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EXTENDED ABSTRACT

Introduction

Connecting wind turbines to power networks without adversely affecting system
stability is one of the greatest challenges of the future expanding wind farms. In the present
research, to improve the power network stability, damping the oscillations caused by
torsional modes and increasing the energy conversion efficiency of wind turbines, a new
control strategy was proposed for the active power control loop of wind turbines as well as
HVDC transmission systems. First, it was shown that the nonlinear speed-power curve of
the wind turbine is effective on the damping coefficients of torsional modes, the energy
conversion efficiency and the stability of the wind turbine. Accordingly, the use of wind
turbine stabilizer in the wind turbine power control loop was proposed. Since the wind
power plant was effective on the flow of the active-reactive power components, the use of
supplementary damping controllers in the rectifier of VSC HVDC system was proposed to
improve the voltage profile and the dynamic stability of the power network. The fractional
order PID controllers were used in the proposed control strategy where its coefficients were
adjusted using the proposed genetic-bat algorithm. In this algorithm, in order to avoid the
rapid convergence of bats to local extremes and the optimal development of the search
space, two operators of genetic algorithms, the dynamic mutation based on probabilities
and the crossover were used. The simulation results showed that under the proposed
control strategy, the stability of the system and the voltage profile in the network were
significantly improved.

Methodology

In this research, first, dynamic modeling of a power system including classical power
plants, wind power plants and VSC HVDC transmission systems was carried out. Then, a
control strategy (including three individual control loops) was proposed ensuring the stable
operation of the ac system and wind farm under different working conditions. The wind
turbine stabilizer control loop was designed based on the turbine operating points and the
speed-power characteristic curve in the wind turbine. It was shown that for different wind
turbine operating points, the damping coefficient of torsional modes was variable and the
use of wind turbine stabilizer controller was necessary to amplify the damping torque and
damping the oscillations of the torsional modes. Then, two independent control loops were
proposed to amplify the damping coefficient of the oscillation modes of the power system
through the VSC HVDC rectifier converter. These controllers were responsible for enhancing
the dynamic stability of the power system. Supplementary controllers in the present
research were based on fractional order PID controllers whose coefficients were adjusted
using the proposed genetic-bat evolutionary algorithm. The proposed algorithm corrects
the limited oscillations of bats, which could result in convergence to local extremes. This
modification was achieved through the use of dynamic mutation operators and crossover of
genetic algorithms and the optimal development of the search space of bats.

Results and discussion

Wind turbine torsional modes are affected by the turbine speed-power curve and for
different areas of this curve, the effect of torsional modes on the turbine performance is not
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the same. Accordingly, the simulation of the power system under study was performed with
the presence of designed controllers and in different areas of the wind turbine speed-power
curve. When the proposed stabilizing controller was used in the wind turbine, the power
system was stabilized in the whole set of operating points of the system and the oscillations
of the components of rotor speed changes in power plants, load angle and displacement
angle were significantly reduced. In addition, the voltage profile was improved and at the
end of the simulation time, the voltage stabilization was observed to be at the nominal value.
The use of VSC HVDC controllers together with the wind turbine stabilizer controller further
improved the dynamic performance of the power system in such a way that the settling time
of the studied signals reduced from 30 seconds to approximately 15 seconds and the signal
overshoot at the beginning of the simulation was reduced by approximately 10%. In general,
the use of controllers stabilized the power system and the terminal voltage of power plants.
One of the most important results of the analysis of responses was depending on the
operating conditions of the wind turbine, the degree of participation of the turbine in
providing damping torque was variable. The oscillations of the torsional modes were well
damped with the proposed controllers and an improvement of the voltage profile and the
dynamic stability margin of the power system was observed.

Conclusion

In this paper, the use of supplementary stabilization controllers in the VSC HVDC
system as well as the active power control loop in the wind turbine was recommended. It
was shown that by using the wind turbine stabilizer controller in the active power control
loop, the damping torque required for the wind turbine can be provided. Moreover, the
addition of stabilizing control loops to the VSC HVDC system led to improvement of the
stability margin of the power system and voltage stabilization in the over system. The
simulation results of the system under study in addition to the proposed control strategy
performed in MATLAB software show the effectiveness of the control method to improve
the dynamic stability of the power system and also increase the energy conversion
efficiency in the wind turbine.
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Vder=2;VVb=1;Xd=0.3;Ws=1,;5=0.1;R=0.01;=50;D=0.1;Wh=2*pi*f; Xw=0.2; Tpo=0.7;XI=0.7; Xt=0.05;Xq=1.7;Xd=1.6;,X W=
0.6;Ht=0.3;Hg=0.6;K=055;C=2;L =0.1;M=0.8;Tdo=0.4;KA=20; TA=0.05 ; A={(UXI)+1/Xt)-B); C1=1-A*Xd; C2=-G*Xg;
C3=1-A*Xq; CA=G*Xd; CH=(XW/XW)+C1; C6=C3+(Xa/Xw); C7=-A+1/Xw); C8=C5*C6-C2*C4; C12=-C4/CS;
C11=C5/C8; C10=-C2/C8; C9=C6/C8; C13=0.5*Vdcr*sin(PHr); C14=0.5*Vdcr*Mr*cos(PHr); C15=05*Vdcr*cos(PHr);
C16=05*Vder*Mr*sin(PHr); C17=\*cos(Delta); C18=-Vb*sin(Delia); C19=CI*C7+C10*G); C20=(-CI*CL3/Xt)HC10*C1/X);
C21(-Co*CLA/X)+HCL0*CLE/Xt); C22=(-CO*C18/XI)HC10*CL7/XI); C23=CIXd; C24=C10/Xw; C30=Cl1*G+CI12*C7,
C25=(C11*C15/X0HC12*CL3/XY); C26~(CLI*CLE/XY{(CI2*CL4/X1); C27=CL1*CL7/XI){C12*C18/XI); C28=C11/XWw; C29=
Cl2/Xw;  C31=05%\Vderssin(PH)/XY);  C32=05*Mrsin(PHI/XE  C33=055(Mr*Vdercos(PHN/XE),  B=-Xd/Xt;
C3A=(UX)HB*C19); C35=B*C20+C31; C36=B*C21+C33; C37=-05*Mr*Vdcr*sin(PHr)/Xt C38=0.5*Mr*cos(PHr)/Xt;
C39=05*Vdcr*cos(PHI/Xt, CA0=-Xq/Xt; CA1=C37+CA0*C26; CA2=C30+CA0*C25; CA3=CA0*C30; CA4=CA0*C27,
CA5=CAD*C28; CA6=CA0*C29; CA7=05*Mr*cos(PHr); C48=-05*Mr*Ird*sin(PHr);C49=0.5%cos(PHr)*Ird; 50=0.5*Mr*sin(PHr);
C51=0.5%sin(PHr)*Irg;C52=0.5*Mr*cas(PH)*Irg; C53=CA6*C34+C50*CA3; C54=CA7*C35+CA9+CH0*CA42+C51;
CB5=CAT*C36+C52+CA8+CE0*CAL;,  Co6=CAT*C22+Co0*CAd;  C57=CA7*C32+C50*C38;  C58=CA7*C23+C50*C46;
C59=C24*CA7+C50*C45; C60=05*Mi*\Vdci*cos(PHIYXE C61=05*Vdci*sin(PHiyXt C62=05*Mi*sin(PHiyXt;
C63=Wh*sin(DelayXt; C64=\b*cos(Del)/Xt; C65=-05*\/dci*cos(PHi)/XE C66=05*Mi*cos(PHIyXt;
C67=05*Mi*Vdci*sin(PHiyXs C68=(0.5*Mi*lid*sin(PHi)H0.5*Mi*lig*cos(PHI)); C6%=
((05*cos(PHiy*lid)+(0.5*sin(PHi)*lig)); C70=-05*Mi*cos(PHi); C71=- 0.5*Mi*sin(PHi); C72=C70*C60+C71*C67+C68;
C73=C70*C61+C71*C65+C89; C74=C70*C62+C71*C66; C75=C71*C64+C70*C63; C76=Xg*Id+Vpg; C77=Vpd-Xd*Ig;
C78=C76*C30+lg+C77*C19; Cr9=C76*C25+C77*C20; C80=C76*C26+C77*C2; C81=C76*C27+CT77*C20,
C82=C76*C28+C77*C24; C83=C76*C29+CT77*C23; C8A=Vpa*Xo/Vp, C85=Vg/\Vp; C86=-Xd*Vpa/\Vp;
C87=CB84*C30+C85+C86*C19; C83=CB4*C25+C86*C20; CBI=CB4*C26+C86*C21,; C0=C4*C27+C86*C22;
C91=C84*C28+C86*C24; C92=C8A*C29+C86*C23; C87=(Xd-Xd); CH=C87*C19-1; J3=Xa/Xw;
C8B=IWOH(XI*C24*EWa/Xw)+HEWG*XG*C28/X W)- gy X w);
C89=IWor+HX O C29*E Wy XW)+HE WA XA*C23/Xw)HEWH/XW); CO0=(XqC0*E W0/ X W) +HEWL*XAC19/Xw)- B Xw);
Col= (Xd*C20*EwdXw) + (EWXgC2eXw) ; C2 = (X C22EWd/Xw)  +  (EWgsXgrC27/Xw);
CI3=(XAC2EW/XW)HEWXPFC2BXW),  JL=XWAXW,  J2=XWXW,  CO=(((1HII*IB*C28) To)(L(ToXw)));
C95=((J1*J3*C30)/Ta); COB=((JL*I3*C25/Ta)); CI7T=((1*I3*C26)To); CI8=((I1*I13*C27)/Ta); CHR=Ws*Ewg; CL00=S*Ws;
JA=12IT0; 33=Xd/Xw;, C101=(L/To)HI4/XW)HJI3*I4*C23)); CL02=((-J4/XW)HJI3*W*C19)); C103=12*13*C20; C104=J3*W4*C21;
C105=J3*1*C22; CL06=J3*M*C24-S*Ws), CLO7=Ws*Ewd; A=D((12HtyH(12Hg), B= D(12HiH12Hg)),
Alpha=(C89*C104/2*Hg*T’do)y+ (C0*C21/2*Hg*T°do)) + (C88*C97/2*Hg* T do)); Alpha’=C91/2*Hg);
Beta=(C20*C90/(2*Hg*T"do)) + (C96*C88/(2*Hg*T"do)) + (C89*C104/2*Hg*T’do));Beta=C93/(2*Hg);
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