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Introduction

AC Power systems
— sinusoidal voltages / currents

Non-linear devices

— Power electronic equipment
— Saturable devices

May cause distortion

Unwanted effects on equipment and system
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Introduction
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Introduction

Examples of Unwanted Effects:

 Conductors
— Increased losses

« Transformer

— Increased losses and excessive heating
» Circuit Breakers

— Nuisance tripping

« Capacitors
— Permanent failure
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Introduction
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Harmonic Theory and Concepts
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Harmonic Theory and Concepts

« Harmonic currents produced by a wind turbine

Fundamental S0HZzig, armonic = 250Hz
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Harmonic Theory and Concepts

« Voltage Distortion: System Impedance

Vh =Zh}* Ih

« Impedances varies with frequency

X, =24L X

1
27fC

« May result in harmonic voltages
« Total Harmonic Distortion (THD)
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Harmonic Theory and Concepts
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Harmonic Theory and Concepts

System Harmonic Impedance
System

affected by:
Short Circuit Level

Short Circuit Level

Capacitor

Cable/@gﬁkgead'lflq_e

Capacitor banks
— lower the resonant frequencies

Connection
— Cable/ Overhead Line

Transformers/ Reactors
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Grid Code Requirements

 Distortion limits outlined in IEC 61000-3-6
* High Voltage THD planning level is 3%

« Limits for individual harmonic magnitudes
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Grid Code Requirements
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Modelling & Simulation
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Modelling & Simulation

* Loads not producing harmonics
— Damping

 Phase angles of sources

« Transformer connections

* Modelling of lines and cables
— Pl equivalent model (multiple sections)

« System representation

— How far back?
— Capacitor banks

« Short circuit capacity
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Case Studies — Short Circuit Capacity

« High Short Circuit Level
— Typically lower harmonics

 Lower Short Circuit Level

— Weaker system
— More pronounced resonance peaks
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Case Studies - Cable vs Overhead Line
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Case Studies — Distance Along Cable

B Point along Cable
I cnd of Cable

Impedance

)
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« Cable capacitance distributed along its length

* Point to connection important
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Harmonic Mitigation

« Active Filters

— Mitigate multiple harmonics R
— Complex and costly Ly
HARMONIC
CURRENT
_ _ SOURCE 8
« Passive Filters i L
—C ®

— Simple and reliable
— Relatively inexpensive
— Cannot mitigate multiple harmonics
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Harmonic Mitigation

25 7

20 A

Impedance

10 A

0 T T T T T T —

1 1 1

0 250 500 750 1000 1250 1500 1750 2000 2250 2500

Frequency [HZz]
—— Without Filter —— With Filter

@ International

ESBI Energy Innovation www.esbi.ie



Summary

* Wind turbines may be source of harmonics
« May interact with system impedance

* Resulting distortion may:

— Damage equipment
— Increase losses

« Mitigation measures
— May prove costly

 |dentify potential issues early
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