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Study on the Inverse Estimation of Strength of Sub-laminate of CFRP Composite
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Abstract : Carbon fiber reinforced plastic(CFRP) composites are commonly used in lightening the weight of automobiles to
reduce carbon emissions. To apply the material to the automobile, it is important to understand the impact of the material and
analyze it using the finite element method. Hence, this study constructed a finite element analysis model of a drop-weight test
comprising sub-laminates efficient for the analysis of units of complete vehicles and parts. To obtain the equivalent strengths
of the sub-laminates, an artificial neural network surrogate model was developed based on the finite element method, and its
reliability was verified. The optimal strengths value was inversely estimated by comparing the error with the result of the
drop-weight test, and effectiveness was confirmed under other potential energy conditions.

Key words : CFRP(+4> -7 743} =2}228)), Composite(E- 3 A &), Finite element method(-3F2.4~H), Drop-weight
test(=F3} 54 A14), Artificial neural network( 182174 ), Inverse estimation(% %)

Nomenclature S : shear strength, MPa

2 . . . .
o - normal stress, MPa R : coefficient of determination

NFLS : tensile failure strength

SFLS : shear failure strength Subscripts

T : shear stress, MPa n : normal direction
: reduced stifthess matrix s : shear direction
e : normal strain, mm/mm k : order of plies
vy : shear strain, mm/mm p : in-plane direction
N : net force of laminate, N t : thickness direction
oy : thickness of plies, mm 1,2,3 : fiber, matrix, thickness direction
A : in-plane stiffness matrix
E : elastic modulus, GPa .2
G : shear modulus, GPa A A A 02 Bl E Ak} sk ol mo] 9skA o
V. poissonsmatio 2 <13} 87 Wsol v A7k 3 AsA 3 ghek. wek
T ctensilestrength, MPa A e g sk A Feke B3 )7k A
C : compressive strength, MPa
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Table 1 Material properties of T700 s unidirectional prepreg

Properties Value
Density (kg/m®) 1500
Fiber modulus (GPa) 112.1561
Transverse modulus (GPa) 8.109
Shear modulus (GPa) 4.647
Poisson’s ratio 0.33
Fiber tensile Strength (MPa) 2187.8
Transverse tensile Strength (MPa) 49.8
Fiber compressive Strength (MPa) 822.9
Transverse compressive Strength (MPa) 129.6
Shear Strength (MPa) 89
Resin contents (%) 33
NFLS-epoxy (MPa) 56
SFLS-epoxy (MPa) 44

Photo. 1 Apparatus of drop-weight test
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Table 2 Material properties of Sub-laminate calculated by

CLT
Properties Value
E, 43.903 GPa
E, 43.903 GPa
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Vey 0.3065
Yy 0.3065
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Study on the Inverse Estimation of Strength of Sub-laminate of CFRP Composite Based on Artificial Neural Network Surrogate Model
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Table 3 Strength of CFRP sub-laminate obtained by ANN

Table 4 Comparisons of MAE and SMAPE

Comparison targets MAE (J) SMAPE (%)
Experiment - Surrogate model 0.504 0.1007
Experiment - FEM 0.3215 0.0331
FEM - Surrogate model 0.7817 0.0737

Table 5 Energy absorptions & errors between experiments
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Properties Value (MPa)
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Fig. 7 Comparison of experiment, surrogate model and FEM
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