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Fig. 3.12 A weighted SPL values of surfaces with various Ra for
different normal loads under rolling contact

Fig. 3.13 A weighted SPL values of surfaces with various Ra for
different normal loads under various friction coefficients

Fig. 3.14 Maximum A weighted SPL values of surfaces with various

Ra for different normal loads under various friction
coefficients
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Fig. 3.1 Numerically generated surfaces according to Ra
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Table. 3.1 Material properties and analysis conditions

Radius(mm) 10
Young's modulus(GPa) 210
Sphere
Poission ratio 0.3
Hardness(GPa) 2.1
Radius(mm) 1E+ 100
Young's modulus(GPa) 210
Poission ratio 0.3
Hardness(GPa) 1E+ 100
Plate
Skewness 0
Kurtosis 3
Autocorrelation length(um) 10
Ra(um) 0.01,0.1, 1,5
Load(N) 5, 20, 50, 100
Friction coefficient 0, 0.15, 0.3
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(a) Load 5N (b) Load 20N
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Al

(c) Load 50N (d) Load 100N

Fig. 3.2 Contact pressure of surface with Ra = 0.01um for different

normal loads
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(a) Load 5N

(c) Load 50N

(d) Load 100N

Fig. 3.3 Contact pressure of surface with Ra = 0.1um for different

normal loads
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(a) Load 5N (b) Load 20N

il

pit

(c) Load 50N (d) Load 100N

Fig. 3.4 Contact pressure of surface with Ra = 1um for different normal

loads
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(c) Load 50N (d) Load 100N

Fig. 3.5 Contact pressure of surface with Ra = 5 um for different

normal loads
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(a) Load 5N (b) Load 20N

(c) Load 50N (d) Load 100N

Fig. 3.6 Surface deformation of surface with Ra = 0.01um for different

normal loads
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(a) Load 5N (b) Load 20N

(c) Load 50N (d) Load 100N

Fig. 3.7 Surface deformation of surface with Ra = 0.1um for different

normal loads
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(a) Load 5N (b) Load 20N

(c) Load 50N (d) Load 100N

Fig. 3.8 Surface deformation of surface with Ra = 1um for different

normal loads
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(a) Load 5N (b) Load 20N

(c) Load 50N (d) Load 100N

Fig. 3.9 Surface deformation of surface with Ra = bum for different

normal loads
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Fig. 3.10 Maximum contact pressure with applied normal loads for

different surfaces
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Fig. 3.11 Ratio of plastic deformed area to Hertz contact area with

applied normal load for different surfaces
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Fig. 3.12 A weighted SPL values of surfaces with various Ra for
different normal loads under rolling contact
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Contact noise analysis according to surface roughness for

elastic-plastic surface

Kyoungseop Kim

Department of Intelligent Robot Engineering,

Pukyong National University

Although the economic damage is great in the event of a failure, the
importance of indirect condition monitoring using sound emission is increasing
in areas where direct measurement is difficult. AE plays a role in diagnosing
mechanical aging through surface roughness and surface wear prediction.
Against this importance, many researchers have pursued theoretical modeling
of AE. It was found that gear meshing of the contacts of the protrusions is the
main cause of AE generation. In this paper, the contact noise generated when a
sphere moves relative to a surface having surface roughness of various heights
was numerically analyzed using a deterministic technique. In consideration of
the deformation of the surface, the following conclusion was obtained by
applying the method of calculating the noise level within the audible frequency
based on the elastic energy generated during the elastic restoration of the
protrusion.

In the case of a surface with Ra = 0.01 um, it can be seen that the contact
pressure and contact area increase as the load increases, and even under the
condition of a load of 100N, the maximum contact pressure was 2.1GPa or less,
which is the limit of plastic deformation. It was found that the maximum contact
pressure reached the limit of plastic deformation for all surfaces with Ra = 0.1
pm or more, and it can be seen that the plastic deformation contact area
increases as the surface becomes rough and the load increases. A surface with
Ra = 1 pm shows a plastic deformation rate about 1.5 times higher under all load
conditions than a surface with Ra = 0.1 ym, and a surface with Ra = 5 pm has a

plastic deformation rate almost similar to that of the surface with Ra = 1 pm.
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Compared to a surface with Ra = 0.01 ym, the maximum noise value for a surface
with Ra = 0.1 ym or more increased by about 15 dB at 10 and the noise level
increased as the load increased. In this paper, since only the vertical
displacement of the protrusion was considered, it was found that the effect of
the noise level by the friction force was not significantly shown. In this study,
the effect of contact noise due to surface roughness was examined using an
analytical method based on the elastomeric deformation of the protrusion, and
it is believed that the optimal surface for low noise of the machine driving unit

can be presented through experimental verification in the future.
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