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Three-Dimensional Finite Element Analysis for Hollow
Section Extrusion of the Underframe of a Railroad

Vehicle Using Mismatching Refinement
with Domain Decomposition

K. Park, Y. K. Lee, D. Y. Yang and D. H. Lee

Abstract

In order to reduce weight of a high-speed railroad vehicle, the main body has been mamifactured by
hollow section extrusion using aluminum afloys. A porthole die has utilized for the hollow section
extrusion process, which causes complicated die geometry and flow characteristics. Design of porthole die
is very difficult due to such a complexity. The three-dimensional finite element analysis for hollow
section Is also an arduous job from the viewpoint of appropriate mesh construction and tremendous
computation time. In the present work, mismatching refinement, an efficient domain decomposition method
with different mesh density for each subdomain, is implemented for the analysis of the hollow section
extrusion process. In addition, a modified grid-based approach with the surface element layer is utilized
for three-dimensional mesh generation of a complicated shape with hexahedral elements. The effects of
porthole design are discussed through the simulation for extrusion of an underframe part of a railroad
vehicle. An experiment has also been cairied out for the comparison. Comparing the velocity distribution
at the outlet with the thickness variation of the extruded part, it is concluded that the analysis results
can provide reliable measures whether the die design is acceptable to obtain uniform part thickness. The
analysis results are then successfully reflected on the industrial porthole die design

Key Words @ Hollow Section Extrusion, Porthole Die, Railroad Vehicle, Rigid-Plastic Finite Element
Method, Mesh Refinement, Domain Decomposition
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Fig. 1 Three types of dies for hollow section extrusion
(a) porthole die (b) spider die (c) bridge die

B dPoas oF TEEZ F8S A8 2334
o £3HE o Atk olu TEE Y 7
Fo oz 2old AAE TEEZ F3o dAdEe] 9f
= ortedy gAaEE Aol d%%(weldmg chamber)
AN AAFH Yot wHPGoR gEFol o
T o S A "tf%‘(sohd state bonding) 2.2
% T(seam welding)ol @t B gch?

22 HEX2F 022 (Underframe)2l 2&E2

YFOFE ST BEAF AL 19709 o

o n‘£ o 02
3

= = -
Az GFulE 2Ad EFvE fA4E L

AL
24 Aztsle] ghoh e} 19800 Futel S F7
oA TR00EH ol Zd¥ 4EVIE AHgste A
z 700mm°ﬂ °l v Efx(tuss) e #F 39
Ao g&7 dato] dAFe] PAE YUFoE
A 2‘.7]@‘2i Z}%U Falol 2gT49 Ayt s
MR T3 ek rﬂ_x}/\], 22 Hd Al dAHE=
798t SZo) uidt Aol FEHNeH, 2
AANARE 2 4 YAk Fig. 29 (@)l o9 ol
FZ EfadRe] YA2 P HEAHY dE T4

%X‘ﬂg TAstE glE o
H 2 (underframe)
AR EE s}

Zgsta Rl"

% 540.3mm)el ]

364 / B=2H7138=|X] /4198 Al4Z, 2000

59 . o] 5d
& FA Aoz Fol HYPA BE FAFo iE
Aoz ogct &n2 4EIFH HAE A=
oleigt FAM S nelsty XEEZY A, e 27 B
94X 59 AYrtA AANSFE ARFHFolok T} o
g AAMEe] WHae 349 HEEAS F9ahu,
A% AAERS A FETET FYHE 459 27
#e zoste] AR o AT HURR ohet B4
ol U odarg mx)7) Hrh Fig 32 BEAF vl
BAe FETAHNM 245 5] BFFew Add w4
g 249 2de ndzg

1

. !
EX | I iﬁz\(u\
[

>

®)

Fig. 2 Schematic description of a railroad vehicle
(a) sectional view of a railroad vehicle

(b) Schematic description of the underframe part

Fig. 3 Defects of the hollow section extrusion process
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Table 1 The numbers of nodes and _ elements for each
subdomain

Subdomain no. 1 2 4 5
No. of nodes 1896 2470 4745 6778
No. of elements 1470 1731 3228 4560
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Fig. 9 Three-dimensional mesh generation procedure
(a) CAD modelling (b) surface patch
(¢) master grid (d) core mesh
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Fig. 10 Three-dimensional mesh structure for subdomain 3
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Table 3 Summary of problem size and performance
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ain no. | Nodes Nodes

no.

1 1 1896 2 2470 8 2321
2 2 2470 3 13274 8 8457
3 3 13274 4 4745 12 26395
4 4 4745 5 6778 16 15850

(a) inlet viewpoint (porthole)

(b) outlet viewpoint (mandrel)

Fig. 12 Porthole die for experiment
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