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Abstract 

There are numerous sources of vibration in an industrial environment. The presence of vibration often leads to mechanical 

failures and costly maintenance of Centrifugal Pump. The occupational exposure of humans to vibration leads to pain, 

discomfort and reduced efficiency. Vibration sometimes eliminated on the basis of theoretical analysis. In these cases the 

magnitude of the response can be significantly reduced by the use of isolators and auxiliary mass absorbers. A literature review 

motivated to find out various causes of vibration in our centrifugal pump. Literature review motivated to carryout study on study 

of effect of various isolators on vibration performance of pump.  From this motivation it is proposed to carryout Experimental 

Modal analysis of Centrifugal Pump. It is also proposed to carryout experimental analysis to validate the numerical results.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

VIBRATION analysis is very important for constructions as well as designing of structural and mechanical system. This 

information helps us to predict the behavior of structure under different load distribution and helps to design system to control 

the excessive amplitude of the vibration.  

Vibration analysis of centrifugal pump is carried out using various FEM software’s like ANSYS. The modal analysis of 

centrifugal pump is carried out for study of vibration characteristics of centrifugal pump. Ravindra Birajdar from kirloskar 

brothers ltd mention various experimental techniques to carryout vibration analysis of centrifugal pump. Amit suhane carryout 

experimental study work on a single stage diffuser type centrifugal pump. They mentioned that optimal adjustments of radial 

clearance in pumps can solve the vibration and noise problem to greater extent. S. M. Abdel-Rahman mentioned four different 

case studies related to vibration problem are tested in the field and lab representing the common problems leading to failure and 

damage for some components of pumping stations. 

II. THEORETICAL BACKGROUND 

It is used to determine the natural frequencies and mode shapes of structure being studied. 

 Assumptions 

Valid for structural and fluid degrees of freedom (DOFs). Electrical and thermal DOFs may be present in the coupled field 

mode-frequency analysis using structural DOFs. 

The structure has constant stiffness and mass effects. 

There is no damping, unless the damped eigensolver (MODOPT, DAMP or MODOPT, QRDAMP) is selected. 

The structure has no time varying forces, displacements, pressures, or temperatures applied (free vibration). 

 Description: 

This analysis type is used for natural frequency and mode shape determination. The equation of motion for an undamped system, 

expressed in matrix notation using the above assumptions is 

[𝑀]{�̈�} + [𝐾]{𝑢} = {𝑜} 
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Note that [K], the structure stiffness matrix, may include prestress effects (PSTRES, ON). For a discussion of the damped 

eigensolver (MODOPT, DAMP or MODOPT, QRDAMP). 

For a linear system, free vibrations will be harmonic, of the form as, 
{𝑢} = {∅}𝑖 cos 𝜔𝑖𝑡           (1) 

Where: 
{∅}𝑖 = eigenvector representing the mode shape of the Ith natural frequency 

𝜔𝑖 = ith natural circular frequency (radians per unit time) 

t = time 

Thus, Equation (5) becomes, 

(−𝜔𝑖
2[𝑀] +  [𝐾]){∅}𝑖 = {0}       (2) 

This equality is satisfied if either {∅}𝑖 = {0} or if the determinant of ([𝐾] − 𝜔2[𝑀])is zero. The first option is the trivial one and, 

therefore, is not of interest. Thus, the second one gives the solution: 

|[𝐾] − 𝜔2[𝑀]| = 0           (3) 

This is an eigenvalue problem which may be solved for up to n values of 𝜔2 and n eigenvectors {∅}𝑖 which satisfy Equation (3) 

where n is the number of DOFs. The eigenvalue and eigenvector extraction techniques are discussed in Eigenvalue and 

Eigenvector Extraction. 

Rather than outputting the natural circular frequencies {𝜔}, the natural frequencies (f) are output; where: 

𝑓𝑖 =  
𝜔𝑖

2𝜋
                (4) 

Where: 

𝜔2 = ith natural frequency (cycles per unit time) 

If normalization of each eigenvector 𝜔𝑖to the mass matrix is selected (MODOPT,,,,,,OFF): 

{∅}𝑖
𝑇[𝑀]{∅}𝑖 = 1            (5) 

If normalization of each eigenvector {∅}𝑖 to 1.0 is selected (MODOPT,,,,,,ON), {φ}i is normalized such that its largest 

component is 1.0 (unity). 

III. NUMERICAL APPROACH FOR MODAL ANALYSIS OF CENTRIFUGAL PUMP 

We shall now investigate the Modal Analysis of Centrifugal Pump using the ANSYS program, a comprehensive finite element 

package. We use the ANSYS structural package to analyze the vibration of fixed free beam. Finite element procedures at present 

very widely used in engineering analysis. The procedures are employed extensively in the analysis of solid and structures and of 

heat transfer and fluids and indeed, finite element methods are useful in virtually every field of engineering analysis 

 Description of the finite element method 

The physical problem typically involves an actual structure or structural component subject to certain loads. The idealization of 

the physical problem to a mathematical model requires certain assumptions that together lead to differential equations governing 

the mathematical model. Since the finite element solution technique is a numerical procedure, it is necessary to access the 

solution accuracy. If the accuracy criteria are not met, the numerical solution has to be repeated with refined solution parameters 

until a sufficient accuracy is reached. 

 Important features of finite element method 

The following are the basic features of the finite element method: 

Division of whole in to parts, which allows representation of geometrically complex domains as collection of simple domains 

that, enables a systematic derivation of the approximation functions. Derivation of approximation functions over each element 

the approximation functions are algebraic polynomials that are derived using interpolation theory. Assembly of elements, which 

are based on continuity of the solution and balance of internal fluxes. 
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 Numerical Results 

 
Fig. 1: Meshed model of Centrifugal Pump 

The numerical results were found out by using the ANSYS program as shown in Table I. 
Table –1 

Mode shape frequency using Ansys program 

Mode Frequency In Hz 

1 759.84 

2 774.36 

3 852.72 

4 1222.5 

The mode shapes of Centrifugal Pump Assembly are shown Fig. 2. 

       
 

    
Fig. 2: Mode shapes of Centrifugal Pump Assembly 
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IV. EXPERIMENTAL APPROACH FOR MODAL ANALYSIS OF CENTRIFUGAL PUMP 

Experimentation is one of the scientific research method, perhaps the most recognizable; in a spectrum of methods that also 

includes description, comparison, and modeling. While all of these methods share in common a scientific approach, 

experimentation is unique in that it involves the conscious manipulation of certain aspects of a real system and the observation of 

the effects of that manipulation. Experimentation gives real insight of the system. In order to find out actual results 

experimentation is necessary because in theoretical analysis behavior of system parameters considered is linear but in actual 

those system behaves nonlinear in actual practices, so in order to find out difference in theoretical and experimental analysis 

experimentation is necessary. 

 Elements of Experimental Setup 

 
Fig. 3: Block Diagram of Experimental Setup 

Probes used for Experiemental setup are Accelerometer, tachometer. 

 
Fig. 4: Accelerometer 

 Data Acquisition and Processing Equipment 

 
Fig. 5: Four Channel FFT Analyzer 

http://www.visionlearning.com/en/glossary/view/System/pop
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Fig.6. below shows the Experimental Set up at Suyash Castings Pvt Ltd.  

 
Fig. 6: Experimental set up at Suyash Casting Pvt. Ltd 

V. RUSULT AND DISCUSSION 

The experimental and Numerical analysis is carried out of centrifugal pump assembly. It has been found that the relative error 

between these two approaches is very minute. The percentage error between the numerical and experimental methods is shown 

in Table II. 
Table – 2 

Percentage error 

Mode Numerical frequency Experimental frequency Percentage Error 

1 759.84 763 0.67451 

2 774.36 780 1.979747 

3 852.72 864 1.986207 

4 1222.5 1230 0.609756 

VI. CONCLUSION 

Numerical and experimental modal analysis of centrifugal pump is carried out. In order to carryout numerical study Ansys 

workbench module is used. Experimental and Numerical analysis shows good agreement of results as percentage of error is less 

than 2%. 
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