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Connection properties and failure modes of short carbon fiber reinforced plastic homogeneous lattice sandwich panels
HE Lang',CHEN Zhanchun',GU Xiang', LIU Jianglin'*, LIAG Jianguo'’
(1. College of Mechanical, Taiyuan University of Technology, Taiyuan 030024, China; 2. Engineering Research Center of Advanced Metal
Composites Forming Technology and Equipment, Ministry of Education, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract : Short carbon fiber reinforced thermoplastic (SCFRP) homogeneous lattice core structures have attracted much atten-
tion due to their short preparation cycle and excellent performance, but their practical applications are still limited by the uncertainty
brought about by their connection properties and failure modes. To solve this problem, SCFRP panels with different fiber mass frac-
tions (20%—40%), thickness gradients (2—4 mm) and lattice cores with 30% fiber mass fraction were prepared by direct composite
compression molding process, and further assembled into homogeneous lattice sandwich panels. The normal pull-out test and in-
plane shear test were performed using the universal testing machine to analyze the connection performance and failure modes of the
homogeneous lattice sandwich panels by comparing with the traditional heterogeneous lattice sandwich panels. The results show that
SCFRP homogeneous lattice sandwich panel shows superiority in failure mode, its normal pull-out failure mode is direct debonding
of the lower surface of the insert, and the in-plane shear failure mode is debonding of two inserts one after another without other
additional damage. The connectivity performance is improved compared with the traditional heterogeneous lattice sandwich panels.
When the fiber mass fraction is 40% and the panel thickness is 3 mm, the normal pull-out failure load is about 5.65 kN, which is
88.3% higher. When the fiber mass fraction is 30% and the panel thickness is 3 mm, the in-plane shear failure load is about 5 kN, the
ultimate load is about 7.04 kN, which is 29.2% higher, and the in-plane shear stiffness is about 2.64 kN/mm, which is 175% higher.

The above results show that SCFRP homogeneous lattice sandwich panels exhibit superiority in connection performance and failure
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modes, and the elucidation of their connection performance and failure modes supports their engineering applications in aerospace

and other fields.

Keywords : direct composite compression molding ; short carbon fiber reinforced thermoplastic ; lattice sandwich panel ;

connection property ; failure mode
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Fig. 1 Preparation process of SCFRP homogeneous lattice

sandwich panel
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Fig. 3 Structure of insert and assembly with lattice core
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Tab.1 Mechanical properties data of SCFRP composite

Samples o,/MPa E/GPa F /KN F,/N
20%(3 mm) 140.66 8.02 6.07 520.1
30%(2 mm) 165.79 10.02 3.64 433.6
30%(3 mm) 171.84 9.34 6.96 682.6
30%(4 mm) 100.30 8.54 7.92 1358.1
40%(3 mm) 140.47 9.48 6.12 929.7

Notes: o, is tensile strength; £ is tensile modulus; F, is squeeze

force; F, is bending force.
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Fig. 7 Fracture morphology of SCFRP composites with different fiber

mass fractions and thicknesses
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different fiber mass fractions and thicknesses

2.2 kel

P10 Sy AN [) 2T 24 Jo o 0 550 )5 5 v Al 2H ol )
SCFRP [ J5 s [ S B M 02 ) 37 Byt 23 A - 137 7% 1 26
HITE 10 AT LA 3k RO LA 3 s, 3 fir -3 5%
SR E=R(i25 1d M wbly <k P OSAch il T MO !



VR, S SEBRET AR SR IPDRL R BT P I U AR PR eV i S SR X 83

(a) 30%(2 mm) bending fracture damage
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Fig. 9 Squeeze damage of SCFRP composites
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(b) Normal squeeze damage
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Fig. 10 Normal pull-out load—displacement curves of SCFRP homoge-

neous lattice sandwich panel
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Fig. 11 Photos of normal pull-out experimental damage
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Tab.2 Connection performance data of heterogeneous lattice

sandwich panels

F /KN E/(kN-mm™) F/kN EJ(kN-mm)
3.0 2.7 5.45 0.96

Notes: F, is normal pull-out failure load; E, is normal pull-out stiff-
ness; Fy is in-plane shear failure load (ultimate load); E, is in-plane shear

stiffness.
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Fig. 12 In-plane shear load—displacement curves for SCFRP homoge-

neous lattice sandwich panels
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Fig. 13 Photos of in-plane shear experimental damage
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Fig. 14 In-plane shear force—displacement curves after failure of

lattice sandwich panels
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