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Abstract 
 

Eccentricity problem is considered as one of the most important and common 

repeated problems in rotary shafts in all machines. This will lead to generation of 

vibration and extra loads on bearings. Also a non-uniformity can occur in distribution of 

applied load on all the surface of the bearing which being concentrated on one or two 

sides of the bearing surface. The purpose of this research is to investigate the effect of 

the unbalance on the values of stresses and deflections for a flexible rotor supported by 

oil film bearings. Various rotational speeds and unbalance effects has been taken in to 

consideration. A dynamical model of the system has been built. The parameters of 

journal bearing have been determined using MATLAB/ simulink software. ANSYS 

program has been used for the analysis of the stresses produced during rotation. 

Keywords: Unbalance, Eccentricity, Simulation, Rotor Shaft. 

 

  

 الاجهاداتقيمة على المرن المثبت على محامل مزيتة عمود الدوران  نازاتتأثير عدم 

 )الانسز( ةصر المحدداالمتولدة فيه باستخدام تقنية العن الدورية

 
 عمر عبدالرحمن محمد            احمد محمود عبدالله             خالد الياس حمو

 )مدرس مساعد(

 كلية الهندسة / جامعة الموصلقسم الهندسة الميكانيكية / 
 

 الخلاصة
معظم  شاكل الشائعة والمتكررة الحدوث في في الأعمدة الدوارة من أهم المالاختلاف المركزي تعد مشكلة 

المسلط على إذ تؤدي إلى توليد اجهادات وأحمال إضافية على المحامل, والى عدم انتظام توزيع الحمل الدوارة المكائن 

 عدم الاتزانة تأثير الغرض من هذا البحث هو معرف سطح المحمل بتركزه على جانب واحد أو جانبين من جوانب المحمل.

تم اخذ تأثير كلا من عدم  مثبت بواسطة محامل مزيتة.ه والفي المتولدةعلى قيم الاجهادات والانحرافات عمود الدوران ل

عوامل المؤثرة في تحديد ال بعدتم بناء النموذج الديناميكي للنظام. التوازن ولعدة سرع دورانية مختلفة بنظر الاعتبار.

تحليل الاجهادات  استخدم احد برامج ب.عن طريق استخدام برنامج الماتلا القوىلمحامل والتي تم من خلالها حساب ا

 .توزيع الاجهادات والانحرافات أثناء الدوران ز من اجل معرفةسوهو برنامج الان

عمود دوار, التمثيل, الاختلاف المركزي ن, ازتالكلمات المفتاحية: عدم الا  
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1. Introduction 
 

Rotating machinery is extensively used in diverse engineering applications. The 

accurate prediction of dynamic characteristics, such as, critical speeds, natural whirl 

frequencies, instability thresholds and response to mass unbalance, is important in the design 

of any type of rotating machinery. 

As the modern world progresses, the demand on products has asked more about their 

functionality than their appearance. The finite element method (FEM) is a powerful tool and 

has been applied to numerous analyses. One advantage of FEM is that it could save time and 

cost for engineers in the development of new products. In the beginning of the research and 

development of a product, the finite element model of the product is constructed and static 

and dynamic analyses are conducted on the model to obtain the simulation results as the first 

engineering assessments. Experiences have indicated that the selected parameters of the 

numerical model such as element type, material model, contact conditions, etc. might 

introduce errors to the simulated results. Thus, the numerical model needs to be verified by 

experimental means; for example, a numerical modal analysis should be further verified by 

the results of a modal testing [1].  

In the general area of rotor dynamic analysis,  several researchers have studied the use 

of the finite element method for modeling rotor systems. Elmadany, M. et al [2]  have 

included in their finite element modeling of the rotor, the effects of rotary inertia, gyroscopic 

moments, internal viscous and hysteretic damping, shear deformations, and axial torque. A 

more comprehensive study of the subject was later presented by Khonsari and Kim[3] which 

confirmed the non-linear nature of the clearance loss as a function of time. Hariharan V. et al 

[4] are focused in their study on the experimental and numerical (ANSYS) frequency spectra 

to obtain the rotor shaft acceleration using dual channel vibration analyzer under the 

misalignment condition. Similarities between the dynamic response of beams and rotor–shaft 

systems have enabled many approaches, to critical speed identification, to be based on the 

transverse beam, vibration problem,[5, 6]. These include the energy methods, the influence 

coefficient technique, Dunkerley’s formulation, etc., all of which ignore the effect of 

rotational speed and hence the rotor dynamic, gyroscopic couple. Al-Khazali, H. A. et al [7] 

investigated the effects of modal parameters on the noise produced by rotor-bearing systems 

under gyroscopic effect. They studied reaction forces in bearings with high speed of rotation 

using ANSYS 12. Pasha, H. G. [8] utilized the finite element program for modeling and 

analyzing flexible rotor-bearing system supported on linear stiffness and viscous damping 

bearings using effects of rotary inertia, gyroscopic moments and axial load. Nikolakopoulos 

et al. [9] presented an analytical model in order to find the relationship among the friction 

force, the misalignment angles and wear depth. The Reynolds equation is solved numerically 

and the friction force is calculated in the equilibrium position. The friction coefficient is 

presented versus the misalignment angles and wear depths for different Sommerfeld numbers, 

thus creating friction functions dependent on misalignment and wear of the bearing. The 

variation in power loss of the rotor-bearing system is also investigated and presented as a 

function of wear depth and misalignment angles. 

 
 

2. Objectives Of This Research 
 

In this research, flexible shaft has been performed represented by using a circular shaft 

and notice  the effect of the unbalance on the stresses produced  during rotation. Several 
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unbalances cases have been taken to explain it’s effect on the produced stresses due to 

rotation. A MATLAB/ simulink software has been used to determine the reaction forces 

resulting from the rotational speed of the rotor, and the (ANSYS) program for the analysis of 

the stresses on shaft and bearings during rotation. 
 

3. Mechanical Model and Motion Differential Equation: 
 

The design of rotor-bearing system is shown in Fig. (1). The geometric centers of 

bearings, shaft and mass rotor are O1, O2 and O3 respectively. M and mj are the masses of 

rotor  and  journal bearings respectively. The dimensions and material properties are shown in 

Table(1).  

 

Table (1): Dimensions and properties of the rotor. system. 
Description Unit (m) Properties  

Young’s Modulus (Pa) Poisson ratio Density   ( kg/m
3
) 

Shaft diameter 0.024   

 

 

209 x 10
9 

 

 

 

0.3 

 

 

 

7800 

Length of the shaft 0.75  

Rotor diameter 0.24  

Rotor thickness 0.01  

Bearing diameter 0.025  

Length of the bearing 0.0125 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

The general non-linear equation of motion for the rotor response in the vertical and horizontal 

directions are as follows: [10] 

 

wtMeω)Y(Y(KYM Y cos2

122 
 

MgtMeZZKzZM   sin)( 2

122
        

 

 

 
 
 

----------------------- (2) 

----------------------- (3) 

    ------------------------- (4) 

Fig.1 Model of rotor-bearing system supported by 

 oil-film bearings. 
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Fig.2 Journal bearing model. 
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Where  111111 ,,,, ZZZandYYY  are the displacement, velocity and acceleration of the 
bearings in Y and Z directions, while  222222 ,,,, ZZZandYYY  are for the rotor in the same 
direction. ZY KandK  are the shaft stiffness in both directions. BZZBYYBZZBYY CCandKK ,,   
are the stiffness and damping properties of the bearings, Fig. (2).  MgandMe 2 represent 
unbalance and gravity forces respectively. e is the bearing eccentricity; and ω is the angular 
velocity of rotation. 

   
4. ANSYS 
 

 A finite element analysis software ANSYS enables engineers to performing the 

important tasks. Build computer models or transfer computer Aided Drafting (CAD) models 

of structures, products, components, or systems. This involves the application and operating 

loads or other design performance conditions and studying the physical responses, such as 

stress levels, temperature distributions, or the impact of electromagnetic fields. Optimize a 

design early in the development process to reduce production costs [11]. Doing prototype 

testing in environments where it otherwise would be undesirable or impossible. The ANSYS 

program has a comprehensive graphical user interface (GUI) that gives users easy, interactive 

access to program function, commands, documentation, and reference material. The menu 

system helps users navigate through the ANSYS program. Users can input data using a mouse 

and keyboard or combination of both. 

 
 

5. Results and Discussion 
  

           Numerical results are presented for this circular shaft of single rotor with three values 

of the eccentricity (e = 0.0001 to 0.0003) to investigate the effect of the rotational speed (N = 

750 to 2750 rpm) on stresses and deflections for the shaft and the bearings. The material 

properties that used were shown in Table (1), where; E, ρ and υ represent modulus of 

elasticity, density and Poisson’s ratio respectively. Stresses and deflections are obtained for 

all cases of eccentricity and rotational speed. Figures (3-6) show the Von-Mises stresses for 

different values of rotational speed and eccentricity. Many types of stresses and deflections in 

all directions for this shaft and bearings are obtained and discussed as follows: 

            Figure (7) shows the variation of (σvon) with (N). At lower speeds even by increasing 

the eccentricity the values of (σvon) stay very close to one another in other  wards they stay 

nearly unchanged then it starts to increase until the speed of (1450 rpm) at which σvon are 

(103, 219 and 329) Mpa. for (e=0.0001, 0.0002 and 0.0003 m) respectively. This is because of 

the resonance state which occurs in the system. The variation of (σ1) with (N) shown in Fig. 

(8). The stresses increase for higher speed from (34.3) to (71.2) Mpa. in the case of 

eccentricity (e = 0.0001), from (34.4 to 122 Mpa.) for (e = 0.0002) and from (34.5 to 174 

Mpa.) for (e = 0.0003) with increase of (N) from 750 to 2750 rpm but it reaches maximum 

values which are (140, 282 and 441) Mpa. respectively for the speed of 1450 rpm this is due 

to the same reason stated above.         

From Fig. (9), it can be noticed that the variation of (Us) with (N). The values of (Us) 

stay very close to one another i.e nearly unchanged at low speeds and then increase at higher 

speeds (in the same path) from (121 to 318 µm) in the case of eccentricity (e=0.0001), from 

(121 to 571 µm) for (e = 0.0002) and from (121 to 831 µm) for (e=0.0003) with increase of 

(N) from 750 to 2750 rpm but it reaches maximum values which σvon are (767, 1582 and 2401 
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µm) respectively at (N= 1450 rpm). Figures (10-13) show the Von-Mises stresses for different 

values of rotational speed and eccentricity on the bearings. 

Figure (14) shows the variation of (σvon) with (N). At lower speeds even by increasing 

the eccentricity the values of (σvon) stay very close  i.e nearly unchanged then it starts to 

increase until the speed of (1450 rpm) at which σvon are (126.8, 193 and 270 Mpa.) for 

(e=0.0001, 0.0002 and 0.0003 m) respectively. This is because of the resonance state which 

occurs in the system. 

From Fig. (15) it can be noticed that the variation of (Us) with respect to (N) is 

negligible at low speeds and then increase at higher speeds (in the same path) from (0.2 to 5 

µm) in the case of eccentricity (e = 0.0001) and from (0.4 to 7.5 µm) for (e = 0.0002) and 

from (0.7  to 10 µm) for (e = 0.0003) with increase of (N) from 750 to 2750 rpm but it  

reaches  maximum values which σvon are (11.1, 24 and 44 µm) respectively at (N=1450rpm). 

Finally Table (2) can be optimized for all stresses and deflections for the rotor shaft and 

bearings. 

 
 

 

 

 

 

 

 

  

  

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6 Contour of the stress distribution of (σvon)  

stress on the shaft at (e = 3e-3 & N = 2750 rpm). 

 

Fig.3 Contour of the stress distribution of  

(σvon) stress on the shaft at (e = 1e-3&  

N = 750 rpm). 

Fig.4 Contour of the stress distribution of  

(σvon)  stress on the shaft at (e = 1e-3 & 

 N = 2750 rpm). 

Fig.5 Contour of the stress distribution of 

(σvon)     stress on the shaft at (e = 3e-3 & N 

= 750 rpm). 

 

Fig.5 Contour of the stress distribution of 

(σvon)     stress on the shaft at (e = 3e-3 & N 

= 2750 rpm). 
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Fig. 9: Effect of  Rotational Speed  (rpm) on (US) in the 

shaft for three different values of eccentricity. 
 

N (rpm) 

Fig. 8: Effect of  Rotational Speed  (rpm) on )σ1) in the 

rotor  for three different values of eccentricity. 

N (rpm) 

Fig. 7: Effect of  Rotational Speed  (rpm) on (σvon) in the 

 shaft for three different values of eccentricity. 

 

e=0.0001

e=0.0002

e=0.0003
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Fig. 11 Enlarge view of the stress distribution of  

(σvon) stress on the bearing at (e = 1e-3& N = 2750 

rpm). 

Fig. 10 Enlarge view of the stress distribution of 

(σvon)  stress on the bearing at (e = 1e-3& N = 750 

rpm). 

Fig. 14:Effect of  Rotational Speed  (rpm) on )σvon) in the 

 bearing for three different values of eccentricity. 
 

N (rpm) 

stress on the bearing at (e = 3e-3& N = 2750 rpm).  
Fig. 12 Enlarge view of the stress 

distribution of (σvon)  stress on the 

bearing at(e = 3e-3& N = 750 rpm). 

 

Fig. 12 Enlarge view of the stress 

distribution of (σvon)  stress on the 

bearing at(e = 3e-3& N = 2750 rpm). 
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Fig. 12 Enlarge view of the stress 

distribution of (σvon)  stress on the 

bearing at(e = 1e-3& N = 750 rpm). 

 

Fig. 12 Enlarge view of the stress 

distribution of (σvon)  stress on the 

bearing at(e = 1e-3& N = 2750 rpm). 

 



Al-Rafidain Engineering                     Vol.22                 No. 1               February   2014 

 

41 

 

N (rpm) 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Table (2): Results of all cases of the values of eccentricity and rotational speed 

Stresses & 

Deflections                                                     

Shaft 

e =0.0001 e =0.0002 e =0.0003 

750rpm 2750rpm 750rpm  2750rpm  750rpm 2750rpm 

σ1 (Mpa) 34.3 71.2 33.9 122 34.5 174 

σvon (Mpa) 24 50.9 24 85 24 119 

US (μm) 121 318 120 571 121 831 
 

Stresses & 

Deflections                      

                               

Bearings 

e =0.0001 e =0.0002 e =0.0003 

750rpm 2750rpm 750rpm 2750rpm 750rpm 2750rpm 

σ1 (Mpa) - - - - - - 

σvon (Mpa) 33.6 33.6 33.6 33.6 33.6 33.6 

US (μm) 0.167 0.167 0.167 0.167 0.167 0.167 

 

6. Conclusions 
 

A finite elements simulation of rotor bearing system is presented in this work. The 

system includes the effects of rotary inertia and eccentricity. The stresses and deflections are 

increased with the increasing of eccentricity and rotational velocity and it can be noticed that 

there is a jump in the curves at (N= 1450 rpm), which means that the system frequency 

reaches to its natural frequency (i.e. vicinity of resonance phenomena). It can be also noticed 

that: 

1. The maximum deflection is take place at the midpoint of the shaft because of 

increasing weight in this place and this maximum deflection leads to occur a 

maximum stress. 

2. For the case of bearings, the stresses and deflections are concentrating at the bottom 

half of the bearings due to focusing of forces on this area.  

3. The effect of rotational velocity is the dominant factor with respect to the other factor 

(i.e. eccentricity) which can be considered a minor factor and has a secondary effect. 

D
ef

le
ct

io
n

)µ
m

( 

Fig. 15  Effect of  Rotational Speed  (rpm) on (US) in 

the bearing for three different values of eccentricity. 
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4. Finally eccentricity has another effect on the values of stresses and deflections at                     

(N= 2250 rpm) and this effect was increased with the increasing of eccentricity and 

gives another reason to failure in addition of resonance   
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Appendix A 
 

 

The work was carried out at the college of Engineering. University of Mosul 


