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Abstract. The objective of the paper was to enhance the theoretical analysis of vibration data by using 

contemporary programming tools and to investigate different methods of using built-in MATLAB functions in 

the National Instruments (NI) LabVIEW system design software. The data for analysis were obtained from 

vibrating systems under dynamic loading, and the MATLAB code was developed specifically for hydropower 

turbine vibration monitoring activities. The dynamic cyclic load conditions analyzed in the given paper were 

observed on a hydropower turbine resulting from the generator drive, hydraulic pressure and shock. Various data 

sets available for the analysis were experimentally obtained from the dynamically loaded object using the 

vibration monitoring system and specific rotor air gap measuring system. The given paper consists of description 

of the observed mechanical model and vibration equations included in the analysis of dynamic behavior of the 

hydropower turbine and subsections, aimed to integrate the MATLAB code into the existing monitoring system 

and compare the analysis accomplished thereof with the harmonics analysis obtained from LabVIEW without 

using the particular code. 
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Introduction 

The programming goal discussed in the paper was to establish the framework for power quality 

assessment of a hydropower generator. The suggested framework states that electric power quality is 

affected by mechanical faults of the power generator like rotor air gap eccentricity, rotor and stator 

vibration characteristics and unbalance [1; 2]. The power quality was analyzed based on harmonic 

components of every generator pole.  

The air gap of the rotor should be evaluated at least once in 5 years, as well as before and after 

reconstruction of hydropower generation units [3; 4]. Evaluating the air gap and rotor form helps 

perform proper balancing of the unit and eliminate vibration [2]. 

The papers and projects addressing similar problems suggest different methods to integrate 

LabVIEW and MATLAB programs, for example, Mathscript tool, FPGA controllers etc. [5-11]. 

Materials and methods 

To meet the objective of the study a set of measurements was performed on the hydropower 

generating unit with the following main instrumentation - power analyzer for three-phase electrical 

networks, laser tachometer kit, vibration measurement equipment, air gap measuring system. The data, 

acquired from the experiments, were analyzed through LabVIEW, MATLAB programming tools and 

Microsoft Office Excel.  

LabVIEW interface has been designed to visualize data. The available data were analyzed and 

stored both in .lvm and.xls format. The ActiveX technology integrated in LabVIEW allowed to take 

the data in .xls files and to store them in devoted structures (array and cluster). 

To evaluate both, centrifugal and electromagnetic forces effects on the air gap and rotor form, the 

measurements were performed in different idle and loaded work conditions (modes). Ten minutes long 

measurement was taken at idle mode with the load 13.8 kV and nominal rotational speed, 2,5 hours at 

nominal load. After the stator reached its normal operating temperature, measurements at reactive 

power at 0 MVAr were taken and measurements of active power (10 MW, 45 MW, 90 MW) followed. 

The duration of each measurement was ten minutes. Then five minutes long measurements with active 

power 90 MW and following reactive power of +20, -10, -20, -30, -40, -50, -60, -70 MVAr were 

performed. Finally, measurements at Synchronous Compensation with loads +20, 0, -10, -20, -30, -40, 

-50, -60, -70 MVAr were performed. 

The quantitative values of the air gap for the rotor were collected for the diagram of the rotor 

form, which were calculated as follows [3]:  
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where Arot.max – maximum value of measured air gap;  

 δrot.avg – average value of all air gap measurements.  

To evaluate the rotor air gap deviation statistically mean values of the obtained data set and 

standard deviation formula were used. For vibration data the root mean square (RMS, quadratic mean) 

values were used as common statistical measure of the varying vibration magnitude. 

The MatLAB program code was developed to reduce the time for future investigation 

calculations. Please, refer to Figure 1 for the code example. The ready-to-use code also simplifies 

future data analysis and allows accomplishing graphical representation of data faster [12]. 

 

 

Fig. 1. MATLAB code 

Such simplified analysis was applicable for measurements where no extreme air gap deviation is 

expected. 

 

Fig. 2. Poles of rotor of hydro generator: 1 – overall data set for 1 mode with 90 MW active power; 

2 – data limited to 1 rotation time; 3 – data for one rotor pole  

Please, refer to Table 1 and Figure 4 for some main values of vibration obtained during the mode 

with 90 MW active power. 
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Table 1 

Values of Peak to Peak and Peak to Peak RMS vibration for 90 MW load 

Location 
P-P, 

µm 

P-P RMS, 

µm 

Generator bearing case in radial direction for right side of the unit 24 12 

Turbine bearing case in radial direction for right side of the unit 183 82 

Generator shaft, left side of the unit 135 98 

Generator shaft, right side of the unit 102 69 

Core of the stator, upper end, right side of the unit 119 58 

Core of the stator, middle position, right side of the unit 90 51 

Core of the stator, lower end, right side of the unit 61 45 

Case of the stator, right side of the unit 76 37 

 

Fig. 3. Plotted values for 1 rotation cycle of hydro generator: vibration at 100 Hz, stator core, 90 

MW 

Results and discussion 

It was found that vibration of the hydropower generator had significant effect on the output power 

quality. It was also discovered that the opposite effect takes place and power quality disruptions as 

harmonics and flicker increase vibration of the generator [13]. The framework for future similar 

measurements was developed. 

After the actual measurements the numerical values were obtained through LabVIEW program 

application and for the simplicity plotted in MSC Excel. Please, refer to Figure 4 for illustration of the 

air gap in 90 MW mode.  

 

Fig. 4. Air gap graphical representation in LabVIEW in 90 MW mode 
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It was observed that the upper sensor measurements differ from the lower sensor measurements 

for the air gap. Figure 5 represents two upper and two lower rotor pole air gaps. The same behavior 

was observed for electromagnetic force measurements. Putting both facts together, conclusion could 

be made that the stator wall is not perfectly vertical; therefore, constant discrepancy between any two 

or more lower and any two or more upper end values appeared. Nevertheless, also discrepancies 

between the rotor poles on the upper end only exist. The example of discrepancies of rotor pole 

characteristics, compared to the sine wave could be seen also in Figure 5, which means that the rotor 

poles are indeed different. 

 

 

Fig. 5. Air gap on 2 rotor poles compared to perfect sine wave  

The deviation of the rotor air gap, illustrated in Figure 6 was calculated to be 2.7 %, which was 

less than 3 % and therefore compliant to the standard [3]. The deviation of the air gap from perfect 

sine wave in Figure 5 illustrates the vibration effect on the power quality, but further analysis should 

reveal which particular bearing vibration has to be eliminated or which rotor pole has to be fixed. 
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Fig. 6. Plotted values of rotor air gap 

 Some abnormal behavior was observed during vibration measurements, particularly at 100 Hz 

rate. The data about vibration at 100 Hz rate have been collected since 1998. The data are a useful 
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material for future investigations, because it is still not clear what mechanical faults exactly cause the 

flicker at the particular rotation speed.  

Normally by observing increasing phase shift per harmonic, the phase shift gets greater the higher 

the frequency [13], but for particular measurements done during the study (specifically at frequency 

100 Hz) the effect was just the opposite. 

In the methodology section it was shown that simplified air gap analysis by equation (1) was 

applicable for particular measurements, because no extreme air gap deviation was expected. However, 

for further analysis Fourier transformation should be used. Thus, the first harmonic component will 

describe eccentricity of the rotor, the second – elliptic form and higher harmonics will show if the 

rotor has more complicated air gap deviation [3; 13]. Defining harmonics through Fourier analysis 

should be a good way to quantify non-linear load and is suggested for further investigations.  

During further investigation it should be considered that the major producers of harmonics could 

be large converter-controlled electric motor drives. Such harmonics (as well as harmonics from 

miscellaneous equipment like computers) do not inject a harmful level of harmonic currents into the 

public electricity supply system if filtered on site [13].  

For future measurements the following framework is suggested [4-6]. 

1. The working program with modes similar to those listed in the materials and methods section 

should be composed. 

2. The numerical values of the expected vibration should be obtained through MATLAB code 

developed in the materials and methods section for the particular study [7-8]. 

3. The information, which could be useful for further investigation, should be collected. The 

suggested information should include (but is not limited to) the following characteristics: 

• the characteristics of the iron of the transformer core; 

• the designed flux level of the transformer; 

• the level of the supply voltage compared to the nominal; 

• the inductance of the relevant transformer winding when saturated; 

• the load on any other windings on the transformer, and the coupling between the windings. 

• the Total Harmonic distortion calculated and high order harmonics analyzed if percentage of 

the rotor gap deviation from the average value is larger than 3 % [13]. 

For further studies three other hydropower generating units will be chosen. Knowing the specifics 

of each unit, the measurement results of the power quality and vibration could be compared, and 

correlation between the values and defects could be found. For the forthcoming measurements it is 

suggested to use the proposed framework and the same LabVIEW program. For further studies it 

would be also beneficial to use the real-time machine containing FPGA chipset which can be 

configured directly from the NI LabVIEW environment. The main advantage of the device would be 

saving of computational time and reliable timing [5; 12]. 

Conclusions 

The developed framework described how the stator and the rotor vibration amplitudes were 

affected by the value of the eccentricity, the internal power-angle of the generator and the exciting 

current under the air gap eccentricity fault. Combination of MATLAB and LabVIEW programming 

languages allowed processing data from different measurement devices simultaneously, optimizing the 

data processing time and making the code appearance more user-friendly. 

The framework is beneficial for diagnosis of hydropower units since it relates electrical and 

mechanical analysis and provides an example of data acquisition program suitable for further 

investigations. 

Procedures described can be applied on a yearly based dataset of corporate vibration severity 

reports. Built-in MatLAB codes require minimum space, but have similar functionality as LabVIEW 

elements. Since LabVIEW block diagrams do not have zooming options, built-in MATLAB codes 

provide an opportunity to build leaner block diagrams. As a result, one could make improvements and 

find mistakes in the codes faster. Moreover, MATLAB has plenty of additional libraries and the 

Simulink add-ons, which could help to develop advanced application for FFT analysis of harmonics. 
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Analysis of FFT in MATLAB could be used as a complementary tool for built-in spectrum analysis 

available in LabVIEW, which would increase reliability of the data obtained. 
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