
 

  VDE FNN Studie     

 

Analysis and assessment of the 

requirements on the performance of 

the equipment in case of temporary 

network conditions with voltages 

above Um  

 
 

 

October 2019



3  

 

 

  

Analysis and Assessment of Requirements on the 

Capability of Power Equipment in the Case of Temporary 

System Conditions above Um 

 

(English translation of the study:  

„Analyse und Bewertung der Anforderungen an das 

Leistungsvermögen der Betriebsmittel im Falle von temporären 

Netzzuständen mit Spannungen oberhalb Um“) 

 

Prof. Dr.-Ing. C. Neumann 

Prof. Dr.-Ing. V. Hinrichsen 

 

 

Oktober 2019 
 
 
 



4  

 

 

 

Analysis and assessment of requirements on the capability of power 
equipment in the case of temporary system conditions above Um 

 
 
Table of contents 

 
 

Table of contents .................................................................................................................. 4 

Abbreviations and symbols ................................................................................................. 6 

Summary ............................................................................................................................. 11 

1. Introduction ................................................................................................................. 11 

2. Operation with voltages >Um from the perspective of the standards and 
guidelines ........................................................................................................................... 12 

2.1. Terms and definitions given in the VDE standards ................................................. 12 

2.2. International and national network codes ............................................................... 13 

3. Boundary conditions for operation at voltages >Um: Operation at temporary 
overvoltages, duration, critical situations ........................................................................ 15 

3.1. Inspection and analysis of the empirical values in the case of transmission and 
distribution system operators ............................................................................................ 15 

3.1.1. Transmission system operators ....................................................................... 15 

3.1.2. Distribution system operators .......................................................................... 17 

3.2. Scenarios for the occurrence of power frequency voltages >Um ............................. 18 

4. Fundamental design of equipment, testing requirements and boundary conditions 
assumed .............................................................................................................................. 22 

5. Possible restrictions to the functionality of equipment in the case of operation 
with voltages >Um ............................................................................................................... 24 

5.1. Overhead transmission lines .................................................................................. 24 

5.2. Outdoor substations ............................................................................................... 25 

5.3. GIS substations ...................................................................................................... 25 

5.4. Switching devices ................................................................................................... 26 

5.4.1. Circuit breakers, interrupting short-circuit currents .......................................... 26 

5.4.2. Circuit breakers, switching of capacitive currents ............................................ 32 

5.4.2.1. De-energising of transmission lines ............................................................. 32 

5.4.2.2. Energising of transmission lines ................................................................... 35 

5.4.3. Interruption of small inductive currents ............................................................ 36 

5.4.3.1. Current chopping ......................................................................................... 36 

5.4.3.2. Overvoltages ............................................................................................... 37 

5.4.3.3. Transient recovery voltage ........................................................................... 39 

5.4.3.4. Re-ignitions.................................................................................................. 41 

5.4.4. Disconnectors ................................................................................................. 41 

5.4.4.1. GIS disconnectors ....................................................................................... 41 

5.4.4.2. Outdoor disconnectors ................................................................................. 42 

5.5. Transformers .......................................................................................................... 42 



5  

 

 

5.6. Reactors ................................................................................................................. 44 

5.7. Instrument transformers (Current and voltage transformers) .................................. 45 

5.7.1. Accuracy ......................................................................................................... 45 

5.7.2. Ferro-resonances ............................................................................................ 45 

5.8. Surge arresters ...................................................................................................... 47 

5.9. Cable systems ........................................................................................................ 49 

5.10. Summary of assessment ........................................................................................ 50 

6. Impact of voltages > Um on the long-term and ageing performance depending on 
the duration and frequency of occurrence ....................................................................... 53 

6.1. Scenario 1: Twice a week for 30 min each time stress with a temporary 
overvoltage of 1.05*Um over a service life of 40 years ..................................................... 53 

6.1.1. Overhead transmission lines ........................................................................... 53 

6.1.2. Outdoor substations ........................................................................................ 53 

6.1.3. Switching device ............................................................................................. 53 

6.1.4. GIS switchgear ................................................................................................ 54 

6.1.5. Current and voltage transformers .................................................................... 56 

6.1.6. Power transformers ......................................................................................... 56 

6.1.7. Surge arresters ............................................................................................... 59 

6.1.8. Cable systems ................................................................................................. 59 

6.2. Summarized assessment of the service life of equipment in the 380 kV systems, 
as well as in 220 kV and 110 kV systems in the case of short-duration stress with 
1.05*Um ................................................................................................................................ 68 

6.3. Scenario 2: Possible ageing and/or reduction in service life due to temporary 
overvoltages of 1.025*Um with longer stress durations ................................................... 68 

6.3.1. GIS switchgear ................................................................................................ 68 

6.3.2. Power transformers ......................................................................................... 69 

6.3.3. Cable systems ................................................................................................. 69 

6.4. Summarized assessment of the service life of 420 kV equipment in the case of 
longer duration stress at 102.5% of the continuous permissible operating voltage ..... 70 

7. Conclusions and recommendations for action ......................................................... 71 

8. References ................................................................................................................... 69 

Appendix: About the authors ............................................................................................ 72 

 

 

 

 
  


