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Abstract- The purpose of scientific research in this paper is to 

control the movement of electromechanical actuators, through a 

new alternating voltage inverter. The optimization of the system 

consists in finding new solutions to control the movement, 

operation of electromechanical actuators in the gas valve, used in 

thermal power plants, to be operated by static converters - single 

voltage variable, softstart variant. 
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I. INTRODUCTION 

Energy-impacted products whose use has an influence on 

energy consumption have a high share of energy consumption 

in the European Union. Known as the Eco Design Directive, 

ErP (Energy related Products) provides for the reduction of 

energy consumption as well as the energy labeling of energy 

consuming products, by 2020. [17] 

Experimental research presents one of the main ways of 

approaching the problems of scientific, fundamental, applied 

investigation. It has a significant share in scientific research 

and is one of the main ways to address investigative issues. [4] 

The purpose of scientific research in this paper is to 

improve the operation of thermal power plants, by optimizing 

the movement of electromechanical actuators, which are 

integrated into the composition of gas valves, in terms of 

adaptation to the requirements of comfort, efficiency and 

maintenance. The optimization of the system consists in 

finding new solutions to control the movement, operation of 

electromechanical actuators in the gas valve, used in thermal 

power plants, to be operated by static converters - single 

variable voltage. 

The development of scientific knowledge in the field of 

intelligent manufacturing systems is achieved through the new 

approach to optimized motion control of electromechanical 

actuators, used in thermal power plants and not only, by 

creating new command and control modules, opens new 

horizons in design research, their realization and use, which 

should meet the requirements in the field of mechanical-

mechatronic engineering. As this scientific research project 

presents the improvement of the operation of thermal power 

plants, respectively of gas valves by optimizing the movement 

of electromechanical actuators, it will be achieved through a 

new experimental single-phase VTA module in the softstart 

version. 

1.1 General information on static converters 

Static converters (CS) are equipment whose power part 

contains semiconductor power elements. Uncontrolled static 

converters are built with uncontrolled semiconductor devices 

(diodes) and also convert electricity into electricity, changing 

its parameters, without allowing the regulation of the average 

power transmitted to the load. [10] 

Alternating-alternating converters, also called alternating 

voltage converters, are complex static equipment interspersed 

between the power source and the receiver, having the role of 

modifying the parameters of the energy supplied by the source, 

taking into account the requirements imposed by the receiver. 

[8] 

In figure 1, is shown the energy flow is oriented from the 

alternating current side of the input to the alternating current 

side of the output. The output frequency is the same as the 

input frequency, but the value of the output voltage can be 

changed. [10] 

 

Fig.1 Static converters or alternative voltage converter 

 

Controlled static converters which are built with controlled 

semiconductor elements and which, in addition to converting 

electricity, allow the control of the average power transmitted 

to the load. In the energy flow, the static converter is placed 

between the primary power generator (GP) which supplies 



electricity with constant parameters (voltage amplitude, 

frequency) and the load (S) which is a consumer of electricity. 

 Figure 2 shows the place of static converters in the energy 

flow. 

 
Fig.2 Explanatory regarding the place of CS in the energy flow 

 

The following blocks are for the information flow: 

BID - data entry block, has the role of entering the initial 

data for the command and consists of: keys, buttons, 

keyboard, information readers; 

CCI - closed circuit control block, develops one or more 

control signals based on an established control strategy and 

quantities that characterize the operation of the entire system 

(current intensity, electrical power, rotational speed); 

CS - the static converter, together with the closed circuit 

control block, forms the field of power electronics (EP); 

S - represents the load, is a consumer of electricity; 

GP - represents the primary source of electricity, usually 

providing electricity of alternating current or direct current 

with constant parameters (battery, mains, transformer); 

BT - the block of transducers has the role of converting the 

quantities collected from the system into electrical quantities 

(voltages or currents) compatible in form and value with the 

CCI inputs. CCI together with CS form the object of power 

electronics. In modern systems, the CCI functions are 

assigned to a microprocessor or a dedicated computer. [10] 

Static converters contain two parts and can be seen in figure 3. 

 

Fig. 3 Component parts of static converters 

where: 

PF - the force part contains semiconductor controlled or 

semi-controlled power elements and their related protection 

blocks; 

BC - control block, is made with elements specific to weak 

currents and has the role of generating the control signals 

necessary for power semiconductors and to distribute them.  

Static converters are complex static equipment interspersed 

between the energy source and the receiver, having the role of 

modifying the parameters of the energy fumigated by the 

source (value, shape, frequency, voltage) taking into account 

the requirements imposed by the receiver. The converters can 

also be mounted between two power sources to make their 

simultaneous operation possible. The static converter acts as a 

receiver in terms of power source and as a power source in 

terms of load. [8] 

The converters can also be mounted between two power 

sources, to make possible their simultaneous operation. The 

static converter acts as a receiver in terms of power source and 

as a power source in terms of load. 

The power part of the receiver is made with controllable 

power semiconductor devices (thyristors, transistors). These 

devices, operating in switching mode, have the role of 

switches, so it results in a permanent mode consisting of a 

periodic succession of transient modes. 

The successive closing and opening of these switches is 

done according to a logistics imposed by the operating 

principle of the converter. This logic is provided by the 

electronic control diagram. All converters therefore contain a 

part of power (force) and a part of control. Converters ensure 

the conversion of significant amounts of energy. It requires that 

their main sizing criterion be efficiency.  

This causes differences in power and signal electronics, 

where the main goal is to obtain a reliable output signal. Figure 

4, shows energy conversions. The arrows indicate the energy 

flow, continuous-continuous conversion and alternating-

alternating conversion are possible with the help of converters 

with a more complex structure, called "intermediate phase 

conversion". 

 

Fig. 4 Energy conversion possibilities 

The forms of electricity at the input and output of the 

converters, respectively, are taken into account, thus four 

categories of static converters are distinguished, these are: 

rectifiers, inverters, choppers and alternative current (AC) 

converters. [8] 

Generally in electrical engineering, switching means the 

passage of the load current from one circuit branch to another 

circuit branch. Energy is required to switch. In static 

converters, the sides that switch the load current contain 

semiconductor power elements, and the switching is done by 

closing one semiconductor element and opening another. 

This criterion takes into account the way in which the energy 

necessary to block the semiconductor elements is ensured. 

There are: 



1. Static converters with external or natural switching, in 

which the energy required to block the elements exists 

naturally in the circuit and comes from an external source 

(power generator or load). This category includes natural 

switching rectifiers, AC voltage converters, cyclo-converters, 

load-switching inverters (inverters that supply synchronous 

motors); 

2. Static converters with internal or forced switching, at 

which the energy required for switching must be created in the 

structure of the converter (in the case of thyristors) or by 

control in the case of fully controlled semiconductor elements. 

In the case of CS with thyristors and forced switching, the 

energy required for switching is obtained by charging the 

corresponding capacities. This category includes DC voltage 

converters, indirect inverters and forced switching rectifiers 

and cyclo-converters. 

3. Static converters with "zero" switching are also called 

resonant or "soft" switching. The voltage and current through 

the switching elements have such a variation that they 

periodically go through zero. Switching is done by zero or 

voltage moments. Thus the energy required for switching is 

very small, theoretically zero. Represents a recent class of 

static converters. [10] 

By definition, a current path contains a single switch (a 

single power conductor). To switch between closed and open 

state, a switch must have a convenient voltage applied to its 

terminals. This voltage is called the "switching voltage". If 

this voltage is available within the power part it is said that we 

have a converter with "natural" switching if not, it must be 

created and applied at certain times, in this case we have a 

"controlled" switching. 

For normal thyristors the controlled switching is called 

"forced" because the blocking of such a device is done by 

means of an auxiliary blocking circuit, it is put into operation 

at a convenient time by the control circuit. 

Rectifiers, AC converters and cyclo-converters are 

converters with "natural" switching, because the switching 

voltage is in the part of the force created by the alternating 

network. The blocking of the thyristors or diodes in the 

converters with natural switching is done at the natural zero 

crossing of the current that crosses them. 

Autonomous choppers and inverters are "controlled" 

switching converters. The applications of static power 

converters belong mainly to the industrial environment 

because they allow the receivers to receive energy in the most 

convenient form, so to operate with optimal efficiency. At 

present, more than 60% of the energy produced is transported 

by static converters. 

Research on the development of converters is done 

practically in two directions: increasing the power per unit 

volume and reducing the dimensions and costs. 

The advances of technology based on static power 

converters are related to the progress of the semiconductor 

power devices industry, which in recent years has managed to 

produce devices with higher nominal characteristics and 

reliability. 

Static converters play a key role in the electric drives used in 

all areas of technology. Static converters are used everywhere. 

They are used in the chemical industry (electrolysis, 

galvanization), metallurgy (steel), electrical, mechanical 

(welding) and also in machine tools, household appliances 

(speed regulation of electric machines with alternating voltage 

variators). [8] 

1.2 The actuator 

Generally, the actuator means a mechanism that converts a 

form of energy (electrical, pneumatic, thermal, chemical) into 

mechanical energy, producing movement. Actuators as 

modules in the structure of mechanical systems, use the power 

to operate the elements of rotational or translational movement. 

Actuators used in mechatronics applications as components 

of drive systems have a number of features in that the 

propagation and conversion of energy is accompanied by the 

propagation and conversion of information-bearing signals. 

An essential feature of the elements in the structure of the 

actuators is the fact that they have a triple role, namely: 

structural (to take over and transmit tasks), sensory (possibility 

of integration in the structure of sensors and transducers), 

drive. 

As the last element in a mechanical system it can be used for 

the production and transformation of movement, being the best 

way of movement for handling operations. [5] 

An actuator is the mechanism by which a control system acts 

on an environment. The control system can be simple (a 

mechanical or electronic system) based on software (printer 

driver, control system) a human or any other input. 

An actuator is a component of a machine that is responsible 

for moving and controlling a mechanism or system, for 

example by opening a valve. In simple terms, it is a "mover", it 

requires a control signal and a power source. The control signal 

is a relatively low energy and can be a voltage or electric 

current, a pneumatic, hydraulic pressure or even a human 

power. 

A solenoid actuator is shown in section figure 5. [7] 

 

Fig.5 Solenoid actuator 

where:  



A- Valve housing; B- Closing spring; C- 

Counterflange; D- Socked head screws; E- Plunger assembly; 

F- Adjustment screw; G- Locking screw; H- Solenoid; I- 

Rectifier; J- Terminal box; K- Wear rings (2x); The Main O-

Ring; M- Strainer; N- Seal. 

The coil is connected to an external AC power source. The 

bow rests on the armature to force it down. The valve moves 

vertically inside the coil and transmits its movement through 

the rod to the valve. When current flows through the coil, a 

magnetic field forms around the coil. The magnetic field 

draws the armature to the center of the coil. As the valve 

moves up, the spring collapses and the valve opens. When the 

circuit is open and the current stops at the coil, the magnetic 

field collapses. This allows the spring to extend and close the 

valve. 

Valve actuator is the mechanism for opening and closing a 

valve. A valve is a device that regulates, directs, or controls 

the flow of a fluid (gases, liquids, fluidized solids, or 

suspensions) by opening, closing, or partially obstructing 

various passages. Valves are technical fittings, but are usually 

discussed as a separate category. In an open valve, the fluid 

flows in a direction from higher pressure to lower pressure. 

The word derives from the Latin valve, the moving part of a 

door, in turn from the valley, to turn, and roll. Valves are 

found in almost all industrial processes, including water and 

wastewater processing, mining, electricity generation, oil, gas 

and oil processing, the food industry, chemical and plastic 

manufacturing and many other fields. 

People in developed countries use valves in their daily 

lives, such as tap water taps, gas regulating valves on cooking 

machines, small valves for washing machines and 

dishwashers, safety devices installed to hot water systems, 

engines. 

In nature there are valves, for example, one-way valves in 

the veins that control blood circulation and heart valves that 

control blood flow in the chambers of the heart and 

maintaining the correct pumping action. 

The valves can be operated manually (either by a handle, 

lever, pedal, wheel), or automatically, caused by changes in 

pressure, temperature or flow. These changes can act through 

a diaphragm or a piston, which in turn activates the valve, 

examples of this type of valve commonly found are safety 

valves mounted on hot water systems or boilers. 

More complex control systems that use valves that require 

automatic control based on an external input (adjusting the 

flow through a pipe to a set change value) require a 

servomotor. An actuator will move the valve according to its 

inlet and configuration, allowing the exact positioning of the 

valve and allowing control over the various requirements. 

Valves vary greatly in shape and application. [21] 

The actuators of electrically operated actuators can be the 

final elements of an automatic control loop that automatically 

regulates the flow, level or other process. Actuators may be 

only to open and close the valve, or may allow intermediate 

positioning, some valve actuators include switches or other 

ways that remotely indicate the position of the valve. 

Valves are usually rated by the manufacturer for maximum 

temperature and pressure. When a designer, engineer or user 

decides to use a valve for an application, he must ensure that 

the maximum temperature and maximum pressure are not 

exceeded and that the wet materials are compatible with the 

fluid in which the inside of the valve is exposed. In Europe, the 

design of valves and pressure gauges are subject to legal 

regulations in accordance with Directive 97/23/ EC on pressure 

equipment. [11] 

1.3 Behavior of resistors in alternating current 

Resistors are passive elements of the electrical circuit whose 

operation is based on the property of all conductive materials to 

oppose a resistance to the passage of electric current between 

them. This electrical quantity is defined by Ohm's law: 

R =
U

I
    (1) 

where: R - the value of the resistance of the resistor 

measured in ohms (Ω); U - electrical voltage applied to the 

terminals of the resistor, in volts [V]; I - the value of the 

current intensity passing through the resistor, in amperes [A]. 

In an alternating current circuit, a resistor behaves exactly as 

it does in a direct circuit. That is, the current flowing through 

the resistor is proportional to the voltage above it. This is 

because a resistor is a linear device and if the voltage applied to 

it is a sine wave, the current flowing through it is also a sine 

wave, so the phase difference between the two sinusoids is 

zero. [19] 

There is a type of power supply known as alternating current 

or AC whose voltage switches polarity from positive to 

negative and back again in time and also whose current relative 

to the voltage oscillates back and forth. The oscillating shape 

of an AC source is that of the mathematical shape of a "sine 

wave", commonly called a sine waveform. Therefore, a 

sinusoidal voltage can be defined as: 

V(t) = Vmax sin ωt  (2) 

When using pure resistors in AC circuits that have negligible 

values of inductance or capacitance, the same principles of 

Ohm's Law, circuit rules for voltage, current and power 

(Kirchhoff's Laws) apply as for DC resistive circuits, the only 

difference is in the use of instant amounts "peak-to-peak" or 

"rms". When working with AC voltages and alternating 

currents, it is common to use only "rms" values to avoid 

confusion. The rms or "root mean squared" value of an AC 

waveform is the actual value or equivalent DC value for an AC 

waveform.  

The schematic symbol used to define an AC voltage source 

is that of a "wavy" line, as opposed to the battery symbol for 

DC, and this is shown in figure 6, below. [15] 

 
Fig.6 Phase relation V-I and vector diagram 



where: 

Vmax is the maximum value in volts and ƒ is the 

frequency of waveforms in Hertz (Hz). 

We can see that a sinusoidal waveform is an alternating 

voltage (or current), which varies as a sinusoidal function of 

the angle, 2πƒ. The frequency of waveforms, ƒ is determined 

by the number of cycles per second. In the European Union, 

this fundamental frequency is set at 50 Hz, while in the United 

States it is 60 Hz. [20] 

1.4 Resistive voltage divider 

If the Vin voltage is applied to a group of resistors, a 

fraction of the applied voltage can be collected from one of 

the resistors of the group, obtaining the resistive voltage 

divider. They can be found in many electronic circuits from 

power supplies in transistorized floors to cascade dividers for 

multiple voltages in complex circuits, practically any 

electronic circuit has several voltage dividers. [15] 

The resistive voltage divider has the diagram in figure 7, in 

which R1 is the resistance of the high voltage arm, and R2 is 

the resistance of the low voltage arm. 

 

Fig.7 Sketch of the resistive voltage divider 

where:  

 Vin = input voltage to be provided;  

 Vout = output voltage, proportional to the input voltage, 

measured on resistor R2 with a low voltage device;  

 R1 = high voltage arm;  

 R2 = low voltage arm. The equivalent resistance of the 

divider is equal to the parallel combination of the two 

resistors. 
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Formula for solving resistance R2: 
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Formula for solving the output voltage Vout: 
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The resistor group, the resistive voltage divider, known as a 

potential divider, is a passive linear circuit that produces an 

output voltage (Vout), which is a fraction of the input voltage 

(Vin). The division of the voltage represents the result of the 

distribution of the input voltage between the components of the 

divider. [1] 

The resistive voltage divider is therefore independent of the 

frequency of the voltage to be measured. If the parasitic 

capacitances and the own inductances are not taken into 

account and the simple structure of the resistive voltage divider 

is considered, optimal results are obtained in the fidelity of the 

recording of the form of the rapidly variable voltage, of the 

impulse voltage type.  

At continuous high voltages, measurement errors can occur 

due to the variation of the resistance value with temperature or 

due to the Corona effect. 

For measurement, a current higher than 1-2 mA must not be 

consumed, for which purpose the resistance is dimensioned at a 

value of 100-200 M/100kV. Measurement errors can be greatly 

reduced if a favorable thermal regime is ensured and windings 

made of material with a low coefficient of variation of 

temperature resistance are used. At the resistive divider, by 

increasing the resistance value, the errors are increased, 

therefore it is not used for measuring alternating voltages 

higher than 100 kV. 

 

II. PROJECT DESCRIPTION 

The purpose of scientific research in this paper is to improve 

the operation of thermal power plants, by optimizing the 

movement of electromechanical actuators, which are integrated 

into the composition of gas valves, in terms of adaptation to the 

requirements of comfort, efficiency and maintenance. System 

optimization consists in finding new motion control solutions.  

Following the operation of the thermal power plants, certain 

problems were found that constitute deficiencies in time, of 

operation:  

- due to voltage fluctuations on the supply network, some 

components of the thermal power plants (electronic board, fan, 

gas valve, actuators) during operation, suffer;  

- the fluctuations of pressure, respectively flow, on the gas 

supply network, lead to problems of operation in the 

parameters of the thermal power plants.  

The research program consists in finding new solutions to 

control the movement of the operation of electromechanical 

actuators in the gas valve, used in thermal power plants, to be 

operated by static converters - single phase alternating voltage 

inverter, softstart variant. 

 

2.1 Signal analysis and circuit realization 

It analyzes and graphically represents the sinusoidal function 

for the signal with constant frequency (50 Hz) and amplitudes 

(A0-A4) where: 



A0 = 138 (V); 

A1 = 161 (V);  

A2 = 184 (V); 

A3 = 207 (V); 

A4 = 230 (V) alternating voltage, with different values of 

the signal of period T.   

To represent two-dimensional graphs in the Matlab 

program, which is a development environment for numerical 

calculation and static analysis, we will analyze the plot 

function, which graphically represents a sequence of data. [16]  

The analysis of the period T signal and the amplitudes A0, 

A1, A2, A3, A4, is represented graphically in figure 8. 

 
Fig.8 Graphical representation in the time domain for 

amplitudes A0, A1, A2, A3, A4 of the sinusoidal signal 

The solenoid actuator is a valve with a single quick-opening 

step, which can be implemented for motion control, a single-

phase alternating voltage variable module in the softstart 

version (smooth start). 

Schematically the voltage variator module can be realized 

as in figure 9. 

 

Fig.9 Voltage variator model in softstart variant 

where: 

- TACT SIGNAL (CLK), in many digital systems it is 

necessary that the switching processes take place only at 

certain well-defined moments in time, ie they are 

synchronized with other signals. These synchronization 

signals are also called clock or clock signals (CLK). In the 

presented case, an integrated circuit 555 is used, with an 

oscillation time period of 1 second, as a signal generator. 

The IC555 monolithic timing circuit is an extremely stable 

controller capable of producing exact time or oscillation 

delays. In delayed mode of operation, time is precisely 

controlled by a single external resistor and capacitor. For stable 

operation as an oscillator, the free running frequency and the 

operating cycle are both precisely controlled with two external 

resistors and a capacitor. The circuit can be triggered and reset 

to the falling waveforms and at the output the structure can 

source or sink up to 200mA. [18] 

Circuit IC555 has two basic operating modes: monostable 

mode and stable mode. In monostable mode, circuit 555 

behaves like a monostable multivibrator. It is known that a 

monostable multivibrator has a single steady state. Whenever a 

trigger pulse is applied to the input, the monostable changes 

from a steady state to a temporary one, a time interval remains 

in that state, which is set by the RC network, and then returns 

to its steady state.  

In other words, the monostable circuit generates a single 

pulse of fixed duration, whenever it receives a trigger signal at 

the input, hence the name "one-shot". One-shot multivibrators 

are used to turn on or off certain external circuits or 

components for a certain period of time. It is also used to 

generate delays.  

When several such multivibrators are cascaded, various 

forms of sequential pulses with variable filling factors can be 

generated. The second basic operating mode of circuit 555 is 

the stable mode. A stable multivibrator is actually an oscillator. 

The stable multivibrator generates a continuous series of 

rectangular off-on pulses between two voltage levels. Pulse 

rate and load cycle are dependent on the values of the RC 

network. 

Figure 10a) illustrates the circuit 555 connected as a stable 

multivibrator. The trigger and threshold inputs (pins 2 and 6) of 

the two comparators are connected together to an external 

capacitor, C. 

 

Fig.10 a) integrated circuit 555 b) time duration between pulses 

The operating frequency of the stable circuit is dependent on 

the values of R1, R2 and C. This can be calculated with the 

formula: 

f = 1/[0.693  C  (R1 + 2R2 )]   (7) 

The duration of time between pulses is called the period and 

is usually denoted by T. The pulse level is at logic 1 a time t1, 

and at logic zero a time t2.  

The period T is calculated as the sum of these two time 

intervals: T = t1 + t2 (figure 10b). Period and frequency are 

related by the relation: 

f = 1/ T      (8) 

The durations t1 and t2 depend on the values of R1 and R2. 



The ratio between the time when the output pulse is on logic 1 

(t1) and the period T is called the load cycle. The load cycle 

can be calculated with the formula: 

D = t1 / T = (R1 + R2 ) /(R1 + 2R2 )   (9) 

The times t1 and t2 can be calculated from the formulas: 

t1  = 0.693  (R1 + R2 )  C ; t2 = 0.693  R2C    (10) 

Figure 11 shows the elements of a clock signal (rectangular 

signal). [12] 

 

Fig.11 Elements of a clock signal (CLK) 

The ratio between the duration of the time and the period of 

the clock signal is called the filling factor. A clock signal can 

be active either on the rising edge (when the state of the 

circuit changes on the rising edge) or on the decreasing front 

(when the state of the circuit changes on the falling edge). 

- LOGIC SECVENTIAL CIRCUIT, is a digital circuit 

whose output states depend both on the combination of logic 

levels at inputs at a given time and on the signals applied there 

before, the circuit being structured both by combinational 

logic circuits and binary memory elements. In sequential logic 

circuits, the input, output, and state variables can have only 

two values "1logic" and "0logic" with a finite number of 

states. 

The sequential logic circuit is a numerator, used to count 

the pulses applied to the input. 

The counter is a device constructed of cells connected in a 

certain way, so that it makes it possible to determine the 

number of pulses arriving successively at its input, based on 

the analysis of the state of the tilting circuits from which its 

cells are retaliated.  

The general structure of the counters is characterized by the 

cascade connection of the cells, the input terminal allowing 

pulses to pass into the cell with the lowest rank. The entire 

counting scheme is coordinated by the sequence of beats that 

allows the transfer of information from one cell to another. 

Analyzing the states of the cells after the needles have reached 

N pulses at the input terminal i, the cells are in that state that 

satisfies the equality: 

𝑁 = 𝑎020 + 𝑎121 + 𝑎222 + 𝑎323 + ⋯ 

                               = ∑ 𝑎𝑖2𝑖𝑛−1
𝑖=0    (11) 

In which ai (i = 1-n-1) 

They have no data entries, so transitions are made 

according to a certain rule, only based on the current state. For 

each number in the counting range, there is a distinct state of 

the counter. The counting capacity is given by the number of 

distinct states that the counter has.  

Counting can be done with the help of flip-flops and logic 

gates, the latter having the role of determining the correct way 

in which the counter changes its states in the counting process.  

The number of distinct states of a counter consisting of n 

flip-flops is 2n, so the numerator is modulo 2n. Each state can 

be associated with a binary code word of length n, representing 

the outputs of the n bistables for the given state of the counter. 

[1] 

The CD4017B integrated circuit shown in figure 12, is used 

for counting applications, has the ability to activate 10 outputs 

(Q0-Q9) sequentially in a predefined time and to reset the 

number or maintain when necessary. It also has the ability to 

indicate the counting status using the Carry pin. This is 

commonly used for logical output projects. [6] 

 

Fig.12 Logic diagram of the integrated circuit CI 4017B 

The output changes sequentially from Q0 to Q9 for each 

large pulse from the Clock pin, but this sequence can be 

interrupted by two pins. These are the Enable Clock (pin 13) 

and Reset (pin 15) pins. These pins are maintained (0V / 

grounded) by default, but when the Enable Clock pin is raised, 

the countdown breaks.  

For example, if the count was at pin Q3, when the clock 

activation pin was raised, then the count will stop at pin Q3 

regardless of the pulses raised from the clock and will continue 

to increase only when Clock Enable is again low. Similarly, if 

the reset pin is raised. The number will be reset back to Q0 and 

will remain there until Q0 is low again. 

We have another pin called the execution pin (pin 12), this 

pin will remain low (0V) by default. But when the IC 

completes the number up to 10, the pin will go up and stay high 

until it counts to 5, when 5 will go down (0V) and start again 

when it reaches 10.  

IC timing diagram indicating the status of the pins output 

and Carry pin for each high pulse signal is shown in figure 13. 

[22] 



 

Fig.13 Diagram of time pulses of the outputs of the integrated 

circuit CD4017B 

 

- RESISTIVE VOLTAGE DIVIDER MODE, is a system 

designed to automatically maintain a constant voltage level, 

can use a simple design before or can include negative 

feedback. It can use an electromechanical mechanism or 

electronic components. Depending on the design, it can be 

used to adjust one or more alternating or direct current 

voltages.  

Voltage regulators or stabilizers are used to compensate for 

voltage fluctuations in the mains. Voltage regulators normally 

operate on a range of voltages, for example 130-240 V or 90-

280 V AC. 

In electronics, a voltage divider (also known as a potential 

divider) is a passive linear circuit that produces an output 

voltage (Vout), which is a fraction of the input voltage (Vin). 

The voltage split is the result of the distribution of the input 

voltage between the divider components. A simple example of 

a voltage divider is two resistors connected in series, with the 

input voltage applied to the pair of resistors and the output 

voltage collected from the connection point between them. 

Resistive voltage dividers are commonly used to create 

reference voltages, or to reduce the amplitude of the voltage 

so that it can be measured, and can also be used as a signal 

attenuator at low frequencies. For direct current and relatively 

low frequencies, a voltage divider can be sufficiently accurate 

if it is made only of resistors; if a wide frequency response is 

required (for example in an oscilloscope), a voltage divider 

may have added capacitive elements to compensate for the 

load capacity. In the transmission of electricity, a capacitive 

voltage divider is used to measure high voltages. [9] 

The sequential outputs Q0 to Q4 of the CD4017B 

integrated circuit will be used to sequentially control the 

voltage divider. 

In figure 14 shows the resistive alternating voltage divider 

module as a function of time T0-4 and the sequential control 

Q0-4, for obtaining the amplitudes A0, A1, A2, A3, A4, of the 

sinusoidal signal. 

 
Fig.14 Voltage divider as a function of time (T0-T4) and 

sequential control (Q0-Q4) 

The circuit simulation was performed in the Proteus 

program, the resistor group R6-R9 represents the voltage 

divider. The circuit works as follows: 

- at moment T0 when the command is received through Q0, 

in the thyristor grid, the group formed by D1 (diode), R1 

(resistor), RL1 (relay 12V), U1 (SCR) enters the conduction 

and supplies with voltage the formed voltage divider of R6-R9, 

respectively Rs which is the load resistance. Thus the load 

resistance (actuator) receives a part of the input voltage Vin = 

230V AC, more precisely 60% (Vout = 138V AC); 

- at the moment T1 when the command is received through 

Q1, in the thyristor grid, the group formed by D2, R2, RL2, 

U2, the thyristor enters the conduction and supplies with 

electrical voltage the voltage divider formed R7-R9, 

respectively Rs. Thus the load resistance (actuator) receives a 

part of the input voltage Vin 230V AC, more precisely 70% 

(Vout = 161 V AC); 

- at moment T2 when the command is received through Q2, 

in the thyristor grid, the group formed by D3, R3, RL3, U3, the 

thyristor enters the conduction and supplies with electrical 

voltage the voltage divider formed R8-R9, respectively Rs. 

Thus the load resistance (actuator) receives a part of the input 

voltage Vin 230V AC, more precisely 80% (Vout = 184V AC);  

- at the moment T3 when the command is received through 

Q3, in the thyristor grid, the group formed by D4, R4, RL4, 

U4, the thyristor enters the conduction and supplies with 

electrical voltage the voltage divider formed R9, respectively 

Rs. Thus the load resistance (actuator) receives a part of the 

input voltage Vin 230V AC, more precisely 90% (Vout = 207V 

AC);  

- at the moment T4 when the command is received through 

Q4, in the thyristor grid, the group formed by D5, R5, RL5, 

U5, the thyristor enters the conduction and supplies with 

electrical voltage Rs. Thus the load resistor (actuator) receives 

all the input voltage Vin, 100%, (Vout = 230V AC); 

The studied actuator was not found in the Proteus program 

library, so it was replaced with a load resistance equal to the 

internal value of the actuator resistance.  

- S represents the actuator studied for the optimized control 

of the movement by means of a single-phase alternating 

voltage variator,  softstart variant. 

The most important common features of an easy start 



(softstart) with single-phase alternating voltage inverter are: 

-The start-ramp shown in figure 15, is the moment from 

which the voltage variation starts, until it reaches the 

maximum value. The time duration of the ramp has a value 

between (3-5) seconds. 

-The stop-ramp is used when a smooth stop of the actuators 

(softstop) is needed. The stop ramp represents the time from 

the moment when the voltage has maximum value, until the 

moment when due to the decrease of the voltage, it reaches the 

initial value. If the time ramp is set to zero, then the stop will 

simply look like a direct stop. 

In the case of direct mains start-up, with a start-up time of 

less than five seconds, a smooth start-up will be selected, 

depending on the power of the solenoid-type actuator, from 

the single-phase AC voltage module. Figure 15 shows the 

easy starting diagram. [14] 

 

Fig.15 Voltage diagram starting ramp 

Establishing the values of the output voltage (V0-4 out) 

from the single-phase alternating voltage variable module, in 

the softstarter variant, through the calculated percentage 

values, respectively 60, 70, 80, 90, 100 % of the value of the 

input voltage (Vin) is thus obtained an optimized control of the 

operation of the solenoid type actuator, which leads to a 

smooth operation without shocks, while reducing vibration 

and noise during operation. 

 

III. CONCLUSION 

In the present paper was presented the general state of the 

art on the optimized motion control technique for solenoid 

actuators. In the presented scientific paper, by analyzing the 

signal applied to the actuators in the gas valve from the 

thermal power plants, the optimized control of the movement 

and regulation of the opening of the solenoid valve in time is 

followed.  

From the above, it can be seen that the optimized motion 

control technique for solenoid actuators has achieved 

outstanding performance, but there are still potentially 

significant innovations. Therefore, during the successive 

works, new fields of research will be approached, with the 

intention to be based interdisciplinary with the current 

technical state and on the basis of experience data, of the new 

principles of operation.  

There are various applications with implications of 

electromechanical actuators, which will aim to implement the 

time control of solenoid actuators by designing, designing and 

making alternating-alternating modules, also called alternating 

voltage variators. 

The main contributions are:  

- design, design and creation (realization) of a single-phase 

alternating voltage variable module, with active electronic 

components (integrated circuit, transistor, thyristor, diodes) and 

passive (resistor, capacitor, potentiometer, varistor)  

- approach of technical solutions for motion control in 

applications involving solenoid actuators;  

- research for the implementation of new multiparametric 

control strategies. 

Prospects for further research is evidenced by the fact that 

there are many industrial applications due to the implications 

of diversified actuators. 
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