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Protective coating for aircraft

The progress in industrial production of lightweight, non-burning
and strong cloth-based polymer composite materials, allowed to
forego traditional metallic construction materials for fuselage, wings
and other aircraft elements coating.

Because of this development in the last decades the prod.uc.tion of
aircraft with non-metallic cover was steeply growing. This is true
for transport, passenger, sport as well as military aircraft.

Thus with a number of substantially positive qualities such as the
lowering of fuel consumption rate, the increase of cargo carrying
capacity etc, these aircraft have also acquired some shortcomings.
For example, there appeared the problem of electrostatic charge
evaculation from a flying aircraft, a steep lowering of aircraft
coating resistance to lightning, an increase of the interference level

on board equipment, especially in the area of outside radar stations
action.

The aircraft with metallic fuselages didn't have those problems. The
aircraft building companies have offered a number of local solutions
to these problems. But there was no overall solution of all problems.
The addition of metallic powder or carbon-carbonic fibres in the
paint doesn't create a complete coating; the use of metallic foil or
nets, as components of multilayer polymer composite material
lowers their elasticity and prevents the forming of complex surface
elements. Besides, because of the difference in the coefficient of

thermal expansion the foil as well as the net are peeling off and
destroy the material.

Attempts of gas-flame spraying have also been unsuccessful
because of the surface charring and coating peel-off, and the
traditionally used abrasive stream workover of the surface before
spraying led to ruption of fibres of the clothbase.

The methods of vacuum spraying do not allow to create sufficiently
thick and strong layer on the outer aircraft surface because of the
prohibitive cost of the needed equipment,

As a result of research and testing a technological process free of
the above mentioned shortcomings and securely solving all complex
problems of non-metallic aircraft coating protection was created.

The method's substance consists in the use of the traditional

equipment for arc-metallizatio



The speed of the electrical metallization gun relative movement vis-
a-vis the surface creates a netlike coating with an electrical
conductivity close to that of the metals.

The rate of coating is 30-40 gram per square meter.
Adhesive strength, erosion and corrosion resistance of the coating
correspond to current aviation standards.

To create a micro relief on the sprayed surface in factory conditions
there was used an evacuated cover layer of multilayered composite
material during the polymerization process.

During repairs or by coverspraying at the airfield it is necessary to
resort to a special abrasive stream preparation of the surface which
is non-destructive to the clothbase.

The technology allows to spray-cover the assembled aircraft as well
as 1ts separate parts before assembly. It is possible to use this

technolugy also during aircraft repairs for partial recons-truction of
the coating.

The technology was tried out on:

- helicopters KA-50 and K-62 during testing, laboratory and
flight tests at Kamov plant;

- SU-84 aircraft during laboratory testing at Sukhoi aircraft
Construction Bureau;

- perspective models of flying objects at Zhukovski Central
Aerohydrodynamics Institute.

All results of dynamic, vibration, adhesive, corrosion, erosion
electrical and UHF testing were positive. The technology use is
possible in factory and field conditions on serial equipment.

The spraying process capacity (on prepared aircraft) is 8 to 20
square meters per hour. ’

The technological process requires:

- a three-phase alternate power supply up to 50 kVt

- compressed air of 5 to 6 atmosphere pressure with a 1,5 to 2,5
cubic meters debit per minute.

The temperature of the environment during spraying should be
above plus 5 C, the humidity not above 85 9,




PLASMA TREATMENT OF MEDICAL WASTE
Adam M. Gonopolsky, Doctor of Sciences, Professor

General Director, Joint-stock company "Plasma-Test"

Decontamination and destruction of medical waste, one of the most hazardous product
of people's activity, have been thoroughly described [1] from medical and biological
point of view, whereas the research on thermochemical aspects of the problem remains
very much inadequate.

Typically, when testing microflore for its viability some characteristics are not given
enough attention, such as heat-resistance of materials the outside or inside of which
may contain microorganisms and/or conditions under which heat and mass transfer of
various medical materials occurs given the high-temperature environment and
transformation of one aggregative state to another. Mechanisms and thermal effects of
chemical reactions in presence of technological materials have not been well-
charackterized. To clarity sake, a simplified thermal (properties) scheme of chemical
processing of infectious medical wastes is given below. For reasons of complexity of
the process we have restricted ourselves to an idealized case leaving room for a range
of assumptions. In general terms, the thermal treatment of waste includes evaporation
of moisture, heating up to a fire point, incineration which results in residual solid ash
subject to further remelting to produce slag. Normally, all the processes are
accompanied by intense oxidation of components leading to transformation of treated
materials chemical composition. For example, the incineration of organic fat with an
excess oxygen forms dense and tight refractory surface layers with a low heat
conductivity. From the standpoint of chemical kinetics it means that a kinetic process is
abruptly slowing down when transforming into a diffusion one. A temperature inside
biological objects having such surface layers may differ dramatic'ally (by several
hundreds degrees) from a temperature in the incineration zone. This is way biological
materials when being treated not only have the ability to develop the environment
beneficial for spore microorganisms recovery, but they also enable the vegetation of

these microorganisms within a period of 20-22 days.




The refractory surface layers with a low heat conductivity may also be formed in an
oxygen-containing atmosphere during heat treatment of metallic, ceramic, polimeric
and other materials which are the basic part of medical wastes. To ensure destruction
efficiency, the outer layer should have been removed. For this purpose, the temperature
in the heat treatment zone is elevated to a level which enables the melting of outer layer
and its removal as an ablative shall. Such temperatures are‘ obtained when operating
universal bloc-and module complexes developed by "Plasma-test” Joint-stock company

which are currently in commercial use for hazardous medical waste treatment.

High-temperature plasma processing may be applied to various medical waste,
including disposable syringes, needles, scalpels, blood transfusion devices, human
blood and bicod products, as well as infectious materials and pathological and
anatomical wastes.

The products of treatment are reusable slag and metal.

Design and technology implemented in the complex resolve three main probiems:

e sterility of the processed products;

e no risk of contamination for the staff and equipment;

e high protection against harmful components in effluent gases and liquid streams
ejected out of the treatment area.

Pilot-plant testing has demonstrated the applicability of the complexes at
pharmaceutical factories to destroy drugs unfit for consumption, at custom-offices for
disposal of goods which are dangerous, infectious, substandard or prohibited from
import into Russia. The complexes were judged to be capable of sanitary cleaning of
areas during emergency situations and epidemics.

The unique property of the equipment lies in the fact that it provides a range of
stahdard size complexes designed for different capacity: from 50 to 10,000 tons/year.
The complex is built as a set of standard 20ft containers comprising the following
modules: 1. plasma furnace; 2. gas cooling system; 3. gas scrubber and water supply
system; 4. waste loading unit; 5. power supply; 6. regeneration and gas supply; 7.

technological module. The container-like arrangement of the modules makes it possible




to operate the complex both on the open concrete site and on industrial premises with a
floor space up to 700 m2 and a depth of the well of at least 6 m. Specific power
consumption may vary depending on production rate in the range of 450 to 2800 kVt from
the three-phase industrial network of alternating current (380V).

The major units are engineered for 10 years of continuous operation given appropriate
operating conditions and due maintenance which implies replacement of electrodes twice
a year and replacement of a furnace lining ones a year. Depending on production rate,
the complex is served by the crew consisting of 9 to 15 engineers, technicians and

workers.

The proposed technology is based on the sanitary regulations adopted in USA, France
and other countries requiring that medical waste should not be treated or sorted
manually.

The initial technological step is the on-site medical waste collecting. For this purpose
hand carts with disposable plastic bags secured on them are kept in hospital
departments, laboratories etc. The point where the open bag is secured on the cart is
equipped with a pedal gear for opening a lid over the bag. The filled bags are delivered
by the carts into a room, where the bags are sealed using standard hand-operated
thermal welding devices installed along with cellular metal containers for bags
transportation.

The second step is waste transportation to the treatment area. After being filled, the
mobile containers for packed medical waste are wheeled out into a loading platform. A
special truck is coming in at the platform. The vehicle is equipped with a handling
mechanism through the use of which containers are lifted, arranged in two tiers and
secured inside the metal, completely closed vehicle body. The routs of special trucking
are agreed with traffic police and local sanitary inspectors.

The third technological stage is wastes plasma processing. This technology is based
upon plasma arc melting of assorted medical wastes (toxic, infectious etc) in an airtight
two-chamber caisson furnace with a molten bath and a heating beneath the crown of the

furnace. The wastes on the surface of molten slag are exposed to air plasma jets from




linear sectional constant current plasma torches. Depending on production rate, the
numbe'r of torches may vary from 1 to 5 with torches power in the range of 50 to 60
kwt.

Wastes packed and sealed in the disposable plastic bags are automatically fed
through an elevating and transporting system equipped with a positional revolving
loading device and a coaxial plasma torch which provides the equipment with a high-
temperature gas protection against infection and:  contamination by wastes. Gas
purifying system includes a bubbling chamber of the furnace ahd a system of high-
temperature thermochemical catalytic filters of activated carbon-carbonic, basalt and
mullit fibres. The system removes all harmful components and poliutants, including
dioxins, in the off-gas stream to a level within regulated emission standard. There are
no effluent liquids discharged. Provision has been made for off-gases heat regeneration
and recycling. The equipment incorporates an automatic control system designed to
contain any unforeseen off-design situation.

Environmental safety and sterility of the process is a subject of monitoring and
control at any stage of the treatment.

Pilot-scale testing and finishing off the technology for medical, industrial and other
wastes treatment were conducted on a specially built processing line which employed
the plasma furnace and loading bloc allong with other units. A comprehensive study and
evaluation of the system has been done from both bacteriological and environmental
point of view with participation of representatives from scientific and research
institutes, such as the Institute for Prophylactic Toxicology and Disinfection and the
Sysin Institute for Human Bionomics and Environmental Sanitation. Experts' evaluation
and directions for use have been presented by the State Committee for Sanitary and
Epidemic Inspection. Efforts to set up production of the systems have been included
into the Governmental Program "Wastes". After the National Expert Committee of RF
Ministry of Environmental Protection adopted a resolution in favour of the proposed
technology, it was recommended for implementation in the city of Tolyatti identified as a

proving ground for a federal project to recover medical waste. The Moscow




Government decided to install the complexes at some hospitals and ambulatory care
facilities.

The joint-stock company "Plasma-test" provided all necessary technical documentation
pertaining to the technology and set up production of the complexes forA commercial use.

Results of research and development were summerized in the federal project to
recover medical waste submitted to the Interdepartmental Committee on Public Health of
RF Security Council. The project received a complete support and approval.

The project includes three major parts:

e to set up production of basic and auxiliary equipment;
e to organise the operation of equipment and transport;
s to elaborate standard and methodical documentation.

The project involves efforts of ieading Russian institutions in the field of sanitation
and epidemiology and of many engineering and industrial enterprises working for
Department of Defence.

The project, if implemented, along with bloc-and module complexes applied for plasma
treatment of hazardous medical and biological wastes would present a solution to a

complicated environmental problem.

References:

1. Segal R.R., et al: "Development and Evaluation of a Method to Determine Indicator
Microorganisms in Air Emissions and Residue from Medical Waste Incinerators”, Journal
of the Air Emissions and Residue from Medical Waste Incinerations", Journal of the Air

and Waste Management Association, v.41, No.11,1991, p.p. 1454-1460.

2. Doucet P.E. "New Technologies for Medical Waste Destruction,” Medical Market, No.

14 (2,1994), p.p. 62-65.




Technological Scheme of Plasma Application for Complex Treatment of

Assorted Medical Waste

Waste packing in plastic bags
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MAJOR CHARACTERISTICS OF STANDARD SIZE RANGE OF BLOC-AND MODULE
UNIVERSAL EQUIPMENT FOR PLASMA TREATMENT OF CHEMICAL WEAPONS AND

HAZARDOUS MEDICAL WASTES

Model No. PT-1 PT-2 PT-3 PT-4 PT-5

Total power 460 800 1000 1800 - 2200
imput,

kwt

Productivity 40-60 100-120 320-350 630-700 900-

(kg/hour) 1000

Off-gases 140-180 330-450 1015-1325 2000- 3000-

volume (Nm3/h) 2650 4200

Slag output 5-10 15-25 40-50 80-100 120-150
| (kg/h)

Metal output 30-50 90-100 300-320 590-640 850-900
| (kg/h)

Number of 8 12 12 18 18

containers .

Occupied area 410 530 530 700 700
(m3)




NEW TYPE OF REACTORS FOR FABRIC AND FIBRE TREATMENT
Main questions of the design and operation modes optimisation
A.l.Maksimov, U.R.Zeldin

During last 10-15 vedrs the interest of textile worKers to the
new method of textile materials treatment by low temperature plasma
of glow discharge in vacuum (gas pressure about 100 Pa) srows. The
specific technological features of this method of textile materials
treatment are studied in details in laboratories [ 1, 2 1. It 1is
proved, that this method of treatment ( textile workers named 1t
rlasma-chemical treatment - PChT ) créate some rositive features of
textlle materials., It changes the molecular weight and chemical
composition of the surface laver of fibres,makes it more hydrofilic
and rough, which 1s favourakle for carrving out many finishing
Processes: 7

- the adhesive strength of compounds ¢of the synthetic webs with
different coatings increases;

- the wettabllity and dyeability of natural and synthetic fibresgs
increases ( e. g, capillarity of the Ppolvester fabrics increases
from 40 to 200 mm ).

- the varn bond strength of natural fibres with each other and
with synthetic fibres increases;

- the removing of ¢il and gsimilar impurities from polvester
fabrics increases in many times. -

Plasma treatment is very effective when prosessing wool fibres.
In this case the strength of roving and varn in spinning increases
on 30-40 p.c¢., which provide the decrease of the varn breakage in
spinning and weaving Processes.

The capillarity of wool fabrics increases. That is why 1t 1is
possible Lo pPrerpare wool fabrics for printine without usage of
chlorine as well as felting shrinking reduces in several times and
resistance to abrasion increasegs. At the same time the fibre
strength remaines practically unchanged, because only the surface
laver of fibres which thickness is less then 1 mKm is subjected to
considerable changes. '

The glow discharsge rlasma ireatment process is absolutely ecolo-
gical. No¢ waste rroducts or harmful eradiation are being produced.
But in many cases this method allows to simplify the technological
process of fabric treatment.’

The works on creating of equipment for-- plasma treatment of
textile materials were carried out in seveéal countries ( Jaran,
Russia, Poland ), but this equipment is not applied in textile




industry now. One of the reasons for this is the fact that this
equirment occupy larege floor area, while its output is very low, it
is difficult for manufacturing and oreratins.

The low outrput and large overall dimentions of the equipment for
rlasma treatment, develored nowadays, are the result of 1ts authors
wish to provide continuous processing of textile materials. In this
case the arplication of vacuum seals on inlet and outlet of the
plasma treatment Zones 18 necegsary.  These units are rather
cumbpersome and Prower-intensive and makKe the machine and its
orperation too exrensive. The design of some of the develored machi-
nes eprovide the streight 1ine movement of the material beinsg
treated in the plasma zone. This fact enlarges the plasma-treatment
zone of the machine and limits its output.

The results of 1industrial application of different types of
equirment for Pplasma treatment Pprove the following: the best
design of the machines for textile webs rlasma treatment is the
design, providing rewinding of the welk from one roll to the other,
while both rolls are placed at the same vacuum zone as the plasma
treatment zone, and the web is run through plasma in loops as it is
done 1in many fabric dyveing machines. In this case the equipment is
more comepact and the treatment process cost decreases 1in  several
times.

The equirment for plasma treatment of fibres practically is not
develored now, because all the works in this srphere are in the
stage of laboratory researches. The existing metods provide the
processing of the fibres in a rather heavy laver, which provide the
efficiency, acceptably for industrial manufacturing. But at the
same time only the surface part of the fibre laver is subjected to
plasma treatment, that is why its effectiveness 1is considerably
reduced.

The member of the stuff of the scientific-industrial accosiation
"TEST" (Ivanove, Russia) develored new design features, which allow
to create machine MIX-180, which has the following advantages in
comparison with the already Known machines:

- they are compact and it giveg the possibility to make good use
of the floor area; _

- the construction simplicity and mechanization of all labour-
consumming processes ease the operation and maintenance, Pproviding
conditions for reliable running of the equirment;

- the wuse of cloth rolls on the standard batches minimizes
labour consumming characteristics of maintenance

The offered technical develorpments permit to symplify conside-
rably the structure of the equirment for¥ rlasma treatment of
textlle materials, s¢ 1t may be lower in cost in 1,5 - 2 times then




the already Kknown equirment of the same tyre while thelr output
remaine edqual.

Nowadays the exrerimental sample of the machine MIOX-180 1s manu-
factured at the Stock company "TSVET" ( Dyeing and finishing
equirment plant in Kostroma, Russia ), production testing of which
are preparing at present time. How the work on develoring of
machine for plasma treating of spinning fibres is started .

The detailed information about MIX-180 is given in the applied
booKlet, the specific characteristics of the developed machine are
described in patent materials and technical documents

We suggest to the possible investors and customers:

a) sale of license for the use of paiénts and "Know-how";

b) desiegn documents (drawings and specifications for experimental

samples);

C) an experimental sample (may be manufactured according to the

standards of the customer),

Ceoncluding of the agreement for cooreration in scientific
recearches and design works and manufacturing of the equipment.

The sresific features of the rlasma technology in processing of
textile materials are described in details in the following reviews:

[1] Maksimov A. 1, Gorkerg B.L., Titov V.A. :The possibilities and
problems of rlasma treatment of fabrics and polymer materials.- M.,
"TekKstilnava chimiva", N2, 1993, p. 101 - 118,

2] Libonas U.U. and others: Application of glow the gischarse

rlasma in industry in textile industry. The information review. - H,
TsNIITElegrrom, 1987, 1isgs. 1, ». 30




Ph.Vursel, V.Nasarov
PLASMA TREATMENT OF LONG TUBES

1. Problems of increasing of lifetime of long tubes (L>2m) appear
on practice very often. They can be solved with plasma modifi-
cation of tube’s inner and external surfaces, film deposition,
spraying of coating with ordered chemical and phase compositi-
on and microstructure.

2. Technology and equipment for plasma powder spraying of coatings
on outer surface of long tubes are known. Technical difficulties
are challenged by quality coating obtaining on inner serface of
long tubes. They connected with:

- nonuniform powder feeding on great distance from a feeder to
a plasma torch,

- complexity of organization of long tube rotation and plasma
torch moving in it,

- complexity of feeding of electricity, plasma gas and cooling
water to a plasma torch.

3. We've designed:

- a plasma torch of direct ( in the case of metallic tube treat-
ment) and indirect action with power ~ 15 KW;
- a compact powder feeder of pneumatic type, situated near a
plasma torch,
- a machine-tool for simultinious treatment of both surfaces of
tubes with L~ 2-3m and D ~80-150 mm from one side till another.
A belt transmission is applied for rotating of a tube which
is situated on rollers. A plasma torch and a compact powder
feeder is moved by a special device on a bar.
- new technical decisions for treatment of tubes with D >~200mm
and L > 3m.
Coatings from Al,0,,Ti0;,Mg0, TiN increase heat-wear-corrosion
resistance. Coating thickness ~ 0,1 - 3 mn.




Ph.Vursel, V.Nasarov
PLASMA TREATMENT OF QUARTZ TUBES

I. Quartz tubes QT are applied as reactors in high temperature
diffusive processes of power transistors and high density
semiconductors manufacturing. They must be satisfied with
the following criteria:

a/ deformation stability DS under operation temperature T,~

1200 -1300 °C; ) '
b/ thermostability TS under thermocycles from T, till 20-30°;
c/ purity of reaction space PRS;
d/ absence of "memory".

II.a/DS is determined with a tube diameter D, its length L, character
of loading and viscosity of material. The last depends on im-
purities in quartz glass (mainly sodium), their quantity and
surface state (defects, and adsorbate comkposition).

Continious crystall surface layer can rise DS.

b/ TS is determined with surface defects and impurities quan-
tity. ’

c/ PRS depends on diffusivity of impurities from outer space
into reaction one through quartz glass. Rates of diffusivity
in quartz glass of many elements including poisons for semi-
conductors are very high.

d/Process of adsorbtion-desorbtion of chemical compounds de-
pends on the state of surface. Sometimes compounds adsorbed on
one stage of semiconductors treatment desorb on another chan-
ging their charecteristics (effect of" memory").

Thus, state, chemical and phase compositions and microstructure
of surface layer influence on criteria listed above.

III. Experimental investigation and modelling of the following
plasmachemical processes are fulfiled:

- removal of surface defect glass layer (P1);

o PM
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- formation of coating and transitional layer glass-coating
with desirable microstructure, chemical and phase compositi-
on(P2);

F |

- implantation of crystal nucleous into surface layer with the
next heat treatment of a tube.
_ 2% o
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It was determined that:
- in the P1 removal of surface layer ™~ 100 mcm is a result of
material evaporation, even glassy surface is formed, quantity
of impurities in a surface layer decreased on some oders, mean
concentration of Na* in a tube wall falls on 3-5 times, rate of
adsorbtion is also decreased.
- in the P2 as a result of plasma powder spraying of alumina
to quartz glass after P1 crystal layer of thermodynamic stable
phase of ~o- Alp03 (corundum) till 100mcm is formed. Transitio-
nal layer between coating and glass till 10 mcm from alumina-
silicate glass serves as a barier for diffusion of poison impu-
rities from outer space into reaction one.
- 1n the P3 implantation of crystal nucleous (Alp03) into the
purified by P1 glass surface layer till 10 mcm is realized. The
next heat treatment results in formation of continious
crystal layer with grain structure. As a result barier charec-
teristics and DS increase.




IV. On the base of investigated plasmachemical processes the
following technologies PT were designed and applied in indust-
ry:

1/ PT1 of removal of defect layers from outer and inner surfa-
ces of QT from one till another side with L till 2,5m and D"
100-250 mm

2/PT2 including PT1 with semultinious plasma powder spraying
of corundum coating on the outer serface of QT. L till Z2,5m
and D ~ 100-160 mm, the length of coating 1,6 m

3/PT3 including PT1 with semultinious implantation of crystal
nucleous into outer surface . L till 3 m, D ™~ 220-250 mm.

V. Complete set of equipment for realization of PT listed abo-

ve is designed. It includes:

- a machine-tool for QT treatment from one side till another

one;

- a plasma torch Nol of line scheme, power ~25 kW, velocity ~300m
2-jet plasma torch No2 with smal electrode erosion, power™ 25k
velocity ~ 20 m/s;
feed sources of electricity, gas and cooling water;
powder feeder;
powder classifier;

UR -pyrometer for control of PTI]

VI. Competition: after plasma treatment characteristics of QT

become analoges as Heraus ones.

VII.Major advantagies:

- service durability and transistors quality increase,

- high productivity, reliability.

VIII.Cost analysis: processes are cheap and efficient. F.1i.,

time of treatment of a QT ~ 45 min (L = 2,2m,D = 130mm, coating

length 1,6 m ). '
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Ph. Vursel, Ph. Schmidel

PNEUMATIC CLASSIFIER OF DISPERSED MATERIALS

Narrow fractions of powder materials are necessary f.i. for
ceramic and quality glass productions, powder metallurgy, manu-
facture of adsorbents, powder spraying.

We designed a pneumatic class1fler for 51mu1tan10us devision
of powder on some fractions.

An apparatus (fig.1) consists of the system of columns 1-4
with increasing diameter connected in series, a feeder 5, a cyclon
6 and systems of filters.

Performance data

Productivity. kg/h 10-200

Range of particle’s sizes, mcm 15-800

Density of powder materials,kg/m’ 1500-12000
Quantity of fractions 2 -6
Fraction’s width per average

fraction’s particle size,% 10-20
Dimensions, m 1,6 x 0,5 x 2,8

Fractions of powder alumina are shown in fig.2 R
a - initial powder, b,c¢,d - fractions.
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ELECTRIC FRICTION TECUNOLOGY AND
EQUIPMENT I'OR STRENGTHENING AND
SITARPENING OF

AGRICULTURAL AND MINING TOOLS

MO INTERM, L.O.Paton Electric Welding Institute, Kiev, Ukraine

Yu.Tyurin

Offcred is the cnvironmentally clean technology for
strengthening agricultural and mining equipment  tools,
that ensures the 3 to 5 times improvement in  their
performance and a decreasec in the material and power
consumption.

The technology allows strengthening and/or sharpening
of a particular surfacc (facc) without heating of an entirc
tool, this being cssential for soil-culting tools  (knives,
colters, ploughs, harrow and sower disks, rippers, clc.),
knives (mowers, [odder harvesting combines, straw cutters,
ctc.), [ig.1.

Agricultural mining machinc tool
b - - E .
holders (0.65 % C) alter
clectric-friction strengthening




The cleetric friction  technologics arc applicd for
strengthening and/or  sharpening of  wecaring  surfaces  of
mcdium-carbon and structural stecls after  volumelric
heat hardening ol a cutting bladec.

Strengthening  and  sharpening  arc  perlformed  using
clectrodes in the form of a cast iron disk, which are rotated
and displaced along  the gencrating line of a workpicee
surface, rcsulting in mclting of the [riction contact zonc
and in forming the micro-mctallurgical pool, wherein the
matcrials of a workpicce and the cast iron clectrodes arc
mixed together. |

After meclting and melt alloying, a portion of the
workpicce surface is rapidly cooled in water, then the next
portion of a surface is mclted, alloyed and cooled, clc.

For cxamplc, strengthening ol the wearing surface of a
disk harrow is provided by its cngagement into a periphery
of the cast iron clectrode under the water layer. The clectrode
surfacc is pressed onto a workpicee, which is rotated about its
axis and connccted to an clectric circuit, where a welding
rectifyer scrves as a power supply.

In this process only a small portion of the surfacc is
hecated and alloyed, all the rest (electrode, workpicce and
technological structurc) arc cooled by water, this providing
intcgrity of the volumectric propertics of  workpicees alter
preliminary heat hardening.

As shown by investigations and industrial testing, the
clliciency of strengthening of picces opcerating in an abrasive
cnvironment is 3 to 4 times higher, as comparced to that
provided by hard surfacing, at the lower (8-12 times) matcrial
and powcer consumption.

The typical microstructurec of a strengthened layer
compriscs a surfacc molten layer up to 1.0 mm thick
having hardoness of 15-20 GPa, a layer of the rapidly
quenched steel up to 3.0 mm thick with hardness of 9-11 GPa
and quenched layer with hardness of 4-7 GPa, fig. 1.




The technology provides the high accuracy of location
of the strengthened layer within the heat aflccted zone (100-
300 microns). Herce, hardness of the strengthened layer is
close to that of a hard alloy, it being uniformly decrcased
from the max. value found al the surface down to the
hardness of a stecl.

The technological installation for  electric-friction
strengthening (sharpening) consists of a tank, a spindlc unit, a
disk clectrode, a mechanical electrode drive and a start-
control devices. A standard welding rectilyer is used as
power supply.

Characteristics of hardened layer
in mcdium-carbon steel (C - 0,4 %)
after clectric - [riction quenching

, J‘ 500A+PCA
L7 300A+BCA
b? 500 A

Layer thick, mm

Fig.2.

According Lo a statement of the work agrecd upon with
a customcr, the installation can be updatcd and the
strengthening and/or sharpening operation mechanized.
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TECHNOLOGY AND EQUIPMENT FOR
ELECTROLYTIC-PLASMA QUENCHING

MO INTERM, E.O.Paton Electric Welding Institute, Kiev, Ukraine

Yu.Tyurin

The problem is that there are pieces operatling under scvere
conditions, c¢.g. in underground rock mining, where abrasive
wear of the working surfaces of machincs is accompanied
by alternating bending loads.

To strengthen such picecs there developed is a method of
clectrolytic-plasma quenching. This mecthod is rcalized
through hecating and cooling of a wearing surface under a
layer of the salt solution (electrolyte).

The encrgy for healing is evolved within a thin subsurface
layer under the cffect of clectric current [lowing through the |
clectrolyte from an anode electrodce to a cathode workpicce.

This provides the conditions for the formation of arc
discharges in the vapour-gas layer at the workpicce surface,
depending upon the value of electric potential.

The rates of hecating and cooling of thc workpicce
surface can be controlled over the range of 50-400 degrcels
through varying the dcensity and the power of the arc
discharges by regulating the value of voltage.

The distinctive [caturc of clectrolytic-plasma hardening is
hcating by the clectrolyte plasma (water being the
plasma-forming environment) and cooling by the same
electrolyte.

The mcthod makes it possible to quench pieces so that the
volume of hard regions at a surfacc makcs up to 60 %, fig.1.




Characteristics of hardened layer in carbon steel
(HRC 35,C - 0,62-0,70 %; Ma- 0,90-1,20 %; Si- 1,20-1,60 %),
samplcs subjccted to clectrolytic-plasma

Hardness,HRC

Fig. 1.
In this casc the quenched regions work as hard macro

inclusions, whilc plastic deformation of a picce occurs in the
solt unquenched metal that surrounds thesc regions.

The method was tested on the industrial scale [or
hardening thc  mecdium-carbon  sicel platcs  used to
manufacturc [light conveyer chutes (0.35 % carbon), coal
dressing  machine screens (0.45 % carbon), agricultural
machine disk harrows (0.65 % carbon), mining machine tool
holders and air hammer picks. As shown by the tests,

performance of the pieces aller hardcning increascs 1.5...3
times.

Studies of surfaces of picces  aller electrolytic-plasma

quenching show that a finely dispersed stizcture forms in the
regions dircetly subjected to heating, this structure consisting




of amorphous martensite having hardness of 4000-8000 MPa
and bainite having hardness of 2200-2800 MPa.

The depth of the hardened layer can be from 0.5 to 10
mm, depending upon the treatment conditions, fig.2.

Characteristics of hardcned laycr incarbon stecl -
(C-0,5Mn-0,5;Cr-2,5;Ni -0,3; Mo -0,5; Si - 0,5)

afler electrolytic-plasma quenching

Hardness, kg/mm2

Layer thick, mm 7 8

Fig.2.

Precipitation of hypocutectoid ferrite within the material
in the form of a [ringe along the grain boundaries and refining
of austcnitic grains are observed in the HAZ with a distance
from the clectrolytic-plasma  hardening region. Near a
heat-hardened zone, ferrite is precipitated in the form of an
intcrmittent fringes. Inside the grains there is the [incly
dispersed structure consisting of a sorbite-like componcent
and an amorphous martensile, whosc micro hardncss varics
from 2300 to 3900 MPa.




At the continuous moving nozzle for plasma heating
on firm ( HRC-55 ) the surfaces have become a layer the
hardness incrcased on 30-40 % with a small zone of leave on a
cdge (boundary) will be formed, fig. 3.

Characteristics of hardened layer in carbon steel -HRC-55

aller clectrolytic-plasma quenching

(- 0,5 Mn -0,5;
Cr-2,5; Ni -0,3;
Mo -0.5; Si - 0,5

Y

HRC

Hardness,

Fig. 3.

The technological cquipment developed has the dimensions
of [ig.4. The rated power is 10-40 kW, | |

This equipment can be used o harden disk harrows,
colters, ploughs, ecxcavaling machinc tecth, chain conveycr
slceve [aces, conveyer plates, coal dressing machine screens
and other picccs.

The efficicncy of electric power consumed [or heating
amounts to 70 % at the electric current density of 6...8 A/em2.

The developed  clectrolytic-plasma quenching tcchnology
and cquipment can be efficiently applicd to harden the




worn-out surfaces of agricultural, mining, dressing and
processing machine parts, fig. 5-6.

PROPOSAL ON STRENGTHENING OF
THE WEARING SURFACES OF SHAFT, SOWS
ROLLS AND DRAWING DIES IN
METALLURGICAL PRODUCTION
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The tests show that electrolytic-plasma hardening increases
from 1.5 to 3 times wear resistance and strength of parts
opcrating in  abrasive environments and under alternating
loads and vibrations.

Agricultural machine disk harrows (0.65 % carbon)
afler electrolytic-plasma  technology

Mining machine tool holders and air hammer picks
aller clectrolytic-plasma  technology

Fig.o.
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ment bUllG‘HH materials and plasma-snd-chemistry was:
?n~u ical gPHHf lladtan of researches cutoomes in  areas
of plagma-and-chemistiry - and building materials with the purpose
£ creation of process © .f processing of building products with
the help of low-temperasbure plasma;
generalized models ef banﬂt and process of automated plas-
ming of Duilding materials of conglomerate type on the basis of
various mineral matching are created; . .
technigues of tempwratu e field caloulation on depth of a
treated product for two-phase case ars de‘eloped at heating of
ts surface by plasma;
phase transformations, happening in a material under the
opsration of temperature fields, are investipated, temporary and
thermal modes of processing are installed;
prodess enginesr 1naa :nd realizing their means, used in bu-
ilding industry ars ores
Combination of execut ej researches and their realization in
branch, under bthe judgement of Main technological management
MRZHM RSFSE, is gualified as theoretical generalization of rese-
rches in the field of building plasma technics and solution of
8 lmrge Yechnological problem.
The research activities have defined efficiency of use of
plasma process  engineerings and have planned perspective of de-
velopment of new diresctions in building industry: production of

L.L

mineral cotton weol and heat isolated products on its basis.
Evisting melting ageregates and ways of processing of a
melt in a filament do not allow to receive standard durable mi-
neral cotton wool with Me » 2 and module of viscosity M, abovs
.5, becausze of high viscosity and incr

4%}

reased surface tension of

Th~ application of high-enthalpy flows of plasma for mel-
ting of a blend provides high temperature of a melt with a modu-
le of an acidity more than 2, thus all processes of obtaining a
mineral filament happen in one aggregate. The idea of glass pro-
duction process transfer, in driven under an operation of mass
fﬁftéS a film of a8 melt by a natural image assumes the solution

3 of problems of hydxodlnamlrs and hpat -mass exchange in

a 1ot
difficalt heat-, chemical- and Hleﬂurophyaluql onditions.
a
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Mobile device for air-plasma spraying.

The essence of a method consists of use of thermal energy of a high-speed flow of a
ionized gas, received in plasma generator. Powder material moves in a plasma jet, is melt
and is transferred on a surface being a subject to restoration, where it have being cooled
and forms cover. ’

Areas of application
Engineering - landing places; pairs of friction with increased tribotechnical properties and
other.
Chemical industry - cartridge; screws; amalgamator’s blades and etc.; cases of pumps;
plungers a.o.
Auto-tractor engineering - landing places of shaft; levers; cams; crankpins; plugs of
boxes of transfers; rings of synchronisers a.o.
Agriculture - shares; disks; scissors; shredders; levers; cams and etc.
Road building engineering - blades, dippers, teeths, drill bits.
The food-processing industry - meat process equipment
Construction - decorative, resistance to attack by corrosion covers sharp metals of
various thickness and non-metal products.

Advantages

Mobility of installation;
Independence of operation;
Low cost price of processes of drawing of covers .

The competition Plasma spraying competes with Gas-plasma and detonation kinds of
spraying

Methods Thickness Mm | Strength Output Kg/ h Cost of
application of Coupling, ispraying$
coating MPa

Plasma

Ar-N 0,1-10 20-50 5-7 0,1
air 0,04
Gas-flame 0,1-10 10-25 3-4 0,23
Metallisation 0,1-5 5-15 4-5 0,05
Detonation 0,05-0,5 75-100 0,9-1 0,75




Some of characteristics

1. Capacity of installation - 40 or 80 kW,

2. Pressure of compressed air up to 6 MPa .,
3. Cooling of plasma generator by tap water with pressure not less than 3 MPa .
4. The installations can be completed by a computer control system.

Cost of development and manufacturing of a plant, including technology and training of
staff of 35000 dollars USA ’

Mobile device for air-plasma spraying Process plasma spray

“ Amur”
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The development of technology and mobile equipment for air plasma are sharp

black and colour metals.

The essence of a method consists of use of thermal energy of a high-speed flow of a
ionized gas, received in plasma generator.

The divice is mounted in covered biaxial trailer or on a chassis of automobiles ZIL,
KAMAZ, URAL with a closed system of water-cooling and compressor with a system of air-
cleaner.

Purpose:

Semi-automatic and hand-operated air-plasma is sharp carbon and high-alloying steels,
cast irons, colour metals and their alloys in field conditions.

The area of application:

The salvaging of products and objects, removable from operation in breakage, separated
sharp designs from different kinds of metals.

The advantages in _comparison with a alternate equipment are sharp:

- High efficiency and the low cost are sharp;

- Simplicity of operation and reliability of installation;

- For work of device a diesel-generator the pressure(vol tage) 380 in And capacity of 80 kW
AND compressed air as a working gas is necessary;

- Absence of the requirements to quality of preparation of a surface and accuracy of set-
up; '

- Minimum thermal effect on a metal edge and thermal deformations in cutted out details.-

The comparative characteristics of various ways are sharp are llisted in table for carbon
have become thickness of 20 mm.

The ways are | Productivity m/ | Cost of cutting,
sharp min $

Plasma-air 2,7 0,01
Acetylene- 0,35 0,13
oxide

Kerosen-oxide 0,72 0,2




Main characteristics:

- Thickness of cutting materials up to 220 mm;

- Speed of sharping of carbon steel with thickness by 20mm -160 m/ h;
- Distance from device up to a place of sharping is 10-12 m.

- Capacity of device is up to 40 kW

- Pressure of compressed air is up to 6

Completeness of devicé:_ ‘

- Control panel with a block of the power supply;
- Cutting plasma generator;

- Block of independent cooling;

- Compressor with a system air-cleaner.

Cost of development and manufacturing of a plant, including technology and training of
staff of 23000 dollars USA

Mobile device for air-plasma are sharp black and colour metals.
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Drawing of protection-decorative covers on large-sized details and other
engineering

At present as protective of resistance to attack by corro sion covers the covers from a
zinc, aluminium and their compo sitions , put on a surface of details , gas-flame and
plasma methods are applied, but polymer covers are put by methods of electrostatic and
tribostatic. Unfortunately these methods do not satisfy arising needs(requirements) in the
field of drawing of protection-decorative covers because of complexity of technological
process and equipment. So, for drawing of protection-decorative cover by the method of
tribostatic a following structure of the equipment is required:

- air-hole cabinet ( box ) with separator for recuperation and vacuum sweeper for the tax
small-sized fractions by cost 0f2000 $.;

- Tribostatic installation for drawing, consisting of dispergator and feeder, cost 400 $;

-- Furnace with volume 2 m® ( compound ) and temperature 200 °C

About s0With the two-section cost 4000 r.I.
Cost 1 m % of Cover, drawed by these method, makes 12-15$., not including the cost of

a spent material.

Feature of a given method is subsequent polymerisation of cover in a furnace, that is
connected to significant difficulties at processing of large dimensional products. The new
technology is submitted by GAS-THERMIC METHOD of drawing of covers.

The essence of method consists of use of thermal energy of a high-speed flow of a ionized
gas, received in plasma genera tor. Powder material moves in a plasma jet, melt and is
transferred on a surface, being a subject to protection, where have been cooling forms
cover.

The structure of the equipment for gas-thermic method include of installation plasma
spraying, including in self:

- Block of the power supply from industry network;
- Control panel;
- feeder;
- dispergation block.
For work of installation the electric power, the water and compressed air are required
only.

Methods Thickness Mm | Strength Output Kg/h |Cost of

application of Coupling, ispraying$

coating MPa

Plasma :

Ar-N 0,1-10 20-50 5-7 0,1
‘1air 0,04

Gas-flame 0,1-10 10-25 3-4 0,23

Metallisation 0,1-5 5-15 4-5 0,05

Detonation 0,05-0,5 75-100 0,9-1 0,75




The tabulated data on the cost of spraying are indicated for spraying of cover by the size
10 €10 mm by thickness of 0,1 mm without the account( record-keeping) of the cost of a
material.

Cost of polymer sheeting such the size makes:
- Drawing by electro - and tribostatic - 0.15$ ;
- Put by gas-thermic method -0.07$ .

Cost of drawing material is 6-12.5$ with NDS

Charge of a material on 1/ m* depend on density and thickness of cover, but not more
than 0,5 KGs / m?
Under orders of the customer the drawing of protection covers by air plasma spraying can
be realised in three variants: N
a) Stationary variant. capacity of installation - 40 or 80 kW, pressure of compressed air up
to 6 atm., cooling plasma generator by a tap water with pressure not less than 3 shm. The
ins tallations can be completed by a computer control system.
b) The mobile variant is installed in a covered body on the basis of a automobile of a series
CAMAS or URAL and consists of mobile diesel-power station of a type ESD-60 vs,
compressor with a system of air-cleaner a type STh-62 A or Sh-243-1, block of independent
cooling ( BIC ), the installations correspond to characteristics of stationary variant, contain
managing and communication systems. ,) portable variant: consumed capacity not more
than 6,5 kW, feed(meal) from a single-phase network by
a pressure(voltage) 220 V, weight of installation not more than 40 KGs.
The simplicity, convenience, reliability, mobility and safety of these installations do(make)
their irreplaceable in non-productive conditions. As stationary, as mobile variants at will of
the customer can be completed additional plasma genera tion for spraying of hardening
covers and are sharp of concrete products.

Application:

Agriculture - complexes

A chemical industry - tanks

Road construction - bridges, protection and other.

Technology reception of covers from mullite and spinel du ring drawing of silica oxide Si
with the additives of powders of the aluminium .

The essence of a method cover is put:

- Air plasma from a dry mix of powders with subsequent, its(his) heat treatment. (
thermal processing of details with cover in process of operation ) is admitted(allowed) ;
- From slip ( solution liquid of natrium glass and mix of powders like as with drawing by a
plasma ) with subsequent it(him) thermal treatment for reception of ceramics.

Application:
" The covers can be applied to protection of de tails from constructional steels at operation

them in oxidising environment with temperature up to 1500 ° C and speed of a gas flow up
to 50 m / sek with.

Concurention:

Permits to replace covers from more expensive oxide of the aluminium on less responsible
details and to increase their term of operation in 5 and more time.
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THE SYSTEM OF AUTOMATED DESIGNING PLASMA-SPRAYED TECNIQUE
PROTECTIVE COATINGS VARIOUS FUNCTIONAL PURPOSE

The development of a modern engineering is characterized further intensification of
modes of operations of machines and vehicles, increase of the operational characteristics of
details of machines, such as working temperature, pressure, strength and ect. One of ways
of the decision of a given problem is drawing of special covers on constructional materials. In
conditions of variety of methods of drawing of covers, equipment for realization of process
and wide nomenclature of materials there are difficulties with justified(reasonable) choice of
a kind and way of drawing of cover depending on the operational requirements to a detail
with cover, as well as in view of efficiency of process. Before the technologist is a problem of
choice of the most optimum technological process in view of a complex of the factors,
determining process of drawing of cover.

The similar problems are decided with use of methods many factor of optimization, as the
fulfilment of the majority of properties conflicts with one another. From the conducted
analysis of the main requirements to materials and technological processes it is visible, that
only a insignificant part of the requirements ( temperature melting, hardness, module of
elasticity, the mechanical strength and other ) are determined, that is given particular
number, while other are set, as a rule, non clear by sets of the requirements.

Therefore at designing it is necessary to use the theory non clear of sets, that will allow to
enter into mathematical models of problems of optimum designing determined and non clear
of the requirement in the similar form, and at many factors of optimization To receive
effective compromise of the decision.

For maintenance of effective work of the technologists and for decrease(reduction) of
losses from acceptance of the unreasonable decisions in development of technological
“-processes in a number of branches of manufacture resort to creation of systems of
automated designing(SAD). So in the beginning of 80-x years work on creation SAD of
technological processes of hot processing of modern alloys, including in self SAD of welding,
soldering, thermal spray of drawing of covers began.

In given work processing amplified(strengthened) to new information technology of
knowledge is represented intelligent SAD of covers,. Unlike being present systems of
designing the structure ISAD enters means of systems of processing of knowledge. Systems
of processing of knowledge management including in self of bases of knowledge, the
strategy of search, gears of a conclusion and other are programm systems, supplied by
special tool of processing of information,. Such means can be used with usual programm’
modules SAD.

The given system is a dialogue system of designing, in which the technologist decides
design problems together with A COMPUTER, using diverse design knowledge of the
experts, submitted in a computer system. Opened integrated intelligent environment of
support of acceptance of the decisions is organized as opened, non-uniform, integrated
intelligent system with a variable structure. The basis of a system is made by(with) five
equivalent modules ( fig. 1 ):

- The system nucleus, which executes general management of work of the other modules,
exchange by managing data, will organize exchange by the information between modules (
fig. 2). The system nucleus is a opened software, enabling to connect unlimited number of
additional modules;
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- The expert system executes processing of the information, contained in databases, will
realize a interface with the user by work with bases of knowledge. The expert system permits
to create new bases of knowledge, to supplement by the information already created bases;
- The control system of databases DELPH! will organize processing of databases and
supports a interface with the user by work with databases;
- The settlement part contains settlement modules, intended
For account of parameters of cover, modes of technological process, account of economic
parameters and ect.;
- Block of preparation of the uepTexHo- -design documentation, including in self Autocad - for
design study of a product of preparation drawing of the documentation, Word - text editor for
preparation and processing of the textual documents, Excel - electronic tables for processing
of the tabulared information.
Intelligent SAD contains following bases of knowledge and database:

- The base of knowledge under the analysis of conditions of work is intended for choice of
a material of cover depending on conditions of work (temperature, chemical activity of
working environment, resource of work, size of mechanical loads and ect. ). Analyzes the
above-stated factors and gives parameters of choice of a material of covers from a
database;
- The base of knowledge at the choice of a method of drawing of cover is intended for choice
of a method depending on the characteristics of a material of cover, material of a substrate,
purpose of cover, of required thickness, porosity and roughness of cover and ect. Analyzes
the above-stated factors and gives parameters of choice of a material of covers from a
database;
- The database on methods of drawing of covers contains the information on sold thickness
of covers at a given method,porosity and roughness of cover, temperature modes of
processing and economic parameters of a method,;
- The database on ready technological processes contains the information on processes
developed earlier by technological, product, area of application, material and purpose of
cover, method and mode of drawing;
- The database on materials contains the information on materials, their mechanical, heat
physics and special properties, purpose and features of operation.
The settlement module contains the applied programs, created on the basis of mathematical
models of physical processes. The programs "METHOD", "FUNC","TEOM" assist to choose
a technological method of drawing of covers, the program "CHOICE" will realize(sell) choice
of a material of cover from conditions of operation, "COM" - designs composition a material,
"GRAD"'WIBRO" "IMPULS" - technologist regimes of drawing of covers, "WORK" - for
valuation of serviceability of covers.
Work on filling of a system by the information of the qualified experts, as well as creation of

, mathematical models and applied programs for creation of the complex approach to the
. decision of a problem of choice of technological process of drawing of covers of varlous

functional purpose are at present carried out(conducted).

Thus, the application of a system of automated designing of covers in15-30 time reduces
terms of designing and development plasma spray processes of details with covers,
improves quality of covers at the expense of reduction of quantity of errors at designing.




Vladimir V. Goryunov

“DELFIN-TTT Ltd” Engineering Company
Sumgaitskaya str. 13/1, P.0O.Box 1615,
Cherkassy-10, Ukraine 257010

tel./fax 0472-669402, tel.0472-651513

1. Introduction.

Mathematical Models Developments for the imitation of
geometrical structures in thermally sprayed coatings become an
important part of the company’s engineering activity of “DELFIN-
TTT Ltd” in the area of Thermal Spraying Technology and
Equipment. Conceptually, this is due to a forecasting ability of
the models that permits to make coatings of new properties,
where porosity is advantageous.

2. Results of the First Stage of Developments.

Main imitation principles of a coating forming process were
developed with the help of mathematical modelling. In this
regard, as a basic condition, it was employed that during an
optimal mode of thermal spraying a coating is being formed as a
result of casual laying of particles. This is characterized by
individual transition from a solid state to a 1liquid one
accompanied by deformation and particle splashless spreading
over the surface. Some initial points for the modelling were set
forth, such as a degree of particles’ after-impact-deformation,
particle speed, particle size before impact, particle percentage
of different materials in spraying mixture, spraying period of
time, presence of discontinuities on surface, spraying material
expenditure. A mathematical modelling was provided for a simple
case to get a coating model and study geometrical peculiarities
of porous space, porosity, specific surface, interaction of
particles and their distribution in case of two different
materials in the spraying mixture.

3. Conclusions and proposals.

On the first stage of the developments it-was proved that:




a) the offered mathematical modelling makes possible the
investigation and prediction of some geometrical structures,
which are unlikely to be investigated differently.

b) it is evident, that the methodology in question has a
perspective for future developments.

c) with the help of this modelling, now it is possible to
predict the introduction of new composite coatings‘and create
new perspectives for the development of the thermal spraying
technology. To substitute “natural” investigation by modelling
allows to have a shorten and less cost-effective lead-time for
any new applications of the technology. _

d) further development of the modelling techniques 1is the
next second step which is necessary to do.

e) taking the given experience as a basis, it is offered to
design a programme package for the computer-aided modelling with
a visual simulation of coating models, including a vapour space
geometry in different sections, particles distribution of one
material in a coating, when a composite mixture is sprayed,
surface roughness of coatings, and with an automatic computation
of porosity, specific surface and other geometrical parameters
of coatings. The second stage has to be finished by the design
of programme packages for sale. The development of a range of
models of different approximation degrees will give some real
solutions for the customers’ problems of design and production
of various thermally sprayed coatings, including the composite
ones.




Equipment Maintenance
and The Undemolishing Method
of high precision measuring
of the coating’s parameters

p and = .

Rogozhin V.M. (“Plazma”)




Abstract,

Method of determining of the 5 parameters of density and porosity of gas-thermal coatings had
been investigated. Conditions of measurings had been 'invmtigated. Condltlons of measurings had been
determined and fixed. Necessary equipment maintenance is created. The accuracy of the measurings method
which characterise itself by the relative error of +0,5% for two of the measured parameters, is ascertained.
Formulas for the calculation of meanings and for their accuracy's evaluation for three determined parameters
more are obtained. The dependence which ascertains the correlation between the coating's density, its
porosity a;nd the density of the coating’s material, which is déetermined by the known 'pycnometric method is
found.

The Elaborated method ailows to give a quantitative evaluation of stability and quality of worked-
out technologies, to evaluate the influence of variating factors of technological processes strictly.




New technologies of obtaining of the gas-thermal coatings revealed the problem of evaluation of the
coatings’ quality, i.e. the ascertaining of the quantitative measure of its’ properties. The analysis of the
known methods for determining of the coatings’ properties demonstrated that there is the only method of
tests exists, which accuracy is ascertained. The method is based on use of the hydrostatic force of pushing out
in combination with the preliminary vacuum saturation of the researching coating by liquid. Fixation of the
measuring conditions, realising the ascertained accuracy of the method, is reached at the expense of use of the
elaborated plant. (the scheme and the photograph of the plant is presented on pic.1 and pic.2). The plant’s
dimensions are 1000 x 1000 x 600. Its weight - S0kg.

The elaborated method of determining of parameters of density and porosity of the gas-thermal
coatings is the undemolishing method of tests and admits the repeated measurings of the searching
parameters. In this case the possibility to evaluate the accuracy of the tests' method with the setting reliability
exists, It is ascertained that as for the parameters p and IT, the accuracy of the elaborated method is
" determined by the variation coefficient 10,5 per cent on the 90 percentage of the reliability. The method
allows to obtain in obvious form the quantitative evaluation of the new technologies® stability, the influence
of newly introducing equipment, to evaluate the relative influence of the variating factors of technological
processes strictly. ’

The results of investigations had been reported at the scientific conferences, they are published at the
_academic magazines. it e DI SR L e T TR TN, Method had

s

——

passed the approbation at the undertakings of various branches of Russm s mdustry, and also in a number of
the higher educational establishments of the country. The complete set of technical documentation had been
elaborated. The experimental samples of plants had been produced.




1. Surface Treatment, Properties Modification.
O6paboTka noBepxHocTeit. BupousmeHeHne xapakrepumcTuk:

b. Laser Treatment.
JlazepHaa obpaborka




Equipment for Laser Treatment of Materialsl

Victor I. Kikot, Andrew V. Madgar

“DELFIN-TTT Ltd” Engineering Company
Sumgaitskaya str. 13/1, P.0.Box 1615,
Cherkassy-10, Ukraine 257010

tel./fax 0472-669402, tel.0472-651513

The - employment of Laser Emission in industry shows promise,
particularly, in treatment technologies for different materials
because of some reasons, like: there is highly-dense energy in a
laser beam that is comparable to the density of nuclear
explosure energy; luminous energy concentration is available
upon a very tiny surface; the directed energy is easy to
control. Such characteristics of laser emission allow to design
laser machines of unique functions. To get similar
characteristics by other physical principles is either
impossible or unprofitable.

At the present moment, it is beyond any doubt that Ilaser
machines have to Dbe used for precision welding, thermal
treatment, and for high precision cutting of materials that are
different in their physical nature, including refractory
materials. Customers of our laser machines are among those who:
-~ make pieces by spacing and cutting them out of sheet or
multilayer materials;

- manufacture photomasks, stencils, profile templates or gauges;
- produce different cutting tools (i.e. circular saws, mills,
etc.), elements of code locks, or other pieces of unlike shapes,
where it is very cost-effective to use stamps or electoroerosion
machines;

- engrave and mark measuring tools (slide callipers, rules,
etc.), plates or labels;

- engrave bijouterie, souvenirs, etc.

Due to the activity of private business, a demand for laser
machines under the situation of economical crisis is enough to
promote and help further developing of laser treatment
techniques for numerous materials. )

In our company solid-state pulse lasers were designed in 4

options with YAG-Nd3+ active elements of the 1.06 p wave length




and a power of up to 300 MW/cm’. At the same time, a shape,
duration, pulse period-to-pulse duration ratio, and pumping
pulse frequency were optimized to achieve better interaction of
laser emission with materials. These parameters are supported by
pulse power sources that were also developed by our engineers.
As a result, newly designed laser can cut steel of the 6-8 mm
thickness while the rest of the machines that are in series
production and attached to the same class of the equipment, can
cut up to 1-2 mm thickness.

The use of solid-state lasers with pulse pumping for cutting
very thick metals (up to 6-10 mm) 1is more promising if compared
to CO, lasers or solid-state lasers of continuous pumping and the
reasons are as follows.

The wave length of the YAG-Nd3+ laser is 1.06 u, i.e. 10
times less than that of CO, lasers, it allows to get a power
density (W/cm?) by an order of magnitude greater at the same
output emission power. Small size and weight of the solid-state
pulse source element facilitate the problem of its two-co-
ordinate travel in comparison with CO; lasers.

Maximum output power of a LTN-103M solid-state continuous
laser of series production is limited to 250 W. In case of a
beam spot diameter of 0,3 mm as minimum and the power of 250 W,
the maximum power density doesn’t exceed the 0,35 MW/cm?. Such
density of emission power would perform Jjust surface thermal
treatment. Only when oxygen is supplied to a treatment zone, it
becomes possible to cut up to 2 mm of sheet materials of low
heat conductivity with poor cutting quality and speeds. To cut
non-ferrous metals by continuous lasers was proved to be a
failure.

The designed lasers of pulse pumping do not have such kind of
drawbacks due to their high maximum power density in a pulse
mode (300 MW/cm?) at an average output power of 200 W, 400 J
pumping power, 20 Hz frequency, pulse duration of several
hundreds of microseconds, 0,14 mm of a beam spot diameter, and
an optimized shape of emission pulses. It becomes possible to
perform oxygen-free cutting of both ferrous metals of the 6-8 mm
thickness and non-ferrous metals, e.g. copper, brass, aluminium,
bronze, titanium, etc., of the 4-6 mm thickness, while all the
materials being punched through by the first pulse.

In the course of the technology R & D conducted by our
specialist, it was discovered that this laser with an adequate
beam spot diameter, pulse frequency, and pulse duration will




benefit technical functions of the machine and could perform
engraving operation, hole punching of various materials, and
metal welding. Besides, it was proved that some'qualitative and
quantitative process parameters were significantly different at
the same average output emission power and pumping energy within
the acceptable limits while pulse shapes were varied. At the
same time, this helped increasing the efficiency of the whole
process.

This shift from a continuous mode of laser emission to a
pulse one resulted in a sufficient increase of cutting speed and
thickness of ferrous and non-ferrous metals, better quality of
cuts (absence of drops of melted metal on the back side of a
substrate) at the cost of a smaller average emission power and
less mains power consumption in comparison with the actual
series lasers.

Our company can design and manufacture custom-made lasers in
all options both with technical specifications as it is
mentioned and with custom-tailored
specifications. It is also available to develop and transfer
laser treatment technology for different materials, as well as
to fill orders for manufacturing of pieces on our in-situ laser
equipment.

We know from our experience with the clients that in the
majority of cases laser marking of materials is required along
with laser cutting. Since 1987 laser marking techniques have
been explored by our company’s specialists and the first
machines were developed with their help on a public plant of the
USSR. The GOI-16 laser (Ulyanovsk, Russia) was used as a basic
element. The designed laser machine comprised a precision co-
ordinate table with gas lubrication and it assured a marking

(engraving) accuracy of the 5-10 u range and was used for
marking-out of measuring tools, scribing of silicon plates, etc.
Another task was assigned for the product engineers within a
private company in the early 1994, it was to develop a marker of
high speeds on the basis of a G-4 scanning head of General
Scanning. Increase of laser emission power was required to
perform marking operations at the speeds in the 1-3 m/sec range.
A technical solution appeared to be in a newly developed
nultimode resonator, which increased the emission power up to 36
W at the same electrical power consumption. A designed
collimator enhanced significantly the output emission quality
while the optical system ensured mating with the G-4 scanning




head. Besides, a remote control system for the power source of a
pumping lamp and that of acoustic-&-optical gate was made. Based
on long experience in the laser marking technology, the
specialists developed a method of enhanced “rigid” laser
emission by means of increased frequency of the modulation for
the acoustic-&-optical gate. All this resulted in the bigger
number of materials suitable for marking and a good marking
quality. Laser marking data bank has hundreds of technical
process descriptions.

At the present moment our company 1is developing a double
laser complex performing processes of precision cutting and
precision marking (engraving) in one module. Newly designed one-
and two-quantron sources were delivered to the customer while
technical documentation having been prepared. Their advantages
are as follows: high emission quality; easy manufacturing,
assembly and set-up; quickly changeable pumping lamps and
guantrons without any resonator alignment. A system for laser
beam deviation (scannator) in being developed for the non-
precision marking operations (an accuracy of the 0,05-01 mn
range on a sport of 100 x 100 mm).

Financing for the developments, trials and tests, adjustment
works is being provided by the company while differently proven
technical solutions are given to clients. This way of work gives
a positive image to the company but it altogether brings
conditions of human and financial resources estimations to the
working programmes of new technical developments.
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Laser Cutting & Marking Samples.

Viktor I. Kikot
“DELFIN-TTT Ltd” Engmeermg Company
Sumgaitskaya str. 13/1, P.O.Box 1615,
Cherkassy-10, Ukraine 257010
tel./fax 0472-669402, 1el.0472-651513
5 6

13 12 11 10

742 ]'nl('"l""S::
Stainless Steel of the 2,00 mm w:dth Letters height in the 2-500 mm range, width up to 8 mm (copper,

brass wideup to Smm). iy .00

O 1N N

. Carbon Steel of the 2,2 mm width. Demo of wasteless cutting-out. 0,1 mm wide cuts.

. Carbon Steel of the 2,2 mm width. Given curvature, any mating of the ideal accuracy.
. Ceramics of the 2,5 mm width. Any mouldless shape.

. Carbon Steel of the 3 mm width. AutoCAD is at your service.

. High-speed Steel of the 3 mm width. Inner diameter of the 0,05-0,1 mm range.

. Transformer Steel of the 0,7 mm width. If you need perfect wound products.

. Stainless Steel of the 5,3 mm width=-This is easy.

9.

Stainless Steel of the 4,2 mm width. Be the first.

10. Stainless Steel of the 3 mm width. Cutting + Marking = Quick + Nice

11. Leather of the 3 mm width. If you make new models of garments or footwear.

12. 1,8 mm wide Steel, 2 mm wide rubber. This is an ideal stencil for sandblasting treatment of glass.

13. Carbon Steel of the 1,8 mm width. There is no such stamp that gives a ratio of the width of material and
the width of a piece equal to 5 or greater. '




Laser Cutting & Marking Samples.

Viktor 1. Kikot

“DELFIN-TTT Ltd” Engineering Company
Sumgaitskaya str. 13/1, P.O.Box 1615,
Cherkassy-10, Ukraine 257010

tel./fax 0472-669402, tel.0472-651513

LAGUN-BERRI, .1

Thickacss
1. Copper of the 0,1 mm width. Code wheels for your equipment! This is what you need.
2. Copper of the 0,2 mm widthr. Old clocks and watches are at our service again.
3. Spring Steel of the 2,0 mm width: Original fasteners for original equipment.
4. Carbon Steel of the 2,0 mm width. Zn-Cr coatings or any other after laser cutting.
5. Paint and varnish coatings upon Al. A sample of laser marking. Designation strips for your equipment.




1. Surface Treatment, Properties Modification. ‘
O6paboTka nosepxHocTei. BuponsmeHeHne xapakTepucTu.

c. Explosion Treatment.
B3pbiBHaAa obpaborka




SURFACE MODIFICATION OF IRON-CARBON ALLOYS
BY PLASMA-DETONATION TREATMENT

MO INTERM, L.O.Paton Electric Welding Institute, Kiev, Ukraine
Yu.Tyurin

Plasma-dctonation mcthod (PDM) is based on the use of the
pulsc plasma jets provided by transformation of a detonation
wavce into a plasma pulse. Encrgy density in such a jet amounts 1o
10" W/em?.  Consumable clectrodes used here allow the vapours
of various mctals to be introduced into the jet. PDM is applicd for
hcat treatment of surfaces, their alloying, as well as for coaling
deposition.

Laser trcatment is onc of the mcthods currently used to
modily surfaces of matcrials. The drawbacks of lascr trecatment
include large dimensions, low cnergy utilization factor and high
costs of the cquipment.

The L.O. Paton Ilectric Welding Institute is developing a
new dircction in the areca of surface modification, i.c.
plasma-dctonation trcatment (PDT). The high cnergy densily jet is
Jormed as a resull of realizing the  non-stationary
overcompressed processes  of detonation combustion of the fuel
gas mixtures. Superposition of clectromagnetic ficld onto a
dctonation wave provides the transformation of the latler into a
plasma pulsc duc to the introduction of an cxtra cnergy. The
cnergy density in such a pulse can rcach 107 Wiem?, the
temperaturc - 30000 K, the flow ratc - 8000 m/s, the pressure at
the channel exit - 120 MPa and the pulse duration - 1-5 ms. The
device can operate at the frequency of 1-4 Hz.

When such a pulse plasma jet intcracts with a workpicce
surface, there forms a region of the shock-compressed  plasma,
which provides a high-ralc heating of the workpiece surface. At
the same time, in casc of cvaporation of the central clectrode
matcrial, hcaling can be accompanicd by the surface layer
alloying. The spot 15-18 mm dia. of the modificd surface 1is




formed during one pulsc at the 100-150 microns depth of
trecatment.

Mctallographic studics of the transversc scctions revealed the
presence of a white unctched layer, that coincided mostly with the
layer of a higher hardncss.

Under the intensive PDT conditions microhardness of (he
steel surface layer afler modification grows up to 10-16 GPa (at
some points - up to 19-20 GPa), this being supcrior (o the results
obscrved in laser treatment, fig. 1.

Effect of clectrode matcrial
on degree and depth of hardening
of 0.8% Csteel inPDT

Hardness, GFa

Fig. 1.

As follows from the experimental data, afler PDT the
amount of auslenile is higher than in furnace quenching and
drastically grows if thc¢ modification process is intensificd
(reduction of the distance and the clectrode decpening degree,
increase in the number of pulses) and the higher atomic number
material  clectrodes are uscd for alloying. An incrcasc in (he
amount ol -Fe in these cascs can be related to the growth of
the heating temperature and to the stabilization of ausltcnilc as a

result of alloying. Thc higher austenite content  does not
2




prevent hardening of the surface layer thanks to the high level
ol helerogeneous clastic distortions of the - phasc.

The depth of hardening and the maximum achicvable
microhardness dcpend on the PDT conditions, as well as on the
central clectrode material. The value  of the maximum
microhardness incrcases with the growth of the atomic number of
the clectrode malerial, being 5 times as high as that of a non-
hardenced layer in case of the 0.8 % C steel, fig.2-3.
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Structure of surface layer of steels (0,7%C, 1,0%Cr, 1,0 Ni)
after PDT




The technology ensures productivity of up to 300 mm®/s at the
set power of 6 kVA, the flow rate of oxygen being 0.5 m’/M, fucl
gas - 0.1 m*/h and air - 1,0 m*/.

The plasma-dctonation technology for modilving the surface
of iron-carbon alloys provides the formation of whitc unctched
laycrs with the increcased hardness, which is higher than that of
the similar alloys in the quenched state. The effect thus provided
is superior 1o thosc obscrved in laser trcatment. The practical
application of this tcchnology for hardening the blades of
knives, saws and other tools rcsults 1 the 3 to 5 times incrcase in
their scrvice life. The productlivity of treatment amounts (o
m/h, while the speciflic power consumption is 10 times as low as in
the casc of the laser technologics.

The technology is realized with the stationary units which are
built in automatic production lincs. Availablc arc thrce variants
of the technological units:

cquipment installed in  a specialized room, based on
standard  manipulators  (lathes, millers) and  remotedly
controlled, fig. 4;

package of cquipment comprising noisc-proofl sysicms and
versatile semiautomatic manipulator, {ig.s;

transportable unit  for plasma dclonation strengthening
mounted inside a mobile automatic workshop KM 131 bascd
on cross-country vehicle (the use of other base structure is also
possiblc), [ig.6.

PURPOSE. Promotion of the efficient technologics

lor strengthening  machine parts and tools developed in
Ukrainc and Russia. | |
AREA OF ACTIVITY.

1. Plasma-dctonation strengthening |

1.1. Wood working tools. Metal culling tools, fig.7.

1.2.  Khnives for lcather, textile, paper and other industrics.
1.3. Hcavy-duty machine parts and mecchanisms.

2. Plasma-detonation spraying of coalings.

2.1. Underwalter plasma-dectonation tcchnology for spraying

of coatings on shafl-type picces for the repair purposcs.
4




Equipment installed in a specialized room,
bascd on standard manipulators and rcmotedly controlied,

Maleriais and
power resorce
consumption
Powcer,kW.....8
Gas flow,m’ /:
-proanc.......0,1
-oxygen......0,5
-air............1,0

Productiviy of

trcatment
Surfaces,
m’/h........05
Knife, blades,
m/......... .10

Saw tccth,
pes/h ......1000




Package of equipment
comprising noisc-proof systems and versatile

Transportable unil for plasma dctonation strengthening
mountcd inside a mobile automatic workshop KM131
based on cross-country vchicle.

Fig.o.
Thc usc of other basc structure is also possible.




PROPOSAL ON STRENGTHENING OF

THE WEARING SURFACES OF BLADES,

SAWS, ROLLS AND DRAWING DIES IN
METALLURGICAL, PRODUCTION

Mctal

Saw

Metal
cutling
tools




Pulse High Frequency Thermal Treatment
(Technology and Equipment)

BLINOV Yu., KACHANOV B., KOGAN B., FEDOROVA V., SERGEEV A.
“AOK?”Ltd
plo Pargolovo, 1940446 St.Petersburg, Russia. fax:+7-(812)-3462758; E-mail: root@post.etu.spb.ru

Abstract : High frequency (HF) induction pulse-hardening technology is discussed. Of particular interest
are the hardening of non-symmetrical workpieces. A great advantage of the technology is heat removal without
external cooling with velocities of quenching up to 10000 oCxs™l, The rapid heating of workpieces especially
with non-symmetrical geometry can lead in some cases to relatively high level of thermal stresses. The analysis
of the stressed-deformation state of the workpiece and an approach for the unified simulation of electromagnetic
field, transient temperature distributions, thermal stresses and pulse-power supply are described as well as typical

experimental results are shown.
INTRODUCTION

HF induction heating is weli-known technological process. It is applied for different technologies. A
theoretical description and experimental approval of the process are known when the specific power up to 1-10
kWiem2 is used. There is induction heating of different configuration of workpiece, galvannealing, forging,
extraction, rolling, casting, hardening etc.

HF induction hardening technology (surface and volume) is very wide used in the manufacture of
different production. Usually the power range is 10-400 kW and frequency range is 10-440 kHz in the
technology.

A good quality of the HF induction hardening technology can be received only taking into consideration
the different aspects of the process.

In last time there are some publicationsl’2 devoted to the novel approach of the HF induction heating
application with the specific power up to 20 kW+cm-2, Theoretical understanding of the whole processes into
the workpiece to be heat including inductor construction and gap between inductor and workpiece should be
reviewed. The level of the specific power demands to limit the energy transferred into the workpiece that leads
to the necessity of pulse modes of power supply use. The continuous energy transmission into the workpiece or
big duration of pulse lead to part-melting of a surface of workpiece or its melting. Today the follow pulse
induction heating technology are known: HF welding of different workpieces, thermal treatment, hardening etc.

HF induction surface pulse-hardening technology is more complicate process both from the point of
view of a processes into the workpiece to be hard and an applied equipment for the realisation of the process.
The principle advantage of the induction pulse hardening process in differ from the well-known induction
heating processes is the use of heat removal without external cooling means, with velocities of quenching up to

10000 degree/sec that deletes a number of an ecological problems and improves the efficiency and reliability of




the equipment and process. Besides the rather high efficiency of the equipment and little power consumption of
the process provide essentially higher economic parameters in comparison with the similar process in which the
laser beam is used. Moreover in the laser hardening the thickness of hardened layer can not be greater then 0.5
mm because the thermal sources are located only on the surface of a workpiece. The increase of the hardened
depth can be reach only with the part-melting of the workpiece surface. In the HF induction pulse hardening
technology specific power equals to 1-10 kWrcm2, Heating times usually is below then 400 msec. Power range
is 60-100 kW, frequency range 66-440 kHz. In the process there are not restrictions of heat speed of a
workpiece surface because the thermal sources in the HF induction pulse hardening are placed directly into a
workpiece on a current penetration depth. The thickness of hardened layer in the technology is defined by
frequency of current and specific power and can reach 1.5 mm. However, the rapid heating of a workpiece
especially with non-symmetrical geometry leads in some cases to local overheating and relatively high level of
thermal stresses. The analysis of the stressed-deformation state of the workpiece is therefore necessary for the
application of the pulse-hardening process, since these stresses, added to preexisting external stresses, can give
rise to the appearance of a microcracks. However despite on the above listed advantages the realisation of a
good quality of the technological process requires the decision of a lot of problems for its wide introduction in
an industry. There are:

- development of construction principles of the industrial equipment for pulse high-frequency hardening,
ensuring the low cost price of the technological process;

- development of typical design of inductors, ensuring operation at specific power 10 kWxcm™2;

- theoretical and experimental study of a physical processes, proceeding at pulse treatment of a workpieces at

high specific power.
EQUIPMENT NECESSARY FOR THE TECHNOLOGY

Realisation of the HF induction pulse-hardening technology demands to overview: the operation modes
of the power supply, construction of inductors, matching conditions of power supply and inductor.

POWER SUPPLY. Today for the realisation of the technology two types of power supplies can be used -
vacuum-tube or transistor3. In mentioned above frequency and power range taking into consideration pulse
mode of operation it's more easy to realise the technology with the use of vacuum-tube generator.

These modes can be received simply enough and do not require significant changes in the scheme of
generator4. The influence on the grid circuit of generator is the base of pulse-periodic modes that permits to
interrupt self-exciting conditions for definite time. Theoretical and experimental investigations for 440 kHz
installations in power range 10-600 kW gave opportunity to define the maximum value of low frequency
modulation (10-15 kHz) which depends on parameters of oscillator circuit. Minimum value of low frequency
pulse duration also depends on mentioned above value and is in range 100-200 rs. Times on-off of generator are
in the range 50-100 rs at frequency 0.44 MHz.

The use of transistor generators in ment.ioned above frequency and power ranges demand to realise a

pulse-periodic mode. The first way is the use of frequency change control that can give a good results for high




Q-factor of a load. The problem of overvoltage on the generator elements must be solved. The last problem does
not permit to decrease the times on-off of generator and at hardening of a number of workpieces does not give
the wishes results. Special units, control laws or something else must be suggested for the solving of the
delivered problem. '
The vacuum-tube generators were used for the experiments.

CONSTRUCTION OF INDUCTOR. The increased reliability of operation at large specific powers is one of the
main requirements for the inductor design. It can be achieved by the use of the inductor with increased surface
of a heat removal. The decision of a delivered problem is considerably complicated as the area of an active
surface is as a rule essentially limited and not exceed 2-4 cm? and‘\askrulc inductor has one turn. It is caused by
rather small power of supply sources and necessity in the majority of cases to execute local heat treatment of
workpieces. By this reason at the development of inductors it's necessary to take into account high thermal
conductivity of cooper, to increase the sizes of heat removal parts of inductor leaving an active surface of
inductor without changes which must to satisfy to the requirements of technological process. Proceeding from it
a current parts of inductor, the surface of which is active, should be made as bulky details, made from cooper
and having a qualitative contact, which is provided at the use of profiles cooling tubes and soldering of high-
temperature alloys. In this case the size of tubes should be increased not less than at 20%, providing of .a
condition for realization of the soldering and reducing hydraulic resistance of a cooling system. Availability of
magnetic concentrators is the important factor, influencing to a quality of thermal treatment and to an
opportunity of concentration of energy in small volume. Magnetic concentrators enable to move the current on
an active surface of inductors, as well as enable to increase their inductance, that rather important for choice of
matching conditions of the power supply and a load, as it was already marked above. As a rule at pulse high-
frequency heat treatment power supplies with frequency of a current not below 66 kHz are applied, that results
to necessity of application as yoke of ferrite. In case of pulse-periodic mode of operations use a great attention
should be given to a temperature field of ferrite, which operates in strong fields, having rather bad cooling, that
is connected with their low thermal conductivity at the absence of special systems of a heat removal. A unique
way, enabling to ensure reliable conditions of operation, is the increase of working volume of a yoke. The
process of a pulse high-frequency hardening is the most effective in case of operation with minimum gaps
between an active surface of inductor and workpiece as thus intensity of a magnetic field is maximum, that in
turn permits to ensure the heaviest depth of distribution of thermal sources, increasing a speed of heating, and
consequently mechanical properties and depth of hardened layer. The specified conditions of operation result to
necessity of special preparation of active surfaces of inductors and magnetic concentrators, executed from ferrite,
providing their high accuracy of manufacturing. Besides the working gap in the majority of cases makes 0,1 mm
there is necessity of putting of special dielectric covers having high mechanical properties. To such covers it is

possible to relate a covers on the basis of mineral-ceramics or oxide of aluminum.

MATCHING CONDITIONS. The choice of matching conditions is the key problem under realisation of the HF
hardening technology. Low voltage inductors with a low value of equivalent inductance applied at the
technology demand to make some changes at the HF generator. The application of the known vacuum-tube as

well as transistor generator leads to the necessity of the use, first of all, of matching HF transformer to decrease




the value of voltage that has the positive fact because the value of equivalent inductances on the primary
winding of the transformer is increased. The Q-factor of the resonance circuit included compensation condensers
and inductor is more bigger for the vacuum-tube generator then for transistor generator.

In case of vacuum-tube generator it leads to simplicity of power matching conditions of oscillate circuit
and vacuum-tube and to operation of generator in the permitted by standard of frequency range. (For frequency
440 kHz the tolerance of frequency according to the standard equals to +2.5%) Moreover there are additional
adjustable elements in oscillate circuit, for example controller of feedback, controller of power, that make more
simple the power matching at the change of inductors and workpiece.

Transistor generator with low Q-factor demands the exact .w.ay of generator parameters choice, but in
any case the change of a frequency during the heating will be bigger then for vacuum-tube generator. Besides
the bigger change of frequency during the technological cycle for the transistor generator leads to the change of
the power matching conditions that compel to review of the power of the generator. The negative aspects of the

last problem is known i.e. the possible overheat of some parts of the non-symmetrical workpieces.
DESCRIPTION OF SIMULATION PROCEDURE

The simulation algorithm of hardening process can be divided on four basic parts:

1. Solving of electromagnetic problem with the aim of calculation of thermal sources distribution into
the workpiece.

2. Calculation of electromagnetic processes in power supply.

3. Calculation of non stationary thermal field including the definition of physical-mechanical properties
of metal on the different tages of heating and quenching.

4. Definition of stresses and deformations on the each calculation stage.

ELECTROMAGNETIC AND THERMAL PROBIEMS. As known the induction heating process can be
decsribed by Maxwell's and Fourier's equations. The analitical and numerical methods of the equations solving
are developed. The electromagnetic characteristics of workpieces depend on temperature and electromagnetic
field intensity. In the work for the electromagnetic and thermal problems solving the next assumptions were
made.

The particularaty of the technoly is the use of minimum gaps with a big specific power that leads to a
high level of electromagnetic field intensity. The last fact makes right assumption about the necessaty to
describe ferromagnetic workpiece in the range under inductor with relative magnetic permeability equals to 1
(r=1). Besides there is yoke arrounded inductor that gives the form of current distribution in the workpiece as
almost rectangle. The sizes of current conductivity range is defined by both the narrow of induced conductor
and the depth of current penetration in metal under the pre-given frequency, specific resistivity and relative
magnetic permeability. Thus the thermal sources distribution in the workpiece can be define without the

elctomagnetic problem solving only for the case of the HF induction pulse-hardening technology.




2D-model based on finite elements method is applied for the definition of temperature distribution in
the workpiece. The calculations were carryied out for the heating and cooling of the workpiece. There is not
external heat removal and heat removal from the surface of workpiece is negligible. The temperature distribution
in the workpiece near the inductor is calculated only because heating time is little and heating is carried out for
limited range. The choice of number and size of elements is defined by geometry of the workpiece and depth of
current penetration in metal. In further the same elements are used for calculation of stress-deformation state.

HF GENERATOR SIMULATION PROBLEM. The final aim of HF generator modeling is steady-state process,

which gives load voltage and frequency. For this purpose different approaches can be applied: a) Cauchy
Problem solving; b) Boundary Value Problem sdlving5; c) simplifiéd approach for the receiving of the load
voltage and frequency values®. In the work the Cauchy Problem solving was used. In all these three approaches
the vacuum-tube or transistor model should be used. Vacuum-tube is a non-linear element for which anode
ia=f1(ua,ug) and grid ig=f2(ua,ug) currents are known. Using values u, and ug the values of the i; and ig
currents are defined. It is very simply to have the model of the tube as two dependent current sources the values
of which re defined in accordance with the handbook characteristics using the interpolate polinoms. The similar
model of MOSFET transistor should be used for simulation of solid-state generator. The characteristics of
MOSFET transistor also is shown in handbook and taking into attention valve mode of transistor operation its
characteristic can be defined as dependent current source. Schematic model of transistor, which is used, for
example in PSPICE, is more complicate, demands the definition of a number of internal transistor parameters
and leads to the increase of calculation time. For simulation of the hardening as well as other HF technologies
the pointed out transistor model gives the good accuracy. In the Cauchy Problem case transient and steady-state
processes of generator can be obtained. Generator is described by the system of ordinary differential equations
(ODE) in the state variables form. State variables include voltages on capacitances and currents through
inductances. Solving the Cauchy problem with initial values x(0)=X at t > tj we reach steady-state process after
definite time. ODE system is formed automatically with using well-known algorithms7. It is necessary to define
only the numbers of nodes, the types and the number of elements and the values of these elements. ODE system
is solved on every discrete step by chosen integration method. Usually characteristics of vacuum-tube and
transistor are smooth non-linearity that give a good accuracy under calculation. These basic principles were used
in the program of HF generator simulation®.

THERMAL STRESSES PROBLEM. The possible local overheat and comparatively high level of thermal
stresses in the technology lead to the necessity of theoretical analysis of stressed-deformation state of hardened
workpieceg. Non equal plastic deformation and a non equal temperature in different points of workpiece are the
main cause of internal stresses. Under the any thermal treatment of metal the internal stresses can be appeared
which could be add to external stresses and then the result stresses can be strengthen or slacken. The tensions
are most risk because they could be add to external tensions that leads to the appearance of microcracks. The
connection between elastic deformation and heat transfer is negligible under heating and it is not taken into
account. The last one usually is described by six components which are the forces per square and are applied to

relatively perpendicular surfaces passing through investigated point. Stresses compressing element are negative




and stretching stresses are positive. Three conditions of equilibrium might be written if gradients of stresses and

forces which are applied to little volume are in equilibrium
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These equations valid into all volume of workpiece. Additionally boundary conditions are written.
Definition of stressed state in workpiece is possible under the solving of differential equation system of
equilibrium. However it's necessary to describe the deformation of elastic body. Under deformation components

of movement (v, u, w) in the point are described follow equations
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Previous parameters are components of deformation and they are the movement of points divided to
initial distance between their. Initial equations for calculation of stresses with continuous functions u, v, w which

define deformation could be received with differential equations (1)
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The last ones and boundary conditions give system which is valid for calculation of whole distribution
of stresses into body.
MUTUAL SIMULATION PROBLEM. As seen a simulation of this unified process is very complicate, because

the different types of equations describe the coupling process. Simulation of induction heating process demands




the use of partial differential equations. Simulation of mechanical processes demands also the use of partial
differential equations and simulation of power supply demands the use of ordinary differential equations.

The unification of these three tasks is the main problem of simulation because before the software for
the separate simulation of these processes had been developed4!5’9. First of all the procedure of iterative
algorithm has been created for coupling simulation of HF hardening of workpieces and generatorlo.

The main stages of this algorithm are the next:

a) the definition of inductor current and frequency;

b) the calculation of electromagnetic HF process in workpiece;

c) the receiving of new inductor current value; "

d) if the difference between previous and new values of inductor current is greater then pregiven
tolerance go to b);

e) calculation of inductive () and resistive (r) components of inductor with workpiece;

f) calculation of self-exciting generator with / and r parameters;

g) the definition of inductor current;

h) if the difference between last inductor current value and previous one is greater then pregiven
tolerance go to b);

i) calculation of thermal sources distribution in workpiece;

j) calculation of thermo-mechanical stresses in workpiece.

The developed algorithm and software give opportunity to calculate:

1) the distribution of specific power along workpiece to be hard with taking into consideration the
possible change of geometrical sizes of hardened range during the process of workpiece part-melting if its
necessary; '

2) mechanical internal strains into the hardening workpiece which are explained both the heating and
the phase evolution during the heat; '

3) the energy characteristics of generator during the hardening process.

The simulation of the process gives post-heat internal strains which can be add to work workpiece
strains and hence to destroy the workpiece.

The optimum heating process can be simulated for the choice of the minimum strains into the

workpiece after the heat.
DESCRIPTION OF SIMULATION RESULTS

On fig. 2 temperature fields, received at heating of boundary of a workpiece, submitted on a fig. 1 are
indicated. The temperature field is changed essentially and depends on a level of specific power and heating
time . The increase of specific power up to 7,510 Wxcm2 and reduction of pulse duration up to 150 ms
(fig.4) provides occurrence on a surface of a workpiece relative high temperatures, though the area of
temperatures is appropriate to a range 600-800 ©C. The field of thermal stresses is differed at comparison of

first two variants (fig.4), though the general character has not undergone significant changes despite on




differences in absolute values. Thus it's possible to make the conclusion about inexpediency of realization of
technological process at a pulse duration less than 100 ms because in this case it is possible to melt a surface of
metal. For maintenance of given depth of a hardeneed layer at absence of melting on a surface it is necessary to
decrease the specific power. The results of calculations are indicated on fig.3-5. Availability of compressing and
decompressing stresses, placed in various areas of a workpiece, permits to make the conclusion about an
opportunity of destruction of workpiece on a border of section, that especially essential at operation on high

frequencies with large specific power.
DESCRIPTION OF EXPERIMENTAL RESULTS

In the Table 1 results of experiments are indicated for ferromagnetic steel U8 which were received on
industrial vacuum-tube generators with self-exciting, operating in pulse and pulse-periodic modes. Mechanical
properties of metal are not worse then 64 HRC for indicated samples in a zone of a hardened layer. The size of
a hardened layer has been defined as result of metalgrafic researches on change of a structure of metal.

‘ Table 1

Values of hardened layer depth at pulse hardening of a plate boundary by thickness of 45 mm
for steel U8 at specific power not less than 4,7¥1000 Wiem2,

sample time of processing, ms Depth of hardened layer in mm
number
at frequency at frequency
66 kHz 440 kHz

1 100 1.087 0.535

2 150 1.315 0.730

3 200 1.380 0.865

4 250 1.425 0.975

S 300 1.830 1.065

6 400 1.680 -—--

The increase of pulse duration at constant specific power results to the increase of hardened layer depth
up to finite values and then on a surface melting area is formed. The value of a hardened layer depth is
decreased, that is explained by an increase of a zone of thermal influence and results to decrease of cooling
speed. Reception of a thermal treatment zone by operation of power supply on frequency 440 kHz at largé pulse

duration results to formation of a metal splashing due to electrodynamic forces, influencing on melting metal.
CONCLUSIONS

Unified approach to simulation of electromagnetic field, thermal distribution, thermal stresses, power
supply is suggested. The explanation of high microhardness was done under heating with high specific power.
Experimental results confirm the validity of model. The real technological application of pulse induction heating

were explained.
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TCHEREDNICHENKD 0.

ACOUSTOOPTICAL FILTER FOR TUNABLE LASERS
1.General information on acoustooptical filters

Acoustooptical tunable filter (AOTF) is a synthetic birefringent
monocrystal in which an ultrasonic wave forms a controlled diffraction grating
(Fig.1). The wavelength of AOTF transmission depends on a period of this
grating given by the frequency of voitage influenced upon AOTF through a
piezoelectric transducer. Electronic control of the ultrasonic grating allows to
produce a fast tuning of AOTF transmission wavelength in arbitrary way.

AOTF transmission wavelength and bandwidth are:

vyn,—n;) 2
A Y= —— : =
! (n,-n,)L’

where v and f are the sound wave velocity and frequency, 7, and 7, are refractive
indices, L is crystal length. '

2.Tunable laser with acoustooptical control

The following configuration may be offered as a typical one for a tunable
Ti:Sapphire Laser (Fig.2). .

Owing to multipassage spectrum narrowing the laser emission bandwidth
may be less then the AOTF transmission bandwidth by a factor of 5...7. The use
of an amplifier allows to increase the laser efficiency as well as the output
power of single mode emission. The AOTF may be also used in a tunable Dye
Laser.

3. AOTF control unit

A HF voltage applied to the AOTF controls the wavelength tuning. Its
frequency varies within 20...40 MHz at power about 5 W, The AOTF control unit
(CU) is a separate unit with external computer control (IBM PC-AT/386 or
above). The CU functions include also the AOTF temperature control (to
stabilize the wavelength) and nonlinear crystal rotation control (for second and
third harmonics generation). 7

’




4 Specifications
The following parameters a possible for Ti:Sapphire Tunable Laser :

Fundamental tuning range, Nl veverresnnnenens700...1100*
SECONd NATINOMIC  verurererrrrrvesssssrraessssrrreesssrresssssransssssrsanssssss 3000330
third harmonic....... teerrreeeereerrrrneerarsnsssrrssssssrssssrsrrssssasessnnnes 23+ 360
Bandwidth, NMeeeceeeeeireeseeeseeesseesssssessssscssssssssssasssansssssassessassssasssass0e 10,03
Wavelength setting accuracy, NMueeieseneneeenesssnene0.02
Scanning SteP, MMuuiiiniariienieeioininessesosisssssmssssssssensesennsen <0.01
Wavdilength switching time, ms:
at tuning within -1..+1 M.
at tuning all over the range....ceveeenennensceanncens reeeeereeanaees <3
Pumping conversion efficiency, %o ...ccceenearenrsesreressessensnisecssnscisacnnn up to 30
Second harmonic efficiency, %6........... tereesencserencrsnsrasasasasans ceerereen cereenp to 30
Third harmonic efficiency, %....... eenreenaas verreesersressstsressnsssrsssssssssessessesnsUP 10 35
Efficiency of diffraction in AOTF, %........c..... cerrensesssanssscsnnisserressenrsasareseens > 30
Power density of AOTF crystal optical breakdown, MW/cm?.................> 200
AOTF overall dimensions, MM eeirennreeeenene ceverennns ceeereennnens ....15x35x100

* for Dye Laser: 540.:..720 nm;
360...430 nm (sum-frequency mixing);
270...360 nm(second harmonic).
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Fig.2. Optical configuration of a Ti:Sapphire Laser with acoustooptical
control of its emission parameters.
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 ACOUSTOOPTIC
'SPECTROPHOTOMETER
'FOR VACUUM DEPOSITION SYSTEMS

5 Acoustooptic Specfrophofomefer is the new high performance
device providing inertialess multi-wavelength measurement and rapid
scanning measurement of the mulh layer coating characfer:shcs for
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* absence of any moving details




= Acoustooptic Spectrophotometer is a. new
kind ‘of high performance In-Situ Photometer
providing ineirtia-less  multi-wavelength and rapid
scanning control during the deposition of multilayer
thin-film optical coatings. ,

The part of the Acoustooptic
Spectrophotometer is the high-aperture acoustooptic
monochromator based on electronically
‘acoustooptic - filters (AOTF) AOTF itself is a
, sym‘heﬂc anisotropic crystall in ‘which a diffracfion
| grating is provided by ultrasonic wave; the AOTF

major

tunable

- L o

. wavelenght is determinated by a spatial period of !
' this grating given by RF-signal applied to AOFT

Description of the Acoustooptic Spectrophotometer

piesoelectric transducer (fig.
of this ultrasonic diffraction grating provides merh;a—

1). Electronical ‘funing

less wavelenght switching (< 1.ms) and high value

of AM frequency (up to 5 kHz).
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=¥ Acoustooptic Spectrophotometer provides all
known photometric algorithms of -optical film
thickness monitoring and process controk:

- usual single wavelength algorithms with
cut-off after a multiple of A/4 has been reached or

during the deposition process with manual or
automatic cut -off,

[ - high  precision

measurement during the deposition process wﬂh

aufomahc cuf—off

| S——

Fig. 1. Schematic Diagramm of an Acoustooptic Monochromator.

cut-off when a prespecified reflectance or |
fransmittance value has been reached,
- real-fime spectral curves measurement

multi-wavelenght -

; Moreover  Acoustooptic
meter provides any combination of these algorithms,
for example - real-time spectral curve monitoring
with  precision single - or multi-wavelenght

measurement for automatic cut-off.

Spectrophoto - -
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Fig. 2. Schematic Diagramm of the Atousfoopfic Spectrophotometer.

= The software package fakes full advantage :

of the Acoustooptic Spectrophotometer for optical

coatings monitoring and deposition process control. ;
: specially useful for development and manufacturing

This package includes the next programms:

- programms for data preparing (calculation :

of spectral curves, simulation of spectral curves
evolution during the deposition etc);
- programms for monitoring and control,

including the refractive index correction and spectral

curves correction;

- programms for diagnostics lof the device.

The Acoustooptic Spectrophotometer may“be

* optically connected with any deposition system.

The Acoustooptic Spectrophotometer is

of multilayer coating systems with exiremely fight
example, for bandpass and color
conversion filters, achromatic beam-splitters and AR

tolerances, for

coatings, precision laser optics etc.
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TECHNICAL DATA

Spectral Range: : 370-1175nm, 220-2200nm optional .

Wavelength Bandpass: at A=408nmn ) 0.3nm

t A=633nm » 0.5nm

t A=1014nm - o 2nm

Wavelength Accuracy 0.2nm

Minimum Wavelength Tuning Step 0.1nm

Acquisition Time at a Point no less 5ms
Photometric Accuracy of Reflectance or Transmittance

Measurement S(Z) for 40ns Accunulatlon Tlne.

t A=900nm S (0.01+0.018)%

at A=400nmn o (0.1 +0.018)%

Computer Connection Interface . RS 232C

Dimensions,mm see Fig.3,4

Weigth 25kg

Electrical Supply: Voltage : 190-~245V

Frequency 50/60Hz

Power Consumption 250VA

425 - '
200 {
I
p
Fig.3 Fig.4
A0S Controller Acoustooptic Monochromator

Pesearch & Development
" Institut "Polyus”-"Norma" Co.Ltd.
3 Vvedensky St, 117342 Moscow
Russia
Fax (085) 333-0003
Phon(085) 333-0456
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DIAGNOSTIC SYSTEM BASED ON COPPER
VAPOUR LASER ‘

[ Gennady V.Abrosimov|Oleg |.Buzhinskij, Tatyana S.Pulinets,Alla A.Skvortsova

Copper vapor lasers were used successfuly for investigation of the
different physical processes.A Cu-laser generates pulses which duration is
2-108 s, whith a high repetition rate (up to 200kHz). and high pick intensity
(several tens kW). It emits two waveshz-: 510,6 nm and 7l2= 578,2 nm with
band width ~ 7,7 GHz. The gain of the active medium is ~ 0,1-1,0 cm the
average output power ~ 100 W, the divergence is close to the diffraction as
-an unstable resonator is used.

All these prope‘rties permit to use this kind of lasers widely in scientific
researches and in technology.

We constructed a Cu-laser based on a serial active element YJ1-102 and
a pulse generator using a thyratron TI'11-1000/25.

The high gain of the copper vapor laser permits to use it in the laser
projection microscope. The simpliest schematic diagram of the laser
microscope is shown in fig.1. The active medium of the laser is used for the
illumination of the investigated object as well as for the amplification of the
light beams containing the image of the object.

The magnification of this system is determined by the relation OI12/0[lM.
The active medium must satisfy several requirements. ' )

/

*~

1




Active medium
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Fig.1.Schematic =~ diagram of the laser projection microscope.

1.The active medium must be optically homogenious‘in order not to
bring distortions into the object image.

2.The one pass amplification of the active mediﬁm has to be sufﬁcient1
to obtain a significant magnification of the image brightness ~ 0,1 - 1,0 cm

3.The spacial d.imensioné and angul?r aperture of the active medium
must facilitate passing of the light beams carrying the object image .

. The copper vapor lasers completly satisfy these requirement.

High brightness of the active elements as illuminators of the object and
a narrow band of its amplification as an amplifier permit to use a laser
microscope for investigation of surface phenomena which have their own
high brightness ( for exampleithe brightness of a heated surfacethe
plasma and the gas brightness in processes of interaction of the lasers
radiation with matter).

We applied the laser projection microscope for observation of a
dielectric surface betwee.n electrods during a sliding spark discharge. The
duration of the spark was ~ 1/us,the temperature was ~ 3-1O4K.

| The photograph of the discharge gap is shown in fig.2. We can see
clearly the electrods and the dielectric surface.

2




Fig.2.The photograph of discharge gap: a)without laser microscope; b)with
using laser microscope.

The processes of the interaction of a high power CO,-laser radiation
with fuzed quartz were investigated. Regardless the high brightness of the
interaction region the magnificant image of the cavity at different stages of
development has been obtained. If shooting sinchronized with Cu-laser

pulses are used the information about interaction processes dynamics
may be obtained.
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An arrangment for obse.r'vatiorfi of the welding bath and the precise laser '/' N

beam guiding to make a welding seam visible is an example of the laser
projection microscope application. X )

Application of a powerful laser radiation for material processing is
based on the thermointeraction of energy and matter.lt is necessary that
the density of radiation power be 10°-5-10 Wycm for the laser weld.Materials -
are quickly fused and evaporated under the influence of this energy.

The zone of the interaction of the laser radiation with the matter is
a source of intensive radiation in the visible and infrared regions.
The quality of the weld connection is determined by absence of some.
defects on the weld seam (pores, nonfuzion) and it depends on
the precise laser beam lengthment on the joint. The small diameter of the
focal spot requires that the laser beam be directed precisely at the  joint
during the laser welding. It is difficult to observe the weld process visually

From CO, - laser

f

KCl-lens <_

\ A L
mirror, \y

V
nozzle objectiv active medium

JJIRYY | o

sample for weld

Fig:3.The scheme of the'arrangement for observation of the welding bath




)

Fig.4.The photograph of the welding bath: a)without laser microscope;
b)with laser microscope (different focuses).




because of metal and plasma'’s own brightness is too high. Appllcatlon ofa
narrow band filter does not give a necessary result since in thls case only
a very hot surface is visible.The scheme of the arrangement is shown in
fig.3. The focus distance of the objective 5 is 300 mm, the diameter of the
nozzle hole 3 is 4 mm,and the magnification of the system is 15. One can
receive a clear image of the weld seam on the screen and the processes of
the metal motion in the cavity by this apparatus. '

The operator can guide the laser beam exactly on the seam during
welding processes and this garantees the quality of the weld.

The photo of the laser weld process with"‘_and ‘without the laser
projection microscope is shown in fig.4.The experements ‘show every
prospect of the excellent application of the laser projection microscope for
observation of the weld seam.

The interference methods are widely used for investigation of fast
processes in“ a gas flow.The short 'bulse' duration permits to record
instantaneous distribution of optical heterogeneity and the high repetition
rate of the Cu-laser permits to observe the temporary development of the
processes. The Michelson interferometer was used for investigation of
optical homogeneity of subsonic and- supersonic gas flows.A scheme
permits to use the same interferometer also for shadow methods.The
interferogram processing gives the information about homogenlety of the
gas flow.

Basing on the previous discussion we proposed several diagnostic
systems based on a Cu-laser.

1.The system for taking pictures of the interaction region of high power
radiation wnth matter with the exposure time 2-10 s and the repetition rate
up to 10 Hz.The system can be easely sinchronized with any pulsed
process.

2.The system for investigation of processes of the matter being thrown
out of the interaction region by means of shadow and interference methods
with following computer treatment. ’

3.The system for the investigation of laser active medium optical

homogeneity by shadow and interference methods with following computer
treatment.
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UNIQUE DESIGN OF SINGLE-MODE CO2-LASER
AND LASER TECHNOLODICAL PROCESSES
DEVELOPED BY THE "LASERNYE KOMPLEXY"

C.s. A.Grezev, E.Zelenov, A.Morozenkov.

Providing of high homogeneity level of active medium and realization of
requirements to resonator optical elements capable of high beam loads are the nessesary
conditions for development of profitable single-mode CO2-lasers with increased output
power.

Obtaining the needed homogeneity level of active medium is the most stubborn
problem because of the negative effect of some interrelated and difficult-to-control
physical factors. While production of high quality optical elements is in principle
possible by using advanced technologies.

Through abovementioned features the reliable and low-cost industrial laser systems
of high beam parameters are notavailable at the modern laser market despite the
R&D activitieson such lasers in many countries.

Employing electrodeless capacitive AC discharge with 12-15 kHz frequency for
generation of highly homogeneous medium in diffusion-cooled waveguide tubes
with slow pumping may be considered as one way to solution of the present problem.

This unconventional solution used for development of high- power CO2-lasers is
associated with two factors:

I. The existing assumption derived from the R&D expirience of single-mode
diffusion-cooled CO2-laser with stable resonator proposes not more than 1 kW limiting
output power in single mode for mentioned lasers under retaining design compactness
and simplicity.

This limit stems from the fact that for physical reasons the power from one length
unit of active element of diffusion-cooled laser is independent of element length and
limited by 50-70 W/m.

Thus at laser power 1 kW the needed active element measures about 20 m'in length.

This length increases the negative effect of the heat lens in medium resulting from
temperature profile nonhomogeneity in discharge tubes. The need for this lens
compensation by retaining laser design compactness calls for great number of
controllable reflecting elements with aspheric surface that complicates the laser design
and tends to increase in price.

By development of laser with power more than 1 kW the abovementioned
reasons caused the abandonment of the diffusion-cooled laser concept in
favour of fast-axial/transverse-flow lasers. However the retaining of homogeneous
active medium in the latter involves difficulties and plagues the development of high-
power single-mode lasers.

2. Waveguide resonators traditionally were used for stabilized tunable CO2 - ‘
lasers with power not more than 100 W. They were not discussed by R&D of powerful
single-mode lasers even though existing high-power multichannel CO2-lasers, offering
an assembly of separate waveguide lasers (50-100 units) with common resonator.
However the beam quality of the assemblies is not high and they are used only for heat
treatment.

Thus by development of lasers with output power up to 5 kW and more and
with high-quality beam parameters the diffusion-cooled laser was not considered as
an alternative to fast-flow one. At the same time using electrodeless AC discharge
in combination with waveguide beam distribution within discharge elements in
diffusion-cooled lasers enables to develop low-cost and easy-to-use lasers up to 1 kW
output power with high-quality beam parameters.




Recently the pilot plant of 1,5 kW single-mode laser on the base of existing prototype
DL-500 is developed and produced by the Joint-Stock Company "Lazernye
Komplexy" and the model with 2,5 kW output power is under development. The
authors of the development have established the possibility to design laser
system of discussed type with 5 kW output power. The performances of above
considered lasers are given in the Table below.

DL-500 DL-1500 DL-2500 DL-5000
(prototype) (existing) (under
development)
Nom.beam power, W 500 1500 2500 5000
Min.beam power, W 50 150 250 500
Beam diameter, mm (total) 7 7(14) 14 14
Mode composition

Factor, M <1.1 <].1 M
Beam divergency, mrad 1.5 1.5(00,7) 0,7 0,7
Required power, kW 5 15 25 50
Gas mix consumption, nl/h 1 3 5 5

The development of technological processes using laser beam as well introduction of
laser technologies in different machinery manufacturing are the most significant tasks
in the activity of the Joint-Stock Co. "Lazernye Komplexy". By the present more than
115 laser systems (App. 1) are put into operation for cutting of various material
(different steels, quartz, wood, plastics, etc.). Geography of their location covers
besides Russia some countries of the Former Soviet Union, Europe and South-East
Asia.

The new technological processes on laser surface heat treatment of machine
parts have been introduced at 12 different factories. Using of 5 KW laser system (App.2)
for laser welding of stainless steel tubes (App.3) with the system for visual
remote control (App.4) at one of the pipe plants enabled to increase the efficiency
more than 5 times and twice to reduce the welding cost.

Experts of the company took part in development of technological processes
for laser cutting and welding of high-resistance and light alloys, hard-facing of wear-
resistance coatings onto surface of parts operating at high temperatures and
corrosive mediums such as turbine blades, pipe-line valves, valves of internal
combustion engines. In all more than 300 various technological processes of laser
welding, cutting, surface heat treatment and hard-facing have been worked out.

APPENDIX 1.
LASER SYSTEM FOR CUTING
Eduipment:
- CO2-laser;
- two-axis working table;

- external optical path with focusing objective.

Technical date:
Laser rated output power, kW 0.5-1.5

Sheet area, mm (1.2-3.0)x(1.7-6.0)
Cutting speed, m/min to 21
Material thickness, mm up to:




steel 15

non-ferrous alloys 3

wood 180

wood particle board 40

plywood 50

marble 20
Cutting width, mm 0.1-1.0

Features:
* contact free process;
* figure cutting;
* gvailability to operate within flexible production system.

APPENDIX 2.
INDUSTRIAL CO2 LASER TL-5M

The CO2 laser TL-5M is used for welding of alloyed and carbon steels, non-ferrous
metals and alloys, for cutting of metalic and non-metalic materials, heat treatment and
surface alloying.

The system TL-5M involves a power supply and a head as a mono-block design.

Gas mixture pumping is performed by high-speed axis blower. DC transverse
discharge provides gas mixture exitation. Electrode system consists of segmented
cathode and anode plate. An extra high-frequency discharge is used for
improvement of discharge homogenity and stability. The beam is formed in unstable
con- focal resonator with M=23.

The beam high quality and stability are provided with passive as well as active
means. Mounting of resonator mirrors on stiffened slabs fastened by superinvar
rods realizes passive stabilization. Active stabilization involves the system for
automatic fine-adjustment ensuring uniform beam intensity and the output power
stabilization system with an accuracy of 1 %.

Beam axis visibility is performed by He-Ne laser.
Parameters control and laser operation is carried out by control panel in manual
and programmable modes.

Features:
* Transverse gas flow discharge
* Compact design
* High beam quality
* Parameters stability
* Microprocessor control system
* Easy-to-use

Design features:
* beam delivery systems * closed-loop cooling system
* focusing optics * pulsed operation mode
* remote control system ™ technological equipment

Technical data:
Wavelength, m 10.6
Exitation DC
Nominal output power, W 5000




Power adjustment range, W 500-7500
Long-term stability

(at T of cooling water +/- 3C),% 2

Beam diameter, mm 50/22 ring
Beam divergence, mrad <=1.5 (full angle)
Pointing stability, mrad ~ <=0.15

APPENDIX 3.

LASER WELDING OF STRAIGHT-WELD STAINLESS-STEEL PIPES

Applications:
Laser welding is a novel and highly efficient process of producing hogh-quality
welded pipes. The technology is advanced as alternative to argon-arc welding.

Equipment:
- tube mill;
- CO2-laser;
- external optical path with focusing objective;
- system for visual remote control;
- joint-traking system;
- system for technical rpocess visual inspection.

Technical date:
Laser rated output power, kW 5
Welding pipe wall thickness, mm 0.8-4
Wilding speed, mm 2-15
Weld wdth, mm 0.4-2

Features:

* narrow "keyhole" weld (weld shape factor accounts for 2-3)

* practically total absence of heat affected zone;

* production of weld joints that remain mechanical
properties of base metal snd do not tend to intercrystalline
corrosion and corrosion cracking.

APPENDIX 4.
SYSTEM FOR VISUAL REMOTE CONTROL

Designed for visual remote control of technological process. It enables to exercise
control over joint, weldpool, weld and jet in natural colours simultaneously.

Features:
- selective filtration by photochroma light filter,
- fiberoptic screens,
- sighting range, mm 35-700
- magnification 1-8
- field of vision, mm 11-92
- weight, kg up to 2,5




2. Laser Technologies.
JlazepHble TEXHOJIOTUN

c. X-ray and Electronic Lasers.
PeHTreHoBCKkHe U 3N1€KTPOHHbIE 1a3epbl
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3. Semiconductors.
MonynpoBoaHMKOBbIE MaTepuanbl

a. Non-Traditional Semiconductors.
HeTtpapunuynoHHbie NOJNYNIPOBOAHUKH.




3. Semiconductors.
MonynpoBoAHNKOBbLIE MaTepuaibl

b. Thermoelectric Semiconductors.
TepMo3eKTpu4yecKne noaynpoBoaHNKH.




3. Semiconductors.
MonynpoBoaHNKOBbIE MaTepuabl

c. Piezometallic Semiconductors.
lMbe3omMerannnyeckue noaynpoBOAHUKH.




4. Applied Physics.
MpuknapHana dusuka

a. High-Temperature Superconductivity.
BbicokoTeMneparypHaa cBepXnpoBoaNMOCTb




4. Applied Physics.
NMpuknapHaa pusuka

b. Wave Propagation.
PacnpocrpaHeHue BOJIHbI.




4. Applied Physics.
MpuknapHana on3unkKa

c. Surface Physics.
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Oleg V.DUDAR, executive director of “DELFIN-TTT”

JV “DELFIN-TTT Ltd” Engineering Company
Sumgaitskaya str. 13/1, P.0O.Box 1615,
Cherkassy-10, Ukraine 257010

tel./fax 0472-669402, tel.0472-651513

This report is addressed to the 1°° Commercial
Conference of Science and Techniques for the private
business of the CIS in the area of High Technologies
(Moscow, 22-24 September 1996)

I present this report to the Conference on behalf of “EKITEK-
DELFIN” Group of private companies from Ukraine and Spain that
are working in the area of SURFACE ENGINEERING.

Apart from this paper devoted to vacuum technologies and
machinery, we are presenting the following reports to
everybody’s attention at the Conference:

- a report on laser subjects (material cutting by a
laser beam);

- a report about structures of thermally sprayed
coatings with a droplet phase;

- a report on “dry” forevacuum pumps that are newly
developed by us.

In my paper there are two main messages:

1. Experience of the JV “DELFIN-TTT” in the redesign of
home-made vacuum machines with the employment of
modern imported components.

2. Progress in the development and manufacturing of “dry”
vacuum pumps.

Our activity in the area of vacuum techniques and machinery
as well as of any other company of the CIS that is busy with
real projects of this kind is the continuation of different
traditions, fields of research and a more than half century
history of vacuum schools of the ex-USSR, "~.today among their
successors there are different institutions, companies and
private business of Russia, Ukraine, Belorussia and other
countries of the CIS.




1. Theses on the problems
of the redesign of vacuum equipment.

e Despite of very interesting, various and, sometimes, unique
vacuum technologies our companies and enterprises technically
equipped with, the equipment for their implementation is often
far from being perfect. Main disadvantages of home-made vacuum
machinery are as follows: low reliability in operation; big
errors in the control of main process parameters and
unsatisfactory technology repeatability; imperfection of
obsolete control systems.

e We offer quality-improved vacuum machines as a result of the
redesign of ex-Soviet equipment. Main advantages of the new
machines are the following: improved reliability and
repeatability of coating quality, as well as low manufacturing
costs if compared to the Western analogues.

e Basic principles of Redesign:

- the employment of home-made evaporation sources,
vacuum chambers, fittings, and partially ©pumping
stations;

- full substitution of control systems and blocks for
the process control with the employment of imported
components, flexible logic, and a Software of our own
development.

The redesigned vacuum machines can run in fully automated
modes and show high repeatability characteristics for certain
technical processes of coatings deposition in vacuum.

e At the present moment, we are making the redesign of an ex-
Soviet machine of the VY-2MBS model in one of the technical
centres in the Northern Spain. A programme for complex tests
and experiments of the redesigned machine is being planned for
the 1st quarter of 1997. The machines’s designation is to make
hard and wear-resistant coatings.

e With the participation of “CEGASA” and “Laminacion Vizcaya”
from Spain, we are working under a project of the redesign of
ex-Soviet laboratory machine for the deposition of Ni-coatings
upon steel strip. According to the programme, in the late 1997
this machine has to be in operation in Eibar, Spain.

e Cost analyses for the redesigned vacuum machines gives a level
of the following figures:

- single chamber machines cost in the range of $120.000-
$650.000 depending on modifications in their design and
construction (foreign analogues cost in the range of $400.000-
$1.200.000) ; ~

- vacuum metallization installations cost in the range of
$600.000-$3.500.000 depending on their productivity and a
technology range (foreign analogues cost in  the range of
$3.000.000~-$8.000.000) .




2. Theses on “dry” vacuum pumps development.

Since the middle 80’s a special attention has being paid in
vacuum pumps industry to the development of a new generation
of forevacuum pumps of a “dry” type, that produce very pure
vacuum and are ecologically friendly. There are proves of this
statement in the catalogues of the well-known companies that
are pumpmakers, like “Varian”, “Alcatel-CIT", “Edwards”,
“Bazers”.

Our specialists together with the product engineers from the
“LBM” private company (Cherkassy, Ukraine) have designed a
line of “dry” rotary vane pumps of pumping speeds in the 10-
120 m’/h range and an ultimate pressure of the 15 kPa range
as maximum, i.e. 150 mbar (see a technical description
enclosed). In the CIS there is no any analogue.

New “dry” vacuum pumps of the NP-series have a price in the
range of $ 210- $ 680, while the analogues pumps of “Busch”
(Germany) production cost in the range of $ 830- $ 2380.

Since Spring’ 96, we are progressively developing a first model
of the line of “dry” rotary vane vacuum pumps of an ultimate
pressure in the 5 mbar range as maximum. To our specialist
opinion, yet there is no any analogue for such a pump in the
world although they are close by their technical
characteristics to the widely-used membrane (diaphragm) pumps,
but they are likely to be simpler and more competitive.

Nowadays, we are looking for a strategical partner for a
successful implementation of the “EKO-PUMPS’96” Project aimed
at the development of a new line of “dry” rotary vane vacuum
pumps. We suggest any interested company carrying out a joint
development of the new vacuum pumps.




Precision grinding of the

solid by pitch polisher with surface-charged

abrasive.
Abstract.
A model of precision surface treatment of silica glass by
a grinding tool on a pitch binder has been developed. The
relationships between the materi al properties
(fused silica, diamond abrasive grains ) and the controlled
parameters of the process have been wmbtained. Conditions
for efficient removal of the damage subsurface layer from
the specimen under bhrittle fracture condi tions are
presented.

Frecision grinding of the

solid by pitch polisher with surface-charged

abrasive.

Yu.N.Lohkov, I.V. Moskalev.
Moscow State Institute of Electronics and Mathematics
The quality of a surface iz one of the key Ffactors .,
determining the performance (service life ,optical damage
.etc.) of optical elements. In order to attain a high—quality
surface with minimum roughness ancd depth of subsurface
damaged layer (8DL)) a few stages of finishing treatment are
required [1-43. The choice of the optimum technological reqgime
for these operations is based on statistical experience.
However, in order to manufacture surfaces with extremely low
roughness and depth of the SplL., the shortest time, the lowest
power consumption , the highest good-to-bad optical component
ratio the organization of the technological process must be
substantially improved. Statistical processing experience  is
not sufficient for solving this problem in full measwre.
Therefore +the demand arose for development of physico-
mathematical models of precision suwrface treatment. They will
form the basis for creating avtomated technologies, ensuring
an optimum regime of surface treatment with specified quality.
The purpose of the present work is to consider a model of

microgrinding ¢ MG ), i.e., the final stage of mechanical
precision surface treatment of brittle materials. A possible
sequence of stages of precision surface treatment is presented
in the table. The model should give functional dependences for
the working hold down pressure of the polisher ( grinding
wheel) and the removal rate taking into account the physico-
mechanical characteristics of the used materials as well  and
the controlled parameters of the technological process . We
will consider on the example of quartz glass microgrinding by
a surface-charged abrasive tool. The ev aluation of the N6

parameters will be based on the following data:s

Physico-mechanical characteristics of gquartsz.
Young's modulus, g+ 10t dynes/cm
Shear modulus, 3'10“'dynes/cm
Controlled parameters

Pressure exerted on the polisher , 2. 10% dynes/cm2

Density of the abrasive grains , 2. 10% grains/cm

Sliding velocity of the grain, 20 cm/sec

Mean tradius of grain, 4 um

( for the grit sire Russian designation , micron S5 )




Optimum organization of the microgrinding process. The main

purpose of the microgrinding stage is to reduce the roughness
and the thickness of the subsurface damaged layer preserved
after the previous surface treatment (fine grinding) during the
shortest time and with lowest energy consumption . The use of
an abrasive in the form diamond ovalized agrains ( created by

a special heat treatment ) [51 provides a specimen the with
high—quality surface. For evample, application of this abrasive
ensures minimal amount of the microscratches (created by
small wear debrises of the grain )y per unit area of the
treated surface. The abrasive grains are fived by a pitch
matrix and evenly distributed ( with a specified density N
grains/cmz) over the surface of polisher [&61. This is a necessary
condition for controllability of the surface treatment.
Addition of new grains in the course of operation leds to
uncontrollable fluctuations of the main technological
parameter F/N.

If the treatment is conducted predominantly in the brittle
fracture regime, the power consumption is reduced , because in
this case the major portion of elastic energy ims spent on the
formation of new surfaces (dispersion of SDL) without
much dissipation into plastic flow of +the material ). The
brittle fracture is realized , when the interaction time in
the contact zone ( abrasive grain-—treated suwface ) is less
than ti=10"2% sec (for t>ti the plastic flow can play a
significant role in the Ffracture ass has been shown
experimentally in [71).The contact circle ¢ formed by
interaction between the sliding grain and the surfage )
displaces at a velocity V.The size of the regimdﬁgximum
mechanical stresses field created by a grain in the specimens
is aproximately equal to 2a. (a i= the contact radius in

Hertz's relation [8,91). Then the time of mechanical
interaction between grains and local zone of surface is
t=2a/v
1/3

where a= (FR/NE)

It follows immediately that the lowest optimal sliding velocity of
grains is

V=2 (FR/NE) '3 7ts
In other words, V is the critical velocity of the transition
from ductile abrasion to brittle abrasion. For quartz V is about 20
cm/sec. Note that the regime of low friction in the contact

zone (251% in the presence liquid oil ) also promotes a decrease
in energy loss [ 10 J.

The ahalysis f the movement of the abrasive particle
1nt0.11qu1d 0il" showed that +the transition from boundary
lubrication (with high contact friction) to liquid
lubrication occurs, when

. V?VE:(NE/PR)2/32(h)3E/3nn=10cm/sec

hx10+15A is thickness of the water near—-surface layer (with

1 .
We used simplest hydrodynamic Reynolds model.
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b
elevated viscosity ngo.Sgr/sec-cmL). In this case the
contact interaction between an abrasive grain and near-surface
water layer (with elevated viscosity n ) is absent.
Model of the abrasive wear.

We consider a MG process on the basis of the model of wear
particle formation in the brittle fracture of the SDL in one
pass of the grain. The model makes it possible to determine
the lowest hold down force (F/N) for formation of the wear
particles and estimate the wear rate and roughness of the
treated surface. Let s consider that the main cause of wear
particle formation are microcracks, created by the dislocation
pileups with a critical dislocation density. They are formed
in the region of maximal mechanical stress fields created by
abrasive grains . One of a wear particle characteristic sizes
i  determined by such a microcracks., Consequently, the
microcrack formation is also a necessary condition for
occurence of the MG process.

We will consider the mechanical stresses distribution on
the basis of Huber®s relation [9,1131. The contours of the
maximal shear stress created by a spherical indentor (a
diamond particle) are shown in Fig 1. The maximal shear
stresses distribution over 2 ( a normal to the surface
passing throuh the center of the indentor (Fig 2)) are
determined ASr, 1.5 ;

olz)= 4Nna:(1+(z/a):—(1+v)(i-gar“ctan(a/z))) (D)

where v is Foisson’®s ratio.
The maximal shear stress tmax at the depth of a/2 (the point
07) determined by *

Tmaxa0. SBCPXO. 5P/ (Nza®)

It is pertinent to note, that the given stresses
distribution is adequate only for a small friction coefficient (
x< 0.27) 923 .In this case the effect of the friction forces on
the stress field can be neglected.

Fracture of the S8DL layer (more ecxactly formation of

microcracks, which initiate the wear particle formation at
depth of a/2) is considered on the dislocation theory basis.
The macroscopic approach (like the model of Hertzian cone
cracks) is unsuitable in ouwr case, because estimates ( for the
given conditions of grinding) showed that the critical
Hertzian load is much greater then a normal work load on the
indentor during the MG process [111.

According to our model the stages of the process of the
microcrack formation are as follows: the formation of the
vacancy solution (in the treated material) with high vacancy
concentration in the zone of the maximal shear stress created
by the abrasive grain o« vacancy cluster formation -+
transformation of the vacancy clusters into the dislocation
loops + the formation of the dislocation pileup with critical
dislocation density + the microcrack formation.

There we will consider the last stage of microcrack

“ The exact estimation of the viscosity n is absent (for a different

estimates np=0.1+1 gr/sec-cm).




formation. In the region of the maximum shear stress a loop
dislocation arises ( for example, by Frank’s mechanism [121).
Under shear stresses it expands attaining a certain radius.
1t can be defined, for example, as the distance from the center
of the dislocation loop to an obstacle(like a grain boundary).
During the time of contact interaction dislocations
produced by mulitiplication source accumulate near the
obstacle. The dislocation pileup acts as a local stress
concentrator. The force, acting on the obstacle is expressed
as FO=obn, where b is the Burger vaector, n is number of the
dislocations in the pileup.

When n grows to nczrgg——f—-( where G is the shear modulus)
Z2no(2)

the local stresses becomes compartable to the shear strength.
This leads to microcracks nucleation ( for example, by Zener-—
Stroh’s mechanism [131). The condition for formation of
critical dislocation density has the form
L¥lor

where Lo Ebnc

2rno(z)

lLcr is the distance from center point (0™)
to the obstacle. (Lcr=a, when Leorra)

It follows from this conditions, that the minimum value of
(F/N) which a microcrack is formed in the region maximal shear stress
field at the depth of a/2 is

(P/N)c=(—2—)2(6 VA TR - I

LoT

For quartz (F/N)=(1+2) dyne/grain, b=S+10 2cm).Note that Ler may
be defined as the characteristic distance between dislocation
pileups remained after the previous stage of surface treatment.

The wear rate U is defined as the depth of the
specimen removed from a unit area in a unit time. The
sires of the wear groove created by the abrasive grain is
characterized by a width of Za and thickness of a/Z.

is the length of the pileuwp [ 12 1

Then the wear rate under the condition of brittle fracture

in one pass of a grain is

U~ (FR/ENP) ViNp

where Np is the number of working diamond grains

per unit area [143 . According to more wact estimation
(in view of wear rate saturation phenomena (for N and V))

2/3

the wear rate is

U~a“NmL1—exp{~N/Nm?} IVml1-exp {-V/VmiZ600 A/sec (4)

where Vm=(L/T) is jcrocrack opening displacement
velocity, where 210" "sec (for the given conditions of the MG (r is
the time of formation of the dislocation pileup with
the critical number of dislocations)).NmXe/(2a-lcm) grains/cqg
(the greatest possible density of the working abrasive grainb)
Let's consider, that the roughness after one grain pass is
created by shear microcracks. Such microcracks are formed from
dislocation pileups with critical demsity and are opened at
the depth of about a/2).Then the peak-to-valley ratio is

k=a/2

It is known, that rms= K/4 [153. For quartz rms=50-80 um.




Conclusions

In the model of MG discussed above removal of the 8DL is
occurs by a brittle fracture mechanism and luquid oil regime.
The mechanical stress ( in the specimen ) is created by a
spherical punch {(diamond) acting with a normal force (FP/N) on
the treated surface . Microcracks are produced by the action
of the shear stresses at a depth of a/2. In this way the
grains , independently acting create a particle of wear and
the depth of SDL is reduced accordingly. For example the depth
of the SDIl. of the quartz glass may be recduced Ffrom 2-3 (
initial value ) up to 0.2-0.3 um.

The data of the present investigation will make it
possible to finds the ways for developing an optimum process
of the high-precision grinding of different glasses and
ceramics.
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Fig .1.

Contours of the maximal shear stresses in the specimen

( created by spherical indentor acting with a normal force

F=F/N on the surface ).

Fig. 2.

Distribution of normalized maximal shear stresses along the

DZ-axis (/=0.2 ).
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LINE OOMPANY LIMITED
High Speed Photography and photonic Center
113054 Moscow, Stremyannii per., 29
Fax: (095) 230-29-00

Telephone: (095) 237-29-83

HIGH SPEED STREAK AND FRAMING CAMERAS
WITH REFLECTING OPTICS

LINE COMPANY LIMITED AND HIGH SPEED PHOTOGRAPHY AND
PHOTONIC CENTER develop new high speed streak and framing
cameras with reflecting optics. A set of our instruments gives
you a possibility to study the world of fast events not only
in the visible but in the infrared and ultraviolet spectral
bands as well.

TYPICAL APPLICATIONS

- Analysis and control of spatial-temporal and spectral
characteristics of IR and UV laser radiation (CO, 002, YAG: Er,
eximer etc).

- High sensitivity IR - diagnhostics of plasma with
Schlieren and interference methods. '

- All applications typical for visible band high speed
analysis. : : C

OPERAT ION

All devices has control module and scene/time code
marker. Continuous-access and event-synchronized mode  are
obtainable. Optional are spectral attachment, micro and macro
object matching lens.
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Diagnostic complex for temporal and spatial measurements in tokamak

Oleg I.Buzhinskii, Sergey N.Tugarinov, Englen A.Azizov, Vladimir V.Trofimenko,
Nikolai N.Naumenko

TRINITI, Troitsk, Moscow reg., Russia 142092
(VVT) Line Company Ltd., Moscow, Russia 113033
(NNN) Institute for Physics, Minsk, Belorussia 220114

ABSTRACT

The diagnostic complex presented includes two stigmatic spectrometers for the visible, close
UV and IR region with electronic registration [1]: a) the high resolution spectrometer: wavelength
range 200-800 nm; light throughput {/3; dispersion changed in the range 0.15-2.5 nm/mm; image
intensifier in 5x10° times; spec;ral channel number - 512; spatial channel number - 8; time
resolution 1-100 msec; the best spectral resolution - 0.01 nm; dynamic region 4x10° ; b) survey
spectrometer: full wavelength range 200-850 nm (for simultaneous registration: 380-850 or 200-
400 nm); f/N - 3; image intensifier in 5x10° times; time resolution 20-1000 msec; spectral
resolution - 0.2 nm; dynamic region 4x10’.

This complex was used for diagnostic measurements at the TSP and T-11M Tokamak
(Russia) and for investigations in the divertor region of DIII-D Tokamak (USA). The results of this
measurements are presented.

Key words: spectrometer, Tokamak, line profile, plasma.

1. INTRODUCTION

Spectroscopy in the visible, close UV and IR region is one of the most important diagnostic
for the investigations of the Tokamak plasma parameters. The presented diagnostic complex allows
to measure the width of spectral lines, shift of line center, splitting value of the line profile.
Simultaneously the complex allows to registered spatial distribution of radiation and time history of
line intensity. Thus, the complex makes possible to measure such plasma parameters like ion
temperature distribution, plasma rotation velocity, itpurity density and distribution, value of total
magnetic field and under some special conditions - value of electrical field.

2. DESCRIPTION OF SPECTROMETERS -

A High resolution spectrometer based on a auto-collimation triple dispersion optical
scheme. This spectrometer is shown in Fig.1, where the components by numeric label are: 1 -
entrance slit; 2 - spherical mirror; 3 - flat mirror; 4 - corrector element; 5 - first grating; 6 - second
grating; 7 - deflector mirror; 8 - image intensifier; 9 - photocathode; 10 - microchannel plate; 11- 2-
D CCD detector. An off-axis auto-collimation optical scheme in which the entrance slit and its




image lie symmetrically displaced a small distance from the optical axis of the spherical mirlror
permits climination of astigmatism; a quartz. correction clement colppcnsu.lcs for sp.hcn.cul
aberration. The shot focal length (370 mm) of the spherical mirror makes it possible to obtain high
light throughput (f/number = 3) and triple pass diffraction on :

10| IBM
PC/IAT

Fig.1. High resolution spectroscopy

gratings with 1800 and 2400 gr/mm gives high dispersion (0.3 nm/mm) despite the instrument's
short focal length. The dispersion can be changed over the range 0.3-2.0 nm/mm by using the first
grating in single pass. A useful wavelength range is 200 - 800 nm. .

The image intensifier consists of an electrostatic inverter and microchannel plate (MCP).
The total gain of the intensifier amounts to (3-5)x10* and spatial resolution 20-25 mkm.

The 2D detector head consists of a Peltier cooled CCD matrix with electronic readout,
amplification circuitry and analog-to-digital converter. The active area of the matrix is 280x512
pixels; each pixel is 25%17 mkm. During readout of the matrix 35 consecutive scan lines are
summed to yield eight horizontal stripes of 512 pixels each, this stripes correspond to division of
the spectrometer’s entrance slit height into cight spatial view channels. From the detector head the
data goes directly into an PC486 where it is stored in RAM memory. The readout time of 7 ms for a
single image frame.

A Survey spectrometer based on a stigmatic, high optical throughput (f/3), Rowland-circle
spectrograph [1], which provides simultaneous registration of the visible spectrum over the region
400-900 nm with a resolution of 0.2 nm. This spectrometer can be used for simultaneous
registration of the wavelength range 200-400 nm with the same resolution by changing a gratings.
Fig.2 is an optical schematic of the spectrometer, where: 1 - entrance slit; 2 - flat mirror; 3 - turret
with three curved interchangeable gratings; 4 - curved image plane; 5 - diaphragm selector; 6 - trap
for zero order of light. For the 1200 gr/mm grating the 140-mm long curved input tip of the
{iberoptic transformer intercepts the diffracted light between 400 and 900 nm, this 500 nm spectral
- swath is spread across twenty fiber conduits which are geometrically rearranged at the output tip of




the transformer into a rastered rectangular array 6.7 mm wide by 13 mm high. A transfer lens
asscmbly relays this image onto the face of the CCD sensor. - .

The 2-D detector used in this spectrometer is a Wright Instrument CCD camera with Pelticr-
cooled sensor operated in frame transfer mode. The image arca of the sensor consis.ls of 298x576
pixels, each pixel being 22.5 mkm squarc. The insertion of a photographic mask {n.fr(mt of the
fiberoptic transformer permits the sclective atichuation of bright lines, thereby avoiding crosstalk.
between tracks duc to saturation.

B
——

Fig.2. Survey spectrometer

3. RESULT S OF MEASUREMENTS

The main result of our investigations with using High resolution spectrometer's was the
mcasurcment of temperature for the CII ion and D atoms in the divertor region of the DII-D
Tokamak, General Atomics, USA. Viewing geometry in DIHI-D is shown in Fig.3, wherc: | -
graphite tiles; 2 - inner wall of DII-D vacuum vesscl: 3 - MHD flux surfaces; 4 - divertor baffle
plate; 5 - divertor cryopump; 6 - biasable dirertor ring; 7 - port containing DIMES probe. With the
four viewchords aimed through the X-point of a single-null configuration, Doppler profiles were
recorded for the CHI 464.7 nm and Da 656.1 nm lincs, during L-mode, H-mode and "radiative"
divertor condition. For reducing the contribution of Zeeman splitting to broadening of the line
profile, we used a polarizing filter which selected just the p components of the Zeeman manifold.
The typical line profile for CIII triplet and D, line arc shown in Fig.4. The ion temperatures
determined from the doppler broadening of the CHI ion in the region below the X-point was found
to be 10-15 ¢V during ELMing H-mode and reduced to the value 6-§ ¢V during "radiative” divertor
condition. D, line profile usually is multigaussian with the average temperature 1.5-2.5 eV,




Spectroscopy measurements temporal and spatial behavior radiation of impurity have been
carricd out with a survey spectrometer. At Fig.5 arc shown the typical time history
distribution for D, line radiation. Simultancous recording of low charge states of carbon. oxygen
and injected impuritics has yielded information about gas reeycling, impurity behavior at the
divertor strike points and to characterize the sputtering behavior of candidate first wall materials
under actual divertor conditions. Transport of lithium to the divertor region during lithium pellet

injection has been studicd, as well as cumulative deposition lithium on the divertor targets from
pellet injection over many successive discharges [2].

and spatial

Fig.3. Viewing gcometry DIII-D
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Technology of in-situ Deposition of Boron-Carbide Films from
Carborane Precursor. o

Oleg Buzhinskij and Yuri Semenets

Thin boron-carbon a-B/C:H films obtained by plasma chemical
vapor deposition from carborane precursor are widely used for protection
of the first wall of fusion devices (so called “boronization™) to suppress
oxygen, carbon, and heavy (e.g. Fe, Ni, Cr, etc.) impurities and improve
charactenistics of tokamak discharges [1-4].

During deposition process, a de glow discharge in a noble gas 1s
initiated in a vacuum vessel. A boron-containing gas, produced by the
heating of the container with solid at room temperature carborane C;B,¢H;
or deuterated carborane CB1,Dy;, is allowed to flow into the vessel, and
molecules are ionized in the discharge. The ions diffuse through the
positive column and are accelerated in the cathode sheath. The kinetic
energy of an 1on-cathode collision under the cathode fall {200-300V) 1s
greater than binding energy, so the 1ons dissociate and species are included
in surface reactions, resulting in the formation of a film on the surface of
the cathode.

There are another substances that are used for boron-carbon film
deposition: diborane B;H; and deuterated diborane B;Dg, but these are
explosive and highly toxic gases demanding special precautionary measures
and equipment. Less toxic and hazardous, but still having a tendency for
spontaneous combustion on contact with air, are borontrimethyl B(CH.);
and borontriethvl B(C;H<);. Decaborane ByHy4 15 a stable solid at room
temperature and is less toxic than diborane. But, unlike these substances,
carborane 1s not hazardous.

—




Typreal filin thicknesses are of the order of some hundred nm. The
deposition rate 1s independent of temperature i the range between 50-
250°C and time and amounts to 150-200 nm/h.

Coatings exhibits good adhesion to stamless steel, Mo, graphite -and
silicon. At the present time, it appears that elevated substrate temperatures
during boronization are useful prumarily to reduce the hydrogen content in
the film. but not for any other properties, such as adhesion, etc.

The main species present in the coatings are boron, carbon, and
hydrogen {deuterium). The coatings may contain oxygen in quantitics of as
high as 10%. [n addition, metals sputtered from the vessel components at
the beginning of the boronization process may also appear. Ordinarily, the
coatings contain from 20-50% hvdrogen. The hydrogen concentration can
be reduced by elevating the substrate temperature and by controlling the -
glow discharge parameters during boronization. After boronization, the
hydrogen concentration can be reduced by He glow discharge conditioning,

The significant value is the ratio of the boron and carbon (B/C)
concentrations wm the film. This depends on many factors, such as the
amounts of B/C m the gas mixture, gas pressure, gas flow velocity,
discharge voltage. etc. On T-3M and T-11M tokamaks boronization with
carborane vielded a B/C filim ratio of 2-4.

Structural analysis by electron microscopy have shown that the
coatings produced by boronization are amorphous and consist of at least
two phases. At B/C=1-1.5, they consist of approximately equal quantities
of domains (average dimension of 1-3 nm), similar to B,C and carbon
domuains having a diamond-hke structure. The higher the B/C ratio, the
greater the quantity of the B4C phase, and at B/C=4. the boron carbide
phase dominates.

Eroston of boron-carbon filns arising (rom contact with a D2
plasma is mere than one order of maguitude lower than that of graphite
materials. This eroston vield is independent of temperature in the 100-550°
range, and on boron-carbon ratio mn the 1.6-2.5 range. Erosion under these
conditions is considered to be chemical in nature. Porosity is believed to
play a substantial role by providing additional surface area subject to
erosion by thermal atoms. When the surface was subjected to only a
thermal atom flux, the erosion yield increased by an order of magnitude
and was comparable to that of boron-doped graphite USB-15 (15% boron




content). The presence of D+ ions wag assumed o smooth the
surface topology and thus restrict access to wmer pores, resulting in the
lower erosion vield noted above.

Hydrogen 1sotope recycling, that 1s the number of hydrogen 1sotope
atoms released from the wall devided by the number of impinging
hydrogen 1sotope atoms, plays an important role in the performance of
fusion devices. Its reduction has been considered to be a key factor in
improving particle control by means of a gas feed or pellet injection, and
for achieving good plasma confinement. The recycling depends both on
factors intringic to the wall, such as wall material and surface condition,
and on external factors, such as hydrogen concentration in the wall, wall
temperature, impinging flux, etc. But the fraction of recycling dependent on
the wall material itself 1 lower for a-B/C:H films than for carbon. This is
assoctated with the ability of a boron-containing film to more effectively
retain hydrogen isotopes, as compared to carbon. In deuterium
experiments, an additional problem ariscs from the hydrogen dilution of a
deuternun discharge. This 1sotope exchange 1s impossible when deuterated
boron-containing precursors, such as deuterated carborane 1s used.
However, the recycling behavior of a boron-containing film, discussed
above, plays a positive role in hydrogen/deuterium exchange, since
enhanced hvdrogen isotope retention reduces the hvdrogen release
responsible for diluting the deuterium plasma. ’

One of the advantages of boron-containing coatings compared to
carbon-only films is its capability to provide oxygen gettering. As energetic
oxygen interacts with boron/carbon materials, CO and, in lesser amounts,
O, are re-emutted. Boron oxides are also re-emitted (due to sputtering),
but their contribution amounts to only a few percent. Retained oxygen is
contatned 1 the form of nonvolatile boron oxides BO, BO,, B,0,, and
B.0s. probably 1 the form of complexes B-C-O and as physically trapped
CO and O,. The reaction yield of the emitted CO and CO; decreases and
the saturated retention of oxvgen increases with increasing boron content.
Oxygen can also be trapped during film deposition when carbidic states are
formed. This mechanism can contribute to the cleaning effect which may
occur during the boronization process. The interaction of boron-containing
films with H;O ts also of importance. Remarkable oxidation is observed
when a boron-containing film is simultaneously exposed to H;O and
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irradiated with energetic particles (electron/He+ beam). At the same
time, no oxidation 1s observed when the film is exposed simultaneously to
0, and the electron/He+ beam. This fact probably explains why a
reduction of oxvgen in a tokamak oceurs if the chamber is not previously
baked to remove water vapor.

One of the most radical consequense of application of boron-carbon
films is significant decrease of the heavy impurity influx.

CSUMMARY AND CONCLUSIONS -

The protection of vacuum vessel wall by PCVD boron-carbon films
substantially improves the characteristics of discharges by suppressing
oxygen, carbon, and heavy (e.g. Fe. Ni, Cr) impurities and by limiting
hydrogen recveling, especially when compared to carbon films or structural
materials.

While several boron-contaimng gases can be used for boronization,
it should be noted that several experiments employed nontoxic, non-
explosive methacarborane, C,BoH2 which requires no special
precautionary handling or specialized safety equipment. In addition to s
superior safety aspects, it i< also relatively cheap. Now the precursor
deuterated methacarborane, C,B, D1z has been successfully produced and
used in the boronization of T-11M tokamak.
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MODIFIED GRAPHITE AND CARBONIC FIBRE MATERIALS
Oleg Buzhinskij, Vladimlr Otrozhenko, Yuri Virglllev

The choice of materials for first wall screens and limiters
of fusion reactérs and other plasma facing elements 1s made as
usual after some compromises, based on their sputtering yleld
gpd thermal cracking strength under high heat shocks. The
p%eference is glven to such materials which have high heat
conductivity, strength and low sputtering yield.

One of the main requirements in forming materials for
fusion facilities first wall elements consists 1In decreasing
material sputtering, necessary to minimlze plasma Tradiation
losses and increase the 1ife time of the most energy- and
radiation-stressed vacuum chamber blocks. At present graphite
and carbon-graphite materials are widely used in limiters,
divertor plates and shields to withstand high thermal and
radiation loadings. The effect ‘of strong increase 1n the
sputtering rate under ion irradlation at temperatures higher
than 1200K is a characteristic feature of graphites and carbon-
graphite materials of the MPG-8, USB—15, BSG types and of their
analogues abroad, as well as of carbonic compositgg. éuch a type

of radiation-induced erosion under high temperatures makes the
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use of these materials rather problematic.

Some varietles of C-C composites - carbonic. fibre materials
have been chosen as an object of studies, since a controllable
volumetric introduction ouf impurities 1s possible there. The
following materials were used: KUP-VM type on a carbonic fibre
base, KM-5415 type based on a carbonic tissue. The specimens of
madified materials with controllable . yolumetric content of
t1tanium and silicon impui‘ities have been produced. on the base
of these composites.

surfaces of specimens were irradiated by a normally-inci-
dent monochromatic He'-ion beam with an energy of 20 keV. The

beam current density was 0.4-0.8 mA/cme

, the residual pressure
In the vacuum  chamber was (2—6)x10"5Pa. Heating of a specimen
was done with the electron gun located at the back-side of a
target. Erosion of carbonic materials under lon irradiation at
high temperatures was studied by the secondary lon-energy-mass
spectrometiry technique. The results of studying carbonic and
graphlte (MPG-8) specimens irradiated by the He'-ions are glven
in fig.1.

The common feature of all the materials 1s that the carbon
emission rises ten times under heating from TOOK to 1700K, 1i.e.
an anomalously high erosion takes place. The temperature rise
enhances this effect. The influence of impurities on the process
of radiation erosion of carbonic materials was studled on the
KUP—VM, KM-5415, gravimol specimens modified by titanium and
silicon.

Study of the KUP-VM type specimens modified by Ti and Si
has shown that the material is characterized;?/1nfltially by high

carbon emlssion under irradiation by He+7idns. This emission
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increases with the temperature rise. At T=1800K the erosion
coefficient measured by the gravimetric method\(wéight loss of
specimens) 1s S,= T atbms/ion. An iIntense evaporation of
Si-atoms and emisslon of C-atoms are observed 1n  this case.
However, S, 1s reduced with increase in the ion Irradiation dose
at T=1800K. As a result, after 3-4 h lon bombardment at high
temperatures we managed to suppress the :radlation-accelerated
erosion almost completely. The erosion cbefficient“at T=1800K
turns out to be close to the sputtering coefficient for pure
graphite at room temperature, S, = 3x107 atoms/ion.

From the results obtalned for the KUP-VM +T1+Si;speoimens
one can dfaw 'a conclusion on the posslible mechanism of
anomalously high carbon yield suppression under irradiabion al
high  temperatures. An analysis of the surface done with a
scamning electron microscope has shown that the observed effect
is 1related to the formation of a  strongly-developed
microtopography including protruded needles, Z—B-Hm long, with a
density of 109—1019 cm_g. The seed centres for such a
topographic development are particles of titanium carbide which
are probably located at needle points, whereas graphite 1s
placed on the step slopes of the needles and 1in the valleys

among them. Desorption of carbonic atoms from the surface in
this case 1s difficult and it mainly occurs from the phase TiC.
Additional feeding of the TiC—phase by carbon 1s probably

performed from both the specimen Interior and from the valleys

among needles upon the microrelief.
Following these very promiéing results of investigation on
high-temperature erosion of carbonic materlals under Ir-

radiation, test series of plates were made of the modified
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KUP-VM and KM-5415 composites for working elements in the TSP
tokamak.

During the last few years, great efforts have been taken to
create graphites with best quality for use in the vacuum vessels
of tokamak. With this aim, the possible variants of modification
of graphites by carbides, titanium, boron have been considered.
The doped graphltes have durabllity relative to radiation impact
more higher than durability of pure graphlte. In this connection
we fell that the graphite modified by titanlum carbide represen-—
ted strong interest. The contamination of T1i in the vacuum
vessel of thermonuclear devices creates anxiety because of 1ts
relatively high atomic weight. As titanium carbide, it has pro-
perties that are very important for first wall materials. It has
more resistant to thermal shock than boron carbide. The
graphites modified by TiC have much higher heat conductivity
than those modified by B4C. Experiments have been carried out
with small dispersed graphites RGT. In the RGT samples the doped
TiC were varied from 1 to 5 p. The TiC concentration was about
3.5 at %. The values of heat conductivities for different
graphites are show in fig.2. The ion bombardment was carried out
in the glow discharge plasma. The samples were exposed Het-1ons
(E=800eV, j=1.8mA/cm2). At heating the samples to temperature
T=1600K the mass loss was essential only at first heating. The
rate surface sputtering of the RGT graphite during bombardment by
He'-ions  (800eV) was low: Sg= 0O.11at/lon  at S00K  and
Se:O.ZTat/ion at 16O00K. This is a less than the rate that was
obtained for the MPG-8 graphite at the same conditions:
SE:O.1Sat/ion and Se=0.25 at/ion, respectiveiy.The surface

transformation was quite different. At 800K the surface cones
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were developed. At 1600K the cones were not created and at the
surface the carbide particles was seen without observable influ-
ence on thelr form by ilon bombardment. It can be only noted that
the carblde separation was smoothed. The development of conical
structures at the RGT graphite surface is impossible to explain
only by accelerated sputtering of graphite between the
Inclusion of TiC, although part of the conical figure was formed
in similar way. Probably, that conics are formed mainly due 1o
diffusion of material 1In the peak that compensates the
sputtering. The diffusion 1s stimulated by strain appearing at
the surface and at the slope conlcs during the ion bombardment.

Redeposited on the graphite Ti atoms are for the development of
strain and the conic growing. At 1650K the redeposition atoms of
titanium evaporated from the graphite surface and the level of
strain necessary to the growing of the conlecs was not reached.
The ionic bombardment at T=800K activates annesaling processes of
graphite. Doping TiC in graphites accelerates thls processes.
The important consequence 1s the transformation of the surface

structure.

Conclusions

Modified TiC the RGT graphite with high heat conductlvity
500-600W/mk and KUP-VM+Ti+S1 with the possibility to depress the
radiation-enhanced sublimation effect at the wilde temperature
interval 1s a perspective candidate materials for the first

wall of tokamaks.
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THERMAL CONDUCTIVITY OF ALTERNATE DIVERTOR TILE MATERIALS
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PARTNERSHIPS IN SCIENCE AND TECHNOLOGY
AND INFUSE FOREIGN TECHNOLOGY INTO
U.S. R&D PROGRAMS

EUROPEAN RESEARCH OFFICE (ERO)

AREAS OF OPERATION

* WESTERN EUROPE

* CENTRAL EUROPE AND FSU

MIDDLE EAST

AFRICA

SOUTHWEST ASIA

* PRIMARY FOCUS




TECHN. TRANSFER PROCESS

METHODOLOGY

o UNDERSTAND ARMY NEEDS

0 SEARCH FOR RELEVANT DEVELOPMENTS
0 RECOGNIZE TECHNICAL LEADERS

o GET THE EXPERTS TOGETHER

ACTIONS

o LIAISON VISITS

o WORKSHOPS

o SEED PROJECTS

0 LONG TERM COLLABORATION

~




PUBLICATIONS

o INFORMATION BROCHURE - NEWISSUE - OCT 95
INCLUDING BAA

o TECHNOLOGY HIGHLIGHTS - ANNUAL REPORT

ERO SEED PROJECTS

SMALL, ONE-YEAR EFFORTS TO EXPLORE INNOVATIVE
CONCEPTS AND DEVELOP LONG TERM COLLABORATION

BETWEEN FOREIGN INVESTIGATORS AND ARMY
LABORATORIES

PREREQUISITES

- SPECIFIC TECHNICAL ISSUE OF MUTUAL INTEREST

- ARMY LABORATORY COMMITMENT TO LONG-TERM
COLLABORATION IF SUCCESSFUL




MERITS OF SEED PROJECTS

o SERVES AS INCENTIVE FOR PRINCIPAL INVESTIGATOR TO
INTERACT WITH HIS U.S. COUNTERPART (FUTURE FUNDING)

o EARLY TRANSITION OF TECHNICAL RESPONSIBILITY TO
ARMY LABORATORY ASSURES RELEVANCE OF WORK

o SMALL SCOPE PERMITS RAPID RESPONE TO ARISING
OPPORTUNITIES AT LIMITED RISK

SEED PROJECT INITIATION

EXPLORATORY STAGE

ARMY LABS

—_—
-

CONTRACT PREPARATION

BY CONTRACTING OFFICE

FOREIGN INVESTIGATOR
PREPARES PROPOSAL

\J

REVIEW PROCESS
MINIMUM:

O PEER REVIEW =3 ARMY LAB.

O ERO BOARD EXPRESSES
INTENT TO
____________ i COLLABORATE
ADMIN. APPROVAL
BY POC AT ARO/ARL
CONTRACT AWARD BY

CONTRACT OFFICE




STATUS OF SEED PROGRAM

PROJECTS INITIATED TO DATE 55
FIRST PHASE COMPLETED 37
SECOND YEAR FUNDED 21
CONTINUED COLLABORATION 12
SUCCESSFUL, PENDING 3
UNSUCCESSFUL 1

SUCCESS RATE 89-97%

ERO SEED PROGRAM PROFILE

TOTAL

FYs2 93 94 95 96
PROJECTS INITIATED 5 10 18 13 9 (+5) 55 (+5)
STILL IN 1st PHASE - - - 9 9 18
1st PHASE COMPLETED 5 10 18 4 37
FUNDED BY ARMY LAB 3 6 8 4 21
CONTINUED COLLABORATION - 4 8 - 12
SUCCESSFUL, PENDING 1 - 2 - 3

UNSUCCESSFUL 1 - - - -




ERO SEED PROJECTS
BY COUNTRY

NO. OF PROJECTS COUNTRY

13 . FSU
UK
ISR
ITA
FRA

GEM
HUN
POL
GRE

-
NN i oo N

-

SPA
CH
AUT

- -

SUMMARY

- EMPHASIS ON TECHNOLOGY TRANSFER

- CLOSE TIES WITH RDEC’S, ARL AND ARO

- SEED PROGRAM HIGHLY SUCCESSFUL
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WOS Visits FY96
Countries of Origin

European Office of Aerospace Research and Development
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Protocol

of the final meeting of the participants of the first commercial conference of CIS private

companies conducting activity in high-technologies

Comments and observations were made by the following people:

Dr. Vodyanoy, Asociate director USA ONREUR:

“The current situation in the states of the former USSR is such that private
scientific and engineering companies have to unite their efforts to survive The case in
point is not one large-scale company, but an association of companies which will create
a database of their designs, that will conduct joint marketing activities, and lobby
common interests at governmental level institutions and in the mass media.

“There are a lot of such associations in the USA. As a rule, they are united
according to the trade principle. For example, there is an Institute of perspective studies
in the industry of electromechanics as well as a number of others.

“It is very risky for a foreign customer to deal with a small private company in
Russia. An association of such companies like this is quite another thing. In case a
problem arises, there is the possibility of re-distributing work inside the association. The
association can also afford initiating some large-scale projects on its own. They can be

fulfilled in parts. At the same time separate companies, as a rule, are highly specialized




and can not deal with complex projects. That’s why I suggest you to consider the

unification of your efforts under market conditions.

Dr. A. Gonopolski, General Director, JSC PLasma-Test:

“I support Dr. Vodyanoy's idea, but must include one additional idea. Such an
association might be not be the only the performer for a reliable customer. The
association would receive revenue and then help its members by playing the role of the

customer for perspective studies.

Dr. Y. Plotnikov, Director, Moscow State Technical University named after Bauman:
“Under the present conditions, even powerful organizations such as Moscow
State Technical University with its excellent facilities, power base, and highly qualified
staff cannot survive. State finance is insignificant. We can’t introduce ourselves into the
international market due because we lack sufficient experience. That’s why I support the
present initiative. We are ready to provide our facilities if they are needed for any large-

scale projects taken on by the association.

O. Dudar, Executive Director SPE Delfin-TTT:
“We are in favor of the association. We think the idea is very useful and are

ready to represent the interests of the association in the Ukraine.




O. Buzhinski, Lab Head, RF State Research center, Troitsk institute for Innovation &

Fusion Research:

“I support the idea of an association. In the course of work many applied results

may appear that can have independent commercial use.

The following representatives spoke:
Dr. F. Vurzel, TOO Plazmasil, Moscow,
Dr. V. Poluakov, Moscow High Military Road Engineering College

Dr. Y. Zeldin, NPO Test (Ivanovo)

Dr. A.Gonopolski:

“Proceeding from the discussion we can state that all the representatives support
the idea of organization an association. It is necessary to develop and register the

adequate charter documentation. This is the work that will need concrete people and

time taken from the main work.

Who agrees to participate in the preliminary work?

The following candidates were recommended:
Dr. A. Gonopolski A.M.
Dr. A. Vurzel

Dr. E. Azizov
Dr. Puzryakov




