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Wind Farm Control Simulation Tool Modellin

The University of Strathclyde has developed a Simulink based wind farm simulation model known as StrathFarm, designed to be run on a
standard modern PC in real-time or better (depending on the size of the wind farm simulated). The tool is intended to be highly flexible
and so contains a wind farm model generator that allows fully flexible model creation (multiple turbine types; wind field of given mean wind
speed, turbulence intensity, wind direction, surface roughness etc; any wind farm layout).

—Bladed Data i E E E" —Bladed Data

—WT_Model_IBM_PAC_Cont 10" 1 ' giatin —WT_Model_IBM_PAC_Cont

—WT_Model_IBM_PAC_DiscSfun ' i T —WT_Model_IBM_PAC_DiscSfun
1} = . 1 Wi 1 1 ] '

» Wind Farm Wind Field: Correlated wind farm wind field model that generates longitudinal and lateral turbulence time series with
the required characteristics. The turbulent wind field model is based on the algorithm of Veers, with Dryden gusts. The wind-field time
series is generated off-line and is used on-line within a wake deficit calculation to output an effective wind speed for each turbine at each

time step. The wake model used can be either a kinematic engineering model based on Frandsen or a more complex version based on | |
WEFSim. ‘ -
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> Local Wind Field: Local wind field model for each turbine. Stochastic and deterministic (wind shear and tower shadow) effects o sl e
modelled which, in the region of validity of separability, induce the correct in-plane moments on the turbine. The time series of the high — VN
frequency components of the wind speed is used with the lower frequency component of the wind from the wind farm wind field.
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» Wind Turbine Model: Supergen variable speed pitch regulated exemplar turbine (5MW, other sizes to be added). Model can include
individual blade model, which produces blade root bending moments. Dynamic inflow (induction lag) is included in the aerodynamics.
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» Comparison of Dynamics: The dynamics of the turbine models are compared to outputs from DNV GL Bladed. L e e ._ A
Comparisons are shown on the right of the spectra for hub torque, rotor thrust, in-plane blade bending moment, out of i g O o v
plan bending moment, generator speed and tower fore-aft bending moment. There is a good match at the common
structural frequencies of |P, 3P, and 6P.
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» Wind Turbine Control: Wind turbine model implemented with Power Adjusting Controller (PAC). This allows a dynamic | | A O
adjustment in power set-point (within limits) without knowledge of the design of the full envelope controller. The output flags and " s T s
estimate of wind speed from the PACs are input to the wind farm controller. Comparison of spectra from StrathFarm turbines and DNV GL Bladed

» Wind Farm Control: Any wind farm controller can be programmed by the user in C++ to interface with StrathFarm through
standardised linking functions. The wind farm controller provides inputs to the PAC to deliver the desired control outputs.
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Wind Farm Control Example Applications

—<—-< Distributed Wind Farm Control to Minimise Loads

B Integrating Energy Storage Systems
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Whilst setting the correct power output for a wind farm is commonly studied for engaging in strategies such as droop
control or active curtailment, a further important consideration is the loads on the turbines. Different turbines in a wind
farm experience different wind conditions, hence, how the required change in power is distributed through the wind farm
can be optimised to minimise the fatigue loads.
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