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ABSTRACT

Sandwich panels consisting of various materials have widely been applied for mitigating
dynamic impacts such as ballistic and blast impacts. Especially, the selection of materials for
different core set-ups can directly influence its performance. In this study, we design the sand-
wich panels for alleviating ballistic and blast impacts by controlling the stacking sequence of
core materials and their thicknesses. FEM studies are performed to simulate the dynamic behav-
ior of sandwich panels subjected to ballistic and blast impacts. Delamination between the core
layers is also considered in the FEM studies for feasible design. Based on the FEM data, krig-
ing models are generated for approximating design space and quickly predicting the FEM out-
puts. Finally, design optimizations are implemented to find the optimum stacking sequence of
core materials and thicknesses with given impact situations.
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Fig. 1 Ballistic impact FEM model
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Fig. 2 Ballistic impact FEM simulation results
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Table 1 Material properties
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EOS Model

Strength Model

Failure Model

P-alpha

Von Mises

Hydro

- Porous density: 0.5 g/lem?
- Porous soundspeed: 3075.974 m/s

Aluminum |- p,: 2311.402 KPa
Foam - ps: 40804.59 KPa - Shear Modulus: 18140 KPa L
(Alulight 500)| - Compaction exponent: 3.0 - Yields Stress: 2311.402 KPa + Hydro Tensile Limit: -2 GPa
- Solid EOS: Shock
- Parameter C1: 5240.0
- Parameter S1: 1.4
Hyperelastic Hyperelastic None
Mooney-Rivilin 2parameters
Polyurea | - Reference Density: 1.1 g/em’ - C 10: 872.2 KPa
- Reference Temperature: 293 K - C 01: 6321.3 KPa
-d: 4 x 107 KPa
Linear Elastic Principal Stress
Polyurethane | - Reference Density: 1.26 g/em’ -Principal Tensile Failure
- Bulk Modulus: 2 KPa + Shear Modulus: 5000 KPa Stress: 34.5 MPa
Linear Johnson Cook Johnson Cook
Steel 4340 | - Reference Density: 7.83 g/cm’ - Shear Modulus: 77 GPa ~ Damage Constant, "
- Bulk Modulus: 159 GPa - Yields Stress: 0.792 GPa DI:0.05 b2: 344 D3: -2.11
D4: 0.002 D5: 0.61
Polynomial Johnson-Holmquist Johnson-Holmquist
. + Shear 1.\/[0dulu§: 1..52.GPa - Hydro Tensile Limit:
Ceramic . 5 - Hugoniot Elastic Limit: 6.57 GPa
(AL,0,-99.5) - Reference Density: 3.89 g/cm A 0.88 - N: 0.64 - B: 028 -0.262 GPa
- Bulk Modulus Al: 2.31 GPa M- 06 - Damage Constant,
- Max. Fracture Strength Ratio: 1 D1:001 D2: 07
Shock Cowper Symonds Hydro
];:{I::(:i(r}ll E:rf:;:;(: ]C)Tns.21t7y3 Olr'lll/gs glem - Shear Modulus: 1.6 GPa - Hydro Tensile Limit:
- Yield Stress: 450 MPa -1.5 KPa
- Parameter S1: 1.49
JWL None None
. - Parameter W:0.35
Pentolite . .
- C-J Detonation velocity: 7530 m/s
- C-J Energy/unit volume: 8.1 GJ/m*
Shock Steinberg Guinan None
- Reference Density: 8.13 g/cm’
Steel V250 |- Gruneisen coefficient : 1.6 - Shear Modulus : 71.8 GPa
- Parameter C1 : 3980 m/s - Yield Stress : 1.56 MPa
- Parameter S2 : 1.434
Shock None None
- Reference Density: 8.45 g/cm®
Brass - Gruneisen coefficient : 2.04
- Parameter C1 : 3726 m/s
- Parameter S1 : 1.434
. Ideal Gas None None
Air

- Gamma: 1.4
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Table 2 Problem formulation for multi-objective
optimization of sandwich panel

Given

A, ) = residual velocity from bullet impact kriging

model (smaller-the-better)
f(t, ) = deflection from blast impact kriging model

(smaller-the-better)

Find

t, = Polyurea thickness (mm)

= Polyurethane thickness (mm)

Satisty

- Constraints

t + 16 <6 mm
- Bounds

0<#,(mm)<6,0<4 (mm)<6

Minimize
Z=w,: /1(t1:t’)) Ty AGRD)
Jivax Janax
where w,+w, =1
[Case 1] [Case 2] [Case 3]
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Table 3 Optimization results of sandwich panels

Case 1.w, =0 and w, = 1

Design variables Performances
f (mm) | £, (mm) Re.sidual Deflection | Z
velocity (m/s) (mm)
0.00 1.04 369.69 37.27 0.75
Case 2. w;, = land w, =0
Design variables Performances
f, (mm) | £, (mm) Re.sidual Deflection | Z
velocity (m/s) (mm)
2.93 0.92 361.4 37.76 0.90
Case 3. w;, = 0.5and w, = 0.5
Design variables Performances
1 () | £, (mm) Re.sidual Deflection | Z
velocity (m/s) (mm)
1.17 0.12 364.09 3748 0.83

Polyurethane — Polyurea — Aluminum Foam

Deflection (mm)

. .
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Fig. 7 Blast impact kriging model
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