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Fig. 1 Testing machine and the fixture
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Table 1 Low-velocity impact test arrangements

Impactor velocity/ .
Test Key factor Type Impactor parameter Impactor energy/J (m-s™) Times

S 45 Strip impactor, —45°

1 Impactor angle S, Strip impactor, 0° 10 1.88 2
Sus Strip impactor, 45°
H,, Hemispherical impactor, 10 mm

Impactor . Lo
2 di ; H,, Hemispherical impactor, 14 mm 10 1.88 2
iameter

Hi, Hemispherical impactor, 16 mm
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Fig. 2 Strip impactor and hemispherical impactor Fig. 3 Impactor angle of the strip impactor
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Fig.4 C-scan results of all types of specimens after impact
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Fig. 5 Damage at the impact face after impact
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Table2 Summary of the impact test results

Specimen Dent depth/mm Delamination damage area/mm’ || Specimen Dent depth/mm  Delamination damage area/mm’
S_4s 0.22 2147 H,, 0.30 1613
S, 0.19 1710 H, 0.23 1553
Sus 0.17 1651 H, 0.21 1230
(2) MR B AR

H,-A. H,,-A Fl H,-A 2> 3 B 42 10, 14 F1 16 mm 421 BRIE i op o (0 808050k . H,-A i EERY
MBTIRE R 0.30 mm, 430 b H,-A A1 H, -A SRR B9 M TR BE & 23.3% F1 21.0%. 38 33 X 43 J2 45t 473 1 AR
WATGEIT, H - A REE R 2B ALl 1613 mm?, 435 e H ,-A Fl H,-A 3URE 5950 2 1 AL S 3.7% Al
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I B TR A MR AT 2R 4 B, 2R 4R R AEWT L, Wi 6(b) iR . MIRAL KA 10 mmip ik o i i), B

Impactor

Impactor

Laminate Vertical load -
rrrrr j T F,=F,xcosu Laminate ‘
Fy,=F,xcosv . ‘
B s =1Lp Fiber breakage :
F,<Fy<F. Fe Fio=F, & Lowest point
(a) Impact loading (b) Impact unloading
Impéctor

. 4 _ Ia Dent from bigger
Laminate NG v - diameter impactor
/; * Dent from smaller
Joke BN diameter impactor
IRB 2 Feg Vertical load: Fips = F g

(c) Impact loading by different diameter impactor
6 e fin o 2
Fig. 6 Sketch of the impactor loading
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Fig. 7 Impact force-time curves of each specimens
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Fig. 8 Typical impact force-time curves under strip and hemispherical impactors impact
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Fig. 9 Typical impact force-central displacement curves under strip and hemispherical impactors impact
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Fig. 10 Typical energy-time curves under strip and hemispherical impactors impact
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Low-Velocity Impact Behavior and Damage Characteristics of CFRP Laminates
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2. School of Mechanical Engineering, Northwestern Polytechnical University, Xi’an 710072, China,
3. College of Field Engineering, PLA Army Engineering University, Nanjing 210042, China;
4. First Aircraft Institute of Aviation Industry Corporation, Xi’an 710089, China;
5. State Key Laboratory of Fluid Power and Mechanical Systems, Hangzhou 310027, China)

Abstract: Low-velocity impact tests were performed for the [45,/—45,],; carbon fiber reinforced plastics
(CFRP) laminates for exploring the low-velocity impact behaviors. The effects of impact angle of strip
impactor and impactor diameter of hemispherical impactor on the impact responses of laminates are studied.
Besides, the damage characteristics are evaluated by dent depth and delamination damage area simultaneously.
The experimental results show that larger maximum center displacement and more energy dissipation can be
caused when the impact direction of the strip impactor is parallel to the fibers in the surface plies and the
impactor diameter is smaller. The dent depth and delamination damage area are also larger at the two
situations above. In addition, the dent depth is positive correlated with the delamination damage area under
single factor variables of impact angle and impactor diameter. There has significant fiber break around the
impact area under the impact of 10 mm hemispherical impactor, but no obvious fiber break appears around
the impact area for 14 mm and 16 mm impactors.

Keywords: carbon fiber reinforced plastic laminates; low-velocity impact; damage characteristics; dent

depth; delamination damage area
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