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Abstract—In the work, the features of the use of PID
regulators for controlling evaporators are theoretically and
experimentally analyzed, an algorithm for controlling the
heating element of the evaporator is developed, and practical
recommendations are given for choosing the parameters of the
PID controller.
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l. INTRODUCTION

In many automated control systems for technological
processes in production, boiler equipment, electric motor
control systems, proportional-integral-differential controllers
(PIDs) are used. With their help, a constant value of any
technological parameter is maintained. For example, a
constant value of the temperature of the heat carrier in
heating or cooling systems. The regulation problem in
modern control systems is solved by microcontrollers in
combination with measuring sensors and power modules.
The theoretical foundations of the operation of classical PID
controllers and their settings have been studied and described
in many literature sources [1-4]. However, there is a specific
group of control devices for which it is necessary to
modernize the algorithms of the PID regulators and their
mathematical description. These are vaporizers. In such
devices, the process of liquid boiling takes place, in which all
the energy transferred from the heating element to the
evaporator is used not to increase the temperature of the
liquid, but to transfer the liquid to vapor [5]. In evaporators,
the PID regulator must maintain a fixed value of the volume
of steam generated per unit of time. At the same time, when
the PID controller is turned on, its reaching the operating
mode is complicated by the fact that the thermodynamic
processes in the evaporator before boiling and during boiling
are different. These scientific studies were devoted to solving
these problems, which are relevant for automated control
systems. The solution of these main problems is inextricably
linked with a number of aspects of an applied nature: the
type of measurements - direct or indirect, the location of the
measuring sensors, the choice of the measurement period and
the correction period for the control action. Therefore, the
purpose of the research was to develop an evaporator control
algorithm and form recommendations for the selection of
PID controller parameters.

Il.  THEORETICAL PART

The principle of operation of the PID controller is that
based on the measurement result of the main output
parameter of the controlled system, the deviation of the
current value from the required value is calculated and the
value of the corrective action on the system is calculated
[1,3]

u)=pP+1 +D:er(t)+Kije(t)dt+Kd§ (1)

where P is proportional component; | is integral component;
D is differential component; e(t) is current error; Kp is
proportional factor; Ki is integral coefficient; Kd is
differential coefficient.

For evaporators with direct measurements, the main
output parameter is the amount of steam generated.
However, steam flow meters are very expensive devices with
high measurement errors and specific measurements for
various types of steam (water, alcohol, etc.). Therefore, when
controlling the majority of modern evaporators, indirect
measurements of vaporization are used through the
temperature of the heating elements of the evaporator.
Temperature is directly related to the amount of energy
transferred to the evaporator and, accordingly, to the amount
of steam generated.

Formula (1) is a continuous form of PID controller
representation, which requires conversion to a discrete form
for implementation on a microcontroller [2].

uk) =K, {Ax(k)+;iiAx(i “)+

()
+-|_I—_—d[Ax(k) — Ax(k —1)]},

0

where k is discrete moment in time (KTo); Tiy iS constant of
integration; Ty is differentiation constant; T, is sampling
period.
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1. EQUIPMENT OF THE EXPERIMENTAL SYSTEM

As heating elements of the evaporation system, 2 kW
electric heaters with triac control were used. Therefore, the
PID regulator provided control of the electrical power
transmitted to the load. Thermal resistances of the Pt1000
type were used to measure the temperature. In the board of
the controller for controlling the triac, a circuit for detecting
the zeros of the mains voltage is implemented, which made it
possible to implement two main methods of controlling the
triac during research: passing a part of the half-cycle of the
mains voltage into the load or passing one of the set of half-
periods. The controllers of the STM32F1 and STM32F4
series were chosen as control controllers.

IV. STuDY RESULTS AND PRACTICE RECOMMENDATIONS
FOR EVAPORATOR CONTROL SYSTEMS

The software implementation of the standard PID
controller operation algorithm according to (2) showed that
the process of turning on the system is significantly extended
in time in comparison with the calculation results, and
overshoot is also observed in the control system. This is due
to the transition from heating to boiling. To eliminate these
effects at the initial stage of inclusion in the algorithm, a
forced mode is introduced. In this mode, the power of the
heating elements is maintained at a maximum until a
predetermined temperature threshold is reached, the value of
which can be either less than the operating value or higher.
After that, the PID controller is turned on. However, at this
moment the value of the integral component is equal to 0,
since the integration is not performed from the moment the
system is turned on. Therefore, the parameter of the initial
value of the integral component is introduced, which makes
it possible to compensate the accumulated value from the
moment the system is turned on. The use of the forced mode
ensured a quick activation of the system and the absence of
fluctuations in the control system. Experimental studies have
also shown that when the user gives commands to reduce the
amount of steam per unit of time, the response value of the
PID controller can drop to 0. This can lead to the termination
of boiling, which is unacceptable for the evaporator.
Therefore, a limitation was introduced on the minimum
value of the control action of the PID controller.

Taking into account the proposed
expression (2) was transformed to the form

improvements,
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where Um, the maximum power value of the evaporator
heating elements; umi, the minimum value of the power

Kp(Ax(k)+ISTART+T—° Y MX(i-D+, (3)

supplied to the heating element in the operating mode of the
evaporator; kstarr moment of time from switching on to
switching off the forced mode; Istarr the initial value of the
integral component at the moment of switching off the
forced mode.

The optimal location for the temperature sensor is the
outer surface of the heating element, since this provides a
wide dynamic range of temperature measurements for the
heating element. In the research stand, it reached 60°C.

Since the developed control algorithm was implemented
on modern 32-bit microcontrollers with an ARM core, all
calculations in the PID controller were performed with
floating point. For STM32F1 microcontrollers, the
calculation time does not exceed 80 ps, and for STM32F4
microcontrollers, no more than 1 ps due to the hardware DSP
block. Thus, even the cheap STM32 microcontroller series
can implement one or more PID controllers.

V. CONCLUSION

According to the classical theory of PID controllers, the
differential component is influenced by noise, which
manifests itself as fluctuations in the temperature
measurements of the heating elements over time. With a
normal distribution of measurement errors, the standard
deviation decreases in proportion to the square root of the
number of measurements. Experimental studies have shown
that in order to achieve temperature fluctuations of no more
than +0,07°C smoothing should be implemented over a time
interval of 1 s for 100 measurements. Such a time interval
was chosen based on the provision of 100 discrete power
levels of the evaporator heating elements, which correspond
to 100 half-periods of the mains voltage for 1 s. A further
increase in the value of this parameter is impractical, since a
delay in the response of the PID controller to a change in the
temperature of the heating elements begins to appear.

Experimental verification of the developed algorithm on
a test bench has shown its efficiency and stability.
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