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An Evaluation of Structural Integrity and Crashworthiness of
Automatic Guideway Transit(AGT) Vehicle made of Sandwich Composites

Hee-Young Ko, Kwang-Bok Shin’ *, Se-Hyun Cho™, Dea-Hwan Kim'

ABSTRACT

This paper describes the results of structural integrity and crashworthiness of Automatic Guideway
Transit(AGT) vehicle made of sandwich composites. The applied sandwich composite of vehicle structure was
composed of aluminum honeycomb core and WRS80/NF4000 glass fabric/epoxy laminate composite facesheet.
Material testing was conducted to determine the input parameters for the composite facesheet model, and the
effective equivalent damage model for the orthotropic honeycomb core material. The finite element analysis
using ANSYS v11.0 was done to evaluate structural integrity of AGT vehicle according to JIS E 7105 and
ASCE 21-98. Crashworthiness analysis was carried out using explicit finite element code LS-DYNA3D with the
lapse of time. The crash condition was frontal accident with speed of 10km/h at rigid wall. The results showed
that the structural integrity and crashworthiness of AGT vehicle were proven under the specified loading and
crash conditions. Also, the modified Chang-Chang failure criterion was recommended to evaluate the failure
modes of composite structures after crashworthiness event.
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Laminate Pansl
WREB0/NF4000

tass fabric/bpoxy
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Sandwich Panel
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tabric/t poxy f acesheot
with 3/8” Aluminum H0b2
Honeycomb Core

Fig. 1 Manufacturing concept of AGT.

Table 1 The materials used to AGT vehicle structures

Part Material
WRS580/NF4000
Facesheet .
. Glass fabric/epoxy
Sandwich Panel -
Aluminum 5052 honeycomb
Core

(3/8"-5052-0.0025")

Laminate

WRS580/NF4000
Glass fabric/epoxy

Carbody frame

Stainless steel SS400
Extrusion profile

Reinforced Beam
Under frame

Stainless steel SMA490B
Extrusion profile
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Table 2 The materials used to AGT vehicle structures

Ttems Value
Length on centerline without couplers (mm) 12,000
Width (mm) 2,850
Height (mm) 3,680
Bogie distance (mm) 7,200
Wheel gauge (mm) 2,000
Empty weight (ton) 14.8
Passenger weight (ton) (73kgx1 Og;)assengers)
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Fig. 2 Implicit finite element model of structure analysis.
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Table 3 Material properties of WRS80/NF4000 glass fabric laminate

Properties Value

Density (kg/m') 1,830
Young's modulus - Fill direction (GPa) 22.64
Young's modulus - Warp direction (GPa) 2233
Poisson’s ratio between fill and warp 0.148
Shear meodulus, G,, (GPa) 5.85
Shear modulus, G,, (GPa) 1.40
Shear modulus. Gy, (GPa) 1.40
Compressive strength - Fill direction (MPa) 337.19
Compressive strength - Warp direction (MPa) 321.85
Tensile strength - Fill direction (MPa) 371.15
—'-I'cnslle strength - Warp direction (MPa) 383.10
Shear strength (MPa) 75.01
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Fig. 5 The stress-strain curve for shear of honeycomb core (xz-plane).

Table 4 Material properties of SUS400

Properties Value
Density (kg/m’) 7,900
Elastic modulus (GPa) 210
Poisson's ratio 0.3
Yield stress (MPa) 250

Table 5 Material properties of SMA490B

Properties Value
Density (kg/m’) 7,900
Elastic modulus (GPa) 210
Poisson's ratio 0.3
Yield stress (MPa) 365
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Table 6 Design requirements of AGT structures
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Type Requirements
Metal Von-Mises stress | Carbody frame | < 250 MPa ,
structure (MPa) Under frame | < 365 MPa
Composite Tsai-Wu failure Faiture index < |
Structure index aifure Index Fig. 7 The contours of Von-Mises stress(MPa) of vertical load.
Table 7 Results of structural analysis using JIS E 7105 and ASCE 21-98
Metal - structure Compesite structure
Type (Von-Mises stress, MPa) (Tsai-Wu failure index) State

Vertical load 262.81 0.10 Safe
JIS E 7105

Twisting load 106.81 0.65 Safe

Lateral load 95.88 0.01 Safe

Latera) load with wind 239.88 0.05 Safe
ASCE 21-98

Lateral load with wind and slope 198.91 0.03 Sufe

Longitudinal load 105.02 0.01 Safe
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Fig. 10 Maximum deformation for crashworthiness event.
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Fig. 12 Permancnt plastic deformation after crashworthiness event.
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