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The present report refers to a small-signal stability study carried over the New England 

reduced order model using the Anarede/PacDyn/Anatem package from CEPEL. This report has 

the objective to show how the simulation of this system must be done using this package in 

order to get results that are comparable (and exhibit a good match with respect to the 

electromechanical modes) with the ones presented in the website www.sel.eesc.usp.br/ieee
1. To 

facilitate the comprehension, this report is divided in three sections (according to the software to 

be used):  

 Load Flow (ANAREDE); 

 Small-Signal Stability Assessment via Eigenvalue Calculation (PacDyn);  

 Numerical Simulation of the Nonlinear Model (ANATEM); 

 

1. Load Flow 

The load flow of the 39-bus system was calculated using the ANAREDE software. Both the 

input file (for the correct initialization of the software) and the obtained results are given below 

in sections 1.1 and 1.2. 

 

1.1 Input File  

To use the ANAREDE software, an input file was produced containing the data on the 

topology of the system. In this input file, presented in Appendix A (and also available for 

download at the website), loads were modeled as constant power elements and the voltage 

groups to which each of the buses in the system belong were specified. Furthermore, it is in the 

                                                      
1
 In the following along the text, when the authors refer to "the website", the meaning is the webpage 

www.sel.eesc.usp.br/ieee, which is the provisional website for storage of the data produced by the work of 

the IEEE PES Task Force on Benchmark Systems for Stability Controls. 
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input file that the algorithm for load flow calculation is defined. In this case, Newton's method 

was chosen. 

 

1.2 Results 

The results obtained by this load flow calculation can be analyzed from Table 1. When 

comparing these results to the ones provided in the website, it is possible to observe a very good 

match between them. The only difference refers to a standard from ANAREDE, which presents 

results with a precision up to the first decimal place, while the website gives results with a 

precision up to the second decimal place. In spite of that, considering typical approximations 

from the second to the first decimal place, the level of agreement of the results is almost 

complete.  

Table 1: Results of the load flow calculation for the 39-bus system 

  Generator Load  

Bus V[pu] Angle[Deg] P[MW] Q[MVAR] P[MW] Q[MVAR] 

1 1.047 -8.4 0.0 0.0 0.0 0.0 

2 1.049 -5.8 0.0 0.0 0.0 0.0 

3 1.030 -8.6 0.0 0.0 322.0 2.4 

4 1.004 -9.6 0.0 0.0 500.0 184.0 

5 1.005 -8.6 0.0 0.0 0.0 0.0 

6 1.008 -7.9 0.0 0.0 0.0 0.0 

7 0.997 -10.1 0.0 0.0 233.8 84.0 

8 0.996 -10.6 0.0 0.0 522.0 176.0 

9 1.028 -10.3 0.0 0.0 0.0 0.0 

10 1.017 -5.4 0.0 0.0 0.0 0.0 

11 1.013 -6.3 0.0 0.0 0.0 0.0 

12 1.000 -6.2 0.0 0.0 7.5 88.0 

13 1.014 -6.1 0.0 0.0 0.0 0.0 

14 1.012 -7.7 0.0 0.0 0.0 0.0 

15 1.015 -7.7 0.0 0.0 320.0 153.0 

16 1.032 -6.2 0.0 0.0 329.4 32.3 

17 1.034 -7.3 0.0 0.0 0.0 0.0 

18 1.031 -8.2 0.0 0.0 158.0 30.0 

19 1.050 -1.0 0.0 0.0 0.0 0.0 

20 0.991 -2.0 0.0 0.0 628.0 103.0 

21 1.032 -3.8 0.0 0.0 274.0 115.0 

22 1.050 0.7 0.0 0.0 0.0 0.0 

23 1.045 0.5 0.0 0.0 274.5 84.6 

24 1.037 -6.1 0.0 0.0 308.6 -92.2 

25 1.058 -4.4 0.0 0.0 224.0 47.2 

26 1.052 -5.5 0.0 0.0 139.0 17.0 

27 1.038 -7.5 0.0 0.0 281.0 75.5 

28 1.051 -2.0 0.0 0.0 206.0 27.6 
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29 1.050 0.7 0.0 0.0 283.5 26.9 

30 1.048 -3.3 250.0 147.6 0.0 0.0 

31 0.982 0.0 520.8 198.2 9.2 4.6 

32 0.983 2.6 650.0 204.7 0.0 0.0 

33 0.997 4.2 632.0 109.6 0.0 0.0 

34 1.012 3.2 508.0 165.3 0.0 0.0 

35 1.049 5.6 650.0 210.6 0.0 0.0 

36 1.064 8.3 560.0 102.9 0.0 0.0 

37 1.028 2.4 540.0 0.2 0.0 0.0 

38 1.027 7.8 830.0 23.2 0.0 0.0 

39 1.030 -10.1 1000.0 87.8 1104.0 250.0 

 

 From the result of the load flow (which gives information for the calculation of the 

equilibrium point of the system), it is possible to apply a set of techniques involving 

linearization to analyze the local, small-signal stability of the system through the calculation of 

the eigenvalues of the state matrix of the linearized system model. This procedure is carried out 

by the PacDyn software and is presented in the next section. 

 

2. Small-Signal Stability Analysis of the System 

To use the PacDyn software for assessment of the small-signal stability of the Anderson-

Farmer system, two input files are necessary. One of them contains the topological data of the 

system and the results of the load flow calculation, while the other contains the types of models, 

the structures and the parameters of the generators and its associated controllers. The former is 

obtained as an output file from the ANAREDE software in the “*.his” or “*.sav” formats. The 

latter, containing the dynamic data for the system, must be constructed and saved in the “*.dyn” 

format. This format is described in more detail in section 2.1, while section 2.2 presents the 

results of the whole study.  

 

2.1 The input file with the dynamic data for the system 

In the input file containing the dynamic data for the system (the “*.dyn” file) the models to 

represent the generators in the system must be chosen, and the controllers for each respective 

machine must be either chosen as built-in models or defined by the user with a particular syntax. 

For this study, the details on the model of the generators and its respective controllers are 

presented in the sequence:  

 

a) Generators 

  The 39-bus system is composed by 10 generators, and all of them are represented by a 

4
th
 order model in this report. The equations of this model can be seen in the sequence.  
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The PacDyn software provides 8 different built-in models to describe a synchronous 

machine. Among them, model #3 is the closest to the 4
th
 order model given in the website. 

Equations (5)-(10), which compose model #3, are presented in the sequence, and it is clear that 

they are very close to the ones given by (1)-(4).   
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b) Controllers  

All generators in this system are equipped with automatic voltage regulators (AVRs) and 

power system stabilizers (PSSs). These generators use the same controller model, only altering 

the corresponding parameter values according to the specifications given in the website. For the 

records, the block diagram of each controller model is presented as follows in Figures 1 and 2.  

 

 Voltage regulator 
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Figure 1: Model of the voltage regulator for all generators 

 

 PSS  

 

Figure 2: Model of the PSS for all generators 

 

2.2 Results 

The results obtained by PacDyn on the small-signal stability analysis of the 39-bus system 

can be seen in Tables 2, 3 and 4. In these tables, it is possible to compare the electromechanical 

modes obtained via PacDyn with the ones presented in the website. The tables also show the 

absolute deviation between the two data sets.  

 

Table 2: Comparison of the electromechanical modes #1, #2 and #3 of the system obtained via 

PacDyn and given at the website 

 Mode  #1 Mode  #2 Mode  #3 

Source Real Imag Real Imag Real Imag 

Website -2.553 10.566 -1.849 10.028 -1.582 8.550 

Pacdyn -2.553 10.569 -1.850 10.197 -1.582 8.550 

Absolute 

Deviation 
0.000 0.003 0.000 0.169 0.000 0.000 

 

Table 3: Comparison of the electromechanical modes #3, #4 and #5 of the system obtained via 

PacDyn and given at the website 

 Mode  #4 Mode  #5 Mode  #6 

Source Real Imag Real Imag Real Imag 

Website -2.563 8.671 -1.863 7.439 -1,312 7,108 
Pacdyn -2.561 8.670 -1.864 7.447 -1,312 7,108 

Absolute 

Deviation 
0.002 0.001 0.001 0.008 0.000 0.000 
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Table 4: Comparison of the electromechanical modes #7, #8 and #9 of the system obtained via 

PacDyn and given at the website 

 Mode  #7 Mode  #8 Mode  #9 

Source Real Imag Real Imag Real Imag 

Website -1,844 7,081 -1,523 6,318 -0.498 3,682 
Pacdyn -1,864 7,082 -1,522 6,316 -0,498 3,682 

Absolute 

Deviation 
0.020 0.001 -0.001 -0.002 0.000 0.000 

 

 Note that the results presented using two different methods for calculation are quite 

close, which is a very strong evidence that the key factor in this benchmarking process is the 

matching of the models used for system analysis. To facilitate this comparison, in Figure 3 the 

plot of the modes presented in Tables 2, 3 and 4 is given.  

 

Figure 3: Comparison of the electromechanical modes of the 39-bus system obtained by PacDyn and given in the 

website. 

 

All the other eigenvalues of the state matrix of the system linearized model are presented in 

Table 5, where it is possible to compare the eigenvalues calculated by PacDyn with the ones 

given in the website. The values highlighted in red are the ones that were found in only one of 

the sources.  

 

Table 5: Comparison of the eigenvalues of the system obtained via PacDyn and given at the website. 

Site Autovalores PacDyn  

Real Imag f(Hz) ζ(%) Real Imag f(Hz) ζ(%) 

-0.4505 0.6750 0.107 -55.514 -0.4504 0.6750 0.1074 55.504 
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Site Autovalores PacDyn  

Real Imag f(Hz) ζ(%) Real Imag f(Hz) ζ(%) 

-0.4861 0.6278 0.100 -61.222 -0.4860 0.6279 0.0999 61.206 

-0.4812 0.6084 0.097 -62.035 -0.4810 0.6085 0.9685 62.009 

-0.6901 0.8108 0.129 64.813 -0.6901 0.8108 0.1290 64.815 

-0.5780 0.6705 0.107 -65.293 -0.5877 0.6705 0.1067 65.918 

-0.7928 0.8127 0.129 -69.831 -0.7934 0.8126 0.1293 69.863 

-4.4830 4.1880 0.666 73.074 -4.4828 4.1863 0.6663 73.086 

-0.8648 0.7743 0.123 74.505 -0.8647 0.7743 0.1232 74.498 

-2.9562 2.5076 0.399 76.260 -2.9575 2.5070 3.8771 76.281 

-2.0436 1.6338 0.260 78.107 -2.0440 1.6330 0.2599 78.126 

-1.2040 0.9107 0.145 79.755 -1.2043 0.9106 0.1449 79.767 

-4.3350 2.9883 0.475 82.333 -4.3349 2.9876 0.4755 82.339 

-5.7301 3.6713 0.584 84.200 -5.7306 3.6730 0.5846 84.191 

-12.618 6.6283 1.055 88.528 -12.616 6.6329 1.0557 88.513 

1.4761 0.5231 0.083 94.256 -1.4753 0.5228 0.0832 94.257 

-4.3697 1.5310 0.244 94,375 -4.3692 1.5311 0.2437 94.373 

-1.0444 0.2387 0.038 97.486 -1.0445 0.2387 0.0380 97.486 

-19.993 1.2699 0.202 99.799 -19.992 1.2724 0.2025 99.798 

-104.59 0.0 0.0 100.0 --- --- --- --- 

-103.78 0.0 0.0 100.0 -103.78 0.0 0.0 100.0 

-102.68 0.0 0.0 100.0 -102.68 0.0 0.0 100.0 

-102.27 0.0 0.0 100.0 -102.27 0.0 0.0 100.0 

-102.13 0.0 0.0 100.0 --- --- --- --- 

-101.90 0.0 0.0 100.0 -101.90 0.0 0.0 100.0 

-101.33 0.0 0.0 100.0 -101.33 0.0 0.0 100.0 

-101.32 0.0 0.0 100.0 -101.32 0.0 0.0 100.0 

-101.31 0.0 0.0 100.0 -101.31 0.0 0.0 100.0 

-100.90 0.0 0.0 100.0 -100.90 0.0 0.0 100.0 

-72.869 0.0 0.0 100.0 -72.858 0.0 0.0 100.0 

-65.987 0.0 0.0 100.0 -65.989 0.0 0.0 100.0 

-65.936 0.0 0.0 100.0 --- --- --- --- 

-65.797 0.0 0.0 100.0 -65.798 0.0 0.0 100.0 

-65.165 0.0 0.0 100.0 -65.166 0.0 0.0 100.0 

-64.250 0.0 0.0 100.0 -64.249 0.0 0.0 100.0 

-63.948 0.0 0.0 100.0 -63.949 0.0 0.0 100.0 

-63.535 0.0 0.0 100.0 -63.535 0.0 0.0 100.0 

-61.774 0.0 0.0 100.0 -61.774 0.0 0.0 100.0 

-59.612 0.0 0.0 100.0 -59.612 0.0 0.0 100.0 

-32.118 0.0 0.0 100.0 -32.136 0.0 0.0 100.0 

-13.988 0.0 0.0 100.0 -13.981 0.0 0.0 100.0 

-7.3691 0.0 0.0 100.0 -7.3691 0.0 0.0 100.0 

-7.1480 0.0 0.0 100.0 -7.1480 0.0 0.0 100.0 

-5.8943 0.0 0.0 100.0 -5.8945 0.0 0.0 100.0 

-5.5374 0.0 0.0 100.0 -5.5392 0.0 0.0 100.0 

-2.8327 0.0 0.0 100.0 -2.8327 0.0 0.0 100.0 

-2.0263 0.0 0.0 100.0 -2.0263 0.0 0.0 100.0 

-1.5315 0.0 0.0 100.0 -1.5315 0.0 0.0 100.0 

-1.4500 0.0 0.0 100.0 -1.4501 0.0 0.0 100.0 

-1.0995 0.0 0.0 100.0 -1.0996 0.0 0.0 100.0 

-0.9758 0.0 0.0 100.0 -0.9758 0.0 0.0 100.0 

-0.9592 0.0 0.0 100.0 -0.9592 0.0 0.0 100.0 

-0.9066 0.0 0.0 100.0 -0.9065 0.0 0.0 100.0 

-0.1920 0.0 0.0 100.0 -0.1616 0.0 0.0 100.0 

-0.1007 0.0 0.0 100.0 -0.1007 0.0 0.0 100.0 

-0.1003 0.0 0.0 100.0 -0.1003 0.0 0.0 100.0 

-0.1002 0.0 0.0 100.0 -0.1002 0.0 0.0 100.0 
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Site Autovalores PacDyn  

Real Imag f(Hz) ζ(%) Real Imag f(Hz) ζ(%) 

-0.1001 0.0 0.0 100.0 -0.1001 0.0 0.0 100.0 

-0.1000 0.0 0.0 100.0 -0.1000 0.0 0.0 100.0 

-0.1000 0.0 0.0 100.0 -0.1000 0.0 0.0 100.0 

-0.1000 0.0 0.0 100.0 -0.1000 0.0 0.0 100.0 

-0.1000 0.0 0.0 100.0 -0.1000 0.0 0.0 100.0 

 

 

3. Numerical Integration of the Nonlinear Model 

To validate the results of the linearized analyzes presented in the previous section, a few 

simulations of the dynamic response of the systems to certain perturbations were simulated via 

numerical integration of the nonlinear equations composing the system model, using the 

ANATEM software. In this section, the machine and controller models used in these 

simulations, as well as a set of results from one of the mentioned simulations, are presented.  

To use the ANATEM software, a main input file must be built containing information such 

as the operating point of the system and the data corresponding to the gerenators and its 

respective controllers. Analogously to the PacDyn software, the equilibrium point is provided 

by the “*.sav” file generated by the ANAREDE software. The generator and controller models 

used for simulation of the 39-bus system are presented in the sequence. Details of the 

organization of the files for the execution of the ANATEM  software can be seen in Appendix 

C, and the complete files can be retrieved from the current version of the website. 

 

3.1 Generator Models  

As previously mentioned in Section 2.1, the system under study is composed by 10 

generators, which are represented by a 4
th
 order model, according to the website. However, 

ANATEM provides only 3 pre-defined models to represent the synchronous generator:  

 Classical machine model (2
nd

 order) 

 Model of synchronous machine with salient poles (6
th
 order) 

 Model of synchronous machine with round rotor (6
 th

 order) 

 

Therefore, due to the restrictions in the pre-defined models of the software, the model of 

synchronous machine with salient poles was chosen to represent the generators of the 39-bus 

system, given that this is the closest model for which a complete set of data is available at the 

website. In this model, there is one field winding and one damper winding in the direct axis and 

another damper winding in the quadrature axis. The block diagrams of the models in both axes 

are presented in Figures 4, 5 and 6, respectively.  
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Figure 4 - Block diagram of the model for the swing equation in the ANATEM sofware. 

 

Figure 5- Block diagram for the equations of the quadrature axis 

 

Figure 6- Block diagram for the equations of the direct axis 

 

To carry out the simulation, the estimation of the parameters x”d, T”do, T”qo   was necessary 

to use the 6
th
 order model. The chosen values are based on the reduced model of the New 

England/New York interconnected system, a 68-bus system for which the complete data set can 

be obtained in [1]. The generator data which are also available at the website are presented in 

Table 6 and Table 7 contains the parameters that were estimated.  
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Table 6:  Generator parameters (also available at the website) 

Unit  H Ra x'd x'q xd xq T’do T’qo xl 

1 500.0 0 0.006 0.008 0.02 0.019 7.0 0.7 0.003 

2 30.3 0 0.0697 0.170 0.295 0.282 6.56 1.5 0.035 

3 35.8 0 0.0531 0.0876 0.2495 0.237 5.7 1.5 0.0340 

4 28.6 0 0.0436 0.166 0.262 0.258 5.69 1.5 0.0295 

5 26.0 0 0.132 0.166 0.67 0.62 5.4 0.44 0.054 

6 34.8 0 0.05 0.0814 0.254 0.241 7.3 0.4 0.0224 

7 26.4 0 0.049 0.186 0.295 0.292 5.66 1.5 0.0322 

8 24.3 0 0.057 0.0911 0.290 0.280 6.7 0.41 0.028 

9 34.5 0 0.057 0.0587 0.2106 0.205 4.79 1.96 0.0298 

10 42.0 0 0.031 0.008 0.1 0.069 10.2 0.10 0.0125 

 

Table 7:  Generator parameters estimated to allow the ANATEM simulation 

Unit  x"d (pu) T”do(s) T”qo(s) 

1 0.004 0.05 0.035 

2 0.050 0.05 0.035 

3 0.045 0.05 0.035 

4 0.035 0.05 0.035 

5 0.089 0.05 0.035 

6 0.040 0.05 0.035 

7 0.044 0.05 0.035 

8 0.045 0.05 0.035 

9 0.045 0.05 0.035 

10 0.025 0.05 0.035 

 

Details about the insertion of the synchronous machine model into the corresponding 

ANATEM input file are given in the “*.blt” file shown in Appendix C.  

 

3.2 Controller models 

The controller models were defined by the users via the execution code DCDU and are 

given in the file 10GENERATOR.cdu, also presented in Appendix C. These models and their 

parameters were also retrieved from the website, and were already presented in Figures 1, 2, and 

3 of this report. 

 

3.3 Results 

a) Perturbation data 

The applied perturbation was a three-phase-to-ground fault at bus 16, on t = 0.5 s, with a 

fault impedance of 0.001 p.u. and a duration of  0.2 s.  
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b) Simulation  

The total simulation time was 20 s and the integration step was 0.01 s. The angle of 

generator 1 (placed at bus 39) was taken as a reference for angle differences, to enable a 

comparison with the results presented in the website. The main input file 39bus_ANATEM.stb 

used in the simulation is presented in Appendix C and can also be downloaded from the 

website. 

The angle difference graphs for all generators with respect to the reference are presented in 

Figures 7 and 8, in the following.  

 

 

 

Figure 7- Rotor angles of generators 1, 2, 3, 4, 5, and 6, respectively, referenced to generator 1. 
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Figure 8- Rotor angles of generators 7, 8, 9, and 10, respectively, referenced to generator 1. 

The rotor frequency graphs for all generators are presented in Figures 9, 10, and 11. 

 

 

Figure 9- Rotor frequency of generators 1 and 2.  
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Figure 10- Rotor frequency of generators 3, 4, 5, 6, 7, and 8.  
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Figure 9- Rotor frequency of generators 9 and 10.  

 

Analyzing these plots, it is difficult to make a comparison between the results obtained by 

ANATEM and the ones given in the website. Visually, it is only possible to detect small 

discrepancies between the corresponding plots. These discrepancies were expected due to the 

difference between the models used for simulation, but they are not significant to the point of 

invalidating the match between the linear analyses presented in the previous section.   

 

4. Conclusions 

 As a conclusion of this first study on the small-signal stability of the Anderson-Farmer 

model, we can see that the results obtained with the ANAREDE/PacDyn/ANATEM package 

exhibit a satisfactory similarity to the ones provided in the website www.sel.eesc.usp.br/ieee. 

This similarity is observed in the electromechanical modes, which are the main focus of this 

Task Force, but also extends to the other eigenvalues, which is quite encouraging from the 

benchmarking viewpoint.   

 Reinforcing the conclusions presented in the report of the study that was carried out 

over the 9-bus system (the Anderson-Farmer model), we leave as a suggestion for future work 

the possibility of applying modal estimation techniques to the results of the nonlinear 

simulations in an attempt to provide further validation to the identification of the 

electromechanical modes.  
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Appendix A  

 

 In this appendix, the input file necessary for the correct initialization of the ANAREDE 

software is presented. Figure A-1 shows how the bus data must be inserted while Figure A-2 

performs a similar task with respect to the line data.  

 

Figure A-1: Input file for entering the bus data.  

 



16 
Relatório  

39 BUS SYSTEM (New England System) 
 

 

 

 

Figure A-2: Input file for entering the line data 



Appendix B  

 In this appendix, the input file “*.dyn”  with the dynamic data used for the eigenvalue 

calculation in the PacDyn software is presented. To run the PacDyn software, this file must be 

loaded together with the “*.his” output file provided by the ANAREDE software. In Figures B-

1, B-2 and B-3 it is possible to see the entire “*.dyn”  input file that was produced for the small-

signal stability analysis of the 39-bus system. Note that, in Figure B-1, the block diagrams of the 

AVR and PSS are built, while in Figures B-2, B-3 and B-4 the controllers with their respective 

parameters are related to their corresponding generators.    

 

 

Figure B-1: Insertion of system data, definition of generator models, and building of AVR and PSS 

models.  
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Figure B-2: Association of AVRs to their respective generators and insertion of the corresponding 

parameters.  
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Figure B-3: Association of AVR and PSS models to their respective generators. 
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Figure B-4: Association of PSS models to their respective generators. 
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Appendix C 

The main input file 39bus_ANATEM.STB used in the ANATEM software for 

nonlinear simulation of the 39-bus system is given in Figures C-1a and C-1b. 

In this file, the associations with the files of steady-state operation (*.sav) from 

ANAREDE, pre-defined machine models (*.blt) and user-defined controllers (*.cdu) are 

depicted. This main file also contains the data for the applied perturbation and the association 

with the output file (*.plt) that contains the output variables of interest: rotor angle and 

frequency of all generators. 

 

Figura C-1a : *.stb main file 
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Figura C-1b : *.stb main file (continued) 

The file 10GENERATOR.blt used in the ANATEM sotware presenting the generator 

models is given in Figure C-2. 
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Figure C- 2: File with generator models and parameters 
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The file 10GENERATOR.cdu used in the ANATEM software presents the models of 

the controllers and is given in Figures C-3 to C-7. 

 

Figure C-3: Voltage regulators of generators 1 and 2. 
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Figure C-4: Voltage regulators of generators 3 to 5. 
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Figure C-5: Voltage regulators of generators 6 to 8 
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Figure C-6 : Voltage regulators of generators 9 and 10 and PSS associated to generator 1. 
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Figure C-7: PSSs of generators 2 to 4. 
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Figure C-8: PSSs of generators 5 to 7. 
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Figure C-9: PSSs of generators 8 to 10. 
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