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Abstract. The finite element model of wheels without holes was established to compute its free
modal and compare with the experimental result. The relative error was controlled within 5 %,
which indicated that the finite element model in this paper was reliable. Based on the finite element
and geometric model, the acoustic boundary element model of wheels was established to compute
the radiation noise of wheels under the action of radial and normal excitation forces. Results
showed that the change trend and value of radiation noises of wheels were similar under the action
of two kinds of excitation forces when the analyzed frequency was lower than 1421 Hz. However,
the radiation noise of wheels under the action of two kinds of excitation forces was significantly
different and presented obvious directivity in three planes with the increase of the analyzed
frequency. Then, models of wheels with 5, 6, 9 and ellipse holes were established to compute
radiation noises and conduct comparative analysis. Results showed that the radiation noise of
wheels with 6 holes was relatively minimum under radial and normal excitations and did not
decrease with the increase of the hole number. The radiation noise of wheels with circular holes
made certain improvement, compared with the radiation noise of wheels with ellipse holes.
Distribution curves for the directivity of radiation noises of various wheels were highly
symmetrical in the Z plane and radiation noises had relatively maximum in the position of
multiples of 30°. The curve for the directivity of radiation noises of wheels with 5 holes was
clearly different from that of other structures in the Y plane.

Keywords: wheels, vibration noises, web plate hole, radiation noises, curve for directivity.
1. Introduction

Due to different generation mechanisms and parts, railway noise can be roughly divided into
locomotive traction noise, accessory equipment noise, wheel-rail noise and aerodynamic noise.
When train speed is between 250 km/h and 300 km/h, wheel-rail noise is the main noise source of
the train. According to generation mechanism, wheel-rail noise can be classified into rolling noise,
impulsive noise and howling [1]. Impulsive noise refers to the noise radiated from the vibration
of wheel-rail system excited by the partial surface of wheel rail discontinuously. Howling refers
to a kind of high-pitched noise made by the partial cross sliding of wheels along steel rails when
vehicles operate in a small-radius curve. Rolling noise is caused by the vibration of wheel-rail
system excited by the unsmooth surface of wheel rail and spread by air to surroundings [2].
Impulsive noise will be greatly reduced ever since long-rail seamless tracks and scientific grinding
means are adopted. At present, howling is mainly restrained through increasing the contact friction
force of wheel rail and preventing cross sliding. Limited by the current manufacturing level,
rolling noise is unavoidable and can only be reduced through adopting certain measures.

Currently, a number of related studies have been conducted on the rolling noise of wheels.
Thompson [3] deeply studied the proportion of respective noise radiation of wheels and steel rails
and conducted theoretical analysis and experimental tests to show that wheels and steel rails made
different contributions to wheel-rail rolling noise in different frequency ranges. Thompson [4]
applied two-bit boundary element method to compute the influence of wheel diameter, web plate
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and hub thickness on the acoustic radiation efficiency and directivity of wheels. After carrying on
long-term research into wheel shape [5], German scientific research institutions found that the
radiation noise of wheels was affected by the web plate form and rolling circle diameter of wheels,
transition arc curvature among web plate, rim and hub as well as the thickness of web plate and
designed improved-type low-noise wheels according to experimental results. Based on the method
of experimental test, Sato [6] studied the vibro-acoustic characteristics of wavy and straight web
plate wheels. Further, he applied the method of combining finite element with boundary element
to study the acoustic radiation characteristics of different parts of wheels and their proportions in
the whole acoustic radiation of wheels [7]. Efthimeros [8] aimed to minimize the radiation noise
of wheels based on genetic algorithm and conducted optimization design for the geometric shape
of railway wheels. Nielsen [9] applied the experimental design method of multi-objective
optimization and carried out optimization design for geometric parameters including wheel
diameter, web plate thickness, lateral deviation between hubs, transition arc between rim and web
plate as well as transition arc between web plate and hub so as to reduce the weight of wheels and
decrease the rolling noise of wheels. Liu [10] conducted a study on the influence of parameter
change of wheels on wheel-rail noise according to existing noise prediction models. The analysis
showed that wheel-rail noise could be decreased through appropriately reducing wheel diameter
and increasing the thickness of wheel web plates and quality of wheel treads. Fang [11] also made
a comparison on the noise radiation of wheels with three forms of web plates, found straight web
plate wheels possessed better radiation noise characteristics and got the result according with
existing theoretical research.

At present, the methods of reducing unsprung weight like hollow axles and opening web plate
holes are usually adopted in order to lower the dynamic action of wheel-rail contact. In addition,
the web plate of wheels has large area and is the main sound source of noise radiation. Therefore,
opening web plate holes cannot only lead to “acoustic short circuit”, but also reduce the radiating
area of wheels and lower the noise radiation of wheels. Documents [12] theoretically explained
that opening holes in wheel web plates could lead to “acoustic short circuit” and thus reduce noise
radiation. However, documents did not deeply study the influence of form and number of wheel
web plate holes on the characteristics of wheels like inherent frequency, acoustic radiation
efficiency and acoustic radiation directivity.

This paper adopted finite element and boundary element hybrid method to compute and
analyze the influence of form and number of wheel web plate holes on wheels’ acoustic radiation
characteristics in detail, gave the acoustic radiation power and directivity of wheels under the
action of unit normal and radial forces and provided certain reference for the performance design
of NVH.

2. Finite element model

The geometric model of wheels was shown in Fig. 1(a). The model was a highly symmetrical
structure. Circular holes of the model were used for installing axles. Fig. 1(b) was the section of
wheels. As shown in the figure, the wheel was an S-shaped structure to efficiently reduce the
vibration from high-speed trains and tracks. Based on the geometric model, the chamfer was
simplified, cleaned and divided into hexahedral mesh. The element size of mesh was 10 mm.
Finite element software Ansys and 3D solid element were applied to disperse the wheel and
establish the three-dimensional finite element model of wheels without holes as shown in
Fig. 1(c). The model contained 2301 elements and 2593 nodes. Suppose wheel web plate holes
had no influence on the strength and reliability of wheels in the process of establishing finite
element model. Wheel diameter was 840 mm; thickness was 25 mm; web plate was S-shaped; the
elasticity modulus of wheel material was 210 GPa; density was 7.8¢* kg/m?; Poisson’s ratio was
0.3. The free modal of wheels was computed based on the finite element model.

Wheels were a composite structure and finite element model was relatively complex.
Therefore, it was necessary to verify the finite element model through experiments to ensure the
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reliability of the subsequent analysis. Fig. 2 was an experiment on the free modal of wheels. The
experiment was conducted in a semi-anechoic chamber for preventing that the secondary vibration
caused by the reflection of vibration noises had an influence on the experimental result. The wheel
was hung by a soft rope to simulate the free state of wheels. Then, 2 three-direction acceleration
sensors were pasted on the wheel web plate. Wheel web plate, tread and rim were excited
respectively by exciting hammer. Multi-channel data acquisition instrument was used to obtain
the signal of acceleration sensors. Later, the tested signal was imported into computer for
post-processing to obtain the free modal of wheel. Experimental modal was compared with finite
element calculation result, which was shown in Table 1. In the table, R referred to radial modal
while N represented normal modal. As displayed from Table 1, the relative error of experimental
modal and calculating modal was small, which indicated that the finite element model of wheel
established by this paper was reliable.

a) Geometric model b) Section shape c) Finite element model
Fig. 1. Geometric model and finite element model of wheels

® e e

Fig. 2. Free modal test of wheels

Table 1. Comparisons between experimental modal and finite element modal

Order | Experiment/Hz | Simulation/Hz | Relative error / %
Ri 591.2 Hz 597.8 Hz 1.1
Rz 1743.5 Hz 1733.2 Hz 0.6
R3 2742.3 Hz 2715.1 Hz -1.0
R4 34423 Hz 3461.4 Hz 0.6
Ni 1961.2 Hz 1976.5 Hz 0.8
N2 23214 Hz 2313.9 Hz 0.3
N2 2921.3 Hz 2932.5 Hz 0.4
N3 3526.5 Hz 35129 Hz —0.4

The mode of the finite element result was extracted as shown in Fig. 3. Fig. 3(a), (b), (c) and
(d) were the radial vibration modals of wheels. From these figures, it could be seen that wheel
tread carried on flexural vibration along the radius while wheel tread did not present any vibration
mode in normal direction. The flexural vibration of wheel tread would result in noise radiation in
the vehicle. Fig. 3(e), (f), (g) and (h) were normal vibration modals of wheels, from which it could
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be noticed that wheel web plate vibrated in normal direction while tread vibration was not
presented in radial direction. The normal vibration of web plate would lead to the external noise
transmission of wheels and influence the surrounding environment.

a) 597.8 Hz b) 1733.2 Hz c)2715.1 Hz d) 3461.4 Hz

e) 1976.5 Hz ) 2313.9 Hz g) 2932.5Hz h) 35129 Hz
Fig. 3. Radial and normal vibration mode of wheels

3. Acoustic boundary element model

To prevent the acoustic leak caused by hub holes, additional elements were adopted to close
hub holes. According to the geometric model in Fig. 1, the surface was adopted to obtain the
boundary element. As a result, boundary element model was shown in Fig. 4(a). Boundary
element meshing was also one of key factors affecting analytical precision. To ensure the accurate
computation, there should be 6 elements in the minimum analytical wavelength. Namely, the
maximum element length should be 1/6 less than the minimum analytical wavelength [13]. One
thing to note was that boundary element meshes should be basically the same in size. Too large
or too small sizes were not allowed. Too fine local meshing could not raise calculation accuracy
because the calculation accuracy of fluid model was controlled by multiple elements [14]. In
calculation, air density was 1.21 kg/m® and sound velocity in the air was 344 m/s. The frequency
range of calculation was 20 Hz-5000 Hz and step length was 10 Hz.

Plane field points in 3 directions were arranged around the wheel were as shown in Fig. 4(b)
in order to observe the radiation noise and directivity of the wheel. Plane Y was parallel to the
wheel plane. Plane X and Plane Z were perpendicular to the wheel plane. The modal result
computed by the above finite element model was imported into Virtual.Lab to couple with
boundary element model. In this way, boundary element model could obtain the computational
result of finite element and realize vibro-acoustic coupling. The boundary condition in the finite
element model can be also mapped into the boundary element model. In addition, radial and
normal loads could be respectively applied to the computational model to obtain the radiated
sound power of radial and normal direction as shown in Fig. 5.

As displayed from Fig. 5, the sound power of radial radiation was significantly greater than
that of normal radiation when the analyzed frequency was lower than 1000 Hz. The maximum
sound power of radial radiation was 84.5 dB and corresponding frequency was 1421 Hz. The
maximum sound power of normal radiation was 72.1 dB and corresponding frequency was also
1421 Hz. The sound power of normal radiation was greater than that of radial radiation when the
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analyzed frequency exceeded 2600 Hz. In the whole analyzed frequency band, the sound powers
of radial and normal radiation showed obvious peak noises mainly because wheel had radial and
normal modals. Under the action of corresponding exciting forces, modals would be excited to
produce corresponding peak noises. The cloud pictures for the radiation noise of wheel under
radial and normal excitations were extracted. The result was shown in Fig. 6. In the figure, the left
cloud picture represented radial radiation noise and the right cloud picture stood for normal
radiation noise for every analyzed frequency point. At the frequency of 700 Hz, the radiation noise
of wheel was mainly spread along the X and Y planes and showed obvious directivity. Radiation
noise in the Z plane was relatively smaller. At the frequency of 1000 Hz, the radiation noise of
wheel in the X plane presented two obvious directions while the radiation noise of wheel in the Y
and Z planes was not obvious. When the analyzed frequency was 1300 Hz, the radiation noise of
wheel formed an obvious directivity noise at the boundary of X and Z planes and the radiation
noise of wheel in the Z plane became gradually significant. At the frequency of 2500 Hz, the
radiation noise of wheel displayed obvious directivity in the X and Y planes and was scattered in
the X plane. At the frequency of 3500 Hz, the wheel still demonstrated the most obvious
directivity in the X plane and showed three obvious directions in the Y plane. At the frequency of
4200 Hz, the radiation noise of wheel presented obvious directivity in three planes and showed
many directions in various planes.

a) Boundary element mesh b) Field point mesh
Fig. 4. Boundary element model of radiation noise of wheels
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Fig. 5. Comparison between the radiated sound powers of wheel in radial and normal directions

4. Influence of web plate holes on the radiation noise of wheels

Opening holes on wheel web plate could effectively reduce the effective radiating area of web
plate and thus decrease radiation noises. Therefore, it was necessary to adopt the method of
numerical calculation to deeply study the radiation noise of wheel with holes.
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Fig. 6. Contours for the radiation noise of wheels under radial and normal loads
4.1. Influence of the hole number

Based on the geometric mode of web plate wheel without holes, the finite element model of
web plate wheels with 5, 6 and 9 holes whose hole diameter was 20 mm and holes were located
in the center of web plate and distributed uniformly to calculate its modal and compare with wheel
without holes. The result was shown in Fig. 7. In the figure, differences in the vibration mode of
various wheels could not be found and vibration modes basically kept the same. Therefore, it was
necessary to further calculate radiation noise and observe the acoustic effects of various wheels.

Boundary element models of various wheels were established based on the geometric model
of wheels, as shown in Fig. 8, Fig. 9 and Fig. 10. The radiation noise of wheels under radial
excitation was computed and compared with that of wheels without holes. The result was shown
in Fig. 11(a). As displayed from Fig. 11(a), opening holes on wheel web plate really had certain
influence on the radiation noise of wheels. When the analyzed frequency was lower than 1421 Hz,
the radiation noises of several wheels basically showed the same change trend and size. At
1421 Hz, the maximum radiation noise of wheels without holes was 84.5 dB and the radiation
noise of wheels with 5 holes had relatively minimum, namely 62.1 dB. With the further increase
of the analyzed frequency, peak frequencies of radiation noises of various wheels were not
consistent mainly because opening holes would have certain impact on the modal frequency of
wheels. Under the action of excitation forces, modal peak noises would change to some degree.
From the figure, obvious change rule could not be observed. The average radiated sound powers
of various wheels were computed respectively. The average radiated sound powers of wheels
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without holes and with 5, 6 and 9 holes were 42.8 dB, 44.7 dB, 38.6 dB and 39.5 dB respectively.
It indicated that the larger hole number of wheels did not mean better. When there were more
holes, the rigidity of wheels would be certainly reduced. Under the action of the same exciting
force, vibrations would be more obvious and radiation noises would be relatively larger. Fig. 11
(b) showed the comparison between the radiation noises of various wheels under normal
excitation. When the analyzed frequency was lower than 1421 Hz, the result was similar to that
under normal excitation. The average sound powers of various wheels were computed respectively.
The average sound powers of wheels without holes and with 5, 6 and 9 holes were 40.6 dB,
38.7 dB, 39.2 dB and 39.8 dB respectively. Based on the above analysis, wheel with 6 holes had
relatively minimum radiation noises under radial and normal excitations.

a) 700 Hz

b) 2500 Hz
Fig. 7. Comparison between the modals of wheel with holes

a) Boundary element mesh b) Field point mesh
Fig. 8. Boundary element model of wheels with 5 holes
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a) Boundary element mesh b) Field point mesh
Fig. 9. Boundary element model of wheels with 6 holes

a) Boundary element mesh b) Field point mesh
Fig. 10. Boundary element model of wheels with 9 holes

4.2. Influence of the hole shape

An in-depth analysis was conducted on the influence of the hole number of wheels on radiation
noises above. In addition, the above holes were circular. Here, the shape of holes in wheels would
be changed into ellipse and the number remained unchanged to establish the boundary element
model of wheels as shown in Fig. 12. The radiation noise of wheels under radial excitation was
computed and compared with that of wheels with circular holes and without holes. The result was
shown in Fig. 13(a). It could be seen from Fig. 13(a) that changes in the radiation noise of three
kinds of wheels were basically the same when the analyzed frequency was lower than 1421 Hz.
At 1421 Hz, the radiation noise of wheels without holes was the maximum, followed by the
radiation noise of wheels with ellipse holes. The radiation noise of wheels with circular holes had
the minimum. It was mainly because opening holes in wheels effectively reduced the radiating
area of wheel web plate and lowered radiation noise. When the analyzed frequency was more than
1421 Hz, changes in the radiation noise of three kinds of wheels presented no obvious regulations.
The average sound pressure powers of three kinds of wheels were computed respectively. The
average sound pressure powers of wheels without holes and with 5 holes and ellipse holes were
42.8 dB, 44.7 dB and 45.1 dB. It indicated that opening ellipse holes in wheels had less obvious
effect than opening circular holes in wheels. Fig. 13(b) was the comparison between the radiation
noise of wheels with ellipse holes under normal excitation and that of wheels with circular holes
and without holes. Changes in the radiation noise of wheels when the analyzed frequency was
lower than 1421 Hz were similar to those under radial excitation. The average radiation noises of
various wheels were computed respectively. The average radiation noises of wheels without holes,
with 5 holes and ellipse holes were 40.6 dB, 38.7 dB and 39.6 dB. According to the analyzed
result, opening ellipse holes in wheels had less effect than opening circular holes in wheels.
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Fig. 11. Radiation noises of wheels with holes under radial and normal excitations

a) Boundary element mesh b) Field point mesh
Fig. 12. Boundary element model of wheels with ellipse holes

5. Acoustic radiation directivity
As displayed from Fig. 6, the radiation noise of wheels presented obvious directivity in X, Y
and Z planes. However, the distribution of directivity could not be quantitatively studied only

through the contour of radiation noises. Therefore, it was necessary to compute the distribution
curve for the directivity of acoustic radiation of wheels.

5.1. Influence of the hole number
Fig. 14 showed curves for the influence of number of circular holes on the directivity of
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radiation noises of wheels. The left was distribution curves for the directivity of radiation noises
under the action of normal excitation force and the right was distribution curves for the directivity
of radiation noises under the action of radial excitation force. From the comparison curve on the
left of Fig. 14(a), it could be found that radiation noises had maximum along the angle of 45° in
the X plane and presented a symmetrical structure when wheels were under the action of normal
excitation force. The radiation noise of wheels without holes had relatively maximum while the
radiation noise of wheels with 6 holes had relatively minimum. It was mainly because the modal
of wheel web plate was excited under the action of normal excitation force and occupied a leading
position. Therefore, radiation noises mainly came from the vibration of web plate. From the
comparison curve on the right of Fig. 14(a), it could be noticed that the radiation noise of wheels
without holes was obviously greater than that of other structures when wheels were under the
action of radial exciting force. The radiation noise of wheels with 9 holes had minimum. In
addition, the distribution curve was approximate to a circular curve. It was mainly because the
flexural vibration of wheel tread occupied a leading position under the action of radial excitation
force and the vibration of web plate was weakened. Fig. 14(b) was the distribution curve for the
directivity of radiation noises of wheels in the Y plane. As displayed from the figure on the left of
Fig. 14(b), the curve for the radiation noise of wheels with 5 holes was clearly different from that
of other wheels under the action of normal excitation force. However, the distribution curves for
the radiation noise of all wheels were similar under the action of radial excitation force.

90
80 A H
£ 70 i
3
= 60 4
=
& 50
%40 .
‘; 3041 ¥ L
H ' Wheel without holes
w204/
0 ] = Wheel with 5 circular holes
; Wheel with 5 ellipse holes
0 T T T T
0 1000 2000 3000 4000 5000
Frequency/Hz
a) Radial
90
80 o
£ 70
3
> 60 1
b
& 50
240 E
E 30 1
5 ‘Wheel without holes
w 20 1 : :
i ‘Wheel with 35 circular holes
Wheel with 5 ellipse holes
0 T T T T
0 1000 2000 3000 4000 5000
Frequency/Hz
b) Normal

Fig. 13. Radiation noises of wheels with ellipse holes under radial and normal excitations
Fig. 14(c) presented the directivity distribution of radiation noise curve of wheels in the Z

plane. As shown in the figure, the curves for the directivity of radiation noises of wheels were
distributed completely symmetrically under the action of radial or normal excitation force and
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radiation noises had relatively maximum in the position of multiples of 30°. The radiation noise
of wheels without holes had relatively minimum and the radiation noise of wheels with 9 holes
had maximum under the action of normal excitation force. However, the radiation noise of wheels
without holes was obviously greater than that of other structures under the action of radial
excitation force.

“Wheel withou; holes = o ‘Wheel with 5 holes

Wheel without holes = = = Wheel with 5 holes
......... Wheel with 6 holes — - - Wheel with 9 holes ********* Wheel with 6 holes == - = Wheel with 9 holes
a) X plane

s Ao

——— Wheel without holes — — - Wheel with 5 holes ~ ——— Wheel without holes — — — Wheel with 5 holes

''''''''' Wheel with 6 holes = - = Wheel with 9 holes - Wheel with 6 holes — - - Wheel with 9 holes
b) Y plane

N~ 2>
V.o 411
~— Wheel witho\;t holes = e Wheel with 5 holes Wheel without holes — — — Wheel with 5 holes
‘‘‘‘‘‘‘‘ Wheel with 6 holes — - = Wheel with 9 holes -+ Wheel with 6 holes — - = Wheel with 9 holes
¢) Z plane

Fig. 14. The influence of number of circular holes on the directivity of radiation noises

Contours for the directivity of radiation noises of wheels in each plane were extracted as shown
in Fig. 15. As displayed from Fig. 15(a), contours for the radiation noise of wheels with 5 holes
in the Y plane were totally different from that of other structures at the frequency of 700 Hz, which
was reflected in the distribution curve of directivity as shown in Fig. 14(b). At 2500 Hz, contours
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for the radiation noise of wheel with 5 holes in the Y plane were slightly different from that of
other structures. As displayed from the comparison between Fig. 15(a) and Fig. 15(b), the
directivity distribution of radiation noises in the X plane would be more obvious with the increase

of the analyzed frequency.

Wheels without holes ~ Wheels with 5 holes Wheels with 6 holes Wheels with 9 holes

a) 700 Hz

s

Wheels without holes ~ Wheels with 5 holes ~ Wheels with 6 holes Wheels with 9 holes
b) 2500 Hz
Fig. 15. Contours for the directivity of radiation noises of wheels with different circular holes

5.2. Influence of the hole shape

Fig. 16 presented distribution curves for the directivity of radiation noises of wheels with
different hole shapes in various planes. The left was distribution curves for directivity under the
action of normal excitation force, and the right was distribution curves for directivity under the
action of radial excitation force. In the X plane, distribution curves for the directivity of radiation
noises of three kinds of wheels were similar and basically symmetric under the action of normal
excitation force. However, distribution curves for the directivity of radiation noises of three kinds
of wheels presented great differences under the action of radial excitation force and the directivity
noise of wheels without holes was obviously greater than that of other two structures. As displayed
from Fig. 16(b), shapes of distribution curves for the directivity of radiation noises of wheels with
ellipse holes and circular holes were different in the Y plane. In the Z plane, curves for the
directivity of radiation noises of three kinds of wheels were similar under the action of normal
excitation force. However, curves for the directivity of radiation noises of three kinds of wheels
were different to some extent under the action of radial excitation force in the Z plane and the
directivity noise of wheels without holes was obviously greater than that of other two kinds of
wheels. Additionally, values of directivity noises of wheels with ellipse holes and circular holes
presented small differences.

Contours for the directivity distribution of radiation noises of wheels at 700 Hz and 2500 Hz
were extracted as shown in Fig. 17. As displayed from Fig. 17(a), contours for the directivity of
wheels with 5 holes in the Y plane were different from that of other two structures, which was also
reflected in Fig. 16(b). At 2500 Hz, the directivity noise of wheels with ellipse holes in the X plane
was obviously less than that of other two structures.
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Fig. 16. The influence of the hole shape on the directivity of radiation noise of wheels

The manuscript was written and revised by Xungian Tong, and it was translated by Jun Lin.
Guanyu Zhang has proposed the opinion of this manuscript and the experiment was completed by
Xi Zhu.

6. Conclusions

1) The finite element model of wheels without holes was established to compute free modals
and compare with the experimental result. The relative error was controlled within 5 %, which
satisfied engineering requirements and indicated that the finite element model in this paper was
reliable.
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Wheel without holes Wheel with 5 circular holes ~ Wheel with 5 ellipse holes
b) 2500 Hz
Fig. 17. Contours for the directivity of radiation noises of wheels with different hole shapes

2) Based on the finite element model and geometric model, the acoustic boundary element
model of wheels was established. The radiation noise of wheels was computed under the action of
radial and normal excitation forces. Results showed that the change trend and value of radiation
noises of wheels were similar under the action of two kinds of excitations when the analyzed
frequency was lower than 1421 Hz. However, the radiation noises of wheels under the action of
two kinds of excitations were obviously different with the increase of the analyzed frequency. In
addition, the radiation noise of wheels presented obvious directivity in three planes.

3) Boundary element models of wheels with 5, 6, 9 holes and ellipse holes were established to
compute radiation noises and compare with wheels without holes. Results indicated that the
radiation noise of wheels with 6 holes had relatively minimum under the action of radial and
normal excitations. Radiation noises did not decrease with the increase of the hole number.
Compared with the radiation noise of wheels with ellipse holes, the radiation noise of wheels with
circular holes had some improvement.

4) Distribution curves for the directivity of radiation noises of various wheels were computed.
According to the computational results, curves for the directivity of radiation noises were
symmetric in the Z plane and radiation noises had relatively maximum in the position of multiples
of 30°. Curves for the directivity of radiation noises of wheels with 5 holes were obviously
different from that of other structures.

References

[1] Thompson D. J. A review of the modeling of wheel/rail noise generation. Journal of Sound and
Vibration, Vol. 231, Issue 3, 2000, p. 519-536.

[2] Kitagawa T. The influence of wheel and track parameters on rolling noise. QR of RTRI, Vol. 50,
2009, p. 32-38.

[3] Thompson D. J. Prediction of acoustic radiation from vibration wheels and rails. Journal of Sound
and Vibration, Vol. 120, 1988, p. 275-280.

[4] Thompson D. J., Jones C. J. C. Sound radiation from a vibrating railway wheel. Journal of Sound
and Vibration, Vol. 253, 2002, p. 401-419.

[5] Hslzl J. The noise optimization of high-speed railway wheels. Foreign Diesel Locomotive, Vol. 306,
Issue 12, 1995, p. 27-29.

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. NOV 2016, VOL. 18, ISSUE 7. ISSN 1392-8716 4883



[6]
(71
8]
191
[10]
[11]

[12]

(3]

[14]

2242. INFLUENCE OF WEB PLATE HOLES ON THE RADIATION NOISE CHARACTERISTICS OF WHEELS OF THE HIGH SPEED TRAIN.
XUN-QIAN TONG, JUN LIN, GUAN-YU ZHANG, X1 ZHU

Sato K., Sasakura M. Acoustic characteristics of wheels with different web shapes. QR of RTRI,
Vol. 47, 2006, p. 28-33.

Sasakura M., Sato K. Analytical study on vibration and acoustic characteristics of railway wheels
with different shapes. QR of RTRI, Vol. 22, Issue 5, 2008, p. 17-22.

Efthimeros G. A., Photeinos D. 1., Diamantis Z. G. Vibration/noise optimization of a FEM railway
wheel mode. Engineering Computations, Vol. 19, Issue 8, 2002, p. 922-931.

Nielsen J. C. O., Fredo C. R. Multi-disciplinary optimization of railway wheels. Journal of Sound
and Vibration, Vol. 293, 2006, p. 510-521.

Liu L. Y., Lei X. Y., Lian S. L. Influence of wheel parameters on wheel/rail noise. Journal of Noise
and Vibration Control, Vol. 5, 2007, p. 74-77.

Fang R. Study on Vibration and Acoustic Radiation Characteristics of Wheel/Rail System. Southwest
Jiaotong University, Chengdu, 2008.

Daneryd A., Nielsen J., Lundberg E. On vibro-acoustic and mechanical properties of perforated
railway wheel. Proceeding of the 6th International Workshop on Railway and Tracked Transit System
Noise, 1998, p. 305-317.

Benello P., Brennan M. J., Elliott S. J. Vibration control using an adaptive tuned vibration absorber with
a variable curvature stiffness element. Smart Materials and Structures, Vol. 14, Issue 5, 2005, p. 1055-1065.
Deng H. K., Gong X. L., Wang L. H. Development of an adaptive tuned vibration absorber with
magnetorheological elastomer. Smart Materials and Structures, Vol. 15, Issue 5, 2006, p. 111-116.

Xun-qian Tong received Bachelor’s degree in measurement and control technology and
instruments from Changchun University of Science and Technology, Changchun, China,
in 2000. Now he is a Ph.D. student at College of Instrumentation and Electrical
Engineering. Jilin University. His current research interests include vibrator design and
analysis.

Jun Lin received Master’s degree in applied geophysics from Changchun Institute of
Geology, Changchun, in 1987. Now he is a Professor for Instrumentation Science and
Technology, working at Jilin University. His current research interests include earth
instrument, intelligent instrument, virtual instrument.

Guan-yu Zhang received Ph.D. degree in School of Mechanical Science and Engineering
from Jilin University, Changchun, China, in 2015. Now he works at Jilin University. His
current research includes control, dynamics and mechatronics.

Xi Zhu received the Ph.D. from the University of Hertfordshire, Hertfordshire, U.K., in
2008. He is currently a lecturer with the Department of Engineering, Macquarie University,
NSW, Australia. His research activities mainly involve in the areas of radio frequency (RF)
. and mm-wave circuits and systems designs.

4884 © JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. NOV 2016, VOL. 18, ISSUE 7. ISSN 1392-8716




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


