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ABSTRACT

Characteristics of the Penetration Resistance on the

Change of Stacking Sequences of CFRP Structures

By Park, Sang-Guk

Advisor : Prof. Yang, In-Young,
Ph. D. Dept of Mechanical Design
Engineering Graduate School of

Chosun University

In this paper CFRP composite materials widely used as structural
materials for airplanes, ships and aero space vehicles because of their
high strength and stiffness. However, this material has a drawback of
weakness against a transverse impact loading acting toward the
direction of 1its stacked thickness, which requires different design
parameters other than those used for general metal products in actual
application. Therefore, to utilize a laminated composite material for
structural component, 1impact behaviors, damage analysis and
penetration characteristics against transverse impact loading must be
studied essentially in the first place, and impact and penetration

experiments for laminated composite material shell curved to actual



body shape of the structural component must be conducted in advance
to any others. In connection with this point of view, this study utilized
specimen of laminated composite material shell having certain radius
of curvature considering actual structural component made of
laminated CFRP composite material. Autoclave forming of CFRP
process is the most commonly used method of applying heat and
pressure simultaneously. This process is suitable for the structural
aerospace and military applications which needs a high mechanical
properties assisted by removal of trapped air or other volatiles. This
study aims to investigate the effects of stacking sequence and
distance on the penetration characteristics of CFRP laminated plates.
They are stacked to [03/903]s, [02/903/01s, [0/902/02/901s, and their
interlaminar numbers are two and six. They are distance to Omm~
30mm, and their real distance are 100mm~300mm. Composite
laminated plates of dimensions 180mm x 180mm were prepared. The
velocity of the steel ball that transversely impacts a specimen was
measured both before and after impact by determining the time for
the ball to pass two ballistic-screen sensors located at a known

distance apart.
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Table 2 The

material properties and laminate strength

Fiber Resin Prepreg sheet
(Catbon) (Epoxy #2500) (CU125NS)
Density [kg/m"] 1.83x10° 1.24 % 10°
Tensile strength [GPa] 4.89 0.08 2.53
Elastic modules [GPal 240 3.60 138
Breaking elongation|%] 2.1 3.0 1.7
Poisson ratio 0.30
Resin content 33[% W]
Curing temp.[TC] 130 130 C for 90min

Table 2 Specimen definition

S Stacking Ply Interface Curvature
ec.

b sequence no. no. radius
A2 [0s/90s]s 12 2
A4 [02/905/0]s 12 4
A6 [0/90,/02/90]s 12 6 RU, R=o0
B2 [0,/90:] 8 2 R20, R=200mm

v R15, R=150mm

B4 [0/902/0]5 8 4 RlO, R=100mm
C2 [0/90-]s 6 2
D2 [0/90]s 4 2
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TOOL (Al mold)

Fig. 5 Schematic of vacuum-bag molding system

Fig. 6 Schematic of a stacking sequence
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(a) Curing cycle

(b) Autoclave

Fig. 7 Autoclave
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(b) for curved shell
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(c) for air gab plate

Fig. 8 Circular clamping fixtures

Kinetic energy Penetration
Before penetration Fracture

Kinetic energy
After penetratio

( Measurement system )

Fig. 9 Experimental procedure and penetration test setup
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Z 150mm x A2 150mm= dste] Al Fell A&k )

Table 3 Specimen definition

Stacking Ply Interface
Spec.
sequence no. no.
A2 [03/90s]s 12 2
A4 [02/905/01s 12 4
B2 [02/90:]s 8 2
B4 [0/902/01s 8 4

(a) 2 interface (b) 4 interface

Fig. 10 Schematic of a stacking sequence
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Table 4 Penetration result of composite laminated

(a) 12ply
Specimen TSI Sl] S] fﬁ Penetration
3 14.39 4.322 10.068 O
4 19.307 9.076 10.231 O
A2 5 22.904 12.433 10.471 @)
6 27973 14.948 13.025 O
7 31.163 17.541 13.622 @)
3 13.863 4578 9.285 O
4 17.725 8.253 9.472 O
A4 5 22.108 12.018 10.09 O
6 25.567 15.849 9.718 O
7 27973 18.294 9.679 O
(b) 8ply
Specimen TSI 51] S] fﬁ Penetration
3 14.39 4.322 10.068 O
4 19.307 9.076 10.231 O
B2 5 22.904 12.433 10.471 @)
6 27973 14.948 13.025 O
7 31.163 17.541 13.622 @)
3 13.863 4.578 9.285 O
4 17.725 8.253 9.472 O
B4 5 22.108 12.018 10.09 O
6 25.567 15.849 9.718 O
7 27973 18.294 9.679 O
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Kinetic energy after penetration [J]

Kinetic energy after penetration [Joule]

25

20

15

10

20

o A2:[0/90,]
4 A4:[0,/90,/0]

10
°r [0,/90,/0]
0 1 1
10 15 20 25
Kinetic energy before penetration [Joule]
(a) 12ply flat—plate specimen
> B2:[0,/90,],
4 B4:[0/90,/0],
10 20 30 40

Kinetic energy before penetration [J]

(b) 8ply flat—plate specimen

30

Fig. 11 Prediction of critical penetration energy
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Fig. 13 Section area of A2-specimen, [03/903]s

Ad-specimen, RU

Fig. 14 Section area of A4-specimen, [02/903/0]s
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Aol ARE S Al el gF oS Table. 7¢ WERWIT

Table 7 Specimen definition

S Stacking Ply Interface Curvature
ec.
b Sequence no. no. radius
R=co0, R100
A2 [05/905]s 12 2
R150, R200
R=co0, R100
A4 [05/903/01s 12 4
R150, R200
R=co, R100
B2 02/902]s 8 2
10/90:1s R150, R200
R=co0, R100
B4 [0/905/0]s 8 4 ’
/Ol R150, R200
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A2-specimen, R15

Fig. 21 Section area of A2-specimen, R=150

Ad-specimen, R15

Fig. 22 Section area of A4-specimen, R=150
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Shsorbed energy rat
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Table 7 Specimen definition (distance change)
Expt. Ply
No. Spec.1 Spec.2 o,
1 A2 - 12
2 B2 D2 8+4
3 B4 D2 8+4
4 C2 C2 6+6
80%
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—— A2
TO% —— B2-02
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59, —— C2-C2
60% 1 1 1
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Fig. 23 Absorbed energy rate on distance change
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Table 8 Impact and absorbed energy

(a)B2-D2 specimen

Distance [mm]

Impact energy

Absorbed energy

Absorbed energy rate

0 22.6 15.99 715%
10 21.98 14.90 68%
20 22.26 14.46 65%
30 22.88 14.47 63%

(b)B4-D2 specimen

Distance [mm]

Impact energy

Absorbed energy

Absorbed energy rate

0 22.08 16.10 73%
10 23.29 14.41 62%
20 22.98 14.56 63%
30 22.67 14.11 62%

(c)C2-C2 specimen

Distance [mm]

Impact energy

Absorbed energy

Absorbed energy rate

0 22.08 16.10 73%
10 23.29 14.41 62%
20 22.98 14.56 63%
30 22.67 14.11 62%
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Kinetic energy after penetration[Joule]
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Prediction of critical penetration energy
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Fig. 24 Prediction of critical penetration energy
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C2-C2 specimen
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Fig.27 Section area of specimens
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