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A Study on Structural Test and Derivation of Standard Finite Element Model for
Composite Vehicle Structures of Automated People Mover

Fkd

Hee-Young Ko', Kwang-Bok Shin" ", and Dae-Hwan Kim

ABSTRACT

The wvehicle structure of Automated People Mover(APM) made of aluminum honeycomb sandwich with
WRS580/NF4000 glass-fabric epoxy laminate facesheets was evaluated by structural test and finite element analysis.
The test of the vehicle structure was conducted according to JIS E 7105. The structural integrity of vehicle
structure was evaluated by stress, deflection and natural frequency obtained from dial-gauge and acceleration
sensor. And the proposed finite element models were compared with the results of structural test. The results of
finite element analysis showed good agreement with those of structural test. Also, in order to improve the stiffness
of vehicle structure, the modified underframe model with reinforced side sill was proposed in design stage. The
composite vehicle structures with modified underframe model had the improved structural stiffness about 44%.
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Fig. 1 Manufacturing concept of APM.

Table 1 Materials used to APM vehicle structure

~ WR580/NF4

F:
acesheet Glass fabric/epoxy

Sandwich panel -
Aluminum 5052 honeycomb

(3/8"-5052-0.0025™)
WRS580/NF4000
Glass fabric/epoxy
Stainless steel SS400
Extrusion profile
Stainless stee! SMA490B
Extrusion profile

Core

Laminate

b
Reinforced Carbody frame

beam
Under frame

(¢) Lay-up & Vacuuming

(b) Autoclave curing

Fig. 2 Mamufacturing processes of APM vehicle structure.
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Vertical load (1) 220.7 kN
. 63.4 kN+
C load (2 :
ompressive load (2) 490.5KN D+ (2
3-Point supported load
166.4 kN -
3)
Natural frequency (4) Bending mode (D
31 H5tE AE
FHBE ABE Fig. 49 o] clvzeelel oAt Az
He FEoll dis) Aure] 222 HEd BEo dygEeE 4
gatol Lol WNE Sgsien, S 228 Vi 2E
of UFFAE AGE] Lol W FhHL AL 3
golgrt oln) BEBFE sk AUHE olgstel Ao
vl 478 wgulel Agsidch SdsE @ A
Aoz Y FHeenter)o A 2 29.8mm7t LAF G, Z9
(side sil)o A Z ) 20.6mme] 7o) WL Folslic) Fig. 5 Test setup of compressive load.

Fig. 4 Test setup of vertical load. Fig. 6 Test setup of 3-point support load.
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Table 3 Mechanical properties for the applied materials

Density (kg/m3) 1,830 59 7,850 7,850
Elastic modulus Ex 2264 0.693<10”
(GPa) E, 2233 0.293x10* 210 210
£
E, 3.48 0.105
Shear modulus gxy fis) 0'601220‘ ~ _
P ye . X
(GPa) G 140 0.032
Ve 0.15 033
Poisson's ratio Vyz 0.45 0.001 0.3 0.3
V. 0.45 0.001
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(b) Honeycomb core

Fig. 9 Mechanical property tests of laminate composite and honeycomb
core.
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Table 4 Results of deflection for structural test and analysis

Type
Vertical Joad 29.8 30.7 3.1
Compressive load 7.1 3.7 47.8
3-Point supported load 925 90.0 2.7
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Fig. 11 Deflection graph of vertical load(side siil).
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Fig. 12 Decflection graph of 3-point support load(side sill).
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Table 5 Natural frequency for 1* bending mode
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Table 6 Results of failure index according to loading conditions

Vertical load 0.224
Compressive load 0.005 Failure index <1 | safe
3-Point supported load 0.907
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Fig. 13 Contour of Twai-Wu index for vertical loading condition.
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Deflection graph of vertical load for modified model with reinforced

side sill.
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Fig. 16 1% bending mode for modified model with reinforced side sill.
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