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Inertia and System 
Strength
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South Australia 2016 Black-out

• What happened?

• Aftermath
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“Sufficient inertia to slow 

down the rate of change of 

frequency and enable 

automatic load shedding to 

stabilise the island system in 

the first few seconds”
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[1]



“Sufficient system strength to 

control over voltages, ensure 

correct operation of grid protection 

systems, and ensure correct 

operation of inverter-connected 

facilities such as wind farms”
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[1]



Inertia and System Strength - Definition

• P. C. Kundur [2]: 

• “The ac system can be considered “weak” from two aspects: 

• (a)

• (b) 
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Inertia and System Strength - Definition

• Australian Energy Market Operator:

• “AEMO sees system strength as the ability of the power system to 

maintain and control the                             at any given location in the 

power system, both during                           operation and following        

a                                 .”[3]

• “Contribution to the capability of the power system to resist changes     

in by means of an                             from a generating unit, 

network element or other equipment that is electro-magnetically coupled 

with the power system and synchronised to the frequency of the power 

system.”[4]
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“Inertial responses provide a            and                  injection of energy 

to suppress rapid frequency deviations,               the rate of change of 

frequency                  .” [3]

© 2020 Australian Energy Market Operator Limited. 

© AEMO, 2020



Inertia and System Strength - Solution

• Needed Inertia 

• Methods:
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Implementing 
Frequency 
Regulation in Wind 
Generators
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Virtual Inertia

• Concept

July 1, 2021     | 12

Power System Stability and Control, 

Prabha Kundur, McGraw-Hill, 1994 



Virtual Inertia

• Energy Source
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Virtual Inertia

• Energy Source
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Virtual Inertia
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Virtual Inertia
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Virtual Inertia
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Virtual Inertia

• Virtual Inertia vs. Synthetic Inertia

• NERC: “Synthetic inertia” is a term sometimes used for fast controlled 

active power injection from wind generators in response to                            

after a large generation trip. This control is enabled by accessing stored 

kinetic energy (          ) of the turbine, hence the term “synthetic inertia”; 

however, the response is not                   and                  of the behavior is 

fundamentally different from                                                                   

[6]
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Mechanical Tensions

• Double-Mass Model and Soft Shaft

• Formula and Modeling
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Mechanical Tensions

• Fatigue
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Mechanical Tensions

• Double-Mass Model and Soft Shaft
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Mechanical Tensions

• Double-Mass Model and Soft Shaft
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Mechanical Tensions

• Double-Mass Model and Soft Shaft

• Mechanical Resonance – virtual inertia
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Mechanical Tensions

• Double-Mass Model and Soft Shaft

• Ramp Rate Limiter
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Conclusion
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Questions
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