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Automation of Fatigue Durability Analysis of Welded Bogie Frame using
Process Integration Tool

WA . PSR YA OFI . o1 . SAY
Je-Sung Bang - Seung-Ho Han - Chae-Whan Rim - Kwang-Ki Lee - Kwang-Soon Lee - See-Yeob Song

Abstract

For the design of welded bogie frame, the concept of multidisciplinary engineering activities, i.e. static, fatigue and
dynamic analysis, has been applied, in which the sharing of design parameters related with each analysis and the
collaboration of the working parts in charge should be fulfilled. However, in spite of these necessities, the multi-
disciplinary engineering activities couldn’t be performed in practice due to lack of the automation of the required
analysis. In this paper, an automation of fatigue durability analysis of welded bogie frame according to UIC-Code was
proposed by using the ModelCenter, which enables to integrate the several tools for the fatigue durability analysis,
ie. I-DEAS, ANSYS and BFAP, and to perform iterative analysis works in relation to the geometrical change of
transom support bracket. Besides, the wrapping programs to control I/O-data and interfaces of these tools were
developed. The developed automation technique brings not only significant decreasing man-hour required in the
durability analysis, but also providing a platform of the multidisciplinary engineering activities.

Keywords : Fatigue durability analysis(¥] 278 4]), Welded bogie frame(-85 | A}), Process Integration(ZZA| 2%
%), Multidisciplinary engineering(cH2ob3-8h)
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Fig. 2. MCJ and Haigh-diagram according to DV952
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Fig. 4. Component of load
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Table 1. System requirements

System Environment

higher than 600MHz Pentium,
64MB RAM

Microsoft Windows NT4.0(SP3)
Microsoft Windows 2000 SP3
Microsoft Windows XP

CAD : I-DEAS Ver.9
CAE : ANSYS Ver.9
BFAP : In-house code

Hardware Platform

Operating System

Engineering S/W
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Fig. 6. Overall process based on ModelCenter

Table 2. Contents of 1/O-files

Files Contents
Ai | Modeling files in I-DEAS

Files that contain moment of inertia and mass center of
bogie frame

Input files for ANSYS from Spec Data File
(loading/boundary conditions, material data, etc.)

Bi

G

Di | Input files(grouping and meshing) for ANSYS based on Ai

Input files for ANSYS with optimal spring constants

Ei from Dynamic Agent

Fii Result files(stresses in Cartesian coordinate or principal
U | direction) from ANSYS using Cj, Di and Ei

Gi Input files for BFAP from Input Maker 2 according to

nominal and Hot-Spot stress concept

Process Integration ModelCenter Ver.6.1

Hi Output files(fatigue damages) from BFAP




Table 3. Role of activities
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Activity Role
Modeling by reading the information of transom support bracket's location from Spec Data File
Meshing and producing Di corresponding to ANSYS
LLDEAS g P g P g

Designating design parameters and grouping Info. considered in Di and Fij

Generating moment of inertia and mass center of bogie frame to be read in Dynamic Agent(ANSYS)

Dynamic Agent

Performing dynamic analysis and producing Ei containing optimal spring constants

Input Maker 1

Producing Cj from Spec Data Files with loading/boundary conditions and material data

ANSYS

Performing static stress analysis using Cj, Di and Ei, then making Fij

Input Maker 2 Producing Gi for BFAP by using Fij

BFAP Performing fatigue durability analysis

Model Center

Managing the whole process and wrapping the 1/0 data and execution files
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Fig. 9. Schematic illustration of meshes applied to welded joints
between transom and side frame

Table 4. Position of each node(see Fig. 9)

Node Relative position of nodes in y-dir.
N7 0.5tt + twl

N6 0.5tt

N1 0

Node Relative position of nodes in z-dir.
NO 0.5ts

N1 0

N2 - 0.5ts

N3 - ( 0.5ts + twl )

N4 - ( 0.5ts + 2twl )

N5 - ( 0.5t + 3twl )
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Table 5. Thickness of each element group(see Fig. 9)

Table 6. Position of each node(see Fig. 10)

Element group Thickness Node Relative position of nodes in z-dir.
N1 0
. ol N2 0.5tb
1 L N3 0.5tb + tw2
2 tt + 0.5twl
3 it N4 0.5tb + 2tw2
4 tt N5 05t + 3tw2
5 ts + twl
6 ts + 0.5twl
! s Table 7. Thickness of each element group(see Fig. 10)

tt : thickness of transom
ts : thickness of side frame
twl : leg length of weld bead = (tt + ts) / 2

N1 N2 N3 N4 NS

] , :

A i

56 o iy iy
N B S z
1 VS

OO

[T T
/ \ \

1=st Element 2-nd Clement 3-1d Element
Group Group Groun

Fig. 10. Schematic illustration of meshes applied to welded joints
between transom and transom support bracket
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tw2 : leg length of weld bead = ( tt +tb ) /2

B2 o|831%th Hot-Spot-3-22) 74, a7
A "olzl 5719] AH(Fig. 9, 10 Fx)2o] S| = 23k
z W) SEAES HaAeyoa NYsty, o] Fig. |
22 273 Q& B3t Hot-Spot8d o, & T8H94
FAeuT g Hd, H4skE 24 it
o,

~~

i

£ 2T

ol

Uhat,min —%— J}E_Q_E:]_' /{6‘—‘?4 E“O]E]E “iﬂ%“é—}‘

32

4.3 LZUHF0HA] T8 o

2 a7l 24T RUTALULE 228004 A
Haigh A% 9 Ag &AM 0] 29] Palgrem-Miner H2l&
H8etch BRE AT Haigh HEE BrAske,
ol= A ()i} Zo] thafst sk AR R Hojl A=
42 578 0,7 $NE 0,8 5715AAE 0,2 W
ghst= o)

g m a
+ =1, 0,=—— (1)

Tor O, int

A7|H, o, & R=1 7% E71¢eRZo|n), o, 1= Haigh
Aol g, 20 Aol

FHIAL 12O S A5, FANLEEL 0.,
~N,, AEEAE re 3HEAS du)E T 4 ok

7t LSO WE M SFES N, o] 1107317}
2jo]n], SINAE] 7127 mo] 308 %_m slch BS7608
(1418 R31 417) 9 < ek Eek HotSpotg el



285171 915t T38| 499} vR7HA 2 Fig 3(b)]
Haigh A=t 4 (1)F o184 4,,, = 701, FH22&
A= B7he AT R = -1 did 04 N AE[11]E
&-&3 A hor= Hot-Spot-g-&2 <Jv)). 4 (2)= o
HAHOR Class Do tfjgt o —N . Alzoldl, 4] (3)&

Hot—SpOt%a 7|& Oroar ~Vhatar Ao},

]Vn,ar 1.66 X 1012 a?, (2)

Ny =385 1000743 o
FAMELAE D= Palgrem-Miner 2L 0|85}

Fig. 59} 22 3 Stepoll Wizt s &Zsp527(F 36 7HA)ol
et 187449 o, —0, EFF2E FBPOIAITE o) Fe) &
A34E AAtstste] B 2uyjela 23 BFAPS AHA|
Aoz st

4.4 T AlAg P

ModelCenter= FHE A Process W42 Fig. 111} 2
o meg-gete a4 A g s T 2 o o

Brige_BFAP_Nomiel -

Bogie Nominsl_Post

(a) Case for nominal stress

Bogle BFAP_HutSpol

(b) Case for hot-spot stress

Fig. 11. Process integration using ModelCenter

DEHA SYSTE YS! SNOMIZAY mRYTHNY AISY

AALET=LY B M52 20089 431

ole| W3t 4] & Easta] IRl Afolle T 97N,
131 Hot-Spot-§-2 3] € Z 10749 2E2 744
o 7 BES BE o ZUARE A2 ddsel doleg
AEOE FIWES T Yk

4 4 Hot-Spot-2-&
ol A 363]9] A5
Centerol| Al A|-&3+= Reference variables[15]-% ©]-&3}¢]
HpE zbod.o L35} gt ©] 3, Bogie Nominal Post %
Bogie HotSpot Postol] Z} 3} 270 dusl= AA-8-2
4 Azt gelsc. 23] A9, Bogie Nomina
_DCosine ®E0| 58 o 9 o] A& Hgkog Bl
0in & ANSYS 34 A1Ql ek H(Direction Cosine)s
o]-83}o] Bogie BFAP Nominal 22| AR 2 HEFH
th. Hot-Spot-3-8 9] 79, 57) A cjA dojX z- e &4
AE2 Bogie HotSpot SLSZ £3] HaAtsHoz nels)
I, 23 APHS #4515 Bogie BFAP HotSpot &9
QR RS AASIE BE Ao ZH(9]- 22 U ol
o] T2])2 ModelCenterE ©]-28F Wrapping T2 133}
Visual-Basic 7|9F2] Script 1o]2 o] Fo]F Tt

Fig. 125 ZA 9 Hot-Spot2-3 712 )0l transom sup-
port bracket $|2|H3}e]| W 4Lt|(Fig. 8olA A=) &3
HooAe] FHmEEANE DO WEkE Hojgeal qlrk
Position 1, 2 2 40| 42¢] D= 0.08 o]5k2 of-& Lo} F=0iz]
B2t 270 TRThEe] WAHES oS B Ao
2 webEch E31 Position 39 3¢ 23 2 Hot-Spot-2-
7|&9] AL D= 27 025~0.5 2133 0.2~03 Jz9)
A7|E Bo, 927 SHolA HHs] A=At ot
o} 183, transom support bracket 7F2] 7Hz wW3lof| u}k
& Do} W3tE AwEy, 1H4o] ARl wet DE &7
AdGsictrt oS FAsts ZHeEE HQlth ol transom
support bracket $)x|7} side frame 222 25| wla} H]
E9 ks dig dA 29y vlEE AsS tran-

som support bracketo] Zo}F7|

m
%
o
o
rE
i
e
i
e

It
do
K3
£
&

1k, transom support bracket®] 7]%5-2 transom 3}gholl #2b
H mono-link bracketol] 7}l|AlE A - THMeko) 35S Bt
at7] gt 7l E 2ol len® T 7K AFE S
A9 Y& dAaloF Tt o]} Zro] FAHIE =
gt AHHATE @7 EE AREYoA 2 AolA FET
Z2EER] AAFo] A8EWH, dR2utaje] b
o2 g FE g AR i AU 4= gl
ALEE T

1o
N



YA 9152 - YR - O OFE - MY

432 PIHEUYE=EY H8A M52 20054

L Curnulative Damage under UIC's Loads
POSITION 1

—&— Nominal Stress
—— Hot-Spot Stress

100 150 200 250 300 350 400

Distance between TS BRK. (mm)
(a) Position 1
08 o r -
07 | Cumulative Damage under UIC's Loads
g POSITION 3

» 0.6} ~—— Norminal Stress
g’ gy Hot-Spot Stress

0.5 —
[=] e \\\_\\
§ 03} e .,

0z} T T

0.1}

0.0 L -

100 150 200 250 300 350 400

Distance between TS BRK. (mm)

(c) Position 3

0.10 y T T T -
| Cunmlative Damage under UIC's Loads
POSITION 2
0.081
A Nominal Stress |
%’ —C Hot-Spot Stress
A 006
2
g 0.041
0.0}
LT £ T3
0.00 . . Lo .
100 150 200 250 300 350 400
Distance between TS BRK. (mm)
(b) Position 2
0 ).

. Cumulative Damage under UIC's Loads
POSITION 4

&
§ 0.12}
@
2 i
gm. ,,,,,,,,, I

0.04}

000 . . . SE—

100 150 200 250 300 350 400
Distance between TS BRK. (mm)

(d) Position 4

Fig. 12. Cumulative fatigue damages at position 1~4
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