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Experimental investigation of ballistic properties of sandwich structures with
syntactic foam core and fiber-metal laminate skins
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In this paper, an experimental investigation was conducted to study the ballistic properties of sandwich
structures with fiber-metal laminate skins and reinforced syntactic foam core with carbon nanotubes. The
syntactic foam was produced using epoxy resin and glass microballoon with volume fractions of 30%, 40%,
and 55%. In addition, a series of reinforced samples was created using 40% volume fraction of microballoon
and 4% multi-walled carbon nanotubes. The composite fiber-metal laminate skins on each side of the cores
were made of one aluminum layer sheet and two layers of glass fiber reinforced polymer composite (GFRP).
The structures were subjected to high-velocity impact tests using a gas gun and a conical head projectile.
The results were analyzed to determine the effects of microballoon volume fraction and carbon nanotubes
reinforced foam on the ballistic behavior of sandwich structures. The experiments showed that increasing
microballoon volume fraction up to 40% decreased the projectile residual velocity and increased the
ballistic limit velocity and penetration energy. Furthermore, reinforcing syntactic foam with carbon
nanotubes significantly affected the ballistic properties of the structure.
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Fig. 1 Scanning Electron Microscope of Syntactic foam
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Table 1 Technical specifications of epoxy resin ELR440 [13]
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[13] ELR440 .Sgl o5, &3 Slaseinl Jguo

Sl o Cwglio S Mz Canglie S i plSoul (e Caaglie &, lid Caglie )l ol
(kd/m?) (kf) (gr/cm?) (kgflcm?) (kgflcm?) (kgficm?) ’
6.398 85 0.1 652 751 ELR440
(141 H38H Ly Se jo3; (528 Slasnia 2 Jpur
Table 2 Technical specifications of microballoon powder H38H [14]
& yobd bl Sl culas S wbs 5 Sl Lagie ol Lbogs J&s b b
(GPa) (W.m.KY (MPa) (um) (griem?) e
92-96 0.054 38 50 0.38 H38H
[15] )5 dglgil yog (Somd Slaxin 3 Jeu
Table 3 Physical specifications of carbon nanotube powder [15]
L5"i> u;i’)':S'H g_t;.‘.l';L“’) W mt K'l) LS oLl (GPa) i Sl “i’l’ JB*\‘
(gr/em?) (SIM) e 2 e (GPa)
2.6 105107 1500 1200

[16] 0,5 Algdgili ,09 ooums JuSis slizl g cwiisd Slasie 4 Jouz

Table 4 Geometrical specifications and Components of carbon nanotube powder [16]

. . 1 . . | Sl > 5 a8 Slo lad o ,lg0 olass
() JSs ) ool 0 s ) nS Job o)z = ST A S b
(nm) (nm) (nm) m) @Y)
0.93 0.23 0.45 98.39 10000-30000 0.36 20-30 5-10 42-56
* Glass Fiber Reinforced Polymer (GFRP) * Shrinkage
° Woven 2 Multi-Walled Carbon Nano Tube (MWCNT)
3 Glass fiber
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Table 5 Mechanical specifications of glass fiber [17]

[17] des BLI (Sl Slasin 5 Jgio

g (N) CaSss ly y0 Canglite Jsb axly oy (root/em) ax b ;o lags slows oo
(mm) o5 & L (gr/m) 55 & s
1000 1100 1300 200+15 5 6 EWR200
[18] (sogivosll 355 (Saiud 5 (3 Slatein 6 Jguor
Table 6 Technical & physical specifications of aluminum sheet [18]
Cuals Rl g 9>ls o > B9 ol &l b )u] N
(mm) (kg/m?) (kg/m?) (m)
0.3 2700 1.62 1x2 MFG J678 3105B

Fig. 2 a) Syntactic foam core without carbon nanotube, b) Syntactic
foam core reinforced with carbon nanotube
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Fig. 3 The arrangement of layers in the sandwich structure
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Fig. 4 Schematic of sandwich structure
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Fig. 7 The projectilé used in this research
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Fig. 5 Final samples
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Table 8 The test results of the samples with 30% volume fraction of
microballoon

E Vb Vout Vin R

Q) (mls) (mls) (mls) Sy Olsie
259.8 131.6 30 135 SF30-1
255.1 130.4 35 135 SF30-2
246.9 128.3 42 135 SF30-3
253.9 130.1 35.7 135 (Sils ﬂouu

Mg Ses 40% oz 1S s sladisad Giole] S O Jgar
Table 9 The test results of the samples with 40% volume fraction of
microballoon

E Vb Vout Vin SR
Q) (mls) (mis) (m/s) g Olsie
262.5 132.3 27 135 SF40-1
264.5 132.8 24 135 SF40-2
259 131.4 31 135 SF40-3
262 1322 273 135 Sile polie

g sSaa 55% (com puS L (sladiges Gialojl 51 Jol> ol 10 gz
Table 10 The test results of the samples with 55% volume fraction of
microballoon
E Vb Vaut Vin

Q (mls) (mis) (mis) s Olyie
246.9 128.3 42 135 SF55-1
2344 125 51 135 SF55-2
212.1 118.9 64 135 SF55-3
2311 12411 52.3 135 S ol

o g et 5 by S0 40% o> S L sladigai Siulojl i 11 Jgur
S Uyl 4% L

Table 11 The test results of the samples with 40% volume fraction of

microballoon and core reinforced with 4% carbon nanotubes

E Vb Vout Vin PR I

Q) (mis) (mis) (mis) gl lyis
267.7 133.6 19 135 SF40+CNT-1
270.5 1343 14 135 SF40+CNT-2
265.3 133 23 135 SF40+CNT-3
267.8 133.6 18.7 135 Sila polia
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Fig. 11 Output velocity of the projectile as volume fractions of 30%, 40% and 55% microballoon
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Fig. 13 Penetration energy of the structure as volume fractions of 30%, 40% and 55% of microballoon
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Fig. 14 Output velocity of the projectile in two cases of volume fraction of 0% and 4% CNT
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Fig. 16 Penetration energy of the structure in two cases of volume fraction of 0% and 4% CNT
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