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Study on Out-of-plane Properties and Failure Behavior of
Aircraft Wing Unit Structures

Chang-Mo Yoon*, Dong-Woo Lee**, Joon-Hyung Byun***, Thanh Mai Nguyen Tran*,
Jung-il Song*****

ABSTRACT: Carbon fiber-reinforced plastic, well known high specific strength and high specific stiffness, have been
widely used in the aircraft industry. Mostly the CFRP structure is fabricated by lamination of carbon fiber or carbon
prepreg, which has major disadvantage called delamination. Delamination is usually produced due to absence of the
through-thickness direction fiber. In this study, three-dimensional carbon preform woven in three directions is used
for fabrication of aircraft wing unit structure, a part of repeated structure in aircraft wing. The unit structure include
skin, stringer and rib were prepared by resin transfer molding method. After, the 3D structure was compared with
laminate structure through compression test. The results show that 3D structure is not only effective to prevent
delamination but improved the mechanical strength. Therefore, the 3d preform structure is expected to be used in
various fields requiring delamination prevention, especially in the aircraft industry.

E EUAMG 4o BT (CRRR)S 948 N U g4 02 Qlste] FFAUCN A Bl AHgE T 9)
oh. CFRP: o3 b i} Sl Zd| 18 459 722 AH T glom, ol e T2k wel/h wag 4+
otk A2l whao] Qlek. ol M FANE A fo] HAlol Al 71 QIghch B Aol Al shan R Al
2 A29 3 GaNG TelE U o2 A8% B A B9l TEAS Axstdct GeTRAE 3
71 @AY B 840l 231, AEYF, PHE FHE 24 ol HBFHL ol §sto] ARGt YHAFS
2o 459 2B w47 XY LB FE weldy Wak ohe} Bl ft

&5to] 7]

[e] Fu

A& Hol Fglom, o= 3D ZeE FxEo| 9] oS Qg st thget 2o, 53] F EokollA Eel
A8 5 e ofugt

Key Words: 3%} A % 3£ (3D Woven preform), B}2](Delamination), T 2] W-3F 7| A& &4 (Out-of-plane

mechanical properties), _4—4—74% (Fracture behavior)

Received 11 February 2022, received in revised form 7 March 2022, accepted 26 March 2022

*Department of Smart Manufacturing Engineering, Changwon National University, Changwon 51140, Korea
**The Research Institute of Mechatronics, Changwon National University, Changwon 51140, Korea
***Composites Research Division, Korea Institute of Materials Science, Changwon 51140, Korea
#***+'Department of Mechanical Engineering, Changwon National University, Changwon 51140, Korea, Corresponding author,
(E-mail: jisong@changwon.ac.kr)



Study on Out-of-plane Properties and Failure Behavior of Aircraft Wing Unit Structures 107

1. M E

R RE 7)E BEARET 955 SN Zue}
WS4, Werehg So) 3o F
ool AT ek, ATl ST Aoty
He] Al ahet 4% BHA R G
Bollg g2 zFgdka Qich
ool A A 2= Br/o] Z 5%
e g AL glrh A4S B 2
Fek(In-plane)2] 7] 72| 4
(Out-of-plane)> 2| F-5]50] FoF
7k utele) 22 o] Qo 4 9lrHe-9). olefdt
AR 7 el FREY FEE A5t o
Uolr ghalAbme] fiele] | 4 9l7] ujiel] Aol Ba
o e A2 o] ghrH10-12]. 4% B3t wo]
2 B8] 919 W o Yo RE 2xwo] gl 344
Z]=(3D Woven fabrics) W A2 A T8 H3E AlF2] 3
oz Azslel $A% FYskE AFo] st 314l =2l
(3D preform)o] 175 11 9r). 3314 =] E-& 9)Abe}
AR Al 249 ABES W o Wow A o %
FoEN 3 W AA B0 WY, 45 Y 2
9 A% 3 gl 0 AAE S - sl
o]
X

> 0N
o O
2 oX
M

P

v o
5

Lo
BN o
op F

T

::d:w:

(5 L o

oot Ho
ofNi
o

dr 41 o oM

o e

Zolt}. E3} ZeEL
EDIEREE TS azums,m. 4 iaac.al ol
Mo Qlste] 4 W AEAL AR Hofol et 28 b
Ko] T3] ALE ol FeHI5 16, S uE 334 el F o
A% el vhel W H90) W B A7) gei
W, ZeES o §3to] ARE BUYR LEE 74
4§42 Ho|5 wol7] Bk wheb 344 A% melE
2 G B FEEY YA D AHGRA T A o)

Fe| A FHAst dasieh(21,22].

2 Aol A Sradlg 3 ZelFe 7] 9
2 p2A Az A8ah] 4 APATRA, AFE o
32 R ZE|E B3 ao W e uak 7 A% BEAS
S A5Y BAAR VL 438 AL ZelE
BRAR GTEAG o 8T T2E FERTE AW
gt 7 5 S 7RA Y BEASS BATo =M 33
=z o §EAHS AEeHT, 7|24 A o F ok vhot 9

TSOOJ_J EM\_ 2] (H 3055, Hyosung, Korea), 7| A| |+
3-8 of|ZA| (EP-2400, Solvay, Belgium)E AME-8}5c}. 3%

Cross M
section

Side T

vvvvvvvv

UOIANP UOREUILE]

(a) Lamlnte structure

Or‘togo?na (ORT; layer-to-layer (LTL)
(b) 3D structure

Fig. 1. Schematic of the cross-section of fiber-reinforced com-
posites

el B RE 12K B A9 29 LAHTS0,
Hyosung, Korea)= AM35FITH | Zol= = 714 9fd-S A}
83199t} Layer to layer(LTL) s{€l-& WU, W @] WafF w5
4 A6 2 & 2389 A 9t Orthogonal(ORT) o € o] 7 S
Ay Aol A B fu AREAl FETF REHE T
3o olgju| = el E YAHAF-1000, Hyosung, Korea)S
9 91 9 A2 Agslol Hsislc ofeiol= ek
E A sai g e 7144 B4L "ojA A
UE o 44 AAE Fol0 AT £ EY 5

¢

i

.

;gr
e

N
N
w
O

=2|%0 B8 ¥ 7=
B2, 54 T dutA 23 Fxo Axd Gy AR
7h & WeFo =t v A E prepreget 2o, 334 F£x9 A
e ST 29 AHlE o8k 3o R A4
st Zlo] agEh & Aol A= 33k 2 g
ZE]E9] A5 9fsto] F(Loom)FA ] 224l E /\F‘l
ShRlom 22y ZE|Ro| Fi Fig 13 2t 33k
Z= I FARIE FolF7] ol Bre] Aol ‘212
Aoz oge o Qloh

2.3 AgHe N=

2319 9 A= AlFH

L E2 A A o 444 vl A Az = o
H7] dj&of 48 13 Al¥ (4-Point Bending Test) A| & H 2]
Az W AES Fto] W o] W AHRES ol2HoR
ALV A} LTk Al @S ASTM D64155 2Fa161g ©
o} 5#20] wle} AlEee] 2EH Fig. 29} 70| U 6.4 mm,
4] 2412 (Loading Leg, L) 90 mm o}, 415 Alo]e] zhe
90° YH](w) 25 mm, F7|(t) 3.35 mm7} EE== FH|5}9
th Al A o= AF X 44 o4 A (Vacuum
Assisted Resin Transfer Molding, VARTM) 3-74-& A5
ow, B4 AlgE 49 Bro] 4HE 42T T ol X



108 Chang-Mo Yoon, Dong-Woo Lee, Joon-Hyung Byun, Thanh Mai Nguyen Tran, Jung-il Song

29 9 AdeAS AEw
o W AT ARGy, G) S §1T V-Notch

H
HHA]E (V-Notch Shear Test) A|EHS] - ASTM D5379
= gxsisich ARHe] AR Fig, 31 o] 7200] o
2} 7}& 76 mm, $£°] 20 mm, 77 4 mm X2 FH|EH
o} =2]9] ZtE = 90°, HHX| 2L 1.3 mmo|H =X} k3|
Afole] Azl 13 mmolck. AR He] Hatst o] A9
e karstel AlHHe F —.—”ﬂ S7HAA AldHel L
Holl ofet 9= vy BIE-S WIS | flsf F2tskait

A E R G Pobol 2 2L £UA 4% 5
VARTME o] §5te] %)= 55.< Al =shgich 22 5
O] FAZ Qlgto], Aol A A& Y F flolA] o=
7 gHl0] oLl XIRA] 4, 3F, 3, & 479] 4] EF
2 A7} T BaoR xaj2 HAlel 447k

2 5 QEe Azetgon Az § B2oH AN
3} Q1 ARHES kAT Fig. 4). oln) B2e] % wof

A ol sio] thEme 13,23 ek AGAHHE 7}
2} Rt

~ = 1.5mm

- TEmm -

—=4mm=—

Fig. 3. Schematic of shear test specimen

Tensile
Specimen

ue 7

Shear
Specimen

Fig. 4. Extraction of the tensile and shear test samples from
CFRP which made of 3D preform

R=11.5mm
16mm]

N
w |
5‘

.‘

3\

3
g

Fig. 5. Schematic of tensile test sample and fixture
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Fig. 7. Experimental setup for shear and tensile test

Fig. 8. Schematic of aircraft wing unit structure
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Fig. 14. Schematic of tensile test specimen type

Table 1. Properties obtained from different specimen types
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Fig. 18. Initial crack and failures of Laminated structure
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