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Abstract

Curved squeal noise is a long and screaming noise generated when railway vehicles pass a tight
radius curve. It is usually 10~30 dB larger than wheel-rail rolling noise, so it is more unbearable
and has been widely studied by domestic and foreign scholars. The formation mechanisms of
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curve squeal noise proposed in current researches include the formation mechanism of wheel-rail
falling friction curve and the formation mechanism of modal coupling. The two formation me-
chanisms are described in detail, and the related prediction researches on the two formation me-
chanisms are reviewed. The overview shows that the two formation mechanisms of curve squeal
noise are reasonable, and the two formation mechanisms can work together to promote the gen-
eration of curve squeal noise. An in-depth understanding of the formation mechanism and cha-
racteristics of curve squeal noise can provide a reference for the effective control of curve squeal
noise, and is of great significance to the development of urban rail transit and the control of envi-
ronmental noise pollution in rail transit.
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Figure 1. Wheel/rail lateral sliding speed on
curve line [2]
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Figure 2. Schematic diagram of creep force-
creep rate curve [2]
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Figure 3. Two-degree-of-freedom mass-on-moving-belt model
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Table 1. Research summary of curve squeal noise prediction based on modal coupling mechanism
F 1. ETESBAVERNEMUIEAETUNMR B8

WREH RENE BRI T AL
S0 BE P FAT AR AT LA SRR E F RSN (R PR T R
BRUNEL [27] NS PN PR L 5 5 2,
CHIELLO [11] [12] T ET;H;; Zimzﬁm TBEARE T WS P = A= 11 61t BB S80S 22 5 1 2 e

COLLETTE [29]
GLOCKER [30] =V AREIUREYR R BE B R AT R T BUR R B IR S) FH L g
PIERINGER [31] [32]

ﬁ;ﬁg’;’?gj} . S e s R R B IR B, LR R MR 5)
] kA AR R
FOURIE [36] - TR T AT 02 s O B B T LM LA, e

RAATEE;

4, B RRE

R L IR 7 7 AR AT S KN T, ot 2 PR S (T LB R PRI BIT 7 LA PR X, R AT 8
WA 7 — B MBI TR o AXSCETXT i 2 i v e P e B BE AR fh 2 BT LB RS & T2 LB B 73
B TCHATERE, RN S L

1) 7 ERH YR AT T 2 AT B IS 8] B, R BEHR I 28N BT LB 32 B E 2 22 50T, A%
BBERE T PR SN DB R B R GE 5 M A B [T (I PELB SR, S BURBL R G R A AR E (1 B IR 3D
PRI I

2) FR7y ML IR R T A, FERE N EERE R AEE | L AR BRI OIS 75 AR 2t B e e e
TSI 17 b 2 L g 75 A 2R B T UL A 45 B

3) TR AU R R BE I 2R R R M O LB . BRSSO L T DA [ 3 B0t 2 n g
PR, RIARBUEEE BAT T RGP 7 2R 1) i 2 BRI R, AR BB AT ORI 7 2 1)l e

DOI: 10.12677/0jtt.2021.103022 204 BB EEFW/ N


https://doi.org/10.12677/ojtt.2021.103022

7 B K

L I 2L LR 7 (182 PO R FREIMBIT FK 25 i T U 445 T 2 A T R L B B A A 15 T L
JEIT, AH AR TER Y] P RLEE AT REIL R A F 3 5l 2R U Mg A 7 A, PR TR BSOATL B Xy 2 i L g 7 7
A 0 FE AR S AR OR T A L W R T LER AT T AP — AN EL . BeAh, 2 Y S 7S T A AR T DAt
AL, W EE) ) AR R S SRR R, DUSE SE PR S R A A 1L B Ay AR s DA EE
PR R SR AR Y, DA St s 8 0L 1 i o ) BE R P S B U RS 5

E&WmE
Hh | RS2 WAT 22 B 2020 485 2 Be RHF I 1.(J2020-053) B B I H .

&5k

[1] Muller, B. and Qertli, J. (2006) Combating Curve Squeal: Monitoring Existing Applications. Journal of Sound and Vi-
bration, 293, 728-734. https://doi.org/10.1016/j.jsv.2005.12.005

[2] Thompson, D. #kgEESE S4RAN[M]. dbat: R HhRAL, 2013.

[3] Rudd, M.J. (1976) Wheel/Rail Noise—Part 1l: Wheel Squeal. Journal of Sound and Vibration, 46, 381-394.
https://doi.org/10.1016/0022-460X(76)90862-2

[4] Thompson, D., Squicciarini, G. and Ding, B. (2016) A State-of-the-Art Review of Curve Squeal Noise: Phenomena,
Mechanism, Modelling and Mitigation. IWRN 12: International Workshop on Railway Noise, Terrigal, 2016, 3-41.

[5] Van Ruiten, C.J.M. (1988) Mechanism of Squeal Noise Generated by Trams. Journal of Sound and Vibration, 120, 245-
253. https://doi.org/10.1016/0022-460X(88)90432-4

[6] Remington, P.J. (1987) Wheel/Rail Squeal and Impact Noise: What Do We Know? What Don’t We Know? Where Do
We Go from Here? Journal of Sound and Vibration, 116, 339-353. https://doi.org/10.1016/S0022-460X(87)81306-8

[7]1 Schneider, E., Popp, K. and Irretier, H. (1988) Noise Generation in Railway Wheels Due to Rail-Wheel Contact Forces.
Journal of Sound and Vibration, 120, 227-244. https://doi.org/10.1016/0022-460X(88)90431-2

[8] Kraft, K. (1967) Der Einflu} der Fahrgeschwindigkeit auf den Haftwert zwischen Rad und Schiene. Archiv fir Eisen-
bahntechnik, 22, 58-78.

[9] Fingberg, U. (1990) A Model of Wheel-Rail Squealing Noise. Journal of Sound and Vibration, 143, 365-377.
https://doi.org/10.1016/0022-460X(90)90729-J

[10] Periard, F. (1998) Wheel-Rail Noise Generation: Curve Squealing by Trams. PhD Thesis, Technische Universiteit Delft,
Delft.

[11] Chiello, O., Ayasse, J.B., Vincent, N., et al. (2006) Curve Squeal of Urban Rolling Stock—Part 3: Theoretical Model.
Journal of Sound and Vibration, 293, 710-727. https://doi.org/10.1016/j.jsv.2005.12.010

[12] Koch, J.R., Vincent, N., Chollet, H., et al. (2006) Curve Squeal of Urban Rolling Stock—Part 2: Parametric Study on a
1/4 Scale Test Rig. Journal of Sound & Vibration, 293, 701-709. https://doi.org/10.1016/j.jsv.2005.12.009

[13] Huang, Z.Y. (2007) Theoretical Modelling of Railway Curve Squeal. PhD Thesis, University of Southampton, Sou-

thampton.
[14] &ML AP UPUIE h 2w e A ke, AR PR FT[D]: (Wi 2R 5] R PRSI K,
2018.

[15] Squicciarini, G., Usberti, S., Thompson, D.J., et al. (2015) Curve Squeal in the Presence of Two Wheel/Rail Contact
Points. In: Noise and Vibration Mitigation for Rail Transportation Systems, Springer, Berlin, 603-610.
https://doi.org/10.1007/978-3-662-44832-8_71

[16] Heckl, M.A. (2000) Curve Squeal of Train Wheels, Part 2: Which Wheel Modes Are Prone to Squeal? Journal of Sound
and Vibration, 229, 695-707. https://doi.org/10.1006/jsvi.1999.2511

[17] Heckl, M.A. (2002) Curve Squeal of Train Wheels: Unstable Modes and Limit Cycles. Proceedings Mathematical Physi-
cal and Engineering Sciences, 458, 1949-1965. https://doi.org/10.1098/rspa.2001.0953

[18] Beer, F.G.D., Janssens, M.H.A., Kooijmanp, P. and Van Vliet, W.J. (2000) Curve Squeal of Railbound Vehicles (Part
1): Frequency Domain Calculation Model. Nice: Proceedings of Internoise, Vol. 3, 1560-1563.

[19] Kooijman, P.P., Van Vliet, W.J., Janssens, M.H.A. and Beer, F.G.D. (2000) Curve Squeal of Railbound Vehicles (Part
2): Set-Up for Measurement of Creepage Dependent Friction Coefficient. Nice: Proceedings of Internoise, Vol. 3,

DOI: 10.12677/0jtt.2021.103022 205 AZIEEA


https://doi.org/10.12677/ojtt.2021.103022
https://doi.org/10.1016/j.jsv.2005.12.005
https://doi.org/10.1016/0022-460X(76)90862-2
https://doi.org/10.1016/0022-460X(88)90432-4
https://doi.org/10.1016/S0022-460X(87)81306-8
https://doi.org/10.1016/0022-460X(88)90431-2
https://doi.org/10.1016/0022-460X(90)90729-J
https://doi.org/10.1016/j.jsv.2005.12.010
https://doi.org/10.1016/j.jsv.2005.12.009
https://doi.org/10.1007/978-3-662-44832-8_71
https://doi.org/10.1006/jsvi.1999.2511
https://doi.org/10.1098/rspa.2001.0953

[20]
[21]
[22]

[23]

[24]

[25]
[26]
[27]
[28]
[29]
[30]

[31]

[32]
[33]
[34]

[35]
[36]

1564-1567.

Beer, F.G.D., Janssens, M.H.A. and Kooijman, P.P. (2003) Squeal Noise of Rail-Bound Vehicles Influenced by Lateral
Contact Position. Journal of Sound and Vibration, 267, 497-507. https://doi.org/10.1016/S0022-460X(03)00710-7

Monk-Steel, A. and Thompson, D.J. (2003) Models for Railway Curve Squeal Noise. VIII International Conference on
Recent Advances in Structural Dynamics, Southampton, 2003, 35.

Barman, J.F. and Katzenelson, J. (1974) A Generalized Nyquist-Type Stability Criterion for Multivariable Feedback Sys-
tems. International Journal of Control, 20, 593-622. https://doi.org/10.1080/00207177408932763

Ding, B., Squicciarini, G. and Thompson, D.J. (2016) Effects of Rail Dynamics and Friction Characteristics on Curve
Squeal. Journal of Physics Conference Series, 2016, Article ID: 012146.
https://doi.org/10.1088/1742-6596/744/1/012146

Hoffmann, N., Fischer, M., Allgaier, R., et al. (2002) A Minimal Model for Studying Properties of the Mode-Coupling
Type Instability in Friction Induced Oscillations. Mechanics Research Communications, 29, 197-205.
https://doi.org/10.1016/S0093-6413(02)00254-9

Nhoffmann, L., et al. (2003) Effects of Damping on Mode-Coupling Instability in Friction Induced Oscillations. ZAMM
Journal of Applied Mathematics and Mechanics, 83, 524-534. https://doi.org/10.1002/zamm.200310022

Ouyang, H., Nack, W., Yuan, Y., et al. (2005) Numerical Analysis of Automotive Disc Brake Squeal: A Review. Interna-
tional Journal of Vehicle Noise and Vibration, 1, 207-230. https://doi.org/10.1504/IJVNV.2005.007524

Brunel, J.F., Dufrenoy, P., Nat, M., et al. (2006) Transient Models for Curve Squeal Noise. Journal of Sound and Vibra-
tion, 293, 758-765. https://doi.org/10.1016/j.jsv.2005.12.003

Kinkaid, N.M., O’Reilly, O.M. and Papadopoulos, P. (2003) Automotive Disc Brake Squeal. Journal of Sound and Vi-
bration, 267, 105-166. https://doi.org/10.1016/S0022-460X(02)01573-0

Collette, C. (2013) Importance of the Wheel Vertical Dynamics in the Squeal Noise Mechanism on a Scaled Test Bench.
Shock and Vibration, 19, 145-153. https://doi.org/10.1155/2012/483075

Glocker, C., Cataldi-Spinola, E. and Leine, R.I. (2009) Curve Squealing of Trains: Measurement, Modelling and Simula-
tion. Journal of Sound and Vibration, 324, 365-386. https://doi.org/10.1016/j.jsv.2009.01.048

Pieringer, A. and Kropp, W. (2012) A Time-Domain Model for Coupled Vertical and Tangential Wheel/Rail Interaction-
A Contribution to the Modelling of Curve Squeal. In: Noise and Vibration Mitigation for Rail Transportation Systems,
Springer, Berlin, 221-229. https://doi.org/10.1007/978-4-431-53927-8 26

Pieringer, A. (2014) A Numerical Investigation of Curve Squeal in the Case of Constant Wheel/Rail Friction. Journal
of Sound and Vibration, 333, 4295-4313. https://doi.org/10.1016/j.jsv.2014.04.024

Chen, G.X., Xiao, J.B., Liu, Q.Y., et al. (2008) Complex Eigenvalue Analysis of Railway Curve Squeal. In: Noise and
Vibration Mitigation for Rail Transportation Systems, Springer, Berlin, 433-439.
https://doi.org/10.1007/978-3-540-74893-9_61

A% . FeHLEh 2R ARy Ik 75 (A PR THI 78 [D]: [l 2208 3C]. el PhFg 388 K=, 2008.

FEBr BT RO -POE AR 1 2 RS A FR IO FE[D]: [t 08 5], BHR: PHRIAZIE K2, 2010.
Fourie, D.J., Grébe, P.J., Heyns, P.S., et al. (2018) Analysis of Railway Wheel-Squeal Due to Unsteady Longitudinal

Creepage Using the Complex Eigenvalue Method. In: Noise and Vibration Mitigation for Rail Transportation Systems,
Springer, Berlin, 57-69. https://doi.org/10.1007/978-3-319-73411-8 3

DOI: 10.12677/0jtt.2021.103022 206 AZIEEA


https://doi.org/10.12677/ojtt.2021.103022
https://doi.org/10.1016/S0022-460X(03)00710-7
https://doi.org/10.1080/00207177408932763
https://doi.org/10.1088/1742-6596/744/1/012146
https://doi.org/10.1016/S0093-6413(02)00254-9
https://doi.org/10.1002/zamm.200310022
https://doi.org/10.1504/IJVNV.2005.007524
https://doi.org/10.1016/j.jsv.2005.12.003
https://doi.org/10.1016/S0022-460X(02)01573-0
https://doi.org/10.1155/2012/483075
https://doi.org/10.1016/j.jsv.2009.01.048
https://doi.org/10.1007/978-4-431-53927-8_26
https://doi.org/10.1016/j.jsv.2014.04.024
https://doi.org/10.1007/978-3-540-74893-9_61
https://doi.org/10.1007/978-3-319-73411-8_3

	曲线啸叫噪声形成机理及预测研究综述
	摘  要
	关键词
	Overview of Research on the Formation Mechanism and Prediction of Curve Squeal Noise
	Abstract
	Keywords
	1. 引言
	2. 轮轨摩擦曲线下降形成机理及预测研究
	2.1. 轮轨摩擦曲线下降形成机理
	2.2. 预测研究

	3. 模态耦合机理及预测研究
	3.1. 模态耦合机理
	3.2. 预测研究

	4. 结论及展望
	基金项目
	参考文献

