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RESEARCH ON SUBMICRON-GRAINED STRUCTURE FORMATION IN TITANIUM ALLOYS
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Abstract—The effect of thermohydrogen treatment combined with hot rolling on structure formation
in a- and near-a titanium alloys has been studied. The possibility of submicron-grained sheet
semiproduction of VT5 (Ti-5.8Al-0.1Fe, wt.pct.) and VT20 (Ti—5.9Al-1.5V-1.2Mo-1.8Zr-0.1Fe, wt.pct.)
alloys has also been shown wherein the submicron scale structure contributes to maximal flow stress
decrease and gives the opportunity to perform the superplastic deformation process at lower
temperatures (by 100-200°C).

Keywords: titanium alloys, hydrogen technology, submicron-grained structure, superplasticity, flow
stress, electron microscopy, fine structure.
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INFLUENCE OF THE THERMAL TREATMENT MODE ON HEAT RESISTANCE OF THE ALLOY
ON THE BASIS OF CHROME AT HIGH-TEMPERATURE OXIDATION ON AIR
A. M. ADASKIN', Dr. Sc., V. N. BUTRIM?, Dr. Sc., V. S. KUBATKIN', I. Yu. SAPRONOV?, Dr. Sc.
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Abstract—Dependence of heat resistance of Cr-32Ni-1.5W-0,25V-0.5Ti alloy from initial before
oxidation structure is established. Influence of an intermediate layer and porosity of Cr,O3; oxide on
oxidation kinetics is shown. The minimum size of scale during the initial period of the oxidation, which
develops according to the parabolic law, is provided with fine-grained structure of an alloy at the expense
of accelerated formation of the y-phase intermediate layer. The minimum speed of oxidation is reached at
a stage of linear oxidation of an alloy at 1100°C due to delay of diffusion of oxygen when the formed
oxide is possessed of the minimum porosity, i.e. the greatest density. The mechanism of formation of y-
phase (solid solution of chrome in nickel) intermediate layer is shown.
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Keywords: alloy on the basis of chrome; heat resistance; oxidation of heat resisting Cr—Ni alloys;
chrome and oxygen diffusion; oxide layer structure.
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WEAR-RESISTANT CERAMIC MATERIALS BASED ON Al,O; WITH DIFFERENT GRAIN SIZES
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Abstract—Wear-resistant ceramic materials have obtained on the basis of Al,O; with grains of a
diameter of 3 and 15 microns, a schematic diagram of manufacturing technology has been given. The
structural and physical-mechanical characteristics of the ceramic material samples have been researched
in comparison with a monocrystal Al,Os. Tribological tests of ceramics have been conducted, establishing
the correlation between ceramic wear, its structural features, and determinative parameter which is the
ratio of hardness to Young’s modulus.

Keywords: ceramic materials have obtained on the basis of Al,O3;, wear-resistant, structural features,
physical-mechanical characteristics.
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ARAMIDE ORGANOPLASTICS FOR SOUND-PROOF DESIGNS
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Abstract—Modern sound-proof designs are inconceivable without complex multi-level structure.
This structure is to provide noise decrease of aircraft engines within the broad range of frequencies,
improving acoustic comfort of passengers and the crew, and also reducing noise pollution in city areas.
Materials necessary for sound-proof designs have to possess certain complex of acoustic, mechanical
and technological properties. The paper covers aramide organoplastics, developed for advanced sound-
proof designs (multi-layer and gradient) with expanded strip of sound absorption.
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Abstract—This article analyzes the work in the field of thermostable composite materials based on
fiber fillers and polyimide binders. Data on composite materials based on cross-linked polyimide have
been given. Physical and mechanical properties of glass- and carbon plastics based on polyimide binders
and their application have been presented.

Perspective polyimides with the structure of semi-interpenetrating networks, and properties of
composites based on them have been described. The main directions of development of high-
temperature composites have been outlined.

Keywords: polymer composite material, polyimide, binder, polymerization, thermal stability
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RESEARCH DATA OF THE FIBER OPTIC SENSORS EMBEDDED IN CFRP PANEL
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Abstract—The paper presents research results of fiber optic sensors embedded in CFRP panel.
The efficiency of such sensitive systems for the control of the stress-strain state of the structure has been
shown. Spectral characteristics have been investigated after forming panels during mechanical tests.
Built-in monitoring of stress-strain state is effectuated by point and linear fiber optic sensors.

Keywords: fiber optic sensor, fiber Bragg grating, carbon fiber reinforced plastics (CFRP), large-
sized composite wing panel, three-point bending.
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Abstract—The paper investigates influences of long (till 5 years) climatic aging on microstructure
and fracture of epoxy organoplastics in the conditions of power influence (bend and compression). It is
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shown that ftacture of epoxy organoplastics at mechanical loading takes place according to mixed
mechanism — along fibers, and also along matrix and represents complex multiphasic process which is
observed at various structural levels. The analysis of the obtained microstructure data taking into account
the duration of influence of climatic factors is carried out, the main types of organoplastics fracture are
established considering aging and tests on bend and compression.

Keywords: organoplastics, long climatic aging, microstructure, scanning electron microscopy,
bending strength, compression strength.
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Abstract—At the resistance spot welding the electrode wear resistance is determined by thermal
deformation processes on the work surface. To analyze the impact of electrodes’ construction and
welding parameters on these processes we use physical and mathematical model, which is the basis of
the electric potential of the system of equations, thermal conductivity, and plastic deformation. The paper
proposes criteria for assessing the durability of the electrodes when choosing their geometry and welding
conditions: the ratio of contact pressure and working surfaces hardness and surfaces temperature values,
which are defined by computer simulation of the welding process.

Keywords: resistance spot welding, electrode wear resistance, thermal deformation process,
physical and mathematical model, computer engineering analysis.
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Abstract—The paper presents data of new electrode materials for electric spark alloying,
manufactured from mineral raw materials of the Far Eastern region. Alloying layer formation and its
properties have been studied. It is found that electric spark alloying by new electrode materials increases
steels’ heat and wear resistance.

Keywords: mining waste processing, electroslag remelting, alloys, electrodes, electric spark alloying.
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Abstract—The paper presents results of investigation of microstructure and mechanical behavior of
the aluminum-magnesium alloy made by friction stir welding. In order to choose optimal welding
conditions, the main process parameters, such as tool rotating rate and welding speed, were modified.
The possibility of obtaining high quality joints has been analyzed.

Keywords: friction stir welding, aluminum-magnesium alloy, microstructure, stress-strain behavior.
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Abstract—The paper shows research results of two types of deformed semi-finished products
(forgings and tubes), made of titanium alloys PT-7M and PT-7M + 0.15% ruthenium. Basic mechanical
properties, structure and ruthenium distribution on the structure of titanium alloys are presented.

The results of tests on corrosion and mechanical strength of forgings and pipes from these alloys
have been considered. Samples with cracks were evaluated by static three-point bending and cyclic
fatigue experiments in corrosive environment.

Keywords: titanium alloys, low-cycle fatigue, cracking corrosion, forging, pipe.
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DEVELOPMENT OF THE PROMETEY MODEL AND METHOD OF UNIFIED CURVE. Part 1.
PROMETEY MODEL

B. Z. MARGOLIN, Dr. Sc., V. N. FOMENKO, A. G. GULENKO, Dr. Sc., V. . KOSTYLEV, Dr. Sc., V.
A. SHVETSOVA, Dr. Sc.

FSUE CRISM Prometey, St Petersburg, E-mail: mail@crism.ru
Received September 1, 2016

Abstract—The paper solves two problems that arise when modeling brittle fracture: firstly, the
possibilities of using the same model parameters for describing specimens of various types, and
secondly, fracture simulation under non-radial loading. Probabilistic model of brittle fracture known as a
Prometey model has been upgraded to meet these challenges. Modified model (so called M-Prometey)
was verified by comparing calculations with experimental data. Smooth and notched cylindrical, tensile
specimens and pre-cracked specimens have been ma de of RPV steel in the initial and embrittled
conditions. M-Prometey model allows us to calculate the probability of brittle fracture of specimens of
various types at different test temperatures, at the same parameters of the model. The values of the
parameters of the M-Prometey model have been obtained to simulate the brittle fracture of RPV steels in
initial and embrittled conditions.

Keywords: reactor pressure vessels steels, modeling brittle fracture, modified model M-Prometey,
prediction of fracture toughness.
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Abstract—The advantages and disadvantages of engineering Unified Curve (UC) method to predict
the temperature dependence of the fracture toughness K. (T) have been considered. On the basis of the
modified model of brittle fracture (M-Prometey model), discussed in the first part of the present paper, UC
method has been improved and called Advanced Unified Curve (AUC). The results were obtained
through an extensive database of values of fracture toughness of materials with varying degrees of
embrittlement. A comparison of methods AUC and the UC, as well as the AUC and the known
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engineering method, Master Curve (MC), has been made. Various statistical methods were used to
compare the AUC, UC and MC.

Keywords: reactor pressure vessels steels, modeling brittle fracture, Advanced Unified Curve
method, prediction of fracture toughness.

DOI: 10.22349/1994-6716-2016-88-151-178
REFERENCES

1 Margolin, B.Z., Gulenko, A.G., Nikolaev, V.A., Riadkov, L.N., A new engineering method for
prediction of the fracture toughness temperature dependence for RPV steels, Int. J. Pres. Ves. Piping,
2003, V. 80, pp. 817-829.

2 Margolin, B.Z., Gulenko, A.G., Shvetsova, V.A., Improved probabilistic model for fracture
toughness prediction for nuclear pressure vessel steel, Int. J. Pres. Ves. Piping, 1998, V. 75, pp. 843—
857.

3 Margolin, B.Z., Shvetsova, V.A., Gulenko, A.G., Kostylev, V.l., Prometey local approach to brittle
fracture: development and application, Eng. Fracture Mech., 2008, V. 75, pp. 3483-3498.

4 Margolin, B.Z., Shvetsova, V.A.,-Gulenko, A.G., Radiation embrittlement modelling in multi-scale
approach to brittle fracture of RPV steels, Int. J. Fract., 2013, V. 179, pp. 87-108.

5 Wallin, K., The scatter in K¢ results, Eng. Fract. Mech., 1984, V. 19, pp. 1085-1093.
6 Wallin, K., The size effect in K¢ results, Eng. Fract. Mech., 1985, V. 22, pp.149-163.

7 ASTM E 1921-13. Standard Test Method for Determination of Reference Temperature, Tg, for
Ferritic Steels in the Transition Range. West Conshohocken PA, USA: Annual Book of ASTM Standards.
ASTM International, 2013.

8 Merkle, J.G., Wallin, K., McCabe, D.E., Technical basis for an ASTM standard on determining the
reference temperature, Ty, for ferritic steels in the transition range. NUREG/CR-5504, ORNL/TM-13631,
1998.

9 Margolin, B., Gurovich, B., Fomenko, V., Shvetsova, V., Gulenko, A., Zhurko, D., Korshunov, M.,
Kuleshova, E., Fracture toughness prediction for highly irradiated RPV materials: From test results to
RPV integrity assessment, J. Nuc. Mat. 2013, V. 432, pp. 313-322.

10 Wallin, K., Objective comparison of the Unified Curve and Master Curve methods, Int. J. Pres.
Ves. Piping, V. 122 (2014), pp. 31-40.

11 Margolin, B.Z., Fomenko, V.N., Gulenko, A.G., Kostylev, V.l., Shvetsova, V.A., On the issue of
comparison of the Unified Curve and Master Curve methods and application for RPV structural integrity
assessment, Strength of Materials, 2016, V. 48 (2), pp. 227-250.

12 Lidbary, D., Transferability of fracture toughness data for integrity assessment of ferritic steel
components, Proc. of Int. Seminar, R&D on Constraint Based Fracture Mechanics: the Vocalist and
NESC-IV Projects (Nov. 17-18, 2004, Petten, Netherlands), European Commission, Joint Research
Centre, (2004), pp. 38-58.

13 Stumpfrock, L., Constraint modified fracture toughness specimens. Proc. of Int. Seminar, R&D
on Constraint Based Fracture Mechanics: the Vocalist and NESC-IV Projects (Nov. 17-18, 2004, Petten,
Netherlands), European Commission, Joint Research Centre,(2004), pp. 59-74.

14 Heerens, J., Ainsworth, R.A., Moskovic, R., Wallin, K., Fracture toughness characterization in
the ductile-to-brittle transition and upper shelf regimes using pre-cracked Charpy single-edge bend
specimens, Int. J. Pres. Ves. Piping, 2005, V. 82, pp. 649—-667.

15 Hancock, J. W., Cowling, M. J., Role of state of stress in crack-tip failure processes, Metal
Science, 1980, 14(8-9), pp. 293—-304.

16 Wallin, K., The effect of ductile tearing on cleavage fracture probability in fracture toughness
testing, Engineering Fracture Mechanics, 1989, V. 32 (4), pp. 523-531.

17 Margolin B.Z., Kostylev, V.l., Minkin, A.J., Temperaturnaya zavisimost treshchinostoikosti pri
khrupkom razrushenii korpusnykh reaktornykh staley, proiskhodyashchem posle vyazkogo rosta
treshchiny [Temperature dependence of the fracture toughness in brittle fracture of reactor pressure
vessels steels occurring after ductile crack growth], Problemy prochnosti, 2003, No 1, pp. 24-38.

18 Yan, C., Mai, Y.W., Effect of constraint on ductile crack growth and ductile-brittle fracture
transition of a carbon steel, Int. J. Pres. Ves. Piping, 1997, V. 73 (3), pp. 167-173.

© 2016 CRISM “Prometey” Scientific and Technical Journal
http://www.crism-prometey.ru "Voprosy Materialovedeniya”



http://www.crism-prometey.ru/

19 Amaev A. D., Gorynin I. V., Nikolaev V. A. Radiation Damage of Nuclear Power Plant Pressure
Vessel Steels, Alekseenko N. N. (Ed.), La Grange Park (IL, USA): American Nuclear Society, 1997.

20 Margolin, B.Z., Shvetsova, V.A.,-Gulenko, A.G., Radiation embrittlement modelling for reactor
pressure vessels steels: 1. Brittle fracture toughness prediction, Int. J. Pres. Ves. & Piping, 1999, V. 76,
pp. 715-729.

21 Sorokin, A.A., Margolin, B.Z., Kursevich, I.P., Minkin, A.J., Neustroyev, V.S., Belozerov, S.V.,
Vliyanie neytronnogo oblucheniya na mekhanicheskie svoistva materialov vnutrikorpusnykh ustroistv
reaktorov tipa WWER [Effect of neutron irradiation on the mechanical properties of materials for WWER
vessels components], Voprosy materialovedeniya, 2011, No 2 (66), pp. 131-152.

22 Hunter, C.W., Williams, J.A., Fracture and tensile behavior of neutron-irradiated A533-B
pressure vessel steel. Nuclear Eng. and Design, 1971, V. 17, pp. 131-148.

23 McGowan, J.J., Nanstad, R.K., Thoms, K.R., Characterization of irradiated current-practice
welds and A533 grade B class 1 plate for nuclear pressure vessel steel, NUREG/CR-4880, V.1. (ORNL-
6484/V1), 1988, July.

24 Reference manual on the IAEA JRQ correction monitor steel for irradiation damage studies,
IAEA-TECDOC-1230, ISSN 1011-4289, IAEA, Vienna, 2001.

25 Margolin, B.Z., Yurchenko, E.V., Morozov, A.M., Pirogova, N.E., Brumovsky, M. Analysis of a
link of embrittlement mechanisms and neutron flux effect as applied to reactor pressure vessel materials
of WWER, J. Nucl. Mater., V. 434 (2013), pp. 347-356.

26 Gurovich, B.A., Kuleshova, E.A., Shtrombakh, Ya.l., Erak, D.Yu., Chernobaeva, A.A., Zabusov,
O.0. Fine structure behaviour of VVER-1000 RPV materials under irradiation, J. Nucl. Mater., V. 389
(2009), pp. 490—496.

27 Amaev, A.D., Kriukov, A.M., Nekliudov, |.M. et al., Radiatsionnoe okhrupchivanie staley marok
15KhH2MFA, 15Kh2MFA-A i metalla ikh svarnykh shvov [Radiation embrittlement of steels 15Kh2MFA,
15Kh2MFA-A and of metal of the welding joints], Radiatsionnaya povrezhdayemost i rabotosposobnost
konstruktsionnykh materialov, Parshin A.M., Platonov P.A., (ed.), St Petersburg: Politekhnika, 1997, pp.
37-66.

28 Lidbury, D., Bugat, S., Diard, O. et al., PERFECT (prediction of irradiation damage effects on
reactor components): progress with multi-scale modelling in RPV mechanics sub-project, Local approach
to fracture, Besson, J, Moinerau, D, Steglich, D., (eds), Paris: Ecole des Mines de Paris, 2006, pp.459—
464.

29 Wallin, K., Introduction to the Master Curve approach and ASTM E 1921, Use and Applications
of the Master Curve for Determining Fracture Toughness (Workshop MASC 2002), Helsinki; Stockholm,
2002, pp. 4.1-4.17.

30 Wallin, K., Recommendations for the application of fracture toughness data for structural
integrity assessments, NUREG/CR-0131, ORNL/TM-12413, 1993.

31 Margolin, B.Z., Karzov, G.P., Shvetsova, V.A., Keim, E., Chaouadi, R., Application of local
approach concept of cleavage fracture to VVER materials. Proceedings of the 2002 ASME Pressure
Vessels and Piping Conference, Vancouver, 2002, V. 437, pp. 113-120.

32 Margolin, B.Z., Shvetsova, V.A., Gulenko, A.G., llyin, A.V., Cleavage fracture toughness for 3Cr-
Ni-Mo-V reactor pressure vessel steel: Theoretical prediction and experimental investigation, Int. J. Pres.
Ves. & Piping, 2001, V. 78, pp. 715-729.

33 McCabe, D.E., Irradiation Effect on Engineering Materials. Heavy-section steel irradiation
program, NUREG/CR-5591, 2000, V. 8, No. 2.

34 Nanstad, R.K., McCabe, D.E., Menke, B.H., Iskander, S.K., Haggag, F.M., Effects of radiation
on K¢ curves for high-copper welds, Effects of radiation on materials. 14th Int. Symp., ASTM STP 1046,
Packan N., Stoller R., Kumar A. (eds.), ASTM, 1990, pp. 214-233.

35 Wallin, K., Master Curve approach and Sl assessment, Use and Applications of the Master
Curve for Determining Fracture Toughness (Workshop MASC 2002), Helsinki; Stockholm, 2002, pp. 8.1—
8.19.

36 Keim, E., Bartsch, R., Nagel, G. Application in licensing West European reactor, Use and
Applications of the Master Curve for Determining Fracture Toughness (Workshop MASC 2002), Helsinki;
Stockholm, 2002.

© 2016 CRISM “Prometey” Scientific and Technical Journal
http://www.crism-prometey.ru "Voprosy Materialovedeniya”



http://www.crism-prometey.ru/

37 Ortner, S.R. Outstanding Issues In Master Curve Applications, Use and Applications of the
Master Curve for Determining Fracture Toughness (Workshop MASC 2002), Helsinki; Stockholm, 2002,
pp- 19.1-19.14.

38 Margolin, B.Z., Shvetsova, V.A., Gulenko, A.G., llyin, A.V., Nikolayev, V.A., Smirnov, V.l
Prognozirovanie treshchinostoikosti korpusnoy reaktornoy stali na osnove kontseptsii “Master Curve” i
veroyatnostnoy modeli [Prediction of fracture toughness of RPV steel based on the concept “Master
Curve” and probabilistic model], Problemy prochnosti, 2002, No 1, pp. 5-21.

39 Sokolov, M.A., Nanstad, R.K., Miller, M.K., Fracture toughness characterization of a highly
embrittled RPV weld, Effects of radiation on materials, ASTM STP 1447, Grossbeck, M. (Ed.), ASTM
Intern., West Conshohocken, PA, 2003.

40 Planman, T., Keinanen, H., Wallin, K., Rintamaa, R., Master Curve analysis of highly embrittled
pressure vessel steel, Irradiation Embrittlement and Mitigation: Proceedings of the IAEA Specialists
Meeting in Gloucester, UK, 2001, IAEA TWG-LMNPP-01/2, 2002, pp. 521-535.

41 Master Curve Approach to Monitor Fracture Toughness of Reactor Pressure Vessel in Nuclear
Power Plants, IAEA-TECDOC-1631, IAEA, Vienna, 2009.

42 Begley, J.A., Toolin, P.R., Fracture toughness and fatigue crack growth rate properties of a Ni-
Cr-Mo-V steel sensitive to temper embrittlement, Int. J. Frac., 1973, V. 9, pp. 243-253.

43 Ishino, S., Kawakami, T., Hidaka, T., Satoh, M., The effect of chemical composition on
irradiation embrittlement, Proceedings of the 14th MPA Seminar, 6 to 7 Oct. 1988, Stuttgart, West
Germany, V. 1, pp. 13.1-13.16.

44 Greenberg, H.D., Wessel, E.T., Pryle, W.H., Fracture toughness of turbine-generator rotor
forgings, Eng. Fract. Mech. (1970), V. 1, Issue 4, pp. 653-674.

45 Heerens, J., Hellmann, D., Ainsworth, R.A., Fracture toughness determination in the ductile-to-
brittle transition regime — pre-cracked Charpy specimens compared with standardized compact
specimens, Proceedings of CCC 2001: from Charpy to present impact testing, Pineau, A., Francois, D.,
(eds.), Poitiers, 2001, October, pp. 297-305.

46 Korn, G.A., Korn, T.M., Mathematical handbook for scientists and engineers, New York, San
Francisco, London: McGra.

UDC 669.295:621.039.531
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o- AND PSEUDO-a-ALLOYS
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Abstract—The paper discusses the results of a study of radiation resistance of advanced Ti—5AI-

4V-27r, Ti-5AL-2MO-2ZR, Ti-4Al-Mo-20Zr titanium alloys after neutron irradiation damaging dose of
0.29 dpa at irradiation temperature 260°C.

The paper presents results of mechanical and microstructural tests of specimens made by
transmission electron microscopy. A detailed study of alloying element distributions in boundary zones
and within phases has been realized by energy-dispersive X-ray spectroscopy.

Keywords: titanium, radiation resistance, fluence.
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FORMALIZATION OF 3D MODELING STRUCTURAL EQUILIBRIUM POLYHEDRAL
STRUCTURE OF TITANIUM ALLOYS IN THE SYSTEM "3D MATERIALS SCIENCE (3DMS)".
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Abstract—The paper shows results of the 3D structural and geometrical modeling of polycrystalline
structure of titanium, a-titanium, pseudo-a-titanium alloy VT20 and titanium a + B-alloy VT6, as a formal
transformation of the real alloys structure in structural geometric spatial model, based on the notions of
equilibrium homogeneous structure, as a regular packing of the crystallites (grains) in the form of polyhedra.
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Abstract—Hydrides in the fuel cladding of water-cooled reactors are one of the degradation factors
during spent fuel dry storage. Hydride orientation is dependent on external stresses, temperature,
temperature history and other. The radial-oriented hydrides are most dangerous, because they give rise
to cracks in the rod cladding. According to many experimental data the precipitation of zirconium hydrides
leads to the formation of “stacks” of hydride plates. The stacks can grow up by the new hydride plates’
nucleation. Considering the experimental data it has been suggested that the hydride orientation is
determined by the radial and tangential (circumferential) hydride nucleation rate. Based on this
assumption the kinetic model has been developed. The model allows evaluating the radial and tangential
hydride fraction in rod claddings under different temperature and stress history. Comparison of the model
and experimental data (alloys E110, E635, E635M, Zircaloy-4 and Zr-2.5Nb) has been carried out.
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DEFORM-3D MATHEMATICAL MODELING OF MANUFACTURING OF CYLINDRICAL SHELL
OF A NEW THERMALLY STABLE TITANIUM ALLOY
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Abstract—The paper presents the mathematical modeling of the manufacturing of cylindrical shell
of new thermally stable and radiation-resistant Ti-5Al-4V-2Zr titanium alloy. The results of solving the
problem with the help of the softw27are DEFORM-3D are based on physical and mechanical properties
of the alloy material flow characteristics depending on deformation dimensions, temperature and rate.
The results of the mathematical modeling of the shell forging are presented as regards the equipment of
PJSC “VSMPO-AVISMA”.
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