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Low-velocity impact properties of foam sandwich composites with different thicknesses

prepared via thermal expansion molding process

MIN Wei, CHENG Lele, YU Muhuo , SUN Zeyu*
(Shanghai Key Laboratory of Lightweight Structural Composites, Shanghai Collaborative Innovation Center of High-
performance Fibers and Composites, College of Materials Science and Engineering, Donghua University,
Shanghai 201620, China)

Abstract: Thermal expansion molding process is expected to be integrated to form various foam sandwich compo-
sites. The expandable epoxy foam prepreg with an initial thickness of 1 mm was selected, and four kinds of foam
sandwich panels with different thicknesses were prepared by controlling the mold cavity size and different molding
pressures. The impact energies of 10 J and 42 J were used to study the effects of thermal expansion process and core
thickness on the low-velocity impact properties of foam sandwich composites. The damage patterns of different
specimens were investigated by ABAQUS finite element analysis, ultrasonic C-scan and the test data. Compression
after impact tests were conducted to investigate the damage tolerance of different specimens. The results show that
the foam core with higher expansion rate produces lower expansion force, and the impact strength of the foam
sandwich board is reduced, but the structure has better energy absorption effect. Both high impact energy and low
strength foam cores lead to higher damage degree of the skin. The compression strength decay rate of the sample at
10 J impact energy is 8.2%, and the compression strength decay rate of the sample at 42 ] impact energy is 38.2%.
The forming pressure and the thickness of the core have little effect on the damage tolerance of the foam sandwich

plate. The high designability of structural and impact resistance properties of foam sandwich composites formed by
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thermal expansion process was determined.

Keywords: thermal expansion molding process; foam sandwich composites; low-velocity impact; FEA; com-

pression after impact
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Fig.1 (a) Schematic diagram of foam sandwich composites prepared via

thermal expansion molding process; (b) Schematic diagram of mold and
sample lay-up; (c) Sectional diagram of sandwich composites prepared

by foam expansion at different ratios
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Fig.2 Test method of expansion pressure of thermal expansion foam:
(a) High and low temperature test box and universal testing machine;
(b) Schematic diagram of loading in the test box; (c) Schematic

diagram of test sample and mold
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samples; (c) Ultrasonic C-scan diagram of the samples after impact
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Fig.5 Mesh model of impact simulation
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Table 1 Material parameters related to finite element analysis (FEA)

Materials Density/ Tensile Young's Compressive  Poisson's Shear strength ~ Shear modulus
(kgm™) strength/MPa  modulus/MPa strength/MPa  ratiov 7/MPa G/MPa
X1 M-1 318 7.98 395 3.47 0 3.91 62.28
X2 M-1 162 468 201 2.31 0 1.95 39.29
X3 M-1 109 2.23 170 1.95 0 1.64 31.26
X4 M-1 78 1.34 113 0.99 0 1.08 21.17
805 (X" 61 340 (E;) 509 (X°) 0.04 (v;,) 112 (S;,) 7 600 (Gy,)
CFRP 1580 805 (Y") 61 340 (E,) 509 (Y©) 0.30 (v;3) 59 (S13) 2700 (Gy3)
50 (Z") 6900 (E;) 170 (Z°) 0.30 (v3) 59 (S,3) 2700 (Gys)
Cohesive 2000 — 1200 — 0.32 — 385

Notes: X', Y', Z'—Tensile strength of the three directions of CFRP; E,, E,, E;—Young's modulus of the three directions of CFRP; X°, Y©,
Z°—Compressive strength of the three directions of CFRP; v},, 3 U,3—Poisson's ratio; Sy, S, Sp3—Shear strength; Gy, Gy, Go3—Shear
modulus; CFRP—Carbon fber reinforced polymer; M-1—Epoxy resin based rigid foam with thermal expansion function.
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Table 2 Finite element analysis model data of impact test

Sample number Part Thickness Mesh style Mesh number
CFRP 2 mm+2 mm SC8R 141 880
X1 Foam 2mm C3D8R 14 188
Cohesive 0 COH3D8 7 094
CFRP 2 mm+2 mm SC8R 141 880
X2 Foam 4 mm C3D8R 14 188
Cohesive 0 COH3D8 7094
CFRP 2 mm+2 mm SC8R 141 880
X3 Foam 6 mm C3D8R 14 188
Cohesive 0 COH3D8 7094
CFRP 2 mm+2 mm SC8R 141 880
X4 Foam 8 mm C3D8R 28 376
Cohesive 0 COH3D8 7094

Notes: SCBR—8-node quadrilateral in-plane general continuous shell elements; C3D8R—Linear 3D reduced integration solid elements;
COH3D8—Cohesive element.
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Fig.6 Schematic diagram of compression after impact (CAI) test
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Fig. 7 Load-displacement curves (a), impact energy-time curves (b), displacement-time curves (c) and bar graph of peak load and absorbed energy (d)

obtained for X1-X4 samples at 10 J impact energy
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Table 3 Comparison of impact test damage data for X1-X4 samples

Displacement/mm Area of damage/mm?®

Sample number  Stress/MPa (FEA)
Experiment  FEA Error/% Experiment  FEA Error/%  C-scan  Error/%

X1-10] 960 2.71 2.45 9.59 39.57 45.23 1430 44.16 11.60
X2-10] 971 2.92 2.68 8.22 47.76 54.37 13.84 54.08 13.23
X3-10] 1 086 3.20 3.16 1.25 58.06 67.89  16.93 65.01 11.97
X4-10] 1111 3.26 3.38 3.68 69.36 80.21 15.64 76.94 10.93
X1-42] 1119 6.91 6.76 2.17 114.93 136.64 18.89 134.71 17.21
X2-42] 1067 7.67 7.63 0.52 145.19 167.59  15.43 160.52 10.56
X3-42] 1028 9.04 9.19 1.65 206.02 238.96  15.99 229.54 11.42
X4-42] 1055 11.44 11.08 3.15 298.49 353.25 18.35 320.31 7.31
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