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Abstract 

This work deals with the problem of vibration control in rotating machinery, through the implementation of a data 
acquisition system, for monitoring vibrations in examined gas turbine. The vibrations are measured and processed for 
supervised the mechanical condition of the examined gas turbine. The tested results obtained are very satisfactory using 
the monitoring system to control vibrations in the studied gas turbine. 
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1. Introduction 

Gas turbines are rotating machinery driving continuous 
flow, fitted with an axial compressor and combustion 
chambers and is able to produce itself a fluid under 
pressure and at high temperatures, which in undergoing 
its expansion phase deferent in turbine stages, mechanical 
energy supplied to the outside. It is a true stand-alone unit 
that is sufficient to itself [1, 3, 9, 14 and 18]. 
Understanding of the vibration behavior in turbine is an 
industrial issue whose importance has steadily increased 
in recent years [5, 6, 8, 10 and 19]. The dynamic 
deformation uncontrolled structure (eg shields and blades 
of a turbine), can cause premature aging of components, 
or even unacceptable noise and vibration. Current studies 
on the vibration behavior of gas turbine and treatments as 
well as analyzes of the measured signals can subsequently 
assembled vibration effects observed to material causes 
that generate and provide a very powerful tool for 
maintenance purposes, especially in the gas and oil 
industry or the competition is expressed by the quality 
and costs [13, 16]. 

 
The objective of this paper is the implementation of a 

data acquisition system for monitoring vibrations in the 
gas turbine TITAN 130. Certain operating conditions for 
gas turbines cause abnormalities in their operations. The 
appearance of strong vibration causes damage in organs 
of the turbine. So, taking into account malfunctions to 

determine the appropriate requirements for maintenance 
or repair. All turbines are all prone to vibration 
phenomena under certain conditions. The results obtained 
show how, in a maintenance policy, the vibrations are 
measured, processed and used for diagnosis, to assess the 
mechanical condition of the turbine. 

2. Gas compression station SC3 

The gas compressor station SC3 / Sonatrach , Djelfa , 
Algeria , which proposes to exhaust our case studies , has 
03 Turbochargers TITAN 130 power literally every 14.5 
MW , to increase the gas pressure pipeline GG1 of 42 bar 
to 70 bar. Gas compressor station SC3 - MOUDJBARA 
has 03 Turbochargers mounted in parallel to increase the 
pressure of the gas at 72 bar max in gas pipeline GG1. A 
vibration monitoring system is installed in order to control 
the vibration in the turbine. Our study was devoted to the 
vibrations in the turbine TC2. The procedure of data 
acquisition parameters and variables of the turbine is 
made by a computer-assisted, installed at the station 
operation and engineering. The supervision system of the 
SC3 facility has two types of labels (Analog and all or 
nothing). This system is shown in the following figure 1.  
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Fig. 1. Synoptic monitoring SC3 / station Sonatrach, Djelfa, Algeria 

This synoptic monitoring shown in figure 1 offers the 
user a window into the operation of the equipment. A view 
of navigation appears on the left side of the display. This 
view allows you to quickly navigate to all project views, all 
reports or additional application. 

2.1. Vibrations data analysis 

Data analysis of vibrations in the turbine TITAN 130 is 
used to collect data and to make different treatments and 
scaling of this data. For our application we considered the 
radial positions of the vibration sensors in the turbine 
TITAN 130, shown in the figure 2. 
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Fig. 2. Sensors positions for radial vibration in gas turbine TITAN 130 

 
Like any movement, vibration recorded during the 

routes can be quantified by three fundamental quantities [6, 
12, 17, 22 and 23]. The displacement and the speed of this 
movement and acceleration experienced to make this move. 

The model considered the turbine has two inputs: 1T  

ambient temperature and the mass flow rate cm& of the fuel, 

given by the following equations: 
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The air mass flow am&  is given by:   
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We must control the combustion of the gas turbine by 
controlling the ratio of the yield f  given by: 
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Sensors provided from the outputs of the engine include: 
high speed HP pressure (NGP) tree, the low pressure shaft 
speed (NPT) and the blade temperature. These 
measurements can be used to provide different pairs of 
input-output for the vibration control in the closed loop. For 
the movement of a harmonic and written by the vibration 
equation: 

)sin()( ϕ+= wtAtx              (4) 

With w  is the pulse, ϕ  is the phase and A  is the 

amplitude and the unit used is micrometers (µm). 
For vibration speeds )(tν  and vibration acceleration 

)(ta  is obtained by derivation give by: 
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Commonly used units are millimeters per second (mm / 
s).  

It follows from equations (4) and (5) the following 
interlink among the modules: 
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Equation (6) highlights the importance of choice of the 
physical quantity to be measured by monitoring the gas 
turbine. Compared with a measurement speed mode, the 
measurement in displacement mode will effectively mitigate 
all medium and high frequency components and amplify the 
low frequency components. However, the measure 
acceleration mode will have the effect of reducing the low 
frequency components and amplify the high frequency 
components.  

In this work; we study a radial vibration in gas turbine, 
by the twist in the simple case of a circular cross rotor 
section. The dominant torsional displacement is the rotation 
of the cross sections given by the angular displacementα , 
the simplified displacement is used as follows [24, 25]: 
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For the deformations calculations flowing the Hamilton 
functional, is give as following:  
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The Hamilton functional construction is given by the 
following equation:  
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The rotor motion is given by:  
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Where 
)1(2 ν+

= E
G  is the shear modulus of the rotor in 

the limitations conditions 01 =x and lx =1 . 

( ) ( )















=
∂
∂

=

=
∂
∂

=
 (l,t)

x

α
GI

l,tα

   and    ,t)(
x

α
GI

,tα

0

0

00

00

1

1

1

1

     (11) 

The condition 0=α  is a condition of installation and 

the condition 0
1

1 =
∂
∂
x

GI
α

 when no torsion is a free end 

provided. The stress on the rotor surface is determined by 
the using of the following equation: 
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Osama Ashour et al. in [21] used a non-linear model for 

configuration and control for on-line monitoring of gas 
turbines. Also, the rapid shutdown of the turbine may cause 
inconvenience at rotating turbine components [2, 4, 7, 11, 
15 and 20]. In this work, we propose a organization chart for 
the control vibration in gas turbine TITAN 130, shown in 
Figure 4, with changes in the control program. To preserve 
the bodies of the turbine and increase the response time of 
the operator to find the source of vibrations. 
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Fig. 3. Proposed organization chart for vibration control in gas turbine 

TITAN 130 

3. Applications results  

The presented results in this section are obtained with 
the using of a real data at the examined gas turbine TITAN 
130. 

 

Fig. 4: Curve of the discharge pressure 

 

Fig. 5: Vibration radial of the bearing B1 

 

Fig. 6: Vibration radial of the bearing B2 

 

Fig. 7: Vibration radial of the bearing B3 
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Fig. 8: Vibration radial of the bearing B4 

 

Fig. 9: Vibration radial of the bearing B5 

The shown results, obtained by the proposed vibration 
monitoring system, this results shown that all the vibrations 
of the turbine TITAN 130 has the following features: 

• Nature of random vibration pulse type,  
• Amplitude variable in the lower allowable 

value time,  
• Variable frequency period of the order of 

minutes. 
It follows that the turbine is operating in its normal diet 

and these vibrations are produced by events due to the 
normal force generated by the rotation of the turbine. From 
the results of the vibrations curves, we have found that the 
amplitudes of the vibrations are proportional to the speed of 
the turbine, the gradual decrease of the speed decreases the 
amplitudes of the vibrations. 

4. Conclusion  

Through measures and analyzes signals of the vibration 
behavior of the examined gas turbines, we can confirm that 
the proposed control algorithm is basic tools for 
supervision of the mechanical state of the turbine and 
providing supervision system. The proposed control 

algorithm gives best results on vibration control of 
industrial gas turbine. The validation of the developed 
algorithm was tested on real time at the gas compressor 
station SC3 / Sonatrach, Djelfa, Algeria, by direct 
implementation in the examined gas turbine. 
 

References 

1. Bernhard Schweizer, Mario Sievert, Nonlinear oscillations of 
automotive turbocharger turbines. Journal of Sound and Vibration, 
vol. 321, no. 3–5, April 2009, pp. 955-975. 

2. Boaghe O.M, Billings S.A, Li L.M, Fleming P.J, Liu J., Time and 
frequency domain identification and analysis of a gas turbine engine. 
Control Engineering Practice, vol. 10, no. 12, December 2002, pp. 
1347-1356. 

3. Bill Forsthoffer W.E., Gas turbine control and protection. 
Forsthoffer's Rotating Equipment Handbooks, vol. 1, 2005, pp. 439-
454. 

4. Chacartegui R., Sánchez D., Muñoz A., Sánchez T., Real time 
simulation of medium size gas turbines. Energy Conversion and 
Management, vol. 52, no. 1, January 2011, pp. 713-724.  

5. Combescure D., Lazarus A., Refined finite element modelling for the 
vibration analysis of large rotating machines: Application to the gas 
turbine modular helium reactor power conversion unit. Journal of 
Sound and Vibration, vol. 318, no. 4–5, December 2008, pp. 1262-
1280. 

6. Daniel Greco, Philippe Blanc, Evelyne Aubry, Ivan Vaclavik, Active 
vibration control of flexible materials found within printing machines. 
Journal of Sound and Vibration, vol. 300, no. 3–5, March 2007, pp. 
831-846. 

7. Djamel Halimi, Hafaifa Ahmed and Elahmoune Boua, Maintenance 
actions planning in industrial centrifugal compressor based on failure 
analysis. The quarterly Journal of Maintenance and Reliability, 
January 2014, vol. 16, no. 1, pp. 17–21. 

8. Ewins D.J., Control of vibration and resonance in aero engines and 
rotating machinery – An overview. International Journal of Pressure 
Vessels and Piping, vol. 87, no. 9, September 2010, pp. 504-510. 

9. Franck Richecoeur, Thierry Schuller, Ammar Lamraoui, Sébastien 
Ducruix, Analytical and experimental investigations of gas turbine 
model combustor acoustics operated at atmospheric pressure. 
Comptes Rendus Mécanique, vol. 341, no. 1–2, January 2013, pp. 
141-151. 

10. Hafaifa Ahmed, Mouloud Guemana and Attia Daoudi, Vibration 
supervision in gas turbine based on parity space approach to 
increasing efficiency. Journal of Vibration and Control, August 2013, 
doi:10.1177/1077546313499927.  

11. Hafaifa Ahmed, Attia Daoudi and Mouloud Guemana, SCADA for 
Surge Control: Using a SCADA network to handle surge control in 
gas suppression systems in pipelines. Control Global | Process 
Automation Technologies Journal, ISA Transactions, March 2011, 
vol. 24 no. 3, pp.69-71. 

12. Hafaifa Ahmed, Attia Daoudi and Kouider Laroussi, Application of 
fuzzy diagnosis in fault detection and isolation to the compression 
system protection. Control and Intelligent Systems ACTA Press, July 
2011, vol. 39, no. 3, pp. 151-158. 

13. Hafaifa Ahmed, Ferhat Laaouad, and Kouider Laroussi, A Numerical 
structural approach to surge detection and isolation in compression 
systems using fuzzy logic controller. International Journal of Control, 
Automation, and Systems, IJCAS, February 2011, vol. 9, no. 1, pp. 
69-79. 

14. Hafaifa Ahmed, Ferhat Laaouad and Kouider Laroussi, Fuzzy logic 
approach applied to the surge detection and isolation in centrifugal 



 Monitoring system based on real data acquisition for vibrations control in gas turbine system 

Revue « Nature &  Technologie ». A- Sciences fondamentales et Engineering, n° 14/ Janvier 2016. Pages 13à 18 

18 

compressor. Automatic Control and Computer Sciences, Springer 
2010, vol. 44, no. 01, pp. 53–59.  

15. Hafaifa Ahmed, Belhadef Rachid, Guemana Mouloud, Reliability 
model exploitation in industrial system maintainability using expert 
system evaluation. Proceeding of the 4th International Conference on 
Integrity, Reliability and Failure IRF2013, 23-27, June 2013 Madeira, 
Portugal, pp. 387-388. 

16. Hamdi Taplak, Mehmet Parlak, Evaluation of gas turbine rotor 
dynamic analysis using the finite element method. Measurement, vol. 
45, no. 5, June 2012, pp. 1089-1097. 

17. Mouloud Guemana, Slimane Aissani and Hafaifa Ahmed, Use a new 
calibration method for gas pipelines: An advanced method improves 
calibrating orifice flowmeters while reducing maintenance costs. 
Hydrocarbon Processing Journal, August 2011, vol. 90, no. 8, pp. 63-
68. 

18. Min Chul Lee, Youngbin Yoon, Development of a gas turbine fuel 
nozzle for DME and a design method thereof. Fuel, vol. 102, 
December 2012, pp. 823-830. 

19. Namcheol Kang, Arvind Raman, Vibrations and stability of a flexible 
disk rotating in a gas-filled enclosure—Part 2: Experimental study. 
Journal of Sound and Vibration, vol. 296, no. 4–5, October 2006, pp. 
676-689. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

20. Ng W.B., Syed K.J., Zhang Y., The study of flame dynamics and 
structures in an industrial-scale gas turbine combustor using digital 
data processing and computer vision techniques. Experimental 
Thermal and Fluid Science, vol. 29, no. 6, July 2005, pp. 715-723. 

21. Osama Ashour, Abdurrahman Khalidi, Ever Fadlun, Nicola Giannini, 
Marco Pieri, Alberto Ceccherini, On-line Monitoring of Gas Turbines 
to Improve Their Availability, Reliability, and Performance Using 
Both Process and Vibration Data. Proceeding of the 3rd Gas 
Processing Symposium, 2012, pp. 334-343. 

22. Seungchul Lim, Sang-Min Park, Kab-Il Kim, AI vibration control of 
high-speed rotor systems using electrorheological fluid. Journal of 
Sound and Vibration, vol. 284, no. 3–5, June 2005, pp. 685-703. 

23. Tzou H-S., Distributed vibration control and identification of coupled 
elastic/piezoelectric shells: Theory and experiment. Mechanical 
Systems and Signal Processing, vol. 5, no. 3, May 1991, pp. 199-214.  

24. Renault A., Jaouen L. and Sgard F., Characterization of elastic 
parameters of acoustical porous materials from beam bending 
vibrations. Journal of Sound and Vibration, vol. 330, no. 9, April 
2011, pp. 1950–1963. 

25. Luc Jaouen,  Vibrations des milieux discrets et continus. Version avril 
2005. 


