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Prediction of the Penetration Energy for Composite Laminates Subjected to
High-velocity Impact Using the Static Perforation Test

ot

Won-Young You', Seokje Lee’, In-Gul Kim™™, and Jong-Heon Kim™~

ABSTRACT

In this paper, static perforation tests are conducted to predict the penetration energy for the composite
laminates subjected to high velocity impact. Three methods are used to analyze the perforation energy
accurately. The first method is to select the perforation point using the AE sensor signal energy, the second
method is to retest the tested specimen and use the difference between initial and retested perforation energy,
and the third method is to select the perforation point based on the maximum loading point in the retested
load-displacement curve of the tested specimen. The predicted perforation energy results are presented and
verified by comparing with those by the high velocity tests.
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Fig. 1 Static perforation test setup.
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Fig. 2 Static perforation test jig(D=31.75).

Fig. 3 Hemispherical indentor.
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22 AH A

Ao AMEEl AJHLS Carbon/Epoxy 2|3 Z(USN 1508,
SK Alujzd AxR)E AR sFRlem E42= Table 13 Zch
AHE [45/0/-45/90]zs, [45/0/-45/90]3s, [45/0/-45/90)s, A 2
2 AZZ4e BUST AF47) o2 RS AAgskdch AR
o] =7)= ©oF 87.5mm x 87.5mmo|n, FA= zZ}zF 2.3mm,
34mm, 46mmolch. A7 EAL AT A e
34tk Table 29} o] AlEE FawAC] AED)T AU
AE(d)2) ¥1&<) Dido] Wt A FRol FEUAL AH, 1
2| &L 7kzF 19.05mm, 25.4mm, 31.75mmo]t}.
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Table 1 Material properties of unidirectional Ca/Ep prepreg(USN 150B, Spocimen
SK Chemicals) Air Gun Serors[]| Senaoes
Symbol Unit Value 4 E D D \H E
Young's modulus
along the fiber direction Eu GPa 1291 \
Young's modulus
along the transverse direction Ex GPa 81
Axial shear modulus Gz GPa 3.6 o Egg] ArTank
Axial Poisson's ratio Viz 0.28 o Kala
Thickness h mm 0.125 Fig. 5 Schematics of high-velocity impact test.
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Table 2 Static perforation test matrix 253 _'%"Q'I' A=
Lay up D/d Specimen with Indentor = {"?’E‘Oﬂj‘i’]‘f 6] O}:IO}:] OﬂLﬂX]Q‘— J—"‘%—a 1%01]
exposed diameter(mm) diameter(mm) Yz o] AuaAE olry) HOH ZHYA (D) S 2235}
3 19.05 ek ALY BE NN ol MTHY AAYAT Ik
B 2540 635 SN Et 4ol shu, olF RAUS & AL
5 3L75 4] ()7 2TH1.
3 19.05
3S 4 25.40 6.35 Ef 771'_8.7”(2)_’_14(2)&1(1)‘32 .
5 3175 ol 8 \d a) \4 @
3 19.05
R 2540 03 oA71H 0,1 HFWE| TESE, el AYTFIAY
> S SRR, de dYAY AE, Te AFWY T, D= 3
427 AAY AEE uigttt. 283 4, 4, Be AY
Moz FafAt ool
1&FA AFolA FAAZ B3 BHeld #EE o
B58 WE UAS Betn gol 2 o, 8YsAS
2 Ag% BEAUAS A4 @9 2ol 9 T 4 UrH]
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2.3 HXQtol Al B =RoME EE Agxos s s fal Al
© olas Jorol &
2w Aol ol ool 300l W A pastant  d 0o CIEerel BHUL Se-ae Aelas ¥ A
s e 5] S = > =
ABE DA T GATH Fej2 nAHT, et G& e A °;}§.E} = WE]L A i;ﬁ% AE dos
A eR A 3 = X Z]%
o] lael Dol el A Eoel samas g o AR WA T AE A o7 33 Felsk A,
e _ . WA SR ARe] T BEARES S F 5 oy
P& AlA= UT-10007 R-15 F+ 7HAE ARESERAL, Fig. .
! Ao AZ olgd] BE AUANE dZsk= Wy, 23 Al ¥
49} o] FYAHOZiE 3imm o7l o] A e = A
= TEE AHo| oA HE AFEE RS o A s
_ _ ;(Z«L0_ E z|do0x7 —_To——740 oEHE}—OE ﬁ.%
24 nESH 48 0111 1(E )S&P Ld 'ﬂjl] 91Y 445‘]’1?1 ll );H I"'ﬁliXq
Yx e 1} IERd
T4 A AN Fig. 59 ol 249 U4E 3719 ° )
3 . A (9) ol8sto] AR WS BlAE nEskelt
3, 9, 409 shadlE AN, 27, AE AT R AsHE
Naglom FAEo ok FAE 470 A8 635mMmE
A orol AlFyl Zolst 2L 7z AS o
OTHJ du s l&& 7MY FAl= 1.044gro|tt}. 3 Ay 9 7Y
SRR 2452 AP0 188 A 2 e g Sl
#orel Aga Zom, A 4 Table 20 Vet 4 a1 FEolel S4E.del u|T
ol sl zF 39 E= I ol AHE Fyskich ceER =
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Fig. 6 Specimen configuration after static perforation test(2S).
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Fig. 7 Force-displacement curve of each specimen.
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5000 Table 3 Comparison of static perforation energy using three method and
“J- 12000 high-velocity impact energy
4000 - L 10000 " Perforation energy(J)
D — -
Method 1 Method 2 Method 3 High-velocity
3000 lsooo B impact
z % 3 10.0+3.56 10.9+0.23 12.2+0.02 13.13
g 2000 jj 6000 ‘g 25| 4 12.5+0.85 11.6+0.74 12.7+0.45 13.98
* ) Lo & 5 | 984386 | 12.0£0.65 | 128+0.14 15.29
10004 / < 3 19.5+4.49 20.9+0.57 22.7+0.48 24.52
/ 72000 3S| 4 24.9+2.07 22.0+0.79 23.5+0.55 26.55
N . 5 | 234%219 | 225:0.81 | 23.9:0.32 27.92
0 8 3 34.3+0.76 33.5+1.96 33.3+0.56 35.96
Displacement (mm) 4S| 4 | 3474135 | 34.2:0.88 | 34.1x051 37.96
@ Lay up = 28 5 | 38.0£342 | 364:025 | 358:0.71 40.73
8000 - o 16
/ —=— Method 1
/ 4 Method 2
6000 4 f4 [- 20000 " - = MZthgdS
2 1.2 ° by T —
= y "'\\ﬂ\ L1sooo ol A - TTeg
8 4000 /“" E
(s} S 0.8
i 10000 - =)
(“1/ & 06
20004 ,"‘ .\'\_\;777»5000 04
oL l. i ]J IL n .1 g I . 0 021
0 2 4 6 8 10 00 . . .
Displacement (mm) 28 38 48
b) Lay up = 3S Lay up
®) Lay v (@ Did =3
T T 60000
12000 - Tesz 43303 | e e Method 1
/,4 | o T 1000 - 14 ® - Method 2
10000 4 M 4 - Method 3
/ 124 [ g
- | 40000 5 e — =
o = 1.04
Z 7 ]
2 o000 / \/\ o0 @ s
e / g e
2 /" \ R 064
a00d 7/ o L 20000 u”‘_l
;‘ \\ = 0.4
2000 | T T | 10000
[ ‘“ J‘ ' = 0.2
ol ! | ! L 11%11 F UV 0 00 . . i
[ 2 4 6 8 10 2s 3s 4s
Displacement (mm) Lay up
(c) Lay up = 4S (b) D/d = 4
Fig. 8 Force-AE signal energy-displacement curve(D/d=3). e —=— Method 1
144 ® - Method 2
. 4 - Method 3
_ _ . _ i .3
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S45t7] og7] wzol 54 A% A A& & %]
skl #E AU S ALlSAT ]
g YRS o884 Al 7FA] methodel] tigt dlolEl & 2]
Hlasty] ofgy] Wel, FAUUBE ofuixe ns5AY sl — s ps
TE oHA] Atolo] SA7)51AI4(dynamic enhancement factor, ) Layer
e Ade =a ZF method ¥ HZGY AUA| 9}t n&5EH (c) D/d = 5
wEodR 9 v E ALkl Fig. 9 Changes of & by lay up.
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