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Investigation on Damage Tolerance of Thick Laminate for Aircraft Composite Structure

Hyunbum Park’, Changduk Kongm, Chuljin Shin”

ABSTRACT

Recently, development of a small aircraft has been carried out for the BASA(Bilateral Aviation Safety
Agreement) program in Korea. This aircraft adopted all composite structures for environmental friendly by low
fuel consumption due to its lightness behavior. However the composite structure has disadvantage which is very
weak against impact damages. Therefore, damage allowable design of aircraft structure must be performed
considering compressive fracture strength. This point is very important for certification of composite structure
aircraft. In this paper, it is performed the research on damage tolerance of thick laminate adopting aircraft
structure. The damage tolerance of three different types of thick laminates such as no damage, open hole and
impact damage is evaluated under compression loading.
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Table 1 Layup pattem of three different type specimen

No. of

plies Stacking sequence

[45/90/-45/0,/45/0/-45/0/45/90/-45/0,/45/90/-45/0,/45/0/-45/0,/

60 45/0,/-45/0,]s

[45/90/-45/0,/45/0/-45/0,/45/90/-45/02/45/90/-45/0,/45/90/-45/

2 0/45/0/-45/02/45/05/-45/0,]5

[45/90/-45/0,/45/0/-45/0,/45/90/-45/02/45/90/-45/0,/45/90/-45/

92 0/45/90/-45/0,/45/0/-45/0,/45/0/-45/0,/45/05/-45/0,]5

150 Soaking 120-150 minutes
at132=5C

Cololdown &t a rate of
100 1.7Z0.5°C ger minute.
Aborttemperature

Check and re-startwhen bag
failure under54°C

Heat-up Rate Control

Checkand monitor temperature

50

Temperature, °C

0 50 100 150 200 250

Time , minutes
(a) Temperature

300 Min. 276kPa~max.345kPs{preferred 230kPa)

250 | prdssure:
Slaw rate :Max 69kPa/min

§ 200 | ot reference Natural reduction of pressure
g 150 ply full pressure before 43°C to138kPa is acteptable

g

& 100 acuum pressure:

Apply min. 584.2mmHg
50 |[ Apply reduced approximately 254 mmHg for sandwich panel
VentWVacuum slowly when pressure reaches at103 kP

a 50 100 150 200 250
Time, minutes
(b) Pressure

Fig. 1 Autoclave curing cycle.
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Fig. 2 Shape of specimen.

Impact test machine.
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Table 2 Investigation on BVID of tested specimen

Plies Photograph of tested specimen

60
(79

72
(111

92
(133)
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Table 7 Failure configuration of compression test specimen

No hole compression test

Open hole compression test

Compression test after impact

Al A & oalds wES 23 45 skl s ARt
TFRAAL FEHA daE SR A8 Huq 24

T FglolA] 450 o wh) el SRIElgiom, ab
of §l= AlWT F7 &4 AW AR uhY Ao A%
ah3)7h 45°9F 45 WREO.E Alejgl How

r_ﬁ
i
K
o
I
2iid
N
R
filo
=
K
Z
I
)
B
flo
4
S
ot
o,
<
i r
e N

]_

2 Aol B A2 AA Vlee] AXE A 23
[L4]& Z83tod Lsm Ao &4 4¥E& Fd) BVID,
VID 327 &5 Astden % &4 A=t BVID &
4 A=E vasiid. 2 A4S S

=

2 23 A=l

2 Aol B A8 4% 7] e A% 7=

AA & AAEIT. 53 28 Tl 7189
A FE7IET F ol HeFstuR 7] <l

ol &4 88 AA 712l wle SRtk meba] Sl A

M F 23 @87 72 AAS 9% A= NES A
sodth AE 1% AR W AW AWS B U4 7
= A e B ek Bestelct

AT WA G/ Folel 2umi £ AFw Feel
b B4 ASTM Al ofFt 374 &4 T U4F 4w B4
WeRS gre ASTE Amsh: werol7] WEe] B Aol
A 34 EAT T 42 HE AESHS ek Aot
Ark AlE Ae Bo 34 &4 % 7Y 242 483
9% AEE EAT A% 79 4o Ag® H97 met
Fopt 729 A FAstdch webd gy gy 72
M7 Al 7 4k AR Y AnE R x4
2 Saste Ao 2499

57

B oepe Ul mUshEdTH A9 wol 4

Holau et

)
2)

3)

4)

5)

6)

7)

8)

AC20-107B, Composite aircraft structures, FAA, pp. 12.
ASTM D7136, “Standard Test method for Measuring the
Damage Resistance of A Fiber-Reinforced Polymer Matrix
Composite to A Drop-Weight Impact Event,” 2005.
ASTM D7137, “Standard Test Method for Compressive
Residual Strength Properties of Damaged Polymer Matrix
Composite Plates,” 2005.

MIL-HDBK-17-3F, Composite Materials Handbook, Vol.
3, Chapter 7, 2002, pp. 7-4~7-10.

ASTM D6484, “Standard Test Method for Open Hole
Compressive Strength of Polymer Matrix Composite
Laminates,” 2004.

Jeong, S.T., Park, JN., Kim, S.J., Kim, J.H., and Cho,
GJ., “A Study on the Drilling CFRP Composites Laminates
with Respect to Drill Materials,” Journal of The Korean
Society for Precision Engineering, 2002, pp. 300-303.
Kong, C.D., Park, HB., Lim, SJ., and Shin, CJ., “A Study
on Compressive Strength of Carbon/epoxy Composite Structure
Repaired with Bonded Patches after Impact Damage,”
Journal of The Korean Society for Composite Materials,
Vol. 23, No. 5, 2010, pp. 15-21.

ASTM D5229, “Standard Test Method for moisture absorbtion
properties and equilibrium conditioning of polymer matrix
composite materials,” 2004.



