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This report presents a study about the stability (both from the small and large perturbation 
perspectives) of the system with two-areas and 4-generators proposed in [1], using the following 
software developed by CEPEL: ANARERE® [2], ANATEM® [3] and PACDYN® [4]. The 
objectives of this report are to document the data setup and to provide a basis for comparison of 
results from other software, so the system can be validated as a benchmark. 

1. Power Flow 
The power flow solution is show in Figure 1, with the one line diagram of the system. The 

bus data, including the voltage magnitudes and angles from the power flow solution (resulting 
from ANAREDE) are presented in Table 1. 

The parameters of all transmission lines are r = 0.0001 pu/km, xL = 0.001 pu/km and bc = 
0.00175 pu/km, in per unit on 100 MVA and 230 kV base. The lines are represented by π 
sections and their detailed data are presented in Table 2. The charging shown in Table 2 
corresponds to the total line charging. 

 

 

Figure 1: Power Flow Solution 
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Table 1: Bus Data and Power Flow Solution  

Bus 

Number 
Base kV 

Bus 

type 

Voltage 

(pu) 

Angle 

(deg) 

1 20.0 PV 1.030 20.10 
2 20.0 PV 1.010 10.30 
3 20.0 Swing 1.030 -7.00 
4 20.0 PV 1.010 -17.00 
5 230.0 PQ 1.006 13.60 
6 230.0 PQ 0.978 3.52 
7 230.0 PQ 0.961 -4.90 
8 230.0 PQ 0.949 -19.00 
9 230.0 PQ 0.971 -32.00 

10 230.0 PQ 0.983 -24.00 
11 230.0 PQ 1.008 -14.00 

 

Table 2: Transmission Line Data  

From 

Bus 

To 

Bus 

ckt 

id 

Length 

(km) 

R 

(%) 

X 

(%) 

Charging 

(Mvar) 

5 6 1 25 0.25 2.5 4.3750 

6 7 1 10 0.10 1.0 1.7500 

7 8 1 110 1.10 11.0 19.2500 

7 8 2 110 1.10 11.0 19.2500 

8 9 1 110 1.10 11.0 19.2500 

8 9 2 110 1.10 11.0 19.2500 

9 10 1 10 0.1 1.0 1.7500 

10 11 1 25 0.25 2.5 4.3750 
 

The generator step-up transformers (GSU) are explicitly represented in the case. The GSUs 
are all rated at 900 MVA and have a leakage reactance of 15% on the transformer base. 
Winding resistance and magnetizing currents are neglected. Table 3 presents the GSU data.  

There are loads and capacitor banks connected to buses 7 and 9. Table 4 presents the 
associated data, in which the values are presented at nominal voltage (1.0 pu voltage). For 
dynamics simulation, the active loads are presented by a constant current characteristic and the 
reactive loads by constant admittance characteristic (100%I, 100%Z for P and Q, respectively). 

The complete power flow solution obtained by ANAREDE [2] is given in Table 5. 
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Table 3: Generator Step- Up Transformer Data (on Transformer MVA Base)  

From 

Bus 

To 

Bus 

R 

(%) 

X 

(%) 

MVA 

Base 

tap 

(pu) 

1 5 0 15 900 1 

2 6 0 15 900 1 

3 11 0 15 900 1 

4 10 0 15 900 1 
 

Table 4: Load and Capacitor Bank Data 

Bus 
P 

(MW) 

Q 

(MVAr) 

Qshunt 

(MVAr) 

7 967 100 200 

9 1767 100 350 
 

Table 5: ANAREDE Power Flow Results 

Bus Type 
Base 

(kV) 
Name 

Voltage 

(p.u.) 

Angle 

(graus) 

Active 

Generation 

(MW) 

Reactive 

Generation 

(Mvar) 

1 1- PV 20.0 G1 1.030 20.1 700. 185. 

2 1- PV 20.0 G2 1.010 10.3 700. 234.6 

3 2 - Slack 20.0 G3 1.030 -7. 719.1 176.0 

4 1- PV 20.0 G4 1.010 -17. 700. 202.0 

5 0 - PQ 230.0 - 1.006 13.6 - - 

6 0 - PQ 230.0 - 0.978 3.52 - - 

7 0 - PQ 230.0 - 0.961 -4.9 - - 

8 0 - PQ 230.0 - 0.949 -19. - - 

9 0 - PQ 230.0 - 0.971 -32. - - 

10 0 - PQ 230.0 - 0.983 -24. - - 

11 0 - PQ 230.0 - 1.008 -14. - - 
 

To use the ANAREDE software [2] for this system, the input file denominated 
“2_areas.pwf” was produced according the data setup presented in this section. This input file is 
presented in Appendix A and also available for download at the website.  
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2. Dynamic Simulation Models 
The models used in this report and the respective parameters for dynamic simulations are 

described in this Section. All generation units are considered identical and represented by the 
same dynamic models and parameters, with exception of the inertia constants. 

In the dynamic analysis, both eigenvalue/eigenvector calculations and nonlinear simulations 
are performed, respectively, using PACDYN [4] and ANATEM [3]. For this reason, similar 
models may have different identifier tags in the two software. Whenever necessary, this issue 
will be mentioned and the different models presented. 

2.1 Synchronous Machines 

The generator units are represented by the same 6th order dynamic model for cylindrical or 
round rotor with the saturation function represented as an exponential function. The parameters 
of the synchronous machines, in per unit at rated MVA base, are presented in Table 6. 

 

Table 6: Parameters Synchronous Machines 

PARAMETERS 
Value Unit 

Description Symbol 

Rated apparent power - 900 MVA 

d-axis open circuit transient time constant T'do 8.0 s 

d-axis open circuit sub-transient time constant  T''do 0.03 s 

q-axis open circuit transient time constant T'qo 0.4 s 

q-axis open circuit sub-transient time constant  T''qo 0.05 s 

Inertia H 1 MW.s/MVA 

Speed damping  D 0 pu 

d-axis synchronous reactance  Xd 1.8 pu 

q-axis synchronous reactance Xq 1.70 pu 

d-axis transient reactance X'd 0.3 pu 

q-axis transient reactance X'q 0.55 pu 

sub-transient reactance X''d = X''q 0.25 pu 

Leakage reactance Xℓ 0.20 pu 

Saturation parameter A A 0.015 – 

Saturation parameter B B 9.6 – 

Saturation parameter C C 0.9 - 
Notes: 

1 Units 1 and 2 have inertias H = 6.50, while for units 3 and 4 the inertias are H = 6.175 

 

For both nonlinear and linear analysis (ANATEM and PACDYN software, respectively) the 
model “MD03” was employed. Figures 2, 3 and 4 [3] present the block diagrams of the swing 
equation, the direct axis and quadrature axis equations, respectively. 

The representation of the machine data at the input file of both software (file “maq.BLT”) is 
presented in Figure 5. 
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Figure 2: Block Diagram of Swing Equation 

 

Figure 3: Block Diagram of Direct Axis Equations 

 

Figure 4: Block Diagram of Quadrature Axis Equations 
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Figure 5: Representation of Synchronous Machines to use at ANATEM and PACDYN Software 

 

2.2 Excitation Systems 

Following the approach employed in [1], this report presents simulation results with 
different representations/models for the excitation systems of the generators. The excitation 
systems used in this report are compliant with the IEEE Std. 421.5(2005) [5] and are the DC 
Rotating Excitation System DC1A and the Static Excitation System ST1A. 

 

2.2.1 DC Rotating Excitation System – DC1A 

The block diagram of the DC1A excitation system [5], considering the dynamics of the 
voltage transducer, is shown in Figure 6. The parameters for the model are presented in Table 7. 

The files associated with this type of excitation system are: “reg_DC1A_Ka_20.CDU” to 
KA = 20 and “reg_DC1A_Ka_200.CDU” to KA = 200. 
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Figure 6: Block Diagram for DC1A [5] considering the dynamics of the voltage transducer 

 

Table 7: Dynamic Model Data for DC1A considering the dynamic of the voltage transducer 

PARAMETERS 
Value Unit 

Description Symbol 

Voltage transducer time constant TR 0.05 s 

AVR steady state gain  KA
1 20 pu 

AVR equivalent time constant TA 0.055 s 

TGR block 1 denominator time constant TB 0 s 

TGR block 2 numerator time constant TC 0 s 

Max. AVR output VRmax 5 pu 

Min. AVR output VRmin –3 pu 

Exciter feedback time constant KE
2 1 pu 

Exciter time constant TE 0.36 s 

Stabilizer feedback gain KF 0.125 pu 

Stabilizer feedback time constant TF1 1.8 s 

Exciter saturation coefficient A AEX
3 0.0056 pu 

Exciter saturation coefficient B BEX
3 1.075 – 

Notes: 

1 Results are presented for KA = 20 and also for KA = 200 

2 KE was considered constant 

3 Exciter saturation was considered as ������� = �	
�
���	��� 

 

To illustrate how the DC1A structure was inserted into the input files for PacDyn and 
ANATEM software, the part of the input file related to this excitation system is presented in 
Figure 7. 
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Figure 7: Representation of DC1A to use with ANATEM and PACDYN software 

 

2.2.2 Static Excitation System ST1A 

The block diagram of the ST1A excitation system [5] is shown in Figure 8. The transient 
gain reduction is implemented by the lead-lag block with parameters TC and TB, so the 
parameters TC1, TB1, KF and TF are not applicable and have been set accordingly. Similarly, the 
generator field current limiter represented by the parameters KLR and ILR is not considered in the 
results presented in this report. The parameters for the ST1A model are presented in Table 8.  

The limits (parameters VImax, VImin, VAmax, VAmin, VRmax and VRmin) of the model were set to 
typical values corresponding to the expected ceilings of such a static excitation system. These 
limits are irrelevant for the small-signal analysis of the system dynamic response. On the other 
hand, these limits are a critical part of the model and can play a crucial role in the expected 
response of the excitation system following large system disturbances such as permanent faults, 
for example.  

This excitation system is evaluated with respect to two aspects: at first considering the 
transient gain reduction (TGR), corresponding to file “reg_ST1A_with_TGR.CDU”, and in the 
sequence not considering the (TGR), corresponding to file “reg_ST1A_without_TGR.CDU”. 
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Figure 8: Block Diagram for the ST1A excitation system [5] 

 

Table 8: Dynamic Model Data for ST1A 

PARAMETERS 
Value Unit 

Description Symbol 

Voltage transducer time constant TR 0.01 s 
Max. voltage error VImax 99 pu 
Min. voltage error VImin –99 pu 
TGR block 1 numerator time constant TC 1 s 
TGR block 1 denominator time constant TB 10 s 
TGR block 2 numerator time constant TC1 0 s 
TGR block 1 denominator time constant TB1 0 s 
AVR steady state gain KA 200 pu 
Rectifier bridge equivalent time constant TA 0 s 
Max. AVR output  VAmax 4 pu 
Min. AVR output  VAmin –4 pu 
Max. rectifier bridge output VRmax 4 pu 
Min. rectifier bridge output VRmin –4 pu 
Commutation factor for rectifier bridge KC 0 pu 
Stabilizer feedback gain  KF 0 pu 
Stabilizer feedback time constant TF 1 s 
Field current limiter gain  KLR 0 pu 
Field current instantaneous limit ILR 3 pu 

 

To illustrate how the ST1A structure was inserted into the input files for PACDYN and 
ANATEM software, the part of the input file related to this excitation system is presented in 
Figure 9. 
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Figure 9: Representation of ST1A at ANATEM and PACDYN software 

 

2.3 Power System Stabilizers 

The block diagram of the PSS1A model [5] is shown in Figure 10. The parameters for this 
model are presented in Table 9 [1].  

 

Figure 10: Block Diagram for PSS1A [5] 

Table 9: Dynamic Model Data for PSS1A 

PARAMETERS 
Value Unit 

Description Symbol 

2nd order denominator coefficient A1 0  
2nd order denominator coefficient A2 0  
1st lead-lag numerator time constant T1 0.08 s 
1st lead-lag denominator time constant T2 0.015 s 
2nd  lead-lag numerator time constant T3 0.08 s 
2nd lead-lag denominator time constant T4 0.015 s 
Washout block time constant T5 10 s 
Transducer time constant T6 0 s 
PSS gain KS 10 pu 
PSS max. output VRmax 0.05 pu 
PSS min. output VRmin –0.05 pu 
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To illustrate how the PSS1A structure was inserted into the input files for PacDyn and 

ANATEM, the part of the input file related to this controller is presented in Figure 11. 

 

 

Figure 11: Representation of PSS1A at ANATEM software 

 

 



3. Simulation Results 
The simulation results are presented in two subsections: small signal stability analysis and 
nonlinear simulations, respectively. The results presented in both subsections are organized in 
terms of the following six cases, related to the type of excitation system: 

Case 1: All generators in manual control (constant generator field voltage); 

Case 2: DC1A with Ka = 20 (Section 2.2.1); 

Case 3: DC1A with Ka = 200 (Section 2.2.1); 

Case 4: ST1A with TGR (Section 2.2.2); 

Case 5: ST1A without TGR (Section 2.2.2); 

Case 6: ST1A without TGR (Section 2.2.2) and with PSS1A (Section 2.3); 

 

3.1 Small Signal Stability Analysis 

The PACDYN software [4] was used in this analysis and the names of input files necessary 
to perform the simulations, in each case, are presented in the Table 10 (these files are available 
for download at the website). 

Table 10: Name of Input Files for the PacDyn Software 

Case PacDyn Activity Center Database (*.pac) 

Case 1 Case_1_no_AVR.pac 

Case 2 Case_2_DC1A_Ka_20.pac 

Case 3 Case_3_DC1A_Ka_200.pac 

Case 4 Case_4-ST1A_with_TGR.pac 

Case 5 Case_5_ST1A_without_TGR.pac 

Case 6 Case_6_ST1A_with_PSS.pac 

 

To perform the simulation with PACDYN it is necessary to utilize the “PACDYN Activity 

Center Database *.pac” file related to the corresponding case. This file associates the machine 
dynamic model file (“maq.BLT”) with the respective controls (“*.CDU” files) and with the 
steady state of the system (file 2_areas.pwf – Section 1). The results obtained with the small 
signal stability analysis, in terms of the electromechanical modes, are presented in the Table 11. 

Table 11: Electromechanical Modes Calculated by PacDyn 

Case 
Inter-area Mode Area 1 Local Mode Area 2 Local Mode 

Freq. [Hz] Damp [%] Freq. [Hz] Damp [%] Freq. [Hz] Damp [%] 

Case 1 0.5432 3.4984 1.0732 8.5794 1.1038 8.4806 

Case 2 0.5326 1.4850 1.0717 8.3982 1.1021 8.3230 

Case 3 0.5392 -1.3296 1.0748 8.0516 1.1050 7.9592 

Case 4 0.5501 -3.2235 1.0789 7.9593 1.1093 7.8483 

Case 5 0.6086 -0.5758 1.1263 8.9956 1.1581 8.7590 

Case 6 0.5799 12.058 1.0822 31.255 1.1095 32.052 
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3.2 Numerical Integration of the Nonlinear Model 

In this analysis, the ANATEM software [3] was employed. In order to stimulate the 
electromechanical modes of the system, the same disturbance was applied to each of the cases 
previously defined.  

The main objective associated with the selection of this disturbance was to assess the 
system damping and the effectiveness of the proposed stabilizers in providing damping to these 
oscillations. 

The disturbance applied correspond to simultaneous changes in the voltage references of all 
generator excitation systems, applied at t=1.0 second. The applied step changes are as follows: 

GENERATOR STEP IN Vref 

G1 +3% 
G2 –1% 
G3 –3% 
G4 +1% 

 

These changes in voltage reference were selected in order to excite not only the inter-area 
oscillation mode but also the other electromechanical modes in the system. 

To run the nonlinear simulations, the set of files presented in Table 12 were used. To 
perform the simulation with ANATEM, it is necessary to utilize the “Base File” related to each 
case. This file associates the respective “Control Defined by User” file with the steady state of 
the system (file 2_areas.pwf – Section 1). 

For Case 1 such a file will not be available, because there are no excitation systems 
associated with the machines. Thus, the disturbance could not be simulated. 

 

Table 12: Name of Input Files at ANAREDE Software 

Case Control Defined by User (*.cdu) Base File (*.stb) 

Case 2 reg_DC1A_Ka_20.cdu Case_2_DC1A_Ka_20_Vref.stb 

Case 3 reg_DC1A_Ka_200.cdu Case_3_DC1A_Ka_200_Vref.stb 

Case 4 reg_ST1A_with_TGR.cdu Case_4_ST1A_with_TGR_Vref.stb 

Case 5 reg_ST1A_without_TGR.cdu Case_5_ST1A_without_TGR_Vref.stb 

Case 6 
reg_ST1A_without_TGR_with_PSS_mod.

cdu 

Case_6_ST1A_without_TGR_with_PSS_

Vref_mod.stb 

 

The results obtained by numerical integration of the nonlinear model are presented in the 
following, in terms of absolute variation of rotor angular speed in [p.u.] (denoted as “FREQ” in 
the plots), active power in [MW] (denoted as “PELE” in the plots) and terminal voltages of the 
machines in [p.u.] (denoted as “VOLT” in the plots). 
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3.2.1 Case 2 – DC1A with KA=20 

 

 

 

Figure 12: Case 2 – Rotor speeds of all machines 

 

Figure 13: Case 2 – Active powers of all machines 
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Figure 14: Case 2 – Terminal voltages of all machines 

3.2.2 Case 3 – ESDC1A with KA=200 
 

 

Figure 15: Case 3 – Rotor speeds of all machines 
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Figure 16: Case 3 – Active powers of all machines 
 

 

Figure 17: Case 3 – Terminal voltages of all machines 
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3.2.3 Case 4 – ESST1A with TGR 
 

 

Figure 18: Case 4 – Rotor speeds of all machines 

 
Figure 19: Case 4 – Active powers of all machines 
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Figure 20: Case 4 – Terminal voltages of all machines 
 

3.2.4 Case 5 – ESST1A without TGR 
 

 

Figure 21: Case 5 – Rotor speeds of all machines 
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Figure 22: Case 5 – Active powers of all machines 

 

 

Figure 23: Case 5 – Terminal voltages of all machines 
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Figure 24: Case 6 – Rotor speeds of all machines 

 

 
Figure 25: Case 6 – Active powers of all machines 
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Figure 26: Case 6 – Terminal voltages of all machines  
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Appendix A 

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

software is presented in Figure A-1. This file is denoted as “2_areas.pwf” and is also available 

for download at the website. 

 

 

Figure A-1: 2_areas.pwf file 


