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Executive summary 

This document presents the scenarios defined in the frame of task 6.4 of PEGASE to assess the 

quality of results and the computational performances of the Full Accuracy Dynamic Simulation 

prototype. 

The target use of the algorithm implemented in the prototype is offline, high accuracy, dynamic 

studies. Test scenarios have been defined following deliverable D6.2 ñSpecification of the 

methodology for prototypes validationò[1] using partners experience in transmission systems 

operation and studies. The following partners participated in the creation of these scenarios: 

¶ Russian TSO, SO-UPS 

¶ Turkish TSO, TEIAS 

¶ Croatian TSO, HEP 

¶ Romanian TSO, Transelectrica 

¶ French TSO, RTE 

¶ Russian consultancy company, Energoset Project 

¶ Riga Technical University 

The scenarios show large diversity in terms of size, scale of the impacted area, time scale, and 

overall complexity, covering an as-broad-as-possible variety of dynamical phenomena. That 

could not have been achieved without the involvement of these partners. 

Two different models of transmission systems, developed in T6.3, have been mainly used. The 

first one represents the interconnection of the European and Turkish systems. It includes complex 

controls and user-defined dynamic models, including complex generators regulations, HVDC 

models, wind farm models... Around 16000 nodes are represented. All of this adds up to a very 

large system of 126000 variables, consistent with WP1 specifications. The second one is a model 

of the IPS-UPS system, consisting in real data from 2008. 2400 nodes are represented, which 

ends up in an average-size system of 16000 variables. An additional model has been used as a 

ñrobustness testò: itôs an interconnection of Russia and Europe, constituting a system of 140000 

variables. 

 

The best performance improvements for the variable time step algorithm, identified in WP4, 

have been reintegrated in EUROSTAG software[7], version 4.5, to create the prototype. While 

the underlying variable step algorithm guarantees a required accuracy, the prototype computation 

speed has been compared to the standard commercial version 4.5 of EUROSTAG. Runs have 

been performed on a fast multi-core standalone machine. 

The prototype achieved a reduction of computation time of 35% in average. As required in WP1 

functional specifications, the computation time is less than 15 minutes for all scenarios, although 

all of them are simulated for more than 20s as was initially specified. It is still slightly above 5 

minutes for a few scenarios, characterized by their complexity. The robustness test on the extra-

large Europe-Russia system also achieves great performance. We can therefore consider that the 

prototype reached the required objectives and more in terms of performances. 

 

The feedback collected from testers is also very positive. The improvements of performances are 

perceived as impressive and valuable by all partners. The general advice can be summarized by 

ñSpeed is everything for that kind of toolò.  

Although most TSOs do not have a grid model large enough to use the prototype to its full 

potential, it will be useful for large scale studies (inter-area oscillations, interconnection studies, 

impact of modification of the inter-TSO capacities...). PEGASE prototype would greatly simplify 

the modelling effort and improve the result quality in this kind of study avoiding the additional 

effort spent to obtain reduced equivalent models. It is considered as a ñPowerful instrument for 

future problemsò. 

The modelling flexibility is also highly appreciated. Block diagrams give the possibility to easily 

and rapidly create a huge variety of user-defined equipments, regulations or protections. 

Overall, the prototype is perceived as a powerful tool both for the operational stability studies 

and for prospective, research studies.  
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1. Introduction  

This document presents the scenarios defined in the frame of task 6.4 of PEGASE to assess the 

quality of results and the computational performances of the Full Accuracy Dynamic Simulation 

prototype. 

The target use of the algorithm implemented in the prototype is offline, high accuracy, dynamic 

studies. Test scenarios have been defined following deliverable D6.2 ñSpecification of the 

methodology for prototypes validationò[1] using partners experience in transmission systems 

operation and studies. The following partners participated in the creation of these scenarios. 

 

Organization Country  Participants 

SO-UPS (TSO) Russia E. Bogdanov, I. Romanov, A. Smirnov, A. Vinogradov 

TEIAS  (TSO) Turkey M. Kara 

HEP (TSO) Croatia A. Andric 

TRANS (TSO) Romania R. Balaurescu 

RTE (TSO) France S. Leclerc 

ESP (Consultant) Russia A. Rubtsov, A. Egorov 

RTU (University) Latvia V. Stelkovs, A. UtǕns 

 

The scenarios show large diversity in terms of size, scale of the impacted area, time scale, and 

overall complexity, covering an as-broad-as-possible variety of dynamical phenomena. That 

could not have been achieved without the involvement of these partners. 

Two different models of transmission systems, developed in T6.3, have been mainly used: one 

represents the interconnection of the European and the Turkish grid, the other one represents the 

IPS-UPS system. An additional model has been used as a ñrobustness testò: itôs an 

interconnection of Russia and Europe, constituting a system of 140000 variables. 

For each scenario, performances have been compared to the standard commercial version 4.5 of 

EUROSTAG, on a fast multi-core machine, in order to evaluate the achievements of the 

improvements from WP4 research in terms of speed. 

Open feedback has also been collected directly from the testers, through a workshop dedicated to 

the presentations of scenarios and results, which was an opportunity to discuss the potential 

applications of the prototype.  

 

The document will first remind briefly the prototype features, the test environment and 

configuration. Then the objectives for the prototype are reminded, together with the methods 

chosen to evaluate the results. The network models used for testing are also briefly described. 

After a paragraph giving an overview of the test scenarios, the report goes into detailed 

descriptions of each one of them and the associated results and conclusions, on both accuracy 

and speed aspects. In a last part, we summarize the overall conclusions of those tests, together 

with the general feedback gathered from ñoperational worldò partners who had the opportunity of 

performing the tests. 

  



  

 Date: 26/06/2012 Page: 11 DEL_WP64_D63_Part31_full_accuracy_simulation 

 

2. Prototype features 

Hereafter are reminded very briefly the prototype features tested through the scenarios described 

in the following paragraphs. For more details, please refer to deliverables D4.2-part 3 ñFull 

Accuracy Prototypeò[5] and D4.1 ñAlgorithmic requirements for simulation of large network 

extreme scenariosò[4]. 

2.1. Objectives 

The targeted use of the prototype is to perform offline dynamic stability studies, with a high 

accuracy (chosen by the user), on very large systems and for severe conditions (multiple outages, 

system splitting, etc.) and/or with unusual devices or controls. 

The time constraint targeted by this prototype is to be able to simulate fast dynamic transients 

during 20 s on a 125 000 variable system (at least 10 000 nodes) within a computation time of 15 

minutes (minimal requirement) and hopefully 5 minutes (target). 

2.2. Advances 

The ñfull accuracyò prototype is based on a standard commercial version v4.5 of EUROSTAG 

software. The dynamic simulation algorithm is a variable timestep integration algorithm, which 

adapts its integration step to obtain the required accuracy. In the prototype prototype tested in 

this deliverable, the following improvements were implemented in order to improve the 

performances: 

¶ Parallelization of the function and jacobian evaluations 

¶ Use of a more efficient library for linear algebra operations (KLU) 

¶ Sequential optimization and memory rationalization 

They were chosen among several algorithmic improvements tested in the frame of WP4 since 

they presented the best speedup. 
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3. Prototype evaluation 

3.1. Hardware 

For our demonstrations, the ñFull Accuracy Simulationò prototype has been installed and run on 

a standalone computer bought during last year of project (SEIYA), in Tractebel premises. Here 

are its main characteristics: 

¶ 2 processors X5690 (6 cores, 3.45 Ghz) : 12 cores ; 

¶ 48 GB 1333 memory; 

¶ High speed hard drives; 

¶ Windows 2008 R2 server. 

More details on the testing environment and conditions which have been set up for performance 

measurements may be found in Annex 2 of this deliverable: ñD6.3-Annex 2: WP3&4 Prototypes 

ï Performance evaluation conditionsò[3]. 

3.2. Evaluation 

As mathematical principles of the underlying algorithm have been unchanged from standard 

EUROSTAG software[7], the evaluation of the prototype will only focus on the performances 

aspects, and not on the accuracy achieved by this algorithm. 

However, testers were also expected to check that the system would behave ñqualitativelyò as 

expected. 

In order to assess the performance gains made possible by the algorithm improvements 

implemented in the frame of WP4, CPU time were compared for all simulations between 2 runs 

performed on: 

¶ Standard commercial version 4.5 of EUROSTAG. 

¶ The prototype using 10 cores and the new KLU library. 

Default parameters have been used for all simulations. 

As reminded above, the target defined by WP1 is to be able to simulate fast dynamic transients 

during 20 s on a 125 000 variable system (at least 10 000 nodes) within 15 minutes (minimal 

requirement) and hopefully 5 minutes (target). 
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4. Network models 

We remind here the main characteristics of the transmission network models used to perform our 

demonstrations. For more details please refer to the report about test cases customization in 

Annex of this document ñD6.3-Annex 1: Test cases customization and validationò[2]. 

Two base models have been used: the first one is representative of the interconnected European 

and Turkish networks, the second one is a model of the IPS/UPS system. 

A variant of the first one has also been created by increasing wind generation in order to better 

represent the future energy mix of the European system, and a merging of the two cases has also 

been used to test the prototype capabilities on extra-large systems. 

4.1. European and Turkish systems 

This model is based on a merging of the 2 following: 

¶ A load flow model of the Turkish EHV grid provided by TEIAS, which consists in real 

static data 

¶ A load flow model of UCTE EHV grid, consisting in fictitious but realistic static data, 

provided and disclosed by the UCTE 

Upon that static model, dynamic data were built. We remind here the main characteristics, for 

more details please refer to ñD6.3-Annex 1: Test cases customization and validationò [2]. 

4.1.1. Overall description 

The structure of the network has been enriched by including step-up transformers for all 

generators, and 2 levels of on-load tap changers for all loads, in order to be able to better 

simulate all kinds of phenomena, for instance voltage collapse. 

The following table summarizes the size of the resulting model. 

 

Nodes 16578 

Lines 14044 

Transformers 9654 

Generators 3240 

Wind farms 707 

Total wind power 38 GW 

HVDC 2 VSC, 1 LCC 

Total load 400 GW 

 

As required in the objectives of the prototype, it adds up to a very large system of around 

126000 variables. 

4.1.2. Dynamical models 

Each generator has been association with a type of primary energy source, trying to respect the 

national energy mixes as described in the official ENTSO-E statistics. 

For synchronous machines, a classical 4-windings rotor representation has been used. For each 

type of generation units (nuclear, hydro, oil, gasé) we identified typical values of the model 

parameters: inertia, direct/quadratic resistance, reactance, transient and sub-transient reactances 

and associated time constantsé 

All machines are associated with: 

¶ Typical speed governor according to the type of generation  

¶ Standard models of exciter + voltage regulator (AVR) + power system stabilizer (PSS) 

for most machines 

¶ More complex ñ4 loopsò PSS models, using 4 different inputs, for some nuclear power 

plants 
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¶ Secondary voltage regulation for some machines: several machines regulating the same 

voltage through a common ñlevelò indicator regulating their reactive power output 

¶ Under and over voltage and frequency relays 

For wind farms and HVDC VSCs, dynamic models designed and validated in the frame of 

Work Package 5 have been used. For details, please refer to deliverable D5.1: ñModelling 

requirements for the ETN Part 3: Toolbox for modelling ETN componentsò[6]. 

For HVDC LCC , the model proposed in the standard library of EUROSTAG software has been 

used. 

 

4.2. European and Turkish systems, 20% wind production variant  

A variant has been derived from the previously described model of Europe and Turkey, by 

increasing the amount of wind farms. The objective was to have a grid more representative of the 

future energy mix than the current one, with wind power representing around 20% of the total 

production. 

In order to achieve this, the power produced by wind farms has been increased from 38GW in the 

base model to 75MW. The output of existing wind farm has not been increased, while new ones 

have been added all over the network in order to be more representative of the decentralization of 

this type of production. 

The following table summarizes the characteristic of the resulting model, slightly different from 

the previous one. 

 

Nodes 16578 

Lines 14044 

Transformers 9654 

Generators 3240 

Wind farms 3244 

Total wind power 75 GW 

HVDC 2 VSC, 1 LCC 

Total load 400 GW 

 

The total load has not been changed: to compensate for the increased wind power, other 

generators had their generation decreased. 

A behaviour slightly different from the base model will be expected. 

 

4.3. IPS/UPS system 

This model represents the IPS-UPS power system: it includes powers systems of Russia, Baltic 

States, Ukraine, Kazakhstan, Kyrgyzstan, Belarus, Azerbaijan, Tajikistan, Georgia, Moldova and 

Mongolia. It was provided by the system operator SO-UPS, and consists in real data from 2008. 

4.3.1. Overall description 

Model represents the power flow, which is close by its characteristics to the winter peak load 

conditions (total consumption is equal to 196200 MW). Network structure corresponds to the end 

of 2008. The 110 kV and below network is represented by equivalents. All 220kV and above 

network is saved for UPS of Russia, IPS of Byelorussia, Ukraine, Baltic States & Kazakhstan. 

 

Nodes 2439 

Branches 4321 

Total consumption 196 GW 
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Voltage levels 220kV to 750kV 

 

Overall it adds up to a middle-size system of more than 16000 variables. 

4.3.2. Dynamical models 

All generators that are used for the primary frequency control are equipped with turbines and 

governors models. 

Additionally, the generators are equipped by models of either thyristor exciters or brushless 

exciters, and of AVR with or without PSS. For descriptions of those models please refer to 

Annex 1 ñD6.3-Annex 1: Test cases customization and validationò[2]. 

4.4. Extra-large system: Europe and IPS/UPS 

An additional ñextra largeò model has been created by merging the models of the European 

system and of IPS-UPS through AC tie lines. Same dynamic models as described in the 

corresponding paragraphs are used. 

 

Nodes 17790 

Lines 16353 

Transformers 9880 

Generators 4331 

Total load 570 GW 

 

Overall it adds up to an extra-large system of 140000 variables. 
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5. Scenarios overview 

Following specifications of deliverable D6.2 ñSpecification of the methodology for prototypes 

validationò[1], a number of test scenarios have been developed by the following consortium 

partners: 

¶ SO-UPS: Russia TSO. 

¶ TEIAS: Turkey TSO. 

¶ HEP: Croatia TSO. 

¶ Transelectrica: Romania TSO. 

¶ RTE:  France TSO. 

¶ ESP: Russian consultancy company 

¶ RTU: Riga Technical University 

Some scenarios, suggested by those partners, deviate from the aforementioned specifications, in 

order to be more representative of the real use cases of dynamic simulation tools. 

This paragraph aims at providing the reader with an overview of the set of test scenarios. 

5.1. Table of scenarios 

The table below summarizes some of their characteristics, showing a large diversity in terms of 

size, scale of the impacted area, time scale, and overall complexity. 

The table underlines scenarios that put a special emphasis on the use of user-defined models, 

either of FACTS, protections, or other regulations. However it has to be noted that user-

defined models are used in all the simulations (secondary voltage control, complex 4 loops 

PSS, HVDC VSC, wind farms...). 

The following abbreviations are used in the table: 

¶ UFLS = Under Frequency Load Shedding 

¶ UVLS = Under Voltage Load Shedding 

¶ OOS = Out Of Step automaton 

¶ TS = Transformer Saturation 

¶ FDI = Frequency Dependency of Impedances 
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Scenario Size 

Involved pheonomena User-
defined 
models Other 

 

Complexity Scale 
Time 
scale Paragraph 

Voltage set point change, Kola NPP Intermediate Simplest Local 
   

6 

Voltage set point change, Slovenia Large Simplest Local 
   

7 

Voltage set point change, Romania Large Simplest Local 
   

8 

Fault close to Kalinin NPP Intermediate Simple Local 
   

9 

Fault close to German power plant Large Simple Local 
   

10 

Fault close to Czech power plant, stable Large Simple Local 
   

11 

Fault close to Itatskaray, extra-large 
system 

Extra-large Simple Local 
   

12 

Voltage collapse in France, by RTE 
Large Average 

Local, 
extended 

Slow 
  

12 

Voltage collapse in France, by ESP 
Large Average 

Local, 
extended 

Slow 
  

14 

Voltage collapse in France with 
centralized regulation Large Average 

Local, 
extended 

Slow 
Centralized 

voltage 
regulation 

 
15 

Voltage collapse in Italy 
Large Average 

Local, 
extended 

Slow 
  

16 

Cascade to islanding of IPS of NW and 
Belorussia 

Intermediate Complex Wide 
 

UFLS 
 

17 

Cascade to  islanding of Spain and 
Portugal 

Large Complex Wide 
   

18 

Blackout of Komi and Arkhangelsk 
system 

Intermediate Complex Wide 
 

UVLS 
 

19 

Out of step to islanding of Kola Karelia 
Intermediate Complex Wide 

 
UFLS 

 
20 

Out of step to islanding of Slovakia Large Complex Wide 
 

OOS 
 

21 

Splitting of Turkish grid leading to 
voltage collapse 

Large Complex Wide 
   

22 

Splitting of Turkish grid leading to 
desynchronization from Europe 

Large Complex Wide 
 

Tie-lines 
protection  

22 

Splitting of Turkish grid leading to sub-
area blackout 

Large Complex Wide 
   

22 

Inter-area oscillation with centralized 
PSS 

Large Complex Wide 
 

Centralized 
PSS  

23 

Closing of AC line parallel to HVDC VSC 
France-Spain 

Large Simple Local Fast HVDC VSC 
 

24 

Increased wind power and loss of 2 
nuclear generators 

Large Simple Wide  Wind farm  25 

Voltage support from wind farms on 3 
phase fault 

Large Simple Local  Wind farm  26 

High voltage, transformer saturation, in 
Russia 

Intermediate Simple Local   TS 27 

High voltage, transformer saturation, in 
Slovenia 

Large Simple Local   TS 28 

Generator outage in Russia, 
impedances depending on frequency 

Intermediate Simple Local  
 FDI 

29 

 

5.2. Voltage set point change on Kola NPP generator 

Keywords: Voltage set point 

The voltage set point of Kola NPP generator is increased by 10%. 

5.3. Voltage set point modification in Slovenia 

Keywords: Voltage set point 

The voltage set point of a generator at the border between Croatia and Slovenia is decreased. 

Voltage decreases while nearby generation units increase their reactive output to hold their set 

points. 
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5.4. Voltage set point modification in Romania 

Keywords: Voltage set point 

The voltage set point of a small generator (48 MVA) in Romania is increased by 10%. 

5.5. Critical clearing time computation close to Kalinin NPP (Russia) 

Keywords: Machine stability, 3-phase fault, 750 kV 

In this scenario, the critical clearing time for a short circuit at Kalinin NPP substation, on 750kV, 

is computed. The marginal stable and unstable simulations are then performed. 

5.6. Critical clearing time computation on IPS-UPS+Europe+Turkey system 

Keywords: Machine stability, 3-phase fault, 500 kV, extra-large 

In this scenario, the critical clearing time for a short circuit on 500 kV bus of Itatskaya substation 

(close to generators of Berezovskaya SPP) is computed. The marginal stable and unstable 

simulations are then performed. The computations are performed on the interconnection of IPS-

UPS, Europe, and Turkey. 

5.7. Critical clearing time computation near German nuclear plant 

In this scenario, the critical clearing time for a short circuit close to a German nuclear power 

plant, on 400kV, is computed. The marginal stable and unstable simulations are then performed. 

5.8. Critical clearing time computation near Czech power plants 

In this scenario, the critical clearing time for a short circuit close to several Czech thermal power 

plants, on 400kV, is computed. The marginal stable and unstable simulations are then performed. 

5.9. Voltage collapse in France, RTE 

Keywords: Voltage collapse, slow dynamics, tap changers, under-voltage relays 

The scenario simulates a loss of 2 parallel lines in France, leading to a sequence of events typical 

of voltage collapses:  

¶ Voltage starts to drop 

¶ Load tap changers are activated to restore load voltage 

¶ Some nearby generators reach their maximum reactive power capability 

¶ Some nearby generators get tripped by their under-voltage protection 

¶ Voltage collapses 

The simulation is run on the model of European and Turkish systems. 

5.10. Voltage collapse in France, ESP 

Keywords: Voltage collapse, slow dynamics, tap changers, under-voltage relays 

The scenario simulates another case of voltage collapse in France, caused by the tripping of 3 

lines. The events are as follows: 

¶ Voltage starts to drop 

¶ Load tap changers are activated to restore load voltage 

¶ Some nearby generators reach their maximum reactive power capability 

¶ Some nearby generators get tripped by their under-voltage protection 

¶ Voltage collapses 

5.11. Voltage Collapse in Italy 

Keywords: Voltage collapse, slow dynamics, tap changers, under-voltage relays 
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Line openings in Italy lead to voltage collapse. 

5.12. Voltage collapse in France and centralized voltage control 

Keywords: Voltage collapse, slow dynamics, tap changers, under-voltage relays, complex control 

The scenario is based on a previous voltage collapse scenario in France. It is slightly modified so 

that the 13 generators belonging to 2 different power plants in the affected area get coordinated 

by a centralized voltage regulation. The input of this control is the voltage measured in a nearby 

400kV substation. 

5.13. Cascade of outages leading to islanding and resynchronization of IPS of 

North West and Belorussia 

Keywords: Islanding, cascading, under-frequency load shedding, resynchronization 

 

750 kV interconnection between Leningrad and Kalinin NPP substations is tripped. Other 

interconnections between IPS of Center and IPS of North-West and Belorussia are overloaded. 

They are tripped by the emergency (thermal) protection: the system is split in 2 parts. Frequency 

in the IPSs of North-West and Belorussia decreases but get restored by under frequency load 

shedding, leaving the way for resynchronization. 

5.14. Cascade of outages leading to islanding and resynchronization of Spain and 

Portugal 

A 400kV interconnection between France and Spain is tripped, leading to overload and tripping 

of the remaining interconnections by their thermal protections. Spain and Portugal are then 

islanded and their frequency drops. Under-frequency load shedding restores frequency in the 

area, while generators get shut down in France to decrease frequency. Resynchronization is then 

successfully performed. 

5.15. Events leading to blackout of Komi and Arkhangelsk system 

Keywords: Islanding, overload relays, blackout, under-voltage load shedding, user-defined 

protection 

 

The tripping of a generator in Komi and Arkhangelsk system leads to an overload of the 2 

interconnections with the rest of the system. The area gets islanded and the frequency decreases, 

leading to under-frequency tripping of some more generators. The voltage drops in the area, and 

load is shed by under-voltage load shedding automaton. Eventually one more generator is tripped 

by its over-speed protection, and all generators get subsequently tripped from under-speed, 

leading to blackout of the area. 

5.16. Load increase leading to islanding of Kola Karelia area 

Keywords: Islanding, out-of-step, under-frequency load shedding, user-defined protection 

 

A load increase in Kola Karelia area causes voltage decrease and the area starts to lose the 

synchronism. The line linking the area to IPS of North West is opened by an out-of-step 

automaton, islanding the area. Frequency decreases in the area, but load shedding successfully 

restores it to almost 50 Hz. 

5.17. Islanding of Slovakia by out-of-step relay 

Keywords: Islanding, out-of-step, under-frequency load shedding, user-defined protection 
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Interconnections are opened so that Slovakia is fed by only 2 remaining interconnections. A short 

circuit on 1 of them leads to its opening to clear the fault, and the second one gets tripped by an 

out-of-step relay. Frequency decreases in Slovakia but gets restored by under-frequency load 

shedding. 

5.18. Inter area East-West oscillations and centralized PSS efficiency 

Keywords: Inter-area low frequency oscillations, user-defined regulation, centralized control 

 

This scenario simulates wide inter-area oscillations at 0.28Hz between Western and Eastern parts 

of the European system, provoked by the tripping of a Spanish nuclear power plant. 

Additionally, the effect of a ñcentralized PSSò is investigated, taking as input the frequency in 

several country to generate a signal feeding several generators.  

5.19. Splitting of Turkish Grid leading to several variants 

Keywords: Islanding, under-frequency load shedding, voltage collapse, user-defined protection 

 

This scenario is actually composed of 4 variants based on a common start: a complex fault leads 

to the splitting of Turkish grid into subnetwork A including most of Asia network,  isolated, and 

subnetwork E including  the European part of the Turkey network and a small part of the Asian 

network, connected to the European network with a large deficit. 

Starting from this point, 4 scenarios are simulated: 

Scenario 1: no disconnection from the European grid, voltage collapses in Turkey 

Scenario 2: no disconnection from the European grid, voltage collapses in Turkey, even lower 

than in scenario 1 due to tightened generation limitations 

Scenario 3: tie-line automaton causes the islanding of Turkish grid as a whole, followed by 

successful under-frequency load shedding in the European-side Turkish system 

Scenario 4: islanding of a sub-area of European-side Turkish grid, on low voltage criterion, 

leading to failure of under-frequency load shedding, under-voltage relays action and blackout of 

the sub-area 

5.20. Closing line in parallel with HVDC VSC France-Spain Link 

Keywords: HVDC VSC, power set point, fast dynamic 

A line is closed in parallel with the HVDC link between France and Spain. The HVDC returns to 

its active power set point in some milliseconds, while the exchange FR-ES is redistributed 

between the AC interconnections. 

5.21. Increased wind power and loss of 2 nuclear generators 

Keywords: Frequency deviation, wind farms, user-defined regulation 

 

This scenario simulates the loss of 2 generators in France for an amount of 1700 MW, in the 

interconnected European and Turkish systems. The response in voltage and frequency is 

investigated on the base model and on a variant where wind power has been increased to 20% of 

total generation. 

5.22. Voltage support from power farms on 3 phase fault 

Keywords: Short circuit, voltage dip, wind farms, user-defined regulation 
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The scenario simulates a short circuit on 400 kV close to nuclear power plant in France, on the 

interconnected European and Turkish systems. The voltage response of the system is investigated 

on the base model and on a variant where wind farms have been added to represent 20% of total 

generation. Behavior is also compared with and without specific voltage support regulation on 

these additional wind farms. 

5.23. Transformer saturation effect 

Keywords: High voltage, transformers saturation 

 

The scenario simulates the disconnection of 3 shunt reactors on 750 kV, in order to raise voltage. 

It is performed with and without representation of transformers saturation. 

5.24. Transformer saturation effect in Slovenia 

Keywords: High voltage, transformers saturation 

 

The voltage set point of a generator at the border between Croatia and Slovenia is drastically 

increased in order to simulate the effect of transformer saturation when voltage rises. The 

simulation is performed with, and without representation of transformers saturation. 

5.25. Generator outage and impedances depending on frequency 

Keywords: Generator outage, frequency dependency of impedances 

 

The scenario simulates the tripping of a large generator. The simulation is performed with and 

without impedances depending on frequency. 
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6. Set-point change on the generator installed at Kola NPP (SO 

UPS) 

The scenario is a simulation of set-point change on the generator installed at Kola NPP (node# 

401017). The developed scenario refers to test procedure ñChecking fidelity on generator set-

point changeò. The developed scenario includes following events: 

¶ 10% step change of the voltage set-point of the excitation controller (installed at the 

generator of Kola NPP). 

6.1. Scenario description 

Generator of Kola NPP is equipped with static excitation system with high-performance 

excitation controller. At t =1 s. the 10% step change of the voltage set-point of the excitation 

controller (installed at the generator of Kola NPP) is performed. At t = 500 s. the simulation is 

over. 

6.2. Simulation results 

Voltage evolution and Excitation systemôs output  

Figures Figure 6.1 and Figure 6.2 describes Kola NPP generatorôs 10% set-point modification 

(output of the macro-block placed at the input of the voltage regulator) and corresponding 

voltage evolution at generatorôs buses of Kola NPP (node# 401017). 

 

Figure 6.1: 10 % set-point modification 

 

Figure 6.2: Voltage at generators terminals 
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Active power of the generator installed at Kola NPP. 

The active power of the generator (# 401017) installed at Kola NPP are presented on Figure 6.3. 

 

Figure 6.3: Active power of the generator installed at Kola NPP 

6.3. Performance assessment 

Results of our performance runs are presented in the table below, showing an improvement of 

40%, compared to the chosen reference. As for all scenario implemented on IPS-UPS system, 

the simulation time is also below the limit required in functional specifications. 

 

 

 

6.4. Conclusions 

The prototype proved able to represent set-point modification of the generator. 

It shows a 40% reduction of computation time compared with the chosen reference. As for all 

scenario implemented on IPS-UPS system, the simulation is significantly faster than the 5 

minutes target.  

  

                                                           

1
 Computation time reduction compared to the reference = (Tstandard-Tproto)/Tstandard 

 prototype standard reduction1 

CPU time 3s 5s 40% 
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7. Generator set-point change in Slovenia (HEP) 

The scenario is a simulation on the interconnected European and Turkish grid of generators 

SILI40, SILI41 and SILI42 voltage setpoint modification. Voltage regulator setpoint was 

modified from 1.098 to 0.9000 (~ -18%). The consequences include: 

¶ Voltage deviations in the node generators are connected to and nearby nodes. Finally 

voltages are settled at new, lower values. 

¶ Nearby generators change their reactive power injections in order to restore voltage set 

point. 

7.1. Scenario description 

Following parameters were used for simplified accuracy prototype: 

¶ Default values of accuracy parameters 

Following parameters were used for full accuracy prototype: : 

¶ Default values of accuracy parameters 

¶ Accuracy parameter was varied between 10
-7
s and 10

-4
s in order to check fidelity of the 

full accuracy algorithm 

In t = 5 s voltage regulator setpoint of generators SILI40, SILI41 and SILI42 was modified from 

VREF = 1.098 to VREF = 0.900. System was observed during 15 s after setpoint modification. 

 

Figure 7.1: Area description and events for simplified solution 

 



  

 Date: 26/06/2012 Page: 25 DEL_WP64_D63_Part31_full_accuracy_simulation 

 

7.2. Simulation results 

Voltage evolution and units response during simulation: 

Reactive power injections in generators nodes were reduced in order to reach new voltage 

setpoint value (units SILI40 ï SILI42 reduced its productions for 75MVAr-seach, aggregately), 

(see Figure 7.2). This event caused voltage deviations in the node generators are connected to, 

and nearby nodes (see Figure 7.3). Finally voltages are settled at new, lower values. 

As illustrated in Figure 7.4, nearby generators change their reactive power injections in order to 

restore voltage set point as before modification (e.g. units SIHY17 ï SIHY 34 raised its 

production for 3MVAr -s each, aggregately). 
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Figure 7.2: Modifying SILI40 voltage regulator set point 
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Figure 7.3: Voltages evolution 
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Figure 7.4: SIHY21 reactive power injection 

As required in the specifications, large generation unit is tripped which caused voltage deviation 

in the network, and after event followed usual behaviour of the power system: unit response, PST 

tap change, voltage regulation on transformers. 
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7.3. Performance assessment 

Results of our performance runs are presented in the table below, showing an improvement of 

32%, compared to the chosen reference. Given the simplicity of the scenario the simulation is 

also significantly faster than the 5 minutes target. 

 

 

 

 

 

7.4. Conclusions 

The behaviour of the system is consistent with expectations: reactive power and voltage decrease 

following set-point modification, while other generators increase their reactive output to 

compensate. 

The simulation runs 32% faster than the reference, and in significantly less than the 5 minutes 

target. 

  

                                                           

1
 Computation time reduction compared to the reference = (Tstandard-Tproto)/Tstandard 

 prototype standard reduction1 

CPU time 21s 31s 32% 
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8. Generator set-point change in Romania (RTU) 

The scenario is intended to check the fidelity of generator voltage set-point change. 

8.1. Scenario description 

Generator (ROHY365, 48.0 MVA) voltage set-point (variable @VREF in AVR + PSS model, 

see Figure 8.1) is changed at time 10 s in sequence file: 

¶ initial value of @VREF = 1.03814 pu 

¶ modified value of @VREF = 1.03814 pu + 10 % = 1.14195 pu 

 

 

Figure 8.1: Variable @VREF in AVR + PSS model 

8.2. Simulation results 

Numerical results of the simulation can be observed in Figure 8.2. As expected, deliberate field 

current change increases the reactive power output and therefore also the voltage on adjacent 

nodes. Active power output remains the same. 

 

An area with low short circuit power was chosen by evaluation of three parameters/criterions 

taken at different freely selected nodes: 

¶ actual value of short circuit current on a node in the area; 

¶ the effect on the area of the prolonged 3-phase metallic short circuit; 

¶ generated power in the area. 
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Figure 8.2: Numerical results: 1) Variable @VREF and field current, 2) Active and reactive power of 

the generator, 3) Voltage on the generator node, 4) Voltage on two nearby 110 kV nodes, 5) Voltage 

on the closest 220 kV node 
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8.3. Performance assessment 

Results of our performance runs are presented in the table below, showing an improvement of 

45%, compared to the chosen reference. Given the simplicity of the scenario, the simulation is 

also significantly faster than the 5 minutes target. 

 

 

 

 

8.4. Conclusions 

As required in the specification, generator in low short-circuit power area was selected for 

simulation purposes. The behaviour of the system is consistent with expectations: reactive power 

and voltage increase following set-point modification. 

The simulation runs 45% faster than the reference, and in significantly less than the 5 minutes 

target thanks to the simplicity of the scenario. 

 

  

                                                           

1
 Computation time reduction compared to the reference = (Tstandard-Tproto)/Tstandard 

 prototype standard reduction1 

CPU time 15s 21s 45% 
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9. 3-phase fault on the EHV grid close to generators of Kalinin 

NPP (SO UPS) 

The scenario is a simulation of transitory 3-phase fault on 750 kV buses of Kalinin NPP (close to 

generators of Kalinin NPP). The developed scenario refers to test procedure ñChecking fidelity 

on machine stability and instabilityò. The developed scenario includes following events: 

¶ 3-phase fault at 750 kV buses of Kalinin NPP (node #517473). 

¶ Fault clearing. 

9.1. Scenario description 

At t=1 s. the metallic 3-phase fault at 750 kV buses of Kalinin NPP (node #517473) is simulated. 

In the considered case the critical clearing time amounts 0.18 seconds. Simulation is performed 

for marginally stable and unstable cases. The simulation is stopped at t = 500 s 

9.2. Simulation results 

Voltage evolution and Excitation systemôs output (Stable case) 

Figure 9.1 and Figure 9.2 describe voltage evolution at 750 kV buses of Kalinin NPP (node 

#517473) and the output of the excitation system of the generator installed at Kalinin NPP (node 

#517188). 

 

Figure 9.1: Voltage evolution at 750 kV buses of Kalinin NPP 

 

Figure 9.2: Excitation systemôs output 
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Active power and the angular position of the generator installed at Kalinin NPP (Stable 

case). 

The active power and the angular position of the generator installed at Kalinin NPP are presented 

on Figure 9.3 and Figure 9.4. 

 

Figure 9.3: Active power of the generator installed at Kalinin NPP 

 

Figure 9.4: Angular position of the generator installed at Kalinin NPP 

Voltage evolution and Excitation systemôs output (Unstable case) 

Figure 9.5 and Figure 9.6 describe voltage evolution at 750 kV buses of Kalinin NPP and the 

output of the excitation system of the generator installed at Kalinin NPP. 
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Figure 9.5: Voltage evolution at 750 kV buses of Kalinin NPP 

 

Figure 9.6: Excitation systemôs output 

Active power and the angular position of the generator installed at Kalinin NPP (Unstable 

case). 

The active power and the angular position of the generator installed at Kalinin NPP are presented 

on Figure 9.7 and Figure 9.8. 

 

Figure 9.7: Active power of the generator installed at Kalinin NPP 

 

Figure 9.8: Angular position of the generator installed at Kalinin NPP 
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9.3. Performance assessment 

Results of our performance runs are presented in the table below, showing improvements of 35% 

and 38% respectively for stable and unstable cases, compared to the chosen reference. As for 

all scenario implemented on IPS-UPS system, the simulation time is also significantly below the 

5 minutes target from functional specifications. 

 

 

 

9.4. Conclusions 

The prototype proved able to represent loss of stability of the generator (caused by a 3-phase 

fault). The behaviour is consistent with expectations. 

The simulation runs 35% faster than the reference, and in significantly less than the 5 minutes 

target, as all scenarios implemented on the IPS-UPS system. 

  

                                                           

1
 Computation time reduction compared to the reference = (Tstandard-Tproto)/Tstandard 

 prototype standard reduction1 

CPU time, stable 31s 48s 35% 

CPU time, unstable 57s 1min32s 38% 
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10. 3-phase fault on the EHV grid close a German power plant 

(ESP) 

This scenario simulates metallic 3-phase fault on the bus D0140111 (400 kV) in the 

interconnected European and Turkish grid which is close to the generator node DENU2997. The 

consequences include: 

¶ Machine is stable after eliminating fault in less than t=0.5s 

¶ Machine is unstable after eliminating fault in more than t=0.505s 

10.1. Scenario description 

A metallic 3-phase fault is created on the bus D0140111 at time t=10s. It causes acceleration of 

the machine DENU2997. The fault is eliminated at t=10.5s (for stable case) or at t=10.505s (for 

instable case). 

10.2. Simulation results 

Stable case 

Figures 10.1 and 10.2 describe angle evolution in machine DENU2997 and voltage evolution in 

bus D0140111 in stable case. 

 

Unstable case 

Figures 10.3 and 10.4 describe angle evolution in machine DENU2997 and voltage evolution in 

bus D0140111 in unstable case. 

 

 

Figure 10.1: voltage evolution at node D0140111 (stable case) 
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Figure 10.2: angle evolution of machine DENU2997 (stable case) 

 

 

 

Figure 10.3: voltage evolution at node D0140111 (unstable case) 
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Figure 10.4: angle evolution of machine DENU2997 (unstable case) 

 

10.3. Performance assessment 

Results of our performance runs are presented in the table below, showing improvements of 21 

and 24% respectively for the stable and unstable cases, compared to the chosen reference. The 

simulation time is also below the 5 minutes target from functional specifications. 

 

 

 

 

10.4. Conclusions 

The prototype proved able to simulate faults leading to both stable and unstable generator 

behaviour. In both cases, the behaviour is consistent with expectations. 

The simulation runs in less than 5 minutes, as required in the functional specifications, and 

21%/24% faster than the reference. In addition the speed of simulation is robust to the stability or 

instability of the scenario. 

  

                                                           

1
 Computation time reduction compared to the reference = (Tstandard-Tproto)/Tstandard 
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 prototype standard reduction1 

CPU time, stable 3min37s 4min36s 21% 

CPU time, unstable 3min32s 4min38s 24% 
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11. 3-phase fault on the EHV grid close to Czech generators 

(RTU) 

The purpose of the scenario is to check the fidelity of machine stability and instability by 

simulating a fault on an extra high voltage node which causes the loss of a stability of a 

synchronous machine. Marginally stable / unstable cases are found by the help of critical clearing 

time simulation. 

11.1. Scenario description 

The test case is modified - the A17 automaton ñSTABILITY OR INSTABILITY DETECTIONò 

is included in the dynamic data file, see Figure 11.1. 

 

 

Figure 11.1: Insertion of A17 automaton in dynamic data file 

 

The fault is simulated on the following node (although it may be placed at the beginning of any 

line that is connected to the node in question with similar results): 

¶ C0022811, CZ area, 380 kV. 

 

Nearby / most affected generators (they are found, for instance, by retaining the fault for a long 

enough time to observe the disconnection of the three generators): 

¶ CZLI3116 (400 MW), CZGA3117 (100 MW), CZGA3118 (100 MW). 
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Marginally stable / unstable cases are found by critical clearing time simulation in ñComputation 

Moduleò. 

Critical clearing time is searched with 1ms accuracy (instead of required 10ms) to obtain more 

accurate results. 

To avoid the tripping of nearby generators due to voltage or speed criteria, the respective 

automatons (A11, A12) of these generators are deactivated during simulation. This deactivation 

is set in sequence file (.seq). 

11.2. Simulation results 

 

Figure 11.2: Marginally stable case (curves are shown starting from the time when the fault is 

cleared). Data of two of the three most affected generators is presented. 
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The speed and angular position of two of the three most affected generators are presented in 

Figure 11.2 and Figure 11.3. 

In Figure 11.2 marginally stable case is presented (automation A17 detects a stable state). The 

fault duration is equal to 0.3604 s. 

In Figure 11.3 marginally unstable case is presented (automation A17 detects an unstable state). 

The fault duration is equal to 0.3612 s and it results in the stability loss of generator CZLI3116. 

 

 

Figure 11.3: Marginally unstable case (curves are shown starting from the time when the fault is 

cleared) 
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11.3. Performance assessment 

CPU time measurements from performance runs have given the following results, showing an 

important improvement of 29% for stable case and 23% for unstable case compared to the 

chosen reference. 

 

 

 

 

 

The simulation time is also significantly below the limit required in functional specifications. 

 

11.4. Conclusions 

A metallic 3-phase fault is applied in the EHV grid close to generators, and critical clearing time 

is searched. Marginally stable and unstable cases are simulated. 

CPU time in all cases is significantly under 5 minutes even in case of the stability loss of 

generator, and shows reductions of 29% and 23% respectively for the stable and unstable cases, 

compared to the reference. 

  

                                                           

1
 Computation time reduction compared to the reference = (Tstandard-Tproto)/Tstandard 

 prototype standard reduction1 

CPU time / stable case 1min07s 1min34s 29% 

CPU time / unstable case 1min10s 1min31s 23% 
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12. Simulation of a 3-phase fault on an extra-large system (SO 

UPS) 

The developed scenario refers to test procedure ñExtra-large systemò. The scenario is a 

simulation of transitory three-phase fault at 500 kV buses of Itatskaya substation (close to 

generators of Berezovskaya SPP). The scenario includes following events: 

¶ 3-phase fault at the 500 kV buses of Itatskaya substation (node 6). 

¶ Fault clearing. 

12.1. Scenario description 

At the time t = 30 s the 3-phase metallic fault is simulated at 500 kV buses of Itatskaya 

substation. Critical clearing time of the fault amounts 0.12 s. Simulation is performed for 

marginally stable and unstable cases. In case when simulation is unstable it is manually stopped 

at t = 30.8 s. Generator of Bratskaya HPP (generator #805) is considered as reference machine to 

determine stability loss of the generators of Berezovskaya SPP. 

12.2. Simulation results 

Voltage evolution  

Figure 12.1 describes voltage evolution at 500 kV buses of Itatskaya substation (node #6).  

 

Figure 12.1: Voltage at 500 kV buses of Itatskaya substation 

Angular position  

Angular positions of the generator installed at Berezovskaya SPP (generator 10) 

and Bratskaya HPP (generator 805) are presented on Figure 12.2. 
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Figure 12.2: Angular position of the generator installed at Berezovskaya SPP and Bratskaya HPP 

Full time range of the transient (for marginally stable case) is presented on Figure 12.3.  

 

Figure 12.3: Angular position of the generator installed at Berezovskaya SPP and Bratskaya HPP 

(Stable) 

12.3. Performance assessment 

Results of our performance runs are presented in the table below, showing large improvements 

of 60 and 52% respectively for the stable and unstable cases, compared to the chosen reference. 

The simulation time is also below the 5 minutes target from functional specifications, unlike the 

reference version. 

 

 

 

 

The size of the system being larger than the one initially specified for our tests, those results 

exceed expectations.  

                                                           

1
 Computation time reduction compared to the reference = (Tstandard-Tproto)/Tstandard 

 prototype standard reduction1 

CPU time, stable 2min43s 6min51s 60% 

CPU time, unstable 1min45s 3min39s 52% 
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12.4. Conclusions 

The prototype proved able to correctly represent loss of stability of a generator (caused by a 3-

phase fault) on the extra-large UCTE + IPS-UPS model. 

The simulation time provided by the reference EUROSTAG 4.5 exceeds 5 minutes whrereas the 

simulation in the prototype runs in less than 5 minutes as required in the functional 

specifications. The computation time reduction reaches 60% and 52 % respectively for stable and 

unstable cases, exceeding initial expectations.  
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13. Voltage collapse in France (RTE) 

The scenario is a simulation on the interconnected European and Turkish grid of a voltage 

collapse in France, caused by the simultaneous loss of 2 parallel lines between buses F0308411 

and F0322411. The consequences include: 

¶ Voltage drop  

¶ Load tap changers activated to restore load voltage 

¶ Generators reaching their maximum reactive power capability 

¶ Generators tripped by their undervoltage protection 

¶ Voltage collapse 

13.1. Scenario description 

The scenario follows the scheme of a typical voltage collapse. 

Parallel 400 kV lines between buses F0308411 and F0322411 are opened at time t=1s. It creates 

a 400 kV peninsula, poorly linked to the 400 kV grid through the underlying 220 kV grid. 

The peninsula being initially fed mainly by the 2 opened lines and transmissible power being low 

on the underlying 220kV grid, voltage starts dropping on F0308411 side, while reactive 

production of the few nearby generation units increases: FRHY2232éFRHY2238 among others. 

After 30 seconds, load tap changers start to restore voltage on loads side and then load values. 

As a consequence, field currents and thus reactive injections of generation units FRHY2232 to 

FRHY2238 reach their limit. The voltage at their connection bus starts to drop. 

Around t = 140s, the voltage on their connection buses reaches under-voltage protections 

threshold, tripping the units and causing voltage to collapse in the area. 

 

 

 

Figure 13.1: Voltage collapse area description 
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13.2. Simulation results 

Voltage evolution 

Figure 13.2 describes voltage evolution in several places: 

¶ F0308411 which is part of the 400 kv peninsula: it is the initial connection bus of the 

opened lines. Its voltage first drops to 320 kV, then decreases slowly with load 

transformers changing taps, and collapses when generation units are tripped. 

¶ F0292521 : 220 kV bus in the underlying network, its voltage is regulated through 

secondary voltage control by units FRHY2232-38. Voltage evolution is similar to 

F0308411, because the units reach their maximum reactive generation at time t=30s. 

¶ FMV01400: connection bus of a load in the area. Its voltage first drops to 26 kV then is 

kept almost constant through tap changing until it collapses when generation units are 

tripped. 

 

Reactive generation:  

Figure 13.3 represents the participation of 2 generation units to voltage regulation in the area: 

FRHY2232 and FRCO2381. After a temporization (see corresponding macroblocks AVR+PSS 

and AVR+PSS2), they both reach their field current maximum limit (1.9 p.u), around t=30s for 

the first one and t=110s on the second one. Their reactive generation is then limited and the 

voltage at regulated bus drops. 

Figure 13.2: voltage evolution 
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Figure 13.3: generators participation 

Tap changers: Figure 13.4 represents the tap changes of the 2 levels of load transformers at load 

FMV01400. As expected taps change to restore load voltage until they reach their limit, and lots 

of transformers get involved in the process: 25 transformers change more than 10 taps. 

 

Figure 13.4: load tap changers participation 
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13.3. Performance assessment 

CPU time measurements from our performance runs gave the following results for that scenario, 

showing an important improvement, 45%, compared to the chosen reference. The simulation 

time is also below the 5 minutes target of functional specifications. 

 

 

 

13.4. Conclusions 

The prototype proved able to simulate a complex scenario containing all the characteristic steps 

of a voltage collapse: from the line opening that triggers the sequence to load restoration through 

tap changers and finally the action of under-voltage relays. 

The simulation runs in less than 5 minutes, as required in the functional specifications, showing 

important improvement compared to state of the art. 

In particular, itôs a good performance considering the large amount of breakdowns of the time 

step caused by the numerous tap changes. 

  

                                                           

1
 Computation time reduction compared to the reference = (Tstandard-Tproto)/Tstandard 

 prototype standard reduction1 

CPU time 4min42s 8min32s 45% 
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14. Voltage collapse in France (ESP) 

The scenario simulates voltage collapse in France, caused by tripping 3 lines between buses 

F0255911 and F0264911, F0255911 and F0294711, F0265211 and F0293711, on the 

interconnected European and Turkish grid. The consequences include: 

¶ Voltage drop  

¶ Load tap changers activated to restore load voltage 

¶ Generators reaching their maximum reactive power capability 

¶ Generators tripped by their undervoltage protection 

¶ Voltage collapse 

14.1. Scenario description 

The 400 kV lines, connecting nodes F0255911 and F0264911, F0255911 and F0294711, 

F0265211 and F0293711 trips at the time t=1s. It causes significant voltage deviations in the 

nearest 220 kV grid, which mainly fed by nearest generation units FRHY1957 to FRHY1959, 

FROI1960 to FROI1965 and FROI2130 to FROI2136 and the deficit is covered by flows from 

400 kV grid.  

 

Figure 14.1: scenario scheme 

The scheme of the network part under consideration is shown at Figure 14.1. 
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14.2. Simulation results 

Figure 14.2 describes voltage evolution during voltage collapse. The three nodes FRHY1959, 

FROI1960 and FROI2130 are generator nodes belonging to three different power plants 

connected to the deficit 220 kV under consideration. 

The voltages decrease steadily as the load restores by the action of OLTC. As seen from the 

figure voltage begins to decrease faster after excitation current limiter time delay has expired 

consequently at all three plants generators.  

Finally under-voltage protection trips generators which are still remain at work at time t = 

237.9s. 

 

 

Reactive power evolution during the process is shown at the figure 14.3. The reactive power 

starts to rise as tap changers restore voltage and reactive power consumption at load level. 

Generators drop reactive power output by the action of excitation current limiters after some 

delay. 

 

 

 

The following tap changers were activated and changed at least 14 taps.  
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Figure 14.3: reactive power evolution 

Figure 14.2: voltage evolution 
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Branch name 
Variation of 

transformation 
ratio 

Branch name 
Variation of 

transformation 
ratio 

 F0265121-FHV00889-1 -16  FMV00356-FHV00356-1  -14 

 FHV00889-F0265121-1  -16 F0343321-FHV00303-1 -14 

 FHV01331-F0289021-1  -15  FMV00383-FHV00383-1  -14 

 F0293711-FHV00712-1  -15  F0335221-FHV00335-1  -14 

 FHV00712-F0293711-1  -15  F0243021-FHV00099-1  -14 

 FHV00222-F0255021-1  -15  FHV00736-FMV00736-1  -14 

 F0311321-FHV00383-1  -15  FHV00889-FMV00889-1  -14 

 F0255021-FHV00222-1  -15  FHV00356-FMV00356-1  -14 

 FHV00383-F0311321-1  -15  FMV00787-FHV00787-1  -14 

 F0289021-FHV01331-1  -15  FHV01069-F0338521-1  -14 

 F0265321-FHV01428-1  -14  FHV00303-F0343321-1  -14 

 F0326621-FHV00736-1  -14  F0293812-FHV00606-1  -14 

 FHV00099-F0243021-1  -14  FMV00736-FHV00736-1  -14 
Table 14.1: List of transformers which tap position changed by 14 and more taps. 

 

Names of the machines which are stopped during evolution of the voltage collapse are shown in 

the table 14.2. 

Names of the machines which were tripped by 

undervoltage protection 

FRHY1842 FROI1965 

FRHY1957 FROI2130 

FRHY1958 FROI2131 

FRHY1959 FROI2132 

FROI1960 FROI2133 

FROI1961 FROI2134 

FROI1962 FROI2135 

FROI1963 FROI2136 

FROI1964 FRHY2432 

Table 14.2: List of generators tripped by undervoltage protection 

 

14.3. Performance assessment 

CPU time measurements from our performance runs gave the following results for that scenario, 

showing an important improvement, 47%, compared to the chosen reference. The simulation 

time is far less than 15 minutes, but remains nevertheless slightly above the 5 minutes target 

from the functional specifications. 

 

 

 

14.4. Conclusions 

The prototype proved able to simulate all the events which may occur during voltage collapse 

situation evolution. They include line tripping, generator tripping, automatic transformer tap 

changing and under-voltage protection action. 

                                                           

1
 Computation time reduction compared to the reference = (Tstandard-Tproto)/Tstandard 

 prototype standard reduction1 

CPU time 6min09s 11min49s 47% 
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The computation time shows a reduction of 47% but remains nevertheless slightly above the 5 

minutes target from the functional specifications. 
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15. Centralized voltage control and voltage collapse in France 

(ESP) 

This scenario simulates centralized voltage control activation during voltage collapse in France, 

caused by tripping 3 lines between buses F0255911 and F0264911, F0255911 and F0294711, 

F0265211 and F0293711, on the interconnected European and Turkish. 

The consequences include: 

¶ Voltage drop  

¶ Load tap changers activated to restore load voltage 

¶ Generators reaching their maximum reactive power capability 

¶ Generators tripped by their undervoltage protection 

¶ Voltage collapse 

¶ Activation of centralized voltage control in the area 

15.1. Scenario description 

The scenario is based on the voltage collapse scenario described in chapter 14. 

The 400 kV lines, connecting nodes F0255911 and F0264911, F0255911 and F0294711, 

F0265211 and F0293711 trips at the time t=1s. It causes significant voltage deviations in the 

nearest 220 kV grid, which mainly fed by nearest generation units FRHY1957 to FRHY1959, 

FROI1960 to FROI1965 and FROI2130 to FROI2136 and the deficit is covered by flows from 

400 kV grid.  

Also it causes activation of centralized voltage control acting to recover voltage in the area. The 

centralized voltage control macroblock measures voltage on 400 kV bus   F0255911and produces 

LEVEL variable to adjust reactive power output of the generators under centralized control 

(FROI1960 to FROI1965 and FROI2130 to FROI2136). At each generator a bias to AVR signal 

(DUQCL) is then calculated. Therefore two power plants with several generating units on each of 

them are controlled by central control macroblock. 

Besides secondary voltage control was modelled on all other power plants in the system: in this 

case centralized control measures voltage on the HV bus of each power plant.  

15.2. Simulation results 

In figure 15.1, LEVEL variable evolution is shown. As voltage collapse progresses the LEVEL 

variable rises up to its limit to stimulate reactive power output. 

 

Figure 15.1: centralized control output signal (LEVEL) 
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In figure 15.2 are shown AVR signals on two generators under centralized control. A bias 

introduced by the centralized control may be observed at this figure. 

 

Figure 15.2: centralized voltage control bias in the AVR signal 

15.3. Performance assessment 

CPU time measurements from our performance runs gave the following results for that scenario, 

showing an important improvement, 48%, compared to the chosen reference.  

The simulation time nevertheless is above the limit required in functional specifications. 

 

 prototype standard reduction1 

CPU time 5min53s 11min18s 48% 

                                                           

1
 Computation time reduction compared to the reference = (Tstandard-Tproto)/Tstandard 
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15.4. Conclusion 

The prototype has proved to be able to simulate scenarios with centralized control by 

macroblocks involved. 

Simulation time is above that required by specification. 
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16. Voltage collapse in Italy (RTU) 

The scenario is intended to simulate voltage collapse in Italy, caused by gradual loss of several 

380 kV and 220 kV transmission lines. The consequences include: 

¶ Voltage drop. 

¶ On-load tap changers activated to restore voltage. 

¶ Generators reaching their maximum reactive power capability. 

¶ Generators tripped by their under-voltage protection. 

¶ Voltage collapse. 

16.1. Scenario description 

In order to achieve the voltage collapse without disconnecting and changing the parameters of 

too many power system elements, remote area that consumes reactive power has been looked for. 

 

The base test case is slightly modified in order to create the circumstances of the voltage 

collapse. Following changes are implemented: 

¶ Reduction of reactive capability of some nearby generators: ITOI3795, ITOI3796, 

ITOI3798, and ITOI3799. Two parameters of AVR+PSS model are changed for these 

generators. The first one is IFDLIM (changed from 3.05 to 1.9), the second is 

IFDSEUIL (changed from 3.27 to 2.0). 

 

 

Figure 16.1: Reduction of reactive capability of ITOI3795, ITOI3796, ITOI3798, ITOI3799 

generators 

 

¶ Under-voltage protection thresholds of ITOI3795, ITOI3796, ITOI3797, ITOI3798, 

ITOI3799 generators are increased from 0.7 to 0.8 pu. Respective drop-out thresholds 

therefore are also increased, see Figure 16.2. 
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Figure 16.2: Increase of under-voltage protection thresholds of ITOI3795, ITOI3796, ITOI3797, 

ITOI3798, and ITOI3799 generators 

 

Two 380 kV lines and three 220 kV lines are gradually opened (at 1.1 s, 1.2 s, 1.3 s, 1.4 s, and 

1.5 s) leaving as a result a relatively small region in Italy that is connected to the rest of the 

system via single 220 kV line, see Figure 16.3. 

 

Buses in the affected area: 

¶ 380 kV: I0516811, I0516111. 

¶ 220 kV: I0560822, I0517522, I0560722, I0510322, I0516922, I0546122, I0525322, 

I0544722, I0523422. 

 

Some selected buses nearby the affected region (they can be useful to analyze voltage profile 

nearby the considered area): 

¶ 380 kV: I0557711, I0546511. 

¶ 220 kV: I0554022, I0507022. 
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Figure 16.3: One-line diagram of the affected area in Italy (380 kV lines are depicted in red, 220 kV 

lines are shown in blue, and the line that connects weakened region with the rest of the system is 

highlighted with an arrow) 

 

The considered region experiences reactive power deficit and voltage drop that is compensated 

by: 

¶ reactive power flow from the remaining 220 kV line (I0523422-I0515022-1), 

¶ reactive power generated by local generators, 

¶ on-load tap changer operation. 

 

Nevertheless tap-changers reach their limit and reactive power increase from generators is 

insufficient to restore voltage. Voltage in the area continues to decrease until the minimum 

voltage relays disconnect five generators ITOI3795, ITOI3796, ITOI3797, ITOI3798, and 

ITOI3799, resulting in voltage collapse. 

16.2. Simulation results 

Figure 16.4 shows the reactive power flow through the remaining transmission line that connects 

two regions as well as voltage profiles on two buses in the affected region. 
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Figure 16.4: 1) Reactive power flow in the line that connects two regions, 2) Voltage profile on one 

380 kV and one 220 kV bus in the affected region 

 

In Figure 16.5 voltage profiles on two buses outside the affected region (but close to it) are 

presented. It can be seen that the permissible voltage level is maintained in the rest of the system. 
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Figure 16.5: Voltage profile on one 380 kV and one 220 kV nearby the affected region 

 

Figure 16.6 represents the participation of generator ITOI3795 to voltage control in the area. 

After generator reaches the limit of field current, reactive power generation is restricted and 

voltage at the regulated bus drops. 
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Figure 16.6: Voltage control by generator ITOI3795: 1) Reactive power output, 2) Machine field 

current, 3) Voltage at the node ITOI3795 

 

Figure 16.7 shows the operation of on-load tap changer at node I0546122 in the affected area. It 

can be seen that the lowest tap is reached during the regulation process. 
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Figure 16.7: Operation of on-load tap changer: 1) Voltage at I0546122 node, 2) Taps of the 

transformer that is connected to this node 

16.3. Performance assessment 

CPU time measurements from performance runs have given the following results, showing an 

important improvement of 35% compared to the chosen reference. 
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The simulation time for the prototype is below the limit required in functional specifications. 

16.4. Conclusions 

The prototype proved to be able to simulate complex scenario containing all the characteristic 

steps of a voltage collapse: from the line opening that triggers the sequence to load restoration 

through tap changers and finally the action of under-voltage relays. 

 

The simulation on the prototype is completed in less than 5 minutes, as required in the functional 

specifications. 

 

As required in the specifications, at least 10 on-load tap changers are activated during the 

simulation. 

 

AUTOMATON A14/I0510322-IHV00320-1 SWITCHES TAP FROM POSITION 14 TO 13 

AUTOMATON A14/I0546122-IHV00637-1 SWITCHES TAP FROM POSITION 14 TO 13 

AUTOMATON A14/I0544722-IHV00938-1 SWITCHES TAP FROM POSITION 13 TO 12 

AUTOMATON A14/I0516922-IHV01001-1 SWITCHES TAP FROM POSITION 14 TO 13 

AUTOMATON A14/I0517522-IHV01008-1 SWITCHES TAP FROM POSITION 15 TO 14 

AUTOMATON A14/I0516111-IHV01017-1 SWITCHES TAP FROM POSITION 15 TO 14 

AUTOMATON A14/I0525322-IHV01240-1 SWITCHES TAP FROM POSITION 16 TO 15 

AUTOMATON A14/I0523422-IHV01394-1 SWITCHES TAP FROM POSITION 13 TO 12 

AUTOMATON A14/I0514911-IHV00461-1 SWITCHES TAP FROM POSITION 15 TO 14 

AUTOMATON A14/I0547322-IHV00674-1 SWITCHES TAP FROM POSITION 11 TO 10 

AUTOMATON A14/I0546511-IHV01066-1 SWITCHES TAP FROM POSITION 14 TO 13 

Etc. 

 

The required number of activated generator field limiters is obtained as well. 

 

  

                                                           

1
 Computation time reduction compared to the reference = (Tstandard-Tproto)/Tstandard 

 prototype standard reduction1 

CPU time 4min26s 6min52 35% 
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17. Thermal cascade leading to a system splitting, under-

frequency load shedding and re-synchronization in the 

IPSUPS (SO UPS) 

The developed scenario refers to test procedure ñExtreme case thermal cascade leading to a 

system splitting, under-frequency load shedding and re-synchronizationò. The scenario is a 

simulation on the IPSUPS grid of a thermal cascade leading to a system splitting, under-

frequency load shedding and re-synchronization. The consequences include: 

¶ 750 kV interconnection Leningrad substation ï Kalinin NPP (403999-517473-1) is 

tripped 

¶ Interconnections between IPS (interconnected power system) of Center and IPS of 

North-West and Belorussia are overloaded. 

¶ The lines are tripped due to action of the emergency (thermal) protection. 

¶ System splitting. 

¶ Frequency in the IPSs of North-West and Belorussia decreases. 

¶ Action of the UFLS.  

¶ Frequency restoration. 

¶ Re-synchronization. 

17.1. Scenario description 

The total active power import of the North ï West and Belorussian power systems amounts 2681 

MW (1622 MW and 1059 MW respectively). 

At t = 5 s. the 750 kV transmission line Leningrad substation ï Kalinin NPP (403999 ï 517473 ï 

1) which connects the power systems of Centre and North-West opens. These event causes 

overload on interconnections between power systems of Centre and North-West and Belorussia 

(see Figure 17.1). 

Due to action of branch overcurrent protection, the transmission lines 750 kV Smolensk NPP ï 

Belarus substation (518540 ï 706965 -1); 330 kV Bologoe substation ï Okulovsk substation 

(517458 ï 404438 -1); 330 kV Roslavl substation ï Krichev substation (518528 ï 709640 -1); 

330 kV Talashkino substation ï Vitebsk substation (518509 ï 706935 -1) are tripped. 

The power system is split into two parts. Power systems of North ï West, Belorussia and Baltia 

are working in parallel being islanded from the rest of the IPSUPS power system. The active 

power deficit leads to frequency decrease in the power systems of North ï West, Belorussia and 

Baltia. 

To prevent dangerous frequency reduction the under-frequency load shedding in the power 

systems of North ï West and Belorussia is triggered. UFLS is modelled with the application of 

user automation ï LSF macroblock. 

At t = 50 s. when the frequency restores to its normal value the existing island and the remaining 

power system are re-synchronised by simultaneous closing of the transmission lines Smolensk 

NPP ï Belarus substation (518540 ï 706965 -1); 330 kV Bologoe substation ï Okulovsk 

substation (517458 ï 404438 -1); 330 kV Roslavl substation ï Krichev substation (518528 ï 

709640 -1); 330 kV Talashkino substation ï Vitebsk substation (518509 ï 706935 -1); 750 kV 

Kalinin NPP ï Leningrad NPP (403999-517473-1). 

At t = 60 s. the load (in North ï West and Belorussia powers systems) tripped by the action of 

UFLS is put back into operation. Simulation is stopped at t=500s. 
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Figure 17.1: Area description 

17.2. Simulation results 

Evolution of the power flows through the interconnections 

The events happening during current complex contingency are illustrated by the Figure 17.2, 

which represents behaviour of the active power flows through the interconnections between 

Centre and North ï West and Belorussia power systems. It should be noted that the total power 

flow from the IPS of Centre to the IPS of North ï West remains the same after the contingency. 

Lines tripping, re-synchronization of two separated parts of the power system, load restoration 

and successful damping of the post ï emergency oscillations (by t = 120 s.) presented on the 

curves leads us to a conclusion that the implemented scenario meets the requirements stated in 

specifications. 

 

Figure 17.2: Power flows through interconnections between Centre and North ï West power systems 

Frequency evolution 

Frequency evolution in both separated parts of IPSUPS power system (One part comprising 

North ï West, Belorussia, Baltia and second part including the rest of IPSUPS) is presented on 

Figure 17.3. 

Power deficit in the North ï West and Belorussian power systems causes significant frequency 

reduction (up to 48.7 Hz). Frequency restores to its nominal value due to the action UFLS 

automation. Then at t = 50 s two separated parts of the IPSUPS are re-synchronized. 
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