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Abstract—This paper focuses on the frequency response 

function for identifying the frequency models correlated to the 

resonance of a journal bearing. Experimental technique is the 

process of determining the interest frequency and shape 

parameters, which are then sufficient for formulating a 

mathematical  dynamic model. The analytical mathematical 

model is performed in order to determine the frequency 

models of journal bearing by using computer aided 

engineering. Solid Works software is used for drawing and 

assembling upper and lower halves of self-aligning spherical 

journal bearing. Then a numerical analysis of resonances is 
achieved by using Finite Element Method.  

Keywords—Journal bearings, frequency response function, 

frequency models, Numerical modes, resonance . 

1. INTRODUCTION 

Vibration is always a side effect of any dynamic process, 
but noise defined as unwanted are closely interrelated with 
vibration signals. Most noise and vibration problems  relate 
to resonance phenomena that occurs when the dynamic 
forces in a process excite the natural frequencies, modes of 
vibration, in the structural components. Because of that, 
studying frequency modes are very important for a complete 
dynamic description of a structure. Model analysis test is an 
efficient tool for describing, understanding, and modelling 
structural behaviour.  

Model analysis may be accomplished either through 
experimental or analytical techniques. Experimental  can be 
constructed from measured model data, which represent the 
system under the measured conditions. The model normally 
consists of a set of independent differential equations, one 
for each mode in the measurement. Analytical mathematical  
are based on calculated mass and stiffness distributions of a 
specific set of boundary conditions. These calculations are 
usually made by the Finite Element Method (FEM). 

A single Frequency Response Measurement (FRF) is an 
experimental model test which is showing weak structural 
dynamic conditions in terms of model frequencies, to a set of 
FRF measurements giving model frequencies and the 
associated mode shapes. The FRF describes the dynamic 

properties of a system independent of the signal type used for 
the measurement. The FRF is therefore equally applicable to 
harmonic, transient and random excitation. The severity of a 
resonance depends on the magnitude of the FRF between the 
point where the operational forces act on the structure, and 
the point where the response is observed. 

Every component of the plant has specific resonances 

due to excessive vibration cause failure. Because of that 

it is important to study the shape and frequency modes to 
avoid failure and to detect faults in early stages. Model 
analysis can be calculated either through analytical or 
experimental techniques. A numerical investigation is used 

to determine the natural frequencies of journal bearing. 
Solid Works software is implemented to draw, assembly 
journal bearing halves and calculate mesh of them. 

2. FREQUENCY RESPONSE  

2.1. Frequency Response And Coherence Functions 

One very efficient model of a linear system is a 
frequency domain model, where the output spectrum is 
expressed as the input spectrum weighted by a system 
descriptor [1] 

   X( f ) H( f ).Y( f )                  (1) 

where X(f) is output spectrum and F(f) is input spectrum. 
H(f) is called the Frequency Response Function (FRF) has a 
magnitude and a phase. Fig. 1 shows frequency response 
function concept[2, 3]. 

 
Fig. 1. Frequency response function concept 

Y(f) H(f) X(f) 
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Fig. 2. Frequency response function Fig. 3. Tested journal bearing 

Model of  f1 is a full linear relationship between input and 
output signals. Model of f2 is a weak relationship due to 
noise in output measurement. Finally, model of f3 is a weak 
due to non-linear behaviour at resonance [2, 3]. 

The Coherence Function provides us with a means of 
assessing the degree of linearity between the input and output 
signals. The Cross Spectrum inequality states that if any of 
the Autospectra contains non-coherent noise, then the 
magnitude of the Cross Spectrum squared is smaller than the 
product of the Autospectra. This is because non-coherent 
noise contributions are averaged out of the Cross Spectrum. 
This relationship gives rise to the definition of the Coherence 
Function 

  

2
*

* *

X( f ).Y ( f )
coh(f)

X ( f ).X ( f ) . Y( f ).Y ( f )
        (2) 

2.2. Experimental  of Journal Bearing omponents 

A measurement of the natural resonance frequencies of 
journal bearing components was conducted. In order to 
achieve this measurement, LC impact hammer with  
sensitivity 3.3pc/Nm, a 320g impulse hammer with a steel 
hammer tip excited frequencies above 1000Hz and a channel 
analyser YE 7600 frequency response function are used. The 
eight impacts were excited at the journal bearing. The 
excited signals were captured by two accelerometers IEPE 
model CA-YD-182A. They are with frequency range 1 Hz to 
10000 Hz, and their sensitivities are 2.09 and 2.02 mV/ms-2. 
The hammer test has been measured at three different hitting 
positions on the bearing, as shown in Fig. 3. 

2.3. Natural  Frequencies  of  Bearing 

Fig. 4  presents time domain of both hammer impacts and 
output signals of bearing. The test has 8 impacts and the time 
duration of each segment was 2 seconds. Sample rate was 
48000. 

 

 

Fig. 4. a) Input hummer force, b) Outout bearing impact test 

Fig. 5 presents resonances of bearing based on different 
places of hammering. From the Fig. 5, several models of the 
bearing have been found around 7000, 8000, 9200, 10,200, 
10,600  and 11,000 Hz. 

 

 

 
Fig. 5. FRF of bearing at different positions 
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2.4. Actual Frequencies of the Experiments by Extracted 

Bearing Resonances 

Actual spectrum can be calculated by extracting 
resonances from realistic experimental signals. Four sets of 
data have been collected based on changing radial load at 
constant speed 1500rpm.Fig. 6 (a) shows the spectrum of the 
test. Three high bands appeared and its magnitude increased 
due to increasing load. Frequency band between 7500 Hz-
10500 Hz is effected by bearing resonance (~8000 Hz) that 
make the magnitude of the spectrum duplicated. Fig. 6 (c) 
shows the extracted spectrum after bearing resonance [4, 5].  

Vibration of the journal bearing are caused by external 
and internal excitation forces. The journal bearing vibration 
signals carried out of many different sources of vibrations. 
The most well know external excited vibration sources are 
mechanical unbalance and misalignment which causes low 
frequency correlated to shaft frequency and its harmonics. 
Furthermore, asperity collisions ans asperity chaurns also 
causes self-internalexcited vibrations. This random force 
causes corresponding high frequency vibration responses [4, 
6].  

   

  
X( f ) Experimental Signals

Y( f )
H( f ) Hammer Test Resonanse

        (3) 

 

 
Fig. 6. Actual response of the system after extracted bearing FRF 

FINITE  ELEMENT MODEL AND NUMERICAL 

ANALYSIS 

A finite element model of a complete jounral bearing was 
created according to the modeling rules derived from the test 
device, decribed as above. The journal bearing was selected 
for this purpose, as most of its components were modeled 
with finite elements during the design process of this journal 
bearing. A view of the finite element model is shown as in 

Fig. 8. It contained about 10000 elements with 5421 nodes. 
The geometry is meshed with 10-noded teahedron elements 
with quadratic inerpolation. The resonance of bearing is 
measured based on static frequency analysis. As a result of 
running a program, eight frequency modes have been 
calculated. Fig. 9 presents the frequency models and shapes 
of the journal bearing.  

  
Fig. 7. Fixed parts of journal 

bearing 
Fig. 8. Finite element model of 

journal bearing 
 

  
Model 1 (6,777.5 Hz) Model 2 (8,397.8 Hz) 

  
Model 3 (10,672 Hz) Model 4 (12,383 Hz) 

  
Model 5 (14,208 Hz) Model 6 (14,225 Hz) 

  
Model 7 (14,298 Hz) Model 8 (16,879 Hz) 

 

Fig. 9. Frequency modes and shapes of journal bearing based on FEM 

CONCLUSION 

Frequency response function (FRF), hammer test, is 
applied on journal bearing to identify the frequency models 
(resonances). For impacts at different positions on the 
bearing, resonances were found in the following regions 

 Y(f)  X(f) 
   H(f) 

a. 

b. 

c. 
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~7000 Hz, ~8000 Hz, ~9200 Hz, ~10,200 Hz, ~10,600 Hz 
and ~11,000Hz. Furthermore, spectrums of bearing tests 
have been calculated by extracting bearing resonances which 
identified by FRF. These spectrum might be less affected by 
bearing resonances.Model analysis may be accomplished 
either through analytical or experimental techniques. 
Experimental Analysis (FRF) is found the resonances of the 
journal bearing are around ~7,000 Hz, ~8,000 Hz, ~9,200 
Hz, ~10,200 Hz, ~10,600 Hz and ~11,000Hz. In this study, 
Numerical analysis is found the resonances of the same 
journal bearing are around ~6,700 Hz, ~8,300 Hz, ~10,200 
Hz, ~14,200 Hz, ~14,300 Hz and ~16,900Hz. 

Table (1) resonances of the journal bearing 

Model FRF Hz Numerical Hz 

Model 1 ~7,000 ~6,700 

Model 2 ~8,000 ~8,300 

Model 3 ~9,200 - 

Model 4 ~10,200 ~10,200 

Model 5 ~10,600 - 

Model 6 ~11,000 - 

Model 7 - ~14,200 

Model 8 - ~14,300 

Finally. experimentals [4, 6], FRF humer tests and 
soildworks numerical analysis found that the effective 
resonances of the self-aligning spherical journal bearing are 
about 7,000 Hz, 8,000 Hz and 10,200 Hz.  
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