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Abstract— Rotating machinery is becoming faster and 

lightweight due to the advanced technologies made in 

engineering and materials sciences. It is required them to 

run for longer periods of time. The high speed rotor bearing 

system often shows unpredictable dynamic response due to 

manufacturing defects. As it is not possible to produce 

perfect surface even with the best available machine tools. 

The radial and axial clearance provided in the design of 

bearings to compensate for thermal expansion, can be a 

source of vibrations and introduce nonlinearity in the 

dynamic system. Using vibration analysis, the condition of a 

machine can be periodically monitored. The main objective 

of this paper is to study the vibration characteristics of rotor 

equipped with long journal bearings placed at both ends. 

Besides the non-linear forces of the lubricated pairs, a non-

linear elastic, damped coupling was assumed between the 

bearings and the rotor pedestal. Rotating speed is used as the 

control parameter to observe various forms of vibrations. 
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I. INTRODUCTION 

Since the invention of the wheel, rotors have been the most 

commonly used part of machines and mechanisms. While 

fulfilling very important roles in machinery, the rotors are, 

at the same time, the main source of perturbation of normal 

operation of the machines. The rotor rotation may be 

accompanied by various modes of vibrations namely lateral, 

torsional and axial modes. Among these modes, the lateral 

modes of the rotor are of great concern. Unfortunately with 

the increase of the rotational speed and rotational energy, 

the mechanical side effect has become more and more 

dangerous for the integrity of the machine and safety of the 

environment. There are many factors which lead to 

unnecessary vibrations and important one among them is 

rotor unbalance and instability. Rotor unbalance is a 

condition of uneven mass distribution in the radial directions 

at each axial section of the rotor. In an Unbalanced 

condition, the rotor mass centerline does not coincide with 

the axis of rotation. Unbalance can result from rotor material 

non-homogeneity like voids, porosity, inclusions etc. 

Specific types of imperfections in design, fabrication and 

assembly can also cause unbalance. Unbalance may also 

occur during machine operation due to erosion or build up 

of deposits on the rotor, missing or loose rotor parts, or load-

related or thermal distortion of the rotor. The unbalance may 

also occur due to rotor crack. The rotor unbalance acts, 

therefore in the lateral vibration mode, like an external 

exciting centrifugal force. This force leads to a malfunction 

in rotating machines which is nothing but rotor to stator 

contact. Similarly dynamic instability occurs due to 

clearance between rotor and stator. Radial clearance 

between rotor and stator in high-speed rotating machines 

such as generator sets, aeroengines, turbines, and 

compressors is of great importance. If the radial clearance 

between the rotating rotor and the stator is smaller , the 

efficiency of these kinds of machines improves. But mass 

unbalance related vibrations of the rotor draws energy from 

rotation to vibration, thus the overall efficiency of the 

rotating machines diminishes. An unbalance causes 

vibration and alternating or variable stress in the rotor itself 

and its supporting structural elements The vibration may 

result in excessive wear in bearing bushings, spindles, gears 

etc. Stresses in the rotor and supporting structure may cause 

fatigue cracks, leading to a possible fatigue failure. 

Therefore to establish a reliable diagnosis system for the 

rotating machinery with different types of faults in the rotor 

systems, a detailed investigation on various forms of 

vibrations is of great importance. 

II. LITERATURE REVIEW 

Sanxing Zhaoa et. Al. [1] established the motion equations 

for symmetrical single-disk flexible rotor-bearing system 

shows in fig.1 to obtain threshold speed and unbalance 

response. The rotor’s stiffness and damping are considered 

to calculate it.  

 
Fig. 1 Rotor- Bearing system 

In this paper, the threshold speed of the system 

based on the linear theory for oil-film force has been derived 

and unbalanced responses of the system are calculated. On 

the standpoint of linear theory, the dynamic behavior of 

bearing-rotor system can be analyzed by the stiffness 

coefficients and damping coefficients of bearing, and oil-

film force increment due to the departure of journal from its 

static equilibrium position can also be expressed by these 

coefficients. In order to approach to the real cases, the oil-

film forces are directly obtained from the coupled 

generalized Reynolds equation for finite bearing and energy 

equation using the finite element method. In the first part of 

this paper, the threshold speed of the system based on the 

linear theory for oil-film force has been derived. In the 

second part, an accurate calculation scheme is given to make 

the non-linear simulation come true, and unbalanced 

responses of the system are calculated, respectively, using 

the linear oil-film forces and non linear oil-film forces. Two 

kinds of results are compared and some interesting results 

have been received. 
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Fig. 2: Keqr ⎻ K( 2

) versus rotational speed (n) 

Fig. 2 shows parameter Keqr–K( 2
) versus rotating 

speed for two symmetrical single-disk flexible rotor-bearing 

systems, one of which considers the damping of rotor while 

the other ignores the damping of rotor. The graph shows that 

when the rotor’s stiffness and damping are taken into 

account, the studies on system stability and response will 

approach to the practical situations. The threshold speed of 

the system is a bit larger compared with that when the 

rotor’s damping is ignored. The threshold speed of the 

system is 6247 rpm if the damping of rotor is taken into 

account, or it will reduce to 5960 rpm. In this case, when the 

damping of rotor is considered the threshold speed of the 

system will increase by 4.8% compared with that when the 

damping is ignored. Therefore, the influence of rotor’s 

damping on the threshold speed is not obvious. The 

damping of rotor plays a second role on the dynamic 

behavior of the system. 

M. Chandra Sekhar Reddy and A.S. Sekhar [2] 

focuses on torque measurements for misalignment 

diagnosis. Experimental results using torque sensor for 

different cases of misalignment at different frequency of 

operation are reported. Fourier and wavelet transforms are 

used to detect the misalignment fault. The variation of the 

fault characteristics with respect to time are reported for 

sampled signals using wavelet transforms. 

The motor with belt driven system shown in figure 

3, drives a shaft coupled torque sensor system. The rotor can 

be run at different speeds below and above critical speed. A 

special platform which facilitates inducing desired amount 

of misalignment in the rotor bearing system is fabricated. To 

measure vibrations, accelerometers are placed near bearings 

in radial direction. The accelerometers employed are 

precision quartz shear ICP type with sensitivity of 100 mv/g 

and frequency range 0.5 to 10 kHz. The torque sensor is 

attached in between the motor shaft and the rotor shaft as 

shown in Fig. 3. In every measurement both accelerometer 

and torque sensor outputs are recorded. 

 
Fig. 3 Schematic diagram of shaft coupled torque sensor 

system 

Misalignment is a situation in which the input shaft 

and the output shaft are not in the identical centerline. 

Misalignment can be classified into three categories namely: 

parallel, angular and a combination of both. It is also 

observed that the angular misalignment torque signature and 

parallel misalignment torque signatures will have different 

spectral characteristics. Parallel misalignment is introduced 

in vertical direction into the system by placing shims 

symmetrically and measured the actual misalignment at the 

coupling using dial indicators. For different cases of parallel 

misalignment (0, 150, 250, 400 and 550 μm) the vibration 

and torque signals are recorded. Angular misalignment 

(0.01, 0.022, 0.034, and 0.048 radians) is introduced using 

asymmetric shim arrangement. Accelerometers signals are 

recorded in vertical direction and torque signals are recorded 

for each misalignment case. Signals at different speeds 20 

Hz, 25 Hz and 40 Hz are used for diagnosis of misalignment 

fault. The speeds selected are below and above critical speed 

(31.74 Hz). So the wavelet spectrum of the torque signals is 

continuous which signifies that the component of the torque 

is steady and hence qualifies well for measurement. It has 

been observed that compared to FFT, the wavelets 

representation is more sensitive to them is alignment fault 

and is useful for monitoring the fault. This study shows the 

possibilities of torque measurements as an useful additional 

technique for detection of misalignment. 

Slim Bouaziz et al. [3] presented research in which, 

the dynamic behavior of misaligned rotor is presented. The 

rotor is mounted in two hydrodynamic journal bearings and 

has two degrees of freedom. Reynolds’ equation is obtained 

by considering the effect of mass transfer across the fluid 

film. This is discretized by means of the finite difference 

method and solved numerically. By integrating the oil 

pressure distribution, the hydrodynamic forces are 

calculated. The elasticity of the fluid film is modeled by 

stiffness and damping matrices. The motion equations have 

been established for the rotor bearings system and simulated 

with Newmark method. The effect of bearings geometry on 

the dynamic coefficients is presented. A theoretical model 

describing the angular misalignment defect is analyzed in 

order to survey the vibratory response of the misaligned 

rotor. A theoretical model was developed to study the 

influence of angular misalignment on the dynamic behavior 

of a rotor supported by two hydrodynamic journal bearings. 

Based on the result obtained in this work, it is concluded 

that dynamic Coefficients along the journal increase with 

the relative eccentricity. The effect of bearing geometry on 

the stiffness and damping coefficients is presented by 

considering short, long and finite bearings. The effect of 

angular misalignment on the dynamic behavior of rotor 

bearing system is essentially characterized, in the frequency 

domain, by the presence of two dominant peaks: the first 

corresponds to two times the running frequency and the 

second to four times the running frequency. The first 

harmonic is predominant. The present model shows that the 

vibratory level of the angular misalignment decreases with 

the increase of the relative eccentricity, but increases when 

the imposed angle increases. A comparison between rolling 

and hydrodynamic journal bearings shows that 

hydrodynamic bearing permits to attenuate vibration due to 

the misalignment defect. 
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Li-Hua Yang et al. [4] observed that the strong 

nonlinear behavior usually exists in rotor systems supported 

by oil-film journal bearings. The partial derivative method is 

extended to the second-order approximate extent to predict 

the nonlinear dynamic stiffness and damping coefficients of 

finite-long journal bearings. And the nonlinear oil-film 

forces approximately represented by dynamic coefficients 

are used to analyze nonlinear dynamic performance of a 

symmetrical flexible rotor-bearing system via the journal 

orbit graph. The effects of mass eccentricity on dynamic 

behaviors of rotor system are also investigated. Moreover, 

the computational method of nonlinear dynamic coefficients 

of infinite short bearing is presented.  

 
Fig. 4 Dynamic model of rotor system 

A simple one-disk symmetrical flexible rotor-

bearing system model shown in Fig. 4 is built to conduct the 

nonlinear dynamic analysis. The rotor is supported by two 

oil-lubricated 360° journal bearings with the same 

geometrical configuration and parameters. In Fig. 2, k and d 

are stiffness and damping coefficients of flexible journal, 

respectively, m1 and m3 are equivalent centralized mass of 

bearing notes and m2 is the mass of disk note. In analysis, 

the rotor gravity is balanced by the steady-state oil-film 

force of bearing. The nonlinear oil-film forces model of 

finite-long bearing is validated by comparing the numerical 

results with those obtained by an infinite-short bearing-rotor 

system model. The results show that the representation 

method of nonlinear oil-film forces by dynamic coefficients 

has universal applicability and allows one easily to conduct 

the nonlinear dynamic analysis of rotor systems. 

Mohammad Hadi Jalali et al. [5] In this paper, full 

dynamic analysis of a high speed rotor with certain 

geometrical and mechanical properties is carried out using 

3D finite element model, one-dimensional beam-type model 

and experimental modal test. Good agreement between the 

theoretical and experimental results indicates the accuracy 

of the finite element models. The, critical speeds, 

operational deflection shapes, and unbalance response of the 

rotor are obtained in order to completely investigate the 

dynamic behavior of the rotating system. The dynamic 

characteristics of a high speed rotor with certain geometrical 

and mechanical properties were evaluated at rest and under 

operating conditions. The model analysis of the rotor at rest 

under free boundary conditions was done with beam finite 

element model, 3D finite element model and model test and 

comparison of the results indicated satisfactory agreement 

between them. The results were compared and satisfactory 

agreement between them indicated that one-dimensional 

beam finite element method which is simple in modeling 

can be used for rotor dynamic analysis with acceptable 

accuracy. 

J.-J. Sinou [6] deals with the non-linear dynamic 

response of a flexible rotor supported by ball bearing. The 

excitation is due to unbalance force. The finite element rotor 

system is composed of a shaft with one disk, two flexible 

bearing supports and a ball bearing element where the non-

linearities are due to both the radial clearance and the 

contact between races and rolling element s. A numerical 

analysis is performed to analyze the non-linear behavior of 

this bearing rotor by using the Harmonic Balance Method 

with appropriate condensation located only on the non-linear 

coordinates of the system in order to minimize computer 

time. 

The results demonstrated that the non-linear 

unbalance response and the associated orbits can be very 

complex due to the non-linear elements and the relative 

contribution of unbalance forces and radial clearance: the 

nth Fourier component scan make a significant contribution 

when the rotor passes through the 1n sub-critical resonances 

and critical speeds. In particular, the 2,3 and 6 super-

harmonic frequency components and 12; 13 and 16 sub-

critical resonances are significant. It appears that the 

vibration amplitudes in the sub-critical and critical 

resonances depend on the radial clearance and unbalance 

mass. If the unbalance mass and radial clearance remain 

constant during operation of rotor, the 1,2 and 3 amplitude 

may change during run-up or rundown due to the occurrence 

of the jump phenomenon. 

III. CONCLUSION 

The premise of this review paper has been that the reviews 

on dynamic behavior of rotor, by using different 

mathematical and experimental techniques have been done. 

Rotary machine are operated in a very high speed thus 

accurate prediction dynamic characteristic of rotor bearing 

system must be made, so as to design high reliable rotary 

machine and to avoid the occurrence of dangerous 

operation. 
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