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Summary. The given results of the bench tests of the
automobile methanol conversion reactor are suggested for a
minibus. The effect of a number of engine regime indicators
on the reactords efficiency has been evaluated. Fig.2, Sources
21.
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INTRODUCTION

Most forecasts on the development of energy
and transport mention that piston internal
combustion engines will in future keep playing a
leading role on the transport. Predominant types of
the power plant vehicles are the internal
combustion engines (ICE) using oil fuel. The main
consumer of gasoline and diesel fuel is the road
transport.

When using the oil rationally, it will remain
the most important source of energy for a long
time. However, its resources are not limitless, and
now one needs to search for some other alternative
sources of raw materials for the production of
motor fuels, which himmotological properties
enhance the engineds efficiency and reduce the
toxic emissions of the exhausted gases [1, 2, 3].
The use of methanol as the primary fuel and
gasoline additive has confirmed the effectiveness
of its impact on the operation of engines [4, 5, 6].
However, it revealed such drawbacks of methanol
as: difficulty in starting a cold engine, vapor locks
in the power supply system at increased
temperatures, the complexity of a homogeneous
mixture in the cylinders, increased engine wear and
reduced oil life [7]. It is possible to overcome the
above mentioned drawbacks by using the method

of hydrogen gas through methanol conversion on
board the vehicle with the utilization of the exhaust
gases heat (EG) [8-13].

RESEARCH OBJECT

The main objective of the tests was to
determine the thermal characteristics of the
automotive methanol conversion system developed
at the Chair of ICE of the East Ukrainian National
VVolodymyr Dahl University [14, 15, 16].

The research problem is to determine the
dependence of the degree of methanol conversion
on the temperature, exhaust flow, and engine
operation. To assess the technical and operational
characteristics of the reactor (fig. 1) of the
automotive conversion of methanol [18] one need
to know the amount of disposable exhaust heat to
heat the reaction chamber to the optimum
temperature of the catalyst at a given flow of
methanol.

The tests were conducted in the laboratory of
internal combustion engines of the Institute of
Engineering (machine T building problems)
Sciences of Ukraine on the bench engine
4CH9,2/9,2 (four-cycle), equipped with the
conversion of methanol system and the reactor
shell and tube type with a bulk catalyst. The
engine was used as a source of heating fluid (EG)
and worked on gasoline. Methanol conversion
products (MCP) via analyzer were released into the
atmosphere.
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Fig. 1. The general scheme of the methanol conversion reactor

Fig. 2 shows a schematic diagram of the
methanol conversion system to power the engine
MuP. Liquid methanol from the tank 9 is pumped
8 into the evaporator drive 7. Vaporized methanol
was fed into the superheater 4, where it reached the
temperature required for the conversion process.
After that, the vapors of methanol were directed to
the catalytic reactor 5, where they were converted
into the hydrogen-containing gas.

Fig. 2. The scheme of the automobile methanol conversion
system

Converted gas mixture passed through the
shell side of the evaporator drive 7, giving away
the heat for the process of evaporation of liquid
methanol. Evaporator pressure was controlled by a
manometer 10.

The return valve 6, located between the
reactor 5 and the evaporator 7, prevented any _JCP
back into the working space of the reactor with the

engine off. The pressure reducing valve 11
regulated the level of pressure on the _JCP set on
the entrance of the engine cylinders 1. The
solenoid valve 12 shut off the converted products
into the engine when it was stopped.

To realize the endothermic dissociation of
methanol, the heat of the engine exhaust gases is
utilized. From the engine the exhaust gases from
the engine were fed to the distributor 2, from
where depending on the thermal conditions of the
reactor they were directed entirely to the
superheater 4 and reactor 5 or partially recirculated
around the above mentioned three devices through
the muffler out to the atmosphere.

The bench tests of the conversion system
showed that the application of the system of the
heat flows (EG) regulation by means of the throttle
through the bypass channel protected the catalyst
from overheating [17].

The tests of the
following steps:

-installation and tightness of the reactor,
including the heating and after cooling;

- preparation and loading of catalyst, its
activation and training;

- test of the activity and selectivity of the
catalyst by varying the temperature in the reaction
chamber, the engine operation, space velocity of
the methanol;

- grading of the reactor and the ICE exhaust
engines;

- control of the EG heat flow through the
reactor;

- analysis of the _JfCP composition.

The parameters of the engine, the exhaust
gas flow and temperature in the exhaust engine
were defined with the engine at steady-state
conditions of the European driving cycle, warm-up
and load-on.

The temperature state of the reactor was
estimated by using thermocouples installed in the
cavity shell side (exhaust gases inlet and outlet in
the reactor), and in the catalyst tubes of the
reaction chamber. To control the exhaust gas
temperature in the reactor and MCP flexible cable-
type thermoelectric converters TCK-1,5 (1,5 mm
in diameter) have been used.

The catalyst loaded into the reactor
amounted to 2,25 L with bulk density of 3,3 kg/l,
the water contents in the initial methanol were
2,5% by weight. The Institute of Organic
Chemistry of the Russian Academy of Science
developed a catalyst based on intermetallic
compounds (IMC), which was a mixture of
intermetallic LaNizCo,H,4 hydride and nickel metal

reactor included the
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binder in the following ratio: intermetallic hydride
- 66 ... 80%, nickel - 20 ... 34% by weight.

Since in the beginning of the work there was
an effect of the gradual development of IMC
catalyst, to reduce its period the training and the
activation of the catalyst by blowing inert gases
(helium, argon), and then with hydrogen at a space
velocity of 2500 h* has been carried out.

RESULTS OF RESEARCH

The activation took place at both ambient
temperature and when the catalyst was heated to
250 ... 360°%a. To prevent the air going into the
reaction chamber, during the reactor cooling there
was an inert gas passing through it with a low flow
(0,3 T 0,5 I/min), and instead of blowdown the
reaction chamber was cooled in a static mode
under the pressure of inert gas, for which the inlet
and outlet valves had been installed. To maintain
the temperature of the catalyst the reactor was
provided with the changed mode of the engine or
by restarting some of the exhaust gases past the
reactor and through the bypass channel [19]. Pre-
evaporation of methanol was carried out in the
evaporator coil of 6 m (8 mm in diameter) wound
around the exhaust pipe of the engine and shielded
with a foil. Methanol feed to the reactor was
realized by an autonomous gear pump with an
electric drive. Methanol consumption ranged from
2,42 to 6 I/h that corresponded to a space velocity
of methanol vapors 1100 ¥ 4000 h™. Once the
reactor was heated, a temperature at the length of
the reactor tubes with the smallest possible
gradient was maintained due to the periodical
restart of the exhaust gases through the bypass.

Experimental data have shown that the
methanol conversion reactor is extremely inertial.
Thus, the heating time of the reaction chamber
with the idling engine to the temperature that
ensures the conversion of 65% with the methanol
consumption of 2 kg/h, varies from 15 to 20
minutes.

The further tests have shown a low degree of
conversion (50%), thatds why an autopsy of the
reactor reaction chamber was performed. The need
for visual control of the catalyst was explained by
the presence of a significant amount of MCP
catalyst dust. Catalyst wear took place in the area
of the exhaust gases inlet, characterized by high
temperatures and significant dynamic effects from
exhaust flow, resulting in vibration.

When the engine is stopped and the main
feedline of the MCP is switched off, and when the
reactor is cooled, the pressure in it is lower than
the atmospheric one which results in creating
conditions when air and moisture get into the
reaction chamber and further poisoning of the
catalyst if there is no proper tightness.

Once the reactor was recharged and the
catalyst was activated with hydrogen, the tests of
the system of heat flows regulation were continued
for such modes of engine: n = 1800 min™, 5 = 49
Nm and n = 2000 min*, 7 = 78,5 Nm with a
variation of the methanol consumption according
to the scheme "3-6-3 kg/hour."” The maximum
temperature of the catalyst was maintained in the
range 380 ... 420°% by letting some of the exhaust
gases go through the bypass. In alternating mode
of the methanol fed to the reactor, the time needed
to restore the temperature of the catalyst layer was
not more than 10 ... 15 min with a smooth
regulation of EG flow through the bypass.

The contents of the target (3, and CO) and
by-products of methanol conversion were
determined by chromatograph "Gazohrom-3101."
According to the chromatographic analysis of the
reaction, there were no by-products, such as
methyl formate and dimethyl ether in the reaction
products (see table 1). It should be noted that the
water contents in MCP were less than in the
original methanol, which indicates that the reaction
was going with CO conversion with steam and
carbon dioxide emission. Gaseous MCP consisted
mainly of CO and W, at a high, up to 93%
conversion rate of methanol. Methane was formed
in small quantities.

Table 1. The methanol conversion automobile reactor laboratory tests results

Mode of ICE Temperature of EG in | The space velocity Methanol conversion products composition, % rev.
mri]r'rl £ Nm the shﬁell1 stlgf gZVIty of [of methalr]l_(l)l vapors, H, co co, CH. CHLOH H,0
1750 48,1 253 1625 53,1 31,1 6,9 1,2 7,2 0,4
1750 48,1 269 0 49,7 35,1 10,6 - - -
2000 MM 249 1700 64,9 30,1 4,9 -

2000 84,4 257 1500 60,0 | 38,1 0,4 15
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Applying of tendered positioners with
padding negative feedbacks on movement,
pressure, temperature, power etc., possessing a
number of advantages as contrasted to used earlier,
namely: by absence of a static error of regulation;
by a fast response time, regulator performance; by
absence of self-oscillations in a broad band of
change of parameters, that is favorable has an
effect for durability of drives and results in
reduction a dynamic error of regulation on 20 %,
transient period on 50%, and increase of accuracy
of positioning.

Outgoing from above-stated, it is possible to
draw a conclusion, that the reviewed drives on the
basis of controlled valves - amplifiers due to high
static and response characteristics are perspective
for applying in pneumatic drives of mechanical
systems.

During the experiment a qualitative picture
of the heat exchanges between the engineds EG and
the reactor reaction chamber has been obtained, as
well as some features of the behavior of the
catalyst of intermetallic compounds when heated
by exhaust gases heat have been identified. Thus, it
was found that when the catalyst was activated and
trained, and when it worked for 6 hours as a bench
engine (with vibration, changed heat flows), its
abrasion occurred.

This leads to the effect that the catalyst is
constantly taken away from the reaction chamber
to the MCP and the need to install the filters with
pores of at least 4&6 mm at the reactor outlet.

The developed supply system of the MCP
engine provides only a partial conversion of
methanol and can be a source of on-board
hydrogen-containing additive to the traditional fuel
[20].

This additive is an effective way to improve
the dynamics of combustion in gasoline engines,
because of the homogenizing of the hydrogen, gas
and air mixture, where the hydrogen acts as an
igniter (promoter). It provides an efficient engine
operation with a deep depletion of the fuel and air
mixture and a sharp reduction in toxic emissions.
The greatest impact on the workflow has a
relatively small additive MCP 25 ... 30% by weight
in the total fuel. The savings of the mixed fuel (by
weight) at low loads of the engine amounts in this
cases 17 ... 35% compared to gasoline [21].

CONCLUSIONS

1. These features of the methanol conversion
reactor in terms of bench tests and the physical

picture of a number of processes allow to eliminate
the detected defects and to find the ways for
further research on improving the process of the
heat exchange and reactor design.

2. The studies have shown that the time for
cooling and heating of the reactor is much longer
than the time for changing the modes of engine
operation (especially when driving on the urban
cycle), thatds why the reactor in thermochemical
regeneration system can be considered as a static
element, and the system controlling the heat flows
can be used for controlling of the temperature level
that does not exceed the maximum allowed for this

type of catalyst.
3. There are two ways to increase the degree
of methanol conversion: either to raise the

temperature of the exhaust gases by additional
combustion of some fuel, or to reduce the heat
losses in the shell side of the reactor cavity by
means of intensification of heat exchange (the
creation of a boiling layer, the porous battery, by
using the heat pipes, etc.).

4. The studies have confirmed the
effectiveness of use of MCP as a fuel to improve
fuel economy. Further efforts should be focused on
creating effective low-temperature catalysts of
methanol conversion on the porous carrier and the
designs of heat exchangers.
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RESEARCHES OF PRODUCTION OF THE SPATIALLY REINFORCED
CARBON-CARBON COMPOSITION

Oleksiy Chesnokov

Volodymyr Dahl East-Ukrainian National University, Lugansk, Ukraine

Summary. The results of the research in the field of
scientific basis creation for technological manufacture
preparation of reinforced carbon- carbon compositions (CCC)
are given. The concept of CCC production with rectilinear
location of reinforced fibers is presented. The results of
theoretical and experimental investigations explaining the
functions of technological production preparation are
analyzed. They are: to provide the adaptability to manufacture,
to work out the technological processes (TP), to create the
control system and the system of TP operation, to design and
to make the facilities of technological equipment. The results
of TP testing and equipping which confirm that they are
successful ones are given.

Key words: thermo- loaded parts, carbon- carbon
compositions, the functions of technological production
preparation, technological production readiness.

STATE OF PROBLEM

Making of modern constructions (structures)
used under the conditions of high temperatures and
higher thermo mechanical loadings is not effective
without carbon-carbon composition (CCC) usage.
CCC is used to make nozzle blocks, bells, tips of
the chute vehicles, besides they are used in the
elements of steering and maobile engines of space
vehicles, that allows to extend substantially the
resources of the construction serviceability and
raise their efficiency [Sanin, Kuchma, Dgur 1999,
Starchenko, Kushchenko, 2010]. CCCs get the
highest characteristics at the even, rectilinear
location of carbon braids without any damages in
the material while the matrix and fibers work
jointly in the material [Sokolkin, Votinov,
Tachkinov 1996]. When the arms race was stopped
the consumption of CCC by space-rockets had
been reduced greatly. Converting CCC usage is
developing. They began to be used widely for the

production of friction and anti-friction products,
crucibles and press-forms; in medicine for the
production of implants and others. The volumes of
CCC world production are constantly being
increased, because the technologies have been
mastered by the Chinese Peopleds Republic, India,
South Korea and other countries. The improvement
of CCC production technology in the whole world
is considered to be of priority directions,
determining the defense and scientific -technical
potential of the state, due to them. [Guryn,
Zelenskiy 1999].

CCC operating characteristics and its
competitiveness are determined by the level of the
achieved production. Considerable scientific-
technical potential is accumulated in the area of
CCC production in Ukraine. The method of
Chemical Vapor Infiltration is developed and
improved under the supervision of Professor
V.A.Gurin (CVI) [Guryn, Zelenskiy 1999]. The
technologies of pre-forms making are developed
and their experimental production is created. To
increase the efficiency of CCC production is
possible due to the reduction of resource usage
while preparing the braids for processing and
making pre-forms, upgrading CVI pre-forms. To
provide technological readiness of CCC production
it is necessary to create scientific base of
technological pre-production and their realization,
and it is an important scientific-engineering
problem [Chesnokov, Gaydachuk, Potapov, Guryn
2008].
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CONCEPTION OF PRODUCTION

A part and CCC is made simultaneously.
Stabilization of part properties is possible only at
steady operation of all TP for CCC making that
allows to reduce the safety margin of parts and the
product weight in the whole. To provide TP
stability the requirements to every TP must be
determined and their interconnection must be
found out.

In spite of the variety of CCC production
methods [Sokolkin, Votinov, Tachkinov 1996] the
following order of TP is obligatory: the preparation
of carbon braids to process them into pre-forms;
making of pre-forms; satiation of the pre-forms
with matrix carbon; machining. To prepare
manufacturing process for CCC production the
functions of technological production preparation
are realized on the basis of scientifically-grounded
approaches. They include: the provision of
construction technology, the development of TP;
planning and making of technological equipment
facilities; control and operate of TP.

The concept of CCC production includes the
followings principles:

- The application of present production base
of highly-productive CVL method.

- The provision of favourable conditions to
perform every TP of CCC making on the basis of
technological criteria determination for every TP.

- The application of technological methods
to increase the pre-forms gas-penetrability, keeping
the location linearity and uniformity of reinforcing
fibers.

- Complex automation of
processes and TP control.

- The application of resource-saving
technologies, allowing to achieve the level of
waste less production.

production

PROVIDING OF ADAPTABILITY TO
MANUFACTURE

For the
rationality  the
characteristics for
applied:

estimation of technological
quality vector of output
the production objects is

Ki :(Ki,1' Kigr oo Ki,j)' @

where: K;,, ..., K;; are private qualitative

ij
characteristics after | TP.
Such characteristics as durable, geometrical

and the others received by the measurement are

used as private characteristics of the production
objects. The complete list of measurable
characteristics is given in the specifications for TP
performance.

It is necessary to use unification of
principles, to develop efficient TP with a high
indication of production flexibility while designing
parts made of CCC and developing TP. Indications
of adaptability to manufacture also refer to the
parameters of construction rationality and TP. To
find out the indexes which fully reflect the
achievement of optimum expenses to produce such
parts is only possible on the basis of a
technological cycle analysis of their production. To
optimize the technological cycle the model
covering all stages of CCC parts making is built,
and classification of models according to the part
levels is made. [Chesnokov 2010]. TP models are
interdependent. The analysis of TP
interdependence for CCC parts making is done.
[Chesnokov 2010]. The initial parameters of
processes, the factors influencing the TP motion
and the output parameters are revealed. The
requirements to TP stability are determined, from
which the indexes of adaptability to manufacture
are received.

The models of bars strong interaction while
assembling and under pressure test are the models
of TP stage which connect the bars characteristics
and the stability of automated pre-forms
assembling. [Chesnokov 2010]. The behavior of
bars interaction depends on the correlation of
attended bars diameters (vertical d, and

horizontal d, ) and the step of vertical bars t

location, measured perpendicular to the given bar
[Chesnokov 2009]. Mating with tension results the
bars deformation, which gives the bar curve axis
and section deformation. The curvature of bar axis
is determined taking into account the displacement
of contiguous cross section relatively to each other,
and the contact deformation is determined
examining the contact of cylindrical bodies made
of the same material. Tension is fully compensated
by the sum of deformations:

(d, +d,)-t _ 5RH] gl+9d§keg+
2 epfE,f  2H O
. 1336(1—m§)2(dj+di) )
Ng = 2 PI J (2)
2 Efd,d,

where: P, T is the force of bars interaction;
H, Tis the height till the guiding plate; E,, Ey T
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are the modules of bars pressure lengthwise and
transverse the fibers; my T is Poisson coefficient

of transverse fibers; kg T is a relativity coefficient
of module characteristics for the examined material
E
ke =—=2.
° G
Equation (2) after transformations to the
cubic kind is solved relatively P, for bars

interaction at d =d,=d using of Kardano formula.
In a general view the function of bar interaction
forces can be presented as:

P =f(d;H, By Eypikg ) - 3)

Efforts of different directions received by
bars while assembling of pre-forms and the
conditions of durability depending on the type of
receiving loading are determined. Bars strength
must correspond to the followings conditions:

4N

SN oo + e’
p

3d*

E=E, -
(4)

where: N T is squeezing force, acting to the
bar; [s,], [c,] are maximum values of a

parameter.

It is determined that at a single bar the
resistance effort of the bar penetration into the pre-
form is considerably less than in a layer. It is noted
that it is impossible to use bars as a layer while
having a tension in bars mating. [Chesnokov
2008].

The bars loading conditions during the pre-
forms assembling are considered to determine
objectively the bars strength characteristics. The
force Py, for the separation P, is determined on

the basis of bars tests for their stability. Their
efficient characteristics module Yunga E; and

strength limit s which are used in calculations as

maximum values taking into account the
coefficient of margin of safety are determined from
the conditions of bars loading.[Chesnokov 2010].

The model of gas penetration reveals the
connection of pre-forms parameters and TP and
their making with efficient of CVI. [Chesnokov
2010].

The opened porosity is the important index
of efficient satiation. The cavities connected
between each other by means of ducts are appeared
in the pre-forms between reinforcing materials.
The form and sizes of ducts depend on the type of

pre-forms and the forms of reinforcing material.
Pores space figuratively is divided into transport
and inter-fiber pores to determine the penetrability
of different pre-forms. [Chesnokov 2009]. The
reagent motion along the transport pores is
described which is widely used in the theory of
filtration using Darsi equation taking into account
Klinkenberg effect. Gas motion along inter- fiber
pores is described considering gas sliding along the
walls of capillaries. The coefficients of
penetrability for the reagent motion in inter- fibers
are defined.

The parameters which reflect the change of
gas penetrability through inte-fiber pores are
determined on the basis of the analysis of received
dependences and the coefficient of relative
penetrability through inter- fiber pores, reflecting a
change gas-penetrability while changing the
structure or pre-forms parameters is introduced:

knp = %ﬁgg ' (5)

Q|-

where: jgs T is filling the bar with fiber.

To increase the pre-forms gas-penetrability it
is offered to remove connecting pre-forms after
assembling. [Chesnokov 2009]. In this case fibers
occupy all free space, limited by fibers of different
directions. Such a state is called a free form. If the
shape of a section is changing the filling of the bar
with a fiber is changing too. The changing into a
free shape of a bar section influences the
coefficient of relative pre-forms penetrability and it
confirms that it is necessary to remove binders
from bars after pre-forms assembling. It is
impossible to remove earlier applied binders and
thatds why on the basis of the analysis of substance
chemical composition and its usage as binder,
oxygen has been chosen which hasnit been used as
a binder for Km before.

As a result special indexes of adaptability to
manufacture reflecting TP stability and the
suitability of a received semifineshed item for
steady operation of subsequent TP for CCC
making are determined additionally to the indexes
of adaptability to manufacture, recommended by
GOST 14.205-83 Chesnokov 2009].
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DEVELOPMENT OF TECHNOLOGICAL
PROCESSES

TP structure and the requirements to the
technological stages of bars examining for
carbohydrate binders are grounded in the paper.
[Chesnokov 2010]. The processes taking place at
TP stages are studied to find the best parameters
for bars making; the model covering the whole TP
for bars making and pre-forms assembling is made.
[Chesnokov 2010].

At the stage of impregnation-pressing the
impregnated braid is presented as a capillary-
porous body in the inner part of which the liquid
filtration occurs. The dependence of maximum
pressure in a semi finished product at pressing
from the parameters of process is received. The
influence of an angle of a die input cone and the
semi finished product on the relative parameter of
maximum pressure in a die and on the motion
resistance through a die is determined by a great
number of models. [Chesnokov 2010]. Single-

factor experimental researches of the stage
[Chesnokov 2010] defined the degree of
technological parameters influence on the

impregnation quality which was estimated by the
applied binder mass. As a result main significant
factors of this stage such as impregnation pressure
and the binder concentration are determined during
the experiment.

The process of drying is investigated to find
a rational mode of heat transfer. The mechanism of
binder motion while drying the semi finished
product depending on the temperature gradient
directions and moisture content is determined. To
increase the bar monolithic nature and the drying
processes intensification the efficiency of
warming-up inside part of the semi product by
means of electric current is grounded. [Chesnokov
2010] The blowing with heated air is used to
remove efficiently the moisture from the surface.
The experimental research of the drying stage
allowed to define the range of the applied energy.
It is possible to operate the binder distribution
along the bar section by tension (stage factor),
applied to the carbon braid.

At the stage of shaping binder redistribution
relatively to fibers which are in the inner part of
the semi product occurs in a die input cone. For
calculations the binder is a viscous plastic system
and is described by Shvedov-Bingama generalized
equation. The semi product motion resistance
through a forming die consists of overcoming
shaping pressure, lateral side friction and tripping
forces [Chesnokov 2009]. As a result of

preliminary single-factor experiments the rational
location of forming dies and basic significant
factors of this stage such as a diameter and a
number of forming dies are determined.
[Chesnokov 2009]. Application of the c¢cascadee
shaping by dies with a less diameter allows to
reduce the fibers damage and stabilize the bar
diameter.

As a result of the researches of the broach
stage the influence of broach method on the ellipse
and bars axis curvature is determined. [Chesnokov
2008].The binder broach at all technological stages
is recommended to be performed with the help of a
drive bobbin the diameter of which is 4 m.
Received bar ellipse is to 0,03 mm and axis
curvature is done by casual factors, namely by
oscillation of braids tension and their location
along the bar section.

To receive the model covering all TP of bars
making and reflecting interconnection of TP stages
of TP, the planned multivariable experiment is
made. As a result of preliminary researches five
key factors were determined and according to the
experiment plan the range of varying was divided
into four levels. Sixteen different factor
combinations have been repeated three times, the
order of experiments making was determined by
the table of random numbers. During the
experiments the followings response parameters
were controlled: the bar diameter, the bar stability
and stratification, the binder mass in a bar, the
semi product motion resistance through spring-
tongue and pilchard die. Results are processed by
the mathematical statistics methods, the regression
equations are received, designing response factors
are found out.[Chesnokov 2010].

The TP model of bars making is included
into the model of CCC parts making as a structural
module. The TP optimization of bars making is
performed taking into account the TP
interconnection of CCC making. [Chesnokov
2010]. Geometrical and strength characteristics of
bars influence the forced parameters of pre-forms
automatic assembling and its stability. The
objective function of optimization was to increase
the minimum coefficient of bar margin of safety at
pre-forms assembling. Optimization results are
presented in [Chesnokov 2010]. Using the
accepted values of the varied factors the bars
parameters and pre-forms assembling are
calculated. Having received minimum coefficient
of bar margin of safety 22 it provides the stability
of pre-form assembling. The results of conducted
researches give scientific bases to develop TP for
braids preparation to be assembled with the
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guaranteed providing of the given technological
characteristics; the methods of quality control for
the braids preparation are developed.

The pre-forms assembling is executed by
two operations: the installation of vertical bars into
the guide plates and the piling of horizontal bars
layers, the structure of operations execution is
defined. The installation of vertical bars is carried
out by bars replacement on a vibrating plate into
the holes and after hitting into them they move
along them. The piling of horizontal bars layers
consists of feeding the bar by rollers along the
guide between the rows of vertical bars at a given
depth and its trimming. Having chosen the set of
bar layers the pressure test and the pre-forms turn
is performed; the set of layers is done according to
a given height.

To learn the mechanism of bars motion on a
vibrating surface and to find out the rational
vibration parameters the motion of massive bars
depending on the vibration direction and intensity
is described. [Chesnokov 2009]. The dependences
are experimentally confirmed; almost 100% of
braid filling by bars under the action of vibration is
received.

The results of complex tension researches,
arising at the stage of a bar feeding while piling
horizontal layers [Chesnokov 2008], allowed to
define the nature of bar interaction with rollers
and the parameters of a feeding device; the bar
behavior in a guide and critical force of a bar
stability loss is defined. The force parameters of a
bar feeding into a pre-form from the depth of
introduction and the distance to the guide plate are
experimentally investigated. Results having been
received earlier refer to the theoretical
dependences of bars interconnection quite well.
[Chesnokov 2009, Chesnokov 2008]. The
parameters of a feeding device are defined.

Researches of pressure-test force parameters
of horizontal bar layers are conducted for pre-
forms of structure 4D-I; the effort dependence of
pressure test from the given step of layers piling
and the pre-forms size are defined. The parameters
of knot pressure test are determined.

If it is necessary pre-forms bar trimming is
executed but with minimum damage of a bar butt
end. The frequent trimming of high-modulus fibers
results the rapid wear of a cutting edge. The
researches influenced the angle and the cutting tool
type on the tool durability and on the bar butt end
deformation haves been made. [Chesnokov 2009].
Design execution of a knot and tool angels is
determined; tool durability is increased by 4 times.

CONTROL AND OPERATION OF
TECHNOLOGICAL
PROCESSES

A model of functionally-technological
interconnection of the pultrusion installation knots
and technological stages allowing to define the
controlled parameters and the location of control
sensors is developed. Automatic TP control system
taking into consideration time delay during which
a semi product moves to the next stage is
developed. The algorithms of TP adjustment are
received [Chesnokov 2009].

The system of the installation placement and
its interconnected coordinates which are used to
pile the layers of horizontal bars is developed. The
algorithms and dependences are received to
calculate the co-ordinates of supporting points of a
feeding device. A kinematical scheme of
installation is developed. The installation system to
operate and control knots is developed [Chesnokov
2009].

The system to control products at the
production stages according to the data of
assembly line and selective choice allows to signal
that it is necessary to conduct TP and the knots
states parameters monitoring.

The analysis of methods of CCC parts test
for nozzle confirmed the high cost of natural tests
conducting and their harmful ecological
consequences. The results of comparisons of CCC
samples test conditions working with high
temperature plasma nozzle confirm that it is
possible to use plasma for comparative tests.

DEVELOPMENT OF FACILITIES OF
TECHNOLOGICAL EQUIPMENT

On the basis of operation analyzed results
ofbraids preparation and pre-forms making basic
principles of technological equipment facilities
planning are defined. Special attention is paid to
provide rational parameters and stability of the
technological stages, to minimize the production
costs. The indicated principles are realized by
module arrangement of equipment, by complex
approach to automation and operation of
technological equipment.

Setting up braids preparation for processing
with pultrusion has a module arrangement; New
knots structures providing the technological modes
are developed. Technological possibilities of the
installation cover the bars of all sizes. The
installation productivity while making the basic
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dimension-type of bars A1,19*3% mm (on the

basis of braid three additions of UKN-5000) is 2,0
m/min, that allow to produce bars 860 gr/hour.

Facilities of technological equipment are
designed for pre-forms making, including the
equipment with vertical bars setting and with
setting up layers piling of horizontal bars. The
equipment is aimed at cored pre-forms making
with sizes not exceeding external A530 mm, the
hole is A245 mm and the height is to 350 mm.

To increase the productivity while setting up
the layers piling of horizontal bars two
independent knots for bar feeding are placed. High
accuracy of placement and bar feeding is achieved
using the foot-pace drives. The developed scheme
of installation operation is realized with the use of
a micro-processor system of drives control.
Software and installation control system allowing
to introduce framework parameters to pass to the
process of pre-forms making of another dimension-
type or form are developed. The equipment is
aimed at the CCC mass production.

Using the equipment with vertical bars
setting by vibration allows to reduce time for
operation comparing with a manual method by 64
times. The labour intensivety of layers piling of
horizontal bars of indicated dimension-type of pre-
forms was 240 people /hour that by 6 times less
than comparing with the manual assembling.
Received pre-forms (fig.1) are suitable for a CVI
compression.

Fig. 1. A model is of ring (after treatment) and cylindrical pre-
forms

CONCLUSIONS

The result of the executed work on creation
of scientific bases for technological pre-production
of CCC reinforcing fibers is given. As a result the
conception of CCC production based on the
application of CVI performs is developed; the
interconnection of TP models for CCC making is

classified and found out. Characteristics of TP
stability are found out and on their basis the
indexes of adaptability to manufacture are
determined; the technological stages of bars
making are investigated, the TP models with the
purpose to increase TP stability are received and
optimized. The requirements are systematized and
the methods to calculate the knots of technological
equipment are determined; the principles of TP
automation for braids preparation and pre-forms
assembling, algorithms and software are worked
out; principles are developed and facilities of
technological equipment are worked out. All this
allowed to improve the engineering-economical
indexes of CCC making. While producing bars and
pre-forms the specific consumption of material is
reduced to the level of waste less production, the
economy of carbon braid producing pre-form of
maximum size is 18, 6 kg. The time which is
necessary to make a pre-form is cut by 3, 9 times
(by 1100 hours).

REFERENCES

1. Chesnokov O.V., Gaydachuk A.v., Potapov A.M.,
Guryn 1.V., 2008.: Prospects to improve thef quality
of carbon-carbon composition materials. Aerospace
technique and technology. Part 6 (53). P. 21124.

2. Chesnokov O.V., 2010.: The model of technological
interposes of making the cored reinforcing frameworks
communication. Aerospace technique and technology.
Part 1 (68). P. 16721.

3. Chesnokov 0O.V., 2009.: Design of process of
interconnection of bars at assembling of reinforcing
frameworks. Aerospace technique and technology. Part
2 (55). P. 27731.

4. Chesnokov 0.V., 2008.: To the question of automation
of the cored reinforcing frameworks assembling.
Herald DSMA. — 6 (124). Part 2. P. 12671130.

5. Chesnokov O.V., 2010.: Determination of effective
bars descriptions for the automated assembling of
reinforcing frameworks. Questions of planning and
production of aircraft structures. Part 1 (61). P. 68173.

6. Chesnokov O.V., 2009.: Permeability by the reagent
of spatial reinforcing structures at a satiation the carbon
of matrix. Technological systems. — 4 (48). P. 49753.

7. Chesnokov O.V., 2009.:The indexes of production
adaptability to manufacture of products from carbon-
carbon  composition.  Technology of  specific
consumption of materials and materials machining in
engineering. P. 21571220.

8. Chesnokov O.V., 2010.: Development and analysis of
technology to make carbon plastic bars on connective
carbohydrate. Bulletin of engine development. — 1. P.
17721.



14

10.

11.

12.

13.

14.

15.

16.

17.

18.

OLEKSIY CHESNOKOV

Chesnokov O.V., 2010.: Researches of impregnation
stage and binders pressing at pultrusion bars. Herald
DSMA. E7.

Chesnokov O.V., 2009.: Shaping by bars pressure in
the pultrusion installationHeraldk DSMA. — 11 (141).
P. 35T39.

Chesnokov O.V., 2008.: Making the cored reinforcing
frameworks for carbon-carbon composition
manufacture on the basis of ¢cendlessé bar. Questions of
planning and production of aircraft structuress. Part 1
(52). P. 1047107.

Chesnokov O.V., 2009.: Increase of the productivity
of vertical bars setting at assembling of reinforcing
frameworks of CCC. Questions of planning and
production of aircraft structuress. Part 4 (60). P. 19T
27.

Chesnokov O.V., 2008.: An analysis of the tense state
of bar is in the given knot of setting of the automated
assembling of reinforcing frameworks. Aerospace
technique and technology. Part 4 (51). P. 9114,
Chesnokov O.V., 2009.: Research of process to cut
carbon plastic bars at the stage of reinforcing
frameworks making. Questions of planning and
production of aircraft structures. Part 1 (57). P. 65769.
Chesnokov O.V., 2009.: Automation of pultrusion
carbon plastic bars. Materials, equipment and specific
consumption of materials technologies. Vol. 1. P. 108.
Guryn V.A., Zelenskiy V.F., 1999.: Gas- phased
methods to receive carbon and carbon-carbon
materials. Questions of atomic science and engineering
—4(76). P. 13131.

Sanin F.P., Kuchma L.D., Dgur E.O., Sanin A.F.,
1999.: Solid rocket motors. Materials and technology.
Publishing House of Dnipropetrovsk University.
Skulking Ju.V., Votinov A.V., Tachkinov A.A.
1996.: Technology and planning of carbon-carbon
compositions andstructures. Science.

19. Starchenko  V.N., Kushchenko A.V., 2010.:
Investigation of influence of frictional materialés
characteristics of brake blocks of railway transport on
their functional thermal state. srs$ som. Mot. i
Energ. Roln. T OL PAN, 10B, P. 199-204.

20. Seleznyov Y., Babenko D., lvanov G., Polyansky P.,
2007.: Technology of planning of wares from fibred
composite materials. sys¢ som. Mot. i Energ. Roln. T
OL PAN, 9¢.

R frrJAowRrc ItIrASrevdd
ItLovtowsd oo,
otIRtAdazsnvJctdr-vUctdrnsm
sdI3rNHru L

O jShj? v ifksCse

dhaskOydv. RedosHdlshv SBLISt
difitjHse0hkd? o tBEkOMsd  fSLHOdGIW

IS jrtzsizse oy jis? YsHeBssald HetsdLoHise0
Yeshisteothsojidts  Otdeso0lh ™ = ek jtsHTECE jEesHE -
CtLdsse (LLS). MedojHidd Sohkyjtiydw tfesdLotHse0
LLs f el 2Abrd  EONsEEY jhdid  Otddez=dn
otzsCl.  QhokdLdiekEskiv e jLiglsOsr kst ilsdyifSdn o
ASHtf jtecfB jdlsOk-dr = dhfytziHse0dkd?2, te0fCte o0 dn
wizgSydd  bjrtszsedyiits?  YeHeskteld  HissdLotHise0:
sy iuiedl Is jmtzsizsedydshisd, t0Ls0BEISSO
bdrtpszseduificdn  fesydifise  (ud), fsLHOGAS  fdhlsjd™
Codbtesty  kfeOokzikdy  ul,  tfesiChdtedhd
diesltsatjhdi feiHfjse  Isintszsedyinttes  shk0P jhdw.
edojHjbr e jLlzzsOsr  OtfeseOydd uI d k0P jddv,
fsHise jtex{HOB P d | Ent iPdshis? difiiziHEo0dkd2.

stEsyjorj hizse0: kjbhskostizy itk HiSOkd, et jetH-
EezjtesHE T2 SegYoidls,  WkkSydd  sindszsedyifSs2
fsHeslssoCd  tissdLotHse0, s jnbsisedy iSOy  eBlstadshs-
HtetsdLotsHiso0.

tojLizizIs0lstsO
GOy~ shise



urKA. COMMISSION OF MOTORIZATION AND ENERGETICS IN AGRICULTURE &+ 2012, Vol. 12, No.3, 15-18

IDENTIFICATION OF VEGETABLE ORIGIN FIBERS
FOR CHILDRENGS CLOTHES

Inessa Deyneka, Anatoliy Mychko, Galina Ripka

Volodymyr Dahl East-Ukrainian National University, Lugansk, Ukraine

Summary. The most competitive sewing goods of
childrends assortment are those which are made of textile
clothes such as cloth, yarn, thread which in definite amount
include as components of vegetable fibers (cotton cloth, flax,
hemp and so on). However, due to the development of
industry producing chemical fibers (artificial, synthetic and so
on) and their usage in native light industry they dondt meet the
standard requirements of manufactured goods produced by
Ukrainian factories. Thatés why, to identify the vegetable
origin fibers the research results of their structural peculiarities
with the help of microscopy are given in this paper.

Key words: cotton, flax, hemp, jute fibers, microscopy.

INTRODUCTION

Nowadays the specialists consider that the
most useful textile goods of childrends assortment
are those which have only fibers of natural origin
in their structure, namely 100% cotton, flax, hemp,
i.e., maximum guantity.

Sewing goods made of above-mentioned
textile materials meet the physiological T,
hygienic, operational and economic requirements
and they are also very competitive. We can
confirm it in that case when, for example, we add
flax in technologically justified proportions into
cotton fibers while forming yarn. But having such
artificial fibers of chemical origin such as viscose,
polynomial, viscose modified with protein, viscose
acetylating, cupric ammonia, acetate, two (die) and
three acetate and so forth which are made on the
basis of cellulose from different kinds of trees; the
quantity of cotton clothes without any additions
and impurities  particularly  for  childrends
assortment has greatly decreased. The reason is
that the work of such enterprises is suspended or
all  manufacturing plants producing above-
mentioned materials such as dyes (staff), finishing

agents, different kinds of finishing and are
destroyed (for example, XXK, city of Kherson)
and more over, the price for cotton is growing.
First of all it resulted to the reduction of volume
production of sewing factories, particularly those
ones which produced clothes of different
assortment for newborns, nursery, pre-school and
junior school group children, the clothes which are
made of native textile materials consisting of 100
per cent cotton fibers and painted with ecologically
clean staff. Instead of it, ready-made goods and
textile materials produced by other countries (for
example, China, Turkey, ltaly and India) have
appeared, but due to their nature of fibers and the
difference of certification documents, practically
itds impossible to refer them to cotton assortment
or to such one which meets the requirements of the
standards for mentioned customersd group. This
fact and such a situation can be explained by the
lack of laboratories and specialists dealing with the
identification of (both qualitative and quantitative)
fiber materials and every day goods; the problem
arose and the actuality of which is obvious.

OBJECTS AND PROBLEMS

The purpose of the paper is scientific-
experimental researchers concerning the fibers of
vegetable origin in textile materials with the help
of a microscope. The object of the research is the
identification process of vegetable origin fibers
with the help of microscopy. The subject of the
research is fibers of vegetable origin.
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RESEARCH ANALYSIS

It is known [1-14] that the fibers of vegetable
origin (FVO) such as cotton, flax, hemp, jute,
knave and so on are formed by one or a complex of
natural cells of a complicated chemical compound
consisting of celluloid, pectin, lignin, nitrogen,
fatty- wax substances and also of water and
pigments. The most important component of fibers
of vegetable origin among the enumerated
ingredients is considered to be cellulose. Cotton
has 97 % of it, flax has 79 % of cellulose, and jute
has 71 % of it. Depending on its quantity fibers of
vegetable origin are characterized by different
physical-mechanical,  physiological-  hygienic,
chemical, technical-hygienic and then by
consuming indexces. In general, cellulose is a
linear highly- polymeric compound which is
referred to the group of higher hydrocarbons and
which is built of elementary an- hydro- D T
glucose links. Empirical equation of cellulose is
(CeH10Os)n, and the structural one has the
following kind:

?HZOH I? C‘JH
F—o —
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MAIN RESULTS OF THE RESEARCH

It is stated that depending on the vegetarian
period (90 t0200days) the amount of cellulose and
other components is constantly increased what
happens to the improvement of its super molecular
structure and then to the improvement of its
physical-mechanical and hygienic properties
Thatds why, to estimate the suitability of cotton
fibers such index as puberty degree is used.

Cotton fibers are divided into 11 groups of
puberty (puberty coefficients); namely, from 0 till
5 points at 0,5 interval (fig. 1). Overripe fibbers are
estimated by 4,5 till 5,0 points, while not fully ripe
ones are estimated by 0 till 1,0 point sand those
that can be used for the technological process
(making vyarn, dying) must have the puberty
coefficient from 2,0 till 3,5 points.

Taped shape and length winding are the
main features of cotton fibers during their
identification with the help of microscope. Besides,
the main characteristic feature of cotton ripe fiber
is its cross section which has a volumetric circular
shape deformed on a plane.

Fig. 1. Shows the active standards to estimate the puberty
degree of cotton fibers using a laboratory (microscopic)
method during the process of their vegetation

Textile linen made of cotton fibers is
mercerized, that is, processed by sodium hydroxide
solution using special machines (till 18%
concentration) at temperature not more than +25
degrees Centigrade. Under the influence of a
special reagent chemical, physical-chemical and
structural changes of cellulose and then of fibers
are taking place. So, chemical reactions carry to
the formation of alkaline cellulose, physical-
chemical ones carry to the intensive fiber swelling
and changing of cellulose properties, increasing its
cross section (diameter) due to the shrinkage [2,3].
As for the structural changes, they occur at a super
molecular level and carry to the changing of
elementary link arrangement in macro- molecular
cellulose. Such even very short alkali contact with
cotton fiber causes not only the changing of its
longitudinal shape but also a lateral shearing;
microscopic bunch researches of mercerized and
non-mercerized samples testify it (fig. 2).

Fig. 2. Lateral shearing microscopy of cotton fiber bunch:
a T non- mercerized; b T mercerized

Such fibers as flax, hemp, jute and other
fibers belong to the fibers of vegetable origin but
flax and hemp are the most common in Ukraine.
Mentioned fibers refer to the obastedd class and
make the sufficient part of raw materials for textile
industry thanks to its physiological-hygienic,
mechanical and operational features. Elementary
fibers gathered in basted bunches are located in a
pare chemical zone of stalk having the length from



IDENTIFICATION OF VEGETABLE ORIGIN FIBERS FOR CHILDRENGS CLOTHES 17

15 till 125 cm and the thickness from 15 till 18
microns [2].

General longitudinal view of elementary
basted fibers under the microscope doesnit greatly
differ (fig.3).

b

Fig. 3. General longitudinal view of elementary fiber under a
microscope: a 1 flax; b T jute

But their lateral shearing says that there is a
difference in the structure particularly in a fiber
zone which to our mind is the most compact
formed in flax and jute stalks (fig.4).

c d

Fig.4. Lateral shearing microscopy of fiber stalks of vegetable
origin: a T flax; b 7 hemp; ¢ T ramie; d T jute [4]

Mentioned fiber formations are located
round the plant circle in pare chemical zone and
consist of a number of single elementary fibers
joined with each other so called by middle plates;
the microscopy of flax stalk bunch testifies about it
best of all (fig. 5).

Fig. 5. Lateral shearing microscopy of flax fiber bunch [2]

CONCLUSIONS

So, with the help of microscopic analyze
method we have a practical possibility to find
fibers of vegetable origin among many others.
They are cotton, flax, hemp, jute because every
mentioned type is different from others by their
structure T morphological composition,
appearance, the cellulose quantity and non-
cellulose components (wax, protein, ash, lignin,
pectin and others) and by their properties. It gives
the possibility to identify fibers of vegetable origin
according to their attitude and influence to the
chemical solutions of acid, alkaline and neutral
nature particularly to copper ammonia compound
[Cu(NH3)4]OH>.
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