Case Study 9: LQ Control of WECS with Flexibly-coupled Generator Using R-S-T Controller

This case study contains an application implemgritie LQ optimal control structure in a form of R#S-T controller. An
input-output discrete model of the WECS has beeul fisr implementing an input-output approach of apémal control
problem. The performance criterion has two termse dnvolving the maximum power capture and the rothiee
corresponding to mechanical fatigue loading (cdninput) minimization. This application uses the Iffite named

LQ RST _ctrl . nmdl and two m-filesdi scr et e_npdel _gen. mandRST_gen. n all these are described bellow.

Scope: Assessment by numerical simulation of an I/0O mrapproach aiming at minimizing a performancdecion
having two contradictory elements: minimizatiortloé distance from the optimal rotational speedrésponding to the
ORC) and minimization of the control input (electr@agnetic torque) variations. The balance betweesetiparameters
can be adjusted by means of a weighting parametef,he R-S-T controller is built over an I/O diserehodel of the
WECS resulting from a statistic identification pedcre (nstrumental variables algorithm — i v4 function from
MATLAB ©).

Application analysis: The filedat a_LQ RST. mcontains the system data. The mdl-file is orgahiae follows. The
plant is placed at the right, the controller bloeke at left and bottom of the diagram. The wintbeigy synthesizer,
paced upper-central, allows using multiple typewioid velocity sequence (section 3 with an averafgg m/s has been
used here for system behaviour evaluation). Inubger-left corner one can see, from up to down:siystem data
loading button, the scopes and some computatigiédidlocks.

The interaction between the WECS and the electgdlicannot be changed. The WECS implementatiompcizes the
turbine, the rigid drive train, the induction mawohiand the generator-side inverter. The electgddlhas been taken as
ideal, because the grid interface is not of inteheshis application. The SCIG model is coded lie &sntn. ms-
function; a flexible model of the drive train (twoass model) has been used.

The controller block, labelletidenti fication / RST control, allows recording data for the discrete-time
model identification and is structured as follo@gntrally, one can find the structure used for ifieation; extreme-up
and -down parts of the controlling structure (riotadl speed reference and the R-S-T structuregoéispely) are visible.
The switch feeding the control input is used folesng one of the above-listed two operations:igms 1 —

identification and position 2 -eontrol.

Running the application:

A: ldentification of the discrete-time model parameters

Sep 1: Load system parameters (WECS data).

Sep 2: In the block labelled dentification / RST control, set the switch feeding the control input to
position 1 —identification.

Sep 3: Use the wind velocity sequence correspondingetection 3 with an average value of 8 m/s. Sdhtech the

menu “Simulation— Parameters” a convenient time horizon and proegtdthe simulation (say 180 s).



Sep 4: At the end of the simulation the mat-fileden. mat should contain records of some important variable
evolutions (including the probing signal and ratatl speed).

Sep 5: Use the m-filedi scr et e_nodel _gen. m to obtain the stochastic discrete-time model ofglzat, based on
the instrumental variable method.

Sep 6: Based on a given weighting coefficietmﬂ[z,Sq and on the previously obtained plant model, employ the m-

file RST_gen. mto generate the R, S and T parameters of the contrallénei ght ) must be given directly in the m-
file.
Sep 7: Introduce these coefficients into the correspondingsteanfunctions of the controller block, labelled

Identification / RST control.

B: Evaluation of the dynamic behaviour of the closed-loop system when using various weighting peteam

Sep 1: Run partA of this application. Consider a value of the weightiagfficient a (say 2) and ensure th&ep 7 has
been completed.

Sep 2: Reload system parameters (WECS data). In the blbeleéal denti ficati on / RST control, setthe
switch feeding the control input to position 2entrol.

Sep 3: Use the wind velocity sequence according to your n@sgisselection 3 with an average value of 8 m/s). $elec
from the menu “Simulation. Parameters” a convenient time horizon and start the sfionl

Sep 4: Dynamical system behaviour can be viewed by openiagtbpes (upper-left corner of the application file).
Operating point position or its standard deviation ardhedORC can be plotted using the LSS mechanical pomeer a
rotational speed data (vectgrer | andongl ) saved in the workspace from the associated scopesk @tecontrol
performance by opening the tip spekdrf) (or else the power coefficientcp) scopes and also the one visualizing the
control input (the electromagnetic torquesil). These are the two parts of the quadratic perfoomecriterion and
should be antagonistic. This means that if the tipdpeeance is small, the control input variations arounevitage
value is large (this happens for smal).

Sep 5: Restart fron®ep 1. Run onlyStep 6 andSep 7 of partA by using a new value of the weighting coefficiemt,

Sep 6: Compare the standard deviation of the tip speed aaticof the control effort (by extracting its average vaiue

possibly by computing the FFT) for different valuesoof

Remarks: During its start-up the system works at zero elecagmatic torque; after few moments, when the rotational
speed reaches a normal operation value, the refeeromatically switches to the one provided by the R<pded
control algorithm. Also, the R-S-T controller is acteh after a few moments. The start-up strategy caréeged by
the user, if needed. Running the application may danmagedntent of the filé dent . mat . If this happens load the
file i den_wi t ness. mat instead.

File control | ers. ndl contains some R-S-T controllers obtained using teeRET _gen. m for various values of
the weighting coefficienta . For a given value ot , take the corresponding controller and replace it inéocontrol
block in the fileLQ RST ctrl . ndl .



