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LOCAL TEXTURE ANALYSIS OF STRUCTURE NON-UNIFORMITY IN LOW CARBON HIGH-
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Abstract—The direct quenching of high-strength steels after hot rolling, which enables discard of the re-
heating operation, is economically efficient but necessitates a careful analysis of corresponding structural 
features. In particular, this treatment sometimes results in extended domains of coarse bainite decreasing 
the fracture toughness of steel. To reveal dependence of such effects on ausforming conditions, local tex-
tures of the parent γ-phase have been reconstructed from EBSD orientation data with allowance for the 
inter-phase orientation relationship. According to the obtained results, the unfavorable structural non-
uniformity appears in the direct quenching due to excessive work hardening of austenite at the finish roll-
ing stage; however, the structure and properties of steel can be improved by the reheating and subse-
quent quenching.  

Keywords: high strength steel, austenite, texture, orientation relationship, EBSD 
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Abstract—A quantitative comparative analysis of the mechanisms of hardening of the surface layers of 
differentially hardened 100-m rails is carried out. It was based on structure formation, phase composition, 
defect substructure regularities revealed by the methods of modern physical materials science. The stud-
ies were carried out at different depths of up to 10 mm in the rail head along the central axis and along 
the axis of symmetry of the fillet in the initial state and after various periods of extremely long-term opera-
tion (passed tonnage of 691.8 and 1411 mln. tons brutto). The contributions due to the friction of the ma-
trix lattice, interphase boundaries, dislocation substructure, presence of carbide particles, internal stress 
fields, solid-solution hardening of the pearlite component of the steel structure are estimated. 

Keywords: hardening mechanisms, structure, phase composition, rails, long-term operation 
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Abstract—When conducting impact tests of protective glasses, nonunique cases of destruction of balls 
made of bearing steel ShKh15 were recorded. The causes of their destruction were determined. The 
state of the material was studied by fractographic and metallographic analysis, hardness and microhard-
ness measurement. In the structure of the metal of all the balls, no critical defects were found such as 
flockens, shells and microcracks, but adverse factors were detected in the microstructure of the material, 
namely, the presence of fine-needle martensite with excessive carbides. It is established that the detect-
ed structural factors lead to liability to brittle fracture, an increase in the hardness of the material, a de-
crease in plasticity. To prevent brittle fracture of the balls and provide a reserve of plasticity of steel 
ShKh15 at high shock loads assessment calculations of ductility coefficient were made; and it was rec-
ommended to limit the maximum hardness of the material critical value HV=5.70 HPa (54 HRC), with the 
corresponding plasticity coefficient equal to 0.8. 

Keywords: balls, impact tests, fracture, crack, microstructure, carbide inhomogeneity, hardness, mi-
crohardness, plasticity coefficient 
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Abstract—The structure of deformed semi-finished products (forgings) from titanium alloys of Ti–Al–Zr + 
0.15% Ru, Ti–Al–V– Mo + 0.15% Ru, Ti–Al–V–Cr–Fe–Mo + 0.15% Ru systems has been investigated. 
The basic mechanical properties, microstructure, results of local elemental and phase analyses obtained 
by X-ray spectral microanalysis and backscattered electron diffraction, as well as a model of the effect of 
ruthenium on increasing corrosion resistance of titanium alloys of various classes are presented. 

Keywords: heat exchange equipment, titanium alloys, ruthenium distribution, corrosion resistance, 
mechanical properties 
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Abstract—A method for improving the mechanical properties of nickel monocrystalline alloys of the 
SLZhS5-VI and ZhS32-VI brands used for gas turbine blades by means of program hardening combined 
with aging is considered. The mechanical properties of nickel alloys of grades SLZhS5-VI and ZhS32-VI 
after homogenization, quenching and aging, combined with programmed hardening, have been deter-
mined. 
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Abstract—The dynamics of deformation and fracture of the corset shape flat samples under cyclic heat-
ing was analyzed. These tests allow us to trace metallographic changes in the substructure of the materi-
al that is a result of its plastic deformation. The cracks appear in the first test cycles, regardless of the 
length of their thermal cycle mode. It means that the material is currently in a state favorable for cracking, 
according to the commonly accepted terminology. The damage accumulation specific for the develop-
ment of thermal fatigue was completed in the first few cycles, and possibly in the zero half-cycle of tests. 
Test results could be explained by an excessively large plastic deformation in the cycle and confirmed by 
the evaluation calculation. We believe that deformation under cyclic heating in the central part of the cor-
set shape samples is of a different mechanism if compared with cylindrical Coffin samples. Deformation 
occurs as a result of “external force”, which is created by the shoulders of the sample itself. The analysis 
showed that the range of plastic deformation changes on corset shape samples is more considerable 
than in the Coffin method, and it is more consistent with what is happening. It seems that thermocyclic 
tests of corset shape samples are promising for studying the destruction in real products subjected to cy-
clic heating, so it is necessary to identify dangerous zones and simulate them in corset samples. Pub-
lished results of thermocyclic tests of the ZhS32 alloy were used to demonstrate the features of fracture 
development in corset shape samples. For a visual representation of the process in semi-cycle tests, a 
deformation diagram has been developed, which is useful when planning the thermocyclic tests. 

Keywords: thermal fatigue, thermocyclic tests, plastic deformation, thermal fatigue cracks, corset 
shape samples 
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Abstract—The paper presents results of studies aimed at expanding the range of domestic powder com-
posites for thermal spraying of coatings with great number of performance characteristics used in the 
power engineering industry. Experimental data on the synthesis of nanostructured powders based on a 
titanium matrix and reinforced with ceramic nanopowders are presented. Some properties of sprayed 
coatings are investigated. 
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Abstract—In order to provide the Russian paint and varnish industry with cheap domestic raw materials, 
research has been carried out to develop a phosphor pigment that meets the following requirements: 1) 
the production cost per unit of its volume should not exceed the cost of a similar volume of traditional 
dyes; 2) the pigment should be made exclusively from domestic raw materials. Sulfides were chosen as 
the most optimal raw materials, because of a fairly simple technology and the possibility of using produc-
tion waste as a raw material, namely phosphogypsum. The essence and theory of the method for obtain-
ing a phosphor pigment from phosphogypsum, as well as the technological features of its production. 

Keywords: phosphor, phosphogypsum, polymer materials, paintwork materials, pigments 
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melt and mortar technologies, so the rheological properties of the polyimide binder were investigated. The 
heat resistance of carbon plastics was researched and its elastic-strength characteristics were deter-
mined at temperatures up to 320°С. The fundamental possibility of manufacturing carbon fiber from pre-
pregs based on polyimide binder, obtained both by melt and mortar technologies, is shown. CFRPs made 
from two types of prepregs have a high glass transition temperature: 364°C (melt) and 367°C (solution), 
with this temperature remaining at the 97% level after boiling, and also at approximately the same (86–
97%) level of conservation of elastic strength properties at temperature 300°С. 

Keywords: polymer matrix composites, high temperature carbon fiber reinforced plastics, carbon fab-
ric, polyimide binder, prepreg, melt technology, mortar technology. 

ACKNOWLEDGEMENTS 

The research was carried out within the framework of the implementation of the integrated scientific 
direction 13: Polymeric composite materials (“Strategic directions for the development of materials and 
technologies for their processing up to 2030”). 

 

The authors are grateful to M.A. Guseva (VIAM), Cand Sc. (Chem) for assistance in research of 
rheological properties. 

DOI: 10.22349/1994-6716-2020-103-3-89-102 

REFERENCES  

1.  Kablov, E.N., Materialy novogo pokoleniya – osnova innovatsiy, tekhnologicheskogo liderstva i 
natsionalnoy bezopasnosti Rossii [Materials of a new generation – the basis of innovation, technological 
leadership and national security of Russia], Intellekt i tekhnologii, 2016, No 2 (14), pp. 16–21. 

2.  Kablov, E.N., Valueva, M.I., Zelenina, I.V., Khmelnitsky, V.V., Aleksashin, V.M., Ugleplastiki na 
osnove benzoksazinovykh oligomerov – perspektivnye materialy [Carbon plastics based on benzoxazine 
oligomers – promising materials], Trudy VIAM, 2020, No 1, pp. 68–77, URL: http://www.viam-works.ru 

(reference date 30/05/2020). DOI: 10.18577/2307-6046-2020-0-1-68-77. 

3. Kablov, E.N., Kompozity: segodnya i zavtra [Composites: today and tomorrow], Metally Evrazii, 

2015, No 1, pp. 36–39. 

4. Buznik, V.M., Kablov, E.N., Koshurina, A.A., Materialy dlya slozhnykh tekhnicheskikh ustroistv 
arkticheskogo primeneniya. Nauchno-tekhnicheskie problemy osvoeniya Arktiki [Materials for complex 
technical devices for arctic applications. Scientific and technical problems of the Arctic development], 
Moscow: Nauka, 2015, pp. 275–285. 

5. Kablov, E.N., Shchetanov, B.V., Ivakhnenko, Yu.A., Balinova, Yu.A., Perspektivnye armiruyush-
chie vysokotemperaturnye volokna dlya metallicheskikh i keramicheskikh kompozitsionnykh materialov 
[Promising high-temperature reinforcing fibers for metal and ceramic composite materials], Trudy VIAM, 

2013, No 2, article 05, URL: http://www.viam-works.ru (reference date 10/03/2020).  

6. Valueva, M.I., Zelenina, I.V., Akhmadieva, K.R., Zharinov, M.A., Mirovoy rynok vysokotempera-
turnykh poliimidnykh ugleplastikov (obzor) [World market for high temperature polyimide carbon plastics 
(review)], Trudy VIAM, 2019, No 12, pp. 67–79, URL: http://www.viam-works.ru  (reference date 

30/05/2020). DOI: 10.18577/2307-6046-2019-0-12-67-79. 

7. Valueva, M.I., Zelenina, I.V., Akhmadieva, K.R., Zharinov, M.A., Khaskov, M.A., Razrabotki 
FGUP VIAM v oblasti vysokotemperaturnykh ugleplastikov: napravleniya i perspektivy [Developments of 
FSUE “VIAM” in the field of high-temperature carbon plastics: directions and prospects], Materials of the 
IV All-Russian conference “The role of fundamental research in the implementation of Strategic directions 
for the development of materials and technologies and directions for their processing for the period until 
2030”, Moscow: VIAM, 2018, pp. 71–76. 

8. High temperature resins market by resin type (BMI, cyanate ester, polyimide, thermoplastics, and 
others), by end-use industry type (aerospace & defense, transportation, and others), by manufacturing 
process type (prepreg layup, RTM, and others), and by region (North America, Europe, Asia-Pacific, and 
Rest of the World), Trend, forecast, competitive analysis, and growth opportunity: 2018–2023, URL: 
https://www.marketresearch.com/Stratview-Research-v4143/High-Temperature-Composite-Resins-Resin-
11797958/ (reference date 30/05/2020). 

9. Mikhailin, Yu.A., Teplo-, termo- i ognestoykost polimernykh materialov [Heat, thermal and fire re-

sistance of polymeric materials], St Petersburg: Nauchnye Osnovy i Tekhnologii, 2011. 

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


 

© 2020  
   NRC “Kurchatov Institute” – CRISM “Prometey”  

   http://www.crism-prometey.ru   

Scientific and Technical Journal 
“Voprosy Materialovedeniya” 

 

 

10. Innovative aircraft polymer matrix composites: Development of high production rate CFRP 
products for aircraft and quality assurance technology, Japan science and technology agency, URL: 

https://www.jst.go.jp/ sip/k03/sm4i/dl/pamph_a_e.pdf (reference date 30/05/2020). 

11. Avimid. Solvay. URL: https://www.solvay.com/en/brands/avimid (reference date 30/05/2020). 

12. Toray aerospace advanced composite materials selector guide. Toray Advanced Composites. 
URL:https://www.toraytac.com/media/99290c4d-4856-49e5-8ca7-d338c8f144f5/UvyInA/TAC/Documents 
/Selector%20Guides/Aerospace%20selector%20guides/Toray_Aerospace-Advanced-Composite-Materials_ 
Selector-Guide.pdf  (reference date 30/05/2020). 

13.  Cycom
 
2237. Solvay. URL: https://www.solvay.com/en/product/cycom-2237 (reference date 

30/05/2020). 

14.  Polyimide prepregs. Renegade Materials Corporation. URL:http://www.renegadematerials. 
com/products /prepregs/polyimide-prepregs/ (reference date 30/05/2020). 

15.  Whitley, K.S., Collins, T.J., Mechanical properties of T650-35/AFR-PE-4 at elevated tempera-
tures for lightweight aeroshell design, American Institute of Aeronautics and Astronautics. URL: 

https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20060013437.pdf (reference date 30/05/2020). 

16. Zharinov, M.A., Shimkin, A.A., Akhmadieva, K.R., Zelenina, I.V., Osobennosti i svoystva 
rasplavnogo poliimidnogo svyazuyushchego polimerizatsionnogo tipa [Features and properties of melted 
polyimide binder of polymerization type], Trudy VIAM, 2018, No 12, pp. 46–53, URL: http://www.viam-
works.ru (reference date 30/05/2020). DOI: 10.18577/2307-6046-2018-0-12-46-53. 

17. Composites. ASM Handbook, 2001, V. 21, p. 1850. 

18. Zharinov, M.A., Shimkin, A.A., Akhmadieva, K.R., Zelenina, I.V., Valueva, M.I., Rasplavnoe po-
liimidnoe svyazuyushchee marki VS-51 dlya termostoykikh PKM [Molten polyimide binder, grade VS-51 
for heat-resistant PKM], Materials of the III All-Russian Scientific and Technical Conference “Polymer 
composite materials and new generation production technologies”, Moscow: VIAM, 2018, pp. 136–146. 

19. Zharinov, M.A., Valueva M.I., Akhmadieva, K.R., Babchuk, I.V., Zelenina, I.V., Termoreaktivnye 
poliimidy: napravleniya issledovaniy i perspektivy ikh primeneniya [Thermosetting polyimides: research 
directions and prospects for their application], Materials of the All-Russian Scientific and Technical Con-
ference “Polymer composite materials for the aerospace industry”, Moscow: VIAM, 2019, pp. 53–64. 

20. Petrova, A.P., Mukhametov, R.R., Shishimirov, M.V., Pavlyuk, B.F., Starostina, I.V., Metody 
ispytaniy i issledovaniy termoreaktivnykh svyazuyushchikh dlya polimernykh kompozitsionnykh materialov 
(obzor) [Testing and research methods for thermosetting binders for polymer composite materials (re-
view)], Trudy VIAM, 2018, No 12, pp. 62–70, URL: http://www.viam-works.ru (reference date 30/05/2020). 

DOI: 10.18577/2307-6046-2018-0-12-62-70. 

21. Guseva, M.A., Ispolzovanie reologicheskogo metoda ispytaniy pri razrabotke polimernykh mate-
rialov razlichnogo naznacheniya [Using the rheological test method in the development of polymeric ma-
terials for various purposes], Trudy VIAM, 2018, No 11, pp. 35–44, URL: http://www.viam-works.ru  (ref-

erence date 10/03/2020). DOI: 10.18577/2307-6046-2018-0-11-35-44. 

22. Jin, F.-L., Park, S.-J., Preparation and characterization of carbon fiber-reinforced thermosetting 
composites: a review, Carbon letters, 2015, V. 16, No 2, pp. 67–77. 

23. Raskutin, A.E., Khrulkov, A.V., Girsh, R.I., Tekhnologicheskie osobennosti mekhanobrabotki 
kompozitsionnykh materialov pri izgotovlenii detaley konstruktsiy (obzor) [Technological features of me-
chanical processing of composite materials in the manufacture of structural parts (review)], Trudy VIAM, 
2016, No 9, pp. 106–118, URL: http://www.viam-works.ru (reference date 30/05/2020). DOI: 
10.18577/2307-6046-2016-0-9-12-12. 

24. Khaskov, M.A., Sravnitelnoe opredelenie temperatur steklovaniya polimernykh 
kompozitsionnykh materialov metodami DSK, TMA i DMA [Comparative determination of glass transition 
temperatures of polymer composite materials by DSC, TMA and DMA], Voprosy Materialovedeniya, 

2014, No 3 (79), pp. 138–144. 

UDC 678.067:620.173.251.2 

DETERMINATION OF THE COMPRESSION TEST METHOD FOR HIGH TEMPERATURE-RESISTANT 
CARBON FIBER REINFORCED PLASTICS 

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


 

© 2020  
   NRC “Kurchatov Institute” – CRISM “Prometey”  

   http://www.crism-prometey.ru   

Scientific and Technical Journal 
“Voprosy Materialovedeniya” 

 

 

S.I. VOINOV, I.V. ZELENINA, M.I. VALUEVA, Cand Sc. (Eng), I.N. GULYAEV, Cand Sc. (Eng) 

All-Russian Scientific Research Institute of Aviation Materials (VIAM), 17 Radio St, 105005 Moscow, 
Russian Federation. E-mail: admin@viam.ru 

Received June 18, 2020 
Revised August 7, 2020 

Accepted August 12, 2020 

Abstract—The article presents the results of studies of carbon fiber reinforced plastic VS-51/VTkU-2.200. 
The influence of the thickness of the specimens and the size of working gage on the compressive 
strength of carbon fiber reinforced plastic specimens was evaluated; tests were done in accordance with 
different standards. The results of compression strength tests at high temperature (300–320°С) are given: 
carbon fiber reinforced plastic VS-51/VTkU-2.200 shows high heat resistance and keeps compressive 
strength at high temperature tests. Carbon fiber reinforced plastic VS-51/VTkU-2.200 is of increasing in-
terest for application in aircraft structural parts requiring high temperature resistance. 

Keywords: polymer composites, high temperature resistant carbon fiber reinforced plastics, test 
methods, compressive strength 
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Abstract—The use of local brittle fracture criteria for predicting the crack resistance of low-alloy steels is 
a generally accepted approach. The paper analyzes the possibility of its use for experimental melts of 
high-strength low-alloy steel sheets with yield strength of about 1000 MPa, the structural state of which 
was previously studied. Cylindrical specimens with an annular notch of three types differing in the stress-
strain state in the net cross-section were tested. It is found that the use of the simplest formulation of such 
a criterion in the form of an energy condition for the propagation of microcracks through structural barriers 
(large-angle grain boundaries) gives acceptable results for notched specimens made of metal with differ-
ent grain sizes, and allows linking these results with the crack resistance of the studied materials. 

Keywords: high-strength steel, crack resistance, brittle fracture, fracture criterion, microstructure. 
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Abstract—Fast neutron flux, fluence and damage dose have been determined when using experimental-
ly measured specific activity of 

54
Mn и 

58
Co isotopes for metal of samples cut out from elements of pres-

sure vessel internals of Novovoronezh NPP Unit No 3 (18Cr-10Ni-Ti steel, analog of AISI 321 steel). The 
results have been compared with the values calculated by KATRIN-2.5 computer code. 
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Abstract—TEM, SEM, and APT techniques have been used to analyze radiation-induced components of 
metal structure of fragments cut from the pressure vessel internals of Novovoronezh NPP Unit No 3 after 
45 years of operation. The fragments differed in the neutron damaging doses (from 14 to 43 dpa) and the 
irradiation temperature (from 285 to 315°C). The density and dimensions of titanium carbides and car-
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bonitrides, dislocation loops, radiation-induced voids, segregations, and nanoscale precipitates were de-
termined. The contributions of structural components to the radiation hardening of the investigated frag-
ments of 18Cr-10Ni-Ti stainless steel were estimated. 

Keywords: internals, neutron irradiation, stainless steel, radiation-induced changes of structure 
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Abstract—A change in the natural composition of titanium subjected to neutron irradiation with energies 
up to 0.1 MeV is shown. The process is accompanied by the formation of hydrogen and radioactive scan-
dium. Gamma rays with energies of 889 and 1120 keV are observed. The effect of changing the natural 
composition of the titanium alloy and the presence of gamma studies should be taken into account when 
creating structural products and when creating a neutron shield based on titanium. 
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