Case Study 10: LQG Control of WECS with Rigid Drive Train Using the 2L FSP Structure

This case study contains an application for impleting the optimal control structure designed acicgydo the frequency
separation principle on a rigid-drive-train-base&®é. This control structure contains two loops, dealing with the low-

frequency (LF) evolutions of system variables (LFand the other one processing the high-frequelH&y ¢components of
the system variables (HFL). The optimization targeuires restraining the operating point positaoound a certain
domain including ORC, but the minimization of thentrol input (electromagnetic torque) variatioraiso envisaged. This
trade-off is expressed by a linear quadratic peréorce index, where the two contradictory requiregmare weighted using
the coefficienta . The application uses the mdl-file nameidgi d_2LPSF_ctr | . ndl , implementing the control, and
two m-files| i n_param conp. mand LQR_conp. mfor determining the linearized system parametad the LQG

controller components, respectively. All theselaiefly described bellow.

Scope: Generation of the LQG control parameters andsassent by numerical simulation of the two-loop wyati loop

structure applied on the rigid-drive-train-based @&

Application analysis: The filedat a_ri gi d_2LFSP. mcontains the system data. The mdl-file is orgah& follows.
The plant is placed at the right, the controllexchk are below the plant. One of them containstmdrol structure and
the other one performs the splitting of the frequyeranges. The wind generator, placed upper-cergyalthesizes a
non-stationary wind velocity sequence. In the ugpftrcorner one can see some blocks (from up tendothe system
data loading button, the linearized system parametemputation, the LQG control components comjanatthe
scopes and some computation/display blocks. Thetrelaagnetic system within the plant is simplifiedeing

approximated with a first-order element haviygas time constant. The block nameé- HF splitter / adder

implements the identification of low- and high- dteency components of the wind speed, rotationabdpend
electromagnetic torque. To this end, a low-pasgeBurorth type filter of order 4 has been used. Blaek named
2LFSP control contains the LFL (based on a PI controller) anel iH-L (based on a LQ controller) control

structures.

Running the application:

A: Computation of the linearized model parameters and LQ coraroll

Sep 1: Load system parameters (WECS data).

Sep 2: Compute the linearized (HF) system parametensnal a certain steady-state wind velocity (douliltk@n the
appropriate block runs the script-fila n_par am conp. n). The system parametergafme, JT and Tw) can be
viewed in the command window and will be automditjoamployed in the HFL.

Sep 3: Compute the LQ controller parameters for a aemaeighting parameter (double-click on the appiaterblock
runs the script-filleQR_conp. n). The controller parameters] andK2, can be viewed in the command window and

will be automatically employed in the HFL.



B: Assessment of the 2LFSP

Sep 1: Run partA of the application. Consider a value of the averamd velocitywi nd_st (say 7 m/s), and a value
of the weighting coefficienty (wei ght — say 10), and ensure tf&¢p 3 has been completed.

Sep 2: Select from the menu “Simulation Parameters” a convenient time horizon and proeg#dthe simulation
(say 300 s).

Sep 3: Dynamical system behaviour can be overviewedd®ning the scopes (upper-left corner of the apfitao file).
Operating point position or its deviation arouné fARC can be seen directly on the XY scope or eapldited by
using the LSS mechanical power and rotational sple¢al (vectorpw | andongl ) saved in the workspace from the
corresponding scopes. Check the control performagcepening the tip speetldn) (or else the power coefficient —
cp) scopes and the scope visualizing the controlti(ipe electromagnetic torqueni). These are the two terms of the
quadratic performance criterion and should be amtizgic. This means that if the tip speed variase@nall, the control
input variations around its average value is ldtgis happens for large values af). The HF variations of the control
input, HF_enT, and of the tip speed ratibF_| am can be visualized and assessed separa&tglylfy computing their
histograms or their FFTSs).

Sep 4: Restart fron®tep 1. Run onlyStep 2 andStep 3 of partA using a new value of the weighting coefficieat,

Sep 5: Compare the standard deviation of the HF-compbakthe tip speed ratio and of HF-component ef ¢bntrol
effort and the operating point standard deviatemaind ORC for different values of .

Sep 6: Change the value of the steady-state wind spaaunl_st (restart fromStep 1), and compare the control law

efficiency for the same wind velocity sequence fmmdhe same weighting coefficientei ght .

Remarks. During its start-up the system works at zero tetesagnetic torque; after few moments, the refezenc
automatically switches to the one issued from thiESP control algorithm. The start-up strategy carchanged by the

user, if needed.



