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ABSTRACT 

In case of a blackout, substations have a central meaning 

for grid rebuilding, in addition to line-assets and power 

stations. The time within substations can be remote 

controlled and operated without external power supply is 

called “autonomous-time”. It is rough defined by the 

capacity of the GSV-equipment (number of cells, 

condition, age) and the load (load- resp. consumption-

behavior) of the DC-supplied components. 

 

In case of a grid restoration, which lasts longer than the 

autonomy-time of the substation, the battery gets depth 

discharged. The aim of this investigation is, to find out, 

how long the DC-supplied components will still operate 

in that case, whether and when it will come to dangerous 

or oscillations between batteries and DC-consumers and 

to see, if the DC-consumers will still operate in case of an 

recurring-voltage. To sum up, it can be said that, to 

protect the devices it is highly recommended that the 

operation of the DC-provided components must be 

avoided in case of depth discharge of the battery. A 

manual shut down of the battery is suggested before the 

expiration of the autonomous time. 
 

 INTRODUCTION   

A blackout is a short-term or a long-term loss of the 

electric power concerning a supra-regional area of one 

state or several states. When and where a blackout 

occurs, how long it takes and how fast and how wide it 

expands is not predictable.  
 
To manage the grid restoration process as quick as 
possible, following conditions must be fulfilled [1]:  
 

 Availability of the grid  
 Availability of “black start” power plants  
 UPS supply of network components  
 Trained grid restoration concepts  

 
It is fact, that substations have a central meaning for the 

grid restoration, in addition to line-assets and power 

stations. The time within substations can be remote 

controlled and operated without external power supply is 

called “autonomous-time”.  

 

 

 

 

 

 

It is rough defined by the capacity of the GSV-equipment 

(number of cells, condition, age) and the load (load- resp. 

consumption-behavior) of the DC-supplied components. 

 

 
Fig. 1) Supplied DC-components of a substation in case 

of a blackout  

 

The aim of this investigation is, to find out, how long the 

DC-supplied components will still operate in the case fo 

depth discharge of the battery, whether and when it will 

come to dangerous or oscillations between batteries and 

DC-consumers and to see, if the DC-consumers will still 

operate (regularly i.e. also without loss of the parameters) 

in case of an recurring-voltage. 

METHODOLOGY  

To limit the test-effort to a compliant dimension, all the 

device-responsible people (protection, control 

technology, communication, primary-device, battery and 

rectifier) have agreed a consumer-device-concept. In 

addition to this, the voltage-levels of the batteries are 

limited to 24 V and 110 V.  

 

The deployed and tested components reflect the “Status 

Quo” of the most substations from KNG-Kärnten Netz 

GmbH (short form KNG). To arrange a test procedure, 

which is as real as possible, the following agreements 

were determined: 

 

 Performance of 24 V pre- and 110 V maintest 

 Integration and inclusion of the complete 

control- and transfer-technology in the grid 

management system of KNG “UW 99” 

 Specification of a fixed test-procedure for each 

test (“script”) with cyclic switching operations 
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(increased switching frequency in the phase of 

depth discharge) 

 Remote controlled performance of all switching 

operations by KNG-network control center 

proceeding from Klagenfurt 

 Communication with the network conrol center 

only allowed with internal radio and internal 

telephone 

 Recharge of completely discharged battery with 

recurring grid-voltage 

 

 

Fig. 2) Experimental setup in the substation “Lansdkron” 

 

Test procedure: At t=0 the external system voltage was 

shut down. From the moment of the successive electrical 

discharge the functionality of all the DC components 

involved in this test procedure were visually observed 

and recorded. Afterwards a comprehensive examination 

and analysis of the device protocol took place. After the 

total discharge the batteries should be recharged with 

returning supply voltage. All test results were 

summarized in a final report and a recommendation 

concerning the mode of operation was released. 

 

110-V-MAINTEST   

General 

Although the 110-V-maintest was not conducted on a 

complete substation, the experimental setup includes all 

functional relevant DC – consumers, which were 

powered by the battery in case of a blackout. Devices of 

the existing substation “UW Landskron” (primary 

devices and secondary devices) were combined with new 

(substitute) devices. In the course of the investigation the 

GSV-team will also examine, if the total discharged 

batteries can be recharged with returning supply voltage.  

 

 

 

 
 

Fig. 3) Single line diagram of the 110-V-test  

 

Testes components according to the single line diagram 

of fig. 3):  

 

110-V-battery  110-V-rectifier 

station computer field control device 

protection devices primary devices 

communication devices  voltage controller  

resonant earthed system controller  

 

 
 

Tab. 1) Overview of the 110-V-Maintest  

 

 

 



 25th International Conference on Electricity Distribution Madrid, 3-6 June 2019 
 

Paper n°  2165 

 
 

CIRED 2019  3/4 

 

 
 

Tab 2) Overview of the switching operation No. 5  

 

Results  

 

 
Fig. 4) Voltage profile of the battery, switching 

operations and load current  

 

The tested components worked as indicated in the 

technical handbooks and partly even far below the 

indicated voltage limits. The following examinations 

showed that all parameters of the devices could be 

restored.  

 

 
 

Tab. 3) Shut – off  threshold of the controllers 

 

 
 

Tab. 4) Shut – off  threshold of the station control 

systems  

 

 
 

Tab 5.) Shut – off  threshold of the protection devices 

 

Due to the marginal switching hysteresis of the DC/DC 

transformer dangerous oscillations between the DC/DC 

transformer and the battery occurred at a certain voltage 

level. 

 

 
 

Fig. 5) Oscillations of the DC/DC transformer  

 

The battery charging process of the 110-V-test had to be 

interrupted because of a critical warming of a defect cell.  

 

Fig. 6) 110-V-cells (left side), thermography image of the 

110 V cells by charging (in the middle), located defect 

cell by charging (right side) 

 

Conclusion 

According to the tests the operating behavior of selected 

DC-provided components of a substation in case of depth 
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discharge and charge were examined, analysed and 

reported. To protect the devices it is highly recommended 

that the operation of the DC-provided components must 

be avoided in case of depth discharge of the battery. A 

manual shut down of the battery is suggested before the 

expiration of the autonomous time. 
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