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B xome cocraBienust Mojeau ObLIN yUITEHbI (HAKTOPDI,
KOTOpbIE BJIMSIOT HA M3MEHEHWEe TeMIIepaTypbl Ha BBIXOJe
KOTJIa M Ha BBIXOJE IeJIOTO YYacTKa, TaKue KaK PacXo
rasa, TEIJIOTBOPHAsI CIOCOOHOCTH TIPUPOJIHOTO Ta3a 1 00beM-
HBII PACXOJl BOJIbI.

2. Paspaborana cucreMa CUHXPOHHU3AIUKU PabOTHI TIPU
PACIIOIOKEHUH KOTJIOB B BHJE YCJIOBHOTO <«KOJbl@a». 1Ipu
TAKOM PACIOJNIOKEHNM ObLiIa PACCMOTPEHA CUTYALMSL, TP KO-
TOPOII 110/IABAJIOCh BO3MYIIIEHUE B BUJI€ MI3MEHEHUSI HATPY3KU.
B pesyJibrate mccieIoBaHusI MOTydeHa PEAKIINs 11eI0i CucTe-
MBI, C OTKJIOHEHUEM CPeJIHell TeMIlepaTyphbl, BblIaBAeMOe KOT-
JIaMU B CeTb, KOTOpas cocTasisger Beanunny, pasnyio 0,14 °C.
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OPTIMIZATION OF ARC IGNITION
PROCESS FOR MACHINES OF ARC

DIMENSIONAL MACHINING

ocnioaceni npouecu 6 enexmpoeposiinii kamepi muny AMH-1 6 momenm sananiosanis elexkmpuunol
Oyzu na eepcmami posmipnoi 06podxu dyzor. Hasedeno xapaxmep sminu mucky pobouoi piounu 6 eiexm-
Ppoepo3iiinitl Kamepi. 3anponoHo8aH0 SHAUEHHSL BEIUNUHU MUCKY, NPU AKOMY CUCTNEMOI0 ABMOMAMUYHOTL
nodaui npu nideedenni enexmpoda-iHcmpymenma 0o 3az0moeKu 3a6e3neuyemnpes ABMOMAMUUHA 3MiHaA

WeUOKOCMi 3 MAKCUMAILHOL 00 POOOUOL.

Kmeouosi cnosa: asmomamuuna cucmema, poamipua 06podxa 0yzoro, muck pobouoi piounu, weuoxicms
nooaui, erexmpoo-iHcmpymenm, 3ananosanns 0yzu.

1. Introduction

To improve the technical and economic indicators of
machine parts production by arc dimensional machining

there are important measures to reduce production costs.
This is achieved by increasing productivity and reducing
production costs. Increase of dimensional machining pro-
cess performance is possible not only while reducing the
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machining time by creating a quasi-optimal machining
regimes, but also by reducing the feed time of the elect-
rode-tool to the workpiece. This will reduce the specific
consumption of electricity for operation by reducing idling
time and time of the breaks, which occur in the event of
breakage of stationary arc or short circuit of arc. Also,
reducing the cost of operation is possible while reducing
the number of breakages or damage of the working surface
of the electrode-tool.

object there are erosion products that are removed by
working fluid.

To determine the effect of disturbing factors on the
control object let’s consider dimension machining that
occurs in the combustion chamber during electrical arc
combustion in a transverse flow of working fluid. Func-
tional scheme of arc dimensional machining is shown
in Fig. 1.

It is known that increasing the
rate of the electrode-tool in its feed S, 5
to Workplece is increase the force S s |e|F e clEls Il r
of impact between them that oc- c 3
curs during arc ignition stage. The 5 1) y y vy v y v ¥
moment of arc ignition is accompa- eler 1_, Release of Formation of |Qeter]  Removal of
nied by a sharp increase in current U energy inthe | | electric erosion " clectric erosion |Qeter
strength - therehisfa ilhort circuitf P interelectrode products P_> products
current. Since the feed systems o b gap
the electrode-tool have inertia that 1
in the moment of arc ignition it Woeler O uter.
is possible maximum shock load lF Y1
between the electrode and the work-

Y2

piece. Damage and chipping of the
working surface of the electrode-
tool are usually caused by compres-
sive force arising from shock loads
that exceed the critical toughness
of the electrode-tool.

Therefore, in the control sys-
tems of electrode-tool feed rate
for arc ignition there are following
methods:

— Feed rate is limited by auto-

matic control system of the value, at which the shock

loads on the electrode-tool will create a compressive
force less then critical values.

— Feed rate relies on the experience and skills of the

operator.

When using the first or second method it is important
to define the moment for switching from high to working
rate of the electrode-tool.

In this regard, it is actual a research aimed at finding
ways to improve the automatic control system of electrode-
tool feed. In developing appropriate technical solutions it
is necessary to consider their use for automatic control
systems with hydraulic or electromechanical drives of
electrode-tool feed.

2. The ohject of research
and its technological audit

The object of this research is the process of arc dimen-
sional machining. Dimensional machining takes place in
a closed chamber during combustion of stationary electric
arc between the electrode-tool and the electrode-workpiece
in a transverse flow of the working fluid.

One of the problem areas in the process is to deter-
mine the value of interelectrode gap in the absence of
electric arc combustion between the electrodes. Maintaining
a given interelectrode gap by automatic control system
of electrode-tool feed occurs after arc ignition.

The value of linear movement of the electrode-tool is
used as an input parameter of control object at existing
arc dimension machines. In the output of the control

Fig. 1. Functional scheme of arc dimensional machining: 5, — linear electrode maovement by feed drive;
5.1er — the value of electric erosion of machine part; 8 — interelectrode gap; / — electric arc current;
[J — arc voltage; P — working fluid pressure at the inlet in interelectrode gap; W — thermal energy
of electric arc; F — machined area; E; — thermal properties of electrodes; & — dielectric properties of
the working fluid; & — the depth of machining; T — temperature of the working fluid; {J,;., — electric
erosion products (process performance mm®/min); {rye., — share of removed electric erosion products;
' oor — share of unremoved electric erosion products; Wj:e., — thermal power input for reduction and
destruction of unremoved electric erosion products; y; — feedback factor, which takes into account the
thermal power input Wy e, Y2 — feedback factor for electric erosion of the machine parts

The input values of I, U, P are the main components that
characterize the thermal power W, released in interelectrode
interval [1, 2]. From [1, 3] it is known that the value of
arc current [ characterize the quantitative component of
the process (process performance), the pressure of working
fluid P characterizes the qualitative component of the out-
put products (roughness of the machined surface), and
the nature of the arc voltage changes U characterizes the
state of the process — its sustainability. Therefore, I and P
values are set and technologically over time of machining
and usually can be adjusted manually by the operator.

Interelectrode gap & is formed from the difference between
the linear movement of the electrode-tool and linear electric
erosion. The value of linear electric erosion is obtained
from the value characterizing the amount of generated and
removed electric erosion products that reduced to the
machined area F, which reflects the feedback factor v,.

As the number of unremoved electric erosion products
it is difficult to determine the state of the object and
process performance. Therefore, in practice to determine
the process performance, one or more process parameters
are used: arc voltage, arc current, their ratio, pressure of
working fluid and other.

In [1] the functional power dependence is given. It
helps to determine the process productivity using para-
meters of arc current and pressure of the working fluid:

q= kI Py, (1)
where ¢ — process performance; & — dimension factor;
I, — current strength of electric arc, A, limited by cross-
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sectional area of the electrode-tool (given technologically),
determines the machining performance and thus, in fact,
reflects the quantitative side of the process; Py — flow static
pressure, P,, determines the quality of machining (rough-
ness, depth of heat-affected zone, accuracy) and, thus, es-
sentially reflects the qualitative aspect of the process; o
and B — exponents of power.

The size of the gap is determined by the arc voltage.
The stability of the arc voltage typically determines the
stability of the process. Therefore, in practice the state of
arc dimensional machining is determined by the effective
values of the current i(%), u(t), p(t). They are considered
as output parameters of control object, creating value of
the state vector X.

Simplified functional scheme of control object takes
the form shown in Fig. 2.

L
X =|i(1)
S Control object p(0)

—>

(electric erosion chamber
and electric arc)

Fig. 2. Simplified functional scheme of control object: L, — maximum
length of the evacuation route for erosion products

The objective of the control system of considered ob-
ject is the automatic selection of the feed rate, at which
there is maximal machining performance while maintaining
the defined quality indicators of the machine part. Since
in research it is investigated only part of arc machining
process, the objective of the automatic control system can
be defined as automatic choice of feed rate, at which the
electrode-tool feed to the electrode-workpiece is achieved
in the absence of an electric arc combustion in minimum
time.

The distance between the electrodes is usually not
determined before arc ignition, and the state of the process
is determined at the time of arc ignition by arc voltage
drop of the arc source to the short circuit voltage. This
situation creates uncertainty of electrode-tool position
toward the electrode-workpiece. Increase of the electrode-
tool feed rate leads to time reduction for electrode feed,
which is especially important for electromechanical feed
systems, but the shock increase on the working surface
of the electrode-tool is increased.

The process scheme is shown in Fig. 3.

The scheme works as follows. Working fluid 14 through
pipeline 13 is pumped by hydraulic pump 11 in the electric
erosion chamber 6. Through the front interelectrode gap
in the direction from the periphery to the center of the
electrode-tool 5 working fluid is removed through the
central channel of the electrode-tool. After checking the
sealing of electric erosion chamber, a voltage is applied
from the source 4 to the electrode-tool and electrode-
workpiece 7.

Automatic control system 3 after voltage appearing on
the interelectrode gap is driven the mismatch error between
task voltage and arc voltage and control of electric motor
operation 2, which using mechanical feed part 1 moves the
electrode-tool. Moving electrode-tool decreases interelec-

trode gap to zero, i.e. electrode-tool touches the electrode-
workpiece. This changes the voltage in interelectrode gap
from the voltage of power supply idling to short circuit
voltage. The automatic feed control system commands to
the lift of the electrode-tool from the workpiece. During
the lift of the electrode-tool interelectrode gap is created,
in which electric arc is ignited. Its length is further sup-
ported at a given level by changing the feed rate of the
electrode-tool. Overpressure of working fluid is created
in the chamber due to the hydrodynamic resistance in
the interelectrode gap. The pressure in the chamber is
controlled by a pressure gauge 8 and is regulated by the
valve 10, which returns excess of working fluid into the
reservoir 15. Working fluid removes erosion products form
interelectrode gap, which then accumulate in the filter 9,
and working fluid is drained into the reservoir 15.
Usually, visual observation of the object is conducted,
using the instrument by parameters: arc current and arc
voltage, pressure of working fluid in the chamber, depth of
immersion of the electrode-tool in the electrode-workpiece.

3
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Fig. 3. Process scheme of arc dimensional machining

Automatic feed system of existing dimensional machines
like «<ARC» stabilizes parameter: arc voltage. Operator
observes other above-mentioned parameters. Operator
changes automatic feed system, which, in turn, affects the
machining. Therefore, the main direction of control process
improvement is to reduce the subjective effects (qualifica-
tions and experience of the operator) for machining of the
machine parts. The most important should be considered

4
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the automation of operations assigned to the operator.
This will increase the efficiency of the process as a whole
and reduce the operator load.

3. The aim and ohjectives of research

The aim of research — to optimize the process of elec-
trode-tool feed rate at the arc ignition and, thus, reduce
shock loads to the electrode-tool. This will reduce time of
technological operations and reduce the damage likelihood
of the working surface of the electrode-tool.

To achieve this aim it is necessary:

1. Set the technological parameters, by which it is
advisable to control feed rate of the electrode-tool until
the arc ignition.

2. Determine the limiting value of the selected process
parameter, which determine changes of the feed rate.

3. Formulate optimality criterion of arc ignition pro-
cess on the machines for arc dimensional machining.

4. Literature review

The process of arc dimensional machining (ADM) as
a means of electrical discharge machining (EDM) is intro-
duced and developed in the laboratory «Arc dimensional
machining» with the assistance of the departments «Metal
forming and special technology» and «Automation of tech-
nological processes» of Central Ukrainian National Technical
University (Kropyvnytskyi, Ukraine). So the most of scientific
papers on the technological features of this method and its
automation are written by scientists of this University [1-10],
but issues of this study aren’t considered in periodicals.
This is due to the specific of machining method in relation
to other forms of electrical discharge machining, including:

— Working fluid is pumped in a sealed electric ero-

sion chamber and removed through a technological

channel of the electrode-tool. Channel is created so

that the electric arc burns in a transverse flow of

working fluid.

— Electric arc is powered by a power source with

sharply falling current-voltage characteristics.

— Stationary electric arc burns during machining.

In scientific publications considerable attention is paid
to optimize process parameters and their influence on the
relative roughness of the manufacturing surface and ma-
chining performance in related technologies:

— Electric erosion (electric discharge) machining

(EDM) [11].

— Electric arc machining (EAM, SEAM) [12—-14].

— Blasting erosion arc machining (BEAM) [15, 16].

— Arc dimensional machining (ADM) [1-10].

Published papers over the last few decades in electric
erosion machining technology are reviewed and areas of
research are given in the article [11]. These areas have
the following structure:

— 20 % of works consider the principle of EDM ma-

chines;

— 19 % of works explore the impact of powder ad-

ditives as a part of the working fluid to change of

the properties of machined surface;

— 18 % of works explore the ways to optimize the

machining process parameters;

— 16 % of works explore servo control at electrode-

tool feed;

— 10 % of works explore the ways of recognizing

pulses: work, short circuit and idling;

— 9 % of works consider the impact of major (duration

of work pulse and pauses, arc current rate) and distur-

bing parameters on the electric discharge machining;

— 5 % of works explore multi-spark electrode-tools;

— And only 3 % of the works investigate automatic

control systems of electric discharge machining process.

Based on this analysis we can conclude that the scientific
publications pay little attention to works by automating
the electric discharge machining process.

In [12] the block diagram of the experimental unit
for electric arc machining is considered. The methods and
design solutions to determine the state of arc discharge
in the interelectrode gap are given. In [13] technologi-
cal scheme of short electric arc machining (SEAM) is
examined and dependence of process parameters on the
depth of machining and feed rate of the electrode-tool
are shown. In [14] design features of electric arc power
source for SEAM machines are reviewed and studied.

In [15, 16] electric erosion BEAM process is considered,
namely, the design features of the electrode-tool, techno-
logical process parameters and the results are achieved:
machining performance, roughness of machined surface,
electrode-tool discharge.

In [4, 5] the method of arc dimensional machining is
disclosed. The conditions for creation and properties of the
arc in the cross flow of the working fluid are described.

In [6] machining method of cavities, in particular
grooves, is proposed. Obtained mathematical models allow
to predict the specific performance, power consumption,
back lash and relative wear of graphite electrode-tool.

In [8] substantiation of technological scheme for forming
of carbide roll lateral surface by arc dimension machining
method is done. Analytical relationships of technologi-
cal characteristics of machining regimes and geometrical
parameters are established.

In [9] the controller of automatic stabilization system
of arc dimensional machining is considered. An algorithm
of process stabilization is proposed.

In [10] a method of automatically stability determi-
nation of arc dimensional process is given. Combustion
interval, in which it can get a stable process, is proved.

As a result of the search it is found that expressed
objectives of the study were not considered in the scien-
tific literature, and the feed rate of the electrode-tool
with no arc combustion often given by the manufacturer
of the control system such that at the arc ignition in the
impact time, impact torque acting on the electrode-tool
is not exceed its toughness.

Thus, the research results suggest that electrode-tool
feed is in conditions of undervalued feed rate. To reduce
the time of electrode-tool feed to the electrode-workpiece
it should:

— Feed should be at the maximal rate.

— Before electric arc ignition it is necessary to switch

over to a working feed rate.

5. Materials and methods of research

Research was conducted at the electric erosion machine
type AMN-1 with electromechanical electrode-tool feed
drive based on a complete high-precision drive ESHIM-1.
A mixture of kerosene and oil «Industrial-12» is used

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 6/2(32), 2016
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PowerGraph - 29_08_2013.pgc

as the working fluid in the ratio 1:1;
material of the electrode-tool (ET)
was graphite MPG 7; material of the
electrode-workpiece (EW) was metal
E 235-C (Fe 360-C) according to
ISO 630:1995. There were technological
limitations by current strength in the
range of 50 to 100 A and the static pres-
sure of the working fluid at the inlet in
interelectrode gap Py = 0,6 ... 1,8 MPa.
In all of the experiments that are high-
lighted in this paper the reverse polarity
of the electrodes were used («+» on
ET, «<—» on EW).

Oscillogram record of process pa-
rameters were performed by measuring
complex, built on the basis of data
collection microsystem mDAQ-12 and
software PowerGraphProfessional. Fea-
tures of measuring complex are reviewed
in [17]. Used sensors are presented in
Table 1.

Input variable parameters of the
process are the feed rate of the electrode-
tool. Output parameters are pressure
of the working fluid at the inlet in
electric erosion chamber, current and
arc voltage.

The study was based on the method
proposed by the authors of [18]. To
control the process of electrode-tool
feed we used automatic control system
considered in [9].
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Fig. 4. Typical oscillograms of technological parameters of ignition process in electric arc

chamber AMN-1

Tahle 1
The use of sensors in the measuring channels In this example, the ignition process be-
gan at the pressure of the working fluid within
The name of the channel Sensor or interface unit Fig Ne 0,45...0,65 MPa (0,55 MPa after treatment of
Arc voltage Block of signal normalization Fig. 4, Fig. 7 values by median filter, point D on the work-
Arc current Shunt7SIICMM3 Fig. 4 ing fluid pressure Qscillogr_am_). The magnitude of
hydrodynamic resistance is influenced by many
Linear movement of the elec- | Linear movement sensor CLPR13-25 X K
Fig. 4 factors: area and geometry of manufactured sur-
trode-tool (Megatron) X X
face, length of the evacuation route of erosion
Pressure of working fluid Pressure sensor of 628CH series Fig. 4, Fig. 7 products and other.
Tachogenerator voltage Block of signal normalization Fig. 7 As a result of studies it is found that using cy-
Are current Linear current sensor LF 305-5/5P11 Fig. 7 lindrical electrode: the electrode outside diameter —

6. Research results

A typical process of working fluid pressure change du-
ring arc ignition is shown in Fig. 4.

Arc voltage channel displays the idling voltage of the
power source to the arc ignition (segment AB, Fig. 4) and is
uninformative to determine interelectrode gap. Arc current is
absent before arc ignition. Minor current pulses in the inter-
val AB (Fig. 4) in the channel is a signal of induced noise in
the measurement system. Moving channel of the electrode-tool
displays the value of linear movement of the electrode-tool.

Hydrodynamic resistance is changed at electrode-tool
feed in the interelectrode gap, which leads to pressure
changes of the working fluid in the electric erosion cham-
ber, as shown in Fig. 4.

16 mm, hole inside diameter — 8 mm (exterior
of the electrode-tool is shown in Fig. 5, a) and
machining depth — 1-3 mm (exterior of the electrode-
workpiece after machining is shown in Fig. 5, b) igni-
tion process began at a pressure of working fluid within
0,19...0,8 MPa.

The pressure value of the working fluid at a rate of
0,18 MPA was set as the threshold of automatic control
system triggering for changing the feed rate of the elec-
trode-tool. Oscillograms of parameters for arc dimensional
machining at feed rate control of the electrode-tool before
arc ignition are shown in Fig. 6.

In oscillogram (Fig. 6) segment AB — corresponds
to the feed time of the electrode-tool at high feed
rate, segment CD — corresponds to the feed time at
a working feed rate, segment NM — start of the arc
ignition.
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Fig. 5. Exterior: 2 — electrode-tool; b — machine part (electrode-workpiece) after machining
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the time of the transition process is
about T, = 0,04 s.
Let’s write an optimality criterion:

t, = min,

Vmax < Vcritical )

&y
Vcritical = % ’ (3)

F4

where Vi — critical rate of impact
of the electrodes; 8, — limiting inter-
electrode gap in which switching is per-
formed with maximum feed rate to the

Arc voltage, V

working automatic control system (for
this version 8y, is within 0,8...1 mm).
Let’s verify the condition

Vmax < Vcn'tical~

200 —

Tachogenerator
voltage, rev/min

Viiticar = 0,8/0,04=20 mm/s.

Since Vmax < Vcrilical (0’807 < 20)
condition is satisfied, so the system at
the electrode-tool feed at the maximum
rate will be adjusted optimally.

The feed rate of the electrode-tool

before implementation of proposed al-

gorithm for rate control in ACS was
threefold increased work rate and was
0,1848 mm/s. When the distance bet-

ween the electrode-tool and the elec-
trode-workpiece was 5 mm, feed time
was 27 seconds and after optimization —
7 seconds. Feed time (at 5 mm) was

&
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decreased by 20 seconds.

As shown in Fig. 4, combustion pro-
cess of stationary electric arc is after
combustion process of non-stationary
arc. Automatic control system of the
electrode-tool feed rate stabilizes the

electric arc parameters, creating optimal
interelectrode gap and further process

7T T T T T T

> 34,3 35,7 36,4
From: 33,74 s Samples: 482001-540301

35
Time, s To: 37,8215

Fig. 6. Oscillograms of research parameters

Let’s formulate a functional of process optimization
of arc ignition K:

K:f(tp)vmax)! (2)

where ¢, — feed time of the electrode-tool to the work-
piece, s; Vyae — linear feed rate, mm/s.

Feed time has negative feedback, because decrease
of time ¢, increases the value of the vector K. Feed
rate has positive feedback and restricted by the techni-
cal data of feed engine. In the considered feed system
the maximum linear feed rate of electromechanical sys-
tem is 0,807 mm/s and working — 0,0616 mm/s. The
amount of time delay of the drive control systems and

37,1 37,8 occurs at steady arc combustion, as

shown in Fig. 7.

Stabilization system of electric arc
parameters in this article is not con-
sidered.

This result suggests the possibility of improving exis-
ting control systems of electrode-tool feed by entering
additional feedback channel in the controller on the
pressure of working fluid at the inlet in interelectrode
gap. This will suggest with a little change of algorithm
to increase performance by reducing feed time of the
electrode-tool to the workpiece. It is also necessary
to take into account the benefits of reducing impact
torque on the electrode-tool at the moment of arc ig-
nition, as the rate, thus, is equals working rate, not
electrode-tool feed rate.

Experimental researches were conducted to test the
proposed solutions. They are proved its efficiency. Da-
mage or breakage of the electrode-tool wasn’t observed
during 50 tests using proposed method.
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Fig. 7. Oscillograms of stationary process of arc dimensional machining

7. SWOT analysis of research results

Strengths. The proposed method can reduce the feed
time of the electrode-tool in the work zone. At the imple-
mentation of the proposed method as an additional automatic
control subsystem in the part of the base automatic control
system of the electrode-tool feed the load on the operator
and accordingly its influence on the machining is decreased.

Weaknesses. Research was conducted for the electrode-
tool of working profile: circle, square, polygon with one
technological hole (diameter of 6 mm or more) for pumping
the working fluid.

Opportunities. In the related electric erosion machining
technologies: EDM, EAM, SEAM, BEAM it is possible to
optimize the feed of the electrode-tool to the workpiece
using proposed method, but for this task it is necessary
to conduct additional researches, which take into account
the peculiarities of machining methods.

Threats. The technical backwardness of automatic control
systems of ADM machines in relation to global manufactu-
rers of EDM machines (e. g., Sodick (Japan), MITSUBISHI
ELECTRIC (Japan), AGIE (Switzerland), EROWA (Swit-
zerland), etc.) complicates their market distribution.

1. On the basis of these studies it is concluded that
the arc ignition point is optimally determined using tech-
nological parameters — working fluid pressure at the inlet
of interelectrode gap.

2. Threshold of the working fluid pressure was ex-
perimentally determined and was 0,18 MPa.

3. Formed optimality criterion of arc ignition process
ensures minimal time for electrode-tool feed by the maximum
permissible feed rate. Experiments confirmed its effectiveness.
At a distance of 5 mm between the electrode-tool and the
electrode-workpiece feed time is decreased by 20 seconds.
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ONTHMHU3ALMA MPOUECCA 3AMMIAHMA AYTH HA CTAHKAX
PA3MEPHOi OEPABOTKH AYTOi

VcceeioBaibl POLECCHl B JEKTPOIPO3UOHHON Kamepe TH-
nma AMH-1 B MOMEHT 3aKUTaHUs 9JIEKTPHYECKON JIyTH HA CTaHKe
pasmepHoii 06paboTku ayroil. IIpuBeneH XapakTep M3MeHEHIS
naByeHus paboyeil KUAKOCTH B 3JIEKTPOIPO3NOHHOIT Kamepe. [Ipen-
JIOKEHO 3HAUYEHME BEJUYMHbI JABJIEHUS, IIPH KOTOPOM CHCTEMOM
aBTOMATHYECKOW TOJa4YM IPU MOABOJAKE 3JIEKTPOJA-UHCTPYMEHTA
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IMPROVEMENT OF THE MANAGEMENT
OF MATERIAL AND TECHNICAL

RESOURCES OF WATER CLEANING
PROJECTS FROM EXPLOSIVE OBJECTS

3anpononosano npoyecny moodenv Yynpasiinus npoekmamu pooomusayii 3a60ans OUUeHH AKed-
mopitl 6i0 subyxonebesneunux 06’exkmie. /lana modenv 3Haxo0umvcs 6 ckaadi noOMooeri Ynpasiinisi
basosumu po6OMI308anUMU NIDBOOHUMU 3A60AHHAMU, SKI PEANi3yIomyb Oe3neuni mexHoi02ii OuuyeHs.
axkeamopiii, a maxoxrc noOMo0eri Ynpasiinus 6a308UMU 3a80AHHIMU U000 ePeKMUBHO20 3ACMOCYBANHHSL
cneuianrvnux 3aco6ie MOPCLKOI POOOMOMEXHIKU, U0 YMBOPIOE MEOPemUUty 0CHOBY Ol Ni0BUULEHHS.
eexmusHocmi Yynpasiinms NPOeKmMamil 3axucmy akeamopii 6i0 Ha036UYATIHUX CUMY AU MEXHOZEHH020

ma npupoonozo xapaxmepy.

Kmeuosi cnosa: vopcvka akeamopis, subyxonebesneunuii npedmem, nioso0HU PoOOM, YNPas.iinis.

MamepianroHo -MeXHIUHUMU PECYPCamu NPoeKmis.

1. Introduction

Cleaning of the territories and waters from explosive
objects is one of the priorities of «State Program of popu-
lation and territory protection from emergency situations
of technogenic and natural character for 2013-2017 years»
approved by the Law of Ukraine on June 7, 2012 Ne 4909-V1.
For the territorial waters of Ukraine urgency of this task
is due to the need to do in safe areas of the Black and
Azov seas, waters of marine transport routes and waters

of inland transport routes (navigable rivers) containing
explosive objects of WWII and fighting in the postwar
period.

Material and technical support of water cleaning objects
from explosive objects (EO), unlike similar land-based
works, involves the use of divers and is characterized by
increased risk to their lives. This is due to poor visibility
under water, EOs mud accumulation, complexity of their
classification and evaluation of technical condition. In ad-
dition, the complex process is a primary search, detection
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