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Prediction of Material Properties of Carbon Fiber Prepreg in the
Laminated Composite Using Reverse Analysis with
Dynamic Characteristics

Mun-Young Hwang*, Lae-Hyong Kang**"

ABSTRACT: If what the mechanical properties according to a layer have was found out by analyzing the already
fabricated composite, it could be possible to develop the composite of the better performance than the existing
products. In this study, we tried to calculate the mechanical properties of the inner prepreg lamina by applying the
reverse design technique to the composite structure made by laminating prepregs. When the physical quantities
obtained by the simple tensile test are used alone and the physical quantities obtained by the tensile test and the mode
analysis are used at the same time, the results of this study show that the accuracy of the latter is higher Finally, the
maximum error of E, predicted was 0.09% and the maximum error of predicted E, was 7%.
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Fig. 2. Principle of the prediction of the lamina properties in this
research
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Table 1. Boundary condition input in the simulation of tensile
test and modal test for calculation of E, and E,

Material type CFRP UD Preperg
Stacking sequence |0/90]s
Thickness of one lamina 0.15 mm
Dimension of specimen 13 mm x 240 mm
E, of one lamina 140 GPa
E, of one lamina 8.4 GPa
G, of one lamina 4.5 GPa
G,; of one lamina 3.5GPa
Poisson’s ratio,, of one lamina 0.281
Poisson’s ratio,; of one lamina 0.4
Node 1,098
Elements 963

e =

Fig. 6. Boundary condition in simulation of tensile test and
modal test for calculation of E, and E,
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Table 3. Estimated E,, E, by the simulation in the condition of
static (tensile condition)

E, of lamina | E, oflamina | Simulated stress of
(GPa) (GPa) the laminates (MPa)
(Error %) (Error %) (Error %)
Initial
ntatinput |- 46 49 8.49 296.54
values
140.93 7.47 297.32
Candidate 1
andidate (0.31%) (12.01%) (0.26%)
142.14 7.88 299.98
Candidate 2
andidate (1.17%) (7.18%) (1.16%)
140.83 8.29 297.23
Candidate 3
andidate (0.24%) (2.35%) (0.23%)

Table 4. Estimated E,, E, by the simulation in the condition of
statics (tensile) and dynamics (bending + torsion +
lead-lag)

E, of lamina | E, of lamina | Simulated stress of

slope of the S-S curve that obtained by the tensile test (GPa) (GPa)  [thelaminates (MPa)
simulation (Error %) (Error %) (Error %)
Initial i t
mvlilfe‘f " 140.49 8.49 296.54
Table 2. Boundary condition input in the simulation of predic-
tion of E. and E Candidate 1 140.63 8.18 296.79
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Material type CFRP UD Preperg
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Boundary of E, of one lamina 117 GPa < E, < 144 GPa st Bending | 1st Torsion Lst Lead.]
st Lead-lag
Boundary of E, of one lamina 7.68 GPa < E, < 9.02 GPa frequency | frequency frequency (Hz)
Stress of the desired value by (Hz) (Hz) (Error %)
) A 296.54 MPa (Error %) (Error %)
inverse calculation
Strain of the desired value by Initial input 28.79 222.55 543.35
) ) 0.00284 mm/mm values
inverse calculation
. 28.8 222.55 543.05
The used optimization tool MOGA Candidate 1
b andidate (0.03%) (0%) (0.005%)
. Candidate 2 28.82 222.56 542.93
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