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ABSTRACT : Composite materials containing two or more kinds of fibers are called hybrid
composites. The most popular hybrid composites are glass-carbon and aramid-carbon
hybrids. The addition of carbon fibers to glass-fiber-reinforced composites will produce a
hybrid composite with increased stiffness and satisfactory strength at a reasonably low cost.
In this work, low-velocity impact damage characteristics and compressive strength after im-
pact of quasi-isotropic glass-carbon hybrid laminates are investigated. Low-velocity impact
test is performed using a drop weight type impact test system and the damage zone due to
impact is detected by C-scan. Compression after impact tests of single composites, delamina-
tion-simulated specimens and hybrid composites are performed to compare the residual com-
pressive strength each other. Also the low-velocity impact damage characteristics and hybrid
design of the glass-carbon hybrid laminates are discussed.

Keywords: hybrid composite, glass-fiber-reinforced composite, carbon- fiber-reinforced composite,
low-velocity impact test, compression after impact (CAI) test.
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Figure 1. Systems of hybrid composite laminates.
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Table 1. Mechanical Properties of Prepregs

test values
property carbon/epoxy glass/epoxy
tensile strength(ksi) 285.30 137.63
modulus{msi) 18.38 5.78
compressive strength(ksi) 133.6 133.11
flescural strength(ksi) 254.24 173.91
modulus(msi) 16.76 5.85
short beam shear strength(ks1) 10.2 10.80
¢ 33cm )

IZScm

Figure 2. Schematic diagram of lay-up for prepreg
lamination according to the BSS 7260 specification.
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Figure 3. Cure cycie for carbon/epoxy and glass/
epoxy laminates (250 °F cure system).
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(a) damage area-simulated specimen
film shape : circle

film diameter : 2, 3, 4 cm

position 17 25 29

15 7 3 L=

(b) damage volume-simulated specimen
film shape : circle

film diameter : 7cm

position 16 nf_ ] 8f—
— 1 10 8l —
16 11 8

Figure 4. Rule of insert film for damage-simulated
specimens.
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Table 2. Stackmg Sequence of Hybrid Compos-
ite

stacking sequence

€:G G/C/G C/G/C alternating

1:1 8168 816 8 G/C/G/C---C/G
3:1 4244 12 812 G/Cy/G/Cs--Cy/G
7:1 2282 14 414 G/Cy/G/C,/G/Cy/G
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Figure 5. Schematic diagram of compression' support
fixture for CAI test.
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Figure 6. Impact load history and energy history of composites for different impact energy. (a) CFRP 25 J, (b)

CFRP 30 J, (c) GFRP 25 J, (d) GFRP 30 J.
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Figure 7. Damage area detected by C-scan for CFRP
with different impact energy. (a) 25 J, (b) 30 J, (¢)
35 J, (d) 40 J.

Ea2loy A203 Al43 19963 7H

damage shape
of projection

(a)

damage shape
between layer
13/11

(c)

damage shape
between layer
25/22

(b)

damage shape
betwveen layer
9/6

(d)

Figure 8. Characterization of damage area by observ-
ing the cross-section of CFRP with 30 joule. The
cross-section represents the center of composites ;
dotted line, —; direction of lay-up below the delamina-
tion.
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Figure 12. Impact load history and energy history for
sandwich type hybrid composites at 30 J impact ener-
gy. (a) CF/GF/CF and (b) GF/CF/GF.
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Table 3. Damage Area Detected by Observing
the Cross-section of Hybrid Composites

. area of each delami- all layer trajectory
specimen

nation layer (cm?*)  sum area
1:1 7 21 3 31 29
C/G/C 3:1 24 24 26 79 46
7:1 32 13 7 15 66 47
1:1 little little
G/C/G 3:1 26 36 62 56
7:1 59 32 91 87
1:1 21 15 12 48 28
Alternating 3:1 29 20 23 72 63
7:1 5 32 32 69 64
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