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 MISSION 

 Die Erzeugung, Übertragung und Anwendung der elektrischen 

Energie sind zum Nutzen der Menschen und der natürlichen 

Umwelt weiter zu entwickeln! 

 Die Mittel dazu sind:  

 Forschung & Entwicklung 

 Kooperation & Studien 

 Lehre & Weiterbildung 

                www.ifea.tugraz.at 

IFEA – Institut für Elektrische Anlagen 

http://www.ifea.tugraz.at/
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Wir verpflichten uns zu    

   Wahrheit,  

   Objektivität, 

   Neutralität 
 

 

Univ.-Prof + Ao. Univ.-Prof + Senior Researcher            3 

Univ.-Ass. + Univ.Projekt-Ass.  3 + 14  =     16 

Studentische MitarbeiterInnen                     8 

Lektoren und Gastvortragende          15 

Partner/ Kontakte     105 

 Elektroindustrie,  

 National und International (AT, EU)  

 Privatwirschaft (AT, IT, DE, CZ, BLG, MKD, TR, GB, FR)  

 Kooperationen, … 

 

  Projekte (pro Jahr) ~ 60 

 

IFEA – Institut für Elektrische Anlagen 
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Substation /  

Ring main unit 

The Electrical System - Structure  

EHV, HV 

MV 

LV 
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The Electrical System – Fault Behaviour (1) 

EHV, HV 

MV 

LV 
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The Electrical System – Fault Behaviour (2) 
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U(t) = ? 

U(t) = ? 

U(t) = ? LV 

EHV 

MV 

HV 

U(t) = ? 

U(t) = ? 

U(t) = ? 

The Electrical System – Micro- / Macro-Dips 
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LVRT – Problem: Generator View 
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        W        = W        …  Law of conservation of energy 

          W             = Welectr         +   Wmech  

          ʃ PTurbdt = ʃ Pelectr dt    +   Θωmech 
2/2                | d/ dt 

            PTurb    =   Pelectr        +   Θωmech *dωmech /dt    | ωmech ~ ωelectr=2πf 

             ΘωN*dω/dt   = PTurb  - Pelectr 

              ΘωN
2/2         = PTurb*H (inertia constant)  

  

                     d(f/fN) / d(t/H) = Δp /2      Δp = (PTurb  - Pelectr) / PGenset 
 

Example 1 (generation mix) 

f = 50 Hz          H = 3 (gas tubine) …5s … 8 (steam turbine) s 

             df/dt = 5*Δp [Hz/s] 

   
Example 2 – Overload in interconnected grid mode 

Psystem = 500’000 MW  499’700 MW (= - 300 MW) 

Δp = (PTurb  - Pelectr ) /PGenset  = - 300 / 500'000 = - 0,0006 

             df/dt = - 0,003 Hz/s 

  

System Stability– P(f) 

 

 
.
/. 
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       Overload  

       Less frequency   Less speed     More power input  

       Less Overload  

      Centrifugal Pendulum 

System Stability– P(f) Closed Loop Control – Overload 
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       De-loading  

       More frequency   More speed     Less power input  

       More loading  

      Centrifugal Pendulum 

System Stability– P(f) Closed Loop Control – De-loading 
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Daily Load Curve - Breakdown of Energy Sources 

     System elasticity stressed by additional fluctuating P.V. power infeed 
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Daily Load Curve - Breakdown of Energy Sources 

     System elasticity stressed by additional fluctuating P.V. power infeed 

                           additional EV charging 

0

20

40

60

80

100

120

140

160

180

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

E-Auto-Tanken

Rest=Gas

Solar

Wasser

Gas 

P.V. 

Hydro P 

Charging EV 

Energy Considerations 



Professor Horst Cerjak, 19.12.2005 

20 

     Univ.-Prof. Dr. L. Fickert Kaprun, 2013-0923 Voltage Ride Through 

Institut für  
Elektrische Anlagen 

Daily Load Curve - Breakdown of Energy Sources 
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Daily Load Curve - Breakdown of Energy Sources 

     System elasticity stressed by increased fluctuating P.V. power infeed 

                           additional EV charging 

                                             increased Hydropower generation 
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Daily Load Curve - Breakdown of Energy Sources 

     System elasticity stressed by additional EV charging 

                                                                       increased Hydropower generation 

                                     sunless day 
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LVRT – Basic Requirements 

Below red line: 

no trip! 

Lower voltage 

band 

Pcc: Voltage Limit Curve 

Moment of Fault 

Above red line: 

trip accepted! 
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Low Voltage Fault Ride Through (LVRT – Synchroneous Generator, Typ B) 

LVRT – Specific Requirements: Single Generator (1) 
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Low Voltage Fault Ride Through (LVRT – Synchroneous Generator, Typ C) 

LVRT – Specific Requirements: Single Generator (2) 
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Low Voltage Fault Ride Through (LVRT – Synchroneous Generators, Typ B) 

LVRT – Specific Requirements: Power Plant Park (1) 
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Low Voltage Fault Ride Through (LVRT – Synchroneous Generators, Typ C) 

LVRT – Specific Requirements: Power Plant Park (2) 
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Network Codes in different Countries 



Professor Horst Cerjak, 19.12.2005 

30 

     Univ.-Prof. Dr. L. Fickert Kaprun, 2013-0923 Voltage Ride Through 

Institut für  
Elektrische Anlagen 

LVRT – Under-/Oververvoltage Protection Requirements (2) 

Tripping Area - Overvoltage Protection 

Maximum permissible continuous operating voltage 

Min.perm.cont.oper.voltage 

Tripping Area - Undervoltage Protection 

Moment of Fault 
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LVRT – Test Simulation 

Schematic Diagram of a transformatorbased Test Set-up 

Msp 
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LVRT – Test Simulation 

Schematic Diagram of a transformatorbased Test Set-up 

Nsp 

~ 

~ 
= 

i(t) 

u(t) 

u(t) = Ucos(ωt) + LNetz di(t)/dt 
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Simulation LVRT – Modell (2) 
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Inertia constant H = 0.32 s 

Fault clearing time tclear = 200 ms 

Terminal voltage  

Active Power Rotational speed 

LVRT – Influence of Fault Clearing Time (1) 
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Inertia constant H = 0.32 s 

Fault clearing time tclear = 300 ms 

Terminal voltage  

Active power Rotational speed 

LVRT – Influence of Fault Clearing Time (2) 
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Voltage  

Active power Rotor angle 

LVRT – Test Simulation (3) 

Inertia constant H = 2,5 s 

Fault clearing time tclear = 150 ms 
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LVRT:  5.5 MVA / 10.5 kV gas-engine-driven generator; dip = 150 ms  
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LVRT:  0.78 MVA / 0.4 kV gas-engine-driven generator; dip = 150 ms  
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LVRT – Inverter Behaviour (1) 
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LVRT – Inverter Behaviour (2) 
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LVRT – Inverter Behaviour (3) 
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LVRT – Test Simulation 

Schematic Diagram of a transformatorbased Test Set-up 
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u(t) = Ucos(ωt) + LNetz di(t)/dt 



Professor Horst Cerjak, 19.12.2005 

45 

     Univ.-Prof. Dr. L. Fickert Kaprun, 2013-0923 Voltage Ride Through 

Institut für  
Elektrische Anlagen 

Anforderungen an moderne Kraftwerke - 

Voltage Ride Through 

 
Univ.-Prof. Dipl.-Ing. Dr.techn. Lothar Fickert 

 

Technische Universität Graz 

Institut für elektrische Anlagen 

www.ifea.tugraz.at 

lothar.fickert@tugraz.at 

http://www.ifea.tugraz.at/

