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Method for Calculating a Disk-Type Electrical Machine
with Permanent Magnets

F.R. ISMAGILOV, V.E. VAVILOV, LF. SAYAKHOV, AND E.A. PRONIN

Ufa State Aviation Technical University, Ufa

This paper presents a calculation method for the rapid evaluation of the design of a disk
electrical machine with permanent magnets, which reduces the time of product development.
Electrical machine with permanent magnets, disk-type electrical machine, calculation
method
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CTPOUTENIbHAA MEXAHUKA U NMPOYHOCTb JIETATEJNIbHbIX AMNMAPATOB

YK 539.3

B.H. BAKYJIUH,
KaHO. MeXH. HAYK
(UTIPHM PAH,
Mockea)
vbak@yandex.ru

BAvsHMEe pa3MepoB MNPSIMOYFrOAbHbIX B MACQHE BbLIPE3OB U
MOAYAS YNPYrOCTU MOAKPENASIOLMX 3AKAQAHBIX SAEMEHTOB
HQa HANPHKEHHO-AeOOPMUPOBAHHOE COCTOsIHME
TPEXCAOMHbIX OTCEKOB

Ilpusedena  mooenb  NOCIOUHO20 — KOHEYHO-INEMEHMHO20 — AHAMU3A  HANPAICEHHO-
dehopmuposanio2o cocmosinus mpexcioinvix oboaouex. Hccnedosano enusnue pasmepos
NPAMOY20JbHbIX 8 NJAHE 6bIPe308 U MOOYIs YAPY2OCmU HOOKPENSIOWUX 3aKIAOHbIX
INEMEHMO8 HA HANPSNCEHHO-0ePOPMUPOBAHHOE COCMOSIHUE MPEXCIOUHBIX OMCEKO8.

MopneJsb NOCJIOHHOI 0 KOHEYHO-3JIeMEHTHOI' 0 aHa/u3a, HANPSKEHHO-
neopMUpPOBAHHOE COCTOSIHUE, TPeXcJ/IoiiHble 000JI0YKH, MPAMOYIoJbHbIe B IUIAHE
BbIpe3bl, NOAKPENJIsSIIOIINE 3aKIaHbIe 3J1eMEeHThI

The Effect of the Dimensions of Rectangular Cutouts in Terms
of the Elastic Modulus of Reinforcing Embedded Elements
on the Stress-Strain State of Three-Layer Compartments

V.N. BAKULIN
IAM RAS, Moscow

A model of layered finite element analysis of the stress-strain state of three-layer shells is
presented. The influence of the dimensions of rectangular cutouts and the modulus of elasticity
of reinforcing embedded elements on the stress-strain state of three-layer compartments is
investigated.

Model of layered finite element analysis, stress-strain state, three-layer shells, rectangular
cutouts in plan, reinforcing embedded elements
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B.C. OJIELIIKO,
KaHO. MeXH. HAYK
(MAH, Mockea)
oleshkovs@mai.ru

SHepreTM4yeckasl KOHUENUMs NMOBEPXHOCTU METAAMYECKUX
ASTAAe ABUALMOHHOW TEXHUKU

Ilpeonooicen  snepeemuueckuii. NOOX00 K PACCMOMPEHUIO COCMOSIHUA  NOBEPXHOCMU
MEeMAIIUYecKux asuayuonHulx oemanei. Ilpoanaiuzupoeansvl dHepeemuyeckue acnexknvl
npoYeccos, NPoUCXoOAWUX 6 OemAiAX NpU U320MOGNEHUU, IKCIIYAMAYUL U peMOHme.
Iloxazana  803MOJMCHOCMb — OYEHKU  IHEP2eMUYeCcKO20  COCMOAHUA — NOBEPXHOCIU
MemaniuiecKux demaneli Memooom KOHMAKMHOU PpA3HOCIU NOMEHYUATIOB.

ABHAIIUOHHAS TE€XHUKA, METAJLI, JeTa/Ib, IOBEPXHOCTH, Pa00Ta BbIX0IA JIEKTPOHA,
KOHTAKTHAsI Pa3HOCTH MOTEHMAJIOB

Energy Concept of the Surface of Metal Aircraft Parts
V.S. OLESHKO

Moscow Aviation Institute (National Research University), Moscow

An energy approach to the consideration of the state of the surface of metal aircraft parts is
proposed. The energy aspects of the processes occurring in parts during manufacture,
operation and repair are analyzed. The possibility of estimating the energy state of the surface
of metal parts by the contact potential difference method is shown.

Aircraft, metal, detail, surface, electron work function, contact potential difference
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A3PO- U TA3OANHAMUKA NETATENbHbIX AMMAPATOB U UX OBUTATENEN
VK 629.735.33.014.16:533.662.6

MaTtematMyeckoe MOAEAMPOBAHME PAbOThl BO3AYLLHOMO
BUHTQ C SAEKTPOMNPUBOAOM

Ilpeonazaemcs Mamemamuyeckas Modenb  pabombl CUNoBoll  YCMAHOBKU
INEKMPONPUBOOHO20 — DECRUIOMHO20  JeMmaAmelbHo20  annapama ¢ GUHMOBLIMU
oudICUMENAMU, NPEOHAZHAYEHHAs. OAsl pacdemad e20 adPOOUHAMUYECKUX U JIeMHO-
mexHuueckux xapakmepucmuk. Ilpednazaemcs coemecmno pewams cucmemy ypagHeHu,
OnucHIBaOWUX pabomy 6030YUHO20 GUHMA U 6BpAujeHUe INeKMpPOoOsULamens, Ymo
NO360J5leM  KOPPEKMHO YUUMbIEAMb UBMEHeHUe KNO BUHMA U 3JeKmpoosusamens no
obopomam. IIpugooumcsi aneopumm YUCIEHHO20 PEULeHUst CUCTEMbl MPAHCYEHOECHMHBIX

b.J1. APTAMOHOB . .
< OHOB, YpasHeHUll OMHOCUMENLHO 3HAYEHUL HANPAXCEHUA U MOKd, 06ecneuusaouux noaydenue

KaHO. MeXH. HAYK

B.0. IYXAHHH,
acnupanm

(MAH, Mockea)
luhanin-vladimir96@mail.ru

nompeOHoU cuibl msaeu 6030ywHo2o eunma. IIokazano, 4mo NPeoroANCeHHbI ANCOPUNM
daem  O0OCMOGEPHLIL  pe3yibmam,  KOMOpblll — COOMBEMCMEyem  UMEIOWUMCS
IKCHEPUMEHMATLHBIM OAHHBIM.

BecnmioTHBIN JeTaTeJbHBIH anmapar, BOSZIyH]Hin;I BUHT € J3JEKTPONPUBOAOM,
MaTeMaTH1I€CKOE€ MOAECJTUPOBAHUE

Mathematical Modeling of Electric Propeller Aircraft Operation
B.L. ARTAMONOV AND V.O. LUKHANIN

Moscow Aviation Institute (National Research University), Moscow

A mathematical model of the propulsion system operation for an electric propeller-driven
unmanned aerial vehicle is proposed for calculating its aerodynamic and flight-technical
characteristics. It is proposed to solve jointly the system of equations describing the work of the
propeller and the rotation of the electric motor, which allows you to correctly account for the
change in the efficiency of the propeller and the electric motor on revolutions. An algorithm for
numerical solution of the system of transcendental equations regarding voltage and current
values which provide the required thrust force of the propeller is given. It is shown that the
proposed algorithm gives a reliable result, which corresponds to the available experimental
data.

Unmanned aerial vehicle, electric propeller, mathematical modeling
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YK 532.529

/1.0. BOTI'JJAHIOK,
acnupanm,

K.H. BOJIKOB,

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

A.B. ITYCTOBAJIOB,
KaHO. MeXH. HAYK
(BI'TY « BOEHMEX» um
N.D. YVemunosa, Cankm-
Ilemepbype)
dsci@mail.ru

NcTeyeHne  CBEpPX3BYKOBbIX  FA30BbIX  CTPyM U3
OCECMMETPUYHOTO COMAQ B 3ATOMNAEHHOE MPOCTPAHCTBO C
BbICOKOW CTEMNeHbI0 HePAC4YETHOCTU

Ha ocnose memooa xoneunvix 06vemos u maputesoco Memooa npu@odﬂmc;l pe3yibmanivl
pacuyemHsblx uccnedosanull  2a300UHAMUYECKUX u ceomempuiyecKux napaviempoe
C6EPX36YKOBbIX cmpyzZ 2asda, uCmeKkarnwux u3z oCeCUMMEMPUUHbLX COonel 6 3amonjileHHoe
npocmpancmeo ¢ CUlbHbIM HedopacmupeHueM.

CT1pysi, cTeneHb HEPACYETHOCTH, CBEPX3BYKOBOE TeuYeHHE, BOJIHA pa3peskeHus,
MapuieBblil MeTo/

Outflow of Supersonic Gas Jets From Axisymmetric Nozzle into

a Space with a High Nozzle Pressure Ratios
D.O. BOGDANIUK, K.N. VOLKOV, V.N. EMELYANOV, AND A.V. PUSTOVALOV

Baltic State Technical University “Voenmeh”, Saint Petersburg

The results of computational studies of the gas-dynamic and geometric parameters of
supersonic gas jets outflowing from axisymmetric nozzles into a submerged space with strong
underexpansion are presented with the finite volume method and the marching method.

Jet, nozzle pressure ratio, supersonic flow, rarefaction wave, marching method
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NUccaeAOBAHME BUHTOKOABLIEBLIX ABWKMTEAEN. CpaBHeHue
BUHTOKOABLIEBbIX ABMKUTEAEIN C ODObIYHBIMM OAHOPSIAHBIMU U
M.II. BYJIAT,

Kano. mexm. Hayk, X-O6p03HbIMM ABYXPSAHbIMA BUHTAMU
JI1.0. BOKHH, 3
Acnupanm, B psade axmyanvhovix npusodicentl HAX00am NpumeHenue 6UHMbl C HEePABHOMEPHLIM

H.A. BOJIOEYEB pacnpedenenuem ionacmei no OKpYrCHOCHIL, K020a IoOnacmu coopanvl 8 epynnel no 06e
(@AY BO wiu no mpu. Yacmo 6 npedenax 00HOU 2epynnbvl JONACMU. pA3HECEHbL euje U 6 PasHble

W napannenvnvie nrockocmu epawenus. 3a xapaxmepuwitl 6u0 maxue UHmMbl HA3bIEAIOM X-
«Ce@acmonozzbczcmf o0bpasnviMu. Bnepevle onu OblLiu NpUMEHEHbl 6 Kauecmee pyleebiX Hd 6epmoiemax,
eocyoapcmeennoii nockobKy Obl10 0OHapysiceno, umo X-obpaszuvie unmol muuie OObIYHBIX, A 3aMemM — 6
Yrusepcumemy, \l chenecmponax (pyaesoul éunm 6 xoavye). Ipeocmasnsiem unmepec cpasuenue X-oopasnozo
Cesacmononw, || sunma ¢ obviunbimu npu e2o ycmanoske 6 kKoavye. Huowce npueedeno cpashnenue

BI'TY « BOEHMEX» || onmumanviozo 08yxpsaono2o X-00pazsHoeo GUHMA C WeCmbio JTONACMSAMU C OObIYHbIM
um. [ ®. Vemunosa, || mpexaonacmuoim u wiecmunonacmuvim uHmom, YCmano61eHHbIMU 6 0OUHAKOBbIX KONbYAX.

Canxm-Ilemep6ypz) || KnmoueBble c10Ba: BHHTOKOJIBIIEBON JBHKHTEb, JABYXPSIIHBIH BHUHT, YHUCJIEHHbIE
volobuev_ig@mail.ru || meToan, X-00pa3ubiii BUHT, JAMHHAPHO-TYPOYJIEHTHBII MEPEX0

Research of Ducted Propellers. Comparison of Ducted
Propellers with Conventional single-Row and X-Shaped
Double-Row Propellers

M.P. BULAT'?, L.O. VOKIN"?, AND I.LA. VOLOBUEV"?
'Baltic State Technical University “Voenmeh”, Saint Petersburg

?Sevastopol State University, Sevastopol

In a number of actual applications, propellers with an irregular distribution of blades around
the circumference are used, when the blades are assembled in groups of two or three. Often,
within the same group, the blades are also spaced apart in different parallel planes of rotation.
For their characteristic appearance, such propellers are called X-shaped. They were first used
as steering on helicopters, since it was found that X-shaped propellers are quieter than usual,
and then in fenestrons (tail propeller in a ring). It is of interest to compare the X-shaped
propeller with conventional ones when it is installed in the ring. The following is a comparison
of an optimal two-row six-blade X-propeller with a conventional three-blade and six-blade
propeller mounted in the same rings.

Ducted propeller, double-row propeller, numerical methods, X-shaped propeller, laminar-
turbulent transition
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0-p mexH. HayK,

A.A. BOPOFbBERB,
KAHO. MeXH. HAYK,
ILJ1. LLIHJIHH
(Tyal’V, Tyna)
pvl.shilin@yandex.ru

MexkaambepHoe BO3AYX03a60opHoe YCTPOMCTBO
CEKTOPHOro TMna

Paccmampusaemces koncmpykmugnas cxema Koavyego2o 8030yxX03ab0pHO20 YCmpoUucmsd
CEeKMOpPHO20 MUna, 6 Omauyue Om U3BECHBIX 00eCneyusarowas MakCUMAaIbHO
B03MOJICHBIE 3HAYEHUSL OPOCCENbHBIX XAPAKMEPUCTUK NPU MATLIX Yeiax amaku, a makice
CmMaburIbHOCMb pabombl NPU HEPACYETNHBIX PEHCUMAX PAOOMbL.

Bo3nyxo3abopHoe yCTpPOiiCTBO, [poccejibHble XapaKTepPUCTHUKH, NPSIMOTOYHASI
CHJIOBAsl YCTAHOBKA, MOTPAHUYHBIA CJ10i

Inter-Calibre Sector-Type Air Intake Device

V.V. VETROV, A.A. VOROB'EV, AND P.D. SHILIN
Tula State University, Tula

The paper considers a design scheme of a circular sector-type air intake, which, unlike the
known ones, provides maximum possible values of throttling characteristics at small angles of
attack, as well as stability in uncalculated modes of operation.

Air intake, throttle characteristics, straight-through propulsion system, boundary layer
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K.I. TAPAEB,
0-p uz.-mam. nayr, |fOO  ONTUMAABHOM BAYBE OXAQAUTEAS B AQMMHAPHBIN

T.K. TAPAEE, NOrPAHUYHbLIA CAO B CBEPX3BYKOBBIX MOTOKAX rasa

KaHO. MeXH. HAYK,
JIM. OCAQYAA, || Paccmampusaemes eapuayuonnas 3a0a4a 0 MUHUMUSAYUU KOHBEKTNMUGHO20 MENI08020
kano. mexu. nayk || nomoxa, nepedasaemozo om pazocpemoco AAMUMAPHOZO NOSPAHUYHO20 CNOSL 8
(KHUTY-KAH, Kazanw) |} ceepx3syko6om nomoke k 06mekaemou nosepxHoCmi.

garaev77@mail.ru OnTuMalbHBIN BAYB, JAMMHAPHBIN NOTPAHUYHBIN CcJ10M, 3aKoH UennmeHna — PyGe3una,

CBEPX3BYKOBO€ o0TekaHue

On Optimum Coolant Injection into a Laminar Boundary Layer
in Supersonic Gas Flows

K.G. GARAEV, T.K. GARAEV, AND D.M. OSADCHAYA

Tupolev Kazan National Research Technical University, Kazan

The variational problem on minimisation of convective heat flux transferred from a heated
laminar boundary layer in a supersonic flow to a streamlined surface is considered.

Optimal injection, laminar boundary layer, Chapman—Rubesin law, supersonic flowing
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C.10. IY/IHUKOB,
KaHo. Qus.-mam. Hayx
IL.H. KY3HEIOB,
KaHO. MeXH. HAYK
(PIAOY BO
«Cesacmononvckuil
20Cy0apcmeenbiil
VHUBepcumemy,
Cesacmonoin),

A.U. MEJIbHHKOBA,
acnupanm

(BI'TY « BOEHMEX» um.
N.D. YVemunosa, Cankm-
Ilemepbype; ®I'AOY BO
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UccaeaOBAHNE BUHTOKOABLIEBLIX ABMDKUTEAEMN. CpGBHeHVIe
6MpOTGTMBHOFO ABYXPSAAHOIO BUHTA C YeTblpexXAONACTHbIM U
BOCbMHUAONACTHLIMU BUHTAMU

Paccmampusaromest 00HOpsOHbIE BUHMOKOJIbYEEbIE OBUNCUMENU C YETNbIPEXTONACTHbIMU U
B0COMUNONACMHBIMU GUHMAMY, A TAKNCe OBYXPAOHBIL SUHMOKOILYEEOU OBUICUMETb C
YEeMbIPEXTIONACIHBIMU GUHMAMU NPOTMUBONON0NCHO20 epawjenus. Hccnedyemes enusHue
ONUHBL KOABYA HA MA2Y U IPDEKMUSHOCIb OBUNCUMEIIAL.

YucsienHoe MOd€/JIMpOBaHME, BI(IHTOKO.T[B]IBBOﬁ JABHKUTEC/Ib, BUHT, TAT'A

Research of Ducted Propeller. Comparison of Coaxial
Four-Bladed and Eight-Bladed Counter-Rotating Propellers
S.YU. DUDNIKOV', P.N. KUZNETSOV', AND A.I. MELNIKOVA'?

'Sevastopol State University, Sevastopol

*Baltic State Technical University “Voenmeh”, Saint Petersburg

Single-row ducted propellers with four-blade and eight-blade propellers, as well as a two-row
ducted propeller with four-bladed counter-rotating propellers are considered. The effect of ring
length on thrust and propulsion efficiency is investigated.

Numerical simulation, ducted propeller, propeller, thrust
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10.B. KAYH,
acnupanm,

M.B. YUEPHBIIIIOB,
0-p mexH. HayK
(BI'TY « BOEHMEX»
um. /1. ®. Yemunosa,

AHAAM3 3PDEKTUBHOCTM COMAQ BHELLHErO PACLUMPEHUS C
nepOPUPOBAHHBIM LIEHTPAABHBIM TEAOM

ObocHo8bIBACMCST UCNONBL308AHUE CONIA GHEUHE20 PACWUPeHUsi ¢ NpOoQUIUPOBAHHBIM
YEHMpPanbHblM  MeIOM 6 KIUHOBO30VWHOM pPAKemHOM Osueamene, pabomarnwem 6
WUPOKOM OUANA30He BbICOM NOAEMA U 6HewHux oOasneHutl. IIpoeedeno uuciennoe
MoOdenuposanue meyeHuss NPoOYKMO8 C20panusi yeie6000pOOH020 WONAUBA NO CONLY
6HeuHe20 pacuiuperus Had pasHvlix evicomax noaéma. Ilpu smom paccmampueaemcs
obmexanue 21a0K020 NPOYUIUPOBAHHOZO YEHMPAIbHO20 Meld, 6bINOJIHEHHO20 8 BUoe
VCEYeHHO20  KOHYcd, U  UYEHMpPAlbHO20 meid ¢  NephopuposaHHoll  6CmasKol,
NPEeONnoNoANCUMENbHO YMEeHbULaiouell aspOOUHaMUYecKoe CONpoOmusieHue i yayuuaiouen
mseosvle xapakmepucmuxu. Ilapamempol 2aza, nocmynaiouje2o 8 COnio, coomeemcmeayom
VCIOBUAM HA 8bIXO0€ U3 KAMEPbl C2OpanUsi anpoOUpoSaHHOU IHeP2emMUu4ecKoll YCmMaHO6KU.
IIpogedennwvitl pacuem mA206bIX XAPAKMEPUCTHUK WUPOKOOUANA30HHO20 DEaKMUHO20
odguzamensi NOKA3bIBAEM 3AMEMHOE YGeludeHue msizu CONld 6HEWHe20 pPACUUPEHUs,
BbINOJIHEHHO20 C UCHONb308AHUEM NEPPHOPUPOBAHHBIX 8CMABOK, NO CPAGHEHUIO C MA20U
cona, 8bINOIHEHHO20 NO MPAOUYUOHHOU CXeMe.

Hlnpoxonnanawnnmﬁ paKeTHLIﬁ ABUTaTEC/Ib, COINIO BHCEIIHEI0 pacuHiuipeHus,

(Canxm_ITemepGypz) || F2301IPOHULIAEMbIE  CTPYKTYPBI, nepopupoBaHHOe NEHTPAadbHOE TeJa0, TAra,

y.kaun13@gmail.com

AIPOAUHAMHUYIECCKOEC COIMMPOTUBJICHUE

Analysis of Effectiveness of External Expansion Nozzle with
Perforated Central Body
YU.V. KAUN AND M.V. CHERNYSHOV

Baltic State Technical University “Voenmeh”, Saint Petersburg

The paper substantiates the application of an external expansion (“aerospike”) nozzle with a
profiled central body to a wedge-air rocket engine operating in a wide range of flight altitudes
and external pressures. A numerical simulation of the flow of hydrocarbon fuel combustion
products along the aerospike nozzle at different flight altitudes is performed. We consider a
flow around a smooth profiled central body and a central body with a perforated insert, which
supposedly reduces the aerodynamic drag and improves the thrust characteristics. The
parameters of the gas entering the nozzle correspond to the conditions at the outlet of the
combustion chamber of the well-tested scheme of the power plant. The calculation of the thrust
characteristics of a wide-range jet engine shows a noticeable increase in the thrust force of an
external expansion nozzle made with perforated inserts comparing with thrust of the traditional
dual-bell nozzle.

Wide-range rocket engine, external expansion nozzle, gas-permeable structures,
perforated central body, thrust force, aerodynamic drag
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CneKTPAAbHbIE XQPAKTEPUCTUKM TPEXMEPHOTO 0BTEKAHUS
KPYroBOro LMAMHAPQ

Hecmayuonapnoe mpexmeproe meyenue HeCOHCUMAEMOU HCUOKOCMU OKONO KpY208O20
yununopa npu uucie Petinonvoca 3900 uucnenno ucciedyemcsi ¢ UCHONb306AHUECM
ypasuenuti Hasve — Cmoxca. Ilposeden ananu3 unmezpaivbHblX U pAcnpeOeleHHbix
xapakmepucmux — obmexkanus — yunumopa. i anamuza - chekmpa — NonepevHol
cocmasnsiowell 8eKmopa CKOpOCmu HOMOKA 60 BPEMEHHOU 061acmu onpeoeisiiomcs
CHEeKMPANbHAs NIOMHOCMb MOWHOCMU U CheKmp dHepeuu cuenana. Iloryyennvie
CHEeKMPAbHble XaAPAKMEPUCTIUKY CPAGHUBAIOMCSL C 3AKOHAMU Macumaduposanus «—5/3» u
«—2» 01151 OUCKPEMU308AHHO20 B0 BPEMEHHOLL 00IACIU CUSHATAL.

C.A. KYCIOMOB,

A.H. KYCIOMOB,

0-p usz.-mam. Hayk,
E.B. POMAHOBA
(KHUTY-KAH, Kaszanw)

! Kpyrosoii mmnaungp, uuciao Peiinoabaca 3900, DNS-moaxon, cmekTpajibHbIe
postbox7@mail.ru

XapPpaKTCePUCTUKH

Spectral Characteristics of Three-Dimensional Flow Around a
Circular Cylinder

S. A. KUSYUMOV, AN. KUSYUMOV, AND E.V. ROMANOVA
Tupolev Kazan National Research Technical University, Kazan

An unsteady three-dimensional flow of incompressible fluid around a circular cylinder is
numerically investigated using the Navier-Stokes equations at Reynolds number 3900. An
analysis of the integral and distributed characteristics of the flow around the cylinder is carried
out. To analyze the spectrum of a transversal component of the velocity vector in the time
domain, the power spectral density and the energy spectrum of the signal are studied. The
resulting spectral properties are compared with the laws of scale "-5/3" and "-2" for a sampled
signal in the time domain.

Circular cylinder, Reynolds number 3900, DNS approach, spectral characteristics
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A.M. MOTYAHOB,
0-p mexH. HayK,

M.B. CHIYAHOBA,
0-p mexH. HayK

(MAH, Mockea)
alexmol 2000@mail.ru

HepGBHOBeCHGSI roMoreHHasa KOHAeHCauuns B
CBepPX3BYKOBbIX MHOFOC|303HbIX NOTOKAX

Ilpeocmasiena  mamemamuueckass — Mooenb — Ol YUCTIEHHO20 — MOOEIUPOBAHUSL
BbICOKOCKOPOCMHbIX medeHutl. Memoouka noseonsiem usyuamo CLOJCHblEe u3udecKue
AGNEHUS 8 MHO20(A3ZHOM OUCNEPCHOM NOMOKe, GKIIOUAs. 2A308Y10 OUHAMUKY 6bICOKO20
oasnenust, yoapHvle 60HbL U Opyeue dQPexmol COHCUMAEMO20 NOMOKA, (PA308blll Nepexoo u
MHO2OGha3Hblll NOMOK, 06pazoeanue, KOHGeKYuro u 6sa3Kkuil nepermoc. Hcnonvzyemcs
YUCTIEHHBIIL MEMOO KOHEUHO20 06beMa OISl HeCMpPYKmypupo8anuvix cemok. IIpogedeno
napamempuieckoe Uccie008anue MeyeHuss CMecl napos 600blL U 8030YXa 6 CEePX36YK0BOl
HeO0opacuuperHot cmpye.

CBepx3BYKOBO€ Te4YeHHe, HEPABHOBECHAs KOHIEHCALMSI, MePeoXIaxIeHHbIe ra30Bble
CMecCH, pacuIMpeHue

Non-Equilibrium Homogeneous Condensation In Supersonic
Multiphase Flows
A.M. MOLCHANOV AND M.V. SILUYANOVA

Moscow Aviation Institute (National Research University), Moscow

A mathematical model for numerical simulation of high-velocity flows is presented. The
methodology makes it possible to study complex physical phenomena in a multiphase dispersed
flow, including high pressure gas dynamics, shock waves and other effects of compressible
flow, phase transition and multiphase flow, formation, convection, and viscous transport. The
numerical finite volume method on unstructured meshes is used. A parametric study of the flow
of a mixture of water vapor and air in a supersonic underexpanded jet has been carried out.

Supersonic flow, nonequilibrium condensation, supercooled gas mixtures, expansion.
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TEOPUA ABUALIMOHHBbIX N PAKETHbIX ABUIATEJIEU

YIK 629.7.036.74

OCO6EeHHOCTM MepeXxoAHbIX MPOLECCOB B CTALUMOHAPHBLIX
MAQ3MEHHbIX ABUrATEASIX U YCTPOMCTBO AAS UX UMUTALIMM

Paccmompenvt ocnosnvie ocobennocmu s1emenmos ogueamenvio2o onoka ([b) na ocnoge
cmayuonaprozo naazmennozo ogueamens (CIII]) kak snekmpuueckux Hazpy30K yenei e2o
INEKMPORUMANHUSL HA PAZHBIX PENCUMAX pabompl, KOMOpbvle OOINHCHbI YUUMbIBATNbCS NPU

P.B. AXMETKAHOB, paspabomie 2nekmpudecko2o umumamopa maxozo /b. Ilokasano, ymo xapakmepucmuxu

A.B EOFATBIﬁ nepexodﬁblx npoyeccoe 6 yensix IJ1eKmponumanus ﬂE CyueCmeerHHo onpe()eﬂﬂiomc;z mem,
D, y

KaHO. MeXH. HAYK,
B. kum. || yerecoobpasiocme nposedenua uccredosanus xapakmepucmuk nepexoonsix npoyeccos 6o
. ’

0-p mexH. HayK,

Kak pabomaem cucmema npeobpazosanusi u  ynpaeienus (CIIY). Ilokazana

BCEX INEMEHMAX HOBO20 BbICOKOUMNYTILCHO20 08YXpedxcumHozo bnoxa koppexyuu (B/[BK)

E.B. PYJIEHKO, || " 6aze CII/] npu exmouenusx, CmayuoHapHol pabome HA 6CeX OCHOBHBIX PENCUMAX €20

E.A. IIIitoB || padomer u omxmiouenuax ¢ yenvio yuema 6nusnusi 2a30paspsOHbIX NPOYeCcos Ha
(MAH, Mocxsa) || ¥apaxmepucmuku onemenmos BJIBK.

luhanin-vladimir96@mail.ru || CTanuonapHblii mia3MeHHBIH ABUraTe/Ib, CHCTEMA NMPEOOPA3OBAHUs W YNPABJIEHMHS,

Henu IJIEKTPONMUTAHUS, TMepexodHble TMPOUecChl, JJeKTPUYECKUH HUMUTATOP,
JABUraTeJbHbIA 010K, 0J10K KOppPeKIUU

Specific Features of Transient Processes in Stationary Plasma
Thrusters and A Device for Their Simulation
R.V. AKHMETZHANOYV, A.V. BOGATYI, V. KIM, E.V. RUDENKO, AND E.A. SHILOV

Moscow Aviation Institute (National Research University), Moscow

The paper considers main features of components of the propulsion unit (PU) based on
stationary plasma thruster (SPT) as of the electrical loads of its power supply circuits in
various operating modes, which must be taken into account when designing an electrical
simulator of such PU. It is shown that the characteristics of transient processes in the PU
power supply circuits are substantially dependent on how the power processing unit (PPU)
operates. Advisability is demonstrated for studying characteristics of transient processes in
every component of a new SPT-based high-pulse dual-mode correction unit (HDCU) during its
firing, steady-state operation in all main modes and cutoff for the purpose of considering the
influence of gas-discharge processes on performance of HDCU components.

Stationary plasma thruster, power processing unit, power supply circuits, transient
processes, electrical simulator, propulsion unit, correction unit
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YIK 621.45.01

B.B. BATKOB,
KaHo. mexH. Hayk,
A.A. TABBI/]OB,

cmyoenm,

H. H KOBAJIEBA,
KaHo. mexH. Hayk,
A.M. TOIITAKOB,
KaHo. mexH. Hayk,
(PTATY um.II. A.
Conosvesa, Poibunck)
vvvad76(@mail.ru

OCOBEHHOCTU MAEHOYHOTO  OXACDKAEHUSI OKPECTHOCTU
BXOAHBIX KPOMOK COMAOBOrO QNNApATA NEpPBON CTyMNeHu
B YCAOBMSIX BXOAHON HEPABHOMEPHOCTU NOTOKA

TIpusoosmes pes3ynvmamol UCCIE008AHUSL CONLOBOU TONAMKU C KOHBEKMUBHO-NEHOYHbIM
OXNAdHCOEHUEM 8 YCNOBUSIX HEPABHOMEPHOCU NO 6X00Y pa3IuyHoU cmpykmypbl. Tlokazano,
YUMo  HepPABHOMEPHOCMb NOJiL  NOMHO20 OdGNeHUss HA 6X00e MeHsem MeXaHusm
Gopmuposanusi  KOHBEKMUBHO-NICHOUHO20 — OXAANCOEHUS. HA — HAYAIbHBIX — VHACTKAX
Kopvimya. B obnacmsx nonepeunozo epaduenma HOJIHO20 O0asleHusi Hpoucxooum
cMewjenue cmpyi oxaaoumens, Hapyulaemcs unmepgepenyusi u nosgsomcs 00aiacmu
nepezpesa 10namku.

I'azoBass TypOmHa, COIUIOBOH anmapaTr NepBOil CTyNeHH, KOHBEKTHBHO-IJICHOYHOE
OXJIaXKIeHU e, HEPABHOMEPHOCTh MOTOKA

Film Cooling Forming Features of the Turbine Nozzle Vanes
Leading Edge Neighborhood Taking into Account Entry Flow
Irregularity

V.V. VYATKOV, A.A. DAVYDOV, N.N. KOVALEVA, AND A.M. TOSCHAKOV

The results of the investigation of the entry flow irregularity influence on the film cooling
formation are given in the paper. It is shown, that the total pressure diagram in the set of
nozzles inlet changes the structure of the film cooling forming on the initial region of the nozzle
vane pressure side. Cooler currents displacement registered in the regions of the total pressure
gradient, interference of the perforation rows is broken and overheat regions appears.

Key words: gas turbine, set of nozzles, convective film cooling, flow irregularity
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VK 621.438-226.2.048

Baavmaaums COMPSHPKEHHOMN TENAOOTAQUU
OXACOKAQEMBbIX COMAOBBIX AOMATOK TyPOuH ITA

B ocnose npoyeccoe npoexmuposanusi u 8anuOAUUU OXAANCOAEMBIX DIEMEHMO8 MypOUHbl
sbicokozo Oasnenuss I'T/[ ucnonvzosanrace memooono2uss NpPOSHO3A  CONPANCEHHOU
Menioomoayu U GAIUOAYUU COOMBEMCMBUsS IKCHEPUMEHMATbHLIM  UBMepeHUsM. [
NOYYEHUsI COOMBEMCMBYIOWUX 3AMEPEHHbIM MeMnepamyp meia J0ONamKu 3a0a6aiuch
KOppeKxmupyemble memMnepamypsl NIeHKU, napamempsl 2aza u 8030yxa. Ilpoenozupyemvie

memnepam bl Memaila cpasHUBAJIUCb C UBMEPEHHbIMU NpUu UcCnvlimaHuu FTﬂ Oflﬂ moceo,
10.I'. TOPEJIOB, panyp P P i

KaHO. MeXH. HAYK
(IIK «Canom» AO «OLK»)
Yury.Dina@gmail.com

umobvl 060CHOBAMb NPEOCMABILEHHYIO NPOYEOYPY, CKOPPEKMUPOSAns meMnepamypy 2asd
Ha 6x00e 6 2a306blil OOMEH.

BaJII/IIlaIII/Iﬂ, ConmpsizkeHHasA TEeI1ooTaa4a

Conjugate Heat Transfer Validation of GTE
Cooling Turbine Vanes

YU. G. GORELOV

Salyut”  Gas Turbine Engineering Research and Production Center, Moscow

At the core of design process and validation of GTE cooling elements high pressure turbine
applied prediction methodology of conjugate heat transfer and correspondence validation to
experimental measurements .For getting corresponding to the measured temperature of the
blade body set correctable film cooling temperature, gas and air parameters. Predicted metal
temperature compared with measured tested GTE in order to substantiate presented procedure,
adjusted gas temperature at the entrance to gas domain.

Validation, conjugate heat transfer
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A.B. H/IbHUHKOB,
KaHO. MexXH. HAYK,

B.B. TAKMOBIIEB,
KaHO. MeXH. HAYK,
(KHUTY-KAH, Kaszans),
A.B. CTAPOIYMOB,
(MAH, Mocksa),
A.B.II[]YKHH,

0-p mexH. HayK,

P.A. BACHH,

cmyoenm
(KHUTY-KAH, Kaszanw)
a.v.shchukin@rambler.ru

Heat

TenaooTtaa4ya B AMPY30PHBIX BHIEMKAX,
0BTeKAeMbIX NYALCUPYIOLLIMM NOTOKOM

Tonyuenvl onvimusie OanHble O CPEOHel MEenIoomoaye Ha NOGEPXHOCHIU OOHONOIOCIHOU
oughghyzopnoil eviemku, 0OMeKaeMol NYyIbCUPYIOUUM ROMOKOM 8030yXa. YcmanoeneHo,
umo npu pacnoiodxcenuu ee 6 nomoke nood yenamu 0° u 60° peanusyromes pasiuunvie
MEXAHUBMbL OPeAHU3AYUU KPYNHOMACUMAOHBIX UXPESbIX CmpyKmyp. Ycmanoeneno, umo
8CICOCMBUE HMO20 PAIUNAIOMCS U NPULUHBL UHMEHCUDUKAYUU MENIoomoayu 8 Hell.

JAuddy3opnas

BbICMKa, yroa YCTaHOBKH BBbICMKH, nmyjJbcauuuu IOTOKA,
HHTEHCHq)HKaIIHﬂ TEeIJI00TAAYH
Transfer In  Diffuser-Type Dimples Streamlined

By Pulsating Flow

A.V. ILYINKOV', V.V. TAKMOVTSEV', A.V. STARODUMOV?>, A.V.SHCHUKIN'!, AND
R.A. VASIN!

'"Tupolev Kazan National Research Technical University, Kazan

’Moscow Aviation Institute (National Research University), Moscow

Experimental data on average heat transfer from the surface of a single-cavity diffuser-type
dimple streamlined by a pulsating air flow were obtained in the study. It was found out that
when the dimple is installed at 0° and 60° to the flow, different mechanisms of large-scale
vortex formation are implemented. As a consequence, reasons for heat transfer enhancement in
the dimple are also different.

Diffuser-type dimple,

dimple orientation angle,

flow pulsations, heat transfer

enhancement
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YIK 621.165.533.6

E.H. MAMAERB,

0-p mexH. HayK,

I'.B. EPMOJIAEB

(OKB um A. Jlonvku,
Mockea),
ermolaev_grigory@mail.ru

BAvsHMe yraa atakM Ha obrtekaHue u noTepu peLueTok
TYPOUHHBIX Npodhunae

AHnanuz pesynomamos 3KCHePUMEHMAIbHbIX UCCACO08AHUL MYPOUHHBIX PEULemoK NOKA3al,
Umo Xxapakmep GIUSHUS OMPUYAMETILHO20 YeId amak Ha npo@Quibhble NOmepu Moicem
bbimb onpedenien N0 0OMeKanHuo nepedHell Yacmu nPoOPUIsL NPU PacyemHoM HAMeKaHul.
Ecnu smo obmexanue 6e3 oughghysopuvix 30m, mo npu eenuuunax yena amaxu 00 10°
K0 puyuenm nomepo om yera amaxu Hyreou. Ecau npu ymepeHHbix yenax amaxu
obmekaHue HeONA2ONPUAMHOE CO CMOPOHbL CRUHKY, MO KOIpuyuenm nomepsy
ompuyamenen, a eciu CO CMOPOHbl Kopblma, mo nojaodcumenen. Onpedenenvl
ceomempuyecKue Napamempsvl Peuwemox ¢ ONaONpUSMHLIM U HeONA2ONPUSINHBIM
obmeKaHuem, U YMOYHEHbL PeKOMEHOayuu no bloopy yeld amaxu 6 NPOeKmupyemotl
peutemxe.

Pemretrka, koH(Y30pHOCTD, LIAT, 00TEKAHUE, IOTEPH, NPOP UL, KOPHITO, CIIMHKA

Influence of Incidence on Streamlines and Profile Losses of
Turbine Cascades

B.I. MAMAEV AND G.V. ERMOLAEV

A. Lyul’ka Design Bureau, Moscow

Analysis of results of experimental data of turbine cascades showed that the nature of the
influence of negative incidences on profile losses can be determined by streamline of the inlet
part of the profile at design mode. If streamline is without diffuser zones, then at incidence
values up to 10 degrees incidence losses will be zero. If at moderate incidences streamline on
suction side is unfavorable, then the incidence losses will be negative. And if streamline on
suction side is favorable, then incidence losses will be positive. Geometric parameters of
cascades with favorable and unfavorable streamline are defined, and recommendations for
choosing optimal inlet metal angle in the designed cascades are refined.

Turbine cascade, convergence, pitch/chord ratio, streamlines, losses, airfoil, pressure side,
suction side
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ABUALIMOHHBIE NPUBOPLI
N UISMEPUTEJIbHO-BbIYUCIIUTENIbHBIE KOMMJIEKCbI

VK 621.43.044

@D.A. TH3ATYJLIHH,

0-p mexH. HayK,

O.A. IOIIIKOBA,

KaHO. MexXH. HAYK,
(Ypumcruit ynusepcumem
Hayku u mexroaoeui, Ygpa)
yushkova-usatu@bk.ru

MHCTPYMEHTApUIA  AAl  UCCASAOBAHUS  HEKOTOPbIX
QCNEeKTOB  HOAEXHOCTM UM pecypca  paboTbl
MOAYNPOBOAHUKOBBIX CBEYEI 3QXKUraHMS

Ipeonooicen yHUBepCanbHolil IKCNEPUMEHMANbHBIL CMeHO OJisl pa3pabomKu MemooOuKu
O00NYCKOBO2O ~ KOHMPONS — NAPAMempo8  eMKOCHIHbIX — CUCIEM — 3aJXCUSAHU  C
HOMYNPOBOOHUKOBLIMU  CEEUAMU, O MAKNCe OISl NPOBEOEHUsl PECYPCHLIX UCHbIMAHULL
ceeuell.

HOJIprOBO)IHHKOBaﬂ cBeYa, )IOl'lyCKOB]:Iﬁ KOHTPO/Ib, IH/I(l)pOBbIe HU3MEPUTEIHN
AUATHOCTHYECKHUX INTapaMEeTPoOB

Toolkit for Researching Some Aspects of Semiconductor Spark
Plugs Reliability and Service Life

F.A. GIZATULLIN AND O.A. YUSHKOVA
FSBEI HE Ufa University of Science and Technology*, Ufa

The article proposes a universal experimental bench for developing a method for tolerance
control of the capacitive ignition systems with semiconductor spark plugs parameters, as well
as for carrying out endurance tests of spark plugs.

Semiconductor spark plug, tolerance control, digital measuring instruments of diagnostic
parameters
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TEXHONOIrma ABUALULMOHHOIO NPON3BOACTBA

MD HELAL MIAH,
JIANHUA ZHANG
(School of Management,
Zhengzhou University,
Zhengzhou City, Henan,
China),

GURMAIL SINGH MALHI
(Department of Aerospace
Engineering, Chandigarh
University, Mohali, India)
tjzhangjianhua@163.com

Tacit Knowledge Service on Industrial Robot Selection for
Efficient Aircraft Production Based on
Flexible MADM Approach

Modern aircraft industries mostly rely on “Advanced Manufacturing Technologies
(AMTs) to improve the quality of the aircraft product assembly since it has huge potential
to improve production efficiency. Robotics-based computer-integrated manufacturing
(CIM) is an example of AMTs that can meet the required accuracy of aircraft assembly.
Although there is massive research content in the decision-making approach of aircraft
assembly/manufacturing process, one important content (“industrial robot selection”) has
been chosen for current research. Regarding challenges of the decision-making process
based on knowledge management in the aircraft assembly and manufacturing processes
due to its complexity, this research illustrates the innovative concept of flexible industrial
decision-making challenges to evaluate and integrate the design and selection criteria
(Referred to as choice, option, and alternative). In this research, some sophisticated and
beneficial “Multi Attribute Decision Making” (MADM) preference approaches are
employed concerning more manageable, accessible, and flexible decision-making for the
aircraft assembly and manufacturing process. According to the preferred ranking-based
methods, MADM subset tools are used in the mathematical model for the decision-making
challenges of the real-world aircraft manufacturing industry. The eight most prospective
preference ranking-based MADM approaches is utilized to resolve challenges of decision-
making based on the real-time aircraft manufacturing and assembly environment. Then,
sensitivity and performance analysis is employed to examine the performance stability of
the eight preference ranking approaches. It is evident that COPRAS, COPRAS-G, ORESTE,
OCRA, ARAS and PSI methods are simple to understand and implement. On the other
hand, EVAMIX and EXPRO methods are comparatively complex to apply due to their
complicated mathematical formulations and involvement of several preference functions
and threshold values. The research has practical value in resolving the decision-making
challenges in any manufacturing industry concerning different conditions and meeting
different manufacturing requirements.

Industrial robot selection, sustainable production, MADM, real time decision making,
sensitivity analysis, performance analysis
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ABTOMATU3ALUA NPOEKTUPOBAHUA U NMPOU3BOOCTBA
ABUALIMOHHOWN TEXHUKMN

YK 629.7

Metoaka  OMTUMU3ALMM  TMAPOCUCTEMBI  HA  dTAne
3CKU3HOrO MPOEKTUPOBAHUS C MOMOLLBIO FEeHEeTUYECKOro
aaroputMma NSGA-II

Onucana memoouxa ONMUMUZAYUU PA3GEMBICHHOU 2UOPOCUCTIEMbl HA IMANE ICKUZHO20
NPOEeKMUpPOBanUss ¢ HoMowblo 2enemudeckozo anreopumma NSGA-II no xkpumepusm:
MUHUMUZAYUS MACCHL KOHCPYKYUU CUCTHEMbL, MUHUMU3ayus 06vema cucmemsl. Onucana
MOOupurayus Memooa 2iaeHbIX KOHMYpPOs OJisi NPedCmasieHUus: 2UOPAGIUIECKOU CUCIEMbL
6 eude mampuyvl, QYHKYUU ONpedeieHus pacxooa U OAaeleHUs 0N KanCcOOU 6emsu

H.0. BOBAPHKA, mMpyOOnpoOBOOHOU  cucmemvl NpU  YCI08UU  pearuzayuy  npunyuna ¢ dexmusnozo

Kano. mexm. Hayk, nomoxopacnpedenenus. [lpedcmasneno onucanue u OI0K-cXxemMa MemoOUKU ONMuMU3ayul
A.C. TPY3/IEB, 2uopocucmembvl ¢ NOMOWbIO eenemuieckoeo areopumma onmumuzayuu NSGA-II, a maxoice
acnupanm || onucan cnocob 6vlOOpa npeonoumumenbHo20 peuleHus u3 MHodcecmea Ilapemo

(UPHHTY, Hpxymex) || onmumanotioix peuenuil ¢ yuemom KodQh@uyueHmos-6ecos.

gruzdev-as@yandex.ru || FuapaBindeckass cHcTeMa, JCKH3HBIA NPOEKT, ONTHMHM3ANMS, TeHeTHYeCKHii

aaroput™ ontumusanuu, NSGA-II, norokopacnpenejienue

A Method of an Optimization of a Hydraulic System
on Stage of the Preliminary Design with Use
the Genetic Algorithm NSGA-II

[.O. BOBARIKA AND A.S. GRUZDEV
INRTU, Irkutsk

In this article a method of an optimization of a hydraulic system on stage of the preliminary
design is described. Optimization criteria are the minimization of the mass of a construction
and the minimization of the volume of a system. A modification of the method of main contours
for the system’s representation in the matrix from is described, as well as functions for
determining the flow and the pressure for each branch of the hydraulic system, in aims to an
implementation of the principle of efficient flow distribution. The description and the flow-chart
of the method of the optimization of a hydraulic system with use the genetic algorithm NSGA-II
is included as well as the method of choosing the suitable solution from the Pareto frontier with
use weight coefficients.

Hydraulic system, preliminary design, optimization, genetic optimization algorithm,
NSGA-II, flow distribution
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C.B. EOPEMOB
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PacyeTr napameTpoB HAAEXHOCTN HOPTOBOM KABEABHOM
CEeTU C AAIOMUHUEBLIMM NPOBOACMMU

Ilpusedenvr pesyromamol pacwema HadedxdcHocmu kabenei 60pmosol KabelvbHou cemu
KOCMUYECKO20 annapama, useomoieHHbIX U3 AIOMUHUESbIX NPOBOO0E OISl KOCMUUECKO20
npumenenus. B ocnogy pacuema neenu pesyibmamvl KEANUGUKAYUOHHBIX UCHBIMAHULL
munonpedcmasumeneti kabeiell ¢ NASAHLIMU U 0ONCUMHBIMU COCOUHEHUAMU ATIOMUHUCBbIX
npo8ooos. Hcnvlmanusm makdce NOOGepealiUcCh AHALOSUYHbIE COCOUHEHUS. MEOHbIX
nPo80008 ¢ Yenvlo CpasHenus pesyivmamos. Pacuem wadesicnocmu npogoouncs ¢
UCNONL30BAHUEM NPOSPAMMBL «ABMOMAMUSUPOBAHHAS. CUCIEMA PACYETNA HAOEHCHOCTUY.
Pesyromamol  @blnoninenno20  paciema NoOmeepouny  3a0annvle  mpebosaHus K
HaoedcHocmu Kabenell ¢ anoMUHUeBLLMU NPOBOOAMU.
AJIIOMHHHEBBIe NPOBOAa, OopToBasg KadeJbHAsA CeTh,
IEKTPUYECKHE COeTUHEHMS, HAIEIKHOCTh

KOCMHYECKHI amnmapar,

Cadlculation of Reliability Parameters of on-Board Harness with
Aluminum Wires

1.S. VASILIEV', S.V. EFREMOV', A.P. LEONOV?, AND S.B. SUNTSOV'

'Reshetnev AO ISS, Zheleznogorsk

*National Research Tomsk Polytechnic University, Tomsk

The article presents the results of calculating the reliability of the cables of the on-board
harness of the spacecraft, made of aluminum wires for space use. The calculation was based on
the results of qualification tests of type representatives of cables with soldered and crimped
connections of aluminum wires. Similar copper wire connections were also tested to compare
results. The reliability calculation was carried out using the program ”Automated Reliability
Calculation System®. The results of the performed calculation confirmed the specified
requirements for the reliability of cables with aluminum wires.

Aluminum wires, on-board harness,
connections, cable, reliability

spacecraft, crimped and soldered electrical
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10.B. KOHOIIJIEB,
A.JI. HTHPIIIOB,
A.A. FOEB

(BI'TY « BOEHMEX»
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Canxm-Ilemepbype)
shaldmi@inbox.ru

MoaepHusauus CUCTEMBI YNPOBASHUS chopmori
PAAVOOTPOKAIOLLEN MOBEPXHOCTU  TPAHChOpMUPYyEMO
KOCMUYECKOW QHTEHHbI

Paccmompen  nogvlli  n00X00 K HOCMpOEHUI0  cucmem  YNpaeieHusi  2eomempuet
paduoompadicaroujeli. NOBepXHOCMU  KPYNHO2AOAPUMHBIX MPAHCHOPMUPYEMbIX  AHMEHH
Kocmuyeckoeo  basuposanus. Onucana KOHCMPYKYUSL YCMPOUCMEd, NO360510Ue20
VMEHbWUUMb MACCO2A0apUmMHbLe XaPAKMEPUCTNUKU BCell CUCTNEMbL 3d CYem UCHOb3068ANUS
NepeKnyaemMoz0 pedyKmopd, a maKdice pAcCMOMpPeHvl NpeumMyulecmed Numanus u
VIPaseHusi ¢ UCNONb308AHUEM MOKONPOBOOSUUX YACTNEU U KOHCIMPYKIMUBHBIX INeMEHMO8
aHmMeHHbL.

HcnoHUTENBHOE YCTPOHCTBO, KPYMHOraGapUTHbIE aHTEHHBI, CIYTHUK, pedJieKTop,
nepenavya YHepruH

Modermization of Control Shape System of Transformable
Space Antenna Radio-Reflecting Surface
YU.V. KONOPLEV, A.D. SHIRSHOV, AND A.A. YUEV

Baltic State Technical University “Voenmeh”, Saint Petersburg

A new approach is considered to building a control system for radio-reflecting surface
geometry in large transformable space antennas. A design of a device is described, which
allows reducing weight and dimensions of the entire system by using a switchable reducer, and
advantages of power supply and control using current-conductive parts and structural elements
of the antenna are considered.

Actuator, large antennas, satellite, reflector, energy transfer
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KoHuenums CUAOU3MEPUTEALHOTO yCTpoicTBa
AASl HO3EMHOM OTPABOTKM AEMOHCTPATOPOB ABUMATEALHBIX
YCTQHOBOK

A.P. BOPOFBEB, IIposedeno uccredosanue npediazaemoli KOHYEnyuu CUiOUSMepUmenbHo20 yCmpoucmed
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e /10 * |} mamemamuueckas modens u uccnedosano énrusHue Macmma6up06aHuﬂ b0obLUL020 d)]laHLla
acnupanm
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The Concept of a Force-Measuring Device for Ground Testing
of Propulsion System Demonstrators

A.R. VOROBYEYV, E.A. MIKHAILOV, AND V.B. FEDOROV

SUSU, Chelyabinsk

The paper investigates the proposed concept of a force-measuring device for ground testing of
propulsion system demonstrators, a mathematical model and investigates the effect of scaling
the large flange of the device on the displayed data at constant load.

Test bench, hexapod, force-measuring device, mathematical model, thrust projections,
tilting moments
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