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Abstract As carbon fiber reinforced composites(CFRP) are widely used in aerospace,
automobile, marine, and sports goods applications, they have been studied extensively
by various researchers. However, CFRP have been pointed out because of machining
problems such as delamination and burr phenomenons. Especially, hole machining
process, drilling, has non-smooth features on inlet and outlet surfaces of drilled hole. This
kind of machining problem can be controlled to some extent by using high modulus pitch-
CF, which has considerable effects on fracture behavior of composite compared with only
PAN CF composite. Therefore, PAN and pitch hybridized CF composites were prepared
having high strength and modulus. The results demonstrate that the hybrid CFRP speci-
mens with pitch CF offer the good potential to enhance modulus as well as strength prop-
erties. Dynamic mechanical, flexural, and impact properties were measured and analyzed.
Morphological surface of the composites were also observed by IFS-28, canon after hole
machining.
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Table 1. Specifications of materials used in this study
Fiber(Toray Co., Ltd.) Resin(TB carbon Co., Ltd.)
Materials Content Density Content Tg Resin flow
[wt. %] [g/cm?] [wt. %] [C] [wt. %]
PAN 60.9 1.84 39.1
Prepreg - 121 12+5
Pitch 56.61 2.12 43.39
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Table 2. Physical properties of as—received PAN- and Pitch— based carbon fibers

Fiber PAN-based Pitch—-based
46J-12K XN-60
Tensile strength(MPa) 4,210 3,430
Tensile modulus(GPa) 436 620
Ultimate elongation(%) 1.0 0.6
Density(g/cm?) 1.84 2.12
Filament diameter(Micron) 5 10
Yield(g/km) 445 890
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Table 3. Hybrid ratio of PAN- and Pitch— CF rein—
forced composites in this work

Hybrid ratio PAN CF Pitch CF
4/0 4 0
3/1 3 1
2/2 2 2
13 1 3
0/4 0 4
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where,

Prax: Load at a given point on the load—

delection curve, N(lbf)

L: Support span, mm(in.)

b: Width of beam tested, mm(in.)

d: Depth of beam tested, mm(in.)
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where,
E;: Measured impact energy, Jlin.—1bf]
m: Mass of impactor, kgllbm]

v;: Impact velocity, m/slin./s]

m(v?=v(t)?)

E.t) = 2

Fmg S (t) e (4)

where,
E,: Absorbed energy at time t, J[in.—1bf]
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Figure 1. Flexural strength and modulus of the PAN/Pitch CF composites manufactured at different composition

ratio; (a) flexural strength, (b) flexural modulus.
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8: Impactor displacement at time t, m[in.]
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CF composites at different conditions with a heating
rate of 5°C/min,
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Figure 3. The dimensional stability as a function of
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Table 4. Linear thermal expansion of PAN/Pitch CF
composites after thermomechanical analysis with dif—
ferent hybrid ratio
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Figure 4. Impact properties of the PAN/Pitch CF
composites with different hybrid ratio.
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Table 5. Absorbed energy of PAN/Pitch CF compos—
ites after drop weight impact test with different hybrid
ratio

Sample 4/0 3N 2/2 1/3 0/4

Impact
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Figure 5. Morphological images of PAN/Pitch CF composites with different hybrid ratio after hole machining;

(a) 4/0, (b) 3/1, (c) 2/2, (d) 1/3, (e) 0/4 at hybrid ratio.
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