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Abstract— Experimental modal analysis has grown steadily 

in popularity since the advent of the digital FFT spectrum 

analyser in the early 1970’s. Today, impact testing (or bump 

testing) has become widespread as a fast and economical 

means of finding the modes of vibration of a machine or 

structure. Mechanical resonance is the tendency of a 

mechanical system to absorb more energy when the 

frequency of its oscillations matches the system's natural 

frequency of vibration than it does at other frequencies. It 

may cause violent swaying motions and even catastrophic 

failure in improperly constructed structures. When designing 

objects, engineers must ensure the mechanical resonance 

frequencies of the component parts do not match driving 

vibrational frequencies of oscillating parts, a phenomenon 

known as disaster. Different techniques, experimental and 

theoretical have been developed to analyse problems related 

to vibration. But in the present era computational techniques 

are quite common and are very reliable as far as the 

vibration analysis is concerned. In this paper, the vibration 

behaviour of radial flow impeller and Turbine generator 

foundation are reviewed. Vibration characteristics of the 

impeller are studied using experimental technique. Also, 

Vibration behaviour of the turbine generator foundation was 

verifieds 
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I. INTRODUCTION 

Vibration deals with the oscillatory motion of dynamic 

systems. All bodies possessing mass and elasticity are 

capable of vibrating at specific natural frequency. The 

phenomenon of resonance occurs if the natural frequency of 

structural systems matches with frequency of dynamic 

loading, which may result in failure of structure. In order to 

avoid such failure, the study of vibrational behaviour of the 

system is essential and in fact absolutely necessary. Today 

computational power is much larger, more reliable and 

relatively cheap and most technological related setups have 

access to computers 

An Experimental Modal Analysis comprises a set of 

experimentally-based procedures which lead to the 

construction of a mathematical model that can be used to 

describe the dynamic behaviour of the test object. Modal 

Analysis may refer to either: 

(1) A formalized test procedure for identifying the 

dynamical properties of structures. 

(2) A mathematical procedure for increasing the 

efficiency of structural dynamics calculations. 

Detecting damages or other changes in the integrity of a 

structure during its service life 

 

Mathematical modal analysis is an analytical procedure 

used to uncouple the structural equations of motion by use 

of a known transformation, as outlined in the following 

section. The resulting analysis is then readily achieved by 

solution of the uncoupled equations. The modal response of 

the structure is then found through a reverse transformation, 

followed by a summing of the respective modal responses, 

in accordance with their degree of participation in the 

structural motion. 

Modal testing is a formalized method for identification 

of natural frequencies and mode shapes of structures. It 

utilizes dedicated modal test equipment, and requires a 

formalized procedure for disturbing, e.g., rapping, the 

structure into motion, and then recording the distribution of 

the resulting motions throughout the structure. The end 

results of a modal test are the various natural frequencies, 

mode shapes, and impedance data of the structure. These 

data are identified from the digitized input signals using 

efficient curve-fitting routines. The results are subsequently 

displayed as impedance plots and mode shapes (possibly 

animated).  

A. Practical Modal Analysis Procedures 

Practical modal analysis, or modal testing, involves the 

following operations: 

(1) The structural response amplitude is acquired in 

digital format throughout a prescribed frequency 

domain, at a given displacement point r for 

excitation applied at a point s. 

(2) The modal mini-computer automatically develops 

and stores this digitized frequency response data in 

a designated memory for subsequent processing. 

(3) Curve-fit routines are applied to the frequency 

response data to identify the natural frequencies 

within the given frequency range. The 

corresponding mode shapes are extracted from the 

digitized amplitude data at the natural frequencies. 

(4) The mode shapes may be animated in terms of the 

simplified structural model, corresponding to those 

locations at which the response has been 

determined. 

(5) The modal damping is estimated from the 

magnitude of the response at each natural 

frequency. This is often the most approximate 

structural parameter obtained by modal testing. 

(6) Modal matrix data are identified for the structure. 

Output is developed for mass, stiffness, and 

damping matrices suitable for further 

computations, based on the structural modal 

properties. These data are printed out for 

subsequent use. 

(7) Some software packages permit modifications to be 

made to the matrix data, to evaluate the influence 

of possible changes on the natural frequencies and 

mode shapes. These packages can be run on certain 

commercially available modal analyzers [5] 
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B. Advantages of Modal Analysis 

 

The mode shapes and natural frequencies of a structure are 

its basic dynamic properties. Modal testing is used to rapidly 

identify these modes and their natural frequencies, and to 

provide the structural matrices, which govern the modes and 

natural frequencies. Thus the basic structural dynamic data, 

when obtained accurately from a valid test also provides a 

true identification of the structural properties for the modes 

of interest. These derived matrices are based on the 

measured participation of the mass, stiffness and damping 

properties in the modes of interest, for the actual boundary 

conditions, which the structure is experiencing. These data 

can then be used directly in a finite element model for the 

structure or component, for subsequent problem solving, or 

re-designing the equipment for more optimum dynamic 

response. 

Modern modal analysis test equipment has been 

developed to provide the maximum convenience in testing 

and data reduction, and to provide the above-mentioned 

dynamic properties of the structure. All modal analyzers 

contain dedicated mini-computers for efficient high-speed 

data processing, performed in a prescribed manner in 

accordance with a specialized test routine. In the hands of an 

experienced modal analyst, this leads to economical 

extraction of the data mentioned above. The advantages of 

modal analysis are, first, that a modal test provides the most 

rapid and effective procedure available for the acquisition of 

data on the dynamic properties of a structure. Such testing 

can often be performed by a skilled technician for later 

interpretation by a dynamics engineer. Second, modal 

analysis is an effective analytical procedure for the solution 

of large sets of structural dynamics equations because it 

reduces coupled matrix equations (which must otherwise be 

solved by some iterative procedure) to a set of independent 

linear equations, each with the well-known closed-form 

solution given above. Modal solutions can therefore be 

obtained directly, without further numerical operations. 

These solutions are then re-combined to form the complete 

solution to the structural response problem in question. It 

should here be noted that solutions to harmonic, transient, 

and random forced vibration problems can all be obtained 

using this modal analytical procedure [5] 

 

C. Limitations of Modal Analysis 

 

The output from modal testing consists of natural 

frequencies, mode shapes, modal stiffness, modal damping, 

and modal mass matrices. The main assumption involved in 

the acquisition of this information is that the structural 

system is linear, i.e., structural displacements are directly 

proportional to applied loads. In practical structures this 

condition is not always met. Structural systems may be non-

linear to some degree, due to those causes listed below. 

Nonlinearities complicate the extraction of modal data and, 

where their effect is strong; they may invalidate the results 

obtained by linear analysis. Non-linear effects may be 

present in a structural system due to several causes: 

(1) The material properties may be non-linear, e.g., 

composite structures, visco-elastic materials, 

elastic-plastic materials, where displacement is 

non-linearly related to force. 

(2) Where large amplitudes are involved, the geometry 

may result in displacements, which are non-linearly 

related to load, e.g., large deflections of plate and 

shell-type structures. 

(3) The structural boundary conditions may introduce 

nonlinearities, e.g., structures where the number of 

support points changes, or where the structure is a 

rotor mounted in fluid-film bearings experiencing 

relatively large whirl amplitudes. 

Such non-linear effects complicate the analysis and tend 

to introduce errors into the data reduction and curve-fitting 

estimates of natural frequencies. Such results cannot always 

be adequately represented by a linear analysis, because the 

properties change according to the magnitude of the applied 

load. Errors can range from small errors where minor non-

linearities are present to large errors where the non-linear 

effects are substantial, such as in multiple support structural 

contact problems (load-dependent indeterminacy) [5] 

II. EXPERIMENTAL MODAL ANALYSIS REVIEW 

In this paper we have reviewed two vibrational analysis case 

studies i.e. Radial flow Impeller and Turbine generator 

Foundation. 

A. Case History 1- Vibration Analysis of a Radial Flow 

Impeller [1] 

(1) Purpose: Turbo machinery blades are usually 

exposed to very hostile operating conditions and 

failure of a single blade may lead to major 

secondary damage to the machine. Radial flow 

impeller has been used extensively in aircraft 

propulsion, which is more critical application. 

Hence, the knowledge of vibration behavior will be 

useful for optimizing their fatigue life and 

efficiency. Hence, the vibration characteristics of 

the impeller have been studied 

(2) Procedure: The finite Element model of the 

Impeller was modeled using 3D 20- noded brick 

elements. It consists of 14256 elements and 114048 

DOF. 

 
Fig. 1: Radial Flow Impeller (Dimensions in mm) [1] 
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Fig. 1  Impeller mesh using solid element [1] 

Table-1 shows the results obtained for the Impeller in a free-

free condition, while some of the nodes are depicted in Fig.3 

Table 1: Natural Frequencies and Nodal Diameter of the 

Impeller [1] 

Mode No. Natural frequency (Hz) Nodal diameter 

1,2 950.4 2 

3,4 960.5 4 

5,6 960.8 3 

7,8 961 5 

9,10 961.2 6 

11,12 962.7 7 

13,14 963.3 8 

15,16 963.6 9 

17,18 999.6 1 

19 1011.6 0 

20,21 1156.2 2 

22,23 1649.7 3 

24,25 1952.7 4 

26 1986.5 0 

27,28 2145.3 5 

29,30 2207.5 6 

31,32 2228.8 7 

  
a- Mode Shape 1 (2 ND)            b- Mode Shape 2 (2 ND) 

 

  
c- Mode Shape 3 (4 ND)            d- Mode Shape 4 (3 ND) 

 

 

     
e- Mode Shape 13 (8 ND)            f- Mode Shape 26 (0 ND) 

Fig. 3 Mode shapes f the Impeller using solid elements [1] 

Due to general lack of confidence in FE models, 

the dynamic testing of structures has become a standard 

procedure for model validation and updating [2]. By 

conducting the hammer test, the experimental FRF data 

were analysed using a global multi FRF analysis method. 

Table-2 presents the measured natural frequencies for the 

impeller versus calculated results from FE models. Natural 

frequency differences between measured and FE predicted 

results are also included. The results from the FE model 

using solid elements are in good agreement with the modal 

testing data within 16% [1]. 

Table 2: Natural Frequency Results for the Impeller 

(Measured against FE) [1] 

Measurement Finite Element Differe

nce 

Natura

l 

Freque

ncy 

(Hz) 

Nodal 

diamet

ers 

Dampin

g% 

Natura

l 

Freque

ncy 

(Hz) 

Nodal 

diamet

ers 

Natura

l 

Freque

ncy 

(%) 
957 2 0.31 950.4 2 0.7 

965.5 9 0.99 963.6 9 0.2 

969.9 9 0.34 963.6 9 0.7 

1004.8 1 0.4 999.6 1 0.5 

1024.2 1 0.21 999.6 1 2.4 

1151.9 2 0.1 1156.2 2 -0.4 

1197.3 2 0.07 1156.2 2 3.4 

1311.5 

2 0.36 

Not-

Predicte

d - - 

1312.6 

2 0.3 

Not-

Predicte

d - - 

1859.8 3 0.34 1649.7 3 11.3 

1862.9 3 0.43 1649.7 3 11.4 

2156.9 4 0.37 1952.7 4 9.5 

2159 4 0.29 1952.7 4 9.6 

2323.4 5 0.27 2145.3 5 7.7 

2324.5 5 0.41 2145.3 5 7.7 

2410.9 

5 0.39 

Not-

Predicte

d - - 

2610.7 6 0.42 2207.5 6 15.4 

2612.2 7 0.13 2228.8 7 14.7 

2613.2 7 0.23 2228.8 7 14.7 
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(3) Comments: The modal analysis was carried out on 

the hammer testing results. The experimental 

results show good agreement with Finite Element 

Analysis around 16% of error 

B. Case History 2- Modal Analysis of a Turbine Generator 

Foundation [3] 

(1) Description of foundation: A 330 Mw turbine 

generator is mounted on the massive reinforced 

concrete foundation shown in Fig.4. The total 

weight of the turbine foundation is 2180 tons. The 

foundation is supported on 50 ft. concrete piles 

which extend down to bedrock. The natural 

frequencies and mode shapes of the unit were 

obtained by modal test and by finite element 

analysis to satisfy seismic requirements. 

 

Fig. 4 Turbine generator concrete foundation [3] 

(2) Modal Test: A total of 68 nodal test sites were 

selected to provide modal rap test data in x, y, z 

directions shown. Analysis of the modal test data 

led to the identification of 20 modes between 3.88 

Hz (fundamental, X- longitudinal) and 229 Hz 

(complex platform bending torsion). 

(3) Finite element Calculation: A finite element 

calculation was also made for the foundation based 

on the construction drawing and assuming that the 

concrete columns were elastic for 3 ft. below the 

concrete floor, and were rigidly secured below this 

depth. The calculated natural frequencies are 

compared with the measures frequencies in Table 3 

Table 3: Frequencies of Natural Modes, Modal Analysis and 

Finite Element Calculations [3] 

Mode Measured 

Frequency Hz 

Calculated Frequency 

HZ 

1 3.88 3.41 

2 4.12 4.27 

3 5.05 5.36 

4 9052 9.89 

5 15.86 17.44 

6 19.11 20.61 

7 27.30 26.62 

8 35.61 40.33 

9 40.19 45.87 

10 55.22 56.21 

11 73.71 79.68 

12 90.23 99.64 

 

 

Fig. 5 A- Mode 1, 3.88 Hz, x-translational, in phase, rigid 

platform 

B- Mode 2, 4.12 Hz, y-lateral in-phase, rigid platform. C-

Mode 3, 5.05 Hz, y-torsion, platform warping. D-Mode 4, 

9.52 Hz, y-lateral, platform bending [3] 

(4) Foundation Modes: The first four calculated modes 

of the structure are shown in Fig 5. Mode 1 is 

lateral translation of the structure at 4.12 Hz. Mode 

3 is rigid torsion of the platform on its columns at 

5.05 Hz and mode 4 is a platform warping and 

column Vs column bending. 
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(5) Discussion of Results: The correlation obtained 

between the frequencies shown in Table 3 confirms 

both analysis i.e. Modal and F.E. the finite element 

model was formed solid elements with 

reinforcement rods situated along element 

interfaces. The turbine generator was modelled 

with discrete masses. The contribution of the 

turbine generator is expected to be minor below 30 

Hz, at which frequency any excessive rotating 

unbalance may couple with mode 7.  

 

Fig. 6 EI Centro earthquake, May 18, 1940 NS ground 

acceleration, velocity and displacement [3] 

The results of this study identify and confirm the 

location of the natural frequencies of the foundation 

structure and reveal the associated mode shapes. Further 

calculations concerning possible response to earthquake 

excitation can next be made using finite element models. 

III. CONCLUSIONS 

The aim of this study was to study the vibrational behaviour 

of the components i.e. Radial flow Impeller and Turbine 

generator foundation. Both numerical simulations and 

experimental tests were applied and compared to one 

another, thus making the results more convincing. The 

comparison between the results obtained through Modal 

Analysis and Finite Element Modelling show high degree of 

similarity in general for the modal frequencies and shapes. 

This excellent agreement is clearly seen between the 

measured and calculated resonance frequencies. 

This validated data can be used as reference data 

for further optimization of the component by modifying the 

FE Model. 
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