67 92.34 83.03
S454HC-2 175.55 136.85 153.78 124.75 132.01 112.66 110.24 100.56
S454HC-3 175.3 136.04 153.21 123.76 131.13 111.50 109.04 99.23
S458HC-1 225.23 222.62 207.60 205.64 189.97 188.67 172.34 171.69
S458HC-3 206.63 203.44 185.13 182.75 163.63 162.04 142.12 141.33
S458HC-4 363.82 338.25 316.94 297.77 270.07 257.28 223.19 216.80
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Table 6. Calculation of disappeared mass

Specimen x1(gr) x1.5(gr) x2(gr) lx\l/ieliil(l;?
S454HC-1 0.44
S454HC-2 0.18 0.39 0.7 0.54
" S454HC-3 | 0.27
S458HC-1 0.35
S458HC-3 | 035 0.78 139 0.57
S458HC-4 1.11

Table 7. Prediction of absorbed energy by composite laminates

) Absorbed energy(])
Specimen
x1 X1.5 x2

S454HC-1 65.52 101.03 151.18
S454HC-2 66.55 104.00 156.24
S454HC-3 66.89 105.36 159.30
S458HC-1 174.1 238.21 330.75
S458HC-3 185.57 261.59 370.06
S458HC-4 234.34 368.11 555.07
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