
IOP Conference Series: Earth and Environmental Science

PAPER • OPEN ACCESS

Hybridization in Kaplan turbines. Wear and tear
assessment
To cite this article: David Valentín et al 2022 IOP Conf. Ser.: Earth Environ. Sci. 1079 012108

 

View the article online for updates and enhancements.

You may also like
Mitigation of tip vortex cavitation by means
of air injection on a Kaplan turbine scale
model
A Rivetti, M Angulo, C Lucino et al.

-

Kaplan turbine working as a propeller:
CFD investigation and experimental
validation of generated power fluctuation
M Angulo, A Rivetti, C Lucino et al.

-

Numerical study on Unstable Hydraulic
Factors of Kaplan turbine with semi-spiral
case at large flow rate conditions
Yaping Zhao, Zhihua Li, Mengfan Dang et
al.

-

This content was downloaded from IP address 168.151.175.159 on 21/10/2022 at 06:48

https://doi.org/10.1088/1755-1315/1079/1/012108
/article/10.1088/1755-1315/22/5/052024
/article/10.1088/1755-1315/22/5/052024
/article/10.1088/1755-1315/22/5/052024
/article/10.1088/1755-1315/240/2/022049
/article/10.1088/1755-1315/240/2/022049
/article/10.1088/1755-1315/240/2/022049
/article/10.1088/1755-1315/774/1/012046
/article/10.1088/1755-1315/774/1/012046
/article/10.1088/1755-1315/774/1/012046
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjssDDXHKg_myOQKzh-ueiLMkNJdQXkuX-4napefpfDG0KPLDu7KIBhk5ESwRYgqlix30tOapNujtfBpqYJhWRSrNVMsnFYb1MuxPzphepScxkm2Vdfx8UyZv56OeXSsVgSpbvjeE_2WgeceeOhNUM6arV1UVJAvQwEuq5K61DwViI3N-RDsi52PByA4fkBgf_zUOLNzOeQjJ7h8o9L6iebAqIPOOaMlNFiGXBQsy05QDoFZeav_9WnIrYvYPp7Y-dujS8npEyk2vPzms2DAKRWz8TFFBbG55HsHRw0WcZJVjlw&sai=AMfl-YS3pbBUj4ZmswEVYWdherQZzz2XXgLAvwzZlBCBuzNP8WQ7A8xNQvwXEymLNDyZbkXSH7OZVItPhh_nX0pWgw&sig=Cg0ArKJSzNt4a0TZpMUu&fbs_aeid=[gw_fbsaeid]&adurl=https://ecs.confex.com/ecs/243/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3D243Abstract


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

31st IAHR Symposium on Hydraulic Machinery and Systems
IOP Conf. Series: Earth and Environmental Science 1079 (2022) 012108

IOP Publishing
doi:10.1088/1755-1315/1079/1/012108

1

Hybridization in Kaplan turbines. Wear and tear assessment 

David Valentín1, Alexandre Presas1, Mònica Egusquiza1 and Carme Valero1 

1 Center for Industrial Diagnostics and Fluid Dynamics (CDIF), Universitat Politècnica de Catalunya (UPC), Av. 

Diagonal, 647, ETSEIB, 08028, Barcelona, Spain 

E-mail: david.valentin@upc.edu

 

 

 

Abstract. In the current energy market, hydraulic turbines are increasingly demanded to work in Frequency 

containment reserve (FCR) mode to compensate the constant frequency fluctuations in the electrical grid. To 

do so, hydraulic turbines change their generating power continuously which implies to regulate the flow rate. 

Kaplan turbines are double regulated machines that change the position of both guide vanes and runner blades 

to regulate the flow rate maximizing their efficiency. Therefore, guide vanes and runner blades are 

continuously moving when they provide FCR, leading to high wear and tear of the regulation system 

components. 

Within the frame of the European project XFLEX Hydro, a new technology to reduce the wear and tear of 

the regulation system in FRC have been implemented. This technology consists in the hybridization of the 

unit with a battery system. In that way, the battery is the one in charge of providing part of the power 

fluctuations to the grid, reducing the movements of guide vanes and runner blades of the turbine. The battery 

system was successfully installed in August 2021 in one unit of the Vogelgrun powerplant, in France. Since 

that moment, the unit has been working in hybrid mode. 

A monitoring system was installed in the power plant in two different units, the one hybridized and another 

without hybrid system. Several sensors were installed and different parameters were measured 

simultaneously to calculate the wear and tear of the different components. In this paper, a comparison 

between the hybrid mode and the standard mode (non-hybrid) is performed in terms of mileage and wear and 

tear of the guide vanes and runner blades servomotors. 

Keywords: Kaplan turbine, hybridization, wear, fatigue 

1. Introduction

Hydropower is nowadays very important in the role of providing fast Frequency Containment Reserve (FCR) into the

electrical grid [1]. Therefore, hydro units are in charge to compensate frequency deviations in the grid when they are working 

in FCR mode. They can do that by regulating their output power: they increase the power when the grid frequency decreases 

and they decrease power when the grid frequency increases. Kaplan turbines are the most used to provide FCR since they can 

regulate their power by adjusting both guide vanes and runner blades angle maximizing their efficiency. 

Therefore, when Kaplan turbines are providing FCR, their regulating systems are continuously moving to regulate the power 

as needed. This fact could lead to wear and tear problems in the components of the regulation system [2,3]. The regulation 

system in Kaplan turbines is generally based on oil-powered servomotors which move the guide vanes and runner blades 

through different links and levers. The components that are prone to have wear are therefore the bearings or bushings of the 

guide vanes and runner blades and the servomotor pistons themselves. The wear rate for this kind of components is dependent 
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on the distance moved, the contact pressure and the friction material [4,5]. The tear or fatigue in the different

 

components 

depend on the stress and number of cycles [6] and the stress is consequence of the servomotors forces. Thus, to quantify the 

wear and tear, it is important to know the total distance travelled by the servomotors, which is also called mileage, the forces 

done by the servomotors and the number and duration of the movements. 

To reduce this wear and tear in the regulating systems, the hybridization of hydraulic turbines has recently been proposed 

[7,8]. It is based on installing a battery in parallel with the unit which is in charge of infecting or subtracting power from the 

grid to provide FCR. In that way, the unit has to regulate less its power since the battery is doing this task. Furthermore, the 

reaction of the battery is almost instantaneous, which helps the stabilize the grid faster. 

In this paper, the benefits in terms of wear and tear of the regulating system of a Kaplan turbine prototype are presented. 

This is part of the scope of the European project XFLEX Hydro [9]. A Kaplan turbine prototype is used as demonstrator to 

provide FCR and flexibility to the grid. This turbine is located in the power plant of Vogelgrun in France. A battery system was 

installed and commissioned in August 2021. Since that moment, the unit has been working in hybrid mode. A monitoring 

system to measure different parameters of the unit was installed. With the experimental data obtained with the monitoring 

system, the wear and tear of the regulating systems can be estimated by comparing the hybrid operation with the non-hybrid 

operation of another unit in the power plant. In that way, the benefits of hybridizing a Kaplan turbine can be quantified. 

2. Experiment

2.1. Prototype selected 

The unit selected for the study is a Kaplan turbine with a maximum power of 35 MW an a rated head of 12 m. The unit has 

the availability of 4 MW to provide FCR to the grid. The turbine has 24 guide vanes and 4 blades. The guide vanes are regulated 

using two servomotors located at 180 degrees between them that move a ring where all the guide vanes are connected through 

levers and links. The regulating system of the runner uses a single piston inside a rotating shaft where the blades are connected. 

The oil in the servomotors is pumped using a constant speed pump and a proportional valve. Controlling the position of the 

proportional valve, the position of the servomotors can be controlled. Two units will be studied, one with the hybrid system 

and another one without. 

2.2. Battery parameters. 

The battery is provided by Entech with a total power of 650 kW and a total capacity of 376 kWh. The battery size represents 

de 16.25% of the power available for providing FCR (4 MW). Therefore, the battery is in charge of providing part of the power 

fluctuations due to FCR but not all of them. 

2.3. Sensors and monitoring system 

To monitor the units, two MVX Oneprod monitoring systems were installed in two different units (the one with battery and 

the one without). A total of 32 channels are used in every unit. Vibration, pressure, displacement and operating signals are 

acquired simultaneously. For this study, the most important signals used are the opening of guide vanes and runner blades, the 

pressure in the pistons, the active power, the head, the grid frequency and the battery power. 

2.4. Testing 

The prototype of study is not only providing FCR to the grid while in operation but it is also proving flow regulation. This 

means that many of the servomotor’s movements are due to the flow regulation and not to FCR. Therefore, it is difficult to 

separate those manoeuvres that are due flow regulation and due FCR. For that, special tests were carried out in the power plant. 

The hybrid unit was operating at the same time that the non-hybrid unit for 4 hours with a constant flow-rate setpoint and head. 

This means that all the changes in the opening would be due to FCR. Figure 1 shows some parameters recorded during the tests 

for both units. 

3. Wear and tear estimation

The wear of bushings of the regulation systems can be studied by analysing the total distance travelled by the servomotors.

This total distance has been called mileage (M) and it is calculated as in Eq (1): 
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𝑀 = ∑ 𝑎𝑏𝑠(𝑥𝑡 − 𝑥𝑡−1)

𝑡=𝑡2

𝑡=𝑡1

 (1) 

where x is the guide vane or runner blade servomotor position at time t. This position is calculated with the opening of both 

servomotors. 

The tear of the regulation system has been studied by performing a rainflow analysis of the forces in the servomotors. Thus, 

it is assumed that the forces are proportional to the stresses in the different components of the regulation system. The forces in 

the servomotors are calculated with the pressures at both sides of the pistons and with the corresponding area of contact. 

4. Results

The servomotors mileage during the tests has been calculated as in Eq.(1) and it is shown in Figure 2. It is observed that

there is an important reduction of the mileage for both servomotors in the runner and in the guide vanes. However, it should be 

noted, that the non-hybrid unit reacts faster than the hybrid unit since the governor set up is different for the two units. Anyway, 

for these tests where the flow-rate set point was almost constant, the differences in mileage are to be due to the frequency 

regulation. 

Figure 2. Servomotors mileage for the hybrid and non-hybrid units. 

Figure 1. Testing procedure: From up to down: Guide Vane, runner blade openings, unit power, flow 

rate (red), flow-rate set point (blue), gross head and grid frequency. 
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The servomotor forces during the tests are plotted in Figure 3. In this graph, the forces are plotted versus the opening. It is 

seen that the range of forces in the two units is not exactly the same. This could be due to the different status of the friction 

materials in the regulation system of the two groups. To better analyse the influence of the hybridization in the fatigue of the 

regulation systems, a rainflow analysis of the forces is performed. Figure 4 show this rainflow analysis for both units and 

regulation systems. It is observed that in the hybrid unit, the amplitudes are smaller and less concentrated in a single value, as 

it is the case of the non-hybrid unit. From the point of view of fatigue, this will reduce the accumulated damage of the 

components in the hybrid system. However, to quantify this damage, the relationship between the forces and the stress in the 

components should be used together with a SN curve of the material. At the moment this is not yet done since it will require 

from numerical simulations. 

Figure 3. Servomotor forces during the tests. 

Figure 4. Rainflow matrix of the servomotor forces. 
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5. Benefits evaluation

To evaluate the overall benefits of hybridizing Kaplan units, the cost of the battery and its life expectancy should be

considered. For this case, the battery cells have been selected to have a useful life from 8 to 12 years, considering the end of 

their life when the energy capacity is down the 60% the original capacity. The total cost of the full battery equipment, including 

battery cells, inverter, transformer and cabling is about 500.000 €. The battery provides faster response to FCR regulation, 

which can be also translated into economical savings, plus the maintenance savings of having less wear and tear in the regulating 

system components. 

6. Conclusions

A battery system was installed in a Kaplan unit to evaluate the benefits of hybridization of hydraulic turbines from the point

of view of wear and tear. Two units are used to compare these benefits, one hybrid and one standalone hydro (non-hybrid). 

When hydraulic turbines are working in FCR, they constantly regulate their power to compensate the frequency deviations in 

the grid. With a battery in parallel, the units can provide this service without regulating that much the power since this task is 

done by the battery. This hypothetically reduces the number of manoeuvres in the regulation systems and therefore reducing 

their wear and tear. 

Tests with constant flow rate set point were done in the power plant to be able to compare both units under similar conditions. 

In that way, the servomotors movements are only due to the frequency fluctuations in the grid. The mileage for both units has 

been analysed, obtaining a reduction of 31% in the runner servomotor and 62% in the guide vanes. Furthermore, the forces of 

the servomotors have been compared by using a rainflow counting method, obtaining less amplitude values in the hybrid unit 

than in the non-hybrid, which also leads to a reduce in fatigue. 

The unit is working in hybrid mode since August 2021, so the benefits the hybridization will be observed at long time. For 

the moment, the data is being analysed and compared, and further results about this topic will be evaluated at the end of the 

XFLEX project. 
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