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A Structural Analysis on the Light Rail Vehicle Body
with Composite Material
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ABSTRACT

The structural behavior of the composite material light rail vehicle body are investigated.
Composite material is very useful for light rail vehicle structure due to its high specific
strength and lightweight characteristics. The main carbody is made of aluminum alloy. The
side wall and roof with composite panels can reduce total vehicle weight about 2000kg. In
addition, with the lower density of the foam, enhances lightness in the panel and to save the
operation expenses. The finite element analysis code, ANSYS is used to evaluate the stability

of the body structure under the various load conditions.
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FRP Skin Urethane Film
(Glass Roving Cloth/Epoxy Resin)

Polyurethane Foam
Stitched Fiber

Fig. 1 Structure and materials of 3X-BOARD
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Table 1. Comparison of composite & metal sandwich board

3-X BOARD Metal board
. FRP : 2.2g/Cm’ SUS : 7.9¢/Cm’
Density 0.16g/Cm3 ] s 10.22g/Cm’ Al @ 27g/Cm’
Foam:0.04g/cm Foam:0.04g/cm’
Specific Strength 175 11.1
. 2 SUS : 53kgf/mm°
Tensile Strength 35kgf/mm 9
Al : 2.7kgf/mm
Corrosion Resistance Excellent Good
Durability Excellent Good
. Hot Press L
Processing Method Foam Injection
or Autoclave
Thermal Conductivity Excellent(150) Good(100)

22 7+ §4
221 34 ¥y

FH WAL st A8 FF2L A F=9 ANSYS 558 ol &3st T
4 2de A dolwtggs XF, AEWIS ZF, FolPydS YEoE
TFAHe AgH &AL 3-X BOARDE AH&3dz, vtgde 43y &Edd, 28l ZE B
ZAe ¢FvE §3& ol &34
3-X BOARDE =24 3t7] 93 A 2008 %0l 7sd 3F 4849 SHELLOS AE AHE-3
dom, v ¢FuE ¢EHEL oY Ao gloemg FI AAHE ¥ F 2

2 7l=

of wid AT ¢ EE BAAE 283 64K 2(UX, UY, UZ RotX, RotY, RotZ2)& Z& ®©4

—439—



¥ 2 A(BEAM4)E AL34th 849 48 4288 o3y
Fig. 2& {4 A48 F384 E9g vehiln, Table 2.8 T3 U4 AU RAFY,

£ VWOIK\ANSYSLErasnImodel. 308

Fig. 2 Finite element model of the light rail vehicle body

Table 2. Dimensions of the light rail vehicle body

item Dimension{mm) Remarks
Length of car body 13,000 -
Width of car body 2,581 -
Height of car body 2,274 Floor ~ Roof
Length between bogie center 10,000 -~
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Table 3. Load & boundary conditions of vehicle body model

Applied
Amplitude pl_) Te Remarks
position
Car-b Fl SHELL : 3284.67k
arbody | 36s64kg | oor g
Vertical weight panel BEAM : 351.723kg
ertie p , 1.2(dynamic load coefficient)
assenger’'s
load .i . 6,318kg " X (seat:67+standing:257) X 65kg
w
e /2(2EA)/2(symmetric)
Compressive load 50,000kg Head and tail
Eigen value - - Bending & twisting mode
Constraint UY=0 Bolster
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Table 4. Design criterion of the vehicle body

item Criterior: Armipiitude ;
Static strength Omax Oy oy : Al=480MPa, 3-X BOARD=390MTIa E
Stiffness Smax < L/1000 L =10,000mm(Dist. of support positions), & max <10mm
Eigen value wn > 10Hz
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(c) Side (d) Floor
Fig. 3 Stress distributions under compressive loads
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Side panel Floor panel { Roof panel | Door frame |Window frame
0 max 46.4 83 86 60 20
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(a) Displacement (b) Deformation

Fig. 4 Displacement of the centerline of floor under compressive loads
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Fig. 5 Stress distributions under passengers weight and body weight



Table 6. 8 F4d FR-&A(FA8F) (&9 : MPa)
Side panel | Floor panel | Roof panel | Door frame |Window frame

O max 584 30 10.3 584 31
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(a) Displacement (b) Deformation

Fig. 6 Displacement of the centerline of floor under passengers weight and body weight
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(a) Stress distribution under twisting load (b) Bending & twisting eigen mode shape

Fig. 7 Stress distribution under twisting load and eigen mode shape
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Table 7. Comparisons with the maximum stress of references under various load conditions

Load condition Present Referencel3] Referencel4]
Compressive load 83 185 - -
Vertical load 584 165 190.7
Twisting load 28 239 -
Eigen Bending 1.7 - -
value Twisting 97 - -
338
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