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governor response as per the EU commission [4] as well as local Slovenian legislation [6] [3] and to prepare in-built 
testing modes to enable performance of the required governor acceptance tests. 

2.1. New functionalities for activation of PFC power reserve 
The main challenge for the governor was to induce power output correction within the 2 seconds after the frequency 
deviation occurrence even for small frequency deviations such as 20 mHz. Standard PID control that enables stable 
operation in Power of Discharge regulation loop does not support the on-time activation of the power reserve for small 
frequency deviations that yield only small gate opening responses. Therefore, advanced governing functions needed to be 
introduced to assure these required functionalities by the commission: 

1. To support the governor response within 2 seconds when power reserve activation due to frequency fluctuation 
is required. 

2. To provide the required power reserve within the 30s time frame. 
3. To assure linear power change rate for the Kaplan unit type governors.  

 

2.2. Testing ready modes 
The DTR-03 governors are equipped with various testing modes, all to support and expedite adjustments and governing 
parameter settings and the testing during commissioning. Since all new governors are to be tested and certified by the 
authorities for PFC, special testing modes and functionality was previewed to support such testing as well.  
 
The implemented governor testing functions as a support for PFC governor response testing are: 

• Provision for input (forced) frequency simulation signal. 
• Governor simulation of the frequency deviation as a step and ramp signals.  
• Automatic procedures for frequency deviation change as a support for hysteresis and other parameter testing. 

 

2.3. Governor upgrades to mitigate Kaplan runner damages 
Primary frequency control (PFC) is considered one of the generating equipment “Flexible operation” regimes. Flexible 
operation is considered to be anything that is not baseload operation [7]. Flexible operations such as frequency control 
might jeopardise Kaplan turbine’s internal blade mechanism to suffer increased fatigue, wear and damage. These facts 
have been confirmed by extensive investigation report [8] from Electric Power Research Institute (EPRI, USA) that 
summarizes the current knowledge related to the accelerated degradation of hydroelectric turbines and generators due to 
flexible operation.  
 
Kaplan runners are considered to be critical unit mechanisms, as it is extremely hard to access the vital parts and 
practically impossible to perform any inspections during the lifetime without extensive dismantling works and unit 
outages. Due to the influences of other renewable power sources on the grid frequency (such as wind and solar), hydro 
units of Kaplan type that participate in PFC suffer from constant need to react on the grid conditions. The governor is 
required to adopt power corrections practically on the minute basis. Number of runner movements and thus induced load 
cycles in such operation is dramatically increased comparing the stationary operation with constant governing references. 
Increased number of load cycles in runner mechanisms affects the steel structure, bearings and seals. In quite a few cases, 
we have seen the customers were not aware of loading collectives due to participation in PFC. Anticipated effects of 
flexible operation on turbines and related components originate from grid PFC conditions that are causing a significant 
increased number of small regulating angles in the wicket gate mechanism [9]. Consequently, small regulating angles in 
runner mechanism are present as per Kaplan unit’s cam relationship as well.  
 
For the PFC, Litostroj Power developed and recently enhanced advanced “sleeping runner function” [5] to minimize 
required runner movements due to grid frequency fluctuations and to support runner preservation in such operation. The 
algorithm takes into account the maximum efficiency drop due to “slight” unit off-cam operation as well as avoiding any 
risk for runner blades cavitation. It has been shown that from expected 120 moves per hour (2 × No. of cycles following 
the grid frequency fluctuation as in Figure 5 and Figure 6), the stabilizing algorithm reduced the required moves down to 
20-30 moves per hour.  However due to the requirements for achieving the power reserve (see chapter 1.1), the allowed 
runner operation dead band vary over the unit operating range. In this regard, the life expectancy benefit for using 
advanced PFC governing functions is considered to be in range 2÷4 compared to traditional governors. Expected 
averaged unit operation efficiency drop is maintained below 0.5 % which in comparison with the risk of runner failure is 
an acceptable price to pay.  
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