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Fibre Distribution and Tensile Properties of

Composite Grid Structure Stiffeners
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Abstract: Composite grid structures have been widely used in aerospace craft, therefore exploring their
mechanical property has significant engineering research value. In order to improve the load carrying efficiency
of composite gird structures, a method for improving the fiber morphology based on “broken rib
reinforcement” is proposed. Through finite element analysis and test verification, the influence of different
proportion of broken ribs on the fiber morphology and the tensile performance of composite grid structure ribs
is studied. The established finite element model is used to analyze the tensile failure mechanism of composite
grid structures treated with “broken rib reinforcement”. The error between the simulation results and the test
results is less than 10% , indicating good consistency. The results indicate that proper treatment of broken ribs
during the forming process of composite grid structures can significantly reduce the fiber bending angle at the
joint and enhance the tensile performance. Compared with not undergoing broken rib treatment, the tensile
ultimate load increases by 24.4% when the proportion of broken rib reinforcement ratios is 30%.
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Table 1 Mechanical properties of glass fiber/epoxy plain fabric composites"”
E,/GPa E,/GPa E;/GPa G,/GPa G5/ GPa G,;/GPa Vi Vi3 Vs
19.03 19.03 5.63 3.42 2 0.11 0.32 0.32
X1/MPa X./MPa Y+/MPa Y./MPa Z+/MPa Z+/MPa S1./MPa S5/ MPa S,;/MPa
188.72 74.85 188.72 74.85 42.6 69.76 15.53 15.53
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Fig.1 Rib specimen
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Table 2 Mechanical parameter of E-51 epoxy resin'”

P AR T N JE 4 5% i oY) i
E/GPa Ry s./MPa S/MPa
3.5 0.35 241 89.6
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Fig.2 Broken rib treatment process
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Fig.3 Fiber morphology of ribs with different broken rib re-

inforcement ratios
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Table 3 Schematic of fibers with different broken rib re-

inforcement ratios

A T.»/mm  T,./mm 0/(%) L/mm
AGS-0 2.0 3.8 20.56 4.8
AGS-30 2.0 3.4 18.03 4.3
AGS-50 2.0 3.0 14.74 3.8
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Table 4 Ultimate load and ultimate displacement with (a) AGS-0
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0
. =
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0 1 1 1 )
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o
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o) 10 L
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AGS-50-3 20.98 5.19 % 5 4 ¢ 3
AGS-50-4 22.56 5.47 Displacement / mm
(c) AGS-50
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Fig.5 Ultimate load-displacement data with different bro-

ken rib reinforcement ratios
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Fig.6 Test failure modes with different broken rib reinforce-

ment ratios
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Fig.10 Failure mode simulation tests with different broken

rib reinforcement ratios
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