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Abstract

Composite sandwich structures are highly proven materials that provide high strength to weight
ratio. However research works are still being carried out in the area of impact characteristics of
sandwich composites. This paper provides a better understanding on the effect of core density and
core thickness of sandwich panels subject to low velocity drop test. Specific energy absorption ca-
pacity of sandwich panels is obtained and factors affecting the same are explored with facings
made of woven glass fiber laminates and polyurethane foam core with three different densities of
70 Kg/m3, 100 Kg/m3, 200 Kg/m3.
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1. Introduction

Sandwich composites are used in various fields of engineering, ranging from basic consumer application to ad-
vanced aerospace industries, mainly due to the fact that they attain good weight reduction and have high strength
to weight ratio [1]. Much of the research work was carried out in the past related to low velocity impact behavior
of aluminum foam core sandwich composites [2]-[6]. Although the impact properties were improved by using
an aluminum foam core, this also resulted in marginal increase in weight. Further studies have also been carried
out that, using composite materials as facings not only improved the performance of the sandwich composites,
but also enabled reduction in weight [7]. Sandwich structures as part of flight hull may have different impacts
such as bird hit, ballistic impact and debris encountered during run way. These types of impact are classified as
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high velocity and much of the research has been carried out [8]-[10]. In case of aerospace applications, sandwich
structures made from polymer facings and foam core are preferred, since this combination not only reduces the
overall weight of the composite, but also enhances the stiffness to weight ratio. With minor impact on the sand-
wich structures, their functional properties are altered as they are specifically developed using high precision
technique. Hence, studies on low velocity impact behavior on aerospace application are very essential. Although
much of the research has been done on Rohacell and PVC based foams as core material for sandwich compo-
sites [11]-[13], very limited research has been carried out on polyurethane based foam core sandwich compo-
sites subject to low velocity impact. One main issue with low velocity impact is the visibility of impacted region
(BVID = Barely Visible Impact Damage). This damage results in delamination, fiber failure, face core debond-
ing and core crushing developed due to impact forces [14]. This paper provides the effect of thickness & density
of core and height of fall on specific energy absorption capacity of sandwich composites made from PU based
foams with FRP facings. Further interior and exterior damages resulting from low velocity impact are studied by
conducting the experiments on an instrumented drop weight impact test machine with different heights of fall.

2. Experimental
2.1. Fabrication of Sandwich Panels

The sandwich panel facings are made from bi-woven-glass fabric laminates. The fabric is made from E-glass fi-
ber 7628 cloth. The face sheets are made of 0°/90° with fiber orientation parallel to the sides of the panel. The
thickness of the facings are kept constant with 1 mm on the top and bottom of the sandwich composite. The core
is made of polyurethane foam with different density (70 kg/m?, 100 kg/m?®, 200 kg/m®). Most of the aerospace
application falls in this range of density selected [15]. The young’s modulus for the facings and cores of differ-
ent density are listed in Table 1 and the elastic properties of E glass are shown in Table 2. Two different foam
thicknesses were used to find their influence on impact properties of sandwich panels.

The sandwich panels were fabricated in room temperature by bonding the glass fiber laminate and polyure-
thane foam core material with LY556 epoxy resin mixed with HY951 hardener in the ratio of 10:1. The
face-sheets which were 1 mm thick and cores of different thickness were bonded together by vacuum bagging
technique as shown in Figure 1. The sandwich panels were later cut into 150 mm x 150 mm dimensions with
two thicknesses of 12 mm & 16 mm respectively. The sandwich panels were carefully fabricated to ensure per-
fect bonding between laminate and foam core. The specimen were coded as shown in Table 3 and Figure 2, in
order to ensure better understanding of specimen type for various impact tests. The experiments were conducted
for three trials for every combination of sandwich composite to ensure repeatability.

Table 1. Young’s modulus for different PU foam core thickness [16] [17].

Density PU Foam [Kg/m®] Young’s Modulus [MPa] Foam Thickness [mm]
70 12.3 10, 14
100 32.69 10, 14
200 86.88 10, 14

Table 2. Elastic properties of the bi-owen FRP facings.

= (GPa) E, (GPa) E3 (GPa) G (GPa) ng (GPa) G13 (GPa) Vi2 Va3 Vi3
16.76 16.76 7.69 241 2.29 2.29 0.15 0.45 0.45

Table 3. Specimen designation.

Specimen Coding Core Density [Kg/m®] Core Thickness [mm] GFRP Facings (Top & Bottom) [mm]
Gl, G2, G3 70 10 1
G4, G5, G6 100 10 1
G7, G8, G9 200 10 1
G11, G12,G13 70 14 1
G14, G15, G16 100 14 1
G17, G18, G19 200 14 1
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Figure 1. Vacuum bagging technique of sandwich panels.
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Figure 2. Generalized coding of specimen.

2.2. Low-Velocity Impact Test

Instrumented Drop tests were conducted on the sandwich specimen (Figure 3) for different impact velocities
(1.401 m/sec, 2.426 m/sec, and 3.123 m/sec) on 18 possible combination of different core thickness and height
of fall that has been recorded and is shown in Table 4 and Table 5. The indenter size and shape, boundary con-
dition was similar to that of quasi-static tests at room temperature. The indenter used for the test is made of he-
mispherical nose-shape with a diameter of 12.7 mm. Impactor mass of 2.5 Kg, 5 Kg & 10 Kg was used for the
impact test with different thickness & core densities. The height of fall was varied from 100 mm to 500 mm.

3. Experimental Results

For better understanding purpose, only two sets of specimens were selected to show the Energy Absorption at
Max Load (J), namely G1, G2, G3 & G3, G6, G9 and Energy vs. Time plot was drawn as shown in Figure 4.
Each of the Sandwich Panels G1, G2, and G3 were subjected to a fall of different heights as listed in Table 4. It
is clear that as the thickness of the sandwich panels was kept constant along with density being same, the Energy
Absorption at Max Load increased mainly due to the fact that the height of fall was increased. The blue curve
depicts less energy absorption since the height of fall was only 0.1 m while the green curve had higher energy
absorption since the height of fall was increased to 0.5 m. Further as the height of fall was increased, Impact
force increased and the same was observed in the G3 sample as the indenter had to pass through the facings,
foam and finally dent the lower part of the facings. The next set of samples selected were G3, G6, G9 the varia-
tion of Energy vs. Time plot was drawn keeping the height of fall constant and varying the Density of the foam.
This also resulted in increased Energy Absorption Capacity for the same thickness and material properties as
shown in Figure 5.

4. Specific Energy Absorption Factor

The experimental results made it clear that the effect of core density had a significant role in specific energy ab-
sorption and impact energy factor. Both increased with increase in core density and also core thickness as shown
in Figure 6 and Figure 7 for both 10 mm and 14 mm core thickness.
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Figure 3. Low velocity impact testing machine.

Energy at Max Load for 70 Kg/m?

Energy (J)

0 2 4 6 8 10 12 14 16
Time (ms)
—G1—G2—G3

Figure 4. Energy vs. Time (ms) plot for 70 Kg/m® panel.
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Energy at Max Load for Varying Density (10 mm Core Thickness)
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Figure 5. Energy vs. Time plot for 0.5 m fall.
Table 4. Experimental values for different impact velocities and 10 mm core thickness.
Specimen Core Density Mass of Panel ~ Impact Velocity Impact Max Energy at Specific Energy
Code [Kg/m®] [Kg] [mm] Energy Load [N] Max Load [J]  Absorption [J/Kg]
Gl 70 0.14 1.401 2.45 1160 2.34 16.71
G2 70 0.14 2.426 7.36 1190 7.00 50.01
G3 70 0.14 3.132 12.26 1230 10.53 75.21
G4 100 0.22 1.401 4.90 1185 4.33 19.68
G5 100 0.22 2.426 14.71 1210 13.76 58.85
G6 100 0.22 3.132 2452 1270 20.58 93.54
G7 200 0.31 1.401 9.81 1201 8.23 26.50
G8 200 0.31 2.426 29.43 1228 22.12 71.35
G9 200 0.31 3.132 49.05 1312 37.64 121.41
Table 5. Experimental values for different impact velocities and 14 mm core thickness.

Specimen  Core Density Mass of Impact Velocity Impact Max Load Energy at Specific Energy
Code [Kg/m®] Panel [Kg] [mm] Energy [N] Max Load [J] Absorption [J/Kg]
G11 70 0.14 1.401 2.45 1220 241 17.21
G12 70 0.14 2.426 7.36 1260 7.24 51.71
G13 70 0.14 3.132 12.26 1315 11.78 84.14
G14 100 0.22 1.401 4.90 1255 4.65 21.13
G15 100 0.22 2.426 14.71 1325 14.42 65.54
G16 100 0.22 3.132 24.52 1390 22.27 101.22
G17 200 0.31 1.401 9.81 1270 9.75 31.45
G18 200 0.31 2.426 29.43 1370 27.63 89.12
G19 200 0.31 3.132 49.05 1410 45.72 147.48
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Figure 6. 10 mm core thickness specific absorbed energy.
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Figure 7. 14 mm core thickness specific absorbed energy.

As expected, the sandwich panels with denser core results in higher energy absorption. For a range of densi-
ties tested in this experimental study, the specific energy absorption and impact energy factor are almost propor-
tional to the core density. Moreover, the global bending of sandwich panels with denser cores seemed to be
more obvious due to the higher resistant to deformation of the denser foam. These phenomena occurs because
that higher density foam would give a better distribution of load throughout the area when subjected to load,
which would lead to a lower localized mean load.

5. Conclusion

This study successfully investigates the effect of variation of core density and core thickness on specific energy
absorption capacity. With increase in core density, higher energy absorption was noticed similar to variation of
core thickness. The foam core density of 200 Kg/m® sandwich panel with fall of 0.5 m height showed maximum

energy absorption.
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