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Influence of Stacking Sequence on Carbon Fiber/Aramid Fiber Hybrid

Composite

Hyeonho Lee*'**, Seoyeon Bae*, Sungbi Lee****, Myoung-Gyu Lee***, Wonjin Na*****!

ABSTRACT: Carbon fiber-reinforced composites have excellent mechanical properties. However, the fracture toughness
is a disadvantage due to brittle failure mode. The fracture toughness can be enhanced using hybridization with large-
elongation fibers. In this study, polyamide (aramid) fibers are hybridized with carbon fiber with various stacking
sequences. As a result, the Izod impact strength was enhanced by 63% with 25% aramid fiber hybridization. It is also

shown that there is an optimal point in laminated composite hybridization, [CF/CAF,/CF]; stacking sequence.
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Table 1. Stacking sequences for fiber hybridization effect test

. Stacking Carbon fiber | Aramid fiber
Specimen name
sequence content (%) content (%)

C8 [Cly; 100 0

CA8 [CAlgr 50 50
C&CA[3] [C,/CA,], 75 25
C&CA[5] [C/CA,/C] 75 25
C&CA[7] [C/CA], 75 25

[C./CA;],

[CICA.IC], [C/CAL,

Fig. 1. Stacking sequences of hybrid composties
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Fig. 2. Tensile strength of hybridized composites
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Fig. 3. Flexural strength of hybridized composites
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Fig. 4. Izod impact strength of hybridized composites
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Table 2. Hybridization effect of composite (unit : %)

. Tensile Flexural Izod impact
Specimen name
strength strength strength
C&CA[3] 102 6.32 247
C&CA[5] -6.7 21.8 2.7
C&CA[7] -11.9 -2.7 -5.5
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Fig. 5. Fractography of hybridized composites



Influence of Stacking Sequence on Carbon Fiber/Aramid Fiber Hybrid Composite 387

Q1AFA o] whehd vl W A, C&CA[7]9] -9 ofgtu| =
A B Uol M= A sHA] 0‘8 S8 Agy Mol
Qlo] < 3rolst 4= 919

o,
:10
lo
i)
B
)
o
N
N
m&
o
i
rlo
>§i

7o g}@ HAFo] ofabu] = A]8.0]

0

A 7 S 59 o] ATl A Tt
wo] At 4 o7 Wekehe 2lal 9ok whek A C&CA3]
& ofghu|=A40] QS B BHi-alx] £5}LTL CKCALT]
o ofatu| =4 g o] Foke AW e B9 Yo B
A3 SeUUE 5L oo 2R e AvE &

WA 0.2 oA 5HA) R A 02 Mol thehh] 27hA Q]
C&CA[5]9] B4 0] 714 $4a7 hehdd Aoz 2%

A7 Hohr ol AAlEo] g
o ey OHLW g#é}@ow sted, 2 o &

C&CA[3]4 AL Bt AN G Z9 Tk of 23t ofgtn =
447t AATr el 1A BhE | Ao s welch
C&CA[719] 2% 452 57 Ato] Aol Tl =lo] 44
7} 2] Aolof A B Lhe} 71 chake FAe 3k 2 9
de Bl ol A ZWIPJ AAET Aol 2] = o
ol &shz A& v ARtE ARSPIER 23] US4
Aol A Basrhi & 4 gk o] Aow F7HH <l
C&CA[5]9] EAJo] 7} $4=3+& 3o
AeHoR, B ATl ST A
o]

A ofetnl= Ago) 945 42

o o
1o
I
]
ot
1)
o,
2

W] ofeisich. S| Bakste] 4-9(Cot CAg) W) Mg
o sjolsiels A dsio, $1 BN g ¢

Ao] 9lgitt =71 Bialslo] A9, Balglo] HJrr) i

oW g Eol 73t E‘r/\“%—J VFe= thqqagi =
gol W o E44 f-9] Aol S& ] ”*Qﬂﬂ st
et vhd 271 2alsko] st Uit oW Aol 417
at w0} et oy Ao A Btk Elstgict. A
2 o) e flelf obetul= A el ek A2 F

o 815l X ) S S WAL He A4S Bshe 59 4
o7t Bad Ao Azt
4.4 B

2P O ox ok

B A
=4S Holu, Hstel oet Al|Al avte A<
202 Bhol5| ik, o, of Ul 2l el Z o] A CRCAIS])
Exo] £AUFH| AE FAS BT o]= C8 THE x| Fo
15+ 63%2] /goltt. whehd ¥k Ay} ofu| = A

0,

ju 9

o B NN TLMRT AA] QS 2 B 2o
o 2700] AR uHelE Yoyl 498 WS
F oloh 22 sjolB e = B HA glel, T
o BY T FHAA BHL AL AR BA 2
o] 2% o7 Wt

s 7

o] =i (= AA) e Brje LA Qe
W817] =AY 3HR15- o] Al whot —*r Y 191 (2023
A, StAFE EHEAS ARAD). & A= AdE
AR Y ’fl‘?-ﬂﬂ%%ﬂ#ﬂ Aol 4t 71= Y AN 9
Azto g 35l9S. [FHAHE 20022538, 1150} S L7}t
A 7IRr 39 *liEél 9 PBV 25F ot 7]

REFERENCES

1. Sayam, A., Rahman, AN.M.M.,, Rahman, M.S., Smriti, S.A.,
Ahmed, E, Rabbi, M.E, Hossain, M., and M.O. Faruque, ‘A
Review on Carbon Fiber-reinforced Hierarchical Composites:
Mechanical Performance, Manufacturing Process, Structural
Applications and Allied Challenges”, Carbon Letters, Vol. 32,
2022, pp. 1173-1205.

2. Na, WJ,, Ahn, H.C,, Han, S.J., Harrison, P, Park, JK,, and
Jeong, E.G., “Shear Behavior of a Shear Thickening Fluid-
impregnated Aramid Fabrics at High Shear Rate’, Composites
Part B: Engineering, Vol. 97, 2016, pp. 162-175.

3. Pincheira, G., Canales, C., Medina, C., Fernindez, E., and
Flores, P,
Behavior of a Hybrid Carbon-aramid-reinforced Epoxy Com-

“Influence of Aramid Fibers on the Mechanical

posite”, Proceedings of the Institution of Mechanical Engineers,
Vol. 232, 2018, 58-66.

4. Swolfs, Y., Gorbatikh, L., and Verpoest L, “Fibre Hybridisation
in Polymer Composites: A Review;” Composites Part A: Applied
Science and Manufacturing, Vol. 67, 2014, pp. 181-200.

5. Hong, C.Y,, Kim, J., Kim, G.C,, and Ji, W.S., “Effect of Stacking
Sequence on Impact Resistance Performance of Hybrid Com-
posites Laminated with Continuous and Discontinuous Fiber-
reinforced Layers,” Functional Composites and Structures, Vol. 3,
2021, p. 02LTO1.

6. Jawaid, M., and Abdul Khalil, H.PS., “Cellulosic/synthetic Fibre
Reinforced Polymer Hybrid Composites: A Review; Carbohy-
drate Polymers, Vol. 86, No. 1, 2011, pp. 1-18.

7. Na, W], Lee, G.S., Sung, M.C., Han, H.N,, and Yu, W.-R., “Pre-
diction of the Tensile Strength of Unidirectional Carbon Fiber
Composites Considering the Interfacial Shear Strength,” Com-
posite Structures, Vol. 168, 2017, pp. 92-103.

8. Na, WJ,, Kwon, D.L, and Yu, W.-R,, “X-ray Computed Tomog-
raphy Observation of Multiple Fiber Fracture in Unidirectional
CFRP under Tensile Loading,” Composite Structures, Vol. 188,
2018, pp. 39-47.



	탄소섬유/아라미드섬유 하이브리드 복합재료의 적층 순서의 영향 평가
	1. 서 론
	2. 실 험
	2.1 재료 및 시편 제조
	2.2 기계적 물성 시험
	2.3 파단면 관찰

	3. 결과 및 논의
	3.1 기계적 물성
	3.2 파단면 관찰

	4. 결 론
	후 기
	References


