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More-Electronic Power Systems: A Pandora’s Box?
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8.9 blackout incident:
National Grid report 
points to oscillation at 
Hornsea wind farm

Hornsea

Multiple (>100) interconnected converters 

A single converter with many (>100) sub-modules

Oscillation after 1st strike

Unstable after 2nd strike



Power Electronic Timeline
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 Thyristor Exciters are widely used in power generation since 1970s

 MOSFET Power Supplies are widely used in power consumption since 1980s

 Why we start talking about more-power-electronic grid now, not thirty years ago?
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The Rise of Electronics in Power Generation
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Low-Frequency Partial-Power Electronics Low-Frequency Full-Power Electronics

High-Frequency Partial-Power Electronics High-Frequency Full-Power Electronics
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The Rise of Electronics in Power Transmission



High

Synchronous Generator 
also has low inertia

Wind Turbine has comparable 
inertia to gas turbine: mr2/2
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What Makes the Difference?

Partial Power ScaleFull

Frequency Scale

Low

 Commutation constraint

 High control bandwidth

 Low inertia ?

High
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What Are the Consequences?

Power ScalePartial Full

Frequency Scale

High

Low

 LCC-HVDC Commutation Failure
 LCC-HVDC Torsional Interaction

 DFIG Fault Ride Through
 DFIG Resonance Interaction

 Wide-Area Fault Propagation
 Wide-Frequency Oscillation

 Reduced fault tolerance
 New oscillation mode
 New whole-system behaviour



8

Whole System Interaction

Prime
Mover

Electric 
Machine

Power 
Electronic

Passive 
Element

Protection

 Speed governor
 Turbine dynamics

 DFIG
 Synchronous Generator
 Induction Motor

 Harmonic Filter
 Series/Shunt Compensator
 Transmission Line and Cables

 Current Relay
 Distance Relay
 Differential Relay

 Current Control
 AC Voltage Control
 AC Power Control
 DC Link Control
 Phase Locked Loop
 Mode Transition
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Whole System Interaction
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Whole System Interaction
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Commutation Failure
Weak Grid Oscillation
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Whole System Interaction
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PLL-Inertia Interaction



Two Physical Views
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Mechanical-Centric: Torque Coefficient Electronic-Centric: Impedance/Admittance



Two Mathematical Tools
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State-Space: Preserve Structure Transfer-Function: Directly Measurable

Participation Factor

Nyquist Curve

Phase Margin, Gain Margin

Eigenvalue
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Unified Framework for Whole System Integration

Mathematic Tool Physical View

State Space

Transfer
Function

Mechanical

Electronic

 Preserve Structure
 Whole-System Analysis

 Directly Measureable
 Local-System Analysis

 Torque Coefficient
 Power System Community

 Impedance Admittance
 Power Electronic Community

Unified 
Framework



Unification of Mechanical and Electronic Views
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Electronic

Mechanical

Interaction

Interaction



Mechanical  Electronic
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Reflecting mechanical dynamics in impedance/admittance 



Electronic  Mechanical
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Reflecting electronic dynamics in torque coefficient



Unification of State-Space and Transfer-Function Methods
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Residue



Residue is Participation Factor
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Input and output are acting on the same apparent state

Participation 
Factor

Transfer 
Function

Apparent 
State

Residue

State
Space

Apparent State

Residue is equivalent to the participation factor !
Latent
State



Example: Synchronous Generator
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Admittance of a synchronous generator with and without mechanical dynamics reflected

: mechanical dynamics embedded : mechanical dynamics not embedded



PLL-Inertia Interaction : Z-Representation (Electronic)
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Phase Locked Loop 
(PLL)

Rotor Inertia

Root Locus of Whole-System Impedance



PLL-Inertia Interaction : Z-Representation (Electronic)
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 Synchronous generator impedance has unstable poles 
at positive reactive power (over excitation)

 Converter  current source when PLL and dc-link 
control is slower than inertia timescale 

Impedance of a synchronous generator with mechanical dynamics

Poles in the right half plane



PLL-Inertia Interaction : K-Representation (Mechanical)
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Bode Plot of Torque Coefficient K

Negative K

Keep accelerating

PLL / DC-Link Control

Flux Dynamics
(Electronic)

Inertia Dynamics
(Mechanical)

50Hz5Hz



Thank You!


