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             Abstract — Analyzing rotating data requires a tachometer measurement to estimate the machine RPM as a function of time. 

The accuracy of the RPM versus time function is important for analyzing rotating data. Vibration measurements can be 

expressed in terms of displacement, velocity, acceleration, and high frequency content (for bearing condition detection). Most 

data collectors use FFT (Fast Fourier Transform) to convert the data from the time domain to the frequency domain. Vibration 

data collectors have a built-in PC interface that allows transfer of the measurements to a PC for data management. Analysis 

software displays spectrum, trend, waterfall plots, and waveform for advanced analysis. To assess a machine, the vibration data 

is compared with historical profiles from the same machine. 

In this research an RPM spectral map plots frequency along the x axis, amplitude along the y axis, and shaft speed in 
revolutions per minute (RPM) along the z axis. View an RPM spectral map to determine, how vibration changes with machine 
speed, and which components are related to rotational speed. The experimental technique used thus far is called Modal Testing; 
the technique has recently been applied to rotating structures. 
The objective of study, it is envisaged that the approach isn’t limited to the condition monitoring and predictive failure but could 
help the designers to have better understanding of rotor performance at the system design stage. 
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1    INTRODUCTION 

         HE vibration analysis software is an essential tool for 

professionals who are analyzing the vibratory behavior 

of     structures and machines[1], [2]. The SO Analyzer 

Rotate Solutions contain several wizards for analyzing 

your rotating data which can be accessed via the 

analysis menu.  

Spline Fit a tachometer measurement to estimate the RPM as 

a function of time with the Tacho Spline Fit 

Wizard[3],[4]. 

• Create frequency versus amplitude versus time plots with 

the RPM Spectral Map Wizard. 

• Compute selected orders as a function of RPM with the 

Computed Order Tracking Wizard[ 5], [6]. 

• Create an Orbit Plotting analysis using time history RPM 

data (e.g. for bearing and shaft analysis). Before analysis can 

begin, Vibration must be converted to an electrical signal-a 

task performed by vibration transducers[7],[8], [9]. The key 

considerations in obtaining a signal that accurately 

represents the vibration are: (i) selecting the right type of 

transducer, and (ii) locating and installing it correctly. The 

vibration characteristics of a machine depend on its 

dynamics and the nature of the forces acting upon it[10], [11]. 

The change of these characteristics with machine speed has 

two important implications for analysis: (i) the vibration 

resulting from a defect may not appear in all speed ranges, 

and (ii) insight into the nature of the machine may be 

obtained from observing the change in vibration with 

speed[12], [13]. The concept of phase relationships is most 

easily seen in the time domain. RPM spectral maps usually 

consist of a series of vibration spectra measured at different 

speeds. A variety of other parameters, including time, load, 

and temperature are also used as the third dimension for 

maps and waterfalls[3],[14]. A common method for 

mapping the variations in the vibration with RPM is to 

measure successive spectra while the machine is coasting 

down or running up in speed. If the machine is 

instrumented with a tachometer, the speed can be monitored 

and used to trigger the measurement thus obtaining 

vibration spectra at uniformly spaced RPM[2],[15]. 

Alternatively, use the SO analyzer configuration page and 

select the rotate and the postprocessing options. Structural 

resonances can cause increases in vibration level with RPM. 

Resonances are fixed in frequency and are straight lines in 

the map. Orders are multiples of the fundamental running 

speed of the machine. Order related components move 

across the map, to the right as RPM increases [5],[16], [17]. 

The RPM Spectral Map Wizard computes the frequency 

spectra for each RPM value by 

T 



International Journal of Scientific & Engineering Research, Volume 3, Issue 6, June 2012                                                                                                           2 

ISSN 2229-5518 

 

IJSER © 2012 

http://www.ijser.org 

1. Locating the time point of the given RPM value from the 

RPM versus time spline fit[1]. 

2. Selecting the time samples around the determined RPM 

time, and 

3. Applying a window to the resulting measurement time 

block and performing a Fourier transform[2], [18]. 

 

 

2    PROCEDURAL METHODOLOGY 

 
 
 

2.1  Examination Setup 

Shaker test or (an electromagnetic shaker), also known as an 

electro dynamic shaker (consist of a magnet, moving block 

and a coil in the magnet)[19], use to find the modes of 

vibration of a machine or structure. The test rotor is shown 

in picture (1). Basically, the rotor consisted of a shaft with a 

nominal diameter of 10 mm, with an overall length of 610 

mm. Two plain bearings, RK4 Rotor kit made by Bentley 

Nevada (the advanced power systems energy services 

company), are used to extract the necessary information for 

diagnostic of rotating machinery, such as turbines and 

compressor[5],[8]. The testing of the process will be 

conducted on the rotary machine as the project is based on 

rotary dynamics reach practical results for the purpose of 

subsequently applied machinery rotary by using (smart 

office program), the smart office is the software which is 

used in this project [16]. It analyzer is suitable for accurate 

and efficient noise and vibration measurements, third-party 

data import/export, data analysis and reporting of the 

results. The SO analyzer supports a wide range of 

measurement front–end (USB, PCI, PX1 and VX1) which 

enables the applications (from two to hundreds of input 

channels)[5],[20], [21]. Then, do the experimental testing 

using the electromagnetic shaker test, installed two 

accelerometers (model 333B32, sensitivity 97.2 & 98.6 mV/g) 

in Y&Z direction, it was attached to the test structure with 

creating a computer when taking readings in file that was 

dimensions and introducing it with the data within the 

program (smart office) [21],[22], [23].  

The Picture (1) shows the electromagnetic shaker body (type 

TIRA vibration, TIRA GmbH, S521, V 22, Nr 142/07). Load 

cell (type PCB, TOP BASE, SN 25580, 208 CO1). The 

acquisition system is connecting to the load cell. The other 

channels are set to ‘Response’ depending on the number of 

accelerometers available to use[18],[20]. All transducers have 

‘Input Mode’ of ‘ICP’. In this channel the source signal is 

activated and selected. Make sure that the module NI-9263 is 

connected to the IDAQ Chassis. This is an output module 

which generates signal. Connect a BNC cable from the NI-

9263 module to the amplifier ‘input’ slot at the back of the 

amplifier. Select ‘Active’ in the ‘Usage’ column. Assign a 

name to the source. Select the signal from the ‘Mode’ 

column. Adjust the parameters according to the test 

requirements. Conceptual design the experiment to carry 

out vibration test (movement accelerometer)[15]. The 

accelerometer was attached to the test structure using either 

bees wax or a high-strength adhesive to coherent with outer 

surface for design and for the purpose of generating 

strength of the movement for the vibration body and the 

creation of vibration for that freely movement along the 

shaft picture (2), and picture (3) show Different types of 

accelerometers you can used, 2012. 

 
 

          

                  Picture 1.  Experimental setup for the modal testing.                        Picture  2. Designing movement frame coherent  with accelerometers.  
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              Picture  3. Different types of accelerometers, 2012. 

 

2.2  Equations of Motion 

The general equations of motion for a revolving and 

supporting structure are given by [24], [25]: 
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For simplification the following terms are introduced: 

  


 krjrjkrkrjrjkr LRGandLRG 
              (5) 

Where ØR   and ØL  are mass-normalised mode shape/ 

Eigen vectors. 

Bi-Orthogonality relationships of left and right Eigen vector 

could be used to diagonals the reacceptance matrix and 

cross reacceptance between two coordinate’s j and k may be 

obtained as follows [3],[4],[12],[ 26]:
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However the complex Eigen values have the following 

forms: 
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Substituting ‚(7) ‚  into  ‚(6)‛  and simplifying give
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Equation (8) represents the reacceptance between two 

coordinates j and k for a system with n degree of freedom. 

The denominator is identical to the denominator of the 

reacceptance expression for an n degree of freedom system 

with symmetric system matrices, but the numerator is very 

different.   

3    RESULTS 

 

3.1  The Tacho Spline Fit Wizard 

The SO Analyzer also offers a familiar way to carry out 

rotate measurements[27]. The Tacho Spline Fit Wizard was 

initially used in former smart office, but it is still available 

for certain applications. 

The Tacho Spline Fit Wizard first estimates the machine 

RPM as a function of time by determining the time between 

the Tacho pulses and computing the RPM[16],[28]. The raw 

RPM estimate is not defined for every acquisition time point. 

It fits a cubic spline to the raw RPM estimate to get a clean 

estimate of the machine RPM as a function the time. The 
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resulting RPM versus time function is defined for every 

acquisition time point. 

In the Tacho Spline Fite Wizard, set parameter to remove the 

effects of noise and missing pulses, set the trigger level, 

slope, and hold off percentage, and select the number of 

knots for the cubic spline fit. Handle rapidly changing RPM 

data by inserting break points in the spline fit, see Fig.,(1). 

 

 

 
                                                                                                                      A- 
 
 

 
 

 

                                                                                                                      B- 

Fig. 1. Removing outlying data points from Tacho measurement; 

 

3.2  The RPM Spectral Map Wizard  

 

In the RPM Spectral Map Wizard, select the window type 

for the Fourier transforms the time block-size and the RPM 

range and resolution for the RPM spectral map[29].  

 

 

 

Trigger point for negative trigger slope Trigger point for positive trigger slope 

Trigger point not accepted in this range 

Tacho pulse period T 

% Percentage of Tacho pulse period T 

during which Trigger point not accepted 

RPM Spline Fit 
RPM Spline Fit 
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3.2.1  Waterfall Display 
 

           

                                 A- At speed 1000.                                                                                            B- At speed 2000. 

          

                                 C- At speed 3000.                                                                                            D- At speed 4000. 
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E- At speed 6000. 

  Fig. 2. RPM Spectral map wizard with resonances and order related components at different speeds of rotation (Waterfall display); 

 

From Fig.,(2) we can see that the speed of rotor increases, the 

amplitude at the same value of the natural frequency rise 

accordingly. And you can conclude the rotational speed 

(angular velocity) of the rotor does affect on amplitude of 

the response. 

3.2.2 Modifying the Properties of the Waterfall  

Display by Colormap Display 

You can switch between (a waterfall plot and colormap) 

displays see Fig. (3), when increase the speed of rotation is 

clear from the figures below increasing the amplitude. 

Resonance 

Order Related Component 
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                                              A- At speed 1000.                                                                                           B- At speed 1500. 

              

                                              C- At speed 2000.                                                                                           D- At speed 2500. 
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                                              E- At speed 3000.                                                                                           F- At speed 4000. 

              

                                             G- At speed 5000.                                                                                           H- At speed 5500.         
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I- At speed 6000. 

Fig. 3. RPM Spectral map wizard (Colormap displays) at different speeds of rotation; 
 
 
 

 

4    CONCLUSIONS 
 

 
 

From Fig.,(2) structural resonances occur at constant 

frequency lines in the map, while order related components 

vary frequency with RPM. Structural resonances can cause 

increases in vibration level with RPM. Resonances are fixed 

in frequency, and are straight lines in the map Fig., (2-E). 

Orders are multiples of the fundamental running speed of 

machine. Order related components move across the map, to 

the right as RPM increases. We can validate the result with 

colormap displays Fig.,(3) to  proof the same fact .  

 

 

 

 

 

 

From this study we can conclude the vibration analysis 

software can be used effectively to analyze new products, or 

to evaluate the vibration that occurs in rotating machinery. 

Using vibration analysis software for assessing machinery 

vibration is a cost-effective method to minimize down time 

and maximize equipment utilization.  
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NOMENCLATURE 

[M]       Mass matrix, speed dependent 

[C] Damping matrix, speed dependent 

[K] Stiffness matrix, speed dependent 

[G] Gyroscopic matrix of rotating system 

{F},{f} Force vector 

 Rotating speed 

ØR
 

Normalised right Eigen vector
 

ØL Normalised left Eigen vector 

 
r

R
 

Mode shape right Eigen vector
 

 
r

L
 

Mode shape left Eigen vector
 

H jk The receptance for one measurement 

between two coordinates j and k 

Im Imaginary  

Re Reynolds number 

r Damping ratio of the rth mode                                       

r Excitation, Natural  frequency of the rth 

mode (modal parameters)  

cr  , dr 
 

Are constants which may be found by 

knowing the initial conditions 

sr Eigen values for (vector  and state space) 

q , r Are generally two different modes 

t Time variable 

n Degree of freedom/coordinates 
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