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VSC HVDC - benefits

» Use of conventional grid transformers
» Control of reactive power flow

» No harmonic filter banks

» Operation into weak systems

» Black start facility

» Compact site area

» Allows the use of polymeric cables

» Multi-terminal operation

Overview



VSC HVDC - challenges

» Cost of station needs to match classic HVDC
» Operating losses higher than classic HVDC
» More severe electromagnetic environment

» Limited voltage and power levels

» Market acceptance of a “new” technology

Overview



VSC experience : STATCOM

» Based on Chain-link topology

» Distributed DC capacitor

» Power electronic module based on GTO

» Designs up to £75Mvar at 16kV connection voltage

» No AC harmonic filters required




STATCOM Chain-link Circuit
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VSC experience : D - STATCOM

» Based on chain-link topology
» Distributed DC capacitor
» Power electronic module based on IGBT

» PWM control used on each link to improve harmonic
performance

» Design up to +10Mvar connected at 10kV
» 100% short time overload capability

» Small AC harmonic filter needed for PWM switching
frequencies




Chain-link with PWM control




VSC HVDC Development

» AREVA has wide experience of chain-link circuits

» Series connected IGBT devices requires RC (snubber)
circuits for voltage sharing

» PWM control increases switching losses

» Distributed DC capacitor with IGBT switching device
chosen

» No AC side harmonic filters are required

» Full bridge provides some additional functionality
Output can be of either polarity as required

Protection against DC side faults

Overview
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HVDC Chain-link Circuit
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Output Voltage Waveform
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VSC HVDC Development Methodology

» Stage 1 — Mathematical modelling
Matlab/Simulink

» Stage 2 — Simulator laboratory
2kW analogue simulator

LabView controller

» Stage 3 — 25MVA Demonstrator
Connected at 11kV

Back - to — back operating mode

Overview
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Stage 2 : VSC Simulator

Simulator cubicle suite

TES

Labview Controller
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Stage 3 : 25MVA Demonstrator —
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