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Abstract 

The current in frequency domain can not be analyzed at the same time because of the 

limitations of the Fourier transform algorithm. Hence, the wavelet transform method is 

used to analyze the short circuit transient current and calculate the negative-sequence 

component in this paper. Then, the non-periodic component and periodic component 

fundamental wave of the transient current are obtained, and the high harmonic 

components and decreased periodic component are removed. The non-periodic 

component is seriously considered in the transient negative-sequence component 

calculation. The calculation results indicate that the transient negative-sequence 

component contains two parts, the equivalent negative-sequence component of non-

periodic component and the negative-sequence component of negative-sequence current. 

The world's first AP1000 third generation 1250 MVA nuclear half-speed (4-pole) turbo-

generator is adopted as the calculation model. The transient parameters of the large 

generator are calculated on the principle of transformed current waveform in the internal 

short circuit fault condition. Furthermore, the transient negative-sequence component of 

the large-capacity generator is also calculated and the negative-sequence ability is deeply 

discussed in this work, which provides a theoretical basis for the large generators’ 

protection and design. 
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1. Introduction 

Generator simulation based on the finite element method is one of the most 

simple and effective solutions to reflect the electromagnetic relations of the actual 

generator running process [1-6]. However, due to the limitations of the generator 

itself or the algorithm and the accuracy of the finite element software, the calculated 

current waveform always may not be the ideal sine alternating current and contains 

series of harmonics. Hence, the simulation generator current must be went through 

some certain process, only after this the simulation results can be integrated theory 

with practice and the generator performance can be analyzed systematically. It is 

well known that the Fourier transform is a common mathematical method of the 

harmonic and magnetic field analysis[7-11], but due to the algorithm limitation, 

Fourier transform cannot be carried out decomposition in both time and frequency 

domain at the same time. Hence, the application of Fourier transform can not fully 

express the transient characteristics of currents. Therefore, the wavelet transform 

method for the transient process analysis of current waveforms is considered to be 

used in this paper, and the accurate calculation of the transient negative-sequence 

component for the internal short circuit fault of the large generator can be realized. 
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Wavelet analysis is an analytical method which can represent the local features of 

signal in time domain as well as in frequency domain. Therefore, wavelet transform 

is also known as the microscope of signal analysis [12,13]. Also because of this 

characteristic, wavelet transform overcomes Fourier transform’s shortcomings, but 

it can not completely replace Fourier transform [14-16]. Hence, meshing the wavelet 

transform and Fourier transform will get good results. 

Nowadays, the third generation nuclear power technology AP1000, which is 

leading the trend of nuclear power development all over the world, is already on the 

road to realization in China. The world's first AP1000 turbo-generator came off the 

assembly line by Harbin Power Plant Equipment Corporation in October 2012. 

However, there are lots of researches to do for AP1000 generator [17]. Hence, the 

wavelet transform application in transient component analysis for AP1000 Nuclear 

Turbo-generator is deeply discussed in this study. 

 

2. Fault Analysis of Large Generator Model 

This paper adopts AP1000 turbo-generator as the model, to carry out analysis and 

calculation of transient components based on wavelet transform. Considering the 

actual situation of the generator system, this section makes the assumptions that, the 

initial state is under no-load operation and three-phase fault occurs suddenly. 

Hence, in this condition, the main parameters and the interrelation of them have 

been analyzed, as shown in Figure 1. 

 

 

Figure 1. Main Parameters under No-load Operation 

In quest of transient negative-sequence component's variety law, the changes of 

magnetic field in the generator system during the three-phase fault have been 

investigated in this section through the energy analysis. By the calculation of 

AP1000 turbo-generator, air-gap magnetic flux density can be presented in Figure 2. 

As well, the magnetic flux density distribution can be demonstrated in Figure 3. 
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a. in no-load steady-state condition                          b. in three-phase fault 

Figure 2. Air-gap Magnetic Flux Density 
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a. in no-load steady-state condition                             b. in three-phase fault 

Figure 3. Magnetic Flux Density Distribution 

From the results above, the pre-and post-fault changes of electromagnetic 

parameters are obvious by comparison. According to the magnetic flux density 

features before and after the fault moment, rotor heating is produced. Because the 

three-phase short circuit is symmetrical fault, the energy problems found in 

generator are among the worst it had been caused. Therefore, the no-load three-

phase short-circuit current of phase A is taken as an example to illustrate the 

transient current waveform treatment process based on discrete wavelet transform. 

 

3. Application of Wavelet Transform in Transient Current Analysis 

In order to realize the usage of wavelet transform in computer calculations, the 

continuous wavelet transform signals must be discrete data. 
m/2 m
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Where: 
m
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0 0b nb a , m , Zn . 

Hence, during the fault time, the three-phase current of phase A is expressed as: 
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Where: α0 is the epoch angle;  

                      t is time; 

                    Im is the steady-state current;  

                    Im′ is the initial amplitude of transient shortcircuit current; 

                    Im" is the initial amplitude of subtransient shortcircuit current;      

                    Td" is the direct axis subtransient time constant; 

Td′ is the direct axis transient time constant; 

                    Ta is the armature time constant. 

When the epoch angle α0=90°, the current waveforms are shown in Figure 4. 

 
a. Transient component 

http://www.iciba.com/steady-state_current
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b. Non-periodic component 

 
c. Current of A phase 

Figure 4. Current Waveform of Phase A 

The transient current waveforms of the reconstruction and wavelet details by 

wavelet transform are shown in Figure 5. 

 
a. Reconstructed waveform of phase A 

 
b. Wavelet detail 

Figure 5. The Transformed Waveform of Phase A 

From Figure 5 above, according to the reconstructed waveform of phase A and 

wavelet detail, it can be seen clearly that, the transformed current of phase A 

contains non-periodic component of primary current only, and wavelet detail has the 

periodic component of short-circuit current and harmonic components. Therefore, 

the transformed current of phase A contains steady current and non periodic 

component and the required parameters can be calculated at this time. 

 

4. Transient Parameters Calculations 

The armature winding internal fault is one of the common short circuits for 

generator system unites. In Figure 6 and 7, the armature winding structure of 

AP1000 generator is given, and the connection of armature windings is also got. 

Hence, this paper deals with 6 types of branch A2 and branch B1 short circuits in 

various fault positions, that are A21-B15, A21-B18, A23-B15, A23-B18, A24-B15 

and A24-B18 short circuit. 



International Journal of Signal Processing, Image Processing and Pattern Recognition 

Vol.8, No.10 (2015) 

 

 

Copyright ⓒ 2015 SERSC  85 

 

Figure 6. The Armature Windings of AP1000 Generator 

 

Figure 7. The Connection of Armature Windings 

When the stator current waveforms are wavelet transformed, the results can be 

numerically analyzed. Therefore, the parameters can be obtained from the 

calculations of steady state short circuit currents and the transient negative-sequence 

capability can be also required. 

According to the Formula (2), to calculate the transient-negative sequence 

components, the asymmetrical three-phase short-circuit current should be deeply 

researched and some transient parameters have to be obtained. From the results 

above, it has been come to a conclusion that when 0 0  , the negative-sequence 

component gets the maximum value. Therefore, in order to calculate the transient 

negative-sequence component of AP1000 generator after the internal short circuit, 

the two important parameters, Ta and Im", need to be got at first. 

The internal short circuit is unlike the external phase to phase short circuit, and 

values of Im" are smaller than the rated current value. According to the envelopes of 

the transient currents, the armature time constants of different internal short circuit 
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faults are obtained. The two parameters corresponding to the different short circuit 

positions are shown in Figure 8. 

 

Figure 8. The Parameter Variations 

During the internal phase fault of AP1000 generator, a part of armature winding 

is short-circuited in the internal fault. The short-circuited turns of phase A are few, 

and short-circuited turns of phase B are much more. All the short-circuited turns are 

not to participate in the exciting, so the internal phase fault is different from the 

external short circuit. Hence, in the internal short circuit, the asymmetric three-

phase windings lead to different values of three-phase currents. The calculation 

results of transient process data are got in Table 1. It can be seen clearly from Table 

1 that there is no obvious difference in the data value of Ta for the three-phase 

currents. In order to simplify the calculation, their respective average values of the 

three phases are used here for the non-periodic component computation. 

Table 1. Parameters in Different Fault Location 

Fault 

location 
Phase aT  

m
I  

aT  

A21B15 

A 1.01 1.146 

1.00 B 1.01 0.43 

C 0.99 1.18 

A21B18 

A 1.00 1.16 

0.98 B 0.86 0.10 

C 1.09 1.12 

A23B15 

A 1.02 0.99 

1.02 B 1.04 0.59 

C 1.02 1.25 

A23B18 

A 1.05 1.07 

1.02 B 1.03 0.38 

C 0.99 1.22 

A24B15 

A 1.03 0.88 

1.00 B 1.02 0.69 

C 0.96 1.28 
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A24B18 

A 1.06 1.00 

1.04 B 1.05 0.52 

C 1.01 1.27 

 

5. Transient Negative-sequence Component Calculation 

In order to deeply discuss the negative-sequence ability, the non-periodic 

component should be seriously considered in the transient negative-sequence 

component calculation. In fact, the transient negative-sequence component contains 

two parts, the equivalent negative-sequence component of non-periodic component 

and the negative-sequence component of negative-sequence current. 

Therefore, at this time the non-periodic component synthesis of three phases can be 

expressed as Formula (3). 

a
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t
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i I I I e                                            (3) 

The equivalent negative-sequence component of non-periodic component can be 

expressed as Formula (4). 
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According to the revision of the national standard, in the calculation of t=30s, the 

transient negative-sequence value of the internal phase fault must be not more than 

5s, which is the requirement that the large generator should withstand. The 

calculation formula is improved by Formula (4), considering the non-periodic 

component effect produced by three-phase currents during the short circuit fault. 

The worst case is 0 0  , and the transient-negative sequence components of vary 

short circuit faults have their maximum values. The A21-B15 fault is taken as an 

example, and the calculation results are list in Figure 9, 10 and 11. It can be seen 

clearly that the equivalent transient negative-sequence component calculated by 

non-periodic component is a constant at about 1s, and the negative-sequence 

component produced by the negative-sequence current increases with time of the 

linear relationship. 

 

Figure 9. The Transient Negative-sequence Component of A21-B15 Fault 
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Figure 10. The Negative-sequence Component of Negative-sequence 
Current 

 

Figure 11. The Equivalent Negative-sequence Component of Non-periodic 
Component 

According to Figure 9, 10 and 11, when the time is less than 1s, compared with 

the negative sequence current, the non-periodic component plays an important role 

on the rotor temperature rise. When the time is more than 1s, the non-periodic 

component part is stability and equals to a constant value. This paper deals with the 

faults between branch A2 and branch B1, and a part of windings the short circuited. 

Hence, the values of m
I  are small, which lead to the calculated results of transient 

negative-sequence are small. This paper carries out the calculations of the transient 

negative sequence component of various short circuit faults when t=30s and 60s, 

and the results are got as shown in Figure 12. 

 

 

Figure 12. Transient Negative-sequence Components 



International Journal of Signal Processing, Image Processing and Pattern Recognition 

Vol.8, No.10 (2015) 

 

 

Copyright ⓒ 2015 SERSC  89 

A part of the windings is short circuited during the internal short circuit. 

Although the asymmetric degree is high, the amplitude of the negative-sequence 

current is not large. Hence, the transient negative-sequence caused by the short 

circuit current does not exceed the transient negative-sequence capability of the 

large generator. 

 

6. Conclusions 

Due to the limitations of the Fourier transform, this paper puts forward the 

analysis method for the short circuit transient current using the wavelet transform. 

The non-periodic component and periodic component’s fundamental part of the 

transient current are extracted, the high harmonics and the decreased periodic 

component are removed, and the current is obtained through finite element 

simulation which can be calculated according to the theoretical formula. Then the 

transient parameters of internal short circuit for the large generator are calculated 

according to the transformed current waveforms, the calculation formula is 

improved with the calculation of the transient negative-sequence, and calculations 

of transient negative-sequence components of the internal short circuits between 

branch B1 and branch A2 are carried out. After calculations, although the 

asymmetric degree is high, the magnitudes of the negative-sequence currents are not 

large, and the rotor transient heating does not exceed the generator’s transient 

negative-sequence capability. 
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