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Evaluation of Fatigue Strength for Bogie Frame of a Tilting Train

Byung Hwa Park, Nam Po Kim and Jung Seok Kim, Kang Yong Lee
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Abstract

The fatigue strength analysis is performed for the bogie frame of Korean tilting train which is
newly developed. The loading conditions imposed on the bogie frame during carbody tilting are
derived in addition to the loadings based on the JIS E4207 standard. The tilting bogie frame is
modeled for the finite element analysis and fatigue analysis is carried out under Goodman equation. It
is concluded the bogie frame of the developed tilting train has enough structural safety.
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Dynamic Analysis
Load Condition Analysis on the Swing Link for the Tilting Condition
(ADAMS)

|

Static Analysis
Stress Analysis of Bogie Frame by Result of Dynamic Analysis
(ABAQUS)

Post-process
Stress Calculation (Equivalence Stress)
Fatigue Strength Calculation by Standards

l

‘ Evaluation of Tilting Bogie Frame ‘

Fig. 1 Tilting bogie frame evaluation scheme
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Table 1 Loads of each swing-link seat at
non-tilting and +8° tilting conditions (kgf)
0° 8° -8°
Right | Left |Right| Left | Right | Left
link link | link | link link link
Verticall | n0071 - 10837|-8177| -10509| ~10386 | -8815
force
Lateral | 470> | 4715 | -521 | 11642 |-11689| 662
force
:!: we

Fig. 5 FE model of tilting bogie frame

Table 2 Material properties of bogie frame(kgf/mm?)

Material Yielding | Tensile Fatigue Limit
lateria .
Strength |Strength Basic Grinding
Material
SWS490A] 33 50 16 T
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Table 3 Loading Conditions
o Expression of Load Stress
Load Condition .
Condition Symbol
Vertical load .
. Result of dynamic
on +8° tilting : T1
. analysis
condition
Vertical load )
L Result of dynamic
on -8° tilting ; T2
. analysis
condition
. Result of dynamic
Vertical load : A
analysis
Vertical dynamic
1.3 x A B
load
The load which 12mm
. height difference at cl
Torsional load .
wheelset location of an
. . . C2
opposite angle direction
Longitudinal 0.3 w,— W, D1
dynamic load 2 D2
Lateral dynamic 0.3 % w,—w, El
load 2 E2
1+r)T Fl
ivi 1.4 (
Driving gear load 7 0
oa
(1 —4 ) VVLm G2
H1
Brake force Brake force x gt T

Fig. 6 Von-Mises stress of side frame



2004

3.4 AAHNRLe] w22 s "It

JSel A= tiake] RE HAelA Tzl Hat
93 FEF AL AL Az =Y
TAEC oo ks AHojsta vk dZufy
AEE Eéﬁ%aﬂ SEXEY #AE ot
2+ Haigh AEF4 Goodman AEE o] &3t
Aolth. whEbA uJiJE—% Brreh=d oA
Hyaedd SENFORZRYH A ()¢ #HS
Goodman 2]9] ¥ ZQtAAFE o]&slH 4=
o8 7} Ao A 79 TF oAFE #
T AT

A LT

Oalt + Omean _ L (2)
g, gy, n

(]
r >y
w2

gz e ol diste] JISelA AL A&
Az HJ7F SRl ¥8 S aeshA &

& AS A7 ssxis 2@ete FadE
SHAES ek FYA} AlFAlel etz
2 (3-4), 2 (5-6)7 o] AT

Yy s Ol DA A+

mean 2 2 2
(€))
LAYR | Gt @
2 2
_ 2 o 2
(111 =(B—- A) o 02)4‘ Dl — D2
) 2 4 2 2 (4)
El— E2 Fl— F2 Gl — G2
e e e R G
UrllFﬁr)TL:A+ a+62 + Dl+m + E1+E2
2 2 2 (5)
LG+ @ MR
2 2
2 2
2. (BfA)u(Cl;C? +(012D2
(6)
El-RY, (Gl—-@Y,(H -—I2Y
G B e el

A7IA Hd-eH2 2+ sk 271 dis]A
Ya-sHo] AgHor FTHES o L&A
Z2 Ao Fo=z FAHo] Q).

AA A aLe] Ag-ol= 'Y slwo] g s ofof
ste= gyt et ey ¢ SEXE
e EEdok A 3)-(6)Y 71 S8 x=23 A
H8e 4 9k

g5tz digt 5=y $HEIFS €Y
2eFe] FAFE ek wg M F +8
T gy, AAFPF 8% YA, +8%5/-8% W

134

3 2949 3749 A9E wrel 47

sk
=

ek WAkl dgse wzgTRde 45 7

TI<SA<T2

or — < |T1-4<|r2-4

Yes

- |

A 7FE 3k /61—3%]—01])\1 Ts]- Wol AL WEAA

AM8)  A9),(10) A(1D,(12) A (13)(14)

Fig. 7 Calculate method of mean stress and

amplitude stress under tilting condition

(Ulncarz )Tz‘lling =4 (7)
(Urllt ) Tilting — ‘ 72— 4 | (8)
(T pean )T/,lf,i,'ng =4 (9)
(Uall ) Tilting — ‘ T1-4 | (10)
(Um(z(m ) Tilting — MTD (1 1)
(Ou) iy = | T2 | (12)
(Umean )Tilting = A —; & (13)
(Uulf ) Tilting — | T12— = ‘ (14)
olshge Yoz Farolzl WYsFe ol
jé ﬂ—%a (O—Tﬂ,ﬁ’(]ﬂ ) Tilting 8 ] (3)3(5)'0/] A;q—ﬂ Oﬂ m O]:q
Holof @tk gdaiFel @ SHNE
(O-WLS(WL ) Tilting © %l_% )'\J' (4)5(6) Oﬂ Zﬂ %%):*O_“i E:' TS_H

Aok g,

AAAE frete s mEle] RE HH A Pt

o} 2t} Fig. 82 (a)°l slT3t

ZZ ol AE JISolA AA

ZaAAY (b))

AFA MRNTEAS WESE Ao vkt
7
[

o 2AAAFE 2 AAS %

e st A

ARG FRA 25 O W FrrElen 5

Aol SmetdAFe AR WA e

A FHS Table 4041 A AT}

|=]
QA



2004

Stress Amplitude
354

Mean Stress

(a)
Stress Amplitude
EHE
ks 30 4
A arinding =
3._:3”_. inding .
8g=

Mean Stress
(b)
Fig. 8 Fatigue Endurance Diagram

Table 4 Fatigue safety factor

Mean Stress Fatigue
Node # .
Stress | Amplitude |Safety Factor
38182 |-1.75E+01| 9.727 1.084
38154 |-1.77E+01| 8.992 1.142
1004 |-6.33E+00| 9.374 1.221
987 [-6.24E+00| 9.107 1.258
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