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As the object of research, sensor unit as a multiphase mechanical
construction in the operating conditions of hypersonic aircraft flight
is exposed to actions of powerful external disturbances such as: ultra-
high temperature — more than 2000 °C, vibration, shock N-wave,
acoustic penetrating radiation. Less harmful disturbances cause ad-
ditional measurement errors of characteristics of the flight product.
Clarification of the nature and origin in time and space of these errors
is one of the most important tasks of navigation.

Precisely delineated investigated phenomenon enables combat
the negative influence of external disturbing factors by passive, ac-
tive or autocompensation methods depending on character of the
sensor error — methodological or instrumental.

The obtained result confirms the presence of powerful and fluid
motive flow with a spatial structure in a liquid-phase components of
component base, which, in combination with generated sound waves
form a zone of concentration of sound energy and, in accordance, de-
velopment of three-dimensional turbulent fluid, and explains the emer-
gence of areas of passive energy, in which is virtually absent turbulence.

The expected effect of an efficient fight against the negative im-
pact of penetrating sound radiation is based on eliminating an effect
of aberrations and forming a powerful energy zones (zones of caustic
surfaces), technical implementation of which in each case may have
its advantages and disadvantages.

Keywords: caustic, aberration, wave size, concentration of sound
waves, motive flow, diffraction.
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CALCULATION AND ANALYSIS OF STATIC ERRORS OF TWO-
GYRO SENSOR
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New two-gyro sensor is considered. It can be used both in auto-
mated aviation gravimetric systems, and as the basic measuring
device of weapons stabilizer. The object of research is new two-
gyro unit (TGU) on the basis of gyro integrator of linear accelera-
tion (GILA). New TGU consists of free gyroscope located in the in-
ner and outer frames with interframe correction systems containing
angle sensor on the axis of inner frame of the gyroscope and torque
sensor connected to its output. In addition, free gyroscope that iden-
tical to the first is included in the design. Rotor of this gyroscope
rotates in the opposite direction from the main gyroscope. Additional
gyroscope is also provided by similar correction systems. Two output
signals of linear acceleration are formed in TGU as the sum of signals
from angle sensors of two gyroscopes. Considered TGU provides
higher accuracy than single-gyro sensor due to compensation of the
errors because of the impact of cross angular velocity and the angular
velocity of the Earth.

Keywords: gyroscope, gravimeter, aviation gravimetric system,
stabilizer, sensor.
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SYNTHESIS OF GRAPHITIZATION CONTROL SYSTEM OF
CARBON PRODUCTS
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Current global trends in ferrous and nonferrous metallurgy,
machine building, chemical and other industries cause a permanent
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increase of production of carbon graphite products. Production of
graphite products is complex, multistage and very energy-intensive.
The analysis of existing graphitization control systems of carbon
products has shown that these systems are the systems of program
control that do not take into account the current state of the control
object, which affects their performance.

A new control system provides graphitization furnace control
in two modes of operation - heating and graphitization. The frame-
work of control system in heating mode is based on the use of fuzzy
controller, which inputs are calculated using a simplified model of
graphitization. The control algorithm in graphitization mode for the
purpose of determining in advance the time of power outage of the
furnace uses prediction of graphitization degree of carbon products.

Keywords: carbon products, graphitization, control system, fuzzy
controller.
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ANALYSIS OF NOISE-PROTECTIVE PROPERTIES OF SHEET
MATERIAL COMPOSITE STRUCTURES
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The object of this research is sound insulation properties of sheet
material composite structures. The basis of the working hypothesis is
the fact that particular importance has the minimum gap between the
layers for the theoretical insulation calculations of the double sheet
material structure.

Dependence observation of the air gap size between the two
layers of interior walls suggests that for maximum sound insulation
ability the air gap size should be no less than five times greater than
the maximum thickness of one of them.

Comparison of the estimated sound insulation characteristics Ry
with the measured frequency response of air sound insulation R
shows that the actual sound insulation of two sheet structure is sig-
nificantly lower than estimated. This difference is between 3 to 5 dB
over the entire frequency range. It also confirms the low acoustic
efficiency of modern plastic windows.

The results of this work will allow as a promising direction for
further research to identify the program to adjust the sound insula-
tion properties of any translucent walling (including window fil-
lings), also consisting of sheet materials.

Keywords: sound insulation, sheet materials, workspaces, accom-
modations, reverberation chamber, sound level meter.
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ANALYSIS OF AMBIENT TEMPERATURE CHANGE ON
DEPLETION INTENSITY OF POWDER CHARGES DURING
LONG-TERM STORAGE OF AMMUNITION
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Changes in physical properties of the powder charges during
their long-term storage are a negative effect on the ballistic charac-
teristics of ammunition: the longer the ammunition storage period —
the more the negative impact of this phenomenon. One of the main
parameters that determine the storage of powder charges, and the
most influential factor in determining the rate of molecular diffusion
is the ambient temperature.

We propose a method of forecasting changes in ambient tem-
perature. The temperature difference and the accuracy of the forecast
annual average temperature were 0,58 °C and 5,6 % respectively. It
is proved that these predicted results 2,9 and 3,7 times, respectively,
closer to real than the most recent official table data.

Molecular diffusion coefficient is predicted on the basis of this
methodology. The error in this case is 3 times less than using the last
temperature table values and there is 0,4 % vs. 1,2 %, respectively.

During the calculation and analysis of the impact of the daily,
monthly and seasonal temperature changes in the intensity of mass
transfer, as the main factor of the powder charge depletion, average
error is calculated and there is 8,6 %.

Thus, the total error in the calculations of the total nitrogen re-
moval from the powder components is 15,2 %, which for the warranty
period of ammunition storage in 30 years makes the difference at the
time of 4,6 years, and in fact is 25,4 years. And, taking into account
the «global warming» effect, this term will only decrease later.

Keywords: ambient temperature, depletion of powder charges,
long-term storage of ammunition.
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MODEL PREDICTIVE CONTROL OF DISTILLATION COLUMN
IN THE CARBON DIOXIDE RECYCLING IN METHANOL
TECHNOLOGICAL PROCESS
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The distillation column (DC) was taken as the research object.
A homogeneous catalyst is necessary for continuous operation of the
column. Considered object is promising for carbon dioxide recycling
in the methanol production enterprises, power plants, boiler stations.
Modern high-quality model predictive control system is developed
for the column. It is a basic unit of the latest technological process
of carbon dioxide recycling in the methanol production. Its feature is
the ability to take into account the non-linearity and the use of op-
timization procedure. The controller settings are calculated for DC:
P controllers to stabilize levels (for channel D-MD K, = -2; for chan-
nel B-MB K,=0,2) and the PT controllers for stabilization of con-
centrations (for channel L-y D K, =2 and T;=0,01, for channel V-xB
K,=-30, T;=0,1). For a system with MPC were calculated: discrete
step (¢) =0,5; prediction horizon = 500; control horizon = 2; balance
of stability and speed =0,8; observer sensitivity =0,5. Methanol
production process was simulated with 2 systems. The comparison
results show that the quality of transients in a system with model-
predictive control higher when all perturbations, except perturbation
over the phase state of the input stream. However, the latter in the
above technological process practically does not occur. Use of MPC
algorithm can significantly improve the effectiveness of the control
system. The developed control system is very good meeting the major
perturbation to change the product concentration, which enters the
column from the synthesis reactor. System with MPC controller has
more quality than a system with PI controller. When implement-
ing the distillation column, an amount of emitted CO, and use of
methanol as a finished product, and as a raw material will by reduced.
In the future there is the possibility of applying a model predictive
system for other objects and processes to improve the quality of
transients.

Keywords: model predictive control, distillation column, techno-
logical process, recycling, carbon dioxide, methanol.
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SYNCHRONIZATION OF THE DYNAMICS OF SIMILAR BOILERS
WORKING FOR A COMMON LINE
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The object of research is the system of the three boilers
IITBM-50. With a system of three or more boilers it can ensure the
normal operation of thermal power facilities, i. e. the uninterrupted
supply of hot water and constant heating the coolant to the desired
temperature. When receive a perturbation signal, load on the system
is changed, but while having three boilers, it can provide the new load
parameters and the system will not operate at maximum capacity.

The operation algorithm of similar objects on the common
system with maintaining a given load was used in order to ensure
synchronous operation.

The result is the reaction of the whole system with a deviation of
the average temperature that issued by the boilers in the network in
an amount equal to 0,14 °C. This result was achieved through the use
of the chosen control system to synchronization and stabilization of
operation of the boilers.

Keywords: synchronization, similar boilers, control system, stabi-
lization, line, perturbation.
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OPTIMIZATION OF ARC IGNITION PROCESS FOR MACHINES
OF ARC DIMENSIONAL MACHINING

page 44-51

The article examines the arc ignition at the arc dimensional ma-
chining (ADM). The audit found that:

— This process not paying attention in scientific literature.

— Feed rate of the electrode-tool with no arc combustion is set
non-optimal.

The main aim of research is to optimize the process of electrode-
tool feed rate at the arc ignition and, thus, reduce shock loads to the
electrode-tool.

The nature of the change of the working fluid pressure in the
electric erosion chamber at arc ignition is given. The pressure value
is experimentally determined at which the automatic change of the
maximum rate to working is ensured by the system of automatic feed
of the electrode-tool to the workpiece. A functional of optimal arc ig-
nition process of arc dimensional machining is proposed. It is possible
to determine the maximum permissible rate of electrode-tool feed
and reduce the likelihood of tool failure during the arc ignition. Thus,
during machining due to rapid electrode-tool feed in the machining
area, the technological operation time is decreased.

Research results can be used by designers that create an automa-
tic system of electrode-tool feed at dimensional (ADM), arc (EAM),
blasting (BEAM) and other related electric erosion methods of metal
machining.

Keywaords: automatic system, arc dimensional machining, work-
ing fluid pressure, feed rate, electrode-tool, arc ignition.

References

1. Nosulenko, V. 1. (1999). Rozmirna obrobka metaliv elektrychnoiu
duhoiu. Kyiv, 36.

2. Meshcheriakov, G., Nosulenko, V., Meshcheriakov, N., Bokov, V.
(1988). Physical and Technological Control of Arc Dimensional Ma-
chining. CIRP Annals — Manufacturing Technology, 37 (1), 209-212.
doi:10.1016,/s0007-8506(07)61619-9

3. Nosulenko, V. 1. (2006). O fizicheskoi prirode, ob obshchem i ot-
lichiiah, tehnologicheskih vozmozhnostiah elektricheskih razriadov
i klassifikatsii sposobov elektrorazriadnoi obrabotki metallov. Elek-
tronnaia obrabotka materialov, 1, 4—14.

4. Nosulenko, V. I. (2005). Razmernaia obrabotka metallov elektriches-
koi dugoi. Elektronnaia obrabotka materialov, 1, 8—17.

5. Nosulenko, V. I. (2005). Elektricheskaia duga v poperechnom potoke
sredy-dielektrika kak istochnik tepla dlia novyh tehnologii. Elektron-
naia obrabotka materialov, 2, 26—33.

6. Bokov, V. M. (2015). Elektroduhove frezeruvannia. Konstruivvannia,
vyrobnytstoo ta ekspluatatsiia silskohospodarskykh mashyn, Vol. 45,
Part 2,180—188.

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 6/2(32), 2016

73—)



ABSTRACTS AND REFERENCES
—

I55N 2226-3780

7. Nosulenko, V. 1, Yuriev, V. V. (2015). Rozmirna obrobka elektrych-
noiu duhoiu otvoriv skladnoho konturu. Zbirnyk naukovykh prats
Kirovohradskoho natsionalnoho tekhnichnoho universytetu. Tekhnika
v silskohospodarskomu vyrobnytstoi, haluzeve mashynobuduvannia,
avtomatyzatsiia, 28, 70-73.

8. Sisa, O. F (2014). Rozmirna obrobka elektrychnoiu duhoiu bichnoi
poverkhni tverdosplavnoho prokatnoho valka. Konstruivvannia, vy-
robnytstvo ta ekspluatatsiia silskohospodarskykh mashyn, 44, 153—159.

9. Savelenko, G., Ermolaev, Y., Sobinov, O., Gutsul, V. (2015). Deve-
lopment of software and hardware device of automated system of
the process stabilization of arc dimensional processing. Technology
Audit And Production Reserves, 1(3(21)), 22—28. doi:10.15587/2312-
8372.2015.36244

10. Savelenko, G. (2015). The method of automatic determination
of arc sizing machining process stability. Eastern-European Jour-
nal Of Enterprise Technologies, 1(5(73)), 9—-13. doi:10.15587/1729-
4061.2015.36226

11. Pawade, M. M., Banwait, S. S. (2013). A Brief Review of Die Sink-
ing Electrical Discharging Machining Process towards Automa-
tion. American Journal of Mechanical Engineering, 1 (2), 43—49.
doi:10.12691 /ajme-1-2-4

12. Zhang, M., Zhang, Q., Dou, L., Zhu, G., Dong, C. (2016). An inde-
pendent discharge status detection method and its application in
EAM milling. The International Journal of Advanced Manufacturing
Technology, 87 (1-4), 909-918. doi:10.1007 /s00170-016-8537-0

13. Zhou, J. P, Liang, C. H., Teng, W.J., Xu, Y., Zhou, B.S. (2008).
Study on Rules in Material Removal Rate and Surface Quality of
Short Electric Arc Machining Process. Advanced Materials Research,
33-37,1313-1318. doi:10.4028 /www.scientific.net /amr.33-37.1313

14. Zhou,J. P, Liang, C. H., Xu, Y., Zhou, B. S. (2013). The NC Power
Supply Design of Large Current and Wide Frequency Pulse in Short
Electric Arc Machining. Applied Mechanics and Materials, 278-280,
1051-1055. doi:10.4028 /www.scientific.net/amm.278-280.1051

15. Zhao, W,, Gu, L., Xu, H., Li, L., Xiang, X. (2013). A Novel High
Efficiency Electrical Erosion Process — Blasting Erosion Arc Ma-
chining. Proceedings of the Seventeenth CIRP Conference on Elec-
tro Physical and Chemical Machining, 6, 621-625. doi:10.1016/
j.procir.2013.03.057

16. Zhao, W. S, Gu, L., Xu, H,, Li, L., Xiang, X. (2012). High-speed Elec-
trical Arc Machining Based on Hydrodynamic Arc Breaking Mecha-
nism. Electromachining & Mould, 300 (5), 50-54. Available: http://
en.cnki.com.cn/Article_en/CJFDTOTAL-DJGU201205012.htm

17. Savelenko, G. V., Ermolaey, Y. A. (2014). Study workflow dimen-
sional processing of arc on a machine with electromechanical drive.
Computer-integrated technologies: education, science and industry, 14,
164-169.

18. Savelenko, H. V., Yermolaiev, Y. O.; assignee: Kirovograd State Tech-
nical University. (10.11.2015). Method for determining moment
of arc ignition and change of movement mode at idling of elec-
trode-tool of machine for size processing by stationary arc. Patent
110050 Ukraine, MPK (2006.01) B23H 7,/26. B23H 7/32. B23H 1/02.
B23H 7/18. GO5B 13/02. HO5B 7/152. Appl. Ne a201311270. Filed
23.09.2013. Bull. Ne 21, 3.

IMPROVEMENT OF THE MANAGEMENT OF MATERIAL AND
TECHNICAL RESOURCES OF WATER CLEANING PROJECTS
FROM EXPLOSIVE OBJECTS

page 51-56

The object of research in the article is the management of
material and technical resources of water cleaning projects from
explosive objects in Ukraine. At this time, these projects are per-
formed by State Emergency Service of Ukraine (SES) using diving
technologies that endanger human life and health and has low
productivity.

Implementation of robotic technology for water cleaning
from explosive objects in Ukraine is proposed using integrated
involvement of marine robotics tools in SES expeditionary
units consisting towed, self-propelled autonomous and remote-
controlled underwater vehicles-robots, unmanned surface vessels
and aircrafts.

Project management process model of robotics of water cleaning
from explosive objects is obtained as the component of manage-
ment submodel of basic robotic underwater tasks and management

submodel of the basic tasks on the effective use of special means of
marine robotics. The obtained process model forms the theoretical
basis for improving the management of material and technical of
water cleaning projects through the use of safe and highly efficient
robotic technologies for water cleaning.

As a result of equipment of SES expeditionary units by specially
developed or procured means of marine robotics will increase pro-
ductivity and quality of marine operations as the tasks of national
importance, and significantly decrease risks to life and health of
people involved in such operations.

Keywords: marine water area, explosive object, underwater robot,
management of material and technical resources of the projects.
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STATE AND PROSPECTS OF DEVELOPMENT OF TIRE
RECYCLING TECHNOLOGIES AND THEIR ENVIRONMENTAL
IMPACT

page 57-63

Because of rapid increase in the number of cars, there is an actual
problem of warehousing, storage, transportation and recycling of
dozen million tires annually. On the one hand, scrap tire is a waste,
on the other — a valuable recyclable material.

In this article the most common recycling technologies for tires
are investigated. There are recovery, incineration, mechanical cru-
shing and pyrolysis.

Shredding of rubber wastes is recognized as the simplest and
most rational way of recycling because it allows to preserve physical,
mechanical and chemical properties of the material. However, the
final stage of use of the resulting crumbs is a stumbling block of cost-
effective solution to the problem of full recycling of rubber wastes.

Incineration of tires leads to significant pollution with heavy
metals (cadmium, nickel), sulfur oxides and carbon compounds.

Pyrolysis of tire recycling provides the lowest level of emissions
and complete recycling of tires.

The study shows that typical pyrolysis plant with four waste-
heat boilers does not result in the emission of heavy metals and sulfur.
As a result of pyrolysis with an average load — 850—1000 tons/year
of rubber wastes there are produced: the liquid fraction — 500 li-
ters/day (500 m?®/year), high-carbon residue — 1 ton/day
(1,000 tons/year), metal — 0,2 tons/day (200 tons/year), gas —
200 m?/day (200,000 m?/year). Surface concentrations of pollutants
is calculated using «<EOL+». A map of the MPC levels of certain
contaminants in nine areas is developed depending on the distance
to the source of the emission.

The research confirms the environmental safety tire pyrolysis
recycling.

Keywords: technology, tire recycling, environment, waste, emis-
sions, pyrolysis.
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TECHNOLOGY TRANSFER IN THE TRANSPORT
INDUSTRY

FORMATION OF SERVICE AND RESOURCE STABILITY
CONDITIONS OF URBAN PUBLIC PASSENGER TRANSPORT

page 64-63

Service and resource parameters of urban public passenger trans-
port operation are dominant for formation of its sustainability from
the standpoint of internal and external processes. The sustainability
of urban public passenger transport reflects its properties to keep un-
der the influence of internal and external influences for a long time,
which is correlated with time and changing the system, processes of
its homeostatic equilibrium state, structure, nature of operation and
to ensure the effective functioning of the urban environment. Its
sustainability is achieved by forming reaction responses to influence,
which aims to compensate their negative impact. The source of the
formation of such compensatory actions is reserves of its internal
(transport resources) and external resources (transport network
resources). Formation of compensatory actions to influence must
provide the appropriate level of its operation results of urban public

passenger transport. Synthesis of the requirement to provide com-
pensation of resource needs and performance characteristics helps
to define the conditions for achieving sustainability of functional
processes of urban public passenger transport.

The form of the boundaries of acceptable sustainability param-
eters of urban public passenger transport is revealed from the stand-
point of service and resource characteristics of its operation. The
sustainability scheme of functional processes of urban public passen-
ger transport is reflected conditions and principles of sustainable de-
velopment of urban environments and allows to assess sustainability
degree using an available form of their accounting.

Keywords: sustainability, urban public passenger transport, sus-
tainability area, service and resource conditions.
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