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I.  Introduction
In this work automatic control system for liquid level is developed on the basis of PID (Proportional Integral Derivative) controller and methods for its optimization are offered.
II. Problem formulation 

The existing solutions [3] for Festo “Compact Workstation” are based only on PID control are not flexible.  The aim of this work is to develop more flexible and easy-to-use control methods for automatic level control system.
III. Mathematical Model of Task solution
Level regulation system is a closed-loop control system. The algebraic transfer function of the system is (2). [1]
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where WR(s) and Wob(s)  are the transfer functions of the PID controller and the controlled object,  Wf(s)=kf=1is the transfer function of the feedback. The flowchart of level control system is given in full version. 
In this paper the optimal parameters of the regulator are found according to Skogestad method (f. v.). Proportionality coefficient and time constant are chosen from (18) and (19). It is assumed that c = 4. TC can be chosen randomly. [2] [7]
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To evaluate control system stability Routh criterion is used in this work, according to it (f. v.), control system with PI controller is stable with any values of regulator coefficients. 
IV. Experiment
The curves of transition process of level control system with kp=4,85 and Ti=40 sec (TC=10 sec) are shown in Fig. 5. The blue curve (squares) everywhere is liquid level actual value, the rose curve (crosses) is the rotational speed of the pump motor. Also a so-called “stepped” control method is offered in this work. Pump is driven at maximum speed before the certain level close to setpoint, when reaching it PID controller is connected to the pump, firstly with initial integrator value which is switched off then. The curves of such system are shown in Fig. 8.
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Fig. 1.  Level control system with PI controller transition process curves.
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Fig. 2.  Level control system with “stepped” controller transition process curves
V. Conclusions


Using Skogestad method for optimization of level control system with PID controller the system is stable and its transition process is acceptable (overshoot does not exceed 10%, no steady-state error). Using PLC a so-called “stepped” control method was implemented to improve control system transition process. With the help of this algorithm the overshoot decreased from 40% (pure PID controller – f. v.) to less than 5%, as well control time decreased without searching optimal values for PID controller coefficients.
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