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Effects of hybrid design on mechanical properties and impact resistance of carbon/kevlar hybrid composites
YANG Haoyue, LIU Limin, REN Yongxin, CHEN Zhe, CAO Yuhang
(State Key Laboratory of Advanced Forming Technology and Equipment, China Academy of Machinery Science and Technology Group Co., Ltd.,
Beijing 100083, China)

Abstract : To address the engineering challenge of insufficient impact resistance in carbon fiber composites, this paper investi-
gates the regulatory mechanisms of fiber hybrid ratio which is the ratio of layer numbers of Kevlar fiber to the total layer numbers of
fiber hybrid composites and hybrid sequence on the mechanical properties and impact resistance of carbon (C)/Kevlar (K) hybrid
fiber-reinforced polymer (HFRP) composites, aiming to optimize integrated design strategies for high-load-capacity and impact-
resistant composites. HFRP laminates with nine gradient hybrid ratios (increased from 0 to 1 with a gradient of 0.125) and three
hybrid sequences (layup of Kevlar fiber in one side of outer layers [K4C4], symmetric layup of Kevlar fiber in outer layers [K2C2],,
symmetric layup of carbon fiber in outer layers [C2K2],) were fabricated by the gas bulging compression molding method. Macro-
scopic properties of the laminates were characterized through tensile testing, three-point bending, 15 J low-velocity impact (LVI),
and post-impact residual flexural strength tests. Damage evolution mechanisms of the laminates were analyzed via micro-computed
tomography (CT). The results show that the hybrid ratio nonlinearly influences tensile and flexural properties. At a 0.5 of hybrid
ratio, the [K4C4] structure achieves a flexural strength of 686.31 MPa, and its post-impact residual flexural strength is 410.47 MPa
(40.19% reduction), significantly outperforming pure carbon fiber laminates (80.37% reduction). [C2K2], exhibits severe degrada-
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tion of flexural strength after LVI, the post-impact residual flexural strength is 170.51 MPa with 75.2% reduction, and the micro-CT

reveals extensive carbon fiber fracture at the impact side. Conversely, [K4C4] shows minimal carbon fiber damage. Optimal HFRP

performances with synergizing flexural strength and impact resistance are achieved at a 0.5 of fiber hybrid ratio while avoiding

layup of carbon fiber in outer layers. This hybrid design elevates post-impact residual flexural strength of the laminate by 68.4%,

with micro-CT confirming Kevlar layers effectively absorb impact energy and suppress carbon fiber delamination/fracture, provid-

ing theoretical guidance for aerospace impact-resistant structures.

Keywords : fiber hybrid composite ; flexural property ; hybrid ratio ; low-velocity impact ; CT inspection
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Tab.1 Design information of carbon/Kevlar fiber hybrid compos-

ite samples

Samples C layers no. K layersno. Interface no. Hybrid ratio ()

[C8] 8 0 0 0
[K1C7] 7 1 1 0.125
[K2C6] 6 2 1 0.25
[K3C5] 5 3 1 0.375
[K4C4] 4 4 1 0.5
[K5C3] 3 5 1 0.625
[K6C2] 2 6 1 0.75
[K7C1] 1 7 1 0.875

[KS] 0 8 1 1
[K2C2], 4 4 2 0.5
[C2K2], 4 4 2 0.5
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Fig. 1 Schematic diagrams of hybrid design scheme of fiber hybrid composite laminates and samples
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Tab. 2 Elastic parameters of carbon fiber (CF)/epoxy composites and Kelvar fiber (KF)/epoxy composites used in numerical simulation

Materials E /GPa  E,=E /GPa G,=G,/GPa  G,/GPa v, vy v, KJ/KkI'm?®) K /(kI-m”)
CF/epoxy 130 8.3 53 0.30 0.30 0.35 100 1
KF/epoxy 80 5.5 2.0 0.34 0.34 0.35 700 1

Notes: E,,, E,,, E;; are elastic modulus (direction 11, 22, 33); G,, G,;, G,, are shear modulus (direction 12, 13, 23); v,,, v,;, v,, are Poisson's ratio

(direction 12, 13, 23); K is longitudinal fracture toughness of fibers; K is transverse fracture toughness of fibers.
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Tab.3 Strength parameters of CF/epoxy composites and Kelvar

fiber (KF)/epoxy composites used in numerical simulation

MPa
Materials X, X Y=Z2. Y~Z. S§,5, S,,
CF/epoxy 1 600 640 48 150 80 60
KF/epoxy 800 580 48 140 75 60

Notes: X, X represent longitudinal tensile strength and compres-
sive strength; Y, Y, represent transverse tensile strength and compres-
sive strength; Z;, Z_ represent interlaminar tensile strength and compres-
sive strength; S, S, and S,; represent shear strength (direction 12, 13,
23).
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