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Simulation of Low Velocity Impact of Honeycomb Sandwich Composite Panels
for the BIMODAL Tram Application

Jae Youl Lee’, Kwang Bok Shin~*, Jong Cheol Jeong™

ABSTRACT

This paper describes the results of experiments and numerical simulation studies on the low-velocity impact
damage of two different sandwich composite panels for application to bodyshell and floor structure of the
BIMODAL tram vehicle. Square test samples of 100mm sides were subjected to low-velocity impact loading
using an instrumented testing machine at four impact energy levels. Part of this work presented is focused on
the finite element analysis of low-velocity impact response onto a sandwich composite panels. It is based on
the application of explicit finite element (FE) analysis codes LS-DYNA 3D to study the impact response of
sandwich structures under low-velocity impact conditions. Material testing was conducted to determine the input
parameters for the metallic and composite material model, and the effective equivalent damage model for the
orthotropic honeycomb materials. Numerical and experimental results showed a good agreement for damage area
and the depth of indentation of sandwich composite panels created by the impact loading.
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Fig. 1 Design concept of BIMODAL tram vehicle.

Table 1 The types of sandwich panels considered in design stage

Objective . | Facesheet . Thickness**,
Part Name Material Core Material [
IQEIaZi fabric Aluminum 5052
Bodyshell | GE/AH | 'EP2Y Honeycomb 3.0/25.4/1.5
(WRSB0/ (3/8"-5052-0.0025")
NF4000) )
ALuminum Aluminum 5052
Floor | AL/AH 5052 Honeycomb 1.2/16.0/1.2
(3/8"-5052-0.0025")
* Abbreviation of facesheet/core material
** Quter facesheet/core/inner facesheet
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Fig. 3 3D scanner.
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Table 2 The impact energy of GE/AH & AL/AH specimens.

GE/AH AL/AH
131 1.57
Impact Energy (J) 3.17 3.04
4.13 4.49
6.00 5.93
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Moz wde] gatgimule &ajsol dgiol z3toZ Table 3 Material properties of aluminum 5052
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Fig. 7 The stress-strain curve for aluminum honeycomb core(z-direction).
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Table 4 Material properties of aluminum honeycomb core.

Properties Value
Density (kg/m®) 59.26
Young’s modulus for honeycomb material (GPa) 70
Poisson’s ratio for honeycomb material 0.33
Elastic modulus, Ex (GPa) 0.33x10°
Elastic modulus, Ey, (GPa) 0.33x10°
Elastic modulus, E, (GPa) 1.37
Shear modulus, Gy (GPa) 0.18x10™
Shear modulus, Gy, (GPa) 0.18
Shear modulus, Gy, (GPa) 0.18
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Table 5 The modified Chang-Chnag failure criterion in LS-DYNA 3D.

Failure mode Following conditions
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Fiber breakage
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2 2
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Table 6 Material properties of WR580/NF4000 glass fabric/epoxy laminate

FE Analysis

Properties Value
Density (kg/m®) 1,830.00
Young’s modulus — fill direction (GPa) 2181
Young’s modulus — warp direction (GPa) 18.71
Poisson’s ratio between fill and warp direction 0.14
Shear modulus, Gx, (GPa) 4.53
Shear modulus, Gy, (GPa) 1.40
Shear modulus, Gy, (GPa) 1.40
Compressive strength — fill direction (MPa) 419.10
Compressive strength — warp direction (MPa) 439.12
Tensile strength — fill direction (MPa) 415.01
Tensile strength — warp direction (MPa) 421.95
Shear strength (MPa) 114.57
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Table 7 Comparisons of Impact response for AL/AH sandwich panel

Dent depth (mm) Plastic strain area (mm?)

Impact

- energy (J) Error Error
. 1;.Jne B BXP | FEA | (o | BXP | FEA | o0

131 1.04 119 | 1442 765.38 801.33 4.70
3.17 1.88 1.98 5.32 | 1006.65 | 1064.23 5.72
4.13 2.50 2.49 0.40 | 1159.34 | 1250.35 7.85
6.00 291 2.93 0.69 | 1633.73 | 1581.86 3.17

FE Analysis

Experiment

Line A

EXP : Experiment; FEM : Finite element analysis
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Table 8 Results of impact test for GE/AH sandwich parel
Dent depth (mm) Delamination area (mm?)
Impact g 5

eneray (J rror rror

o @ | ExP | FEA ) EXP FEA )
157 -| 012 - 44.92 49.99 | 11.27

1
T e — 304 - | 016 - | 187.87 | 17686 | 586
(d) 6.00J 4.49 043 | 046 | 6.98 | 290.89 | 284.73 212
Fig. 9 gfcéemparisom of impact damage areas for GE/AH sandwich panels 5.93 067 | 066 | 1.49 | 443.72 | 415.99 6.25
r impact.

EXP : Experiment; FEA : Finite element analysis
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