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ABSTRACT 

Increased interconnection and resultant interdependence makes the stability of the 

power systems to be of a major concern. During steady state operation of a power system, 

there is equilibrium between the mechanical input power of each unit and the sum of losses 

and electrical power output of that unit. The problem arises when there is a sudden change 

in the electrical power output due to a severe and swill, disturbance. The severity is 

measured by drop of this power to a very low or equal to zero value and a consequential 

acceleration of the machines governed by the swing equation. 

The accelerating power of a generator is viewed as the difference between the input 

mechanical power of the generator and its electrical power output. Various means of „ — 
continuous as well as discrete controls are adopted to reduce the influence of this power 

over system stability. Fast valving is an effective and economic means of reducing the 

mechanical input power as much as the braking resistor is in increasing electrical loading 

during the transient period of disturbance. Both of these schemes involve only a minor 

change in the system design. Being station at the same end and being supplementary to 

each other they carry a very good scope of coordination for better stability gains. 

A lot of work has been done in the area of designing a suitable control mechanism 

for the effective switching of a dynamic brake; however the majority of the fast valving 

applications deal with a fixed valve stroke, which fails to adapt to a variety of fault cases 

and in many cases it results in second swing instability, though very effective in 

suppressing the first swing of the rotor angle. To improve the performance of the 

conventional fast valving scheines and to make it adaptable some innovative ideas have 

been suggested in this work. Firstly, the optimal switching strategy which is used for the 

switching of a braking resistor, is extended with small modifications to guide the 

closing/opening operation of turbine valves. Such an automated control may require a very 

quick opening of the turbine valve after or even before its full closure. In order to facilitate 

this, a scheme of having two parallel valves in the same steam piping has been suggested. 

An additional damping can be introduced by using more than one cycle of the fast valving 

operation, but the resultant transients must be carefully evaluated against the possible 

stability gains. The simulation results demonstrate a significant improvement in stability 
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gains with the proposed modified schemes of fast valving in comparison to the 

conventional fixed logic controller (FLC). 

In case of a dynamic braking resistor it was found that a simple strategy based on 

rotor angular speed deviation, can serve the purpose of a relatively complex method based 

on rate of change of kinetic energy. The latter also gives rise to unnecessary frequent 

insertion of the brake in the vicinity of the equilibrium-state. This is avoided in the 

proposed method by inclusion of a capture zone in 6-co plane, where all control actions 

cease once the trajectory enters this zone. 

In order to reduce the duty on the individual controllers and to achieve a further 

gain in stability a coordinated operation of fast valving and braking resistor has been 

proposed. Control laws for the operation of fast valving and braking resistor in the 

coordinated control scheme, are fairly simple and need very less computation and 

measurements. Moreover, the same controller can be used to dictate the valve cycles as 

well as the switching of the braking element. Simulation results for the considered 

examples of a single machine-infinite bus and muti-machine power systems demonstrate 

that the coordinated control substantially improves the fault clearing time. The improved 

generator terminal voltage profile and improved damping of the rotor angle swings were 

also observed. The coordinated control from both load and generation sides overcomes 

many of the limitations of these controllers when operated in a stand alone mode, some of 

which include effective control over second swing instability and reduction in size and 

insertion time of the braking resistor. 

In order to improve the generalization capability of the fast valving controller and 

to optimize the valve parameters under a variety of operating conditions, an ANN-based 

controller is introduced. The controller is trained with the preliminary data obtained from 

the control logic based on rotor kinetic energy and angular speed deviation. The 

observations for a typical system example show an easily achievable gain in fault clearing 

time in the range of 0.03 to 0.15 sec. as compared to an uncontrolled case. ANN has 

advantage over other optimization techniques that the training can be done off-line and it is 

well proven technique with speedy 'response in online applications. Due to offline training 

capability, the time required for training does not have much bearing on the performance 

of the controller. 
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