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Experimental and Analytical Study on Fatigue Strength Evaluation for
the Bogie Frame of Tilting Railway Vehicles

Jung-Seok Kim; Nam-Po Kim and Tae-Whan Ko

Key Wonds: Tilting Train(2® €3}, Tilting Bogie Frame(2®F 32 Z# %), Finite Element
Method(F8F2 47| ¥), Fatigue Strength(¥] 273 %)

Abstract

This paper has investigated the strength of the bogie frame for the Korean tilting train that is being
developed in KRRI. In this study, the loading conditions imposed on the bogie frame of tilting train
were derived and the static and fatigue strength of the bogie frame has been -evaluated. In order to
achieve these goals, finite element analysis has been performed and the stress concentration areas were
investigated. Based on the analytical results, the static load tests were conducted under the nontilting
load conditions and the tilting load conditions. The test results were used to evaluate the fatigue
strength of the bogie frame by Goodman diagram.
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Fig. 3 Link angle change according to carbody tilting

Table 1 Load combination for the main in-service loads

, Lateral Twisting load
Loads Vertical load load Ft(kN)
Fz1(kN) | Fz2(kN) |Fy(kN) | G1 | G2 | G3 | G4
1 123.2 123.2 0
2 11088 | 86.24 0
3 11088 | 86.24 +71.0
4 160.16 | 13552 0
5 160.16 | 13652 | +71.0
6 86.24 | 110.88 0
7 86.24 | 11088 | -71.0
8 135.52 | 160.16 0
9 13552 | 160.16 | -71.0
10 110.88 | 86.24 +71.0 |32.4 32.4
11 11088 | 86.24 +71.0 3241324
12 160.16 | 13552 | +71.0 {324 32.4
13 160.16 | 13552 | +71.0 324324
14 86.24 110.88 -71.0 1324 324
15 86.24 | 11088 | -71.0 3241324
16 13552 | 16016 | -71.0 | 324 32.4
17 13552 | 160.16 | -71.0 3241324
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Table 2 Load combination for the tilting loads A= Alo]le Ty ma2 Ho| nxHE
Resultant | Actuator Track twist 237 REA SHAFo WA A,
Load case link bracket load (N)
force (kN) (kN)
Fright| Fleft | Fact | Gl | G2 | G3 | G4
T1| 71.18 {16836] -100.
mﬁg T2| 7118 [16836] -100. |324 324
T3 71.18 [16836| -100. 3241324
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Table 3 Load cases used in the test

M3 | stz 85 Z7(kN) B x
getyeF 1232 N
1 /-;i!_-_ == ! o &
AT apwgims | T
72.88 HZurak
_O =] ==
2| #ees 7288 g2y
324 1,491A] liner
3 [HEHE
324 2394 liner
ety 1 71.05 VR
4 +85% e 436
2HEtF | Ashurek ;11757 B
zH$urgk © 12051
shyrer 115 sy
5 -8= 208 11481
gelstF | Asura ;7755
Fig. 8 Dummy axle box assembly ¢ ;Jr o :Ls& 558 492

gazolols] vepdo] 4AE 2
A £FAFol BASHAT. G2 AGA)
= og $YYFRI0) csadAHE ¥

41 NEEE A

YFAFAE o Bo] AFH v} 2ol Y
93 neAel 30 ¥5n YuYas sg e
A7 Ao g3 £ B ALRFosE B 3L
| 245 A deb £ s Agelas o L

[

£APFo2 108 §39 AFololy 229} 2 R
THELE 508 439 dFdolH 228 AX
&l Fig. 73 o] ol@d ¥ 2 Horzyo Fig. 9 Location of strain gauges
TE3AT =3 g BAEE gE o o)
B9 3% Fds7] ) 9y AzoolE] B} 23 Table 134 28] 28 dFxAE AP
Aol 258 4% AFooHE A3 B FEse AL B Aol 2gd9y. e
Aldd) 9o FYZA ZYYdeS uAsEr] Y&t FHesdNE Tl Wiol Adgeadde &
o Fig. 83} o] 429 dummy axle boxZ A&t AHate A st 355H L85 o) &st
5t o0, ol 1aF spring seat?} ZE HA@ X o] Table 33} o] EAQA 5714 FE279)
Aol ZRANZTE 9714 AFEE dummy axle A AlgE Fstn YA 8Fe T3
boxi= zEHo] diste] o] sHEd IR (pivot) 42 E A3t =AY Fig. 9& FRAA
TEE Hol lon, AEygon wAsE 5 Zegol FRol FaE 2EHU Aolx e Ri
BHAE 3&T + A=F AUk 13 spring AAE Yebd ol % dFelAe FFas
seat®} dummy axle box Alelol:= F7 10 mm<] A Auo] ZAGY ¢ 57H(137H~4 3F Aol A
AFHE AYste] 14 spring seat”t dummy axle ok 12709 ©FA) ]7(])4 SHAFTY 2EH]

box ¥ol 83 B%P F Y= Ao ZREER LT



102 AR

[ ——vedicalload __ —Lateralload |

Load (kN)

Time (sec)

Fig. 10 Load histories of the vertical and lateral load

Strain (pe)

Load{kN)

Fig. 11 Load-displacement curve

42 MEZ

Fig. 102 AstFEAEA ALd LT 2
e dEoolEjol| HE 5ol Folr)

FES 0% — 70% — 100% TOE F7HA7)

3 29AEE S Fastgh 9714 194852
AMERA T g AFoolEl o] AAFE | FiiH
o] At} Fig. 112 ol ¥ojFl aF- W EX T ]
o Fig. 11914 & 7+ A%°] a5-MPEAEE

Ad HYAFL moln Uee & F Utk o
Ao B AT 488 ALt BEwe
o % g

w3 feesdds B94s 2397 A9
Fig. 99 AlolA %2 29 F 74 3ol 27
FASE 87l 3% AolA Al el e
a4 AsS Agold 4 gue

=
Von-MisesS 8 0.2 #Aatslo] vl
49 2t} Table 4004 & ¢ gi%Fo
A Atole) 2zte Hdl nR2%Y =3

ojAtel AH & =34 Pojzl &
12/RP 1770 2AF oteo} 22 Azt we}

o
bl

SLef g

Table 4 Comparison of the calculated and measured

results
v | conis e | atpw | B 09
1 54 54.3 0.56
2 41 45.0 9.76
3 95.5 96.9 1.47
4 73.0 79.2 8.49
13 244 215 11.9
14 337 34.7 2.97
17 36.4 378 385
18 324 29.6 864
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Table S5 Experimental result for the bogie frame

gauge| Tpmas O pnin Ornean Ao
no. (MPa) (MPa) (MPa) (MPa)
1 794 (12) | 31.7 (7 55.6 239
2 573 (16) | 21.8 (3 39.5 178
3 875 (13) [ 36.0 (T4) 61.7 258
4 6.95 (17) | 324 (T4) 51.0 186
6 75.7 (16) 20 (3) 478 2718
7 11.4 (1) |-156 (16) 2.1 135
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Fig. 12 Goodman diagram of bogie frame under

nontilting condition
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tilting condition
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