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Study of Mechanical Properties and Porosity of Composites by
Using Glass Fiber Felt

Ji-Seok Lee*, Myeong-Hyeon Yu*, Hak-Sung Kim***"

ABSTRACT: In this study, when the carbon fiber composite was manufactured, the correlation between the porosity
and mechanical properties according to the number of glass fiber felts laminated together and the stacking sequence
was confirmed. The carbon fiber composite was manufactured by stacking glass fiber felts, which are highly permeable
materials, and using vacuum assisted resin transfer molding (VARTM). Porosity was measured by photographing the
cross-section of the specimen with an optical microscope and then using porosity calculation code of MATLAB, and
mechanical properties were measured for tensile strength, modulus by tensile test. Furthermore, Pearson correlation
coefficient between porosity and mechanical properties was calculated to confirm the correlation between two
variables. As a result, the number of glass fiber felt increased and the distance from the center of laminated
composites increased, the porosity increasing were confirmed. In addition, tensile strength/modulus showed a weak
positive correlation with porosity. Also, in order to confirm the effect of only porosity on tensile strength and
modulus, mechanical properties calculated by CLPT (Classical Laminate Plate Theory) and experimental values were
compared, and the difference in tensile strength showed a strong positive correlation with porosity and the difference
in modulus showed a weak positive correlation with porosity.
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Table 1. Stacking sequence according to case No.

Case No.

Stacking sequence

Case 1

CF4

Case 2

CF4/GF1

Case 3

CF4/GF2

Case 4

CF3/GF1/CF1

Case 5

CF2/GF1/CF2

Case 6

CF3/GF2/CF1

Case 7

CF2/GF2/CF2

A9} 7o) W= AZIA| (KFH-163,
10:32] FEFu|2 Zglslo] ARg3lSiTt.

213 A

P
e

=t

=]
ar T

7le Aol A5 &A=
E} CF(carbon fiber fabric)2} GF(glass fiber

1 Oa/d

%9

<ILDE

SAEE Gehfa F

N4E FH5F T Case 1, 2,
A% Aol ME 7|28 L /1A

%131 Case 2, 4, 53} Case 3, 6, 72 =3}
5 % 7AA 2495

Al

o]

n2)zo] 9]7of uh 73

A~

transfer molding, VARTM)

-
s

oA &2l

‘/FX] o]d\_ /\-]'5‘&&4_9_ 7]

=7} ol

2] 4%
g

-
54

2 A3 H(vacuum assisted resin

| o]& A5 H(RTM)
AHgstel 43S

ol Hae A%
of o GAIE EEFI T

.20} Zro] A=

. Fig =
Aol e Eﬂz 2 =3}

o 25 BAA Aol =A7F Feke

Glass fiber felt
Glass fiber felt Glass fiber felt

Carbon fiber fabric

Carbon fiber fabric

Carbon fiber fabric

Case 1

Carbon fiber fabric

“arbon fiber

Case 6

Fig. 1. Schematic of stacking sequence by case No.
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Fig. 2. Schematic of VARTM
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Fig. 3. (a) Getting a section by waterjet (b) Image by optical
microscope (c) Calculating porosity by image processing
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Table 2. Direction and strength of correlation

Correlation coefficient N .
value (1) Direction and strength of correlation
-1 Perfectly negative
-0.8 Strongly negative
-0.5 Moderately negative
-0.2 Weakly negative
0 No association
0.2 Weakly positive
0.5 Moderately positive
0.8 Strongly positive
1 Perfectly positive
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Fig. 5. Porosity according to stacking sequence

Table 3. Porosity according to case no.

Case No. Porosity (%) Deviation
Case 1 0.00449 0.001435
Case 2 0.00706 0.001320
Case 3 0.00702 0.001602
Case 4 0.00915 0.002120
Case 5 0.00827 0.001487
Case 6 0.00605 0.001231
Case 7 0.01320 0.003094
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Fig. 6. Modulus (experiment, CLPT calculated) (b) Difference
between experiment and CLPT result
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Fig. 7. (a) Tensile strength (experiment, CLPT calculated) (b) Dif-
ference between experiment and CLPT result
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