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Experimental Investigation on Low-Velocity Impact Behavior of

Perforated Foam Core Sandwich Composites

JI Qiuzu, CUI Weiyun, CAI Deng’an, ZHOU Guangming
(State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing University of Aeronautics &. Astronautics,

Nanjing 210016, China)

Abstract: A method of pre-piecing the foam to form resin glue nails in the foam core is proposed to address
the disadvantage of poor interlayer behavior of plain foam core sandwich composites, and low-velocity impact
behavior of perforated foam core sandwich composites is investigated. Perforated foam core sandwich testing
pieces are made by hand-pasting and vacuum assisted manufacturing process, and low-velocity impact tests
with different energies are performed on these pieces to obtain the mechanic responses, such as contact
forces, crosshead displacements, and energy absorbing ratios. The extension of low-velocity impact damages
are determined by methods of visually inspection and nondestructive inspection with ultrasonic C-scan. It is
known from the testing results that the maximum contact forces, the maximum impactor displacements, and
residual deformation increase with the increasing of impact energy, indentation and internal damage area also
increase, while energy absorbing ratio of the structure is promoted as well. Low-velocity impact resistance of
perforated foam core sandwich composites can be improved by enhancing nail densities and foam groove

widths moderately, while hole depth has little effects on its impact performances.
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Table 1 Mechanical properties of Glass/Epoxy plain fabric composites
E,/GPa E,/GPa E.,/GPa G,,/GPa G,;/GPa G,,/GPa Vi Vi Vay
19.03 19.03 5.63 3.42 2 0.11 0.32 0.32
X,/MPa X./MPa Y../MPa Y./MPa Z./MPa Z./MPa S../MPa S,;/MPa S,,/MPa
188.72 74.85 188.72 74.85 15.15 42.6 69.76 15.53 15.53

TE B E, E R B 05 R G, Gy Gy s P N BT VIR S vy, vy v, 308 P A AR L5 Xy X 7R 28 1) 2T 4 0 $30 40 01 45
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Table 2 Mechanical parameters of E-51 epoxy resin

WHEBUEE/ o RS/ WHIES/
GPa 8 MPa MPa
3.5 0.35 241 89.6
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Fig.1 Axial compression stress-strain curve of PUR foam
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Table 3 Mechanical parameters of PUR foam

TR/ EHERE R H v JEE i A RIS
(kg'm™®)  E/MPa - o/MPa  S/MPa
65 10.71 0.31 0.95 0.73
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Fig.2 Low-velocity impact test pieces of perforated foam

core sandwich composites
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Fig.3 Vaccum assisted manufacturing process
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Table 4 Low-velocity impact test cases of perforated

foam core sandwich composites

Wk ik
Vs AL/ I ‘

(i5ﬁ£)}ﬁf W/ feR/ iR

mm J

25X 25 10 0 5 25-25-D10-KCO-51J
25X 25 10 0 10 25-25-D10-KC0-10J
25X 25 10 0 15 25-25-D10-KC0-1517
25X 25 10 0 20 25-25-D10-KC0-20 J
25X 20 10 0 15 25-20-D10-KCO0O-1517J
20X 20 10 0 15 20-20-D10-KCO-1517J
25X 25 4 0 15 25-25-D4-KCO0O-157
25X 25 0 15 25-25-D8&-KCO0-157
25X 25 10 1 15 25-25-D10-KC1-157
25X 25 10 2 15 25-25-D10-KC2-1517]
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Fig.5 Force-time curves and displacement-time c
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Fig.6 Forcetime curves and displacement-time curves of

perforated foam core sandwich specimens with differ-

ent nail densities
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Fig.7 Forcetime curves and displacement-time curves of

perforated foam core sandwich specimens with differ-

ent hole depths
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Fig.8 Forcetime curves and displacment-time curves of

perforated foam core sandwich specimens with differ-

ent foam groove widths
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Table 5 Average results of impact responses of all low-velocity impact cases

T4 F,./kN U, ./mm e /d E../] E /] fig W R/ %
25X 25-D10-KC0-5J 1.439 6.82 5 4.95 4.51 90.2
25X 25-D10-KC0-10 J 1.472 10.76 10 9.93 9.42 94.2
25X 25-D10-KC0-15 J 1.867 12.91 15 14.95 14.33 95.5
25X 25-D10-KC0-20 J 2.139 15.54 20 19.95 18.85 94.2
25X 20-D10-KC0-15 J 2.503 11.95 15 14.95 12.49 83.3
20X 20-D10-KC0-15 J 2.114 11.63 15 14.95 14.00 93.3
25X 25-D4-KC0-15 J 2.340 13.49 15 14.95 12.62 84.1
25X 25-D8-KC0-15 J 2.358 13.78 15 14.95 12.51 83.4
25X 25-D10-KC1-15J 2.491 11.37 15 14.95 11.73 78.2
25X 25-D10-KC2-15J 2.427 11.39 15 14.95 11.66 77.7
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Fig.9 Visually inspection photos of low-velocity impact damage
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Table 6 Average measuring results of indentation depth

of all low-velocity impact cases

RV A MU JE /mm
25X 25-D10-KC0-5 1 0.251
25X25-D10-KC0-10 J 0.425
25X25-D10-KC0-15 ] 0.697
25X25-D10-KC0-20J 0.806
25X20-D10-KC0-15 7 1.010
20X 20-D10-KC0-15 ] 1.042
25X 25-D4-KC0-1517 0.698
25X 25-D8-KC0-1517 0.734
25X25-D10-KC1-1517] 0.831
25X25-D10-KC2-15 1] 0.982
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