RESEARCH ON MANOEUVRING CAPABILITIES OF
A NUCLEAR POWER PLANT WHEN SWITCHING
IN-USE CONTROL PROGRAMMES (p. 4-13)

Ievgeniia Kokol

The study is devoted to the development of object-oriented anal-
ysis for an automated control system to enhance the capabilities of
manoeuvring a nuclear power unit with the WWER-1000 by switch-
ing the power control programmes of the NPP during its operation.
The research was conducted to check whether the reactor unit was
stable or not at the in-operation transition mode. According to the
simulation results, control programmes during the operation of the
nuclear power plant can be switched. The reactor unit remains in a
stable state, which is evidenced by the values of the axial offset as a
quantitative measure of the reactor stability. By using the suggestion
and manoeuvring not only the capacity of the nuclear power plant
but also the control programmes, it is possible to bring the consump-
tion schedule of electric power to conformity with the schedule of
electric power generation without affecting the safety of the nuclear
power plant in operation.

Keywords: nuclear power plant, control programme, power,
reactor stability.
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DEVELOPING OF METHODS CALCULATION
OF COMUTATION OVERVOLTAGE IN
SEMICONDUCTOR APPARATUS IN AC CIRCUITS
(p. 14-22)

Anatoly Soskov,
Natalia Sabalaeva, Marina Glebova, Yana Forkun

The study focuses on switching overvoltage applied to semi-
conductor switches of semiconductor AC devices at the moment of
switching electric circuits owing to the energy that has accumulated
in the inductive elements of the mains and a disconnectable load.

Since the cost of power semiconductor devices is determined
both by the current with which they are compatible and the class
of the device that determines the amount of blocked voltage, it is
important to use special measures that would reduce the voltage
and make it closer to that of the network. Usually, the voltage is
reduced with the help of protective RC-circuits and nonlinear surge
suppressors (varistors).

The aim of the research was to refine the methods of calculating
the switching overvoltage and parameters of protection circuits in
semiconductor devices with account for the diversity of semicon-
ductor switches and their dynamic characteristics since the current
methods of calculation do not fully account for them and, therefore,
are not fully precise.

The newly developed methods of calculating the switching surge
consider dependence of the reverse recovery of power semiconductor
devices on the rate of current decline in their circuit as well as high
resistance of modern semiconductor devices to the effect of ultra-
high voltage slew rates. The methodology also takes into account
the conditions of the load switching with the help of these devices.

The developed methodology of selecting parameters for the RC-
protective circuit accounts for the nature of any switching transients
and significantly extends the range of protective circuit parameters.

The proposed surge suppressor for semiconductor AC switching
devices is additionally supplied with a varistor that is connected in
parallel to the RC-circuit, which allows a significant reduction in
the capacitance of the circuit condenser and the leakage current and
approximately 30 % reduction in the rate of switching surges. This
would greatly reduce the class of power semiconductor devices.

Keywords: semiconductor device, switching overvoltage, pro-
tection RC-circuit, varistor/variable transistor, calculation methods.
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RESEARCH OF DYNAMIC PROCESSES IN THE
CONTROL SYSTEM OF THE HYDRAULIC DRIVE
OF BELT CONVEYORS WITH VARIABLE CARGO
FLOWS (p. 22-29)

Leonid Polishchuk,
Yevhen Kharchenko, Oleh Piontkevych, Oleh Koval

The dynamic processes in the hydraulic drive control system of
the conveyor with parallel hydraulic motors were studied using a
mathematical model, constructed on the basis of physical phenomena
occurring during the variable load acting on the hydraulic system.

The obtained results allow justifying the settings of the conveyor
hydraulic drive control system, which provide continuous operation
of the hydraulic drive system under short-term or long-term over-
loads and switching on and off the additional hydraulic motor in the
given regimes depending on the moment of useful resistance on the
drive conveyor drum.

The analysis of theoretical graphs showed that the shut-off-and-
regulating element of the control unit provides the desired mode
of the system with a delay in the friction clutch engagement after
switching on the additional hydraulic motor for its acceleration in
the idle mode, thereby the executive body effectively overcomes the
short-term and long-term overloads of the drive system.

The influence of the specific volume of the additional hydraulic
motor, relationships of the sealing areas of the shut-off element,
plunger mass and damping coefficient of the control system, as well
as the mode of the load changes on the control system transients
was determined. The values of the specific volume of the additional
hydraulic motor, relationships between the sealing areas of the shut-
off element affect the stability of the sensor transients. To avoid a
vacuum cavity in the additional hydraulic motor during the friction
clutch disengagement, it is needed to install a check valve between
the pressure and discharge lines. The mass change or damping of the
plunger by connecting the parallel check valve and throttle provide
vibration damping during the clutch disengagement. To prevent
the adjustment overpressure in the sensor, it is needed to install the
safety-relief valve in the hydraulic system, which limits the pressure
in the pressure line. The efficiency of using a direct-acting valve
with parametric control as a sensor in the control device, which
allows regulating the closing pressure by the selection of the valve
geometric characteristics independently of the mode of the load
changes was proved.

The research results can be used for hydraulic drives of the
machines of various technological purposes that operate under
variable loads.

Keywords: hydraulic drive, control system, conveyor, variable
cargo flows, dynamic processes, mathematical modelling.

References

1. Dmitriev, V., Spivakovskij, A. (1977). Theoretical fundamentals of
calculation of belt conveyors. Moscow: Nauka Publ., 154.

2. Shakhmeister, L., Dmytryeev, V. (1978). Theory and calculation of
belt conveyors. Moscow: Mashynostroenye Publ., 392.

3. Polishchuk, L., Iskovych-Lototskyi, R., Kotsiubivskyi, R. (2002).
The usage of hydraulic drive in bead packing machines. Vibrations
in technic and technologies, 5 (26), 106—-108.

4. Forental, V. I, Forental, M. V., Nazarov, F. M. (2015). Investigation
of Dynamic Characteristics of the Hydraulic Drive with Propor-
tional Control. Procedia Engineering, 129, 695-701. doi: 10.1016/j.
proeng.2015.12.093

5. Noskievic, P. (2013). Control of the hydraulic drive using embedded
control system. Proceedings of the 14th International Carpath-
ian Control Conference (ICCC), 255-261. doi: 10.1109/carpathi-
ancc.2013.6560549

6. Kotlobay, A., Kotlobay, A., Tamelo, V. (2015). Hydraulic agregates
of systems of drives of moving equipment of road-building machines.
Nayka i tehnika, 15 (1), 69-77.

7. Li, R, Luo, J., Sun, C,, Liu, S. (2012). Analysis of Electro-hydraulic
Proportional Speed Control System on Conveyer. Procedia Engi-
neering, 31, 1185-1193. doi: 10.1016/j.proeng.2012.01.1161

8. Guan, C., Pan, S. (2008). Adaptive sliding mode control of electro-
hydraulic system with nonlinear unknown parameters. Control
Engineering Practice, 16 (11), 1275-1284. doi: 10.1016/j.coneng-
prac.2008.02.002

9. Engineering Essentials: Hydraulic Motor Circuits (2012). Hy-
draulics & Pneumatics. Available at: http://hydraulicspneumatics.
com/200/TechZone/HydraulicPumpsM /Article/False /6472 /Tech-
Zone-HydraulicPumpsM

10. Ho, T. H., Ahn, K. K. (2012). Speed Control of a Hydraulic Pressure
Coupling Drive Using an Adaptive Fuzzy Sliding-Mode Control.



IEEE/ASME Transactions on Mechatronics, 17 (5), 976-986.
doi: 10.1109/tmech.2011.2153866

11. Xu, B, Ding, R., Zhang, J., Cheng, M., Sun, T. (2015). Pump/valves
coordinate control of the independent metering system for mobile
machinery. Automation in Construction, 57, 98—111. doi: 10.1016/j.
autcon.2015.04.012

12. Shi, H, Yang, H. Gong, G. Liu, H, Hou, D. (2014). Energy
saving of cutterhead hydraulic drive system of shield tunneling
machine. Automation in Construction, 37, 11-21. doi: 10.1016/j.
autcon.2013.09.002

13. Polishchuk, L., Adler, O., Saleh, M., (2010). Parameter chosen of
built-in hydraulic drive with control device. Mashinoznavstvo, 6,
36-40.

14. Polishchuk, L., Koval, O. (2015). Mathematical modeling of dynamic
processes of control device of hydraulic drive of belt conveyor with
variable load. Tehnomus. New Technologies and Products in Ma-
chine Manufacturing Technologies, 1, 141-147.

15. Polishchuk, L., Adler, O. (2010). Bulit-in hydraulic drives of con-
veyor with flexible traction body. Vinnitsya, 184.

16. Iskovych-Lototskyi, R., Obertiukh, R., Arkhypchuk, M. (2008).
Pressure pulses Generators for control of hydraulic drives of vibra-
tion and vibration-hit technological machines. Vinnitsya, 171.

17. Polishchuk, L., Obertuh, R., Kharchenko, Ye., Adler, O., Kyslytsya, D.
(2011). Controlled hydraulic motor-drum. Patent UA, no. 68816. The
applicant and patentee Vinnytsia National Technical University. Ne
u201111872; stated 10.10.2011; published 10.04.2012, Ne 7.

EXPERIMENTAL RESEARCH OF THE OPERATION
EFFICIENCY OF THE VORTEX DIODE FOR
PROTECTION AGAINST WATER HAMMER

(p. 29-36)

Mykhailo Overko

If the main cause of water hammer in a long discharge line is
the sudden shutdown of the pump, it is enough to increase the
reverse resistance of the discharge line for the protection against
high pressure using large-size inkjet diodes, which have no mov-
ing parts and therefore are reliable, which is important for safety
valves. Vortex diodes, the most important parameter of which is
diodicity — the ratio of the reverse hydraulic resistance to for-
ward best meet the requirements for reducing the water hammer
magnitude. The description of the design of a new vortex diode
with a conical inlet, the bench, the methodology of the experi-
ments and the results obtained is given. A characteristic feature
of the proposed design of the vortex diode is a conical inlet to
the vortex chamber and the end arrangement of the offset on the
outer surface. The flow characteristics of the diode in the reverse
and forward fluid flow are built. The dependence of the diodicity
on the flow rate is determined. It is shown, in particular, that this
dependence is a third-order algebraic equation. The maximum
diodicity is 12 at a water velocity of 3.8 m/s. The vortex diode
time constant, which amounts to 1.35 s at the fluid velocity of
3.54 m/s, which confirms the adequacy of the numerical method
for calculating the dynamic characteristics of vortex diodes is
determined. The data are obtained in the simulation of the vortex
diode operation by the numerical method.

Keywords: water hammer, protection, diodicity, vortex diode,
hydraulic resistance, experimental characteristics.
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AUTOMATED COMPARISON SYSTEM OF THE
TECHNICAL AND ECONOMIC EFFICIENCY OF
ELECTRIC DRIVES OF CRANE MECHANISMS
(p. 37-49)

Victor Busher, Svetlana Savich,
Svyatoslav Savich, Vadym Medvediev

Various types of the AC electric drive: traditional one with re-
sistor control, with thyristor voltage converter and with frequency
converter, the latter with power recovery are considered. The review
of static and dynamic characteristics of each of the electric drives is
presented, based on which recommendations are made concerning
the application of a particular asynchronous electric drive of the
proposed options in specific cases. Energy performance, loss in the
motor circuits are calculated for specific crane hoist mechanisms.



The CAD-system for technical and economic comparison of
the crane drives taking into account the main operation features:
loads, moments of inertia with/without load, the relative operating
time with reduced speed is developed. Due to the unification of ap-
proaches to the analysis of the operating conditions of the hoist and
swing mechanisms, the program calculates the power consumption
in static and dynamic modes. Known capital and depreciation costs
and total annual power losses obtained in the CAD-system allow
making decisions about the choice or necessity of reconstruction of
the electric drive.

Keywords: electric drive, CAD-system for technical and eco-
nomic comparison, resistor control, voltage converter, frequency
converter, resistor braking.
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EVALUATION OF THERMODYNAMIC PERFECTION
OF THE HEATING CASCADE MACHINE CYCLES
(p. 50-55)

Larisa Morozyuk

One of the promising trends in the refrigerating engineering is
building machines for industrial processes with the simultaneous use
of two thermal effects (heat and cold). The fundamental possibility to
build machines, operating on a complex reverse thermodynamic cycle
with the production of low-grade cold and high-grade heat is consid-
ered. Such machines are called heating cascade machines. The synthesis
of cyclic machine solutions for various pairs of materials, based on
thermodynamic analysis by the “method of cycles” is carried out. The
analysis of the supercritical cycle of the upper cascade with R744 by
the entropy-cycle method is performed. It is shown that the compound
Carnot-Lorenz cycle (“triangular”) should be chosen as the cycle model.
The problem of determining the degree of thermodynamic perfection of
the cascade cycle, which takes into account the simultaneous produc-
tion of two thermal effects — cold and heat is solved. An example of the
calculation of the machine characteristics under variable input param-
eters: temperature in the condenser-evaporator and the pressure in the
gas cooler is given. The comparison with the characteristics of the cas-
cade machine, operating in the same mode, but with one thermal effect —
the production of cold, which showed the benefits of heating cycles is
performed. It is proved that, given the simultaneous high temperatures
of the heat produced and low temperature of the cold produced in the
cascade heating machine, energy performance is quite high. General
recommendations — in terms of energy saving, heating cascade units
and machines, operating with R744 as a working substance of the upper
cascade and the cycle in the supercritical region with the simultaneous
heat and cold production should be designed.



Keywords: heating cascade machine, R744, supercritical cycle,
degree of thermodynamic perfection.

References

1. Lorentzen, G. (1994). The use of natural refrigerants. IIR conference
on new application of natural working fluids in refrigeration and air-
conditioning. Germany.

2. Bingming, W., Huagen, W., Jianfeng, L., Ziwen, X. (2009). Ex-
perimental investigation on the performance of NH3/CO, cascade
refrigeration system with twin-screw compressor. International
Journal of Refrigeration, 32 (6), 1358-1365. doi: 10.1016/].ijre-
frig.2009.03.008

3. Dopazo, J. A., Fernandez-Seara, J. (2011). Experimental evaluation
of a cascade refrigeration system prototype with COy and NHj for
freezing process applications. International Journal of Refrigeration,
34 (1), 257-267. doi: 10.1016/j.ijrefrig.2010.07.010

4. Bhattacharyya, S., Mukhopadhyay, S., Kumar, A., Khurana, R. K.,
Sarkar, J. (2005). Optimization of a CO,—C3Hg cascade system for
refrigeration and heating. International Journal of Refrigeration, 28
(8), 1284-1292. doi: 10.1016 /}.ijrefrig.2005.08.010

5. DiNicola, G., Giuliani, G., Polonara, F, Stryjek, R. (2005). Blends of
carbon dioxide and HFCs as working fluids for the low-temperature
circuit in cascade refrigerating systems. International Journal of
Refrigeration, 28 (2), 130-140. doi: 10.1016/j.ijrefrig.2004.06.014

6. Yamaguchi, H., Niu, X.-D., Sekimoto, K., Neks4, P. (2011). Investiga-
tion of dry ice blockage in an ultra-low temperature cascade refrig-
eration system using COsas a working fluid. International Journal of
Refrigeration, 34 (2), 466—475. doi: 10.1016/j.ijrefrig.2010.11.001

7. Martyinovskiy, V. S. (1972). Analiz deystvitelnyih termodinami-
cheskih tsiklov. Moscow: Energiya, 216.

8. Kompressoryi dlya CO,. Danfoss. Available at: http://s-parts.
com.ua/documentation-20/danfoss/co2.html  (Last accessed:
29.05.2012).

9. Novyiy spiralnyiy kompressor dlya CO2. Emerson Climate Technol-
ogies. Available at: http://www.emersonclimate.com/europe/Docu-
ments/RU_Documents/2011 0526 PREL_CO2scroll RU.pdf
(Last accessed: 26.10.2011).

10. Nikulshin, R. K. (2012). Entropiynyiy metod modelirovaniya i
analiza dvuhstupenchatyih tsiklov holodilnih mashin i teplovih
nasosov. Sbornik nauchnyih trudov 8-oy Mezhdunarodnoy nauchno-
tehnicheskoy konferentsii «Ustoychivoe razvitie i iskusstvennyiy
holod», 1, 8-16.

11. Morozyuk, L. I. (2016). Termodinamicheskiy analiz kaskadnyih
holodilnyih mashin s R744 v verhnem. Holodilnaya tehnika i
tehnologiya, 52 (1), 12-17.

12. Morosuk, T., Nikulshin, R., Morosuk, L. (2006). Entropy-cycle
method for analysis of refrigeration machine and heat pump cycles.
Thermal Science, 10 (1), 111-124. doi: 10.2298 /tsci0601111m

13. Rozhentsev, A., Naer, V. A., Wang, C.-C. (2005). The analysis of tri-
angular cycles of cooling and heating. Applied Thermal Engineering,
25 (1), 21-30. doi: 10.1016/j.applthermaleng.2004.05.009

14. Khalig, A. (2009). Exergy analysis of gas turbine trigeneration
system for combined production of power heat and refrigeration. In-
ternational Journal of Refrigeration, 32 (3), 534—545. doi: 10.1016/j.
ijrefrig.2008.06.007

A STUDY OF THE RATES OF PORE NUCLEATION
AND PORE GROWTH IN ALUMINA-BASED
THERMAL INSULATION MATERIALS (p. 56-62)

Andriy Cheylytko
The study considers the Gibbs energy change at the time of

pore nucleation. An equation is suggested for describing the critical
radius of a pore nucleus. Since it is directly proportional to the sur-

face tension, pores are formed in places with density irregularities
or fluctuations. An analysis has revealed conditions for a pore to
exist, the minimum work for a pore to nucleate, the time necessary
for a pore to appear, and the likelihood of a pore nucleation. The
undertaken laboratory tests concern the pore formation rate and
the pore growth rate in aluminous materials. The study has deter-
mined the general dependencies of wetness changes in the material
under its heat treatment and the dynamics of porosity changes in an
intumescent material. It allows distinguishing between three stages
of change in the number of pores in an intumescent alumina-based
material: a stage of a declining number of generated pores, a stage
of equable reduction of the number of pores, and a stage of pores
overgrowth.

The obtained results are applicable to such thermal insulation
materials as expanded clay and refractory materials as well as other
aluminous materials that are produced by swelling.

The conducted experiments have identified the main patterns of
changes in the number of pores and the total porosity in aluminous
materials when they are heat-treated. It has consequently helped
develop a system of equations that describe changes in the porosity
of an alumina-based material. The devised equations suggest that
the number of pores is directly proportional to the heat treatment
temperature as well as to the difference between the surrounding
pressure and the critical pressure of a pore. Besides, this system of
equations can help predict the number of pores in an intumescent
material, which facilitates control over thermophysical properties
of the material.

The research findings are very important for developing new
high-intensity technologies in various industries, in particular for
improving the existing production technology of thermal insulation
materials based on alumina. Besides, the obtained results can help
create new insulating materials.

Keywords: pores, porous system, pore nucleation rate, Gibbs
energy, alumina, expanded clay, refractories.
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