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This study focuses on variable speed wind
turbine’s capability of providing inertia
response to support the grid frequency

regulation, especially for short-term
frequency drop in low inertia grid.




What is inertia? Typical 2.0 MW wind turbine has:

Inertia is the resistance of physical object

to a change in its state of motion. * Jing turbine= 40k * (37.5/3)2
Rotating objective inertia:

J=mr? =6.25 * 10° Kg.m?
Energy stored in rotor mass: E> E wind urbine= 0-5J w2
E=05Jw.?

=0.5*) * 1.752
=9.57 * 10°) =

Inertia Constant is defined as the kinetic
energy stored in the rotor at rated

speed divided by the VA base. E> H=E/S=4.79s
H=E/S=0.5)Jw_2/S

Similar as conventional
power generation
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Why power system needs inertial control?

Frequency control by keeping balance between
generation and consumption.

Long term balance : by
power reservation

Short term balance : by
rotating kinetic energy
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Frequency control requirements to wind turbines

Nordic Grid Code 2007:

Frequency control. Automatic control of the wind turbine active production as a function
of the system frequency must be possible. The control function must be proportional to
frequency deviations and must be provided with a dead-band. The detailed settings will be

provided by the TSO.

Hydro-Québec requires wind farm to be able to contribute to
reduce large ( 0.5 Hz), short-term ( 10 s) frequency deviation.*
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* Technical Requirements for the Connection of Generation Facilities to the Hydro-

NUWITECH Québec Transmission System: Supplementary Requirements for Wind Generation,
Norwegian Research Centre for Offshore Wind Technology Hydro-Québec, Tech. Rep., May 2003, revised 2005.




Inertial Control is similar as Liquid Level System

wind
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Wind turbine modeling for inertial control
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Drive train
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Vector Controller for generator side converter

-Torque Control executed in g axis.

-Faster than load angle control strategy™.

P
Frees Pro
+ AP Oul_é P dmd iqref B Vys
Grﬁf ord | I D— PI > PI
- P B ; Generator
eas ds side
) _l converter
Qref Ldref Vds
> PI > PI
Qmeas
NTNU

* P109, Wind Energy Generation: Model
and Control, Olimpo A. et al.
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Simulation: Wind turbine parameters when

Power reference=110%, starts at 10s.

SERBEG

Pow er=10%, 70% rated rotor speed, deltaP starts at 10s, 1112 P2
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How is the inertial control ability?

Y: Time before reach minimal 70% rotor speed (s)
X: extra power reference in PU

—e— Ws=8.0nvs Pm=0,33PU —8— Ws=10.6m/s Pm=0,70PU
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WTG Rating 5 MW
Control Variable Speed, collective Pitch

Rotor Diameter | 126 m
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Hub Height 90 m
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Power reservation by pitching
for long-term frequency response

P/pu
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Frequency response with pitch control and inertial
response control combined method implemented
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How to make wind parks “grid frequency friendly” ?

v'"Wind parks need react to changes in grid frequency
v'Short-term inertial response capability is limited

v'Need to combine with long-term pitch control
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