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Abstract: The investigation of shaft voltages and bearing currents in rotating machines are important 
as these voltages can lead to critical problems in the journal bearings. The shaft voltage is an unwanted 
voltage and the possible cause of the shaft voltage and bearing current is due to the existence of 
common-mode voltage (CMV) contributed by the static-excitation system of the gas turbine 
generator.In this paper we present an investigation of shaft voltage phenomena through the use of a 
simulation model of excitation winding shaft-bearing system for a 113.306 MVA gas turbine generator 
at a power plant in Malaysia. Simulation results obtained shows that shaft voltage is produced at the 
exciter end and turbine end of the generator due to the static excitation voltage. The shaft voltage 
magnitude is shown to be reduced when a grounding brush is connected to the shaft.  
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INTRODUCTION 
 

Shaft voltage has become a serious problem in gas turbine (GT) and large power plants (Golkhandan et al., 
2011). The stray voltage generated due to shaft rotation in the magnetic field affects the journal bearing because 
it is regarded as ground to this voltage. During the machine operation, an electrical charge initiates in the shaft 
and every rotating machine has the potential to be damaged by stray shaft currents whether, mechanical or 
electrical (Team CCJ, 2011). The generated current which damages the bearings, couplings, seals and gears, 
creates two types of shaft voltage; one of them is friendly and the other adversary. The first can be detected at an 
early time of problem development on classical monitors and instruments, while the other can generate possible 
circulating currents, which will lead to reduced unit efficiency (Nippes and Galano, 2003). There are four types 
of sources which are the most common reasons for generating shaft voltage and bearing currents in 
turbogenerator:  1) Magnetic unsymmetries due to rotor eccentricity, stator or rotor sagging produce variable 
magnetic flux, this type can damage any path that has low resistance due to the large currents and the induced 
voltage. In addition the magnetic flux that is related with shaft of rotor can generate bearing currents and 
induces a shaft voltage. 2) Axial Shaft Flux, for instance due to saturation, asymmetrical rotor winding, residual 
magnetization. The induced voltage will produce a large current which flows through the bearings and shaft 
seals. 3) Electrostatic charge due to steam brushing turbine blades. 4) External Voltages on Rotor Windings due 
to voltage source, winding insulation asymmetries and static excitation equipment (Ammann et al, 1988; 
Costello, 1991; Torlay, 2002; Gruber and Hansen, 1959). For axial shaft flux and magnetic unsymmetries the 
voltage between the shaft and bearings (ground) will cause the oil film to collapse and electric discharge will 
occur causing problem on the surfaces of bearings and seals (Ammann et al, 1988). The problems of bearing 
current and shaft voltage have been known with circulating bearing currents, because of magnetic asymmetry in 
machines (Alger and Samson, 1924). Bearing currents and shaft voltages resulting from non-symmetry effects 
can lead to bearing damage, Electrostatic discharge (ESD) influence, or homopolar flux influence in electric 
machines (Punga and Hess, 1907), (Boyd and Kaufman, 1958). The currents will flow through the bearing and 
destroy it, when the shaft voltage exceeds the dielectric breakdown voltage of the lubrication oil film in bearings 
at turbine end (TE) and exciter end (EE) of the generator (Datta et al, 2012).Shaft current can cause four types 
of bearing damages, such as: welding, pitting, spark tracks, and foresting. The pitting, frosting and spark tracks 
must be inspected by using microscope, as they are simply misdiagnosed as mechanical or chemical damage 
(Lawson, 1993; Macdonald and Gray, 1998;Boyanton, 2010). In order to investigate the problems related to 
shaft voltage and shaft current, it is necessary to develop a model of the system. In (Golkhandan et al,2011), a 
model is proposed to investigate shaft voltages and bearing currents in turbogenerator.Amman et al. (Ammann 
et al, 1988) had modelled the field (or excitation winding) and shaft line of a 1200 MVA turbogenerator. 

In this paper we present the work conducted to develop a simulation model to analyse the shaft voltage and 
bearing current in a gas turbine generators at a power plant in Malaysia. They complete model of excitation 
winding and turbo shaft of a 113.306 MVA generator was simulated and the results are presented here. Analysis 
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of the results shows that there are unwanted shaft voltages, which are generated due to the common-mode 
voltage from the static excitation system. 
 
Related Works: 

The modeled excitation winding in (Ammann et al, 1988) consists of 14 coils in which each coil was made 
up of 9 turns. The first and last coil was modelled individually with each turn being represented by an 
inductance, Lt, and two capacitances, Ct, acting at the rotor ends. The rotor ends are labelled as ‘EE’ and ‘TE’. 
The remaining coils (i.e. coils 2 to 13) were lumped and modelled as one inductance, Lc, and two capacitances, 
Cc, for each coil half. George W. Buckley et.al, 1988 have explained that using the grounding brushes is the 
most common solution, to limit the voltage at a safe level in turbo generators, by providing important path for 
its discharge. They have also stated that grounding brushes used to reduce shaft current should be located at the 
turbine end of generator, in order to avoid the circulating currents from shaft to bearing. 
 
Turbine Model Simulation 
a) Model development: 

Based on the model developed previously (Ammann et al, 1988), the authors have developed a model of the 
excitation winding, shaft voltage and shaft line for a 113.306MVA gas turbo generator at a power plant in 
Malaysia as shown in Figure 1. The parameters of the model has determined according to the specifications of 
the gas turbine generator. The excitation winding of the generator has 61 turns (or coils) per pole. Therefore, it 
is modeled by two capacitances (Cc) and one inductance (Lc) for each coil half. 

 
 
Fig. 1: Model of excitation winding and turbo shaft for a 113.306 MVA turbo generator. 

 
Between the Exciter end and the Turbine end an RL circuit is utilized to approximate the frequency 

dependent behavior of impedance modeling the shaft line in the turbine area, the values have been taken from 
(Ammann et al, 1988). The bearings are journal type with an oil lubricant film between the bearings. The 
journal bearing at exciter end and turbine end are represented as a capacitor (Coil) along the shaft line and the 
frame. The value of Coil was calculated from the bearing specifications and clearance as well as the oil 
properties based on the information that had been provided from the power plant. 

The gas turbine connected to the generator contains three other journal bearings. These are represented in 
the model by inductances and capacitances as shown in Figure 1. 

 
b) Determining The Excitation Winding Model Parameter Values: 

To determine all the values in the model for the 113.306 MVA turbogenerator, it is essential to use specific 
equation to calculate the values of inductances and capacitances. 
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There are two equations which were used to obtain the values of the excitation winding coil inductance (Lc) 
and excitation winding coil capacitance (Cc). Also by using the same equation the capacitance of journal 
bearings (Coil) and the capacitance of insulation in the bearing (Cins) were calculated.  

The excitation winding coil inductance can be obtained using the following equation (Bird, 2001): 
 
 𝐿𝐿𝑐𝑐 = 𝜇𝜇0𝜇𝜇𝑟𝑟𝑁𝑁2𝐴𝐴

𝐿𝐿
                                                                                                           (1)  

 
whereµ0 is the permeability of free space and µr is the relative permeability of the rotor core. For each coil 

of the excitation winding on the rotor of the turbogenerator, the length L of each winding is given by 
 
𝐿𝐿 = 2𝑙𝑙𝑠𝑠 + 𝜋𝜋𝐷𝐷𝑟𝑟                                                                                                      (2) 

 
where𝑙𝑙𝑠𝑠 is the length of the shaft and 𝐷𝐷𝑟𝑟  is the diameter of the rotor. The surface-area A encompassing each 

coil of the excitation winding of the turbogenerator is given by equation (3). 
 
𝐴𝐴 = 𝜋𝜋𝐷𝐷𝑟𝑟𝑙𝑙𝑠𝑠                                                                                                           (3) 

 
The capacitance Cc between the excitation winding coil and the shaft of the turbogenerator can be obtained 

from the following equation (Bird, 2001): 
 
 𝐶𝐶𝑐𝑐 = 𝜀𝜀0𝜀𝜀𝑟𝑟𝐴𝐴 

𝑑𝑑
                                                                                                           (4) 

 
where ε0 is the permittivity of free space, εr is the relative permittivity of the rotor core, A is the surface area 

encompassing each coil of the excitation winding of the turbogenerator, as given in equation (3), and d is the 
distance between the excitation winding coil and the shaft. Table 1 presents the information obtained from the 
power plant in Malaysia for the excitation winding, rotor and shaft of the 113.306 MVA gas turbine generators. 
 
Table 1: Information on the excitation winding, rotor and shaft of the 113.306 MVA gas turbine generator (TNB, 2010). 

Number of excitation winding coils per pole 61 coils 
Number of strands in each excitation winding coil 16 strands 
Length of shaft 3.45 m 
Diameter of rotor 1.08 m 
Permeability of rotor core 300 
Permittivity of rotor core 1 
Distance between the excitation winding coil and the shaft 0.04 m 

 
The developed model is supplied with a three phase AC voltage of 278 volt peak per phase with frequency 

of 50 Hz which is the rectified to a DC voltage as shown in Figure 2. 

 
 
Fig. 2: Static excitation System of the generator which provides input voltage to the excitation-shaft-bearing 
            model. 
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Based on the information given in Table 1 and using equations (1) to (4) above, the values of the excitation 
winding coil inductance and coil capacitance were found to be: 

𝐿𝐿𝑐𝑐 = 109.75 mH 
 𝐶𝐶𝑐𝑐 = 2.59 nF 

 
c) Determining The Values Of Journal Bearing Capacitance: 

The turbine side has three journal bearings; bearing No.1 at compressor inlet, bearing No.2 at the 
compressor discharge and bearing No.3 at the generator ends. Two journal bearings are present on the generator 
side (i.e. bearings No. 4 and 5) with the specifications as shown in Table 2. 
 
Table 2: Journal bearing specifications for the 113.306 MVA gas turbine generator (TNB, 2010). 

Bearing No. Diameter (mm) Effective length (mm) Diametral clearance (mm) 
1 400 250 0.60 
2 468 389 0.71 
3 396 160 0.53 
4 340 250 0.50 
5 340 250 0.45 

 
By modifying equation 2, the capacitance to model each journal bearing can be calculated as shown below: 

 
𝐶𝐶𝑗𝑗𝑗𝑗 =

𝜀𝜀0𝜀𝜀𝑟𝑟𝐴𝐴𝑗𝑗𝑗𝑗
𝑑𝑑𝑜𝑜𝑜𝑜𝑙𝑙

                                                                                                  (5) 
 
Where 𝑑𝑑𝑜𝑜𝑜𝑜𝑙𝑙  is the thickness of the hydrodynamic or oil film and 𝐴𝐴𝑗𝑗𝑗𝑗  is the effective surface area of the 

bearing. 
The relative permittivity of oil εr is taken to be 2.1 (Muetze, 2010)and the thickness of the oil film is taken 

to be: 
 
𝑑𝑑𝑜𝑜𝑜𝑜𝑙𝑙 = 1

2
(diametral clearance of the bearing)                                                                            (6) 

 
The effective surface area of the bearing is given by (TNB, 2010). 

 
𝐴𝐴 = 𝜋𝜋𝐷𝐷𝑗𝑗𝑗𝑗 𝑙𝑙𝑗𝑗𝑗𝑗                                                                                                  (7) 

 
Where 𝐷𝐷𝑗𝑗𝑗𝑗  is the diameter of the bearing and 𝑙𝑙𝑗𝑗𝑗𝑗  is the effective length of the bearing 
Based on the specifications given in Table 2 and using equation 5, the capacitance of journal bearing at the 

exciter end is calculated to be: 
 
Coil5=22.07 nF 

 
By the same way, the value of capacitance for each journal bearing was calculated based on Table 2 data to 

give: 
Coil4=19.86 nF, Coil3=14.97 nF, Coil2=29.96 nF, Coil1=19.47 nF 
Due to insufficient information, the values of the R-L circuit to model the shaft line, the capacitance Cins at 

the exciter end bearing and the inductances to model the different turbine stages were maintained to be the same 
as (Ammann et al, 1988). 
 
Analysis And Results: 

The output voltage from the rectifier is a DC voltage and this voltage is the input to the excitation-shaft-
bearing model. 

Figure 3 (a) shows the three phase supply line to line AC voltage given to the rectifier of the excitation 
system and the rectified DC voltage is shown in Figure 3(b). 
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(a) 

 
(b) 

 
Fig. 3: (a) three phase supply AC voltage of is 278 volt peak per phase or 482 line to line at 50 Hz frequency  
            and (b) Rectified DC voltage used as input to the excitation-shaft-bearing model.  

 
The common mode voltage (CMV) of the bridge rectifier is shown in Figure 4. It is generated due to the 

switching of rectifier which gives a rectangular waveform and the frequency of this wave is three times the main 
frequency (that is 150Hz). 

 

 
Fig. 4: Common mode voltage obtained from the rectifier of the SJSI Paka Power station simulation  
 
Shaft Voltage Without Grounding Brush: 

It is important in our study to prove that shaft voltage and shaft current exists at both the turbine end (TE) 
and exciter end (EE) of the generator. Figure 5 and Figure 6 shows the shaft voltage obtained from the 
simulation of excitation-shaft-bearing model when subjected to the rectified DC voltage shown in Figure 3(b) 
for the gas turbine generator at the power plant in Malaysia. 
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(a) 

 
(b) 

 
Fig. 5: (a) Shaft voltage at the turbine end (TE) of the simulated power plant generator without applying any  
             grounding brushes and (b) zoomed-in view of the shaft voltage   

 

 
(a) 
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(b) 

 
Fig. 6: (a) Shaft voltage at the exciter end (EE) of the simulated power plant generator without applying any  
            grounding brushes and (b) zoomed-in view of the shaft voltage. 

 
As seen in Figures 5 and 6, there is a significant shaft voltage present at the exciter end and turbine end of 

the modeled turbogenerator shaft. It is observed that the maximum peak-to-peak shaft voltage measured on 
turbine end is approximately 60V. Meanwhile, for the exciter end of generator the maximum peak to peak shaft 
voltage observed in the simulation is approximately 62 V.    
 
Shaft Voltage With Grounding Brush: 

In order to reduce the shaft voltage and current on the journal bearing, a passive RC circuit can be 
connected at the exciter end of generator and, another resistance connected at the turbine end, these components 
will model the grounding brushes as shown in Figure 7.  

 
 
Fig. 7: Connection of resistor and passive filter to model grounding brushes in the model. 

 
To avoid damage, it is necessary to provide suitable earthing paths and allow stray currents to pass through 

the ground and protect the bearing. So, the purpose of adding the RC filter to the simulation model is to model 
the grounding brush that can be used to reduce the undesirable shaft voltage that cause problems to the journal 
bearing. 

Simulation results in the case of connecting the proposed grounding brush passive filter (RC) model to the 
simulation model at exciter end and turbine end of the generator is shown in Figure 8(a) and Figure 8(b), 
respectively. 
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(a) 

 
(b) 

Fig. 8: Shaft to ground voltage at the (a) turbine end (TE) and (b) Exciter end (EE) after applying proposed  
             grounding brush filter. 

 
The shaft voltage at exciter end (EE) and turbine end (TE) are observed to be close to zero due to 

connection of the grounding brushes. The values of the grounding brush components (RC filter) used in this 
simulation are exactly the same as (Ammann et al, 1988). Furthermore, this value of resistance is small enough 
to reduce the current at the bearings. 
 
Grounding Filter Optimization: 

The optimization was employed to minimize the shaft voltage by choosing the best value for the RC 
components to model the grounding brush filter. The model with optimization solver connected to the exciter 
end of the model for the 113.306 MVA gas turbogeneratorwas simulated to obtain the optimized RC values. 

After running the simulation model with the optimization solver, the values of capacitor and resistor that 
have been obtained from the optimization process is shown in Figure 9(a) and the input given to the 
optimization solver is shown in Figure 9 (b).    

From Figure 9 (a), the optimized value of capacitor and resistor obtained from the optimization process is 
54.5µF and 147.81Ω, respectively. These values were used for the propo sed grounding brush model at exciter 
end (EE) of generator in order to reduce shaft voltage. In addition, the value of grounding brush resistor at the 
turbine end (TE) was set at 0.9Ω. 

Figure 10 (a) and (b) shows the shaft voltages at turbine end (TE) and exciter end (EE), respectively, after 
the optimized RC values for the grounding brush model was employed. As observed, the shaft voltage is 
reduced by using the optimized values of the grounding brush filter. 

 



Aust. J. Basic & Appl. Sci., 7(8): 420-430, 2013 

428 

 
(a) 

 
(b) 

 
Fig. 9: (a) The optimized values of capacitor and resistor to model the grounding brush obtained from the  
            optimization process and (b) the input given to the optimization solver. 

 
Conclusion: 

This research has successfully developed a GT shaft-to-bearing model for a gas turbine generator at a power 
plant in Malaysia. The model was used to investigate the phenomena of shaft voltage. The shaft voltages were 
found to be present at the exciter end (EE) and turbine end (TE) of generator when the model was simulated. 
The simulation displayed a shaft voltage of approximately 60V peak-to-peak. However, these shaft voltages 
were reduced to zero when a grounding brush was connected to both the EE and TE side of the shaft. Due to the 
difficulty in obtaining accurate values of R and C components to model the grounding brush, an optimization 
solver was used to obtain optimized values of RC components for the grounding brush model. The value 
obtained is 54.5µF for capacitor and 147.81Ω for resistor. These values are t he best value to mitigate shaft 
voltages caused by static excitation systems of the gas turbine generator at a power plant. It is important to 
reduce the shaft voltage and bearing current to a harmless value in order to protect the journal bearing of the 
generator which leads to savings in terms of bearing maintenance.   
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(a) 

 
(b) 

Fig. 10: (a) shaft voltage at TE (b) shaft voltage at EE after optimization of the grounding brush filter  
              components. 
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