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Strength and Dynamic Performance Analysis for Tilting Train Wheel

Hyun Moo Hur’, Sung Tae Kwon', Jung Won Seo’ and Seok Jin Kwon™

ABSTRACT

For the improvement of a conventional railway speed, tilting train(Tilting Train eXpress) is under the
development aiming for a maximum speed 180km/h. Compared to the existing conventional rolling-stock, tilting
train could take an advantage of speed improvement about 20~30% on curve sections due to the improvement
of curving performance. However, this speed increasement creates a severe load at wheels, thus it is necessary
to study the safety of wheel for tilting train preferentially. On the other hand, it is under consideration that the
wheel for conventional railway rolling-stock at speeds of 150km/h will be applied to tilting train at speeds of
180km/h. In this paper, we have studied the strength of wheel structure, the geometrical contact characteristics,
and the dynamic performance of wheel to evaluate the safety of wheel for tilting train.

Key Words : Tilting Train(d ¥ € 2}), Wheel(2-&), Wheel Profile(?® & 4}), Dynamic Performance(3 4 %),
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Fig. 1 Force condition

(Bt =)
Case | : AXMMZFE3H
Fz =-125*xQ=*g
Fy = 0
Case 2 @ FHF3
Fz =-125%Q*g
Fyl = 07+Q+g

Case 3 : B7]77
Fz =-125%Q*g

Fy2 = -042%Q=*g
where, Q : mass of vehicle per wheel
g : acceleration due to gravity(m/s?)
Fz : Vertical force(kN)
Fy : Transverse force(kN)
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Fig. 2 FEM model for new wheel

2.3 s &2t
Fig. 3 ~ Fig. Fig. 5% A Z3& ddle] a4
g 23E JelUY Fig. 6 ~ Fig. 8 A A FEALE
off Wisted siAd AnE JEehdoh Figo 3()E
Casel 8}, AT A9 FZHA ¥y
2&E YT 9o Fig by olwe E7H%
g& UellT Ut} F7H8E e A= Plated
Ed& R A BAsATH U A dFz A0 st
& Fig. 4 ~ Fig. 59 29| plate? EAEFAA
Ho-ggo] LASISITE Fig 6 ~ Fig. 89 2H o
g MZATY AS, BE g Husy ¢
e Yty 2A8ste HOSHE Aolgs
¢ T+ Aok
Table 1S F 74 A& tidh HoLAy$
Aoz ARFEIEA o] & Yo
SAFE & 7 Uk A7 FdFzddA LA
e AUE/HEES Ade FELE(500MPa)E



AT - AP - AR - FNY LI HYA 23 Al

o Zorvz yirlEg 5T & £ ok

Hz7=gst A%E Fig 9 ~ Fig. 103 Zo]
Ao $Eo] IA BAYF w9 ZE H=2
ZE Z1FAE YENRIT a9 Zo] b
ERAE Grtdn 7|EAd) Hste] F&3 AL @
& Uil glere Aags 238 F5F5n
Atk g

ol

(a) displacement (b) stress

Table 1 Results of Mises stress analysis Fig. 5 Case 3 condition(new wheel)

Force new wheel worn wheel

condition (s&%sas) position (S&?:) position }
Case | 235 Plate 312 Plate
Case 2 83.0 Plate 84.1 Plate
Case 3 66.5 Plate 714 Plate

ﬂ (a) displacement (b) stress
Fig. 6 Case 1 condition{worn wheel)

(a) displacement (b) stress

Fig. 3 Case 1| condition(new wheel)

(a) displacement (b) stress

Fig. 7 Case 2 condition(worn wheel)

(a) displacement (b) stress
Fig. 4 Case 2 condition(new wheel)

(a) displacement (b) stress
Fig. 8 Case 3 condition(worn wheel)
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Fig. 9 Evaluation of fatigue strength for Table 2 Geometric characteristics of profiles
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(b) TTX-W1 Wheel - 50kgN Rail
Fig. 12 Contact patchs of profiles
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Fig. 13 Contact characteristics of profiles
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Table 3 Results of dynamic analysis

wheel | LR | e |unloding Ccraiment,__1Cetd®)
(km) | (kN) (%) lateral |vertical
Coa| 288 | 273 | 367 | 028 | 1004|1022
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ng‘k:;{l‘ 26 | 238 | 369 | 025 | 1014 1021
TTZEL‘Q“ 206 | 249 | 370 | 026 | 1007 | 1021
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Lateral force(kN)

RBO-TTX_ W1

R5Q-TTX_W1
Wheel/Rail combination

R5Q-KNR20h RE0-KNR20h

15 Lateral force analysis results of wheel

profile for tilting train
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Fig. 16 FEM model of wheel and rail

Table 4 Results of stress analysis(MPa)

L [

wheel rail
profile -
straight curve straight curve
KNR20h 1,070 1,450 1,070 1,380
TTX_WI 880 1,270 772 1,130

(b) TTX-W1/50kgN

Fig. 17 Stress analysis results at contact

condition for straight section
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Fig. 18 Stress analysis results at contact
condition for curve section

5 48

el 180km/he EBAFE g
¢ 72 2%F 2 54 450 0¢ A7E 49

don o0 AdE vgn Zoh

1. €9A%FE 2Agd T2AAE BEE Hstdo
UIC 510-5 Technical approval of solid wheels®l]
97 FRIE G4S 95T S

A9 NERe g7 A, F§L71EA ojUR
HrtrlEE& &3t Auta Argd
2. HEAEE gHdAde 78t 544 KNR

20n2el wlste] TTX-Wig®ol A§T7§u
B 71€718 A ste] SItERETHE
A7 HERHE SIHAIA AT P o
FARFY FANM F5d 7y 548
2ok
3. %Z* 54 FRoAM 2E gPxFE AERY
& dRAF HASE 2 FEY JALE
4E Eoln o TIX-WIg®HL KNRZOh
dol wlste] FHMARE, ST} E2

g

rf i rlo



PR - A - AL - AN FFAFLESHA A2 Az

507-512, 2003.

e - L
LT
Ko

b
_2;1;
>,
e
ofo
A
%
>
Y
Y
2
£
ol
g
o
N
X
ik

25 KNR20hg®ol| ®ldle H7d
T EAE B ZIAFYPEE P4
E EEY A BEZ e g9
g9agA Ay Hdo 2 ARE B
At

A2 ATZENE Fn= 3 AA A

e ]

fe 4l o
A

-

S o rfu oo JH

B ooy,

=k
Ay

Y5 NGB AN YPAFE AEY FH
54 232 A9 AW, BREY 8ol wE v
254 243 2L 994 A7 N4HoE 4
48 Aoz JlYse 9F JPL s 43 @3
¥ gugate) okd Guol slojd oe wo
o.

g

Ao

1. “UIC 510-5 Technical approval of solid wheels,”
UIC, pp. 1-16, 2003.

2. “KS R 9221 Wheels for Railway Rolling Stock,”
KSA, pp. 4-5, 2005.

3. Hobbs, A. E. W, “Calculation of Equivalent
Conicities for the S1002 Wheel Profile on UIC60
Rails,” ERRI Report DT54/E, pp. 1-11, 1975.

4. “Regulation for Safety Criteria of Railway
Rolling-stock,” Ministry of construction &
Transpotation, pp. 33-34, 2005.

5. Vijay, K. G. and Rao, V. D, “Dynamics of
Railway Vehicle Systems,” Academic Press, pp.
58-134, 1984.

6. AEA Technology Rail, “VAMPIRE User Manual,
Section C,” pp.7-10, 2003.

7. Kim, E. S. and Hur, H, M. “Contact Stress
Analysis on the Variation of Wheel Profile,”
Proceedings of Korean Society for Railway, pp.
663-667, 2003.

8§ Ham, Y. S, Oh, T. Y. and Paik, Y. N,
“Evaluation of running safety and measuring
wheel/rail force for korean high speed railway
vehicle,” KSPE 2003 Spring Annual Meeting, pp.

92



