
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/373256064

Fast Power Tracking Control of Wind Turbines for Frequency Support

Presentation · August 2023

CITATIONS

0
READS

8

2 authors:

Some of the authors of this publication are also working on these related projects:

H2020 EU-Project POSYTYF: Powering System flexibility in the Future through Renewable Energy Sources View project

Fault-tolerant Control of Wind Turbines and Wind Farms View project

Horst Schulte

Hochschule für Technik und Wirtschaft Berlin

190 PUBLICATIONS   1,250 CITATIONS   

SEE PROFILE

Nico Goldschmidt

Hochschule für Technik und Wirtschaft Berlin

16 PUBLICATIONS   17 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Horst Schulte on 21 August 2023.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/373256064_Fast_Power_Tracking_Control_of_Wind_Turbines_for_Frequency_Support?enrichId=rgreq-a534556f24bfc7a2c59ad22961c01808-XXX&enrichSource=Y292ZXJQYWdlOzM3MzI1NjA2NDtBUzoxMTQzMTI4MTE4Mjk0MTgxNUAxNjkyNjI1NTkwMjUy&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/373256064_Fast_Power_Tracking_Control_of_Wind_Turbines_for_Frequency_Support?enrichId=rgreq-a534556f24bfc7a2c59ad22961c01808-XXX&enrichSource=Y292ZXJQYWdlOzM3MzI1NjA2NDtBUzoxMTQzMTI4MTE4Mjk0MTgxNUAxNjkyNjI1NTkwMjUy&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/H2020-EU-Project-POSYTYF-Powering-System-flexibility-in-the-Future-through-Renewable-Energy-Sources?enrichId=rgreq-a534556f24bfc7a2c59ad22961c01808-XXX&enrichSource=Y292ZXJQYWdlOzM3MzI1NjA2NDtBUzoxMTQzMTI4MTE4Mjk0MTgxNUAxNjkyNjI1NTkwMjUy&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Fault-tolerant-Control-of-Wind-Turbines-and-Wind-Farms?enrichId=rgreq-a534556f24bfc7a2c59ad22961c01808-XXX&enrichSource=Y292ZXJQYWdlOzM3MzI1NjA2NDtBUzoxMTQzMTI4MTE4Mjk0MTgxNUAxNjkyNjI1NTkwMjUy&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-a534556f24bfc7a2c59ad22961c01808-XXX&enrichSource=Y292ZXJQYWdlOzM3MzI1NjA2NDtBUzoxMTQzMTI4MTE4Mjk0MTgxNUAxNjkyNjI1NTkwMjUy&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Horst-Schulte?enrichId=rgreq-a534556f24bfc7a2c59ad22961c01808-XXX&enrichSource=Y292ZXJQYWdlOzM3MzI1NjA2NDtBUzoxMTQzMTI4MTE4Mjk0MTgxNUAxNjkyNjI1NTkwMjUy&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Horst-Schulte?enrichId=rgreq-a534556f24bfc7a2c59ad22961c01808-XXX&enrichSource=Y292ZXJQYWdlOzM3MzI1NjA2NDtBUzoxMTQzMTI4MTE4Mjk0MTgxNUAxNjkyNjI1NTkwMjUy&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Hochschule_fuer_Technik_und_Wirtschaft_Berlin?enrichId=rgreq-a534556f24bfc7a2c59ad22961c01808-XXX&enrichSource=Y292ZXJQYWdlOzM3MzI1NjA2NDtBUzoxMTQzMTI4MTE4Mjk0MTgxNUAxNjkyNjI1NTkwMjUy&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Horst-Schulte?enrichId=rgreq-a534556f24bfc7a2c59ad22961c01808-XXX&enrichSource=Y292ZXJQYWdlOzM3MzI1NjA2NDtBUzoxMTQzMTI4MTE4Mjk0MTgxNUAxNjkyNjI1NTkwMjUy&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nico-Goldschmidt-2?enrichId=rgreq-a534556f24bfc7a2c59ad22961c01808-XXX&enrichSource=Y292ZXJQYWdlOzM3MzI1NjA2NDtBUzoxMTQzMTI4MTE4Mjk0MTgxNUAxNjkyNjI1NTkwMjUy&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nico-Goldschmidt-2?enrichId=rgreq-a534556f24bfc7a2c59ad22961c01808-XXX&enrichSource=Y292ZXJQYWdlOzM3MzI1NjA2NDtBUzoxMTQzMTI4MTE4Mjk0MTgxNUAxNjkyNjI1NTkwMjUy&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Hochschule_fuer_Technik_und_Wirtschaft_Berlin?enrichId=rgreq-a534556f24bfc7a2c59ad22961c01808-XXX&enrichSource=Y292ZXJQYWdlOzM3MzI1NjA2NDtBUzoxMTQzMTI4MTE4Mjk0MTgxNUAxNjkyNjI1NTkwMjUy&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nico-Goldschmidt-2?enrichId=rgreq-a534556f24bfc7a2c59ad22961c01808-XXX&enrichSource=Y292ZXJQYWdlOzM3MzI1NjA2NDtBUzoxMTQzMTI4MTE4Mjk0MTgxNUAxNjkyNjI1NTkwMjUy&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Horst-Schulte?enrichId=rgreq-a534556f24bfc7a2c59ad22961c01808-XXX&enrichSource=Y292ZXJQYWdlOzM3MzI1NjA2NDtBUzoxMTQzMTI4MTE4Mjk0MTgxNUAxNjkyNjI1NTkwMjUy&el=1_x_10&_esc=publicationCoverPdf


Fast Power Tracking Control of Wind Turbines for 
Frequency Support

Horst Schulte, Nico Goldschmidt

Control Engineering Group, School of Engineering I, University of Applied

Sciences Berlin (HTW Berlin)

 FUZZ-IEEE 2023 

IEEE International Conference on Fuzzy Systems 2023

August 13 - August 17, 2023, Songdo Incheon, Korea



Horst Schulte 2

Overview

1. Motivation

2. Formulation in Takagi-Sugeno Fuzzy framework

3. Controller for Fast Power Tracking

4. Simulation Results

5. Experimental Results with P-HIL

6. Conclusion 

The research results presented are part of the EU project POSYTYF (POwering SYstem flexibiliTY
in the Future through RES), https://posytyf-h2020.eu. The POSYTYF project has received funding from the
European Union’s Horizon 2020 research and innovation programme under grant agreement No 883985

https://posytyf-h2020.eu/
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1. Motivation

Why Fast Power Tracking Control in (AC) Power Systems?

Frequency Response after an event

< 0

• where Hi denotes all inertia
      caused by SG in a power systems

• Number of inertia Ng decrease 

• Replacing conventional power 
plants by renewable ones with 
(power-electronic interfaced) 
without directly coupled SGs.
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Approach: Decentralized Control Problem

• Fast Frequency Control by Dynamic Virtual Power Plant

• Spatially distributed plants are combined to one DVPP

− B. Marinescu, O. Gomis-Bellmunt, F. Dörfler, H. Schulte and L. Sigrist, "Dynamic Virtual Power Plant: A New Concept for Grid 
Integration of Renewable Energy Sources," in IEEE Access, vol. 10, pp. 104980-104995, 2022, doi: 10.1109/ACCESS.2022.3205731.

1. Motivation
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Power Plant Controller for higher-level f/V Controller

• Generic Control Scheme for         or 

− Primary and secondary power conversion

− Control system with external reference signals

1. Motivation
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Power Plant Controller for higher-level DVPP Controller

• Control Scheme for Wind Power Plants (Type 4)

1. Motivation

− Primary: Turbine rotor, gearbox, generator, generator-side converter
− Secondary: DC-bus, Grid-side converter (GFM,GFL), LCL Filter, Transformer
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Demanded Power Tracking / Active Power Control*

Conventional MPPT (classic)               Demanded Power Tracking

1. Motivation

Constant P-v curve Constant P-v curve
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Framework for modelling and control

• Takagi-Sugeno fuzzy model structure 

− fulfill the convex sum condition

− premise variable vector z contains states, input and time 
variable parameters

2. Problem Formulation in the TS fuzzy framework
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Control and Observer Structure

• Control law as Takagi-Sugeno system (PDC form)

• Observer Structure (based on an extended model with wind speed as disturbances) 

)v) 

    

2. Problem Formulation in the TS fuzzy framework
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2. Problem Formulation in the TS fuzzy framework

▪  feasible set for a common X > 0 where 

LMI-based design (exploits convex sum condition)

• Via pole region specification   
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Wind Turbine Control: Control-oriented Models

• Model set for different purposes 
− 2 DOF – 4DOF: Power Tracking and Load Mitigation

− 1 DOF : Power Tracking with the next step of CQ map decomposition for 
control design 

3. Controller for Fast Power Tracking
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Overview of model-based wind turbine control scheme

• Partition into operating range below and above the nominal 
wind speed

3. Controller for Fast Power Tracking
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Control scheme for operating range below the nominal 
wind speed

3. Controller for Fast Power Tracking
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Control scheme for operating range above the nominal 
wind speed

3. Controller for Fast Power Tracking
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Pole region specification and feasible sets (results)

3. Controller for Fast Power Tracking
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Results below nominal wind speed (region 2) 

• Results with High-fidelity NREL 5MW Turbine simulation

4. Simulation Results
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Results above nominal wind speed (region 3)

• Results with High-fidelity NREL 5MW Turbine simulation

4. Simulation Results
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Wind Turbine Integration into a DVPP System 

• Experiment by Power Hardware-in-the-Loop (HIL) System 

5. Experimental Results

Ng = 1
Generator
(conv. 
  power 
  plant)

Wind power
plant

PV power 
plant

Statcom
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Wind Turbine Integration into a DVPP System 

• Experiment by Power Hardware-in-the-Loop (HIL) System 

5. Experimental Results
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Wind Turbine Integration into a DVPP System 

• Experimental Setup: Active power response of the DVPP during a 1kW 

load step

 

5. Experimental Results

< 0
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• TS models and controller structures for local control of wind 
power plants were presented

• Nonlinear system dynamics of the primary conversion (wind 
power to elecctr. DC power) were taken into the design

• Desired dynamics of the closed loop were specified via pole 
region specification

• Simulation/Experimental results have shown that a power 
request of a higher-level control can be followed 

• Further research is going on for DVPP integration

6. Conclusion
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8. (My) thoughts

▪ Fuzzy Control Dilemma: If we show that Fuzzy control is deeply rooted in

nonlinear control, it is no longer Fuzzy control.

▪ Fuzzy Control disappears  (Example TS Fuzzy Control to LPV Control)

▪ But Fuzzy control (also model-based) is an easy-to-use approach that 

provides a nonlinear rigorous stability proof (e.g. with LMIs) but the user

does not need to know  about it. 
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