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Paper

A Study on the Impact Characteristics of CFRP Composites by Charpy
Impact Test and Residual Bending Strength Evaluation

Dong-Hwan Yoon*, Jae-Hyuk Choi*, Min-Seong Hwang*, Jin-Ho Choi*'

ABSTRACT: Carbon fiber composites are inherently vulnerable to impact due to the brittleness of the matrix and the
macroscopic interface characteristics between the fiber and matrix. For composite structures such as wind turbine
blades and robotic arms, which are subject to dynamic bending loads, it is critical to assess both the absorbed energy
and the residual bending strength. In this study, a Charpy three-point bending impact test was conducted to
investigate the damage and residual bending strength characteristics of the composite specimens. The results showed
that the absorbed energy was superior in unidirectional fiber composites compared to fabric composites, and that
aluminum, which has a larger plastic deformation region, exhibited higher absorbed energy values than composite
materials. The minimum impact energy required for failure was approximately 10.6% higher in unidirectional fiber
composites compared to fabric composites, which closely correlated with a similar increase in absorbed energy
(10.2%). Additionally, the maximum load during the impact showed a trend similar to the static bending failure load
and exhibited values higher than the static bending failure load.
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Fig. 1. Shape of impact test specimen

Table 1. Material type and thickness

Area Nominal
Material Fib T
aterta her pe weight | thickness
T700
T700 UD Uni-Direction| 200 g/m* | 0.23 mm
(12K)
T700
T700 Fabric Plain Weave | 400 g/m* | 0.46 mm
(12K)
T300
T300 Fabric (3K) Plain Weave | 200 g/m? | 0.3 mm
Aluminum Al 6061 5.6 mm

Fig. 2. Closed mold for RTM

Table 2. Number of ply for each specimen

No. Model T700 UD T700 Fabric | T300 Fabric
1 CU700 24 0 0
2 CUW?700 12 6 0
3 CW?700 0 12 0
4 CW300 0 0 24
5 Al6061 Aluminum

A E o] AHg-3t 2] = = 3F8H(3) ©] Epoxy KFR-5121
1} Hardener KFH-9581LVEA], 1:1 A H| 2 wHIS}o] Al
steich sl A2 A RIMEA S AHg3hA.on, g8
Closed Mold+= Fig. 20f| UEY Qlth A|H HH = & 5714]
2], 7} AHe] %% J Table 20| Lt} gick. Table 2]
A B upel 7], CU700:L T700 AHksF A9uto 2 14
5ol A gloul, CUW700& olukek Afol sjuelo] 1:1e]
H|-& 2 &3kx o] 9131, CW700x} CW3002 mj =gl o g2l
TAE A k. ZF AHES] FA= BE 5.6 mmEA, &
AT 4§ HIRES TPIES ALE i
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Fig. 3. 3-point bending test
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Fig. 4. Failure load of 3-point bending test

Fig. 5. Photo of the impact test
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Fig. 6. Force-Displacement curve and fracture photo after 15J
impact test
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Fig. 6. Continued
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Fig. 7. Absorbed energy after 15J impact test
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(a) Photograph of the specimen after spraying fluorescent liquid
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(b) Measurement of crack length

Fig. 9. Measurement of crack length by the penetration test
(CU700,7.3))

olN

7P=h(°‘: 10. 2%)— EOE‘EP OIL 45k Al ¢
+ B3 AJH] HYEo] sjEe S Al
2 2 VA7) Q208 At ETh B3 A Al
|| 5}5-2 Fig. 49| A& o9l vzt vl f-ARE
Holn, F4 3l sEshEE 22 7S UErY
= AUt
Bl OMW afo] WASk= X4 FANUAE
HANYAZ FsAlA7 AlHE 4}»;04
}@‘E} Al o] mpdof = I FeHA of o%t
=31k 2kl FskE B7HE Skl wA s
t}. Fig. 9(a)= HEet l—/\]?ﬂ o o3| AL gole HARSH A}
Zlo]al Fig. 9(b)2] 4% wEolE 43 ARIC=Z, CU700
Al 7.3]¢] Tﬁt’ﬂﬂxli 7HiE o oF 347 mmo] <
o] ZAE| Tt Table 32 7} A|Hof| FZ oA S F7HA
A 7p o)} 2t FRleksS Brket Axto|nt. %k

o o
o e ETS

N
—_

ol
o
N
1

o
L

i

ol
N

]_

O

X
e
N
o
N



A Study on the Impact Characteristics of CFRP Composites by Charpy Impact Test and Residual Bending Strength Evaluation 379

Table 3. Crack length and residual bending load

Impact energy 5.7] 6.6] 7.0] 73] | 7.7)
Crack length N N N 3.47 F
cu (mm)
700 i
Residual load N N N |1885.2| F
(N)
Crack length N N 3.60 F F
CUW (mm)
700 Residual load
N N |11874| F F
(N)
Crack length N 0.86 F F F
cw (mm)
700 i
Residual load N |17800! FE F F
(N)
Crack length 135 E F F F
cw (mm)
300 Residual load
2650 | F I F | F
(N)
Crack length 0.50 E F F F
Al (mm)
6061 Residual load
8731 | F H F | F
(N)

N : No Damage / F : Failure
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Fig. 10. Crack length and residual bending load ratio at minimum
impact energy
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Fig. 11. Minimum impact energy and dynamic force to generate
the initial crack (v =2.12 m/sec)
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