CTPOUTENIbHAA MEXAHUKA U NMPOYHOCTDb NNETATEJIbHbIX AIMNMAPATOB

YIK 629.7.023:539.3

HeAnHelHoe AehopMrpoBaHme n YCTOMYMBOCTb
QHU3OTPUAHBIX KPYTOBbIX LIMAMHAPUYECKMX ODOAOYEK npu
YUCTOM U3rMbe 1 BHYTPEHHEM AGBASHMM

Tonyuenvt pesynvmamsl UCCICO08AHUL HA OCHOB8E MEMOOUKU, pearuzyioujeti Memoo
KOHEYHBIX IIeMEHMO8 0I5l peuleHus 3a0a4 NPoYHOCMU U YCHOUYUBOCHU OUCKPEMHO-
NOOKPENJIeHHbIX — YUTUHOPUYECKUX — ODONIOYEK,  BbINOIHEHHBIX U3 KOMNOZUYUOHHO2O
Mamepuand, ¢ y4emom MOMEHMHOCIU U HETUHETHOCIU UX OOKPUMUYECKO20 HANPSAICEHHO-
Odehopmuposannozo cocmosanus. Hccredosana ycmouyusocms npu yucmom useube ¢
GHYMPEHHUM — OABNIeHUeM — AHU30ZPUOHOU  KPY2060U  YUIUHOPUYECKOU 0D0N0YKU U3
KOMNO3UYUOHHO20 Mamepudnd. Buiacheno enusnue neaunetinocmu Oepopmuposanus,
JACeCMKOCMU  NOOKPenIsiowe20 Habopa, yaio8 YKIAOKU HOOKPenIeHull U MmOauuHbl

JLIL. KEJTESHOB, | s6010uxu u snympennezo dasnenus na Kpumuweckue nazpysku nomepu yCmotHusocmu
0-p mexn. naye |\ 56010uxku.

(CubHHA
um. C.A. Yannvieuna, llncn,nzi u3rud, BHyTpeHHee AapieHne, UMIHHIPHIECKHE KOMIIOSHTHLIC 0001049KH,
Hosocubupck) || HeTMHENHOE AepopMHpOBaHHE, YCTOHYHMBOCTH, METOA KOHEYHBIX 3JIEMEHTOB,

zheleznovlp@yandex.ru

BHYTpeHHee IaBJIeHUe

Nonlinear Deformation and Stability of Anisogrid Circular
Cylindrical Shells under Pure Bending and Internal Pressure

L.P. ZHELEZNOV

SibNIA named after S.A. Chaplygin, Novosibirsk

The research results are obtained on the basis of a technique implementing the finite element
method for solving problems of strength and stability of discrete-reinforced cylindrical shells
made of the composite material, taking into account the momentness and nonlinearity of their
subcritical stress-strain state. The stability under pure bending with internal pressure of
an anisogrid circular cylindrical shell made of a composite material is investigated. The
deformation nonlinearity effect, reinforcing set stiffness, reinforcement layup angles, shell
thickness and internal pressure on the critical loads of the shell instability is determined.

Pure bending, internal pressure, cylindrical composite shells, nonlinear deformation,
stability, finite element method
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H.K. TYPKHH,
0-p mexH. HayK
(MAH, Mockea)

AMHOMMYECKOE MNOBEASHUME HEPABHOMEPHO HArpeTom
TOHKOCTEHHON NApAboAnYecKon ODBOAOUKM AETATEALHOrO
annapara C YY4eToM HAAVMUSI AOMOAHUTEABHOM MACCHI
B YCAOBUSIX BOSASMCTBUS YAQPHOWN BOAHBDI

Hccnedyemess  ounamuueckoe nogeoenHue HepasHOMEPHO HAZPEmol  MOHKOCHMEHHOU
napabonudeckoll  00040UKU — 8PAUWEHUs. C  OONOJIHUMENbHOU MACCOU 6  YCIAOBUSX
BbICOKOUHMEHCUBHO20 HAPYIHCEHUsL YOAPHOU BOIHOU 6 2a3060U cpede. Hanpsoicenno-
deghopmuposantoe cocmosiue 0bOIOUKU, OZHUKAIOUWEE 8 Pe3YTibmame npedsapumenrbHo20
HEPABHOMEPHO20 HA2Pe6a ee NOBEPXHOCMU, ONpeoessiemcs U3 peuleHuss YPaeHeHUil
mepmoynpy2o2o paenogecus. Pewenue 3adauu ounamuuecko2o nogedenuss 000104YKU
cocmoum 6 UHME2PUPOSAHUU  HEIUHEUNbIX  VYPASHEHUL  O8UdCeHUs 0DONOYKU U
NPUCOCOUHEHHOU K Hell QONOIHUMETbHOU MACCbL NPU 3A0AHHBIX HAYAIBHbIX CMEUJeHUsX,
HYIe8bIX HAUAHBIX CKOPOCHIAX U 2PAHUYHBIX YCIOBUSX, COOMBEMCMEYIOUUX 3AKPENICHUIO
obon0uK.

TurkinIK@mai.ru O06os0uka, Macca, JieTaTe/IbHBIH annapar, TePMOCHUJI0BOE HATPYKEHHE

Dynamic Behavior of an Unevenly Heated Thin-Walled

Parabolic Aircraft Shell, Taking into Account The Presence of

Additional Mass under the Influence of a Shock Wave
I.LK. TURKIN
Moscow Aviation Institute (National Research University), Moscow

The article investigates the dynamic behavior of an unevenly heated thin-walled parabolic shell
of rotation with additional mass under conditions of high-intensity shock wave loading in
a gaseous medium. The stress-strain state of the shell resulting from the preliminary uneven
heating of its surface is determined from the solution of the equations of thermoelastic
equilibrium. The solution to the problem of dynamic behavior of a shell involves integrating
the nonlinear motion equations of the shell, as well as the additional mass that is attached to it,
under given initial displacements, initial velocities of zero, and boundary conditions that
correspond to the attachment of the shell.

Shell, mass, aircraft, thermal force loading
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ANHAMUKA MNMOJNIETA U YINPABJNIEHUE JNIETATEJIbHbIMUA AMNMNAPATAMU

VJIK 539

BAnsHue YrAQ pAcCTBOpPA MNPAMOYIrOAbHbIX B NMACGHE BbliPe30B
HQ HGI'Ipﬂ)l(eHHO-AerOpMMpOBGHHoe COCTOsiHNe
TpeXCI\Ol\;iHbIX UWMAMHAPUNHECKUX OTCEeKOB

IIpeocmasiena modenb  NOCHOUHO2O KOHEUHO-DNEMEHMHO20 AHANU3A  HANPIHCEHHO-
0eopMupo8anHo2o coCmosiHUsL MPEXCAOUHbIX YUIUHOpUYeckux obonouex. HMccredosano

elUAHUE Yend pacmeopa NpPAMOY2OAbHLIX 8 NIAHe 6blpe3068 HA  HANPANCEHHO-
dehopmuposantoe cocmosue mpexciouHbiX YUTUHOPUYECKUX OMCEKO8.

B.H. BAKYJIHH, || Tpexcioiinple NWIMHAPHYECKHEe O000J0YKH, NPAMOYroJbHbIe B ILIAHE BBIPE3bI,
KaHO. mexH. Hayk HANPSKEHHO-Te(OpMUPOBAHHOE  COCTOSIHME, MOJAeIb  MOCJOHHOI0  KOHEYHO-

(UITPUM PAH, Mocksea), |§ sniemenTroOro anaansa

vbak@yandex.ru

The Influence of the Angular Dimension of Rectangular
Cutouts on the Stress and Strain State
of Sandwich Cylindrical Compartments

V.N. BAKULIN

IAM RAS, Moscow

A model is presented for layer-by-layer finite element stress-strain analysis of sandwich
cylindrical shells. The influence of the angular dimension of rectangular cutouts on the stress
and strain state of sandwich cylindrical compartments has been studied.

Sandwich cylindrical shells, rectangular cutouts, stress and strain state, layer-by-layer
finite element analysis model
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A.B. EOPEMOB,
0-p mexH. HayK,
E.B. EOPEMOB,
KaHO. MexXH. HAYK,
A.HU. HL[EPBAKOB,
acnupanm

(MAH, Mockea)
pvl@mai.ru

MNoaAaBAeHUE  sIBAEHUS PACKA4YKM CAMOAETaA AeTYUKOM
PA3AUYHbBIX KGTeFOpMVI nytTeM UCNoOAb3OBAHUSA CPEeACTB
asToMatM3aumnm

Ilpusedenvr  paspabomannvie 6 MAU ancopummovl  GYHKYUOHUPOBAHUS HECKOIbKUX
BAPUAHMOB «NACCUBHBIXY U «AKMUBHBIXY cpedcmg nodasnenust senenus PIO. Ilymem
npo6edeHUss IKCNEPUMEHMATbHBIX UCCIC008aHUL HA NULOMAICHOM CMeEHOe 6bINOJHEeHd
OYeHKa IPPeKmueHoCmU UCNONB306ANUSL IMUX CPeOCME Npu  HOOAGIEHUU S6TeHUs.
packauku camonema JemuyuKkomM pasiuuHelx Kamezopuil. Paccmompena unmezpayus
«NACCUBHBIXY U «AKTNUBHBIX» CPEOCME.

Packauka camonera JeTunkoM, siBjieHWe PIO, akTHBHBIH pblYar ynpasJieHMd,
HeJIMHeHbIN OrpaHNYHTeIb CHCTEMA CaMOoJIeT — JIeTYMK

Suppression of Pilot-Induced Oscillations of Various Categories
Using Augmentation Means
A.V. EFREMOV, E.V. EFREMOV, AND A.I. SCHERBAKOV

Moscow Aviation Institute (National Research University), Moscow

This paper presents algorithms for several “passive” and “active” means of PIO suppression
developed at MAI. By conducting experimental studies using a ground-based simulator,
the effectiveness of using these means in suppressing PIOs of various categories is assessed.
The integration of “passive” and “active” means is considered.

Pilot-induced oscillations, PIO event, active control stick, nonlinear limiter, pilot-vehicle
system
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B.A. LLIEBI[OB,

0-p mexH. HayK

(MAH, Mocksa),

A.B. THMOIIIEHKO,
0-p mexH. HayK
(Apocaasckoe evicuiee
80€HHOe yuuIUIe
nPOMuUB06030VUIHOU
oboponvt, Apocnasnv),
C.H. PABUHbKOB,
0-p Qusz.-mam. HayKk
(BVHI] BBC «BBA»,
Boponeorc)

vs@mai.ru

OueHka cocTosiHMs 6e30nNacHOCTM MOAEeTa BO3AYLUHOIo
CyAHQ HA OCHOBe QHAAM3A PUCKOB ABUALMOHHbIX
MHUMASHTOB

IIposeden ananusz GyHKyull pucka a8UAYUOHHO20 UHYUOEHMA 6 NoJeme 8030YUHO20 CYOHA
npu  NIOMHOCHAX GEPOSMHOCIU HACMYNICHUS. yujepoa, npeOCmasumblx pecyispHbLMU
00HO- U 0gyxnapamempuieckumu pacnpedenenusmu. T1onyueHvl OYeHKU UHMEeSPATbHO2O0 U
NUKOBO20 3HAYEHUL U YCMAHOBNICHbI 3AKOHOMEPHOCHU USMEHEHUsl PUCKA, HAUOeHbl MOObI,
CpeOHUe 3HaueHus U CMAaHOApmHble OMKIOHeHUs. yujepba 6ciedcmeue asUayUOHHbIX
uHYyudeHmos. Hccnedosansvt 803MONCHOCIU MUHUMUSAYUU PUCKO8 HACMYNICHUS yiyepda
npu obecneuenuu 6€30naCHOCMU NOJIEMA 8030YUHO20 CYOHA.

Be3onacHocTh nmosieTa BO3AYLIHOI0 CyHA, ABUALIMOHHBII MHIMAEHT, QYHKIUS PUCKA
M NJIOTHOCTH BEPOSITHOCTH HACTYIJIEHUS yiepoa

Aircraft Flight Safety Assessment Based on Aviation Incident
Risk Analysis
V.A. SHEVTSOV', A.V. TIMOSHENKO!, AND S.N. RAZIN’KOV?>

'Moscow Aviation Institute (National Research University), Moscow

*Russian Air Force Military Educational and Scientific Center “Air Force Academy”, Voronezh

An analysis of the risk functions of an aviation incident in the flight of a stuffy vessel
was carried out at the densities of the probability of damage presented by regular one- and
two-parameter distributions. Estimates of integral and peak values were obtained and patterns
of risk changes were established, modes, average values and standard deviations of damage
due to aviation incidents were found. The possibilities of minimizing the risks of damage while
ensuring the safety of the aircraft flight were investigated.

Aircraft flight safety, aviation incident, risk function and probability density
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A3PO- U TA3OANHAMUKA NETATEJNbHbIX AMMAPATOB U UX OBUTATENEN

YJIK 532.529
BAvsHue yvactmu AMCI'IepCHOl\/‘I npuMecn HA CTPYKTYPY
BUXPEBOro KOAbLA U ero pacnpoctpaHeHune
Paszsusaemcs nooxo0 k MOOeIUPOBAHUIO HECTNAYUOHAPHBIX OCECUMMEMPUUHBIX GUXPEBbIX
meuenull 2a300UCNePCHOLl cpedbl ¢ Hecocumaemou Hecywel aszou. Ilposooumcs
YUCTIEHHOE MOOCIUPOSaHUe QOPMUPOBAHUSL BUXPEBO2O KONbYA, 3AX6AMA UM YACTUY
K.H. BOJIKOB,

0-p usz.-mam. Hayx,
B.H. EMEJ/IbAIHOB,
0-p mexH. HayK,

U.E. KAIIPAHOB,
KaHO. MeXH. HAYK
(BI'TY « BOEHMEX
um. 1. ®@. Yemunosay,
Canxm-Ilemepbype)
dsci@mail.ru

OUCNEPCHOUl npumMecu U NepeHocd Yacmuy ¢ YYemoM GIUsHUs OUCnepcHou @gasvl Ha
BUXPEBYIO CIPYKIYPY NOMOKA. [[15l YUCTIEHHbIX PACYen o8 NPUMEHSIOMCS HeCMAYUOHAPHbIe
ypasnenusi Hasve — Cmokca 0151 6513K0U HecoHcumaemou dcuokocmu. Jleudsxcenue vacmuy
ONUCHIBAEMC. HA  OCHOBE  OUCKPEMHO-MPAEKMOPHO20 N00X00d HPOOHbIX — Yacmuy.
Pesynomamol pacuemog noseonssiom ycmanosums 0COOEHHOCMU NePeHOCd U NoBedeHUs
yacmuy  pasiuyHoOU  UHEPYUOHHOCMU 6 GUXPEBbIX KOJIbYAX, a MaKdice UsMeHeHue
Xapakmepucmux 6UXpego2o KOIbYd 6 HNPUCYMCMEUU YAcCmuy pasiuyHo2o pazmepa u
KOHYEeHMpayuu.

BuxpeBoe K0J1b110, YACTUIIA, PACTIPOCTPAHEHH e, KOHLEHTPAIUSI

Influence of Dispersed Particles on Structure of Vortex Ring and
Its Propagation

K.N. VOLKOV, V.N. EMELYANOV, AND LE. KAPRANOV

Baltic State Technical University “Voenmeh”, Saint Petersburg

An approach to modelling unsteady axisymmetric vortex flows of a gas-dispersed mixture with
an incompressible carrier phase is developed. Numerical modelling of the formation of a vortex
ring, its capture of dispersed particles and particle transfer is carried out, taking into account
the influence of the dispersed phase on the vortex structure of the flow. For numerical
simulations, unsteady Navier—Stokes equations for a viscous incompressible fluid are used.
The movement of particles is described based on the discrete-trajectory approach of sample
particles. The calculation results make it possible to establish the features of the transfer and
behaviour of particles of different inertia in vortex rings, as well as changes in
the characteristics of the vortex ring in the presence of particles of different sizes and
concentrations.

Vortex ring, particle, propagation, concentration
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E.IO. TIPOCBUPAKOB,
0-p Qusz.-mam. HayKk
(Anecmumym

ToyHble peweHns ypasHeHu Haebe — Crokca AAs

mawunoseoenust YpO PAH, |f OMMCAHUA Te4YeHU MHOIFOKOMMOHEHTHbIX  YXMAKOCTEN

Examepunoype;
YVp®@YV, Examepunbype;

C y4eTOM BHYTPEeHHEero TenAoOBblACASHUSA

KHUTY-KAH, Kazany), || Haiioen noswviti xaacc mounvix pewenuti ypasuenuti Hasve — Cmokca ons onucanus
O.A. IEJAHKHHA, || mnozocrotinwbix Hecocumaemvix cped ¢ 02icoyiedoi ouccunayueii suepeueil. Ilone
kano. mexn. Hayx || ckopocmeii onucwieaemes aunetinbiMu Gopmamy OMHOCUMENbHO OBYX RPOCIPAHCTECHHBIX
(KHUTY-KAH, Kazany), || koopounam (knacc mounvix pewenuii Jluna — Cudopoeéa — Apucmosa). Ilone oasnenus u
JI.C. TOPYJIEBA || none memnepamypul a61s10mcst K6AOPaAMuHbIMU POPMAMU C AHATOSUYHOU 3A6UCUMOCTIBIO

(Uncmumym || om xoopounam u ona xospduyuenmos xax 6 knacce Juns — Cuoopoea — Apucmosa.
mawunoseoenus YpO PAH,
Examepunoype;

Yp®@YV, Examepunbype)
evgen_pros@mail.ru

Tounble peumeHusi, kaacc Jluug — CugopoBa — ApucroBa, ypaBHeHuss HaBbe —
Crokca, nuccunaTuBHas QyHKIUSI, MHOTOCJIOHAS KUIKOCTH

Exact Solutions of the Navier-Stokes  Equations
for Describing the Flow of Multicomponent Fluids

with Internal Heat Generation

E.YU. PROSVIRYAKOV'*’, 0.A. LEDYANKINA’, AND L.S. GORULEVA'”
'nstitute of Engineering Science, Ural Branch of the RAS, Ekaterinburg

? Ural Federal University, Ekaterinburg

* Tupolev Kazan National Research Technical University, Kazan

A new class of exact solutions of the Navier-Stokes equations has been found to describe
multilayer incompressible media with Joule energy dissipation. The velocity field is described
by linear forms with respect to two spatial coordinates (the class of exact solutions of
Lin—Sidorov-Aristov). The pressure field and temperature field are quadratic forms with
a similar dependence on coordinates and for coefficients as in the Lin—Sidorov—Aristov class.

Exact solutions, convection, Oberbeck—Boussinesq equations, dissipative function,
diffusion, binary fluid
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M.B. IIIHPOKOB,

Ontnmmsaums QA3POANHAMMYECKOM dhopMbl
M3OAMPOBAHHOTO KPbLIAO CBEPX3BYKOBOrO MACCAXUPCKOro

acnupanm, || CAMOASTA BTOPOro NOKOASHUS

/. 0. CTPEJIEL,
KaHo. MexH. HayK
(MAH, Mocksa),

HU.I'. BAIIIKHPOB,
0-p mexH. HayK
(LJATH

um. H.E. Kyxoeckoeo,

Paccmampusaemces 3a0ava onmumusayuu aspoouHamu4eckou Gopmvl U30AUPOBAHHOZO
Kpblld CBEPX38YKOB020 NACCANCUPCKO20 CAMONEMA 6MOpOo20 MNOKONEHUs HA OCHO8E
peutenusi ocpeonennvix no Petinonvocy ypasuenuii Hasve — Cmokca. Ilpuseden obwuii
anzopumm onmumuszayuu ¢ ydemom 253 npoexmuvix nepemennvix u 188 oepanuuenuil.
B pesynomame onmumusayuu yoanoch yGeauuumv —a3pOOUHAMUYECKOE Ka4ecmeo
U30UPOBANHO20 Kpblia Ha 7,41 Y% no omnoulenuio Kk nepeOHAYAIbHOL KOHpUISypayuu.

IKyrosciuii) || CBEPX3BYKOBbIe MaccakUPCKHe CAMOTETEI, ONTHMH3AINS, KPbLI0, MAPAMETPH3aLNs
Gittwell@outlook.com || T€OMETPHH, AITOPHTM

Aerodynamic Shape Optimization of the Isolated Wing
of a Second-Generation Supersonic Passenger Aircraft

M.V. SHIROKOV', D.YU. STRELETS', AND I.G. BASHKIROV*

'Moscow Aviation Institute (National Research University), Moscow

?Central Aerohydrodynamic Institute, Zhukovsky

The article considers the problem of aerodynamic shape optimization of an isolated wing of
a second-generation supersonic passenger aircraft based on solving the RANS equations.
A general optimization algorithm is presented with 253 design variables and 188 constraints.
As a result of optimization, it was possible to increase the aerodynamic quality of the isolated
wing by 7.41% relative to the original configuration.

Supersonic passenger aircrafts, optimization, wing, geometry parameterization, algorithm
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NMPOEKTUPOBAHUE N OBOAKA ABUALMOHHbIX U PAKETHbIX OBUTATENEN
YIK 621.5

Paspabotka pekomMeHAauMIA MO MOCTPOEHUIO PACHETHOM
CeTKNW AN YUCAEHHOTO  MOAEAMPOBAHUS  TUMOBBLIX
BHYTPEHHUX W BHELWHUX TEYEHUN TMPUMEHUTEABHO K
30AQ4aM ABUALIMOHHOM TEXHUKMU

Paspabomanvr pexomendayuu no onpedeienuro pazmepos siueex pacyemuou cemru npu
YUCTEHHOM MOOEUPOBAHUY GHEWHUX U GHYMPEHHUX MeYeHUll NPUMEHUMENbHO K 3a0a4am
asuayuu. Pexomenoayuu nouyuensl 8 6uoe KpUmepuaibHblX COOMHOMWEHUL, CEA3bI8AIOUSUX
be3pazmepnbvlii.  Macuwimab  2100aNbHO20  INEMEHMAd — CemKU €  PEeNCUMHbIMU U
2eOMEMPUYECKUMU  XAPAKMEPUCTNUKAMY, YMO NO3601A€M aNpUOPHO OYEeHUMbsb pasmep
sAueliky, 06ecne usarowutl Cemounyio cxooumocms pewenus. Ilpedcmaegienvt pe3yibmanivl
paspabomiu Koppensyuil 05t MUNOBbIX KAHANI08 CUCMEMbl OXAANCOEHUS. TONAMOK MYypOUH,
a maksice 05k MUNUYHOZ0 KPbLI0B020 NPODUIAL.

C.K. OCHIIOB,
KaHO. MeXH. HAYK,
II.A. BPBI3I'YHOB,
acnupanm,

B.I1. COKOJIOB,
0-p mexH. HayK,

U.B. IIEBYEHKO,
0-p mexH. HayK,

H.A. MHJTIOKOB,
Kamo. mex. HavK Onepexxkaomiass  Bepupukauusi  pe3yJbTaTOB  YHMCJIEHHOTO0  MOJEJUPOBAHUS,

(®I'BOY BO HUY PEeKOMEeHJAIUM MO MOCTPOEHUI0 PACUYETHOI ceTKH, KPbL10BO# npoduab NACA-2412,
«MDH», Mockea) || ¥3HAT €  BHe3aNMHLIM  pacUIMPeHHeM, KaHal C  BHE3ANMHBIM  CYKeHHeM,
ocecHMMeTpHYHBIH 1uddy3op

bryzgunovpa@mpei.ru

Research and Development of Recommendations for Building
a Computational Grid for Numerical Flow Simulation of Typical
Infernal and External Problems in  Relation to Aviation

Engineering Problems

S.K. OSIPOV, P.A. BRYZGUNOV, V.P. SOKOLOV, LV. SHEVCHENKO, AND
LLA. MILUKOV

National Research University “Moscow Power Engineering Institute”, Moscow

Recommendations have been developed for estimating the size of computational grid cells in
the numerical modeling of external and internal flows in relation to aviation problems.
Recommendations are obtained in the form of criterial relations connecting the dimensionless
scale of the global grid element with regime and geometric characteristics, which makes it
possible to a priori estimate the cell size that ensures grid convergence of the solution.
The article presents the results of developing correlations for typical channels of a turbine
blade cooling system, as well as for a typical airfoil.

Advanced validation of numerical simulation results, recommendations for building
a computational mesh, NACA 2412 airfoil, channel with sudden expansion, channel with
sudden reduction, axisymmetric diffuser
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TEOPUA ABUALIMOHHBLIX N PAKETHbIX ABUIATEJIEU

VJIK 621.45

O BAMSHUM BHYTPEHHEM QIPOAMHAMMKM W CKOPOCTU
rOPEHUsi TONAMBA HA Tary 6eCKAQNAHHOro NyALCUPYIOLLEro

K.B. MUT' A/THH, || BOSAYLUHO-PEAKTUBHOIO ABUrQTeAs

KaHO. MeXH. HAYK,
/1.A. YAPHIIEB,
KaHO. MeXH. HAYK
(OO0 HIID «Pomopy,
Tonvammuy),

K.A. CH/IEHKO,
cmyoenm

TIpusoosmces pesyromamol dKCHEPUMEHMATIBHO20 U YUCTEHHO20 UCCLe008aHUsL paboyezo
npoyecca  OeCKIANAHHO20 — NYIAbCUPYIOWE20  B8030VUHO-PEAKMUBHO20 — O8U2AMEIIsL.
Obcysicoaemces 603MOACHOCHb POPCUPOBAHUSL O8ULAMEISL 30 CYETn UBMEHEHUs. GHYMPEHHel
AdpOOUHAMUKYU U YCKopeHust — npoyecca — eopenusi.  Tlonyuennvie — pe3yibmamul
conocmagnsiiomesi ¢ meopuei ycmouuusocmu Penes u Odenaemcsi npeononodcenue o
Yenecooopa3HOCMU CO2NACOBAHUSL CKOPOCHIU 2OPEHUSL C 80THOBBIM NPOYECCOM 2A3000MeHd.

(Tl-vy: TOJlb}lmmu) BeckmamanHbIii l'lyJ'leprlOIl.[IJH B03)IyII)HH0-peaKTI/IBHbII/I ABUTaTEC/Ib, CKOPOCTH
mlgalmk7@gmallcom rope€eHus TOILIMBA, TEOPUA YCTOUYUBOCTH FE€JICH, AKYCTUYCCKHUE UCCIICAOBAHUA

On the Effect of Internal Aerodynamics and Fuel Combustion
Rate on the Thrust of a Valve-Less Pulsejet Engine

K.V. MIGALIN', D.A. CHARNTSEV', AND K.A. SIDENKO®

'Rotor RPC Ltd, Togliatti

’TSU, Togliatti

The paper presents the results of an experimental and numerical study of the operating process
of a valve-less pulsating airbreathing jet engine. The possibility of boosting the engine by
changing the internal aerodynamics and accelerating the combustion process is discussed.

The results are compared to the Rayleigh stability theory and an assumption is made about
the feasibility of matching the combustion rate with the gas exchange wave process.

Valveless pulsating airbreathing jet engine, fuel combustion rate, Rayleigh stability
theory, acoustic studies
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VJIK 621.45.01
MoBbILLEHWE TOYHOCTU  OMPEAEAEHUs  XAPAKTEPUCTUK
MHOFOKQACKOAHBIX OCEBbIX TYPOUH ABUALIMOHHBIX ABUTATEAEN
c NCMNOAL3OBAHUEM TPEXMEPHOro YUCAEHHOTO
MOAEAUPOBAHMS

Ipuseden ananuz GuUAHUA HA XAPAKMEPUCTUKU MHO2OKACKAOHBIX 0CE8bIX MYypOuH
ABUAYUOHHBIX O8ucameneil (hakxmopos, Komopvie MpaouyuoOHHO He YUUMbIBAIOMCS Npu
pacueme Xapakmepucmuk ¢ UCTONb308AHUEM MPEXMEPHO20 YUCICHHO20 MOOCIUPOBAHUSL:
Wepoxo8amocms NOGePXHOCMU JIONAMOK U MPAKMOBLIX NOAOK, YRPOWEHUE 2e0Mempul
BLIXOOHBIX KPOMOK JIONAMOK NPU HAIUYUL OKOH 6bINYCKA OXILANCOAIOUWe20 8030yXa (3aMeHa
OKOH HaA 271A0KYI0 NOBEPXHOCMb), 4 MAKNCE COBMECHOe GUSHUE KACKAO08 Opye HA Opyeq.
Ha npumepe osyxkackaownou oxaadxcoaemoiu mypOuHbl a8UAYUOHHO20 —OBUSAMEs
6bINONIHEHA — OYEHKA  GIUAHUA — OQHHBIX  (DAKMOPO8 HA  KNO-XAPAKMEPUCTUKU U
XApaKmepucmuxy nponyCcKHOU CROCOOHOCIU KACKAO08 MypOumbl, d MaKice npeoiodiceH
Nn00X00 K KOPPEeKyul Xapakxmepucmux Os NOSbIUEHUs UX MOYHOCTU Npu nepeoaye 6
MEPMOOUHAMUYECKYIO MOoOenb Osucamens. OnpedeieHo, Ymo HAUOOILWAS KOPPEKYUs
mpebyemcst O KNO-XAPAKMEPUCTUKY, 00YCIOGNCHHAS  GIUAHUEM  UWUEPOX08AMOCU
NOBEPXHOCMU TONAMOK U MPAKMOBbIX NOJIOK.

I'M. IIOIIOB,

KaHO. MeXH. HAYK,

B.M. 3YBAHOB,

MexH. HayK,

E.C. TOPAYKHH,

KaHO. mexw. HayK,

A.U. HIEPEAHb
(Camapckuii yu-m, Camapa)
akorneeva94@mail.ru

I'a30TypOMHHBII ABUraTe b, MHOTOKACKAIHASI TYPOMHA, KOPPEKIUSI XapaAKTEPUCTHK,
KIJI, MPOIYCKHAS CMIOCOOHOCTD, IEPOX0BATOCTb, BLIXOAHAS KPOMKA

Improving the Accuracy of Performance Calculation of
Multistage Axial Turbines of Aircraft Engines Using
Three-Dimensional Numerical Modeling

G.M. POPOV, V.M. ZUBANOV, E.S. GORIACHKIN, AND A.l. SHCHERBAN

Samara University, Samara

The paper presents an analyses of the influence on the performance of multi-cascade axial
turbines of aircraft engines of the factors that are traditionally not taken into account when
calculating the characteristics using three-dimensional numerical modeling: surface roughness
of blades and path shelves, simplification of the geometry of blade trailing edges in the case of
cooling air outlet windows (replacing the windows with a smooth surface), as well as
the combined influence of cascades on each other. On the example of a two-stage cooled
turbine of an aircraft engine, the influence of these factors on the efficiency and throughput of
the turbine cascades has been evaluated, and an approach to the correction of characteristics
to improve their accuracy when transferring them to the thermodynamic model of the engine
has been taken. It is determined that the largest correction is required for the efficiency
performance due to the influence of blade surface roughness.

Gas turbine engine, multistage turbine, performance correction, efficiency, throughput,
roughness, trailing edge
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VJIK 621.432

H.A. IIOIOB,

0-p mexn. nayr. || YMCAGHHOE MOAEAUPOBAHME CUCTEMBI CcMQ3Ku
M.B. I'VPEEB, | QBUQLIMOHHBIX MOPLUHEBbIX ABUrATEAEW

B.M. I'YPEEB,

0-p mexn. nayk, \| Hlpedcmasnenst  pesyromameot, nociysicuguiue MemoouuecKou OCHO8OU ONsL CO30AHUS

(KHUTY-KAH, || yudpposozo dsotinuxa cucmemvt cmasku nopuirecozo osueamens. Ha nepsom smane bvina
Kaszans), || nocmpoena  mpexmepnaa  moodens (CAD-modenv) macisnozo nacoca u  MAciinou

10.B.JKYKOBA, || macucmpamu cucmemor cmasku Oeueamens. Ha emopom osmane npeonodgicern memoo
Kkano. Gus.-vam. nayx, || pesepc-unscunupunea pabouux xapaxmepucmux nacoca u nocmpoena e2o pabouasn
A.JI. YOPHBIH, || xapaxmepucmuxa. 3amem, na mpemvem smane, Mooenu 2epomopHo20 MACIAHO20 HACOCA U
Kano. huz.-mam. nayx || Macucmpanu Oviu  eepupuyuposansl Ha O0CHOGe IKCNEPUMEHMATBHBIX OAHHbIX, MO
(Hnemumym menno- u || noséomuno cosoame oopammyio ceise ons yugposozo osounuka. Ha ocrnose nposedennbix

maccoobmena \| pacwemos  svipabomanvl  pexomenoayuu no  NOGbIUEHUIO MOYHOCMU — NOCMPOCHUs.

un. A.B. JToixosa || yugposuix dsotinukos cepomoprozo macisino2o Hacoca u MacIsHOU MASUCTIPATU.

HAH benapycu, Munck, || Cucrema cMa3sku, Mac/siHbIi Hacoc, padouyasi XapaKTepHCTHKa Hacoca, MacJasiHasi

) benapyco) MarucTpajib, NOTEPH JAaBJIEeHUS, YNCIEHHOE MOeIUpOBanne, UG PoBoii IBOITHUK
popov-igor-alex@yandex.ru

Numerical Simulation of the Lubrication System of Aircraft
Piston Engines

L.A. POPOV' M.V. GUREEV', V.M. GUREEV', YU.V. ZHUKOVA?* AND A.D. CHORNY"
'"Tupolev Kazan National Research Technical University, Kazan

*Lykov Institute of Heat and Mass Transfer of the National Academy of Sciences of Belarus,
Minsk, Belarus

This article presents the results that served as a methodological basis for creating a digital twin
of a piston engine lubrication system. At the first stage, a three-dimensional model
(CAD model) of the oil pump and the oil line of the engine lubrication system was built.
At the second stage, a method of reverse engineering of the pump's performance characteristics
is proposed and its operating characteristics are constructed. Then, at the third stage,
the models of the rotary oil pump and the main line were verified based on experimental data,
which made it possible to create feedback for the digital twin. Based on the calculations carried
out, recommendations have been developed to improve the accuracy of constructing digital
twins of a gerotor oil pump and an oil line.

Lubrication system, oil pump, pump performance, oil line, pressure loss, numerical
simulation, digital twin
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YK 519.633.6

A.JI. TYKMAKOB,
0-p us.-mam. Hayk,
A.A. AXYHOB,
H.A. TYKMAKOBA,
KaHO. MexXH. HAYK,
B.B. XAPhKOB,
KaHO. MeXH. HAYK

MoaeAb KOHBEKTUBHO-MAEHOYHOIO OXACDKAEHUSI MAQCTUHDI
C yyYeTOM HeCTaAUUOHAPHOCTKU MNOTOKA U CXUMAEeMOCTU
rasa

IIpedcmaenenvl wuciennas Mooeib U pe3yibmamvl paciemos KOHEEKMUBHO-NIEHOYHO20
OXNANCOEHUsT NAACMUHbL NPU  OBYCMOPOHHEM ee O0OMEKAHUlU BblCOKOMEeMNePamypHbLM
HOMOKOM 2A3a U OXAANCOAIOUUM 6030yxoM. TIpu nocmpoenuu mamemamuyeckol Mooeiu
ucnonvzyemes 2ubpuonas 2D-wemoodonocusi RANS 6 nHecmayuonapnoii nocmanoske OJisi
BA3K020 CHCUMAEMO20 MENIONPOBOOHO20 2A3a C NPUMEHEHUEM CKOPOCMHBIX U MeNI08blX
NPUCMEHOYHBIX DYHKYULL C CONPANCEHUEM 2A300UHAMUYECKOU U MENI0BOU 3A0aY.

(KHUTY-KAH, YucnenHoe moneaupoBanue, ypaBHenuss HaBbe — Crtokca, cxema Maxk-Kopmaka,

Kaszanw)
tukmakov@imm.knc.ru

MHOI'OCBSI3HbIC OﬁJ'laCTI/I, NPUCTCHOYHbIC (l)yHKIII/IPI, KOHBCKTHUBHO-IIJICHOYHO€C
OXJTAKACHHUC

Model of Convective-Fim Cooling of Plate with Flow
Non-Stationarity and Gas Compressibility

A.L. TUKMAKOV, A.A. AKHUNOV, N.A. TUKMAKOVA, AND V.V. KHAR’KOV
Tupolev Kazan National Research Technical University, Kazan

A numerical model and results of calculations of convective-film cooling of a plate with
a double-sided flow around it by high-temperature gas and cooling air are presented.
The mathematical model is based on the hybrid 2-D RANS method in a nonstationary
formulation for a viscous compressible heat-conducting gas using velocity and thermal wall
functions with conjugation of fluid dynamics and heat transfer problems. The thermal and
velocity fields of gas and the temperature field of the plate are calculated, and the parameters
of the cooling film formed by jets of low-temperature gas flowing through a system of inclined
slot channels and interacting with high-temperature flow are described.

Numerical modeling, Navier—Stokes equations, MacCormack scheme, multiply connected
regions, wall functions, convective-film cooling

ISSN 0579-2975. H3s. 8y306. Asuayuonnaa mexnuka. 2024. Ne 1 13




ABUALNOHHBIE NPUBOPbLI U UBMEPUTEJNIbHO-BbIYUCIIUTENIbHBIE KOMIMJIEKCbI

YK 629.7.017.1

A.b. BEJIbCKHH,
0-p mexH. HayK,
0.4. ECUHIIOBH U,
acnupanm,

B.B. CA®OKJ/IOB

nepCI'IeKTMBHGSI cxemMma npUMeHeHus MCKYCCTBEHHbIX
HeﬁpOHHbIX ceTen AAS NOBbLILLEHUS KA4eCTBA AMArHOCTUKU U

06BLEKTUBHOCTH MPOrHO3MPOBAHMS TEXHUYECKOro
COCTOSIHMSI  QrperatoB  BUMHTOKPBIAbIX  AETATEAbHbIX
annaparos

Ilpeocmaesrennas cmamos AGIAEMC  NPOOOIICEHUEM — UCCACO08AHULL  NPUMEHEHUs
UCKYCCMBEHHbIX  HEUPOHHBIX cemell Oas NOGbIUEHUs KAYecmea OUdeHOCMUKU U
00bEKMUBHOCU NPOSHOZUPOBAHUSL MEXHUYECKO20 COCMOSHUSL A2Pe2amos GUHIMOKPbLIbIX
aemamenvhvix annapamos (BKJIA). Ha 6ase paspabomanio2o 0151 OaHHbIX UCCAEO08AHU
HOLYHAMYPHO20 CMEHOA-NPOMOMUNA KOMNAEKCHOU OUASHOCHUYECKOU CUCMEeMbl OYEHKU
MEXHUYECKO20 COCMOANUS OCHOBHBIX (DYHKYUOHANbHBIX cucmem u azpeeamos BKJIA
npeocmasnena NepCneKmusHds cxema NPUMeHeHUsi UCKYCCTNBEHHbIX HeUPOHHbIX cemell U
cghopmuposan memoouueckuil n00X00 6HeOPeHUsl HEUPOCEemMesblX MEXHONI02U OISl OYEeHKU
BDEMEHU JCUSHU KaAAHCO020 KOMNOHEHMA CUCMEMbl MOHUMOPUHed pabomocnocoonocmu
onpeoerstiowux iemHo-mexuuyeckue xapaxmepucmuxu BKJIA.

(MAH, MOCK@(Z) BI/I}-ITOKpl)IJ'[bII/I JETaTCeJIbHbIM anmapart, BEPTOJ€THad TEXHUKA, HCKYCCTBCHHas
safoklovbb@mai.ru HEHUPOHHAA CE€Th, MapaaurMa, IpeAMKTUBHasA MOA€C/1b

A Promising Scheme to the Utilization of Arificial Neural
Networks in Order to Enhance the Accuracy of Diagnostics
and Obijectivity of Predicting the Technical Condition of
Rotorcraft Components

A.B. BELSKII, O.A. ESIPOVICH, AND B.B. SAFOKLOV

Moscow Aviation Institute (National Research University), Moscow

The presented article is a continuation of research on the use of artificial neural networks
to improve the quality of diagnostics and the objectivity of forecasting the technical condition of
rotary-wing aircraft (RWA). On the basis of a semi-natural prototype stand developed for these
studies of an integrated diagnostic system for assessing the technical condition of the main
functional systems and units of the RWA, the authors presented a promising scheme for the use
of artificial neural networks and formed a methodological approach to the introduction of
neural network technologies to assess the lifetime of each component of the performance
monitoring system determining the flight characteristics of the RWA.

Rotary-wing aircraft, helicopter technology, artificial neural network, paradigm,
predictive model
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VJIK 681.514
ONTMMAABLHBI CUHTE3 KOHTYPA CTAOMAM3ALMM CUAOBbIX
FMPOCKOMNUYECKNX CTABNAM3ATOPOB

Paccmompenvr memoovl cunmesza OnmMuUMAIbHbIX pecyisimopos ¢ Y4émom 603MYyWeHull ¢
U3BECMHBIMU  CNEKMPATLHbIMU  XAPAKMEPUCMUKAMU U  HEONPEeOeSEHHbIX BO3MYUJEHUI,
02PAHUYEHHbIX N0  Lo-HOpMe, NpUMEHUmENbHO K KOHMYypY Cmadunu3ayuu Ccuioso2o
2UPOCKOnUYEeCcKo20 cmabuiuzamopa. /s npakmuuecko20 NpuUMeHeHUs. Npou3BedeHo
noHudiceHue nopaoka pezynamopos. I[lpoananusupoeansvi docmouncmsea u HeOOCHAMKU
PACCMOMPEHHBIX MEMOO08 CUHME3A C MOYKU 3PEHUsl CReYUDUKI 2UPOCMAbUIUZAMOPO8.

K.0. IYKHH,
acnupanm,

C.B. KPUBOIIIEEB, N .
KaHo. mexm. Hayx I'upocTtadniau3aTop, KOHTYP CTAOMIM3ALMHM, ONTHMAJBHBIA CHHTe3, CJIy4aiiHbIe

(KHHTV—KAH, Ka3’aHb) BO3MYIIICHUSA, Lw-ﬂrpaHH‘IEHHble BO3MYIICHUSA, JIMHEHHBbIE MAaTPUYIHbIC HEPABCHCTBA,
Kirill.O.Lukin@yandex.ru ||| "OWHeHN€ nopsitka peryasitopa

An Optimal Control Synthesis for a Gyro Stabilized Platform’s
Stabilization Loop

K.O. LUKIN AND S.V. KRIVOSHEEV

Tupolev Kazan National Research Technical University, Kazan

Optimal control methods of a gyro-stabilized platform’s stabilization loop in the presence of
disturbances with known power spectral densities or with known bounded L.-norms
are considered. To ease practical implementation, controller order reduction is conducted.
Advantages and possible shortcomings of the considered methods are discussed.

Gyro-stabilized platform, stabilization loop, optimal control, stochastic disturbances,
L, -norm bounded disturbances, linear matrix inequalities, controller order reduction
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TEXHONOIrma ABUALULMOHHOIO NPON3BOACTBA

VJIK 621

PPETTUHr-U3HALLMBAHUE  XUMMYECKMX  NiP  MOKPbITUN,
OCOXKACHHbIX Ha AeTam AANA u 3Y, NOAYYEHHBIX METOAOM
CEAEKTMBHOTO AQ3epPHOro CnaaeAeHusi us cnaaea AlSilOMg

Hannas  paboma nocesaujena  UCCIEO0BAHUIO — CPAGHUMENbHBIX — MPUOOLOSUYECKUX
xapaxkmepucmuk  anomunuesozo cniaeéa AlSilOMg, nonyuennoeco memooom CJIC,
¢ NiP- noxkpwimuem Ha nosepxnocmu u 6e3 nokpvimusi. boliu nposedenvl uccredosanus npu
PA3IUYHBIX  PECUMAX MpeHus, d UMEHHO Hazpy3Ke U nepemeujeHuss KOHmpmend.
Tpubonozuueckue ucnvimanusi noxkazamu, ymo usnoc NiP-noxpeimutli umeem abpasueHo-
OKUCIUMENbHbIL  Xapakmep Ol 6CeX UCCIe008AHHbIX ClyYdes. YcmanogieHo, umo
00vbeMHbIIL UBHOC 00pa3y08 Oe3 NOKPLIMULL 8 CONOCMABUMbIX YCA08UsAX mpenus ¢ 3-4 pasa
boabute, wem y 0bpaszyoe ¢ nokpvimuem. Takoce 6 pabome npogedenvl UCCIEO0BAHUS 1O

H.P. ACTAHAH, N oyenxe sosmoncnocmu nanecenus NiP-nokpbimuii Ha noSepXHOCIIU MOHKUX GHYMPEHHUX
0-p mexn. nayk, W ananos demaneii JJIA u Y. Yemanoseno, umo NOKpbIMUE YCNewHo ocaicoaemcs Ha

M.C. EPEMKHHA, GHYMPEHHUX NOBEPXHOCMAX Y3KUX KAHALO08, 00pA3ys pasHOMEpHbll CloU Oe3 paspbleos.

m.nedosukova@mail.ru

acnupanm, \§ Tomyuna nokpeimutl Ha 6HYMPEHHUX NOEEPXHOCMAX Ha 1-2 MKM Menblue, Yem Ha 6HeUHUX
A.B. HOHOB,

KAHO. MexH. HayK, .
(MAH, Mocxea) ®perTuHr, u3HammBaHue, NiP-mokpeiTHe, CeJIEKTHBHOE Jia3epHOe CILIaBJIeHHUE,

npu ecex ucczzedyeMbm pearcumax ocaicoenus.

MHKPOCTPYKTYpa

Fretting-Wear of Chemical Nip Coatings Deposited on Parts for
Aircraft Engines and Power Plants Obtained by Selective Laser
Melting from AlSi10Mg Alloy

L.R. ASLANYAN, M.S. EREMKINA, AND A.V. IONOV
Moscow Aviation Institute (National Research University), Moscow

This work is dedicated to the investigation of comparative tribological characteristics of
the AlSilOMg aluminum alloy obtained by the SLS method, with and without NiP coating on
the surface. Studies were conducted under various friction conditions, namely load and
displacement of the counterbody. Tribological tests showed that the wear of NiP coatings has
an abrasive-oxidative nature for all investigated cases. It was found that the volumetric wear of
uncoated samples under comparable friction conditions is 3-4 times greater than that of coated
samples. In addition, research was conducted to assess the possibility of applying NiP coatings
on the surfaces of thin internal channels of parts for aircraft engines and power plants. It was
established that the coating is successfully deposited on the inner surfaces of narrow channels,
forming a uniform layer without any gaps. The thickness of the coatings on the inner surfaces
is 1-2 um less than that on the outer surfaces in all investigated deposition modes.

Fretting, wear, NiP coating, selective laser cladding, microstructure
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V]IK 539.376, 620.174.22
MexaHunyeckue XAPAKTEPUCTUKA AeTanen,
M3rotTaBAMBaeMbiX MeToaAoM FDM-neuatu

Ilposeden amanuz euusAHUA WIOMHOCMU 3ANOJHEHUs HA XAPAKMEPUCTNUKY U30eus,
uzeomagnueaemozo  memooom  FDM-neuamu.  Dkcnepumenmanvnoe — ucciedosanue
NOKA3a0, YMO CHUdCEHUe NJIOMHOCHU 3aNOIHEHUs NPUBOOUM K NOGLIUEHUIO YOelbHOU
arcecmrocmu uzoenust. Ilposedenvl ucnvimanus oopasya ¢ epaoueHmHbIM pacnpeoeneHuem
mamepuana. Iloxkazano, umo epaduenmuoe pacnpeoeneHue Mamepuand no36o0asem
obecneyums 8bICOKYIO JHCECMKOCMb NPU YMEHbULEHUU MACChI U30eUs.

JLU. TAPUIIOBA,
KaHO. MeXH. HAYK,

A.C. BATPAKOB,
KaHO. MeXH. HAYK,
D.D. XABUB YJI/IHH,

KaHO. MeXH. HAYK
(KHUTYV-KAH, Kasany) 3D-neyatb, aAIMTHBHbIC TEXHOJIOTHHM, TIpPaJHeHTHOE 3aNOJHEHHE, IKECTKOCTh,
TpexXTo4e4HbIii H3rud

lyaysan_garipova@mail.ru

Mechanical Characteristics of Product Manufactured by
FDM Printing

L.I. GARIPOVA, A.S. BATRAKOV AND F.F. KHABIBULLIN

Tupolev Kazan National Research Technical University, Kazan

This work analyzes the influence of fill density on the characteristics of a product manufactured
by FDM printing. An experimental study showed that a decrease in filling density leads to
an increase in the specific rigidity of the product. A sample with a gradient distribution of
material was tested. It has been shown that the gradient distribution of the material allows for
high rigidity while reducing the mass of the product.

3D printing, additive technologies, gradient filling, strength, 3pointed bending
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YK 629.785

E.B. T'YCEB,

UccaepoBaHME BAUSIHUSA OPO3UOHHOIo ropeHus TBepAOro
TONAUBA HQ BHYTpM6GMMCTM‘-IeCKMe napamMeTpsbl

KaHO. MeXH. HAYK, peGKTVIBHOFO I'IeHeTpGTOpG

B.A. 34'OBOPYERB,
KaHO. MeXH. HAYK,

I1.®. ITIPOHUHA,

B.B. POTYEHKO,

0-p mexH. HayK,

3.P. CAIPET/THHOBA,
KaHO. MeXH. HAYK

(MAH, Mockea)
ccg-gus@mail.ru

Ilpoananuzuposan Mmexanusm 3IPO3UOHHO20 2opeHusi nopoxa u yuem e2o 6 P/TT.
Paccmompenvr 6onpocol enusnus 9po3uoHHO20 2opeHUst MEepO020 MONIUBA HA USMEHEHUe
msieu d0gueamens peakmueno2o nenempamopa. Ilpeocmasnena mamemamuieckas mMooensb
pacuema usmMeHeHus. napamempos GHYMPUKAMEPHO20 NPOYECCd 60 8PEMEHU C YUeTOM UX
UBMEHeHUs. No OauHe 3apsda Oas 0suecamesss o C80D0OHO GIONCEHHbIM MpPYyOUamvim
sapsoom. Tlonyuennvie pes3yibmamsl pacyemos nOOMEepHCOAom CYyWeCcmeeHHoe GLUsHIUe
memnepamypbl 3apsaoa Ha 6HympubALIUCMU4ecKue napamempsl HeHempamopa.

HeHeTpaTop, PO3UOHHO€ TOPEHUE, TBEPAOE TONJIUBO, CKOPOCTH I'OPCHUSA

Study of the influence of Erosive Combustion of Solid Fuel on
the Intra-Ballistic Parameters of a Jet Penetrator

E.V. GUSEV, V.A. ZAGOVORCHEV, P.F. PRONINA, V.V. RODCHENKO, AND
E.R. SADRETDINOVA

Moscow Aviation Institute (National Research University), Moscow

The mechanism of erosive combustion of gunpowder and its consideration in solid propellant
rocket engines are analyzed. The issues of the influence of erosive combustion of solid fuel on
changes in the thrust of a jet penetrator engine are considered. A mathematical model
is presented for calculating changes in the parameters of the intra-chamber process over time,
taking into account their changes along the length of the charge for an engine with a freely
inserted tubular charge. The obtained calculation results confirm the significant influence of
the charge temperature on the intra-ballistic parameters of the penetrator.

Penetrator, erosive combustion, solid fuel, burning rate
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VJIK 621.983.3
OnpeaeneHe OBAQCTM  pa3pyLLEHUs 3ArotoBKM MpU
FAYOOKOW BBITSDKKE B KOHUHECKYIO MATPULY

Ipedocmasnena memoouxa 0151 onpedeieHus: 00aacmu paspyuieust IUCMOBbIX MAMepuaios
npU  UCHONL30BAHUU NPOYecca KOMOUHUPOBAHHOU 2yOoKol  ebimsdcKu. Hcnonb3ys
JUHEUHYIO CXeMYy HANPSIHCeHHO-0eOPMUPOBAHHO20 COCMOAHUA HA (PIaHye 3a20MmOosKu,
noyuaem Kpumuyeckylo OMHOCUMENbHYIO MONMUHY & MOMEHM QopmMoodpaz08anus.
NIOCKOU 3a20MOBKU 6 KOHYC. Dmo no3eoisiem onpedeiums 001ACMb  PA3PYUEHUs.
3a20MOBKU 8 HAUATLHBLIL MOMEHM 20PPOOOPAZ0BAHUSL.

E.I' IEMbAHEHKO,
0-p mexH. HayK,

HLII. TIOIIOB,

0-p mexH. HayK,

/1.A. HHKOHOB,
acnupanm

(Camapcruii
yrusepcumem, Camapa) I'ny0okasi BBITSIZKKA, NpelejbHbIH KOI(PUUHEHT BBITSKKH, KOHUYECKasi MaTpPUIIa,

hel250@yandex.ru ||| HATPTKEHUS

Determination of the Area of Workpiece Destruction during
Deep Drawing Conical Die

E.G. DEMYANENKO, I.P. POPOV, AND D.A. NIKONOV

Samara University, Samara

A technique is presented for determining the area of destruction of sheet materials using
the combined deep drawing process. Using a linear diagram of the stress-strain state on
the workpiece flange, we obtain the critical relative thickness at the moment of shaping the flat
workpiece into a cone. This makes it possible to determine the area of destruction of
the workpiece at the initial moment of corrugation.

Deep drawing, limiting drawing ratio, conical die, stress
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VJIK 621.921.2

NccaepoBaHME Hecyllet CMOCOBHOCTM  KOMMO3WUTHBIX
KOHCTPYKUMIA B 30HE OTBEPCTUS MPU PA3AUYHBLIX CXEeMaXx

J1.F0. KOHCTAHTHHOB, || QPMUPOBAHUS

B.U. XA/THYJ/IHH,

0-p mexH. HayK,

B.B. BATPAKOB,
KaHO. MeXH. HAYK,

P.1O. IETPYIIIEHKO,
KaHO. MeXH. HAYK,

IIposooumcs  oyenka Hecywell CHOCOOHOCMU —KOMNOZUMHBIX — BbICOKOHAZPYICEHHBIX
KOHCMPYKYULl, — U320MOGIEHHbIX — PA3IUYHBIMU — MemOoOaMU  NOO2OMOBKU — NpeqhopM.
Hccnedosanvl  mexanuueckue Xapakmepucmuku KOHCMPYKMUBHO-NOOOOHbIX 00pa3yos
pacuemuviM U IKCHepuMeHmanoHoiM nymem. Ilpeonosicena mexnonozus O1s CO30aAHUS
O0OHOOCHOHAZPYICEHHBIX KOHCMPYKYULL U3 KOMROZUMOB.

(KHHTV—KAH, Ka3’aHb) I/IHTeraHBHble KOHCTPYKIHH, CX€EMbI apDMHUPOBAHHU, HANIPHAKCHUA B 30HE€ OTBEPCTHUH,

pla.kai@mail.ru

HalmpaBJ€HHas YKJIaJlKa BOJIOKHA, rlpe(bopMa, KOMHOZ{I/IIIPIOHHBIﬁ mMartepuasl.

A Study of the Load-Bearing Capacity of Composite
Structures, Having Various Reinforcement Patterns, in the Zone
of the Open Hole

D.YU. KONSTANTINOV, V.I. ~ KHALIULIN, V.V. BATRAKOV, AND
R.YU. PETRUSHENKO

Tupolev Kazan National Research Technical University, Kazan

The paper describes the estimation of the load-bearing capacity of highly loaded composite
structures with preforms produced by various methods. Mechanical properties of structurally
similar specimens were studied using simulated and experimental data. A technology for
the production of uniaxially loaded composite structures is proposed.

Integral structures, reinforcement patterns, stresses in the zone of the open hole, tailored
fiber placement, preform, composite material
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VIK 678.0

TepmocbopMOBaHME U3AEMMIA U3 KOHCOAMAMPOBOHHbIX
AMCTOBbIX 3QroTOBOK HA  OCHOBE  QPMUPOBAHHOIO
CTEKAOTKQAHBIO NMOAUMNPOMNUAEHA

Ilpeocmasiena  mexnonocus  6e3a6MOKIAGHOU  KOHCOMUOAYUU — MEPMONIACIULHO20
KOMROSUYUOHHO20 —~ MAMEPUAId HA  OCHO8e  NOJNUNPORUNCHA U CMEKIOMKAHU.
Onmumuzupoearvl meMnepamypHo-epeMeHHble pedicumbl KOHCOUOAyuu u
mepmoGopmosanusi Memooamu  OUpGepeHyuarbHol CKaHupyowel Kalopumempuu u
peomempuu. Onucana mMemoouxka npoeeoeHuss 6aKyyMHO-MePMUIECKOU KOHCOMUOAYUU U
npeccosanus, No38OSIOWAs NOAYHAMb KOHCOMUOUPOBAHHbIE NIACIMUHDBL, SAGISIOUUECS]
saeomoskamu npu mepmogopmosanuu.  Ilpogedeno mepmogopmosanue mecmogozo
u30enust «OBOUHOU KYNO».

P.U. CO/IOBBEB,
acnupanm
(KHUTY-KAH, Kaszans),
A.A. BAIBKAEB
(KDY, Kazans),

J.M. AMHPOBA,

0-p XuM. HAYK
(KHUTY-KAH, Kazanv) TepMomIacTHYHbIE KOMITIO3UIIMOHHbIE MaTepHaJibl, KOHCOJIHIAIHS,

rilov992@mail.ru TepMO(bOpMOBaHHe, MOJIMIIPOMAJICH, CTCKJIONJIACTUK, IBOMHOU KYIIO0J

Thermoporming of Products from Consolidated Sheet Blanks
Based on Glass Fabric Reinforced Polypropylene
P.I. SOLOV’EV', D.A. BAL’KAEV?, AND L.V. AMIROVA'

'"Tupolev Kazan National Research Technical University, Kazan
*Kazan Federal University, Kazan

A technology for non-autoclave consolidation of thermoplastic composite material based on
polypropylene and fiberglass is presented. The temperature-time regimes of consolidation and
thermoforming were optimized using differential scanning calorimetry and rheometry methods.
A technique for carrying out vacuum-thermal consolidation and pressing is described, which
makes it possible to obtain consolidated plates, which are blanks for thermoforming.
Thermoforming of the “double dome” test product was carried out.

Thermoplastic composites, consolidation, thermoforming, polypropylene, fiberglass,
double dome
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PAOWOTEXHUKA U CBA3b

YK 621.396

P.P. TAHHYT/IHHOB,
KaHO. MeXH. HAYK,

C.®@. YEPMOIIIEHIIEB,
0-p mexH. HayK

3KCI'IepMMeHTGI\beIe MCCASAOBAHUA 3AeKTpOMGFHVITHOl7I
CTOMKOCTU TEXHUYECKUX CUCTEM nPU SASKTPOMArHUTHbIX
BO3AEMUCTBUSAX OT HECKOAbKMX MICTOYHMUKOB

Paspaboman  sxcnepumenmanvivliic.  ¢cmeno Ol UCCLeO08AHUSL  DILEKMPOMASHUTHOT
cmotkocmu  mexuudeckux cucmem. IIposedenvl dKCnepuUMEHMANbHblE UCCACO0B8AHUS
NEKMPOMASHUMHBIX NOMEX, HABCOCHHbIX HA MUKPOROJIOCKOGYIO JIUHUIO C653U, NpU
6030eticmeuy  0OOHOBPEMEHHO HECKONbKUX UCMOYHUKOS GHEUHUX IJEeKMPOMASHUMHBIX
6030elicmeull.

(KHHTV—KAH, Kaj’aHb) 3HeKTp0MaFHI/ITHaﬂ . CTOMKOCTb, CBEPXKOPOTKHEC J3JCKTPOMAIrHUTHBIC HWMITYJ/bLChI,
emc-kai@mail.ru IKCIIEPUMEHTAJBHBIA CTCH, 3JICKTPOMATHUTHAA MOMEXA, TEXHUIECCKAsA CHCTEMA

An Experimental Study of Technical Systems Electromagnetic
Resistance Exposed to Electromagnetic Influences from
Several Sources

R.R. GAYNUTDINOV AND S.F. CHERMOSHENTSEV

Tupolev Kazan National Research Technical University, Kazan

A test bench has been developed to study the electromagnetic resistance of technical systems
and experimental studies have been carried out on electromagnetic interference induced on
a microstrip communication line when simultaneously exposed to several sources of external
electromagnetic influences.

Electromagnetic resistance, ultrashort electromagnetic pulses, test bench, electromagnetic
interference, technical system
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— TEXHUYECKME 3AMETKWN

CTPOUTENIbHAA MEXAHUKA U NMPOYHOCTDb NNETATEJIbHbIX AIMNMAPATOB
YK 534-16

BbIMMCAUTEABHBI SKCMEPUMEHT B 3aaa4e O haarTepe
LIMAVHAPUYECKOM OBOAOHKM

Paccmampueaemess  ¢nammep  yununopuueckou — 000JIOYKU ~— KOHEUHOU  OJIUH,
He ocecummempuunblii cayyai. I[lpuseden cospemennviil aneopumm 0Oe3 HACbIYEeHU,
PACCMOmMpenvl  KOHKPEemHble PAacyemsl, NOKA3asuiue e20 GblCOKYIO I pexmueHocme.
Tokaszano, umo Kpumuueckas CKOpoCmb @hrammepa MAlo 3asucum om n (4ucia
OKPYIICHBIX 6OIIH).

C.JI. AJITA3HH,
0-p Qusz.-mam. HayKk
(UlIMex PAH, Mockea)

algazinsd@mail.ru .
Huaunapudeckasi 060J04Ka, 3a1a4i HA COOCTBEHHbIE 3HAYEHHS, YHCIEHHBIH aJaro-

puT™M 0e3 HacbIleHusl, (piaTTep

Computational  Experiment in  the Fluiter Problem
of a Cylindrical Shell

S.D. ALGAZIN

Ishlinsky Institute for Problems in Mechanics RAS, Moscow

The flutter of a cylindrical shell of finite length, not an axisymmetric case, is considered.
A modern algorithm without saturation is given, and specific calculations that have shown its
high efficiency are considered. It is shown that the critical flutter velocity does not depend much
on n (the number of circumferential waves).

Cylindrical shell, eigenvalue problems, numerical algorithm without saturation, flutter
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VJIK 621.4

HU.K. AH/IPHAHOB,
KaHO. MeXH. HAYK,
M.C. TPHHKPYT,
KaHO. MeXH. HAYK,

YMCAeHHOE UCCAEAOBAHME  BAUSIHUS  F€OMETPUYECKUX
XAPAKTEPUCTUK HAKAOHHOM TPEeLLMHbI TYPOUHHOM AONATKU
npocuas P-2617A Ha paspyLuaiollee AGBAEHUE B CUCTEME
OBHAPY>XEeHWUs1 NOBPEXAEHU

Hccnedyemes npobrema obuapysicenus mpewun 6 10NAmMKax 2a308bix mypoun 8 pesicume
pabomul 0sucamens. IIpoeedenvl cepuu KOHEYHO-DIEMEHMHBIX PACHEMO8 NPeOeibHO20
COCMOsIHUSL  KANCYN  CUCMEMbl  OOHAPYIICEHUsT mpewun  JIONAmox  2a30mypounHo2o
odgucamens. B xauecmee obwvexma ucciedosamens paccmMompena mypOunHds JONAMKU
npouiss P-2617A. Ilpoananuzupoéano enusiHue 2eoMempuyecKux Xapakmepucmuk —
WUPUHBL PACKPLIMUSL MPEUUHbl MyPOUHHOU IONAMKY, Yelad HAKIOHA Mpeujunbl K paouycy

U y2ia packpvlmus mpewunvl — Hd GeIUdUHY OAGNEeHUs, NPU KOMOPOM NPOUCXOOUM
M. KAPA BAJUIH, N haspyuenue  kancyn ¢ axmusnein  sewecmeom 6  cucmeme  OuasHocmuposanus
acnuparm |\ yospesicoenui.
(PI'BOY BO «KuAI'Y»,

Komcomonvcx-na-Amype)
ivan_andrianov_90@mail.ru

Typﬁmmaﬂ JomaTrka, TpE€mUHAa, AUATHOCTHUKA l'[OBpe)K}IeHHﬁ, ME€TOA KOHCYHBIX
3JIEMECHTOB

Numerical Study of the Influence of Inclined Crack
Geometrical Characteristics in  a Turbine Blade of
Profile R-2617a on Failure Pressure in a Damage Detection
System

I.K. ANDRIANOV, M.S. GRINKRUG, AND M. KARA BALLY

Komsomolsk-na-Amure State University, Komsomolsk-na-Amure

The problem of detecting cracks in the blades of gas turbines in the engine operation mode
is investigated. A series of finite element calculations of the limiting state of the capsules of the
crack detection system of the blades of a gas turbine engine have been carried out. The turbine
blade of the R-2617A profile is considered as an object of the researcher. The influence of
geometric characteristics — the width of the crack opening of the turbine blade, the angle of
inclination of the crack to the radius and the angle of crack opening — on the pressure at which
the capsules with the active substance are destroyed in the damage diagnosis system
is analyzed.

Turbine blade, crack, damage diagnosis, finite element method
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ABUALMNOHHBIE NPUBOPbI U UBMEPUTEJIbHO-BbIYUCIIUTENIbHBIE KOMIMJIEKCbI

YVIK 629.3.018.2

A.P. BOPOFBEB,
acnupanm,

B.b. ®E/[OPOB,
KaHO. MeXH. HAYK
(FOYVpI'Y, Yennbunck)
vorobevar@susu.ru

MeToAKQ KOHTPOAS XAPAKTEPUCTUK  U3MEPUTEABHOTO
0BOPYAOBAHUS AASI UCTIBITAHUSI ABUTATEALHBIX YCTAHOBOK

O6vexmom  UCCred08anus SAGIIOMCA  CMEHA08ble  UCNbIMAHUS  00bEeKMo8  PAKemHO-
KocmMuueckoll mexuuxu. ITIpeomemom uccne006anus s618emecsi WeCMUKOMNOHEHMHOE
CUNOUBMEPUMENbHOE — YCMPOUCMBO,  UCHOIb3YEMOe 6  UCHBIMAMENbHbIX — CMEHOax
08USAMENIbHBIX  YCMAHOBOK — PA3IUYHO20 — UCHOAHeHus. B coomeemcmeuu ¢
20CY0apPCMEEeHHbIMU — cmanoapmamu  ovlia  paspabomana Memoouxka ammecmayuu
YCmpotcmea u npoeedeHa Cmamucmuyeckas 06pabomra KCHePUMEHMAIbHbIX OaHHDBIX,
noomeepHCOAIOWast UX 00CMOBEPHOCTb.

JlBUrarejibHble YCTAHOBKH, CTEHIOBbIE HMCHBLITAHMS, H3MEPHTE/IbHbIE YCTPOiCTBA,
KOHTPOJIb XapaKTEePUCTHK

Methodology for Monitoring the Performance of Measuring
Equipment for Testing Propulsion Systems

A.R. VOROB’EV AND V.B. FEDOROV

SUSU, Chelyabinsk

The object of the study is bench testing of rocket and space technology objects. The subject of
the study is a six-component force-measuring device used in test benches of propulsion systems
of various designs. In accordance with the state standards the methodology of device
certification was developed and statistical processing of experimental data was carried out,
confirming their reliability.

Propulsion systems, bench tests, measuring devices, performance control
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TEXHONOIrma ABUALULMOHHOIO NPON3BOACTBA

YK 678.5.067

A.II. KOBAJIb,
acnupanm,

HU.0. BOBAPHKA,
KaHO. MeXH. HAYK

OAEMEHTB AATOPUTMA  ONTUMM3ALMKM  TEXHOAOTMHYECKOTO
npouecca BAKYYMHOW MH(Y3MM MPU  UIFOTOBAEHUM
KPYNHOrabapuTHbIx N3ASAUIA n3 MOAUMEPHbIX
KOMMO3NLIMOHHBIX MATEPUAAOB

B obwem e6ude onucanvl nOOX00bl K ONMUMUAYUU MEXHOLOSUHECKO20 npoyecca
U320MOGNEHUsL  KPYNHO2ADAPUMHLIX — U30equll U3 NOJUMEPHBIX — KOMHO3ZUYUOHHBIX
Mamepuano8 Memooom 8axKyymHou ungyzuu. B vacmnocmu, paccmompena 603moarcnocmo
ONMUMU3AYUY  CUCMEMbl TUHULL NOO0A4Uu  CA3VI0we20 eewecmea 6 npegopmy npu
U320mosneHuU  uzdeaull 0OuHapHou Kpueusuvl. Ilpednooicen eapuanm OnMUMUZAYUU
MEXHONIOSUYECKO20 Npoyecca BaKYYMHOU — UHGY3UU No  Kpumepuio  HOPUCMOCIU.
IIpeocmaesnena cmpykmypuas cxema OAHHbIX MEXHOLOSUYECKO20 Npoyeccd, KOomopas
MOdICEm SGNAMBCSL YACMBIO ANROPUMMA pAOOMbl UHMEIEKMY AbHO20 NPOU3E0OCMEEHHO20
0bopydosanus,  no36onAIOUE20  0becnedusamb  ONMUMAIbHbIE — MEXHOIO0SUYeCKUue
napamempul 8 pexcume peanbHo20 PemMeHuU.

(HPHHTM HpKyWIC‘K) KOMH03I/IHI/IOHHBIB MaTepuajbl, BAKYyMHast I/IH(l)yZlI/Iﬂ, prrmoraﬁapnnlble u3aeains,

kovalap@ex.istu.edu

ONITUMHU3AIMSA TEXHOJOI'HYECCKOro npouecca, crparerus m{d)y3np03amm

Elements of the Algorithm for Optimizing the Technological
Process of Vartm in the Manufacture of Large-Sized Products
Made of Polymer Composite Materials

A.P. KOVAL, AND 1.0. BOBARIKA

INRTU, Irkutsk

This article describes in general the approaches to optimizing the technological process of
manufacturing large-sized products from polymer composite materials by vacuum infusion.
In particular, the possibility of optimizing the system of lines for supplying the resin to
the preform in the manufacture of single-curvature products was considered. An option has
been proposed for optimizing the technological process of vacuum infusion based on
the porosity criterion. A block diagram of process data was presented. This scheme can be part
of the algorithm of operation of intelligent production equipment, which allows to ensure
optimal technological parameters in real time.

Composite materials, VaRTM, large-sized products, technological process optimization,
infusion strategy
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