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Bakhmutska Ju. O., Goloshchapov V. N. K-325-23,5 Steam Turbine High-Pressure Rotor Thermal
and Thermo-structural State during Cold STATt-UP .......cceeriiriiriiriieeeree ettt 3-11

The high-pressure turbine rotor is the most critical and costly steam turbine component. Service experience for
the machines with a power of 150 MW and more shows that cracks appear in the region of regulation stage fil-
lets and end seals in high-pressure turbine rotors. The cause of this effect can be the high thermal gradients dur-
ing turbine pre-start and cold start-up. For steam turbine components, the thermal state is strongly influenced by
the condensation process, which takes place during the turbine pre-start and cold start-up phase. The process
continues until the rotor surface temperature becomes higher than the steam saturation temperature. Condensa-
tion heat transfer coefficients are much higher than that of calculated for the case without condensation. In this
article to simulate the rotor heating process during turbine pre-start with the highest accuracy, several aspects
are studied. Steam characteristics in rotor flow path and end seals regions were determined for K-325-23,5 tur-
bine taking into the account leakages through drainages and specificity of turbine heating through exhaust hood.
To determine steam parameters in front end seals chamber, which is connected to the inter-casing space, the
condensation process duration in at cold start-up was determined. Thermal conditions were calculated taking
into the account the condensation effect. K-325-23,5 turbine pre-start and cold start-up technology was analyzed
with regards to high-pressure rotor thermal and thermal stress-strain state. Thermal and thermo-structural
analyses results show that significant rotor portion in the region of front end seal stays cold for the whole period
from vacuum set up to acceleration phase. Such non-rational heating at the prestart phase leads to significant
thermal gradients and thermal stresses which are above the material yield strength. As a result of the study, the
design improvement is suggested which is consists of additional chambers arrangement in front end seals carrier
along with additional steam flow organization at the prestart phase. Such improvements allows to: 1) provide
high-pressure rotor uniform heating in the front end seal region; 2) increase turbine reliability due to decreased
level of thermo-stresses.

Keywords: steam turbine, high pressure rotor, boundary conditions, thermal state, thermal stress.

Bovinonneno pacuemnoe ucciedoganue meniogozo u mepmMOoHANPINCeHHO20 COCMOSHUL POMOpa YUIUHOPA GblCO-
K020 Oagnenusi napogou mypounvt 1140 «Typbooamom» mowgrocmoro 325 MBm na smanax npoepesa u nycka
MYypOUHbL U3 XONOOHO20 COCMOsIHUA. [{Isi onpedeneHuss HeCMAayUoOHAPHO20 MENL0B020 COCMOSHUSL POMOPA NOJLY-
YeHbl Meniosble SpaHuynble YCao6us 3-20 pood. Yuumvleancs npoyecc KOHOeHcayuu napa Ha no8epXHOCHAX
NEMEHMO8 POMOPA U MEICKOPHYCHO20 npocmpancmea. Ilpednodceno usmenenue KOHCMpYKyuu U ycroeuti npo-
2pesa pomopa 6blCOK020 OA6leHUs 6 0OIACMU NepedHe20 KOHYeB020 YNIOMHEHUs Ha d9mane n0020MO6KU K NYCKY
U3 XON0OH020 COCMOSIHUA U NOKA3AHA BO3MONCHOCMb CHUIICEHUS YPOBHSI MEPMUUECKUX HANPSICEHUU, 803HU-
Kaiowux npu nycke mypouHol.

Knroueswvie cnosa: napoeas myp5uHa, pomop 6vblCOKO20 0a6ﬂeHM}l, cpaHuydnvle yClosus, menioeoe CcocmosHue,
MepMOHANPANCEHUA.
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Shcherbakov N. S., Parafeynik V. P., Ryabov A. A., Shevchuk V. V., Raznoshynskyy V. N.,

Tertyshnyi I. N., Prilipko S. A. Selection of System Characteristic of Turbo-Compressor Package

Based on Efficiency Analysis according to Full-Scale Test Results. P. III. Efficiency Research of

Basic Systems of Turbo-Compressor Package GPA-C-6,3A/56-1,45 on Full-Scale Test Results ............ 11-18

The paper is concerned with design and experimental characteristics of efficiency of natural gas centrifugal
compressor (CC) and driven gas turbine at different conditions obtained on the results of physical experiments
conducted during full-scale tests of GPA-C-6,34. Comparative analysis of CC design and experimental charac-
teristics showed that it is observed the good agreement of design and experimental characteristics for compres-
sor design condition. Data analysis showed that under CC design condition the commercial capacity
12.2 MMNCMD, pressure ratio 1.45, polytropic efficiency 85% are provided, and consumed shaft power is 6.17
MW meeting technical requirements. The paper also presents data on hydraulic pressure losses effect in air in-
take and exhaust ducts on useful power and efficiency of driven engine under nominal condition. Thermaltechni-
cal characteristics were obtained upon turbine (being the part of the package) test results. Under power turbine
power 6.3MW the turbine effective efficiency was 30%, and specific fuel rate was 0.24 kg/kW-h. This data as well
as operation parameters of TCA being the part of back-to-back test rig is the initial data to make up system
characteristics of the package to be researched.

Keywords: turbo-compressor package, computational experiment, physical experiment, centrifugal compressor,
gas turbine engine, compressor polytropic efficiency, turbine effective efficiency, hydraulic power loss.

B pabome npedcmasnenvl pacuemuvie u IKCnepUMEHMANbHBIE XAPAKMEPUCMUKU YEHMPODEIHCHO20 KOMNPeccopa
(LK) npupoonozo 2aza u npugooH020 2a30mypOuHHO20 08U2ameisi Ha PA3IUYHbIX PEXCUMAx ux pabomsl, nouy-
yeHHble N0 Pe3yabMamam HAMYpPHbIX IKCNEPUMEHMO8, NPOBEOCHHbIX 8 NPoYecce UCHLIMAHUL azpe2ama mund
I'TIA-1]-6,34 na cmenoe 3amxnymoeo xoumypa (3K). Cpasnumenvhvlii aHaiu3 pacuemuulx u 9KCnepuMenmais-
Huix xapaxmepucmux LK nokazan, umo 0 RpOeKmHO20 pescuma pabomsl KOMIpeccopa Habmoodaemcsi y0os-
Jlemeopumenvhoe cosnadenue xapakmepucmuk. Ilonyuennvle 0anHble NOKA3AMU, YMO NPU PACYETNHOM PENCUME
pabomer LK obecnevusaemes kommepueckas npouszeooumenshocms 12,2 man um’/cymiu, omnowenue dasie-
nuti 1,45, nonumponnwviii KIIJ pasen 85%, a nompebrsemas MOWHOCMb HA 84Ty KOMIPeECcopa COCMABIsem
6,17 MBm, umo coomseemcmeyem mpeho8anusm mexHuyecko2o 3adanus. Ilo pezyromamam meniomexHuyeckux
ucnvlmanull 0gueamens 8 cocmage azpecama NoJyyeHsl e2o xapakxmepucmuku. [lpu mownocmu cunogot myp-
ounvl pagnou 6,3 MBm s¢pgpexmuenvrii KIIJ] osuecamens coomsemcmesosan 30%, a yoenvuvill pacxo0 moniued
0,24 ke/xBm-u. I[lonyuenvl makce OaHHvle 0 GIUAHUU 2UOPABIUYECKUX NOMEPDL 8 8030YXONPUEMHOM U 6bIXIO0N-
HOM MpaxKmax 2a3o0mypounno20 npusooda Ha ROIAE3HYI0 MOWHOCbL U IPHEKMUBHOCb NPUBOOHO20 08U2ames
HA HOMUHALHOM pedicume pabomul. Imu OaHHble, a MaKdice napamempusl pabomsl mypoOOKOMIPECCOPHO20 ae-
pezama 6 cocmase cmenoa 3K a6ns10mcs ucxoOHbiMU Ol COCMABNEHUS CUCMEMHOU XAPAKMEPUCTUKY Uccie-
0yemMo20 azpe2ama u ONMUMU3AYUU PEHCUMOS €20 pabombl NPU OAIbHEUUUX UCCTIe008AHUSIX.

68 ISSN 0131-2928. Ilpoon. mawunobyoyeanns, 2017, T. 20, Ne 2



ABSTRACTS AND REFERENCES

Knrwoueeste cnosa: mypbokomnpeccopHulii azpeaam, GblYUCTUMENbHBIN IKCHEPUMEHM, u3uieckull dKcnepu-
MeHm, YeHMPOOEeICHbIU KOMNpeccop, 2a30mypounnbvll dsucamens, noaumponuwviit KIIJ[ komnpeccopa, 2¢gex-
muesnwtii KT/ 0sueamens, euopasiuyeckue nomepu.

References

1. Parafeynik V.P., Shcherbakov N.S., Ryabov A.A., Shevchuk V.V., Raznoshynskyy V.N., Tertyshnyiy I.N.,
Prilipko S.A. “Selection system characteristics of turbo-compressor package based on efficiency on full-
scale test results. Part II. Methodological Approach to Design Modular Turbo-Compressor Packages for CS
of Gas Industry” Engineering Industry Problems. 2017 (V.20,1): 3—11.

2. Parafeynik V.P., Shcherbakov N.S., Ryabov A.A., Shevchuk V.V., Raznoshynskyy V.N., Tertyshnyiy I.N.,
Prilipko S.A. “Selection system characteristics of turbo-compressor package based on efficiency on full-
scale test results. Part I. State of the art and subject of research” Engineering Industry Problems. 2016
(V.19,4):12-18.

3. Tertyshnyiy I.N., Prilipko S.A., Miroshnichenko E.A., Parafeynik V.P. “Thermodynamic Analysis of Oper-
ating Process Efficiency of Booster Turbo-Compressor Packages with Gas Turbine Drive. Part 1.” Engi-
neering Industry Problems. 2015 (V.18, 4/1): 9-17.

4. Tertyshnyiy L.N., Parafeynik V.P., Nefyedov A.N., Rogalskiy S.A., Kotenko N.A., Timoshadchenko D.N. ,
Mikhailenko S.A. ““ Thermodynamic analysis of centrifugal compressor efficiency as complex energotech-
nological system being a part of package GPA-C-32P” 16 International Scientific and Technical Confer-
ence in compressor industry. — REP Holding. 2014 (V.1): 328-339.

5. Apanasenko A.I, Apanasenko, N.G. Krivshich N.D. Fedorenko ‘“Mounting, Testing and Operation of
Modular Turbo-Compressor Packages” L.: Nedra. 1991: 361.

6. Parafeynik V.P., Nefyedov A.N., Yevdokimov V.E., Tertyshnyiy I.N. “Regards geometry optimization of
natural gas centrifugal compressors rotor bundle” Compressor equipment and pneumatic. 2012 (No.2): 10—
17.

7. Koval V.A., Romanov V.V., Fnurov Yu. M. “Conversion of air-craft engine into stationary gas turbine
units” Kharkov: Monograph. 2010: 244.

8. Parafeynik V.P., Dovzhenko V.N., Yevtushenko V.A. “Thermodynamic analysis of turbo-compressor
packages efficiency” Compressor equipment and pneumatics. 1997 (3/4): 15-18.

9.  Shchurovskyi V.A, Zaitsev Yu.A. “Gas turbine turbo-compressor packages”. M.: Nedra. 1994: 192.

Tarelin A. A., Nechaev A. V., Hinevich A. E. Electromagnetic radiation in the steam turbine.............. 18-21

Electrization of working fluid in the wet steam turbine results in occurrence of electromagnetic radiation in the
exhaust part of the turbine. The purpose of the investigation is experimental study of parameters electromagnetic
radiation and discuss its influence on the efficiency and reliability of turbine. Electromagnetic radiation received
by string antennas in the turbine exhaust part. Measurement of electromagnetic radiation parameters was car-
ried out by using a spectrum analyzers. It has been found electromagnetic radiation in the form of noise from ki-
lohertz to tens of megahertz. It was also found high frequency component near 2 GHz. Total power of the elec-
tromagnetic radiation of ionized wet steam flow in exhaust part turbine can reach several kilowatts. Proof of this
can be found in the experiment damage of cables insulation laid in the turbine condenser. Another manifestation
electromagnetic radiation are high frequency current induced in the electric circuit of the probe installed in the
exhaust of the turbine. Results presented in the paper show that the electromagnetic radiation can affect on per-
formance and reliability of the wet steam turbine.

Keywords: steam turbines, electrization of wet steam, electric discharges, electromagnetic radiation.

B cmamve npedcmasnena ungopmayus 06 91eKmMpOMASHUMHBIX USLYHUCHUSX 8 30HE GbIXIONA MYPOUHbL, CEA3AH-
HbIX C 97lekmpusayuell 61axcHo2o napa. Ilpusedenvl OanHvle UMePeHUtl JNEKMPOMACHUIMHOZ0 ULYUEHUs 3a O~
cneonell cmynenvio mypounvl. Onucanul 3¢pghexmol GIUAHUS INEKIMPOMASHUMHBIX AGNEHUI HA IKCEPUMEHMATb-
HOe 27ekmpomexHuieckoe 000pyooeanue, pasmeujeHHoe 6 KoHoencamope mypounsl. Q0CyHCOArOMes 803MONC-
Hble MeXAHU3MbI GNIUAHUS DAEKMPOMASHUMHBIX ULYYEHUL HA P HEKMUSHOCb U HAOEHCHOCHb YPOOYCIMAHOG-
K.

Knrouegvle cnosa: naposvie mypounbl, 21eKmpu3ayus 61aicHo20 napd, INeKmpudeckue paspaobsl, d1eKmpomae-
HUMHbLE U3YYeHUs.
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Aerohydrodynamics and heat-mass exchange

Andreeva O. L., Kostikov A. O., Tkachenko V. 1. Heat convection of viscous incompressible lig-
uid in a cylindric elementary convection cell with a conical cavity bottom and rigid boundary condi-

There was studied the problem of heat convection of viscous incompressible liquid in a cylindrical elementary
convection cell with a conical cavity bottom and rigid boundary conditions. For a special case there were ob-
tained expressions of distribution for perturbed velocity and temperature in cylindrical system coordinate with
rigid boundaries. It shows the diagram of a cylindrical unit cell with convective conically recessed bottom in a
layer of a viscous, incompressible fluid and rigid boundary conditions. Defined spatial field distribution of flow
velocities in a cell with a conically recessed bottom and rigid boundary conditions on the surface 7 = 1 and 7 =
0. Top elementary convective cell borders on a horizontal array of metallic heat dissipating layer thickness, from
below - from a horizontal layer heat input medium, temperature gradient is maintained constant thickness.
Stokes' functions were constructed for cylindrical convection cell as well as for the conical cavity in the cell bot-
tom. Basing on Fujiwhara effect there were obtained Stokes streamline model distributions in the cylindrical el-
ementary convection cell with conical cavity bottom and solid boundary conditions and disturbed temperature.
In this paper we consider the problem of convective heat and mass transfer in a cylindrical elementary convec-
tion cell with a conical depression heated from below.

Keywords: cylindric elementary convection cell, heat convection, conical cavity, solid boundary conditions, vis-
cous incompressible liquid, Fujiwhara effect.

Paccmompena 3a0aua o mennogoil KOHEEKYUU BA3KOU HECHCUMACMOU HCUOKOCMU 8 YUTUHOPUYECKOLL DlleMeH-
MAPHOLL KOHBEKMUBHOU AYelKe ¢ KOHUYECKU Y2NyONeHHbIM OHOM U MEepOobiMu cpanudnbimu ycaogusimu. Ilo-
cmpoenvl ynkyuu Cmoxca 6 yuruHOpu4eckoll KOHBEKMUGHOU AYeliKe, d maKice KOHUYeCKom yanyoneHuu oHa
sauenku. Ha ocnosanuu s¢pghexma @yozueapvl nonyuensvt MmodenvHule pacnpedeienus aunui moxka Cmoxca 6 yu-
JUHOPUHECKOU DNIEMEHMAPHOU KOHBEKMUBHOU AUelike ¢ KOHUYECKU VeryOleHHbIM OHOM U MEepObIMU PAHUYHbL-
MU YCOBUAMU.

Kniouegvle cnoea: yununopuueckas d1eMeHMApHAs suelkd, meniosds KOHEeKyus, KOHuueckoe yerybnenue,
meepovle epaHuinble YCI08UsL, 83KASL HECHCUMAECMAS HCUOKOCMb, dpexm Dyo3usapol.
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Dynamics and Strength of Machines

Hasanov Sh. G. Solution of contact problem for plane weakened of variable width slot in inhomo-
ENEOUS SIIESS FIEIA . ..ceeiiiiiiii ittt ettt et e bt e sbeesate e e 29-36

A mathematical description of partial closure of a variable width slot in a plane in inhomogeneous stressed field
is given. The weakened plane is elastic and isotropic. It is assumed that the variable width of the slot is compa-
rable with the elastic deformations. The interaction of slot surfaces under influence of the inhomogeneous
stressed field can lead to appearance of zones of surfaces contact. The contact stresses arising between the slot
faces and the boundary of the contact zones are initially unknown and are found in the solution process. The oc-
currence of several contact zones of the slot faces is investigated. It is assumed that in the contact zone partially
faces adhesion and partially faces slippage arise; and on the faces slippage zones the dry friction forces act. The
problem on equilibrium of the slot with partially contacting faces reduces to the problem of linear conjugation of
analytic functions. The solution of the contact problem is obtained in quadratures.

Keywords: isotropic plane in inhomogeneous stress field, variable width slot, contact zones, contact stresses.

Jlaemca mamemamuyeckoe onucauue 4acmuyHo20 3aKpbIMUs weau nepemMeHHoOU WUpunsl 8 Ni0CKOCmU 8 Heoo-
HOpOOHOM HanpsxceHHom nose. OciabienHas niocKocms cuumaemcs ynpy2ou u uzomponnoil. Ilpunamo, umo
nepemMeHHAs WUPUHA wenu CpasHuMa ¢ ynpyeumu oegopmayuamu. Bzaumooeilicmaue nosepxnocmetl wjenu noo
Oeticmeuem HEOOHOPOOHO20 HANPANCEHHO20 MO MOJCEM NPUBOOUMb K BO3HUKHOGEHUIO 30H UX KOHMAKMA.
Konmaxmmuvie nanpsisicenus, gosnuxaiowjue mexncoy bepecamu weiu, u epaHuybl 304 KOHMAKMA USHAYATbHO He-
U36eCHbL U HAXO0AMCS 8 npoyecce pewienus. Hccnedyemces 803HUKHOBEHUE HECKObKUX YUACIKO8 KOHMAKMA
bepezos wenu. Cuumaemces, 4mo Ha NAOWAOKe KOHMAKMA YACMUYHO B03HUKAEm cyenieHue bepezos wenu, ua-
CIMUYHO — UX NPOCKANb3bIBAHUE, NPU IMOM HA YUACMKAX NPOCKANb3bIBAHUS UMEION MEeCHO CUbL CYX020 MPEHUSL.
3aoaua o pasnosecuu weau ¢ HacmuuHO KOHMAKMUPYOWUMU bepecamu c600Umcs K 3a0aye JUHeUH020 COnpsi-
Jrcenus ananumuyeckux pyuxyui. Pewenue konmaxmmuotl 3a0auu noryyeHo 8 K8aopamypax.

Knroueesvie cnosa: uzomponHas nﬂomadb 8 Heodnopobnww noiue Hanpﬂofcenuﬁ, uevb nepeMeHHmZ WUpuHbsl,
KOHMAKMmMHble 30Hbl, KOHMAKNIHblE HANPAINCEHUA.
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Polischuk O. F., Avramov K. V., Myagkohleb K. B. Experimental analysis of forced nonlinear
vibrations of beams with breathing Cracks ............ccooiiiiiiiiiiiiiiiie e 3642

The cracks are one of the most common reasons of the structure damage leading to accidents. In order to avoid
these damages, it is very important to reveal the cracks in time. The aim of the research, which is treated in this
paper, is experimental determination of the diagnostic criterion of the crack appearance. The formation of the
breathing crack is diagnosed according to the parameters of the nonlinear vibrations, which are sensitive to the
cracks breathing. The parameters of the nonlinear vibrations can be used as diagnostic criterion of the crack
formation. The forced vibrations experimental data of the beams with big depth cracks are considered. The ki-
nematic excitation of the beam is reproduced by the shaker. The data of the vibrations analysis are shown on the
frequency responses. The Fourier analysis of the periodic vibrations is carried out. The vibration hysteresis is
analyzed experimentally. The data of the Fourier analysis are shown on the frequency responses. The amplitudes
of the first and the third harmonics of the Fourier series are shown. The quenching is indicated only for the am-
plitudes of the first harmonic. The amplitudes of the second and third harmonics are shown on the separated fig-
ure.

Keywords: forced nonlinear vibrations, beam, crack.

Hanuyue mpewun aensemcs 00nou u3 Haubonee pacnpocmpaHeHHbIX NPUNUH paspyuleHus KOHCmpyKyui. J{ns
mo2o umoobbl usdexcamv dSMUX pa3pyueHutl, nPo8oOsIMcs UCCIe008AHUSL OISl pa3padOmMKU OUASHOCMUYECKUX
Kpumepueg noseienus mpewun. Lenvio ucciedosanus, npedcmagieHHo20 6 OAHHOU Cmambve, AGNAemcs IKCne-
PUMEHMAaNbHOe onpedeieHue OUAeHOCMUYeCKUx Kpumepues nosigienus mpewun. Ilapamempol HeluHeUHbIX KO-
e6aHuil KOHCMPYKYULL Ype36bluaiino Yy8CMEUMENbHbL K 00pA3068aHUI0 ObIUAWUX MPEUUH, NOIMOMY MO2YM UC-
NONb308AMbCS 8 Kauecmaee OUASHOCMUYECKUX KpUmepuesd npu 00pasosanuu mpewur. IKCNEPUMEHMANbHO UC-
CReOYIOMCSL BLIHYIHCOCHHBLE KOJIeOAHUS CIepIICHell ¢ NONEPeYHbIMU ObLUUAWUMU MPeUUHamu OOIbUOU 1y OUHbL.
Konebanus cmepaicnetl 6030y24c0aromes KUHEMAMUYECKUM OBUICEHUEM 3A0eNKU, KOMOpPoe 80CHPOU3BOOUMCS C
nomowvio eubpocmenoa. Pesyrvmamul anaiuza konedanuil npeodcmagienvbl Ha amMnIumyoHo-4acmomHol xa-
paxmepucmuxe. Ananusupyiomes Qypve cnekmpul nepuoduveckux koarebanuu. Hccneoyromes obracmu mMHo20-
3Haunocmu Konebauull. Pe3ynomamosl cnekmpanbHo2o aHaIu3a KOAeOAHull u300padicervl HA AMIAUMYOHO-
yacmomuou xapakmepucmuxke. [Ipedcmagnenvt senuuunvl nepeoi u mpemovei eapmoruxu psda Dypve. Cpois
KOJIeOaHULl NOKA3an MoabKo 0 nepsol capmonuxu. Ilocne cpviéa uccnedyomes Koiebanus npu K6asucmamu-
YeCKOM YMEHbUeHUU Yacmomyl 6030ydicoenus Konebanuil. Ilpedcmasnenvl amnaumyovl 6mopslxX, Mpemvux u
uemeepmoix 2apMOHUK NEPUOOULECKUX KOJeDAHUIL.

Knroueswie cnosa: 6blHy9iC0€HHble HenuHelHble KO]le6aHu}l, cmepotcerHb, mpewuna.
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Morhun S. A. Improving the mathematical models applied for the sollution of solid assembly con-
structions thermoelastiCity PrODICIIL..........cociiiiiiiiiiiiiee ettt ettt et e st eesabeeea 42-46

74

The problem of sleeve and shaft assemblies finite elements models development has been studied. All calcula-
tions have been provided for the assemblies that are widely spread in the power-plant engineering and marine
engine building. The matter is that such details have constructional non-homogeneity, which hardly ever could
be correctly explained, using well-known finite elements and their mathematical dependences. On the other
hand, the mathematical model should be as simple as possible for the purpose of its wide usage in the process of
assembly’s design. That is why the new finite elements model, which consists of three-dimensional isoparametric
finite elements, has been developed. It has been used for the calculation of displacement, caused by complex in-
fluence of heat flux and contact load. Such approach gives an opportunity to describe the whole assembly as the
superposition of the developed sleeve and shaft finite elements models and make the process of calculation more
correct and even compact. All calculations of displacement and temperature fields have been held for two widely
spread conjugation types, that are used for such assemblies creation.

Keywords: three-dimensional finite elements, shaft, sleeve, fields of displacement and temperature,
gap, negative allowance.

Hsnoorcena memoouka nocmpoeHusi ymouHeHHOU KOHeYHO-2IeMeHMHOU MOOenu cOOPOUHbIX KOHCMPYKYUL muna
«8Al» — «8MYNKA», UMEIOWUX 3HAYUMENbHOEe pacnpocmpanetue 8 snep2omauiunocmpoeruu. C ucnoab3oseanuem
PazpaboOmanHblX MpexmepHbiX KOHEUHbIX JNeMEHMO8 peuena KOHMAKmuas mepmoynpyaas 3a0aua 0si OAHHO20
muna coedunenuil. Ilonyyeno none pacnpedenenus nepemewenuli Ha Mopyeabix NOGEPXHOCMAX 6A1A U BMYIKU, d
makdice noje pacnpeoeienus memMnepamyp 6 COeOUHeHul.

Knwuesvie cnosa: mpexmepHble KOHe4UHble d1eMEeHmbl, 6al, 6m)yJKda, noJsi nepeMemeHud u memnepamyp, 3a3op,
Hamsle.
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Mir-Salim-zada M. V. Partial closure of rectilinear bridged cracks in stringer plate with a hole............ 46-53

An elastic isotropic plate reinforced by stringers and having a circular hole has been considered. From the cir-
cular hole two symmetric rectilinear bridged cracks are originate. Size of the cracks end zones (zones with the
interfacial bonds) is comparable with size of the cracks. The case of partial closure of the cracks is considered.
Size of the zones of the crack faces contact is unknown in advance. Effect of the stringers is replaced by unknown
equivalent concentrated forces applied at the points of the ribs and plate joining. For definition of the parame-
ters characterizing the closure of cracks, a singular integral equation has been obtained. The singular integral
equation has been reduced to a finite nonlinear algebraic system using the algebraization procedure. Solving the
algebraic system by the method of successive approximations, the cohesive forces in the bonds, the contact
stresses and the size of the contact zones of the cracks have been found.

Keywords: stringer plate, circular hole, cohesive forces in bonds, contact of crack faces, contact stresses.

Hccnedyemcsa beckoneunas ynpyaas usomponuas niACmMuHad, umeowds Kpy208oe omeepcmue, u3 KOHmypa Ko-
Mopo2o UCX00am 08e cumMmempuitslie npamoauHelnvie mpewunsl. Ilonazaemces, 4mo  30Hax mpewjuH, npUMbl-
Karowux K 8epuiunam, mexcoy bepezamu umerom mecmo ceasu (cunvl cyenienus). Pasmep xonyesvix 3on mpe-
WUH, 20e UMEIOMCA CB8A3U, CPABHUM C pazmepom mpewjuH. K niacmune cummempuiHo omHoOCUMENbHO ee No-
8EPXHOCMU NPUKTIENAHbL NOnepeyHble Cmpuneepsl. Paccmompen ciyuail Yacmuyuno2o 3aKpublmus mpewjur 8 KO-
yesvix 30nax. Pasmep 30n konmaxma 6epe2os mpewun 3apanee Heuzgecmen. Jlelicmeue cmpunzepos samensien-
€Sl HEU3BECMHBIMU IKEUBALEHIMHBIMU COCPEOOMOUEHHBIMU CULAMU, NPUTONCEHHLIMU 8 MOUKAX COCOUHEHUs pe-
bep ¢ nnacmunol. s onpedeneHus napamempos, Xapaxmepusylouux 3aKkpulmue mpewjun, noiyueHo cuHey-
JISIPHOE UHMESPATbHOe YPABHEHUe, KOMOPoe ¢ NOMOWbIO Npoyedypbl dneedpausayuu c6edeno K KOHeUHOU Helu-
HellHoUl aneebpauyeckoli cucmeme. Pewas aneebpauyeckyro cucmemy mMemooom nocied08amenbHulX npudIudice-
HUtl, ObLIU HATIOEeHbI CUTLL CYENTIeHUS 8 C8A3AX, KOHMAKMHblE HANPANXCEHUS U pa3mep KOHMAKMHBIX 30H MPeujuH.

Knroueswie cnoea: CmpuHesepHas niacmula, Kpyecoeoe omeepcmue, Cujibl CYEnjileHus 6 C6A4A34X, KOHmMaKm 6€p6206
mpeujur, KOHMAaKmmHbvle HaANnpANCeHUsl.
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Sheiko T. 1., Maksymenko-Sheiko K. V., Litvinova Yu. S., Lisin D. A. R-functions and chevron
surfaces in MAChINE DUILAING .....c...eiiiiiiiiiiiii ettt ettt st e st e e s abeesbeeesabeeeas 54-60

76

In this article, was developed methodologies and constructed equations of different heat transfer surfaces of the
fins, including Chevron with the help of R-functions theory. The resulting equations of surfaces have been im-
plemented on a 3D printer. Ribbing not only increases the heat transfer surface, but also has a great influence
on the hydrodynamics of the flow, and thus on the heat transfer coefficient. In experiments with various methods
of finning of Fuel rod claddings were developed more favorable shape of the fins, the so-called Chevron and
multi-zone. With the Chevron ribbing the entire surface of the shell is divided into four, six or eight sectors and
adjacent sectors of the spiral are located symmetrically relative to the longitudinal axis. Because of the complex-
ity and high cost of manufacturing Chevron transmission is used less frequently than helical, i.e. only in those
cases when it is required to transmit high power and high speed, and the axial load of junk. On special machines
V-wheels are made all of one piece. A disadvantage of the Chevron ribbing is the high complexity and cost of
manufacturing. Thanks to the technology of 3D printing, these deficiencies can be remedied, because the benefits
of using 3D printers is reducing the cost of production, reduction of terms of its appearance on the market, the
modeling of objects of any shape and complexity, rapidity and high precision manufacturing, the use of different
materials, including concrete, hydrogel, wood, metal, plastics, chocolate and even living cells. The article exam-
ines the technology of 3D printing. The analysis of the major representation schemes of models of continuous
bodies, which revealed significant shortcomings. From the point of view of universality, one of the most promis-
ing functional representation, which is based on the use of language implicit mathematical functions with the
structural features of the R-functions theory, developed by academician V. L. Rvachev. The analytical descrip-
tion of the designed objects enables to use symbolic geometrical parameters, complicated superposition of func-
tions consequently allowing to change the design elements of these objects. The positivity feature of the built
functions in the mid points of the object is convenient to 3D-printing implementing.

Keywords: R-function, mathematical model, the fins of heat transfer surfaces, Chevron.
B oannoii cmamve na ocrnose meopuu R-pynxyuil paspabomanvi Memoouxu u nOCmMpoenbl YPasHeHUs pasiuy-

HbIX menﬂonepedammux noeepx%tocmeﬁ 0pe6peﬂuﬂ, 6 MOM 4ducie ule6pOoHHbIX. 0p€6p€HM€ He MOJIbKO yeeaudu-
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8aem NnoGepxXHOCMb MeNI00OMENd, HO U OKA3bleaem GOIbU0e GIUAHUE HA 2UOPOOUHAMUKY NOMOKA, d meM ca-
MM U Ha Kodpguyuenm menroomoauu. Ilonyuennvle ypasnenus noeepxuocmei Gviiu pearu3068anvl Ha
3D-npunmepe. Illesponnvie konéca pewiaiom npoodiemy 0Cegoll Cuibl, 0OHAKO 86UOY CLONCHOCMU U BbICOKOU
CMOUMOCTIU U320MOGLEHUSL WesPOHHbLe nepedayu npumensiom pexce. Texnonoaus 3D-neuamu nosgonsem cHu-
3UMb ce6eCmMoUMOCnb U MpPYyOOeMKOCHb U320MOGLEHUS NPOOYKYUYU, 6 MOM YUCLEe WeEPOHHbIX Koaec. Anaiumu-
YecKas 3anUcCh NPOCKMUPYeMbIX 0O0bEKMO8 Oaem B03MONCHOCb UCTIONb306AMb OYKEEHHbIE 2eOMEMPULECKUEe
napamempol, CIOACHblE CYNEPRo3uUyuU QYHKYUL, 4mo, 6 c60i ouepedb, HO360ISem ONEPAMUGHO USMEHAMb UX
KoHcmpyKkmueHbvle snemermol. CE0UCMB0 NOTOHCUMENbHOCU NOCMPOCHHbIX (YHKYULL 60 GHYMPEHHUX MOUKAX
obvexma gecoma y0obHo 0715 peanuszayuu 3D-nevamu.

Knrouegvie cnosa: R-ynxyuu, mamemamuueckas mooens, opebpenue menionepeiaryux no8epxHoCmel, ues-
PDOH.
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Materials Science in Mechanical Engineering

Vakulenko K. V., Biblik I. V., Kazak I. B. Complex estimation of material degradation at the
CYCHC LOAAING. c..e ettt st ettt et et et s et st et et e bt e sbeesaeesanesaneeane 61-66

The possibility of applying a complex approach combining the results of coercimetric control with the results of
computer simulation conducted within the framework of a special calculation-experimental method is based on
the idea of scattering of mechanical characteristics of materials and the statistical nature of their destruction.
The fatigue life of 40X steel in the initial state and after surface plastic deformation was estimated. The depend-
ences of the fatigue damage accumulation rate obtained by the two methods are compared. It is shown that prac-
tically their complete coincidence is observed both for samples in the initial state and for surface-hardened sam-
ples. The absolute values of the rate of damage accumulation are higher for non-hardened samples. It is shown
that a characteristic feature of the joint use of magnetic control of a material by coercive force and computer
modeling is the possibility of revealing the initial stages of the generation of defects and preventing their devel-
opment to critical dimensions. Such an approach can be relevant in connection with the transition from equip-
ment operation "to failure" to its operation with a specified level of reliability and safety, i.e. with a "predictable
resource’.

Keywords: computer modeling; coercive force, state of the surface; Fatigue life,

Yemanosnena 603moxicHocms RPUMEHEHUS KOMIIEKCHO20 NOOX00d, 00beOUHAIOWe20 Pe3yibmanmbl KOIPYUmu-
MEMPUUECK020 KOHMPOISL C PE3YIbMamamit UMUMAYUOHHO20 KOMALIOMEPHO20 MOOCIUPOBAHUS, NPOBOOUMO20 8
PAMKAX CNeYUATbHO20 PACHEMHO-IKCEPUMEHMATLHO20 MEMOOd, 8 OCHO8Y KOMOPO20 NOLONCEHbL NPeOCcmasiie-
HUSL 0 PACCEHUU MEXAHUYECKUX XAPAKMEPUCMUK MAMePUanos u 0 Cmamucmuieckol npupooe ux paspyueHus,
0151 OYeHKU yemanocmuou ooncogeunocmu cmanu 40X 6 uCX0OHOM COCMOSHUU U ROCTe NOBEPXHOCINHO20 NAa-
cmuueckozo Oepopmuposanus. [Ipoedeno cpagreHue 3a6UCUMOCTEN CKOPOCU HAKONACHUS. YCIMATOCMHbBIX HO-
8pedCcOeHUll, NOYYeHHbIX 08yMs memodamu. Tlokazano, wmo Habuooaemcs npaKmuiecky NoJIHoe Ux cognade-
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HUe Kax 0711 00pasyos8 8 UCXOOHOM COCTNOSIHUU, MAK U 051 NOBEPXHOCMHO YAPOUHEHHLIX 00pa3yos. Abconiomubie
BHAYEHUST CKOPOCMU HAKONJLEeHUsl ROGpeicOenull gblute Ol HeynpouHennvlx obpasyos. Tlokaszano, umo xapak-
MEPHOU 0COOEHHOCIBIO COBMECMHO20 UCHONb308ANHUSL MASHUMHO20 KOHMPOS MAmepuaid no Ko3pyumueHou
cune u KOMNbIOMEPHO20 MOOCTUPOBAHUSL SLGSLETNCS. BOZMONCHOCHIb GbISGNEHUSL HAYATILHBIX CMAOULL 3APOINCOCHUS.
Odepexmos u npedynpesicoenuss ux pazeumusi 00 Kpumuieckux pasmepos. Taxoi nooxod moodicem Ovims aKmy-
ATILHBIM 8 C513U C NEPEXOOOM OM IKCHILYamayuu 000pyo0068anus «Ha OMKA3» K pabome €20 ¢ 3a0AHHbIM YPOGHEM
HAO0eAHCHOCMU U 6E30NACHOCMU, T.€. C «<NPOSHOZUPYEMbIM PECYPCOM».

Knwuesvie cnosa: KOoMnbslomepHoe MO()EJIMPOKGHME,' KOpyumueHas cuida, COCmOSAHUE no6epxHocmu, ycmajio-
CMHAsL 00I208€4HOCTIb.
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