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ABSTRACT—The purpose of this paper is to present a solution to the minimization 
problem of the transient time to accomplish the switching between different levels of 
power in a nuclear research reactor satisfying the inverse period constraint and avoiding 
to use any physical model of the plant. The strategy here proposed consists of two stages: 
first, the optimal trajectory which satisfies the constraint is calculated off-line; second, a 
control law based on a generalized Hopfield neural network is employed to assure that the 
reactor power follows this optimal trajectory. The boundedness for both the weights and 
the identification error is guaranteed by a new online learning law. Likewise, proposed 
control law guarantees an upper bound for the tracking error. The effectiveness of this 
procedure is illustrated by numeric simulation. 
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1.  INTRODUCTION 
The basic control problem of any nuclear research reactor consists of increasing or decreasing 

the neutron power from a certain level R0 to a new desired level R1 and maintaining the reactor 
stable at the new power level. This control task is achieved by partially extracting the control rods 
from the reactor's core to increase power or partially inserting these rods into the core to reduce 
power (see Figure 1). However, this task can not be accomplished arbitrarily since, due to a 
regulatory requirement, the constraint of the inverse period must be always satisfied. If this 
constraint were not complied, a scram (automatic shut down of the reactor) would be immediately 
activated. Evidently, scrams provoke a bothering interruption in the normal operation of the 
reactor. Consequently, it is convenient to avoid them in order to increase reactor availability. 
Notwithstanding, at the same time, to achieve this last objective, the transient time of switching 
between different levels of power should be minimized. Currently, the most of nuclear research 
reactors are controlled by a PID-type scheme in which the control action has been conveniently  
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