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Abstract—The paper is devoted to the problems of creating technologies for manufacturing of
steels with ultra-fine grains, characterized by a high combination of physical and mechanical properties
with moderate alloying. Using the plastometer Gleeble 3800 and the Quarto 800 mill, the possibility of
grain refinement up to 1-1.5 microns is shown. When the content of grains (less than 500 nm) equals to
30-50%, the strength of the steel exceeds 1000 MPa at high plasticity. In this case, alloying can be re-
duced to minimum in comparison with well known steels. The possibility of modeling industrial produc-
tion processes on the Gleeble 3800 and the Quarto 800 mill is shown.

Keywords: structure fragmentation, plastic deformation, nanostructuring, misorientation angles,
thermomechanical treatment, unification of chemical composition.
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Abstract—During the manufacturing process it is necessary to exclude the formation of large inclu-

sions of excess phases (carbides and nitrides) in nitrogen-containing steel, in particular along the grain
boundaries, and also in triple joints of grains, which significantly influence the initiation of cracks and the
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development of material destruction. The paper studies thermodynamic processes occurring in a high-
strength non-magnetic corrosion-resistant steel grade 04Kh20N6G11M2AFB (04X20H6I11M2A®B) with
a nitrogen content of 0.45%. A theoretical calculation of the equilibrium phase composition of steel has
been performed using the Thermo Calc software. With the help of dilatometric and metallographic stud-
ies, the temperature intervals for the formation of dispersed carbonitride particles after cooling have been
established, and also the absence of the propensity to intermittent decay and the formation of the
0-phase at temperatures below 900°C.

The temperature range for the formation of carbonitride phases varies from 1020 to 850°C. Defor-
mation of 10-30% increases it to 1050—410°C. The degree of deformation in one pass has a significant
effect on the intensity of the formation of carbonitrides directly under high-temperature thermomechanical
treatment.

Keywords: austenitic nitrogen-containing steel, carbonitrides, phase composition, deformation, tem-
perature interval of excess phases’ formation
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CARBURIZATION OF HEAT EXCHANGE PIPES FROM STEEL GRADE Cr18Ni9 IN CONTACT
WITH LIQUID SODIUM
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Abstract—The research of carburizing process of heat-exchange pipes from steel grade Cr18Ni9
under conditions of long-term operation at 515°C in liquid sodium was carried out. On the experimental
assessment of the carbon content in the surface metal layer, the value of the effective diffusion coeffi-
cient was determined and the depth of carburization was calculated in the temperature range 450—
515°C.

Keywords: steam generator, heat exchange tubes, sodium coolant, carburization, effective diffusion
coefficient.
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INFLUENCE OF CARBAMIDE-CONTAINING BRIQUETTED MODIFICATORS
ON THE PROPERTIES AND STRUCTURE OF THE GRAY CAST IRON

G. A. BAGLIUK, Dr. Sc. (Eng), V. Ya. KUROVSKY, E. V. ZAKHARCHENKO, Cand. Sc. (Eng)

I. N. Frantsevich Institute for Problems of Materials Science, National Academy of Sciences of Ukraine,
3 Krzhizhanovskogo St, 03142 Kiev, Ukraine

Received September, 5, 2016, in final form, March 8, 2017

Abstract—The paper presents studies of the effect of carbamide-containing briquetted modifying
agents, component composition and modifiers consumption at ladle inoculation of the melt on the basic
mechanical properties and structure of cast iron. The efficiency of melt cast iron processing with powder
briquetted modifiers containing carbamide is shown. Increase of briquettes consumption, containing 8%
carbamide, from 0.25 to 5-6% of the melt weight results in a substantial growth of the cast iron strength
achieving the values of high-duty cast iron (about 490 MPa). With increasing of briquettes consumption
from 1 to 6% the degree of nitrogen assimilation decreases from 29% to 14% and the chilling effect in-
creases. Morphology of graphitic phase with increasing of nitrogen content in the alloy varies from mixture
of lamellar and vermicular inclusions up to vermicular particles, and their amount and size are being re-
duced in the cast iron with a higher content of nitrogen. The matrix phase of the cast iron with any nitro-
gen content has a structure of fine laminar perlite.

Keywords: cast iron, inoculation, nitrogen, carbamide, chilling effect, strength, graphite.
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Abstract—The object of research is the first stage rotor blade of gas turbine GTE-45-3 engine from
heat-resistant EP800VD nickel alloy after operation of 14 000 hours and after carrying out the reductive
heat treatment.

The paper studies distribution parameters of strengthening intermetallic y'-phase and local me-
chanical characteristics of material defined in the different thermal loaded zones in a post-operational
state and after the reductive heat treatment.

The work defines possibilities of material structure regeneration after operation by methods of the
quantitative assessment of alloy microstructure parameters and research of local mechanical character-
istics in different thermally loaded zones of the blade.

The quantitative metallographic analysis, electronic microscopy, hardness and microhardness
measurements, relaxation tests of local strength properties, creep tests have been selected as methods
of investigation.

It is established that degradation of local mechanical characteristics of material proceeds with dif-
ferent intensity in thermally loaded zones of the blade and is associated to processes of the coagulation
and dissolution of intermetallic y'-phase. It is shown that the quantitative research techniques of a micro-
structure, namely, the strengthening phase in case of high-temperature nickel alloys, are rather informa-
tive and allow to give an assessment to a condition of material in general.

Keywords: turbine blades, heat-resistant nickel alloy, alloying elements, intermetallic phase, me-
chanical properties, relaxation.
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REFRACTORY MONOCARBIDES AND DIBORIDES OF TRANSITION METALS: PROMISING COM-
PONENTS OF HIGH-TEMPERATURE COMPOSITE MATERIALS
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Abstract—Creation of new generation composite materials, working in extreme conditions, re-
quires a comprehensive design, technological and materials science approach. One of the components
of such materials can be monocarbides and diborides of transition metals of groups IV-VI of the periodic
system of elements — titanium, zirconium, hafnium, vanadium, niobium, tantalum. In addition to individu-
al monocarbides and diborides, their binary systems also cause great interest. Most isomorphic pairs of
monocarbides and diborides have unlimited mutual solubility. Of particular significance is the HfC-TaC
system. The TaC—4HfC compound has a temperature exceeding 4000°C, which is a record of refractori-
ness among all known synthesized substances.

Keywords: structural materials, composite materials, carbon materials, refractory compounds, car-
bides, borides, solidification, physicochemical analysis.
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Abstract—Directional solidification conditions, structure and properties of the niobium-silicon com-
posite obtained by liquid metal cooling have been studied. Natural composition and microstructure of the
ingot after directional solidification have been considered. The phase composition and microstructure of
Nb—Si composite have been analyzed, and short-term strength levels have been determined at 20 and
1200°C and values of long-term strength at 1200°C.

Keywords: directional solidification; refractory eutectic alloy; eutectic composite structure; niobium
silicide; solid solution of niobium; niobium solid solution; short-term strength; long-term strength.

ACKNOWLEDGEMENTS

The present investigation was carried out within the framework of the “Strategic directions of devel-
opment of materials and technologies for the period up to 2030”. It has been done according to the clause
9.5: Directional solidification of high temperature heat-resistant alloys.

DOI: 10.22349/1994-6716-2017-90-2-68-76
REFERENCES
1. Kablov, E. N., Innovatsionnye razrabotki FGUP VIAM GNTS RF po realizatsii Strategicheskikh
napravleniy razvitiya materialov i tekhnologiy ikh pererabotki na period do 2030 goda [Innovative devel-
opments of FSUE “VIAM” RF SRC to implement the Strategic directions of development of materials and
its production technologies for the period up to 2030], Aviatsionnye materialy i tekhnologii [Aviation Mate-
rials and Technologies], 2015, No 1(34), pp. 3—33. DOI: 10.18577/2071-9140-2015-0-1-3-33.

2. Nauchny vklad v sozdanie aviatsionnykh dvigateley [Scientific contribution to the creation of air-
craft engines], Skibina, V.A., Solonina, V.l., (Eds.), Moscow: Mashinostroenie, 2000.

3. Kablov, E.N., Petrushin, N.l., Svetlov, I.L., Demonis, |I.M., Nikelevye liteynye zharoprochnye
splavy novogo pokoleniya [Nickel casting heat-resistant alloys of the new generation], Aviatsionnyye ma-
terialy i tekhnologii [Aviation materials and technologies], 2012, Ne S, pp. 36-52.

4. Kablov, E.N., Bondarenko, Yu.A., Kablov, D.E., Osobennosti struktury i zharoprochnykh svoystv
monokristallov <001> vysokoreniyevogo nikelevogo zharoprochnogo splava, poluchennogo v usloviyakh
vysokogradientnoy napravilennoy kristallizatsii [Features of the structure and heat-resistant properties of
single crystals <001> of high-rise nickel heat-resistant alloy obtained under high-gradient directional crystal-
lization], Aviatsionnyye materialy i tekhnologii [Aviation materials and technologies], 2011, No 4, pp. 25-31.

5. Kablov, E.N., Bondarenko, Yu.A., Echin, A.B., Surova, V.A., Kablov, D.E., Razvitie protsessa
napravlennoy kristallizatsii lopatok GTD iz zharoprochnykh i intermetallidnykh splavov s monokri-
stallicheskoy strukturoy [Development of the process of directional crystallization of gas turbine blades
from heat-resistant and intermetallic alloys with a single-crystal structure], Vestnik MGTU im. N.E. Bau-
mana, Ser.: Mashinostroyenie, 2011, No SP2, pp. 20-25.

6. Litye lopatki gazoturbinnykh dvigateley: splavy, tekhnologii, pokrytiya [Molded blades of gas-
turbine engines: alloys, technologies, coatings], Kablov, E.N., (Ed.), 2nd ed., Moscow: Nauka, 2006.

7. Bondarenko, Yu.A., Kablov, E.N., Directional Crystallization of High-Temperature Alloys with Ele-
vated Temperature Gradient, Metal Science and Heat Treatment, 2002, V. 44, Issue 7, pp. 288—-291.

8. Bondarenko, Yu.A., Echin, A.B., Kolodyazhny, M.Yu., Osobennosti formirovaniya estestvenno-
kompozitsionnoy struktury evtekticheskogo splava Nb-Si pri napravlennoy kristallizatsii v zhidko-
metallicheskom okhladitele [Peculiarities of the formation of the natural-compositional structure of the eu-
tectic Nb—Si alloy for directional crystallization in a liquid-metal cooler], Elektrometallurgiya [Electrometal-
lurgy], 2016, No 11, pp. 2-8.

9. Ospennikova, O.G., Podiachev, V.N., Stoliankov, Yu.V., Tugoplavkie splavy dlia novoy tekhniki
[Refractory alloys for new technology], VIAM Proceedings, 2016, No 10. Art. 05. URL: http://www.viam-
works.ru (Circulation date 06.02.2017). DOI: 10.18577 / 2307-6046-2016-0-10-5-5.

© 2017 NRC “Kurchatov Institute” — Scientific and Technical Journal
CRISM “Prometey” "Voprosy Materialovedeniya”
http://www.crism-prometey.ru



http://www.crism-prometey.ru/
mailto:admin@viam.ru

10. Bewlay B.P., Jackson M.R., Sutliffe J.A. et al. Solidification processing of high temperature in-
ter-metallic eutectic-based alloys, Material Science and Engineering. Part 2, 1995, Issue 192/193,
pp. 534-543.

11. Bewlay, B.P., Jackson, M.R., Lipsitt, H.A., The balance of mechanical and environmental prop-
erties of a multielement niobium-niobium silicide-based in-situ composite, Metallurgical and Materials
Transactions A, 1996, Vol. 27A, No. 12, pp. 3801-3808.

12. Bewlay, B.P., Jackson, M.R., Subramanian, P.R., Processing high temperature refractory metal-
silicide in situ composites, Journal of Metals (JOM), 1999, Vol. 51, No. 4, pp. 32-36.

13. Guo, X.P., Guan, P., Ding, X., Zhang, J., Kusabiraki, K., Fu, H.Z., Unidirectional Solidification of
a Nbss/NbsSis in-situ Composite, Materials Science Forum, Vol. 475-479, 2005, pp. 745-748.

14. Chang, K.M., Bewlay, B.P., Sattley, J.A., Jackson, M.R., Cold-crucible directional solidification
of refractory Metal-Silicide Eutectics, Journal of Metals (JOM), 1992, Vol. 44, No. 6, pp. 59.

15. Bewlay, B.P., Jackson, M.R., Gigliotti, M.F.X., Niobium silicide high temperature in situ compo-
sites, Intermetallic Compounds, Principles and Practice, Westbro, J.H., Fleicher, R.l. (Eds.), 2002, Vol. 3,
pp. 541-560.

16. Tanaka, R., Kasama, A., Fujikura, M., lwanaga, |., Tanaka, H., Motsumuro, Y., Research and
development of niobium-based superalloys for hot components of gas turbine, Proceeding of the Interna-
tional Gas Turbine Congress, 2003, pp.1-5.

17. Bewlay, B.P., Jackson, M.R., Zhao, J.C., Subramanian, P.R., Mendiratta M.G., Lewandowski J.
Ultra high temperature Nb-Silicide-based composites, MRS Bulletin, 2003, Vol. 28, No. 9, pp. 646-653.

18. Bondarenko, Yu.A., Kablov, E.N., Pankratov, V.A., Osobennosti polucheniya rabochikh lopatok
malogabaritnykh GTD iz splavov tipa VKLS-20 [Features of obtaining working blades of small-size GTE
from alloys of type VKLS-20], Aviatsionnaya promyshlennost [Aviation industry], 1993, No 2. pp. 9-10.

19. Bondarenko, Yu.A., Echin, A.B., Surova, V.A., Narsky, A.R., Vliyanie temperaturnogo gradiyen-
ta na strukturu zharoprochnogo splava pri ego napravlennoy kristallizatsii [Influence of the temperature
gradient on the structure of a heat-resistant alloy in its directional crystallization], Liteyshchik Rossii [The
Foundryman of Russia], 2014, No 5, pp. 24-28.

20. Echin, A.B., Bondarenko, Yu.A., Bityutskaya, O.N., Narsky, A.R., Vliyanie peremennogo tem-
pera-turnogo gradienta na dispersnost struktury Re-soderzhashchego splava [Influence of a variable
temperature gradient on the dispersion of the structure of a Re-containing alloy], Liteynoye proizvodstvo
[Foundry], 2015, No 10, pp. 33-36.

21. Bondarenko, Yu.A., Perspektivy tekhnologii napravlennoy kristallizatsii krupnogabaritnykh rabo-
chikh lopatok nazemnykh gazovykh turbin [Perspectives of technology of directed crystallization of large-
sized working blades of surface gas turbines], Materialovedenie [Materials Science], 1998, No. 7,
pp. 21-25.

UDC 621.74:621.315.3

COMBINED METHOD OF CASTING MICROWIRES IN GLASS INSULATION
B. V. FARMAKOVSKY, Cand. Sc. (Eng)
NRC “Kurchatov Institute” — CRISM “Prometey”, 49 Shpalernaya St, 191015, St Petersburg,
Russian Federation. E-mail: mail@crism.ru
Received December 28, 2016

Abstract—The results of research of casting microwires in glass insulation in terms of stabilizing
the chemical composition and parameters of the casting process are presented. On the basis of these
data, a combined method has been developed and actually mastered, realizing the technological replen-
ishment of the required volume of molten metal by creating a second autonomous additional drop,
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where the same physical and chemical processes are realized as in the main drop. This method has
significantly increased the productivity of the microwires casting process.

Key words: microwires, glass insulation, casting, process performance.
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Abstract—Research results of composition, structure, and optical properties of membranes formed
on the surface of a titanium nitride coating after multipass laser processing are presented. The modes of
forming raster pattern with a contrast of 0.14-0.6 at a wavelength of 860 nm are determined without
changing the roughness of the base surface. Features of surface modification are shown, due to the fact
that the number of laser passes increases the saturation of the titanium nitride membrane with oxygen
forming titanium oxide of anatase and rutile phases, as well as of titanium oxynitride with formula
TiO0.3N0.7. The process of phase transformations is accompanied by the growth of structural fragments
and a change in the color of the membrane. The thickness of the modified layer after four-pass laser pro-
cessing is about 0.5-0.7 ym.

Keywords: titanium nitride, laser surface treatment, optical contrast, stoichiometry, oxynitrides.
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Abstract—The physical model and system of synthesis gas (syngas) generator designed by
OO0 VTR, as well as structural features of the mixing head — the most important element of the gas gen-
erator, are considered. The paper presents studies of partial oxidation at steady state modes in the com-
bustion chamber of a gas generator for various combinations of raw material — oxidant. It is shown what
influence have the main parameters (oxidizer's excess factor, degree of air enrichment, degree of mois-
tening of raw material, pressure in the combustion chamber, temperature of components’ heating) on the
balance ratios of the incomplete combustion. The possibility of obtaining the syngas of the required com-
position and parameters for the synthesis of the final target products (hydrogen, methanol, etc.) is re-
garded.

Keywords: partial oxidation of hydrocarbons, low-tonnage syngas production, gas generator, com-
bustion chamber.
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ON MODIFYING OF SLIDING SURFACE OF HIGH SPEED FRICTION PAIR BY PULSE FREQUENCY
IMPLANTATION
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Abstract—The object of research is a detail of high speed friction pair “needle thrust bearing” of the
gas centrifuge — a needle from steel U10, in the initial, post-operational status and after radiation by dif-
ferent doses of C" ions on the pulse-frequency “Rainbow” accelerator.

The paper presents optimum mode of implantation by C” ions of needle sliding zone to increase op-
erability of frictional unit “needle thrust bearing” of the gas centrifuge.

The metallographic analysis, microhardness measurements, determination of friction coefficient and
wear resistance have been selected as methods of investigation.

It is established that pulse frequency implantation of C* ions dose of 10"® cm™ leads to the optimum
combination of physicomechanical and tribological properties of needle working surface providing better
wear resistance of friction pair “needle thrust bearing”.

This method of surface treatment is recommended to use when operating friction pair “needle thrust
bearing” for increasing working capacity and a resource of operation of high speed friction pair of the gas
centrifuge.

Keywords: friction pair, needle, ionic implantation, microhardness, friction coefficient, wear re-
sistance.
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AM. MAKARQV, D.A. GERASHCHENKOV, Cand. Sc. (Eng), A.F. VASILIEV

NRC “Kurchatov Institute” — CRISM “Prometey”, 49, Shpalernaya St, 191015, St Petersburg,
Russian Federation. E-mail: mail@crism.ru

Received February 9, 2017

Abstract—The paper is devoted to the development of practical recommendations for using the
method of gas dynamic cold spray to obtain functional coatings under production conditions. Using the
example of aluminum powder ASD-1, the temperature and speed parameters of the process have been
optimized, ensuring high adhesion and hardness of the coating at maximum productivity and a high coef-
ficient of powder utilization.

Keywords: gas dynamic cold spray, functional coatings, temperature and speed parameters, produc-
tion conditions, aluminum powder material.

DOI: 10.22349/1994-6716-2017-90-2-116-123
REFERENCES

1. Alkhimov, A.P., Klinkov, S.V., Kosarev, V.F., Fomin, V.M., Kholodnoe gazodinami-cheskoe
napylenie. Teoriya i praktika [Cold gas-dynamic spraying. Theory and practice], Moscow: FIZMATLIT,
2010.

2. Irissou, E., Legoux, J.-G., Arsenault, B., Moreau, Ch., Investigation of Al-Al,O; Cold Spray
Coating, Thermal Spray Technol, 2007, V. 16, No 5-6, pp. 661-668.

3. Meydanoglu, O., Jodoin, B., Sabri Kayali, E., Microstructure, mechanical properties and corrosion
performance of 7075 Al matrix ceramic particle reinforced composite coatings produced by the cold gas
dynamic spraying process, International Thermal Spray Conference (ITSC), Hamburg, 2011.

4. Guo, X., Zhang, G., Li, W.Y., Dembinski, L., Gao, Y., Liao, H., Coddet, Ch., Microstructure,
microhardness and dry friction behavior of cold-sprayed tin bronze coatings, Applied Surface Science,
2007, V. 254, No 5, pp. 1482—-1488.

5. Wen-Ya Li, Chang-Jiu Li, Hanlin Liao, Coddet Ch., Effect of heat treatment on the microstructure
and microhardness of cold-sprayed tin bronze coating, Applied Surface Science, 2007, V. 253, No 14, pp.
5967-5971.

6. Kudinov, V.V., Bobrov, G.V., Nanesenie pokrytiy napyleniyem. Teoriya, tekhnologiya i
oborudovanie [Application of coatings by sputtering. Theory, technology and equipment], Moscow:
Metallurgiya, 1992.

7. Gerashchenkov, D.A., Vasiliev, A.F., Farmakovsky, B.V., Mashek, A.Ch., Issledovanie
temperatury potoka v protsesse kholodnogo gazodinamicheskogo napyleniya funktsionalnykh pokrytiy
[Investigation of flow temperature in the process of cold gas-dynamic sputtering of functional coatings],
Voprosy Materialovedeniya, 2014, No 1(77), pp. 87-96.

8. Liasnikov, V.N., Ukrainsky, V.S., Bogatyrev, G.F., Plazmennoe napylenie pokrytiy v proizvodstve
izdeliy elektronnoy tekhniki [Plasma deposition of coatings in the production of electronic products],
Saratov: Saratov University, 1985.

© 2017 NRC “Kurchatov Institute” — Scientific and Technical Journal
CRISM “Prometey” "Voprosy Materialovedeniya”
http://www.crism-prometey.ru



http://www.crism-prometey.ru/
mailto:mail@crism.ru

9. Borisov, Yu.S., Kharlamov, Yu.A., Sidorenko, S.L., Ardatovskaya, E.N., Gazotermicheskie
pokrytiya iz poroshkovykh materialov [Gas thermal coatings from powder materials], Kiev: Naukova
Dumka, 1987.

10. Markov, M.A., Krasikov, A.V., Gerashchenkov, D.A., Makarov, A.M., Bykova, A.D.,
Ordanian S.S., Sintez iznosostoykikh keramicheskikh pokrytiy na stalnykh materialakh s kompleksnym
ispolzovaniem metodov sverkhzvukovogo geterofaznogo perenosa i mikrodugovogo oksidirovaniya
[Synthesis of wear-resistant ceramic coatings on steel materials with complex use of supersonic
heterophasic transfer and microarc oxidizing methods], Ogneupory i tekhnicheskaya keramika, 2016, No
10, pp. 30-35.

UDC 621.793.7:621.762

WEAR AND CORROSION RESISTANT FUNCTIONALLY GRADIENT COATINGS BASED
ON COMPOSITE POWDERS OF METAL — NON METAL SYSTEM
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Abstract—The technology of obtaining wear-resistant corrosion-resistant functional gradient coat-
ings of composite nanostructured powders has been developed by microplasma spraying. Coat-
ings’microhardness reaches 10.27 GPa, providing effective protection of precision engineering compo-
nents in extreme operating conditions.

Keywords: matrix material, mechanosynthesis, composite powder, microplasma spraying.
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Abstract—A new technology of supersonic cold gas-dynamic spray producing functionally gradient
coatings based on Al65-Cu23-Fe12 quasicrystal compound has been developed. Possessing high
hardness (above 220 HV) and wear resistance (less than 1,6:107° pm/km) the coatings can be used in
friction pairs, ship fittings, and important structural and functional elements of transport equipment and
power systems.

Keywords: functional gradient coatings, supersonic cold gas dynamic spraying, quasicrystalline
structure.
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Abstract—A complex study of welded wear-resistant layer samples on the structural element of
agricultural machinery was carried out. The technique of combining data obtained from scanning probe
and electron microscopes is described.

Keywords: surfacing, scanning probe microscopy, scanning electron microscopy, microhardness,
carbide phases.
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OPTIMIZATION OF THE TECHNOLOGICAL PARAMETERS AND DETERMINATION
OF SELECTIVE LASER MELTING MODES OF 316L-BASED COMPOSITION POWDER
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Abstract—Standard specimens made of 316L austenitic steel powder were produced by the selec-
tive laser melting (SLM method). Studies of the mechanical properties showed a strong dependence on
the parameters of powder melting and the direction of specimens building. Melting modes were found,
which allow obtaining a set of mechanical properties, exceeding the characteristics of monolithic sam-
ples.

Keywords: powder mixtures, selective laser melting, mechanical properties, complex shape.
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Abstract—The article considers the problem of choosing materials for aircraft engine fan case,
which provides impenetrability if the blade breaks. Physical and mechanical characteristics, operational
properties, high-velocity impact resistance of layered woven organoplastics with special structures were
investigated, including after exposure to environmental factors. Application of aramid fibers (AFRP) in
construction of aircraft engine fan case allows improving its weight and protective characteristics accord-
ing the continually increasing requirements to modern aircraft engines.
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Abstract—Patterns and mechanisms of epoxy fiberglass fracture after long (till 5 years) aging in dif-
ferent climatic zones (in the conditions of industrial zone of temperate climate of Moscow — MTsKI; tem-
perate warm climate Gelendzhik — GTsKI; warm humid climate of Sochi — GNIP Russian Acade-
my of Sciences) and subsequent testing for static bend have been investigated by methods of the micro-
structural and fractographic analysis. The structure of obverse and reverse surfaces, and nature of de-
struction under bending of samples before aging and after natural exposure (specimens were mounted at
an angle of 45 degrees from horizontal) have been studied. The general patterns and features of fracture
under bending after weathering in different climate are determined.

Keywords: fiberglass, long climatic aging, macro- and microstructure, scanning electron microscopy,
durability at bend.
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Abstract—The reliability of equipment working under Arctic and Far North conditions is provided to
great extent by application of cold resistant antifriction polymer composites in friction units. The article is
devoted to antifriction carbon plastics developed by CRISM “Prometey” and based on thermosetting and
thermoplastic matrices preserving mechanical and tribological features at low and ultralow temperatures,
without lubrication or lubricated by any working liquid or liquefied gas at temperatures as low as minus
200°C.

Keywords: antifriction carbon plastics, friction unit, thermosetting plastics, thermoplastic, lubrication
by working liquid, northern execution.
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Abstract—The article presents the material science aspects of modern body armor using modern
technologies. Particular attention is paid to polymeric composite materials based on textile reinforcing
fillers. The equipment and practical means to test the effectiveness of body armor have been described.
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CALCULATION OF THERMAL PROCESSES AROUND MOVING MOLTEN POOL USING BOUNDARY
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Abstract—A technique for calculating the steady-state temperature field in a solid part of welded
workpiece has been developed by using the moving molten pool dimensions as input data and the
boundary element method for solving the heat conduction problem. The technique enables the heat
source efficiency and thermal efficiency of base metal melting to be calculated. An example of full pene-
tration GTAW of 1565 aluminium alloy demonstrates the distributions of temperature gradient and cooling
rate. Good agreement between the computed and experimental thermal cycles is observed. The hard-
ness distribution across a butt welded joint is shown.

Keywords: arc welding, aluminum alloy, heat conductivity, boundary element method, weld pool,
temperature field, temperature gradient, cooling rate.
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