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Abstract –Axi-periodic analysis for end region of large turbine generator is studied and verified by 3D-FEA in 
this paper. Verification is done by comparing three components of flux densities from axi-periodic analysis and 
3D FEA in static field, and the comparison shows some differences, and the cause of those differences are 
studied. Even though, the differences, considering computation time and effort for modeling of 3D FEA, the 
errors would be acceptable for initial design of large turbine generator. Then, axi-periodic analysis is extended to 
time harmonic field for its application. From the time harmonic field analysis, the effect of flux shield and eddy 
current loss in the flux shield for power angles are presented. 

 
Introduction

 
As a quasi 3-dimensional analysis, axi-periodic analysis is applied to the magnetic field for the end 

region of large turbine generator in [1] - [6]. Since axi-periodic analysis provides 3-dimensional flux 
distributions with 2-dimensional finite element modeling, it reduces computation time and efforts 
greatly comparing to 3D FEA. Many researches, applications, and verifications for axi-periodic 
analysis have been done since 1970’s. However, the verifications are made only by measurements in 
small regions because measurements of flux density in the end region are limited in practical aspects. 

 Therefore, axi-periodic analysis is verified by 3D-FEA in this paper. Three components of flux 
densities from axi-periodic analysis and 3D FEA are compared in static field. To do that, 3D FEA 
model is constructed precisely including stator end windings based on an actual large turbine generator.  

Axi-periodic formulations for time harmonic field using magnetic vector potential is firstly set for 
the field analysis. Then, three components of flux densitis from axi-periodic analysis are compared to 
that from 3D FEA in the static field. The comparison shows differences, and the cause of the error is 
studied. In spite of the differences, considering computation time and effort for modeling of 3D FEA, 
the errors would be acceptable for initial design of large turbine generator.           

Axi-periodic analysis is extended to time harmonic field for its application. In time harmonic field 
analysis, eddy current loss in flux shield for load condition is calculated, and flux distribution due to 
the eddy current in flux shield is presented.  

In the large turbine generator (ratings of 500MW or over), leakage flux in the stator end windings is 
the major design limitation of capacity due to the thermal effect caused by eddy current in stator end 
[1], [2]. The eddy current on the stator end region is mainly produced by axial component of leakage 
flux of stator and rotor end windings, and to prevent the axial flux impinging to the stator end, the flux 
shield made of copper is placed in the stator end region of large turbine generator. Due to the eddy 
current on the flux shield, leakage flux cannot go through the stator end region, and temperature in the 
flux shield can be high.  However, flux shield is made of copper having high thermal conductivity, 
therefore, cooling can be easy comparing laminated stator core. 
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Analysis theory 
 

In order to apply the finite element method to an axi-periodic model, following assumptions are made:[3] 
 

a) Slot effects are not considered 
b) Displacement current is ignored. 
c) Magnetic material is isotropic with infinite permeability. 
d) The analysis model is axi-symmetric. 
e) Current density in rotor and stator windings are assumed to be consist of axial and circumferential components 

with sinusoidal distributions along axial and circumferential direction respectively.  
 
Governing equations using vector potential for time harmonic fields are (1) and (2).  
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 is magnetic reluctivity, magnetic vector potential, conductivity, electric scalar 
potential, and current density respectively. 

Weighting function (Wi) and shape function (Ni) for Galerkin formulation are (3) and (4) respectively, and 
residuals are represented in (5) and (6). 
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Using Ni, magnetic vector potentials and electric scalar potentials are represented in r-z plane by (7) – (10). 
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Current distributions in conductors are represented by (11) - (13). 
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Analysis model  
 

3D analysis model of 800MW turbine generator is shown in Fig. 3. Based on the periodicity and symmetry, 
1/4 model is used for 3D FEA. Commercial software, Flux-3D, is used and analysis is performed in magneto 
static field. Field variable of 3D FEA is magnetic scalar potential; armature windings are modeled with non-
meshed coils. 3D FEA model is precisely constructed considering stepped core and end step of stator as well as 
stator end windings, but non-magnetic retaining ring of rotor and flange of stator core are not considered. For 
stator end windings, coordinates of the windings are obtained from actual generator and one top and bottom coils 
consist of 10 segments of coils. 420,000 of elements are used and it takes 5 hours for single step with Pentium IV 
and 2GB RAM.   
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Axi-periodic analysis model is shown in Fig. 2, non-magnetic flange is not considered in the analysis and 
modeled region represents when a-phase is peaking. To make the comparison easy, only stator windings are 
excited for both analysis models. Fundamental component of current is applied to the stator and rotor end 
windings for the analysis. Total number of elements is 14,000, and it takes about 30 seconds for single step. 

 

 
 

(a) Cross section of large turbine generator (1/4 model) 
 

               
 

(b) Armature winding                              (c) Field winding 
 

Fig. 1 3D FEA analysis model 
 

 

 
 

Fig. 2 Axi-periodic analysis model 
 

Analysis result and comparison 
 

Three components of flux densities (Br, Bθ, Bz) from axi-periodic analysis are compared to those 
from 3D FEA in Fig. 3, flux densities from axi-periodic analysis agree well with 3D FEA except Bθ at 
P1. It is expected that the error is caused by the assumption of sinusoidal current distribution in axi-periodic 
analysis. Therefore, the current distribution in the stator end region is studied.  
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(a) rB  at P1                             (b) Bθ  at P1                            (c) zB at P1      

 

0 60 120 180 240 300 360
-0.4

-0.2

0.0

0.2

0.4

 

B
 (T

)

Angle (deg.)

 Axperiodic
 3D-FEA

 

0 60 120 180 240 300 360
-0.4

-0.2

0.0

0.2

0.4

 

B
 (T

)

Angle (deg.)

 Axi-periodic
 3D-FEA

0 60 120 180 240 300 360
-0.4

-0.2

0.0

0.2

0.4

 

 

B
 (T

)

Angle (deg.)

 Axi-periodic
 3D-FEA

 
 (d) rB at P2                               (e) Bθ at P2                               (f) zB  at P2 

 
Fig. 3 Comparison of flux densities from axi-periodic analysis and 3D FEA 

 

Current distribution in end windings 
 

To find out the cause of differences between axi-periodic analysis and 3D FEA, current distribution in the 
stator end winding according to current phase angle, 3-phase stator end windings is studied. In order to compare 
the current distributions of axi-periodic analysis model and 3D FEA stator end windings, stator windings are 
represented as shown in Fig. 4, where solid lines represent coils going out from stator slots, and dot lines 
represent coil going into stator slots. Coils on the right side of slots are top coil and on the left side are bottom 
coil. Peak value of 3-phase current is set to 1. When a-phase current is peaking, Iθ, and Iz along line L1 and L2 
are calculated and compared to sine and cosine function in Fig.5.  

In Fig. 3 (b), the compassion shows a big difference. The difference is caused by the Iz current and this is 
shown in Fig. 5 (b), where Iz producing Bθ in the 3D FEA model is zero, while that in axi-periodic model has 
some value. 

 

 
 

Fig. 4 Current distribution on the stator end winding 
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 (a) Iθ along L1                          (b) Iz along L1                           (c) Iθ along L2 

 
Fig. 5 Estimation of current distribution on the stator end windings 

ISEF'2005-EE-2.18          ISBN  84-609-7057-4          (6-Pages)



APPLICATIONS 
 

Eddy current loss in the flux shield is calculated using (14), where, , k, k
ep k

eJ , and kσ are the eddy current loss 
in flux shield, harmonic order, eddy current density, conductivity in flux shield respectively. Only fundamental 
component of eddy current density is considered in this paper. 
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In Fig. 6, (a) shows the eddy current loss in the flux shield for power angle. For the leading power 

angles, field from rotor windings and stator windings are additive, on the contrary, field are subtractive 
in lagging power angle. Therefore, higher eddy current loss is produced in the leading power angle 
than lagging power angle.  

In Fig. 6, (b) flux distribution due to the eddy current in the flux shield at no load is shown. Because 
of eddy current in the flux shield, flux caused by end windings tends to take other paths around flux 
shield. In the figure, four corners in the flux shield show high flux densities, therefore it can be said 
that the flux density on the surface of flux shield represents the eddy current distributions. Therefore, 
in the figure, regions of high flux density have high eddy current density, and high temperature is 
expected. 

The effect of flux shield is shown in Fig. 7. When the frequency is 0Hz, that is DC field, flux caused 
by end windings goes to the stator end directly, therefore, the flux shield does not work. However, 
when the frequency is 60Hz, eddy current is induced in the flux shield and flux caused by end 
windings cannot go through stator end directly. 
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(a) Eddy current loss for load conditions                 (b) Flux caused by eddy current in the flux shield 
 

Fig. 6 Eddy current loss of the flux shield and flux distribution due to eddy current in flux shield 
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(a) Flux distribution at 60Hz             (b) Flux distribution at 0Hz 
 

Fig. 7 Flux distribution for frequencies 
 

Conclusion 
 

Axi-periodic analysis for magnetic field of end region in large turbine generator is studied and 
verified by 3D FEA in this paper. Due to the differences between the sinusoidal current distribution 
and the actual one, comparison of flux distribution on the end region shows the differences, and the 
difference is proved by the comparison of current distribution on the stator endwindings. In spite of the 
error of axi-periodic analysis, considering the effort and calculation time for 3D FEA, the error would 
be acceptable for initial design of large turbine generator. For the applications of the axi-periodic 
analysis, the effect of flux shield on the flux distribution of end region is shown and eddy current loss 
of flux shield is calculated for power angle, and the application can be extended to the geometry 
design of flux shield, stepped core, calculation of force in the end windings. 
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