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Olympic Dam West

South Australia 2016 Black-out

« What happened?

o Aftermath

Ryerson
University

P Olympic Dam North LeighCreek

®
Coalfield @  eighCreek South

Woomera @
Pimba Q
N\
Mt Gunson &
O Neuroodla
Voltage Disturbance 3-4.
O l\ npo
\'\ Voltage Disturbance 5-6
tony
Cultana b Point Bao
®
@Wudinna Whyalla Centia-Qp © pPort

Middleback @

Yadnarie—~Q

P Port Lincoln

Cathedral Rocks®

SA SYSTEM BLACK 2016-09-28

Power Station - Remained online until system collapse

Power Station - Not online at time of event

Wind Farm - Remained online until system collapse
Wind Farm - Reduced output before system collapse
Wind Farm - Not online at time of event
Transmission Substation

275 kV Transmission Line

132/ 110 kV Transmission Line

66 kV Transmission Line

||| | cecenm

DC Link

© AEMO, 2017

N e —

i Pirig
Whyalla A

Belalie

Terminal g,;nqam ) ?"Etr‘own Hill
@The Bluff
e S L Hallett Hill
s ents Gap! &
@ Mt.Millar Snowtd
Snowtown
Snowtown Nthié
Snowtown Sthil S orth West Bend
o—
Kadina EastQ . v e P
Hummocks ﬁ Wateloo
Mapash
®
' Voltage Disturbance 2 Berri &
Adrossan West, mpl
O 1 - 'emplers
ispplers O-omAngaston
Rosewor{iy@ Dorrier)
8 i
32 = .4_ ‘ Voltage Disturbance 1
I EBpIo-o ungkillo
Dalrymple, AN Y o\
o O 559 \. annum
Happy Valley o./ O Ib. obilong
4, 2 o WBH1
Wattle Point @yorphett Vale Eas O N
Mt. Barker
Tailem Bend
Cherry Gardens \u garker South N
Key to Adelaide
1 Torrens Island & Starfish Hill
2 Quarantine
3 Pelican Point
4 New Osbourne
Dry Creek
Si iDry.Cres Q Keith
6  Kilbumn
7  Northfield
8 Parafield Gardens West oot Range 9
9 Magill
10 East Terrace
11 City West

Kincralg @

Ladbroke
G
July 1, 2021 | souedh
Canund auth E
Lake Ag:fey) .‘mc
Mt Gambier



“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”
ryerson |



“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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Inertia and System Strength - Definition

 P. C. Kundur [2]:

* “The ac system can be considered “weak” from two aspects:
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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 \JoXo m@ Jf“atany given location in the

powe system, both durlng a ‘€ operation and following
St bawn(e 3]

. ntribution to the capability of the power system to resist changes
mfyg by means of an from a generating unit,
netwo k 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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Inertia and System Strength - Solution

« Needed Inertia ¥
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Implementing
Frequency
Regulation in Wind
Generators
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Virtual Inertia
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Imaginary Axis
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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 (e ) of the turbine, hence the term “synthetic inertia”;
however, the response is not WYen T and ‘68\6} of the behavior is

fundamentally different from W\UA\A V\(S‘ry\ge_ og %\,\C\,\vov\fob\})
Wach6] A

|\ =
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Mechanical Tensions

 Double-Mass Model and Soft Shaft
« Formula and Modeling
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Mechanical Tensions .
N = aTshaft + gTshaft'

* 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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Questions
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