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PROMOTioN WP16 - MMC Test Bench Demo

Work Packages

WP1 - Requirements for Meshed Offshore Grids - TenneT

WP2 WP3 WP4 WP5 WPG6 WP15 WP/

Grid Topology WTG — HVDC Grid Test HVDC CB HVDC GIS Regulation &
& Converters Converter Protection Systems Environment Performance Demonstrator Financing
Interaction for HYDC CB Characterisation

RWTH Aachen TU KU Leuven DNV GL UniAberdeen TenneT WP13 WP14

Dissemination Project
Management

WP16 WP9 WP10

MMC Test Bench Demonstrator Protection System HVDC Circuit Breaker SOwW DNV GL
Demonstration Demonstration

RWTH Aachen SHE Transmission DNV GL

WP11 - Harmonisation Towards Standardisation - DTU

WP12 - Deployment Plan for Future European Offshore Grid - TenneT

m © PROMOTIioN — 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

Task Structure

WP16
—
T16.2 Preparatory measures T
for the MMC test bench set up T16.5
T16.1 Implementation of
Definition and an analytical
WP2, 3, 4 specification of test O SIMMCHEStBENCh @b method for analysis

setup and commissionin :
cases for the new P 9 of harmonic

test bench resonance

T16.4 Basic testing of the SIS AT
MMC test bench system

T16.6 Demonstration of defined test cases regarding interoperability, control
schemes and protection

T16.7 Analysis of the impact on requirements
for meshed off-shore HVDC grids

WP11, 12
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PROMOTioN WP16 - MMC Test Bench Demo

Motivation — Power Electronics Dominant Grid
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PROMOTioN WP16 - MMC Test Bench Demo

Motivation — Power Electronics Dominant Grid
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PROMOTioN WP16 - MMC Test Bench Demo

Harmonic Oscillation Issues - 1

Wind Farm Oscillation in Texas, USA (2009)

. . 1. Line fault cause the trip of Ajo — Netson overhead line,
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Harmonic Oscillation Issues - 2 (1)

* 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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Harmonic Oscillation Issues - 3 (1)

Full VSC-based WTG
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Harmonic Oscillation Issues - 3 (2)
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PROMOTioN WP16 - MMC Test Bench Demo

Representation of the Input Admittance of VSC
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PROMOTioN WP16 - MMC Test Bench Demo

Control and Stability of VSC-Interfaced Devices
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PROMOTioN WP16 - MMC Test Bench Demo

D16.5 — kW Lab Verification Test setup

Grid simulator
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Phase (deg)

PROMOTioN WP16 - MMC Test Bench Demo

D16.5 — kW Lab Verification Test setup Results (1)
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PROMOTioN WP16 - MMC Test Bench Demo

Deliverable D16.5

Implementation of an analytical method for analysis of harmonic resonance phenomena
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PROMOTioN WP16 - MMC Test Bench Demo

D16.6 - Input Admittance Measurement and Validation

kW setup illustration
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PROMOTioN WP16 - MMC Test Bench Demo

Input Admittance Measurement — DNV GL kW Setup
Egston Back-to-Back
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PROMOTioN WP16 - MMC Test Bench Demo

Challenges of VSC Input-Admittance Measurement for MW
Application
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PROMOTioN WP16 - MMC Test Bench Demo

CHIL Setup - Model

# 2 PROMOTioN — WP16.5 — Task 4 — FPGL Test Setups
CHIL WTG — Input Admittance Measurement
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WTG CHIL Test System

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
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PROMOTioN WP16 - MMC Test Bench Demo

MW-Level Benchmarking

Generation source isolation

Achievements:

 Specification and acquisition of the wind source DUT
turbine converter controller replica and 1

MW physical converter J
« Commissioning of WT CHIL test system

|
Stepping Stones: =

» Measurement methodology for Input

? | 4
1

* Logistics of 1 MW Physical Inverter !

admittance and Validation Method
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Public grid isolation

Harmonic injection

Modular Egston operates as
AC currenf harmonic source
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Next Steps
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* CHIL Input Admittance Measurement and
Validation Methodology Development

« Commissioning of 1 MW Inverter
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Amendment no.7

PROMOTioN WP16 - MMC Test Bench Demo

Now
Dez | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dez| Jan F@b Mar Apr May Jun Jul Aug Sep Oct Nov Dec| Jan Feb Mar Apr May Jun Jul Aug Sep
17 | 18 18 18 18 18 18 18 18 18 18 18 18|19 ® 19 19 19 19 19 19 19 19 19 19| 20 20 20 20 20 20 20 20 20
Task/Month | 54 | 25 26 27 28 29 30 31 32 33 34 35 36|37 3B 39 40 41 42 43 44 45 46 47 48 | 49 50 51 52 53 54 55 56 57
WP16
9 | Definition and N p
T16.1 o e L. v
o specification of test cases
|
|
Preparatory measures for t Preparations for
T16.2 . e
MMC test bench set up Dissemination (CIGRE)
T16.3 g MMC test bench lab setup &
S g CommlsIS|on|?g I I I I
T16.4 Basic testing of the MMC test
bench system
Implementation of an analytical
T16.5 method for analysis of harmonic ¢

resonance phenomena

<
<

T16.6 Demonstration of defined test cases regarding 2 =
' interoperability, control schemes and protection] & g
| | | [ |
I I I 1 I
T16.7 Analysis of the impact orf requirements g
' for meshed off-shore HVDC grids S

D16.3 - Test case analysis WP3

B
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