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Abstract: Due to down-sizing phenomena, in designing and development of internal combustion 
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with less fuel consumption.  
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From the most common methods of charging engines we mention the turbocharging using a 
turbocharger. Recent researches in the field of turbochargers show that specific models of 
turbochargers are capable, in some functioning conditions, of reaching rotational speeds over 250000 
rot/min. Turbocharging always raised, from the very beginning, major problems related to noise and 
vibration traced to the turbocharger rotor. Due to high rotational speeds it is absolutely necessary to 
maintain a rigorous design and also to test the dynamical behavior of the turbocharger rotor. Classical 
solutions of turbochargers use hydrodynamic bearings, but modern turbochargers try to use hybrid 
rolling bearings with ceramic rolling elements. Also due to the friction and dilatation properties of the 
ceramic materials, the classical rolling bearings with steel rolling elements were replaced with 
bearings with ceramic rolling elements and steel raceways, in domains where it is necessary to 
maintain functioning at high speeds. In order to mount the rolling hybrid bearings on turbochargers 
shafts it is necessary to accomplish some modifications of the shaft. Two identical rotors one with 
hydrodynamic bearings, and one with rolling hybrid bearings, with same geometrical characteristics 
regarding the compressor and turbine, will not behave in the same way due to different shaft solutions.  

 
This paper is focused on showing the vibration behaviour of different types of turbocharges shafts in 
order to establish which solution is probably more fitted to reach a stable dynamic behaviour under 
vibrations (1). In order to present the aspects mentioned above it were made some simulations using 
software solutions and laboratory tests. 
 

MAIN SECTION   

In this study it will be presented some results obtained by simulating and testing of two turbocharger 
rotors that equip engines for automobiles. 

For 3D modeling it were taken into consideration two types of turbocharger rotors: one that is a 
classical model equipped with hydrodynamic bearings figure (1), and the other rotor is modified in 
order to be equipped with hybrid rolling bearings figure (2). 
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Figure 1. Classical turbocharger rotor                  Figure 2. Modified turbocharger rotor 

The first step in modeling the two rotors mentioned above, was to identify the main geometrical 
parameters of the rotors. In this stage it were accomplished several precise measurements using 
specialised equipment. 

The second step was to decide which software solution program will be right one in order to model the 
two turbocharger rotors showed in Figure (1) and (2). Taken into consideration criterion of precision 
and easiness in modeling it were used the following software programs: 

• For modelling the shaft type elements it was used CATIA V5; 
• For modelling the blade type elements it was used ANSYS. 

 

The models obtained after 3D modelling are presented in figures (3) and (4) as follows: 

 
Figure 3. 3D model of classic rotor                           Figure 4. 3D model of modified rotor 

 

For understanding the phenomena that appears at the level of turbochargers in functioning conditions 
it were been made several simulations using the software solutions programs mentioned above. 

In order to identify the vibrations that need to be avoided during functioning, it has been accomplished 
a modal analysis of the two turbocharger rotors. The modal analysis revealed the values of vibration 
mode shapes of the rotors, values, which were furthermore used in evaluate the modal analysis values 
obtained on the test rig, using the impact hammer method. The values of the natural frequencies 
obtained using software simulations for the classic rotor are presented in table no.1 and some modes 
shapes in figures (5) and (6). 

Table1 
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Figure 5. Mode shape for the classic rotor        Figure 6. Mode shape for the classic rotor 

The values of natural frequencies for the modified rotor presented in figure (2) are presented in table 
no.2 as follows: 

Table 2 

 
It is mentioned that in the software analysis accomplished in this paper work it were taken into 
consideration only the natural frequencies corresponding to shaft type elements, due to the fact that in 
functioning conditions the damage of turbochargers appear due to bearing malfunctioning, or shaft 
bending determined by forces and high rotational speed functioning (3). The modal analysis done 
using software solution programs was accomplished in such conditions like the ones used in laboratory 
tests, referring to environment temperature and rotors material. 

 

Even if the materials of which the rotors are made of and also the testing conditions were maintained 
the same in the software simulations and also laboratory testing it will be observed that a small 
difference appear between the values of the natural frequencies obtained using the two methods. 

In order to validate the modeling data obtained by software simulations it has been accomplished a 
modal analysis of the rotors using laboratory equipment. In this study the method used in laboratory 
modal analysis tests, was the impact hammer method (5), accomplished with Pulse 12 Platform 
supplied by Bruel&Kjaer. For the laboratory tests it were used two accelerometers which have a small 
mass compared to the tested structure, in order not to influence the values obtained. 

The first step was to establish the method used to sustain the tested shafts. It was used a metallic frame 
strong enough to sustain the structure, underneath it has been placed a rubber plate in order to isolate 
the structure from the environment, from which to the structure could induced unwanted vibrations, 
which can change the measurement results. The two shafts were sustained by two wires which have a 
high rigidity. The equipment settings are shown in figure (7). In this figure we can observe the way the 
links had been made at the level of channels on the measurement platform: 

• Channel no.1 links to the impact hammer; 
• Channel no.2 links to accelerometer no.1; 
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• Channel no.3 links to accelerometer no.2. 
 

 
Figure 7. Measurement platform 

In figures (8), (9) we can observe the signal gathered from the two accelerometers for the unmodified 
turbocharger rotor.  

   
Figure 8. Signal at accelerometer no.1              Figure 9. Signal at accelerometer no.2 

For accomplishing the first order transfer function (H1) for the classical turbocharger rotor the signals 
gathered from the force generated by the impact hammer and the two accelerometers needed to be 
compound and the results are highlighted in figures (10) and (11). 

              
Figure 10. H1 (TF) for accelerometer no.1                Figure 11. H1 (TF) for accelerometer no.2 

 The same procedure and the same signals were observed for the modified rotor in order to establish a 
comparison scale between the performance regarding the mode shapes of the studied turbocharger 
rotors. 
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In figures (12), (13) we can observe the signal gathered from the two accelerometers for the modified 
turbocharger rotor. 

   
Figure 12. Signal at accelerometer no.1              Figure 13. Signal at accelerometer no.2 

The first order transfer function (H1) for the modified turbocharger, are presented in figures (14) and 
(15). 

  
Figure 14. H1 (TF) for accelerometer no.1                Figure 15. H1 (TF) for accelerometer no.2 

The accelerometers placement and impact point of hammer, are showed in figure (16). 

 
Figure 16. Accelerometer placement and hammer impact point 
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In the followings it will be presented a comparison between the values of natural frequencies obtained 
by software simulations and laboratory tests for each turbocharger rotors, the table in the left shows 
the values obtained by laboratory tests and the right one values obtained by software simulations. 

Simulations that have accomplished using software solutions, took into account the exact geometry of 
the two considered rotors and also the material library that have been used was, in such manner 
defined in order to maintain the same material properties as the real turbocharger rotors. Studying the 
specific literature regarding testing turbocharger rotors, it was observed that generally speaking 
turbocharger rotors have 9 principal mode shapes. Other mode shapes of the shaft can be studied as 
variations or derived from the 9 principal mode shapes. The simulations accomplished took into 
consideration only the mode shapes generated at the level of the shaft because the blades mode shapes, 
do not occur in functioning conditions. The vibrations (bending) of turbocharger shafts can, involve a 
malfunctioning of the turbocharger, concluding with a total damaging of the mechanical system.  
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CONCLUSIONS 

Concluding we can observe that the differences between measurements and simulation are not so 
relevant, referring to shaft type elements. The blades have an unpredicted mode shape, but these blade 
mode shapes are not so relevant during functioning conditions of turbochargers. To study the dynamic 
behaviour of turbocharger rotors is needed to simulate the parameters of rotational speed (4), 
balancing, waste gases temperature, eccentricity, parameters that require expensive equipment. 
Regarding the vibration prediction of turbocharger rotors we can observe from practice that the 
unwanted vibration occur during forced acceleration and deceleration of the rotor shaft. During the 
acceleration process the rotor can have stabilized motion. This stabilized motion can be obtained at 
higher rotational speed were the gyroscopic effect takes place. These rotational speeds, in some cases 
do not need to reach higher levels, the stabilized dynamical motion can be also obtained at slower 
rotational speeds. If the rotor dynamical motion can’t be predicted and if is impossible to obtain a 
stabilized rotor motion, engineers use in practice additional damping devices in order to stabilize the 
shaft motion. Additional damping devices can be of the form of squeeze film dampers (SFD) or can 
use different forms of mechanical systems. 

We can say that a full prediction of turbocharger rotors vibrations can’t be obtained because, the 
influence of different parameters related to: speed; balancing; temperature play an important role in 
developing or not dynamical motion stability. 

The paper work accomplished above is focused on developing some information related to vibrational 
mode shape of turbochargers, rotors involving the influence of rotor geometry over this mode shapes 
and also on developing a comparison data set between software simulations and laboratory testing. 
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