Simulation and Control of a VVER reactor considering Xenon concentration using a second-order sliding mode control 
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The core control of a nuclear power plant is paramount to its safe, reliable, efficient, and economic operation. Heat is produced in the core through a sustained fission chain reaction. The heat is used to produce steam that is used to turn a steam turbine to generate power. Recently, advanced control techniques are being developed for NPP owing to advancements in computing and digital signal processing techniques [1]. One of the advanced control systems is sliding mode control. It is a discontinuous and variable structure control that is simple and easy to implement. It is robust and insensitive to disturbance and model uncertainty. However, the sliding mode control has two drawbacks. They are chattering and sliding surface selection or relative degree restriction. Chattering excites high-frequency dynamics and can cause damage to the actuator. Several techniques have been developed to eliminate chattering. One of such techniques developed by the Levant is the second-order sliding mode control [2].  
This study presents a second-order sliding mode control based on the Twisting control algorithm with a differentiator to control the core power of a nuclear power reactor. Application of the second-order sliding-mode control in the power tracking control of a nuclear reactor is vital because it addresses the challenges of chattering and relative degree restriction faced in conventional-sliding mode control. A differentiator is designed to realize the exact robust differentiation of the sliding variable required in the second-order sliding-mode control[3]. The nuclear reactor core of a VVER is simulated based on the point kinetics model with a single delayed neutron group[4]. In addition, the point kinetics model is coupled with the thermal-hydraulics model, reactivity model, and poison model that accounts for Xenon concentration feedback. The simulation experiment was conducted in a MATLAB/Simulink simulation environment. Using the Twisting algorithm, the simulation results show that the closed-loop control system is stable, robust against external disturbance, insensitive to parametric variation, and achieved the desired performance specifications. Moreover, it is found that the Twisting controller can adequately replace the super-Twisting controller without compromising any of the performance indices.
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