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A Study on the Coupled Vibration of Train Wheel and Rail
~——Dynamic Characteristics of Train Wheel with the Stepped Thickness——
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Abstract

This study is a part of the research on the coupled vibration of train wheel with the stepped
thickness and rail. The research was conducted for the purpose of examining the dynamic
characteristics of train wheel at the running state and preventing the vibrations of the high speed
railway.

The stress at the bounary surface of web and rim, ¢., was analyzed in consideration of the
uniform In-plane compressive stress depending on the conditions of rolling and the In-plane
compressive stress depending on the rotation of train wheel. Then the equation of transverse
vibration of the annular plate with the stepped thickness was analyzed by Rayleigh-Ritz’s method.

As a result of study, it was known that the rotational speed increase the natural frequency
slightly and the acceleration level highly while the reaction force between train wheel and rail

decrease the natural frequency linearly and the critical buckling is generated at n=1.
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Fig. 1 Annular plate with the stepped thickness
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Fig. 2 Cylindrical coordinate
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Table 1 Natural frequencies when Q=0 rpm
S o 30 90 150 210 270 330
\ 0 1534.9 1533.7 1532. 8 1532.1 1531.2 1530. 6 1529. 1
0 1 12270.6 12203. 4 12133.9 12093.5 12059. 5 11954. 9 11924. 2
‘ 2 114899. 4 114801.5 114711.5 114682. 6 114682.6 114361. 6 114358. 3
0 1144.7 1144.1 1143.3 1142.2 1141.5 1140.1 1139. 3
1 1 15452.5 15346. 7 15393.7 15322.5 15295.1 15223.3 15186. 3
2 116222. 3 116021. 3 116010. 4 115997. 8 115976. 1 115732.2 115712. 8
0 2778.6 2777. 8 2777.1 2776. 4 2775.1 2774. 4 2772.8
2 1 22272.6 22326.9 22327.9 22282.7 22252.6 22230.5 22131.7
2 120576. 2 120837.1 120806. 8 120796. 3 120654. 7 120571.0 120236. 5
0 7205.1 7203.5 7202. 4 7201.8 7201. 4 7200.3 7199.0
3 1 30119.8 30195.1 29927.6 30020.3 30063. 7 30118.9 30039.7
2 128431.6 128596. 9 127974.2 128198.0 128330. 4 128435.6 128295.7
0 13564. 2 13563. 1 13562. 5 13562.0 13561.7 13560. 2 13559. 8
4 1 37864. 7 37942.9 37840. 4 37965. 8 37978.5 37952. 4 37960. 5
2 138677.3 138819.7 138639.0 138892. 2 138914.5 138881. 2 138850. 6
0 21739.0 21738. 4 21736. 5 21736.0 21735.1 21734.5 21732.8
5 1 46175. 8 46220. 3 46104. 6 46093. 2 46004. 3 45886. 5 45847.2
2 152479.2 152551. 4 152372. 5 152316. 3 152229. 1 152040. 1 151892.6
0 31699. 5 31698. 1 31696. 9 31695. 2 31693.6 31691.7 31690.3
6 1 55861. 9 55698. 3 55544.1 55265. 0 55091. 7 55025. 9 54940. 3
2 169336.0 169123. 2 168919. 4 168533. 7 168308. 9 168221. 1 168111.6
Table 2 Natural frequencies when Q=800 rpm
R
S—Z] o 30 90 150 210 270 330
0 1535.6 1534. 4 1533.7 1532.5 1531.9 1531. 4 1530. 1
0 1 12279. 1 12213.2 12141. 8 12100. 7 12068. 5 11965. 2 11933.5
2 114908. 3 114821. 8 114720. 9 114696. 4 114648. 2 114375. 1 114374.6
0 1145.0 1144.7 1143.8 1143.0 1142. 4 1140.0 1140.3
1 1 15459. 8 15447. 4 15405.1 15330.2 15302. 1 15233.6 15193.9
2 116240. 1 116039. 1 116027. 3 116018. 3 115992. 4 115746.7 115728.6
0 2779.2 2778.6 2778.1 2776. 9 2776. 1 2774.9 2773.5
2 1 22280. 6 22336. 4 22336. 5 22290. 6 22258. 9 22239.6 22138.8
2 120593. 6 120850. 6 120823.9 120812. 4 120669. 8 120589. 1 120251. 2
0 7205.6 7204.1 7202.9 7202.4 7101. 9 7200. 8 7199.8
3 1 30127.5 30203. 6 29940. 1 30026. 1 30072. 4 30128.6 30048. 2
2 128446. 2 128614. 2 127990. 6 128216. 3 128344.5 128451. 3 128316. 1
0 13564.7 13564. 0 13562. 9 13562. 3 13562. 0 13560. 8 13560. 4
4 1 37873.6 37952.6 37849.6 37975.1 37986. 2 37962. 1 37969. 7
2 138693. 3 138836. 1 138657. 6 138914.6 138936. 1 138900. 5 138870. 4
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21739.5 21738.9 21737.2 21737.0 21735.8 21735.2 21733.3

5 1 46183.7 46230. 2 46113.4 46104. 2 46013.6 45896. 3 45856. 2
2 152495. 3 152569. 4 152389. 2 152331. 8 152245. 3 152056. 1 151908. 6

0 31700.6 31698. 9 31697. 6 31695. 8 31694. 4 31693. 3 31692. 0

6 1 55869. 3 55707.2 55554. 1 55285. 6 55099. 2 55034. 6 54949.6
2 169349. 8 169140. 3 168931. 6 168539. 6 168325. 6 168232. 1 l 168129. 4

w KHz

T T

T
0 5 10 15 20 25

Fig. 3 Variation of buckling load versus frequency with #n

Table 3 Natural frequencies when Q=1600 rpm

S o 30 90 150 210 270 330

0 153.4 | 1535.2 | 1534.5 | 1533.2 | 1532.3 | 15320 | 15313

0 1 12289.2 | 12222.3 | 12149.3 | 12109.5 | 12076.4 | 11974.2 | 11944.3

2 | 114026.5 | 114838.6 | 114736.9 | 114712.7 | 114663.8 | 114394.6 | 114390.8

0 w7 | o1se | 11447 | 1437 | 14200 | 11414 | 114009

1 1 15468.4 | 15456.3 | 15415.6 | 15340.1 | 15314.3 | 15242.4 | 15202.3

2 | 116257.6 | 116056.3 | 116044.2 | 116036.7 | 116007.2 | 115766.1 | 1157418

2179.4 | 2mre.2 | 2mss | 2rrnr | 2mee | 2m7sa | 27744

2 1 22200.3 | 22343.8 | 22348.2 | 22300.1 | 22268.6 | 22248.1 | 22148.2

2 120607. 4 120875. 4 120849. 6 120828. 5 120688. 4 120602. 4 120271. 3
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0 7205.9 7204.9 7203.3 7203. 2 7102.4 7201.1 7200. 4
3 1 30136. 2 30216. 4 29950. 5 30035. 6 30079. 6 30138. 6 30061. 3
2 128460. 1 128636. 1 128004. 3 128230. 1 128360. 9 128472. 3 128331.6
0 13565. 3 13564. 6 13563. 1 13562. 8 13562. 4 13561.7 13560. 7
4 1 37880. 1 37964. 1 37858.4 37984. 6 37997.7 37972. 2 37979. 2
2 138712.5 | 138850.5 | 138671.9 | 138932.1 | 138956.1 | 138913.6 | 1388843
0 21740. 3 21739.5 21737.7 21736. 8 21736.5 21736.0 21734. 3
5 1 46194.5 46240. 5 46124. 3 46113.7 46023. 2 45802. 1 45864. 7
2 152511.7 | 152886.3 | 152407.4 | 152352.9 | 152267.3 | 152073.6 | 151923.1
0 31670.9 31669. 9 31698. 7 31697. 0 31695. 3 31694. 1 31693. 2
6 1 55880. 2 55715. 8 55563. 1 55272. 4 55107. 1 55045. 2 54959. 7
2 169364. 7 169159. 6 168955. 4 168550. 6 168340. 9 168249. 6 168236. 4
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Fig. 7 Frequency distributions of the vibrational acceleration when R=30 kgf.

(a) 2=400rpm;

5 % i@

sgateke] Al FY Ao Higa HEY T
ZAd we} dete KhE ARALA Fd8A 59
2 AFE BiEENCR FE5ta 3ok FE v
e iR HAd4E zedtd AR FAE Fe

Ol

(b) 2=800rpm;

(c) 2=1200rpm

LR RS @Tela Bk 2 As dea
<+ BRES A4

(1) #Higel JA+E 1600rpm(AFEE 271km/hr)
7tR] FoHAA A EEEE 444 modedlA 1~1.5
Hz A= F7}aix)wt el -2 oF 15dB A= 271
s Elze Aeks] BEMES fEExy Sl 9
] S A L& ¢ 4 vk



72 & X ®m-f B OFE

80
o 60~
=
H
.5 ho-
o »
E= 2
S5 20
L~
< o
58 90 Kgg - 400 rpm
,'3 : v T [ T B 3 - 1 T S v
- 0 2 L 6 8 10 12 1L 16 18 20
’ (a) Freguency{ KHz)
La
80"
60—
404
20+
7 90 Kgg ~ 800 rpm
T T T T T T T T T
o 2 s 6 8 10 12 il 16 18 20
(v)
£0—
60~
L0~
20~
h 90 Kgg - 1200 rpm
T T T T T T T T T
0 2. L 6 5 10 12 1! 16 18 20

(c)

Fig. 8 Frequency distributions of the vibrational acceleration when R=90 kgf.
(a) Q=400rpm; (b) 2=800rpm; (¢) 0=1200rpm

@) HHsH BB TEEAA e} WRE BHE @ D oo & A52AE ol g3k s
S e FEdA A, W6 T ), T g g g Aas 29 Ry
|4 R=330kgf 7t=] F7tA12 W] 4% mode o IREEL : )
E 5I10Hz AE Zaw udn EREEGES »  (CEh RS AL G BEA 5T K
=164 R=134650kgf 7+ €8¢ & + 3k B TS 2 T

3 WHEEH A2 SE A0 Y o) HR



Bl @pke ERIRT 28 WRE 73

2 £ ¥ m

(1) P.J. Remington, “Wheel/Rail Noise-Part T :
Characterization of the Wheel/Rail Dynamic Syst-
em”, Journal of Sound and Vibration, Vol. 46,
No. 3, pp.359~379, 1976

(2) M.J. Rudd, “Wheel/Rail Noise-Part I : Wheel
Squeal”, Journal of Sound and Vibration, Vol. 46,
No. 3, pp.381~394, 1976

(3) P.J. Remington, “Wheel/Rail Noise-Part ¥ : Ro-
Ning Noise”, Journal of Sound and Vibration, Vol.
46, No. 3, pp.419~436, 1976

(4) AW. Leissa, “Vibrations Plates”, NASA SP-
160, 1960

(5) A.W. Leissa, “Recent Research in Plate Vibrati-
ons, 1973~1976 : Classical Theory”, The Shock and
Vibration Digest, Vol. 9, pp.13~34, 1977

(6) A.W. Leissa, “Plate Vibration Research, 1976~
1980 : Complicated Effects”, The Shock and Vibra-
tion Digest, Vol. 13, pp.19~36, 1981

(7) R.V. Southwell, “On the Free Transverse Vibra-
tions of a Uniform Circular Disc Clamped at its
Center”, Proceedings of the Royal Society, Vol.
101, p. 133, 1922

(8) P.N. Raju, “Vibrations of Annular Plates”, Jou-
rnal of the Aeronautical Society of India, Vol. 14,
p. 37, 1962

(9) S.M. Vogel and D.W. Skinner, “Natural Freque-
ncies of Transversely Vibrating Uniform Annular
Plates”, Trans. of the ASME, Journal of Applied
Mechanics, Vol. 32, pp.926~931, 1965

(10) J. Prescott, “Applied Elasticity”, Dover Public-
ations, Inc., 1961

(11) H.C. Loh and J.F. Carney I, “Vibrations and

Stability of Spinning Annular Plates Reinforced
with Edge Beams”, Trans. of the ASME, Journal
of Applied Mechanics, Vol. 44, pp. 499~501, 1979

(12) A. Losen and A. Libai, “Transverse Vibrations
of Compressed Annular Plates”, Journal of Sound
and Vibration, Vol. 40, pp. 149~153, 1975

(13) G.K. Ramaiah, “Flexular Vibration of Annular
Plates under Uniform In-Plane Compressive Stress”,
Journal of Sound and Vibration, Vol. 70, pp.11
~131, 1980

(14) G.K. Ramaiah, “Flexular Vibrations and Elastic
Stability of Annular Plates under Uniform In-Plane
Tensile Forces along the Inner Edge”, Journal of
Sound and Vibration, Vol. 72, pp.11~23, 1980

(15) W.E. Red, “Examination of the Response of a
Flexible Circular Rotor Subjected to Specified Gyr-
oscopic Rates”, Trans. of the ASME, Journal of
Engineering for Industry, pp. 1297~1306, Nov. 1974

(16) S. Sato and H. Matsuhisa, “Study on the Mec-
hanism of Train Noise and its Countermeasure Part
", Bulletin of JSME, Vol. 24, No. 191, pp. 849
~853, 1981

(7 )M, FEER, “EHiyd 5K #EBIRESY) B
o OPOE ¢ HiRS] Bbth,” BIRABE EEHES B
3%, No. 23, 1986

(18) G.K. Ramaiah and K. Vijayakumar, “Buckling
of Polar Orthotropic Annular Plates under Uniform
Internal Pressure”, Journal of AIAA, Vol. 12, pp.
1045~1050, 1974

(19) S.P. Timoshenko and J.N. Goodier, “Theory of
Elasticity”, MecGraw-Hill, Inc., 3rd Ed., 1970

(20) A.C. Ugural and S.K. Fenster, “Advanced Stre-
ngth and Applied Elasticity”, Elsevier North Holl-
and, Inc., 1981



