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conical projectiles promote localized penetration and more severe localized damage. Regarding core architecture,
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Table 1. Mechanical properties of GFRP in use

Mechanical property Value Unit
Tensile Strength 420 MPa
Young's Modulus 22 GPa
Compressive Strength 320 MPa
Compressive Modulus 20 GPa
Flexural Strength 450 MPa
Flexural Modulus 21 GPa
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Table 2. Mechanical properties of PLA used

Mechanical property Value  Unit
Ultimate Tensile Strength 73 MPa
Yield Strength 70 MPa
Elastic Modulus 3500 MPa
Elongation at Break 11.3 %
Shear Modulus 1287 MPa
Poisson's Ratio 0.36 -
Flexural Strength 106 MPa
Izod Impact Strength (Notched) 195 J/m
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Fig 1. GFRP sandwich panel specimens after cutting to dimensions of 150
x 150 mm.
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Fig 5. Samples of the printed cores
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Fig 2. Geometry of the sinusoidal corrugated core
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Fig 3. View of the BCC unit cell
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Fig 8. Drop-weight impact testing machine
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Fig 6. Samples of the sandwich panels prepared for testing
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Fig 10.b. Energy-time curves for lattice cores at different impact energies
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Fig 11. Absorbed energy of lattice and corrugated samples at different
impact energy levels. Error bars represent the standard deviation of data
from three test repetitions.
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Fig 12. a - Failure images in the impact test for lattice cores
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Fig 12. b - Failure images in the impact test for corrugated cores
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Fig 13. a - Complete detachment of the bottom face sheet and cracking
in the core and face sheet during the 60 J impact test
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Fig 13.b - Complete detachment of the bottom face sheet and cracking
in the core and face sheet during the 80 J impact test
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Table 3. Comparison of impact test results—each value is the average of
three test repetitions, and the error bars in Figure 11 represent the data SD.

(Elrs E:::gc; Maximum Penetration Absorbe-d
i) force (kn) depth (mm) energy (j)

Corrugated 30  5.62+0.25 11.18+0.30 24.45+12
Lattice 30 423+0.22 847+0.27 28.71+1.1
Corrugated 40  6.95+0.28 14.23+0.35 35.88+1.3
Lattice 40  7.83+0.29 13.64+0.32 39.25+1.3
Corrugated 60  7.83+£0.29 18.39+040 41.34+12
Lattice 60 6.11+£0.26 15.72+0.33 4792+14
Corrugated 80  8.56+0.30 21.85+0.42 52.17+1.3
Lattice 80  9.02+0.32 20.44+0.39 50.83+1.2
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Force-Time Curves (Flat Indenter) - Corrugated Core (CP), Time = 0.1 s
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Fig 16.a. Force-time curves for corrugated cores at different impact
energies
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Fig 16.b. Force-time curves for lattice cores at different impact energies
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Fig 17.a. Energy-time curves for lattice cores at different impact energies
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Fig 14. No through-thickness crack formation in the sandwich panel with
lattice core during the 80 J impact test
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Fig 15. Deformation shapes of lattice and corrugated cores after impact
tests with different energies
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Fig 19. Deformation shapes of lattice and corrugated cores after impact
tests with different energies (flat-nosed projectile)
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Fig 20. Deformation shapes of corrugated cores after impact tests
with energy levels of 60 and 80 J
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Energy-Time Curves (Flat Indenter) - Corrugated Core (CP)
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Fig 17.b. Energy-time curves for corrugated cores at different impact
energies
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Fig 17.c. Energy-time curves for corrugated and lattice cores at different
impact energies
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Table 4. Comparison of impact test results for the flat-nosed projectile

Corruiated 40 7.54 15.37 37.41
Corruiated 60 6.80 19.46 46.27
Corruiated 80 6.89 23.58 53.14
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Fig 18. Bar chart of absorbed energy with the flat-nosed projectile
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Force-Time Curves (Conic Indenter) - Corrugated Core (CP)
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Fig 21.b. Force-time curves for corrugated cores under conical-nosed
impactor at 30 and 60 J energies
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Fig 22. Energy-time curves for corrugated and lattice cores under conical-
nosed impactor at 30 and 60 J energies
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Fig 23. Bar chart of absorbed energy for sandwich panels with corrugated
and lattice cores under conical-nosed impactor at 30 and 60 J energies
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Table 5. Comparison of impact test results for the conical projectile
Impact

AR e Maximum Penetration Absorbefi
@ force (kn) depth (mm) energy (j)
Corrugated 30 4.66 15.97 29.84
Lattice 30 3.36 14.82 27.41
Corrugated 60 2.30 22.45 45.32
Lattice 60 2.07 20.86 43.15
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Fig 24. Deformation shapes of lattice and corrugated cores after impact
tests with energies of 30 and 60 J (conical projectile)
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Fig 25. Deformation shapes of the face sheets of lattice and corrugated
cores after the 60 J impact test
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