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WP2, 3, 4

Task Structure
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setup and commissioning
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T16.2 Preparatory measures 
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T16.6 Demonstration of defined test cases regarding interoperability, control 

schemes and protection

T16.4 Basic testing of the 
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T16.5 
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Motivation – Power Electronics Dominant Grid
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Motivation – Power Electronics Dominant Grid
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Wind Farm Oscillation in Texas, USA (2009)

Oct, 2009 – First time happened

In Ajo wind farm with 20 Hz oscillation

1. Line fault cause the trip of Ajo – Netson overhead line, 

and make the DFIG connect to the power network via 

highly capacitive compensated line.

2. Cause current/voltage with a increase of 20 Hz 

component. System voltage above 2 pu

3. Damage of cross-bar and trip of wind turbines

US Texas 

Power Grid

Severe Voltage 

Distortion 
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• North Sea BorWin offshore wind farm high frequency oscillation

1. North Sea BorWin alpha VSC-HVDC platform for offshore wind farm connection, Wind farm installed 

capacity 400 MW

2. 2014 Jun ~ Sep, several times of high frequency oscillations with oscillation frequency around 250 – 350 

Hz, cause the VSC-HVDC and wind farm out of operation, and result in several millions of EURO loss
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Harmonic Oscillation Issues – 2 (2)
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Non-characteristic 

harmonic 

(i.e. 289 Hz)

Setpoint dependent 

harmonic oscillation

Source: J. Sun, C. Buchhagen, and M. Greve, “Impedance Modeling and Simulation of Wind Turbines for Power System Harmonic Analysis”, Session 3A-1, Wind 

Integration Workshop 2017, Berlin, Germany.
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Source:Prof. Dr. Xiaorong Xie, Tsinghua University, 8th SGCC Power System Modelling Conference, Suzhou, China

Full VSC-based WTG

Synchronous Generators

100 Hz200 km
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Harmonic Oscillation Issues – 3 (2)
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Source:Prof. Dr. Xiaorong Xie, Tsinghua University, 8th SGCC Power System Modelling Conference, Suzhou, China
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Representation of the Input Admittance of VSC
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Control and Stability of VSC-Interfaced Devices
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D16.5 – kW Lab Verification Test setup

10.12.2018 19
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D16.5 – kW Lab Verification Test setup Results （1）
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Deliverable D16.5 
Implementation of an analytical method for analysis of harmonic resonance phenomena
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D16.6 - Input Admittance Measurement and Validation
kW setup illustration

10.12.2018 22

Measurement setup – 10 kW DUT

Source: courtesy of Tampere University of Technology, Finland.
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Input Admittance Measurement – DNV GL kW Setup
Egston Back-to-Back

10.12.2018 23

Comparison of modelled and measured

admittance components.
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Perturbation



© PROMOTioN – Progress on Meshed HVDC Offshore Transmission Networks 

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 691714. 

PROMOTioN   WP16 ◦ MMC Test Bench Demo

Challenges of VSC Input-Admittance Measurement for MW 
Application
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CHIL Setup – Model 
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Achievements:

• Commissioning of WT CHIL test system

• Accurate FPGA sampling compensation 
enabled for the PWM input.

• Back-to-Back wind turbine model is built in 
matlab/simulink

WTG CHIL Test System

27

FPGA compensation 

for PWM input

CPU only
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Achievements:

• Specification and acquisition of the wind 
turbine converter controller replica and 1 
MW physical converter

• Commissioning of WT CHIL test system

Stepping Stones:

• Logistics of 1 MW Physical Inverter

• Measurement methodology for Input 
admittance and Validation Method

Next Steps

• CHIL Input Admittance Measurement and 
Validation Methodology Development

• Commissioning of 1 MW Inverter

MW-Level Benchmarking 
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Harmonic injection

Public grid isolation

Generation source isolation
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Amendment no.7
Impact on WP16
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Definition and 

specification of test cases

Preparatory measures for the 

MMC test bench set up

MMC test bench lab setup & 

Commissioning

Basic testing of the MMC test 

bench system

Implementation of an analytical 

method for analysis of harmonic 

resonance phenomena

Analysis of the impact on requirements 

for meshed off-shore HVDC grids

Demonstration of defined test cases regarding 

interoperability, control schemes and protection

D16.3 - Test case analysis WP3 D16.6 - WT Control + Protection HILD16.4 - Test case analysis

Preparations for 

Dissemination (CIGRE)
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Any Questions?
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