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Abstract.In order to find out the influence of damping layer on water-lubricated rubber bearing, element finite modal 

analysis in Workbench is used and three bearings with different damping layers are studied as well as an ordinary 

bearing without damping layer. The results show that the damping bearings have lower modal frequencies than the 

ordinary bearing, and the damping layer length and thickness can influence the deformation distribution of modal 

shape. 

 

1 Introduction 

Structural vibration can bring noise, reduce the life of 
components and even lead to failure of components in the 
field of ship, aviation, machinery and so on, thus always 
being the research hot spot. Damping layer is made of 
polymer material, and there is a phase difference between 
stress and strain in damping layer under the effect of 
vibration. This difference has to overcome great 
resistance which can reduce vibration of components by 
dissipating the vibration energy[1]. So, damping layer has 
been widely used to reduce structural vibration and has 
made distinct effect. For example, by applying it into the 
design of bellows, high-damping unreinforced U-shaped 
vibration reducing bellows was developed[2]; In the 
application of flat plate structure, damping layer was 
studied by scholars with variables to optimize beams with 
damping sandwich[3]. In these fields, the damping layer 
has made a contribution to the vibration reduction and 
noise reduction.   

In recent years, water lubricated rubber bearings have 

been widely used in underwater vehicle[4,5]. Many 
scholars have used modal analysis to study the 
characteristics of water lubricated rubber bearings. Like 
Jin Yong[6,7] used simulation and experimental analysis 
to study the influence factors of modal properties of water 
lubricated rubber bearings, and found that the main 
influence of lower order modes is structure and material 
of liner and the main influence of higher order modes is 
structure and material of bush. Modal analysis can get the 
natural frequency and the relative deformation of the 
bearing under different natural frequencies, which has 
theoretical meanings and practical application values to 
the optimization of bearing structure and fault diagnosis. 

In view of the good vibration performance of 
damping layer in other structure and the demand for 
reducing the vibration of water lubricated rubber bearings, 
this paper use finite element modal analysis to study the 
modal propertiesof water lubricated rubber bearings in 
Workbench. Here, influence of different damping layers 
on modal frequency and modal shape of bearings are 
taken into account. 
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2 Modal 

Damping layer is added to the cylindrical surface of 
ordinary bearing, with an outer bush. The arrangement of 
damping layer in the water lubricated rubber bearing is 
shown in Figure 1. Three-dimension geometry modelsare 
built based on the water lubricated rubber bearing in 
Workbench. Bearing A is ordinary bearing, and bearing 

B1, B2, and B3 are damping bearings. The parameters of 

B2 and B3 are changed base on that of B3, to study the 
influence of different damping layers on the 
bearings.Material parameters of bearings are listed in 
table 1. Geometric parameters of bearings are listed in 
table 2. All the damping layers are symmetric 
arrangement. The difference between damping bearing 
B1 and any other damping layer bearing is listed in table 
3.

Table1 Material parameters of bearings 

Table2 Geometric parameters of bearings 

Table3 The difference between damping bearing B1 and any other damping layer bearing 

Name Material Poisson ratio Density/ kg/m3 Young's modulus/ MPa

Rubber liner Nitrile rubber 0.47 1240 7.08
Inner/outer bush Q235 0.288 7860 2.12e5
Damping layer Nitrile rubber 0.47 1080 4.44

Type
Internal 
diameter

Thickness 
of liner

Thickness of 
inner bush

Thickness of 
damping layer

Length of 
damping layer

Thickness of 
outer bush

Length of 
bearing

Ordinary 
bearing A

150 20 20 \ \ \ 150

Damping 
bearingB1

150 20 20 12 50 20 150

Type Particular
Thickness of 

damping layer/mm
Length of damping 

layer /mm
Young's modulus of
damping layer/MPa

Damping bearing B1 Reference 12 50 4.44

Damping bearing B2
Change damping 
layer thickness

12 100 4.44

Damping bearing B3
Change damping 

layer length
14 50 4.44

Fig.1 Profile of damping bearing

Outer bush
Damping layer
Inner bush
Rubber liner
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3 Modal analysis 

Modal analysis is mainly used to identify the vibrating 
characteristic of the framework.It has important 
significance on the dynamic response of the system, the 
generation and transmission of the dynamic load and the 
form of the system vibration, also it is the base for all 
other type of dynamics analysis. The Lanczos Block 
method is used to calculate the constraint mode of water 
lubricated bearings. According to the actual operation 
condition, the outer cylindrical surface of the outer 
bushing is fully restrained. Extract the modes of the first 
20 orders of the bearings. 

According to the calculation modal frequencies of 
different bearings, we could draw Figure 2 and obtain the 
following results: 

(1)The damping layer reduces natural frequencies of
the bearing. It has a strong effect on the lower 
modes(sixth-order below) but a small effect on the 
highermodes(sixth-order above). 

(2) The ordinary bearing has a larger arrangement of 
natural frequencies than the damping bearings. 

(3) Influence of the damping layer length: natural 

frequencies of the damping layer increase with the 
increase of damping layer length, and the influence is 
significant on fifth and sixth order frequencies, and there 
is little influence on natural frequencies of sixth-order 

above. 
(4) Influence of the damping layer thickness: natural 

frequencies of the bearing decrease with the increase of 
damping layer thickness, and the influence is significant 
on fifth and sixth order frequencies, and there is little 
influence on natural frequencies of sixth order above 

Analysis different modal shapes of bearings with their 
corresponding modal frequencies, we could obtain the 
following results:  

(1) The ordinary bearing has many orthogonal modes, 
like the first-order mode and the third-order mode, and 
the forth-order mode and the fifth-order mode, because 
there are many multiple roots in the modal solving 
equation. 

(2) The damping bearings also has a lot of orthogonal 
modes, and its orthogonal modes correspond to the same 
order as the ordinary bearing.  

(3) When two of the bearings have a close natural 
frequency, their corresponding modal shapes are similar. 
For example, as shown in Figure 3, around 634Hz, these 

four bearings have a close natural frequency, so they have 

Fig.3 Modal shapes of bearings relevant to close 
frequency 

(a) Fourth-order modal 

shape of the ordinary 

bearing 634.28Hz

(b) Seventh-order modal 

shape of the damping bearing 

B1 634.07 Hz

(c) Seventh-order modal 

shape of the damping 

bearing B2 634.06 Hz

(d) eighth-order modal shape 

of the damping bearing B3

634.71 Hz
Fig.2 Influence of damping layer on modal frequency

0 5 10 15 20
0

100

200

300

400

500

600

700

Fr
eq

ue
nc

y/
H

z

Order

 Ordinary bearing A
 Damping bearing B1
 Damping bearing B2
 Damping bearing B3

DOI: 10.1051/02026 (2016), matecconf/2016MATEC Web of Conferences 63 630
MMME 2016

2026

3

3.1 Finite element modal analysis 

3.2 Modal frequency 

3.3 Modal shape 



a similar modal shape. We could find from every bearing 
in Figure 3 that the vibration is happened in the inner 
liner, and the respective maximum deformation occurs at 
the end of two adjacent strips, and between two couples 
of maximum deformation strips there is one strip of very 
small deformation. 

(4) Compared with the ordinary bearing, the damping 
bearing has a larger deformation area. Figure 4 shows 
lower-order modal shapes of damping bearing B1. From 
Figure 4 we could find that the lower-order deformation 
of damping bearing B1 relates to its inner liner, inner 
bush and damping layer. However, the deformation of the 
ordinary bearing of the same order relates only to its inner 
bush, as shown in Figure 3(a). 

(5) The influence of damping layer length: compare 
bearing B1 with B2, we could find that the increase of 
damping layer length affects the fifth-order shape and 
sixth-order shape more than others. Figure 5 and Figure 6 
show the modal shapes of fifth-order and sixth-order of 
bearing B1 and B2. These two bearings have different 
areas of deformation and the maximum deformation 
relates to a larger area in B1 than in B2. 

(6) The influence of damping layer thickness: 
compare bearing B1 with B3, we could find that the 
increase of damping layer length affects the fifth-order 
shape and sixth-order shape more than others. Figure 7 
shows the modal shapes of seventh-order of bearing B1 
and B3. We can see that the inner bush of bearing B3 has 
a similar deformation with its inner liner, which is larger 
than that of bearing B1.  

4 Conclusions

The main conclusions are as follows: 
(1) The damping bearing has lower natural 

frequencies than the ordinary bearing. When it comes to 
lower modes(six order below), the difference is 
significant, and the deformation area of damping bearing 
is larger than that of ordinary bearing. 

(2) The damping layer length has a large influence on 
modal frequency, especially on fifth-order and sixth-order 
modal frequency, while the damping layer thickness has a 
small influence. 

(a) Fifth-order modal 

shape of the damping 

bearing B3 172.18Hz

Fig.7 Fifth-order and sixth-order modal shape of the 

damping bearing B3

(b) Sixnth-order modal 

shape of the damping 

bearing B3 172.18Hz

(a) Fifth-order modal 

shape of the damping 

bearing B2(257.79Hz)

(b) Sixth-order modal shape 

of the damping bearing 

B2(257.79Hz)

Fig.6 Fifth-order and sixth-order modal shape of the

damping bearing B2

(a) Fifth-order modal 

shape of the damping 

bearing B1 193.31Hz

(b) Sixth-order modal shape 

of the damping bearing B1

193.31Hz
Fig.5 Fifth-order and sixth-order modal shape of the 

damping bearing B1

(a) First-order modal 

shape of the damping 

bearing B1(80.943Hz)

(b) Fourth-order modal 

shape of the damping 

bearing B1(96.541Hz)
Fig.4 Modal shape of damping bearing B1
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(3) The damping layer length and the damping layer 
thickness have larger effect on fifth-order and sixth-order 
shape than on other orders, and they can influence the 
distribution of relative deformation. 
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