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Available online 25 February 2017 OBJECTIVE: In this work, a robust and nonlinear control strategy are investigated in

a power system inter connected with a VSC-HVDC system. The controller design is
based on the Heo control methodologies to deal with the nonlinearities introduced by

Keywords: requirements to power flow and line voltage. RESULTS: First, the steady state
Stability Enhancement, Robust H o mathematical model of the VSC-HVDC system is developed and the relationship
Control, Design between the controlling variables is investigated. By use of Hoo control theory, constant

DC voltage controller and constant AC voltage controller are designed. A robust Hoo
control has been proposed to provide voltage support by means of reactive control at
both ends; to damp out power oscillations and improve transient stability by controlling
either active or reactive power, and to control the power flow through the HVDC link.
CONCLUSION: The proposed control scheme is tested under several system
disturbances like change in frequency at both ends, faults on the converter and inverter
buses and change in short circuit ratio. Based upon the time domain simulations in
MATLAB/SIMULINK environment, the proposed controller is tested and its better
performance is shown compare with the PI controller whose gains are optimized with
Genetic Algorithm Technique.

INTRODUCTION

Voltage source converter based HVDC using the insulated gate-bipolar transistor (IGBT) and pulse width
modulation (PWM) techniques have been utilized in a number of installations which are presently working in
many real system. A VSC-HVDC system connects two AC networks using two AC-DC terminals and a DC
link(Guibin Zhang, 2001). VSC-HVDC system has got many advantages over the conventional thyristor-based
HVDC system, those are (i) IGBT valve can switch on or off in nano seconds. (ii) no telecommunication
channel is required between two VSC-HVDC stations,(iii) The active and reactive. power can be Controlled
independently. (iv) Active and reactive power ofVSC-HVDC transmission systems have made a positive impact
on the system dynamics of power systems. The VSC-HVDC transmission link has four control inputs, namely
direct and quadrature axis voltages at both the converter stations and their interaction makes system a truly non-
linear multi input and multi output control system. The control of all the possibilities is normally achieved
through proportional-plus-integral (PI) controllers. These Pl controllers suffer from the inadequacies of
providing suitable control and transient stability enhancement over a wide range of system operating conditions
under various faulted situation. Several authors have presented mathematical models and control strategies for
VSC-HVDC transmission that include small signal stability (G.Asplund, 2000), decoupling control in converter
stations using feedback linearization (Guibin Zhang, 2001), LMI based robust control (G.B.Zhang, 2002), and
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adaptive control(M.Durrant, 2004, S.Y.Ruan, 2007 and Haifeng Liang, 2005). Most of these papers have
considered a point to point VSC-HVDC system without considering a parallel AC line in which case the
sending and receiving ends are completely decoupled. Although some research has been conducted for coupled
VSCHVDC systems (Si-Ye Ruan, 2007, B.C.Pal, 2002, Sylvain Lignon, 2006 and P.K. Dash, 2009), to explore
the possibility of their smooth operation, till a lot of aspects are yet to be investigated thoroughly. However also
these previous studies were at the expense of neglecting a number of very important features in HYDC system
operation, particularly related to the HYDC-HVAC interactions. In this study, a robust nonlinear Heo controller
is applied to the HVDC Light transmission systems in order to improve the dynamic behavior performance
under wide range of operating and faulted conditions. The controller design is based on a state feedback Hoo
controller. This paper clearly describes the advantages of Hoo controller the effectiveness of the robust
controllers is demonstrated using the simulation studies with the aid of the MATLAB software package. The
simulation results show that the controllers contribute significantly to improve the dynamic conditions, enhance
the system stability and damp the undesired oscillations. The rest of the paper is organized in six sections as
follows. In section 2, the time domain mathematical model is presented. In section 3, Genetic Algorithm based
PI controller and the Hoo feedback controller and the Hoo controller a feedback case for VSCHVDC system is
presented. Simulation results are presented that illustrates the effectiveness of the proposed strategies in section
4. At last, conclusions are drawn in Section 5.

Mathematical Modeling of VSC-HVDC System:

A typical VSC-HVDC transmission link consists of two converter stations. One station operates as the
rectifier station where as the other operates as the inverter station. A parallel AC line is connected between the
two terminals to show the coupling action. The dynamics of the rectifier and the inverter can be described as
follows:
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Fig.1: VSC-HVDC Model

2.1. Rectifier Model:
The dynamic equations of rectifier station are given as following.
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Where Iip, lo and Vip, Vi are the d-q axis currents and voltages of the rectifier station. V1D, V1Qare the d-
q axis ac voltages of rectifier station. Vdc is the dc voltage after the rectifier station.Cdc andVdc are the current
and capacitor of the dc link. The corresponding impedances on the rectifier side is rr+jxr.Pdc is the power flow
in the DC link.
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nterval model:
The dynamic equations of inverter station are given as following.
dl. —F, V. V.
e Y B )
dt i T
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Where lip,ligand Vip, Vigand are the d-q axis currents and voltages on the inverter sides,V2D, V2Q arethe
corresponding ac voltages on inverter stations. Ri+jX; is the impendance of the inverter station. Thedc link
voltage isVacand Idcliis ac current in inverter station

Control Scheme for VSC-HVDC System:

Normally Pl controller is used for this purpose for providing damping to the system oscillations. In
conventional Pl controller direct axis and quadrature axis voltages Vi and Vicare the control inputs of the
rectifier and Vie& Vig control input of the inverter. Choosing the right value for Kyand Kiof a Pl controller is
really a difficult task and also the optimum value change with the changing system operating conditions. Thus
the gains of PI controller are optimized for improving damping performance significantly. Further H- infinite
controller has been proposed that gives better stability to the system under abnormal conditions. This controller
also provides large operating zone within which the system can operate without loss of generality.

The PI controller is designed to provide coupled and independent control of the DC link voltage and the
generator side reactive power for converter station and the control of active power and reactive power for
inverter station. The state variables of rectifier station are taken as I, Irq and Vdc1. For convenience dc voltage
and reactive power of the rectifier are taken as the output variables. Since the reference bus d-axis voltage is
taken as zero, the reactive power directly controlled by I,4. The state variables of inverter station are liq, liq. Since
the inverter station is operating in the active and reactive control mode the output states are taken as lig, liq. Here
the trial and error technique is avoided and Genetic Algorithm is used to optimize the values of the gains Kpy,
Kri, Kp2, Krz, Kps, Krs and Kps. Both of the result has been demonstrated by simulation. Since the equations are
in the nonlinear form those can be lineralized by perturbation and the small signal model given for VSC-HVDC.
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Simulation Result:

To test the robustness of the designed controller for the HVDC Light transmission link, the operating
condition of the system are P; = 0.8 pu, Q; = 0.2 pu, P; = 0.6 pu and Q;= 0.2 pu. From the following figures it is
evident that the oscillations in the speeds of the generators and the interarea oscillations are damped out faster
with the new controller than the conventional PI controller. Due to Hoo control for the reactive power control
loop at the rectifier station, the voltage of the converter ac-bus recovers much faster. Further, the fault at the
converter bus affects the power flow to the inverter bus due to presence of a parallel AC line. The DC-bus
voltages are stabilized very well using this controller.

The system is simulated with a LLLG fault at bus-1 from 1 sec to 1.2 second. Due to the fault the ac voltage
at the corresponding bus is decreased to a critical level. The performance of the proposed controller is much
better than the conventional PI controller and optimized PI controller. The performance improvement with the
Hoo controller are shown in Fig.2.(i-viii), which clearly indicates the robustness of the proposed controller. The
damping property marginally improves along with the reduction in overshoot and settling time. Less overshoot
is important as it avoids the saturation of the converter currents.
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Conclusion:

In this paper a state feedback H-inf. controller has been applied to VSC-HVDC system. The proposed
controller is found to be robust producing significant damping and reduction of overshoots for a variety of
operating conditions that include LLG fault at the converter buses, Low short circuit ratio for ac side of the
inverter station and change in angular frequency etc. In comparison with the conventional PI controller and GA
based optimized Pl controller, the proposed controller performs superior. The results showed that the
performance of the proposed controller is much better than the conventional PI controller and optimized Pl
controller. The performance improvement with the Hoo controller indicates the robustness of the proposed
controller. The damping property marginally improves along with the reduction in overshoot and settling time.
Less overshoot is important as it avoids the saturation of the converter currents.
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