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Pabora mocssieHa pacy€THOMY MCCIETOBAHUIO BIMSHMS TOJIETHBIX YCIOBUI Ha MOBPEXAAEMOCTh JUCKA TYPOUHBI
Bbicokoro aasieHus (TBJl) BeicokoMaHeBpeHHOTrO JieTaTeabHoro annapara (JIA). ITo pesynabTatam mcciaenoBaHusT MOX-
HO cIenaTh BBIBOMA, YTO moBpexmaeMocTh aucka TBJI ot mamonukinosoii yctamoctu (MLLY) nia paccMOTpeHHBIX TUIIOB
LIMKJIOB HATPYXXEeHUSI 3aBUCUT OT IMOJETHBIX ycaoBui. Ha ocHOBaHMM 3TOT0 MpeaioXeHo AajibHelee pa3BUTUE METOIM -
KM KOHTPOJISI BEIPAaOOTKM pecypca ocHOBHBIX AeTajieil (O[l) razorypounHoro npuratess (I'TJl) BBicokoMaHeBpeHHBIX JIA
no MILLY 3a cueT yueTa ycioBuii peausaiuu (MOJETHBIX YCIOBUIT) LIMKJIOB HATPYXKEHUS B KaXkIOM KOHKPETHOM TOJIeTe,
YTO MO3BOJUT MaKCUMaJIbHO MOJHO UCIMOJb30BaTh peCypc ABUTaTeNsl U TEM CaMbiM YMEHBIIUTb CTOUMOCTh XKM3HEHHOTO

OUKIIa.

KitroueBrnie ciosa: Fa30Typ6HHHLIﬁ JBUTraTejib, MaJIOMUKIIOBadA yCTaJlOCThb, OCHOBHBIC A€TAJIM, ITIOBPEXKIAEMOCTD, I10-

JICTHBIC YCJIOBUS.

BBenenue

IIposBIeHMEe OTKAa30B M HEMCIIPAaBHOCTEU €CTh
3aKOHOMEpHAasl KapTWHA OTPaxkeHUsT 00BEKTHBHBIX
MIPOIIECCOB MCKYCCTBEHHOTO (IT0 HAarpy3Koil) M ec-
TECTBEHHOTO CTapeHMST aBUALIMOHHBIX KOHCTPYKIIIA,
K KOTOPBIM MPEIBSIBISIOTCS KECTKIE TPeOOBAHMS 110
XapaKTepUCTUKaM HaleXKHOCTHU padoThl [1]. Dt Tpe-
6oBaHUS O0YCJIOBIIIM BBEACHUE PECYPCHBIX OTpaHM-
YeHU# (CPOKOB CIIYKObI) TPpaKTUYECKU JIJIs BCEX Jie-
MEHTOB IIaHepa, ABUTATENST M (DYHKIMOHATBHBIX
cucteM [2].

g obecriedeHns HaAeXKHOW OTpPabOTKU 3ai0-
SKEHHBIX PECYPCOB aBUAIIMOHHBIE KOHCTPYKIINHT TIPO-
eKTUPYIOTCS W M3TOTaBJIMBAIOTCSI ¢ HEKOTOPBIMHU 3a-
rmacaMu, obecIieynBaOIIMMKI (YHKIIMOHNPOBAaHNE B
YCIIOBUSIX BO3IEHCTBHS IITUPOKOTO CITEKTPa paboumx
Harpy3ok [3, 4]. OngHako, HECMOTpPsI Ha 3HAYUTEIb-
HBIE YCIIEXM B CO3JaHUM BbICOKOHanmexXHBIX [T, B
9KCILUTyaTallMK MTPOAOJIKAIOT BO3HUKATh OTKA3bl JBU-
raTeNsl B Ipenesiax Ha3HaueHHOTO pecypca, a TakkKe
JIOCPOYHBIE CheMBI IBUTATEIISI, YTO TIPUBOIUT K CYIIIE-
CTBEHHBIM YOBITKAM.

Poct croumoctn xusnenHoro umkia I'TJI Beia-
BUTAeT Ha MepBbIi IJIaH MpobJieMy MOJHOTo Oe3onac-
HOTO MCITIOJIb30BaHUS pecypca aBUALIMOHHBIX JBUTa-
TeJiell, Yero MOXHO AOCTUYbL MPU Tepexoje K IKCI-
JlyaTalliu Mo TexHu4eckomy coctossHuto [5]. Ilepe-
XOJIl Ha BKCILTyaTallMIoO TT0 TEXHUYECKOMY COCTOSIHUIO
BO3MOXEH TMPU TOCTATOYHON KOHTPOJETTPUTOJIHOCTU
u3aenus, odecreyrBarolleil mojayyeHue o0ObeKTUBHOM
uHbopMalu, TpedyeMo 1151 JOCTOBEPHOI OLIEHKU
TEXHUYECKOTO COCTOSTHUSA [6].

I1pu sTOM BazkHei1Iel 3agadeii IBIIeTCS pa3pa-
0OTKa METOJOB U aJrOPUTMOB OLIEHKU MCUepIIaHUsI
pecypca, YYUTHIBAIOIIMX OCOOCHHOCTU HArpyKeHUsI
KaXXJ0ro JIBUTATEISI.

HMcnonb3yeMbIM MeTOJaM KOHTPOJIS BhIPAOOTKU
pecypca [7], B cuily OTCYTCTBHMS y4yeTa peajJbHbIX yC-
JIOBUI 9KCILTyaTalliu, IPUCYILL U30BITOUHBIN KOHCEP-
BaTH3M, B CHJIy UeTO MPOUCXOAUT MPEeXKICBPEMEHHOE
OTCTpaHEHUe JABUTATEIeH OT BKCILTyaTalliu, YTO 3KO-
HOMUYECKM HEBBITOJHO U OTPULIATEJbHO CKa3bl-
BaeTCsl Ha MOAIepXKaHUU TpeOyeMOoro YpoBHs 60ero-
TOBHOCTHU mapka JIA.
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Takum 06pa3oM, HampaBJIeHIE COBEPIIIEHCTBOBA-
HUS METOIOB KOHTPOJISI, aHAIN3a HaTpy>KeHUs 1 yII-
paBiieHus pacxogoM pecypca I'TI, HamboJiee TTOJHO
VUUTBHIBAIOIINX OCOOEHHOCTH IKCIUTyaTallMi KaxkIIo-
TO JABHUTATENIS, SIBISIETCS aKTYaJbHBIM.

Ocoboe BHMMaHUE OOJKHO OBITH yaeiaeHo O/
I'T1, pa3pylnieHre KOTOPBHIX MOXKET IIPUBECTH K aBa-
PUIHBIM WJIM KaTacTpOPUUIECCKUM ITOCTEICTBUSIM.
Hwuck TB/ B coorBeTctBuuM ¢ HT/I saBisieTcst OCHOB-
HOM netajnbio aBuanmoHHoro I'T/I.

Ilenbio pabOTHI SIBIISIETCS VICCIEIOBaHNE BIVSTHUS
ITOJIETHBIX YCJIIOBUI Ha eAMHUYHYIO TTOBPEXIAEMOCTh
mucka TBJ BeicokomaHeBpeHHOTO JIA.

OO0uye MoJIoKeHus

OCHOBHOU BKJIaJl B HAKOIUJIEHHYIO MOBPEXAEH-
HOCTb neTtaneid aBuauumoHHoro I'T] BrIcOKOMaHEeB-
peHHoro JIA BHOCST MOBPEXAEHHOCTH, OOYCIOBJIECH-

n

HbIe peanu3alyeil TIepeMeHHbIX PEXMMOB pabOThI
(MexaH13M MaJOLMKIOBOM YCTaJOCTH) U pabOTOI Ha
MaKCHUMaJIbHBIX YCTAaHOBUBIIUXCS pexXuMax (Mexa-
HU3M McUepIiaHUs IJIUTEIbHON mpoyHocTh) [8§—10].

OOBIYHO 32 OCHOBHOM MapaMeTp, ONpeAeIsIOIInii
PEXUM HArpy>XeHUs ABUTATEIsI, IPUHUMAETCS YacTO-
Ta BpaiueHus1 potopoB [11]. Ha puc. 1,a npuBeaeHa
BO3MOXKHasl LIMKJIOTpaMMa U3MEHEHUST peXXMOB pa-
ootel I'TJI ipy BBIMOJIHEHUM OmHOTO Toseta. s
cXeMaTu3alluy LIUMKJIOrpaMMbl BeCh Auara3oH U3Me-
HEHUS peXKMMOB pabOThI ABUTATES 110 YaCTOTE Bpa-
LIeHUsT pa3dMBaeTCsl Ha DS YPOBHEMH: MaJblii ras,
KpeicepcKuil pexknM, MaKCUMaJIbHBIN pexknM. Komm-
YeCTBO YpOBHEW pasfelieHusl Auarna3doHa pexXruMoB
paboThI IBUTATEJISI MOXKET BapbUPOBATLCS U OMpee-
JIsieTcsl pa3pabOTYMKOM JABUTATENSI C YYETOM TEXHU-
YeCKUX TpeOOBaHUI K ABUTaTeJl0, ero CUCTEMbI yII-
paBJeHUsI, BIUSIHUSI U3BMEHEHMUST YaCTOThI BpallleHUSI
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Puc. 1. Cxemaru3zanust pa60TI>I ABUTATEJIA: @ — TUIIOTETUYECCKad IMKJIOorpaMma pa60TbI JBUTaTCJIA; 6 — uMKIn4eckas
COCTaBJIAIOIIASA paGOTbI JBUTATECJIsA, 6 — CTAaTU4YCCKasd COCTaBJIANOMIAsA paGOTBI JBUTATEJIsA
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poTopa Ha BEIPaOOTKY IUKINUECKON TOJTOBEYHOCTH
OCHOBHBIX JieTaJlell IBUTATEJNIsI, a TAK:Ke Ha3HAYCHMST
JIeTaTeILHOTO ariapaTa, B COCTaBe KOTOPOTO JaHHEIE
JIBUTATEJIV TIpUMEHSTIOTCS. MI3MeHeHne pexkuMa pado-
THI IBUTATENIS TPEACTABIISICTCS B BUAEe Habopa IMK-
JIOB HarpyXeHust pazHoro turna (puc. 1,6) u Habopa
IJTATETHHOCTE! PEXMMOB CTAllMOHAPHOUW pabGOTHI
(puc. 1,8).

M I'TJI yeTBepTOTO IMTOKOJICHNST BHICOKOMAaHEB-
peHHOrOo JIA TIPUHATO BBHIIEIATH HECKOJIBKO OCHOB-
HBIX TUTIOB IIMKJIOB HATPYKEHMS, B HANOOJBIIICH CTe-
MEeHU BAMSIOIIUX Ha moBpexaaemMoctb O/ (cMm. Tab-
Juny).

OCHOBHBIE THIIbI IIUKJIOB

O06o3HaueHMe Tumn umkna
N1 0—-MAX -0
N2 MI' — MAX — MTI'
N3 KP — MAX — KP

CreyeT OTMETUTD, YTO TIPU HAJTUIUU Y TBUTATEIIS
HECKOJIBKNX MaKCUMAaJIbHBIX PEXKMMOB BO3MOXKHO
JIOTIOJTHUTESIEHOE PaHXXMPOBaHWE TUIIOB IIMKJIOB Ha
KJIACCHI.

7151 OLIleHKM McYepIiaHus pecypca MPUHSTA TUITO-
Te3a JUHEWHOTO CYMMMPOBAHUS TTOBPEXICHUI, CO-
[JTACHO KOTOPOI pa3pylIeHne IeTald HacTyIaeT Ipu
[12—14]

m,+ 10, =1, (1)

rae I, — craTnyeckas noBpexXaaeMOCTh, HAKOILIEH-
Has JeTajblo TIpy paboTe Ha MaKCUMAJIbHBIX PEXM-
Max;

[, — uMKIMYecKas MOBPEXKAAEMOCTh, 00YCIOB-
JIeHHasT paboOTOl Ha MepeMeHHBIX pesKMMax.

Kak mmoka3pIBaeT OnbIT SKCIUTyaTally IBUTaTeIei
YEeTBEPTOTO TMTOKOJCHUS BBICOKOMaHeBpeHHOTOo JIA,
BKJIaJ CTAaTMYECKON COCTABJISIONICH B OOIIYIO ITO-
BpexgaeMocTh OJ1 mBUTaTENIs CYIIeCTBEHHO MEHBIIIE
nuKiImdeckoi. [1oaToMy, Kak mpaBWIIO, OlleHKa OC-
TaTOYHOTO pecypca IBUTATENST TTPOU3BOIUTCS TOJb-
KO Ha OCHOBE yJeTa [IMKJIMIEeCKUX ITOBPEKIAeMOCTEH
ero OJI.

OctaTtouHnblit pecypc OJ1 aBUTaTeNsT OonpencnsieTcst
ITyTeM CpaBHEHWM (PAKTHMUECKOTO 3HAYCHUS TTapaMeT-
pa TEXHUYECKOTO COCTOSTHUS (HAKOTUIGHHOM MOBPEXK-
neHHoctn) OJ] nBurartesisi BO BpeMsl 3KCILTyaTalliu ¢
€ro MpeaebHO JOMYCTUMBIM 3HaUYeHUEM, HaKOTLICH-
HBIM B TIPOIIECCE PECYPCHBIX MCITBITAHUIMA.

s xoHTposs ucuepnanust pecypca OJl nBura-
TeJIel pa3pabaThIBAIOTCS aJITOPUTMBI 00PaOOTKM 110~

JIETHOW MHQOpPMAIIUM, TTO3BOJISIONINE OTPEaeIsaTh
LIWKJIBI HATPY>KeHWs B OKCIUTyaTalu. B ocHOBe maH-
HBIX aJITOPUTMOB JIeXKAT METOIbI CXeMATU3aIUN CITy-
YalHBIX IIpolieccoB [15].

CremyeT OTMETHUTD, YTO TS KaXIOro ceMelcTBa
JIBUTATENIEN KOJTWYECTBO 3HAUMMBIX THITOB ITUKJIOB
SIBIISICTCS WHAWBUAYATbHBIM.

3a 010 MOBPEXICHHOCTH, BHOCUMOW OTHUM
IIUKJIOM Harpy:XeHHs — eIWHWUYHYIO TTOBpeXIae-
MOCTb, TIPUHSITO OTHOIIEHUE (OTpenelieHHOe JTN00
SKCIIEpUMEHTAIbHBIMU METOIaMU, JTNOO BEIYMCIICH-
HOe 0 dMIMpUYecKoil popmysie MaHcona) [9, 16]:

m,=1/N,,, )

rae I1, — enMHMYHAsA TOBPEXAAEMOCTh LIMKJIA;

[ — TWII 1IMKJIA;

Npi — KOJWYECTBO LIMKJIOB IO Pa3pyIIeHHUSI.

EnvHWYHBIE TTOBPEXIaeMOCTH PacCUYNUTHIBAIOTCS
IIJIST KaKIOTO THMITAa 3JIEMEHTApHOTO IIUKJIa Harpyske-
Hus u kaxnoit OJI.

KonuuecTBo LIMKIIOB 10 pa3pylLIeHUs Npl., a 3Ha-
YUT, ¥ €IMHUYHAsA MoBpexnaeMoctsb I, mia kaxmo-
TO TUMA IUKJIA OTpeAeisieTCs TIPU dKCTPeMaIbHBIX
Harpy3kKax B IPEAIOJI0XEHNN BO3MOXHOIO cOoYeTa-
HUS MaKCUMaJIbHO HeOJIaronpusITHBIX (haKTOPOB Ha-
rpykeHust (pexxum paboThl ABUTATENsI, Yucio Maxa
7 BBICOTA TTOJIeTa) IJIS 3aJaHHOTO JHMaITa30Ha 3KCI-
Jnyatanuu apuauuoHHoro I'T (puc. 2).

OnHaKo TPOBEJCHHBIN aHaJM3 SKCIUTyaTalluu
BeIcokoMaHeBpeHHOro JIA ¢ I'TI yeTBepTOTO MOKO-
JeHus (puc. 3) ¢ UCMOJIb30BAaHUEM Pa3pabOTaHHOTO
IIPOTPaMMHOI0 KOMILIeKca «DKcruryatauus v.1.0»
[17] moka3ai, uto okoi0 80% BpeMeHHM SKCILIyaTa-
I OCYIIECTBIISIETCST Ha TO3BYKOBBIX CKOPOCTSIX U
BhIcoTax 10 10 KM, Ipu KOTOPBIX HarpykeHHOCTb OJ]
3HAYNUTEIBHO HIDKE MaKCHMMaIbHOM. ClieqoBaTeIbHO,
CYLIECTBYIOIIAsl METOAMKA ToJcUYeTa HAKOMJIEHHOMU
MTOBPEXXIEHHOCTU M30BLITOUHO KOHCEPBAaTUBHA.

HuanasoH 3KCrulyaTauny JBUraTesis

061aCTb MAKCHMANLHBIX
Harpysok

BRICOTA

YHCTO MAXA

Puc. 2. OGracti MaKCMMaJIbHBIX YCIOBHI HAarpy>KeHUsI
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JnanasoH 3KCIUTyaTalHH IBHTATess

BBRICOTA

=80 %
IKCILIYATAIIN

HHCTO MAXA

Puc. 3. AHanu3 maHHBIX 9KCIUTyaTalluu

OnHMM U3 TTyTei COBEPIIICHCTBOBAHUS METOINKHI
yueta BbipaboTKu pecypca O uanenus sBaseTcs yyeT
ycaoBuii nojieta JIA, COBMECTHO € 3alalolMMU BO3-
nerictBusimu nuiaota 1 CAY, NOJHOCTBIO ONpenessi-
IOLIUX PEXUM PadOThI IBUTATEJISI U, ClIeOBATENbHO,
Harpy3kKu, 1efCTBYIOIINE HA IeTaJIU U Y3JIbl IBUTATE-
JIsl.

11 OLIEHKM BJIMSIHUS MOJIETHBIX YCJIOBUIA Ha €U~
HUYHY10 noBpexaaeMocTb O]l mpoBeneH KOMILIEKC
pacuetoB aucka TBJI nBurarenss 4-ro moKojaeHUs
paspaborku OKb um. A. JI1oabKu.

Pacuernas monenn

s yMeHBIIIEeHUS TTIOTPEOHBIX peCypCOB M BpeMe-
HU pacdeTa, a TAKKE B CHITy CHMMETPHU TeOMETPUHN
n Harpy3ok TBJI pacueT mpoBoauTcs I CEKTOpa, C
3aJaHueM LUKJINYecKoi cumMmerpun [18].

Mopens poropa TBJI mipeacraBisieT coboii cex-
TOpP, PaBHBIA 12, COOTBETCTBYIOLIMI TpeM padoYnM
snonatkam. KoHeuHosnemeHTHast Mmoaenb aucka TB]]
MpuBelicHa Ha puc. 4.

PacueTHas cxeMa, MCIOJIb30BaHHAS UIST TIPOYHO-
ctHoro aHanu3a aucka TBJI [19], mokazaHa Ha puc. 5.

Harpy3ku, mpriosxkeHHbIe K MOIEIIN:

e CTaTUYECKOE JABJICHUE ITO ITOJOCTSIM BOKDPYT
mucka TBI;

e oceBble P, 1 OKpYXHBIE P, CUJIBI, IEHCTBYIOLINE
Ha BeHell pabouux Jionatok TBJI;

e JACTOTa BpallleHUsT POTOPa BBICOKOTO JABJICHUS
(PBI);

e T10JIe TeMIIEpaTyp.

3aKkperjieHrue OCYIIEeCTBISIIOCh B OCEBOM M OK-
PYXHOM HampaBJieHusIX Ha daanne Bama PBJL [20].
MonenanpoBaiach CTSKKa OOJITOBBIX COETMHEHUIA.

Onpenenenrde eTMHIIHON TMOBPEKIAEMOCTH
nucka TBJI npu pasHbIX yCJAOBHSX MOJeTa

PacueTbl BBINOJHAIUCH B IPOTPAMMHOM KOMII-
Jekce Ansys.

ITo pe3syabraTaM pacueToB HampsKeHHO-AedOop-
mupoBaHHoro coctositHust (HIIC) BbIsiBI€HO, UTO
HauboJjiee HanpsikeHHast Touka aucka TBJI, orpanu-
yyBawIas HUKJINYECKYIO 10JITOBEYHOCTh — CepeIu-
Ha CTYNMWYHOTO OoTBepcTus. [lJIsi nTaHHOW TOYKMU OI-
peaessioch KOJUUECTBO LIMKIIOB 10 pa3pylIeHus Mpu
pa3HbBIX MOJETHBIX YCIOBUSX IJIsI OCHOBHBIX TUITOB
LIMKJIOB Harpy>keHusl paccMaTprUBaeMOro JBUTaTEs.

KonuyecTBo LMKIIOB 10 pa3pyllieHUs omnpeaess-
JIOCh C UCIMOJIb30BAaHUEM MOAU(PULIMPOBAHHOU (hop-
MyJbl MaHcoHa [8]:

IIe Ae — pa3Max yIpyroriacTuIecKux nepopMarinii;
N, — 4ncio UMKIOB [0 PaspyLICHHUs; Oy, — MPEes

Puc. 4. KoneunoanemeHTHas Moaeiab poropa TBJI

BectHuk MocCKOBCKOro aBualnoHHOro uHeruryra. T.26. Nel




Tel’lﬂOGble, SNeKmpopaKkemmnsle deueamenu u SHEpPeoyCmMaHoeKU
aemamenbrHulx annapamoe

Thermal engines, electric propulsion and power
plants for flying vehicles

3akpeniicHHe B
0CEBOM H

OKPYKHOM
HANPaBJIeHHAX

CraTAuecKoe

|

Ochb

Pa

HaepunonHasn
CHIIA

Puc. 5. PacueTHast cxeMa poTtopa TypOMHBI BBICOKOTO JaBJICHUS

IUIUTEIbHOM IIPOYHOCTH (BBLAEPXKKA B LIUKIIE); O, —
cpeliHee HampsbKeHue 1UKJIa;

FE — Moayab ynpyrocTy Nnpu 3aJaHHOU TemIiiepa-
Type; Y — OTHOCUTEJIbHOE CykKeHMe oOpasia Mnpu of-
HOOCHOM pa3pbiBe.

Pazmax ynpyroriactuueckux aedopMauuii aist
HeogHoocHoro HJIC [8]:

Ag Ag’ + AgP, (4)

21+
rae p — koadduuueHt ITyaccoHa; Ag¢ — pasmax
VIIpyToii neopMaliu; AgP — pa3Max IIacTUYeCKOi
nedopmanuu.

MHTeHCHMBHOCTU pa3MaxoB HAMIPSLKEHUM, YIIPYTUX
U TUIACTUYECKUX JehopMaliiil onpeaesIsiioTcs 1o clie-
nytomuM popmyaam [8]:

V2
2
+Ao, — Ac )+ 6(Aciy + Aciz + Aciz)]l/z; (5)

2
2

_ 2 2
Ac = [(Acx—Acy) +(AGy—A(SZ) +

e _ e e\2 e e\2
Agf = [(Asx—Agy) +(A8y—A8z) +

+H(Ag - Ae)” + %((Asfcy)z +(ae8,)* + (aes )N (6)

A

pP_ p p p p
Ag 3 [(Aax Asy) +(A£y Aaz) +

HAE = A0)? + (8082 + (e, + (A, I, ()

rae Ac =glload) _ g(unload) _ rey3op pasmaxoB Hamps-
KEeHUM;

Ag® = gelload) _ ge(unload) _ tey30p pasmMaxoB yIipy-
rux gedopmanmii;

AgP = gpPUoad) _ gp(unload) _ tey30p pasmaxoB Ijia-

CTHYECKUX JeopMalInii.

HJ’IH HaxXOoXICHUA CPCAHCIO HAIIPpAXCHUA LIMKIIa

BBIYMCIISIIOTCS. MHTEHCUBHOCTD HAmpsikeHuit ol Y,

cgunload) Y TUJPOCTATUUECKUE HATIPSIKEHUS:
load load load load)y /1.
gload) = (cho‘gl ) 4 G(yoa )+ G(zoa N/3; (8)
nload nload nload nload
G(u oa)=(ciu oa)+6§/u oa)+c(zu oa ))/3 (9)

Eciu oload) 5 gunload) 1o 33 cpennee Hampsixe-
HUEe IPUHUMAETCS
_ (load) _
G, =0, Ac /2.
HMHaue

o, =" _Ac/2.
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15t Kaskaoro TUIIa 3JIeMEHTapHOTO IIMKJIA Harpy-
JKEHMSI pacCUUTHIBAIaCh eAMHUYHAS ITOBPEXIAeMOCTh
mo dopmyie (2).

Ha puc. 6 nipeacTaBieHbl pe3yabTaThl OIIpeaesie-
HUSI eIMHUYHBIX TToBpexaaemocTeil aucka TBI npu
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BeicoTa

Yucno Maxa

a)

BbicoTa

Yucno Maxa

6)

BeicoTa

0

1
Yucno Maxa

J)

PAa3HBIX MOJICTHBIX YCJIOBUAX OJIA TUIIOB LIMKJIOB, BHO-
CSILIMX OCHOBHOM BKJIal B MOBPCKAACMOCTDb, 1 TPEX
KJIaCCOB MaKCUMAJIbHBIX PCXKNUMOB, XapaKTCPHbBIX IJIA
paccMaTpuBacMOro ABUIraTeisd. 3HavYeHMSsT eAMHUYHBIX
HOBpC)K,Z[aCMOCTefI IpeacTaBJICHbl B MMPOICHTHOM

71

BericoTa

1
Yucno Maxa

0)

BeicoTa

7

1
Yucno Maxa
2)

BeicoTa

0

1
Yucno Maxa

e)

Puc. 6. BiusgHue MOJETHRIX YCIOBUI Ha 3HAaYE€HUE €IMHUYHON MMOBPEXIAEMOCTH PACCMATPUBAEMBIX TUITOB IIUKIOB U
KJ1accoB HarpyxeHus; a — uukia 0 — MAX1 — 0; 6 — uukin MI' — MAX1 — MT; ¢ — mukn 0 — MAX2 — 0; ¢ — 1uki
MI' — MAX2 — MT; 0 — uukin 0 — MAX3 — 0; ¢ — uukin MI' — MAX3 — MT
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COOTHOLIIEHMM OT MakKcuMaibHbBIX. [TosyaeHHBIE pe-
3yJIbTaThl IOKAa3aJIM, YTO AMHUYHAS TTOBPEXKIAEMOCTD
BCeX TMIOB LMKJIOB nucka TBJI 3aBuMcUT OT mosier-
HBIX YCJIOBUA.

BriBoabl

ITpoBeaeHHbIE HCCIeIOBAaHUST TO3BOJIWIIM C/IEJIaTh
cliely1oll1ue BbIBOIBI.

1. EnnannyHas noBpexnaeMocTh nucka TB]I Bcex
TUIIOB LIUKJIOB CYILIECTBEHHO 3aBUCUT OT MOJETHBIX
YCIIOBUMA.

2. EnunuyHas moBpexnaeMoCcTh LIMKJIOB Harpy-
JKEeHUS B 30HE, B KOTOpOIi ocyiiecTsisiercs 80% Bpe-
MEHU 3KCTIyaTalluy Mpu OTCYTCTBUU ydyacTus B 00-
€BBbIX JEUCTBUSAX, HUXKE 3HAYCHUUN NMPU MAKCUMAIb-
HBIX Harpy3Kax JJisl BCeX TUITOB LIMKJIOB B CPEHEM Ha
25%.

3. Ha npumepe nucka TB]I nBurarens 4-ro mno-
KOJIEHUs MOKa3aHO, UYTO CYLIECTBYIOIIasi MeTOIMKa
KOHTpOJISI pacxogoBaHus pecypca no MUY OH I'T/I,
JIBUraresei 4-ro MoKoJeHUsI UMEET NOMYIIEHUs, KO-
TOpbIE MPUBOISIT K CHUXKEHUIO JOCTOBEPHOCTU OTIpe-
JleJIeHUs1 HAKOTUIEHHOM MOBPEXJIEHHOCTU U OCTaTOU-
Horo pecypca asurareis u ero OJI, 4To, B CBOIO o4e-
pelib, IPUBOAUT K JOCPOUYHOMY CHEMY MCIIPABHOTO
JNIBUTATENS U YBEJIUYEHUIO CTOMMOCTU KM3HEHHOTO
LIMKJIa.

4. JIns yxoga OoT U30BITOYHOTO KOHCEpBaTHU3Ma
METOJMKM, UCTIOJIb3YEMOI B HACTOsIIIee Bpems, He-
00X0IMMO BECTH HAKOIJIEHWE LIUMKJINYECKOU MOBPEXK-
neHHoctu O] nBuratesisi ¢ yueToM peasibHbIX MOJIeT-
HBIX YCIIOBUM.

PesynbTarhl paboOThl MO3BOJISAT NMPOJABUHYTHCS B
HaIpaBJIeHUU TOCTUXKEHMUS IJI00aTbHOM 11eM — opra-
HMU3aLUUU CePUMHONM 3KCIUTyaTallMK JBUTATES IO €TO
TEXHUYECKOMY COCTOSIHUIO.
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THE STUDY OF FLIGHT CONDITIONS IMPACT ON HIGH-PRESSURE TURBINE
DISK DAMAGING OF THE HIGHLY MANEUVERABLE AIRCRAFT
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A. Lyulka Design Bureau - a branch of the Ufa Engine Industrial Association,
13, Kasatkina str., Moscow, 129301, Russia
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Abstract

The increase in the GTE life cycle cost brings to
the forefront the problem of the full safe use of the
aviation engines lifetime, which can be achieved by the
transition to operation on a technical condition. This
transition is possible with the sufficient product
testability ensuring obtaining the objective information
required for the reliable technical condition estimating.

The crucial problem herewith consists in methods
and algorithms developing for estimation the lifetime
depletion, accounting for loading specifics of each
engine.

Excessive conservatism is inherent to the currently
employed methods for lifetime cycle depreciation
control due to the lack of actual operation conditions
record keeping. Premature engines exclusion from
operation occurs thereby, which is unfavorable and has
an adverse effect on supporting the required combat
readiness level of the aircraft fleet.

Thus, the trend of control techniques
improvement, analysis of loading and GTE lifetime
deprecation control, fully accounting for the operation
specifics of each engine is relevant enough.

The purpose of this work consists in studying the
impact of flight conditions on the high-pressure
turbine (HPT) disc damaging of highly maneuverable
aircrafts.

The main contribution to the parts damage
accumulation of the highly maneuverable aircraft
engine is made by the damages, caused by intermittent
operation modes (the low-cyclic fatigue mechanism),
and operation at the maximum set modes (the
mechanism of long-term strength depletion).

As the service experience of the 4th generation
engines being a part of highly maneuverable aircraft
of the task aircraft fleet shows, the contribution of a

static component to the overall damage of the basic
engine parts is significantly less than the cyclic one.
Thus, the estimation of the residual engine life is
made, as a rule, based only on accounting for the
cyclic damages of its basic parts.

The main idea of the 4th generation engine life
deprecation accounting for consists in comparing the
actual value of the technical condition parameter (the
accumulated damage) of the engine basic parts during
the operation with its maximum permissible value,
accumulated while the endurance tests, with
subsequent determination of the residual resource of
the engine basic parts according to this comparison.

Currently the number of cycles before the failure
(Npi) and the single damage (I1,) for each cycle type
are is detemined at the extreme loads (engine power
rating, speed, and flight altitude) for the given GTE
operation range.

However, the performed analysis of the highly
maneuverable aircraft operation belonged to the task
aircraft fleet, revealed that about 80% of the operation
was performed at subsonic speeds and heights up to
10 km (without participation in combat operations),
at which the basic part load was much lower than its
maximum value. Thus, the existing methodology
application leads to the excessive conservatism of the
accumulated damage calculation.

To assess the effect of flight conditions on the
single damage of the main parts, a complex of
calculations for HPT disk of the 4th generation engine
were performed. The obtained results demonstrated
that the single damage of all cycle types of the HPT
disk significantly depends on the flight conditions.
Thus, the single damage of the loading cycles in the
zone, where 80% of operation time is performed in
default of combat operations participation, is on
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average 25% below the values at the maximum loads
for all cycle types.

In the context of the HPT disk of the 4th
generation engine, the article shows that the existing
technique for the lifetime deprecation monitoring by
low-cycle fatigue of the 4th generation GTE basic
parts includes assumptions leading to the accuracy
reduction of determining the accumulated damage and
the residual life of the engine and its main parts. This,
in turn, leads to an early removal of a serviceable
engine, and the life cycle cost increasing.

To avoid the excessive conservatism of the
currently used technique, it is necessary to accumulate
the cyclic damage of the engine basic parts with
account for real flight conditions.

Keywords: gas turbine engine, low cycle fatigue,
basic parts, damageability, flight conditions
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