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Y JINCTOBBIX U3JIEJIUI [IJI1 ABUALTMUOHHOM ITPOMBIIIJIEHHOCTH

© 2018 M.B. UntomikuH, B.A. MapkosiieB, B.B. MapkoBiieBa
AO “YnpsiHOBCcKUiT HUAT”

CraTbs noctynmia B pegakumio 01.11.2018

B Hacrosiiiee BpeMsi MHOTYE TEXHOJIOTMYM U3TOTOBIEHMS feTajieli IpUMeHseMbIX B aBUal[MOHHOI MPOo-
MBbILIEHHOCTY HeCOBepILIeHHbI U MMPOBOASAT K YBEJIMUEHUIO CTOMMOCTH, KaK CaMo¥i TPOAYKIMHU, TaK U
JleTaTeJIbHOIO arnmnapara B 11esioM. [I03ToMy coBepIlIeHCTBOBaHMe TEXHOJIOTUIA SIBJISIeTCSI aKTyaabHOM U
Heo6XxoaMMoit 3agaueii B HacTosee BpeMst. AO “YibsaHoBckuit HUAT” yske Horoe BpeMsl 3aHMMAeTCs
Ppa3pabOTKOIi TEXHOJIOTHIi MPUMEHSIEMbIX B aBMAI[MOHHOI IMPOMBIIIEHHOCTU. IIpOM3BOACTBO HOBBIX
CcaMoJIeTOB, Takux Kak MC-21, Mn-112, CynepmaxkeT 100 TpebyeT MCIIONIb30BaHMSI HOBBIX METOHOB 06-
pPaboTKM, KOTOPbIE COOTBETCTBOBAIM OBl PA3BUTHUIO TEXHMKY HA HACTOSIIIMIT MOMEHT BpeMeHM. B ctaTbe
paccMaTpuBaeTcst pa3paboTKa TeXHOJIIOTMI M3TOTOBIeHMs Ipoduieit ajis ¢rosensska camonera MC-21
u CynepaxkeT-100 ¢ MOMOIIBI0 MOJE/IMPOBAHMS B KOHEUHO-3/IEMEHTHOJ MporpaMme AMHaMUYeCKOro
aHamm3a LS-DYNA. UccneqoBaHys MO3BOMWIM ONIPEEIUTh BO3MOKHOCTD Y TEXHOJIOTUYECKUE PESKMMbI
TSI U3TOTOBJIEHMSI ITpoduIeli TUITA MITIAHTOYT C MTPOAOIbHOI KPUBU3HOIL. [IpOBeIeHHbIE TPAKTUYECKIE
VCIIBITAHMS TOATBEPXKIAIOT Pe3Y/IbTAThl MOAEIMPOBAHMS, UTO TIO3BOJISIET 60JIEe JOCTOBEPHO OTHOCUTCS
K [TOJTyYeHHBIM pe3y/IbTaTaM.

Kntouegsie cnosa: MIMaHroyT, MpeCcCOBAaHHbINM, THYTBINA, MogenupoBaHue, I1s-dyna, HUAT, camorert, dhio3e-

JISDK, hbpe3epoBaHue.

B Hacrosiliee BpemMsi MHOTYME TEXHOIOTUU U3TO-
TOBJIEHUS AeTajleli IPUMEHSIEeMbIX B aBUALIMIOHHOM
MPOMBIIIJIEHHOCTM HeCOBepIleHHbl U MPOBOIMIT K
YBeJIMUEHMIO CTOMMOCTHU, KaK CamMoi MPOAYKIINUN,
TaK ¥ JieTaTeJlbHOTO amnmapara B Leaom. IlosTomy
COBEPILIEHCTBOBaHME TEXHOIOTUIA B HACTOSILIEE Bpe-
Ml SIBJISIETCS aKTYaIbHO 11 He0OXoAMMOlt 3a7aueii.

OnHa M3 aKkTyaJlbHBIX 3aJad 3TO YCOBEPILEH-
CTBOBaHME TEXHOJOTUM TMPOU3BOLACTBA Mpoduiieii
3aroTOBOK 1IraHroyTa (puc. 1) mis camosneroB MC-
21, n-112, Superjet 100 u gp.

Oco6eHHOCTHIO TTPOMWIIS MITIAHTOYTA SIBJISIETCS
Hajqu4yume mpomonabHoro paguyca R (puc. 1B), KoTo-
pBIii, B psiie Cay4yaeB, MOXET ObITh IepeMeHHbBIM,
YTO 3HAUMTEIBHO YCIOXHSIET MPoLecc Mpon3BO/ -
CTBa TaKkoOTO LIMaHTOyTa.

[MTpoduab ¢ TPOmOIbHOV KPUBU3HOM, IMpe.-
CTaBJIeHHBI Ha pUC. 1a, MOKeT ObITh MOMyUeH He-
CKOJIBKMMMU CITOCO6aMM:

- MeXaHMYeCKUM (dpe3epoBaHUEM U3 TIIATHI,

- MexaHuvyeckum ¢dpesepoBaHMeM U3 Ipe]Ba-
PUTENIBHO COTHYTOTO MPYTKa NPSIMOYTOJIbHOTO U
IBYTaBPOBOI'O CEUEHUS;

- TMOKOM WMJIM OOTSIKKOM TIpeccoOBaHHOTO
npoduis.

Hniowxun Makcum Banepvesuu, kaHouoam mexHU4ecKux
HAyK, 3amecmumesns 2eHepaibH020 Jupekmopa no Hayke
AO “Vnwvauosckuii HUAT”. E-mail: fzbm@mail.ru
Mapxkosuyes Bnadumup AHamonvesuu, 0OKMOp MexHU-
YeckUX HAyk, 2eHepasbHulil oupekmop AO “YiwvsaHoecKuil
HUAT”.

Mapxkosyesa Banepus BhradumuposHa, Hay4Hwlii COmpyOHUK
AO “Vavanosckuii HUAT”,

Crioco6 wm3rotoBieHus npoduis dpeseposa-
HMEM U3 TUIUTHI SBJSIETCSI caMbiM HU3K03Ghdex-
TUBHBIM CIIOCOGOM M3TOTOBJE€HMSI, TP KOTOPOM
KUM cocrasinsieT MmeHee 1%. Ero npuMeHSThb He pe-
KOMEHYeTCs.

AnbTepHaTUBHBIM CIIOCOOOM SIBJISIETCSI BapUaHT
¢ (dpe3epoBaHMeM yke COTHYTOTO ITPyTKA ITPSIMOY-
TOJIBHOTO MJIY ABYTaBPOBOTrO ceyeHus1. B aTom cimyuae
KM cocrasnsier 10-20%, 4TO 3HAUYUTEIbHO BbIIllE
MIPebIAYIIEro crocoba. BapuaHT rMbKu 1Mo JaHHO-
MYy CITOCOGY IIpUBeIeH Ha puC. 2. JlaHHAs TeXHOIOTMS
y3Ke XOPOILIO OTpaboTaHa Ha rpenrnpustum AO «Yibsi-
HoBckuit HUAT» [1] u 3akitodaeTcs B IIOCTEIIEHHOM
(hopMOBKe MTPOAOIBLHOTO PaiMyCca Hy>KHOM BeIMUMHbI
3a CueT BpalleHMs] HUKHero (2) M BepXHero poyinka
(3). BpailleHre OCyILECTBIISIETCS TOOYEPENHO TO B
OIIHY, TO B IPYTYI0 CTOPOHY. [Ipy 3TOM OZHOBpeMeH-
HO OCYILIeCTBJISIETCS TTO'beM OOKOBBIX POIMKOB 4.

[Ipu oTpaboTKe HOBBIX TeXHOIOrUit AO “Viibsi-
HOBCKMIi HUAT” HaumuHag ¢ 2010 r. ucmonbsyer
KOMMEpPUYECKYI0 BepCuM IpOrpamMMbl AMHAMMUYE-
ckoro aHaim3a LS-DYNA [2]. B aroii nporpamme u
ObUTM CMOZIETMPOBAHBI paCCMaTPUBAaEMbIe ITPOIIEC-
CbI U3TOTOBJIEHUS TIpodumeit [3].

B mporpamme 3ajmaBajsinch BCe HeOOXOAMMbIe
rnapamMeTpsl [JJjis BBIIIOJHEHUS MOZLEIMPOBAHUS:
MOJenM MaTepuaioB 3arOTOBKM M POJMKOB, Ia-
paMeTpbl Harpy>keHusi, KOHTaKTHble B3aMMOJeii-
CTBUSI, KOHTPOJIbHBIE U BBIXOLHBIE IAPaMETPBI.

B kauecTBe mMarepuasa UCIOAb30BAJICS CILIaB
B95 B OTOXKEHHOM cOCTOSTHUM. [l TIOMydeHUs
TOYHBIX apaMeTpPOB MCIO0Jb30Balach AuarpaMma
OLHOOCHOTO pacTsskeHUs (puc. 3).
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Puc. 1. [Ipumepsl ceuerne mpoduieil 3aroTOBOK IMTAHTOYTOB CAMOJIETA
a — mpod b MpeccoBaHHbIi MK Pppe3epoBaHHbI’,

6 — THYTBIV MPOdWIIb, B — 06IIMIT B, TPOGUIIS C MPOJOILHBIM pPaanycom R

4

Puc. 2. 3D mopestb 'MOKM MTPYTKA MPSIMOYTOIBHOTO WJIY IBYTaBPOBOTO CEUEHMS B 4-X POJIMKOBOI MalIuHe:
1 — IpyTOK OPSIMOYTOJIBHOTO MU ABYTAaBPOBOTO CeYeHUsI, 2 — HVDKHUI POJIUK,

3 — BepXHUIT PONUK, 4 — GOKOBOI POIUK
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Puc. 3. [InarpaMMa OgHOOCHOTO pacTsbkeHMs MmaTepuana B95M

PesynbTaThl MOJeNMpOBaHMS TIpMBeHEHbl Ha
puc. 4-6.

Kak BupmHO 13 pucyHKa 4 u 5 B mpoiiecce Tu6-
KU TIpYyTKa TMPOUCXOOUT yMeHbIlleHMe BeTNUYMHbI
panuyca no 3HadueHus: 1100 mm (puc. 6a) u nocre-
TIeHHOe HAaKOIUIeHMe TUIaCTUUeCKUX medopmarimii
(puc. 4, 5). BemnunuHa miacTuueckux medopmaunii
110 30HaM IIpyTKa pa3inyHa. Ha BHyTpeHHell 30He

MpyTKa MakCUMasabHas medopmalusi COOTBETCTBY-
eT 4,2%, Ha HapY>KHOIT 5,1%, UTO MTO3BOJIIET TOBO-
PUTH 06 OTCYTCTBMM pa3pylIeHUs B IIpoiiecce rub-
K1 (mipemenbHasi medopMaiusl sl cruiaBa B95SM
3HAUYNUTETbHO BBIIIE STOV BEJIMYNHBI).
Pacripenmenenye ycuiausi MO pPOMMKOBOMY WH-
CTPYMeHTY (pUC. 66) TT03BOJISIET OLIEHUTD BETMUMHbI
yCUIIUI ¥ MOMEHTOB TpebyeMble 7151 TMOKM JaHHOTO
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Puc. 4. dtamnbl rMOKY IIPYTKA C pacIipeesieHreM IIacTUIeckux nedopmarnims:
a-0cek,6-4,5cek,B-9cek,r- 13,5 cex, - 17,5 cek, e — 22 cex

o8 LS-DYNA keyword deck by LS-PrePost

0.04-4 i !
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.08 L5-DYNA Keyword deck by LS-ProPost
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Puc. 5. I'padmky pacnpemeneHus iacTuIeckux aedopManyii Ijist KpaitHMX TOYEK 10 BHYTpPeHHei (a)
¥ Hapy>kHOIi (6) 30He mpodwiis (A — Hauano mpodus, B — cepenyua rpodust, C — KoHel mpoduis)

MIPYTKa, YTO ITO3BOJIUT BBIOPATh COOTBETCTBYIOIIEE
rMbouHOe 060pyAOBaHME U IMAMETPHI BAJIOB.

[Tociie mosrydyeHus1 MPyTKa C HYKHOWM BeIU4M-
HOJ paguyca IMPOM3BOANTCS €ero MexaHudeckas 06-
paboTKa Ha KOTOPOII MOTyYaeTCst ceueHue Tpedye-
MoOe uepTeskoM aeTtanu (puc. 1a, 1B).

I1aBHBI HEOOCTATOK OJAaHHOIO criocoba Hasu-
Yyye MexaHuueckoi o6paboTku u Manblii KUM.

YBennuntb 3HaueHus1 KM no3BosisieT MCIo/b-
30BaHMe omepaluy o6TSHKKM IPEeCCOBAaHHOTO MPO-
dwig o TpebyeMoMy KOHTYPY (C JaHHOM CIyJae C
MTOCTOSTHHBIM PaJiNyCOM), UTO TIO3BOJIUT YBEJIUUUTD
KUM mo 90-95%, 1 B 3TOM CJIyyae IOCIEmyIOIIast
o6paboTka 6ymeT MUHMMAJIbHA.

Mopenp mporecca OGTSKKYM BKIIOUAeT B cebst
MpeccoBaHHbIN Mpodmib 1 (puc. 7), OOTSKHOM ITy-
aQHCOH 2 IO KOTOpOMY OOTSATMBaetcs Nmpoduib. B
psifie CJTyyaeB ISl YMEHbBIIIEHMS TIOBOAOK Tpoduist
B IIpoliecce OOTSIKKM IMPUMEHSIOT IOIMYPEeTaHOo-
BYIO BCTaBKYy 3.

OOTSIKKA OCYIIECTBJISIETCSI 3@ CUYET IPUIOKe-
Hus cuin Fx u Fy (puc. 7).

IJi1 yCTaHOBJIEHUSI MapaMeTpPOB OOTSKKU C
IIeJIbI0 TIOTYYeHUST KaueCTBEHHOTo Mpodwis ObLIO0
TaKke BBITIOJIHEHO KOMITbIOTEpPHOE MOZEIMPOBa-
HMe B ITpOrpaMMe KOHEUHO-3JIEMEHTHOTO aHaIM3a
LS-DYNA. ITapameTpsl Momenu maTepuana COOT-
BETCTBOBAIM IIPEABIAYIIIEMY pacueTy. 3aJaBalCh
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- LS-DYMA keyword deck by LS-PrePost
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LS-DYNA keyword deck by LS-PrePost
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Puc. 6. lisMmeHeHMe BeIMYMHBI TPOObHOTO paauyca (a) 1 ycuus (6) B IIpoIiecce MOMTyUYeHNs U3Ie s
C IPOJOJIbHOI KPUBU3HO (A — HUKHMIT POIUK, B — BepxHuit ponuk, C, D — 60KOBbIE POIUKN)

1

0

Puc. 7. 3D Mo[nenb 00TSSKKY ITPeCcCOBAaHHOTO TPoduIs:
1 - mpeccoBaHHbIIi TPOPUIIb; 2 — OGTSIKHOI ITyaHCOH, 3 — MOJIMYpPeTaHOBas BCTaBKa

TaKoke TapaMeTpbl HarpyskeHusl B BUIe Iepeme-
mieHust Kpast mpoduist mo ocsiMm X 1 Y, KOHTaKTHbIE
" BCe Apyrve HeoOXOomyuMble [JIsl pacyeTa rmapame-
Tphl. [lepemernienne Ha Kpas Tpodwis 3a1aBaanCh
TakuM 00pa3oM, UTOObI OblLIa IJIaBHAST OOTSDKKA
ITyaHCOHA C BBeIeHMEM JOTIOTHUTEbHOM PacTsAry-
BaIOIIEi CUJIBI.

B mpormecce momenupoBaHMsI KOHTPOIMPOBA-
JIUCh TapaMeTPhbl PACTSDKEHMSI TaK UYTOObI MaKCH-
MasibHasl IIaBHAs Aedopmanys, HaIpaBeHHas
BIIOJIb TIPOGMIIS, MMeJa TIOJI0KUTETbHOEe 3HaUeHne
10 BCeMY CeUeHMI0, TIOCKOIbKY HaIyuye CKUMAaro-
myx gedopmManuii mpuBeHeT K UCKAKEHUIO ceve-
Hust mpoduist. C APyroii CTOPOHBI PaCTATMBaloIIe
JedopMaly TaKKe He OO/DKHBI OBbITh CIMIIKOM
BEJIVKM, UTOOBI HE ITPEBBICUTD ITPENENIbHYIO Tedop-
MaIMIo pas3pylieHus.

PesynbraThl MOAENMMPOBAaHUSI TPUBENEHBbI Ha
puc. 8-10.

B mporiecce pacuera 6bUIO YCTAaHOBIEHO, UTO
IOTIOTHUTENbHAS pacTaruBaromas medopmarims
Ha KOHEYHOM Iare cocrasisieT 4%. B aTom cinydae

raBHble AedopMalyuy UMEIOT ITOJOXKUTENTbHbIE
3HaueHMs Kak I10 HapyxkHoM (puc. 10a), Tak u 10
BHYyTpeHHei1 (puc. 106) 30He mpoduis.

AHanM3 MaKCMMaJIbHOJ IVIaBHOM medopMauyum
T10 ceueHuIo mpoduiis (puc. 9) Takke IoKasa Impu-
CYTCTBME TOJBKO IOJOXUTENbHBIX 3HaUeHU. [Ipu
3TOM OBLJIO BBISIBJIEHO YBEJIMUEHME TIACTUIECKUX
JedbopMalum 10 XoAy O0TsKKM mpoduis. Eciu B
Havaste (yroa 15° medbopmaiusi COOTBETCTBYET 3%,
TO B KOHIIEe OOTSDKKM (yroi 75°% medopmanmst coot-
BeTCTBYeT 6%.

Kpome 3TOrO BBHISIBJIEHO, UTO (hOpMa CEeUeHMS
MPaKTUYECKM He MEHSIeTCSI U OCTAeTCsl MOCTOSTHHOM
Ha BCEM MPOTSDKeHUM O0OTsKKM. Ecim Bce ke He-
60JIBIINE TTOBOJIKY HE IOITyCKAIOTCS, TO HEOOXOAMMO
MMPUMEHUTD MTOINYPETAHOBYIO BCTaBKY (pUC. 7a).

ITpeccoBaHHbIVi TPOMWIb, PACCMOTPEHHBINA
BbIllIe, MUMEEeT DS, CylleCTBEHHBIX HEeJIOCTaTKOB, a
MMeeMo GOJIBILION Bec, HU3KUIA pecypc U Ip.

DTUX HEeJOCTATKOB He MMeET I'HYThIi MPopuiib
(puc. 16). TexHOIOTUSI USTOTOBJIEHMS THYTOTO IIPO-
dbuns metrogom crecHeHHOro wu3ruba, paspabo-
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Puc. 8. Pe3ynbTaThl MOIEIMPOBaHMS IIpOLecca O6TSKKY IIPeCCOBAHHOTO MPoduis 110 BpeMeHHbIM STaram:
a-0cek,6-0,2cex,B-0,4cek,r—0,6 cex, g — 0,8 cex, e — 1 cex

Lawer Ipt Max Prin Strain Lower ipt Max Prin Strain Lower Ipt Max Prin Strain
6.2000-02 6.206e-02 Pl
R mmz] 5505002 e
( 4965002 \ - Al 4.965e-02
404de02 ::twe - ol
3724002 __ Tide-02_
110%e-02 3108602 3724802
2482002 2482602 3.103e-02
1882002 1.8626-02 2.482e-02
1241202 1.241e-02 1.862e-02
6200203 6.2060-03 1241802
0.000e+00 _| 00006400 6.206e-03
0.0002+00 _|
a 0 B
Lower Ipt Max Prin Strain Lower Ipt Max Prin Strain Lower Ipt Max Prin Strain
6.206e-02 6.206e-02 6.206e-02
5.5853-02:I 5.5859-02] _—_ 5.5!5&-02]
4.965¢-02_| 4.965¢-02_| ' 4.9650-02
4.344e-02 - 4344802 4.344e-02_
3724002 | 3724002 3724602
3.103e-02 3.103e-02 3103802
2.4820-02 2.482e-02 it
1.862-02 1.8626-02 1802602
' S 1.241e-02
1.241e-02 Eatee s
6.2062-03 6.206e-03 e
0.000e+00 _| 0.000e+00 _|
T bi e

Puc. 9. Ceuenne mpoduis 1o pasaMyHbIM yuacTKaM OOTSKKM IyaHCOHA (CM. puc. 8e):
a-0°6-15%B-30°r-45%m-60°e—75°
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g, L8N beyword deck by LS-Prefast

085+

Max Prin Strain

g, EETHA keyword deck by LS ProPust

Element oo,

Max Frin Strain

Puc. 10. I'paduky raBHbIX gedopMaiiyii 1o Hapy>KHOMY (a) ¥ BHYTPEeHHEMY KOHTYPY Tpoduis

taHHas Ha AO “VibsaHoBckuit HUAT”, yske MHOTO
IleCSITKOB JIeT TIpMMeHSIeTCs] TpPY M3TOTOBJIEeHUU
THYTBIX TIpoduiieii s GIo3espKeii eTaTeTbHbIX
anrapaTos.

KosdduiineHT ncnoab3oBaHusI MeTajia B 35TOM
cJTyyae cocTaBisieT Tak ske 90-95%, HO BBICOKMIL pe-
CypC ¥ KOppPO3MOHHAsI CTOMKOCTb IIPY MajoM Bece
MO3BOJISIIOT TOBOPUTD, UTO 3TO JYYLINIT Ha JAHHBIN
MOMEHT BPEMEHMU CITOCO0 M3TOTOBJIEHNS.

Mougnenp 1poilecca M3TOTOBAeHMs (puc. 11)
BK/IIOUAET B CeOS MCXOMHYIO JIMCTOBYIO 3aTOTOBKY
1 (MMmeromuii 3alIUTHBINA IVIAKMPOBAHHBIN C/107),
hopMyOIITYI0 OCHACTKY 2, rme 3a 6-8 IepexomoB
dopmyeTcst ceuenme npoduiisa Tpedyemoit GopMbI
U IPaBWIbHOI PuUIbephl 3, peJHa3HAUeHHOI I
(bOopMOBKM ITPOIOILHOTO paanyca.

VicxomHblit TVIOCKMIA JUCT 1 OpOXOAUT uepes
POJIMKOBYIO OCHACTKY 2, rme mpuobperaer Tpeby-
eMoe TIoTiepevyHoe cevyeHue, a B IMPaBUIbHON Gu-
abepe 3 hopMyeTcs MPOmOIbHBIN paguyC HYKHO
BeJIMUMHBI.

IOna onpenmenenus HAC B mpoiecce gopmoo-
O6pa3oBaHMs, a TAKKe MapaMeTpPOB IS TTIOTyUeHUST
MPOAOABLHOTO PaAnyca, UCIOIb30BaIOCh KOMITbIO-
TepHoe MogenupoBaHue B mporpamme LS-DYNA. B
KayecTBe MCXOAHOT0 MaTepuasia Takke IIpUMeHsII-
cs1 criaB B95M. AHa/IOTMYHO 3a0aBaIiCh BCE IPY-
rve Heob6XOmMMble IapaMeTpbl JJisS MpPOBeIeHMs
KOHEeUYHO-3/IeMeHTHOT0 pacyeTa.

Oco06blit MHTepec IpeaCcTaBIsia 0CagKa BOJTHO-
006pa3Hoit 3aroToBKMU (puc. 12) B mporecce popmo-
06pa3oBaHMs, UYTO SIBJIIETCSI OCHOBHBIM OTIMYMEM

1

OT Tpoliecca TMOKM. B mpollecce MomennpoBaHMS
paccMaTpMBAIOCh HANPSDKeHHO-Ie(hOpMUPOBaH-
HO€e COCTOsSIHMe 30H cruba, roe gedopmanuu cxka-
THSI UTPAIOT TIOJIOKUTEBbHYIO POJb, IPEeOTBpaIlast
paspylieHuss MaJIOIIAaCTUYHBIX MaTepuaaoB Mpu
GOJIBIINX TIIACTUUECKUX JedopMalusax. Bapbupo-
BaHMeM IIMPUHBI 3arOTOBKM McciemoBanoch HIC B
30Hax cruba mpohus.

Taroke B MporpamMMe 6bUIO MPOBEEHO MOIEH -
pOBaHMe MpoIlecca U3rOTOBAEHMS ITPOMWIS IITIaH-
TOYT C Pa3JNYHBIM MPOJAOIBLHBIM PaANyCOM (pUC.
13a). O6paboTKa MOTyYEeHHBIX Pe3YIbTAaTOB MO3BO-
yun ycranoButh HJIC 1o ceuenuio mpodwuis, 3a-
BUCUMOCTh OT BEJIMYMHbBI MPOIOIBLHOTO paguyca u
YCTAaHOBUTb KPUTHUYECKIME 3HAUEHUS pajuyca, Ipu
KOTOPOJ BO3HMKAeT AedeKT KPOMKOI BOJIHUCTO-
ctu. Ha puc. 136 npuBemeHbl 3HaUeHMUs TIPOIOIb-
HOJt medopMalyy B 3aBUCUMOCTH OT ITPOIOJIbHOTO
paguyca mpoduis.

Ha AO «VnbpstHoBckoM HUAT» O6b11a M3TOTOBJIEHA
COOTBETCTBYIONIASI TEXHOJIOTMYECKast OCHACTKa [5] u
MIPOBEIEHbI €€ UCIIBITAHNS Ha TMOOYHO-IIPOKATHOM
cra"e ITIC-500M8 (puc. 14a), C COOTBETCTBYIOUIUM
MIPaBUILHBIM 6J10KOM (puc. 146). Pe3ynbTaThl Mofe-
JIMPOBAHUS Y TPAKTUUYECKUX UCTIBITAHMIT TOKA3aJIn
aHaJIOTUYHbIE Pe3YyIbTaThI.

UccnemoBanms mokasanu, YTO reOMETPUS IPo-
(bunig cooTBETCTBYET UepTexy. MccienoBaHme Mu-
KPOCTPYKTYPBl U BEIMYMH 3€peH IOKa3al OTCYT-
CTBME YBeIMUYEHMs 3epHa 110 30HaM cruba [4], uTo
SIBJISIETCSI OCHOBOJI MIJIsI OO paboThl TAHHOTO
npoduis. ViccinemoBaHue IIaKUPYIOIIETO CJIOS TT0-

Puc. 11. 3D mMomesb U3rOTOBJIEHMSI THYTOTO MPOduIs B POJIMKOBO OCHACTKE:
1 — iMcTOBAs MIAKMPOBAHHAS 3aTOTOBKA; 2 — HOPMYIOIMEe POMKY, 3 — TpaBUIbHas GuIbepa
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Puc. 13. MogenupoBaHue Ipoiiecca M3roToBIeHNS TPOoGMIIs IITaHTOYT C MPOAOIbHBIM PaNyCcoM (a)
¥ 3HAUYeHMe MPOIOIbHOI TecdhopMalyuy B 3aBUCUMOCTH OT ITPOIOJIbHOTO paauyca (6)

el 1/11/10" 1l
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Puc. 14. VisroroBneHus npodusis MIIaHTOYT C TPOLOAbHOM KPUBU3HOI:
a — POJIMKOBAst OCHACTKA Ha MPOoGIern60uHOM CTaHKe C ITPaBUIbHBIM GIIOKOM,
6 — LWIMAHTOYT C MPOIOIbHO KPUBU3HOIA

Ka3aJIo OTCYTCTBME €0 HapyIIeHus 10 BCeMY ceue-
HUIO TTPOGUIISL.

B crathbe OBLIM PacCMOTpPEHbI BapUaHThI U3-
TOTOBJIEHMST MPOMWIS LIMAHTOYyT IS (lo3ensKa
camosieta. Haumensbiinit KM MMEIOT CIIOCOGHI,
CBSI3aHHBIE C MeXaHMUeCcKoi 06paboTKoi 1 He pe-
KOMEHAYETCS K IPUMEHEHUIO.

Haun6onee Boicokuit KM 6Gonee 90% umeroT
TpeccoBaHHble ¥ THYTble mpodwm. Ho THyTble
MpoduIst JOMOMHUTETbHO MMEIOT 60jiee BhICOKUIA
pecypc ¥ MEHBIIYI0 MEeTaJ00eMKOCTb 10 CpaBHe-

HMIO C TIpeccoBaHHBIMMU. [I03TOMy THYTBIN NPO-
bub M pekoMeHAyeTCs IJIst BHeApeHus B (ro3esns-
KU JIeTaTeabHbIX allapaToB.
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IMPROVEMENT OF TECHNOLOGIES FOR THE PRODUCTION
OF ROLL-FORMED PROFILES AND SHEET PRODUCTS FOR THE AVIATION INDUSTRY
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Currently, many manufacturing techniques used in the aircraft industry parts are imperfect and lead to
an increase in the cost of both the product and the aircraft as a whole. Therefore, the improvement of
technologies is an urgent and necessary task at the present time. JSC «Ulyanovsk NIAT» has long been
engaged in the development of technologies used in the aviation industry. Production of new aircraft MS-
21,11-112 and Superjet 100 requires the use of the most advanced methods of metal processing. The article
studies the development of technologies for manufacturing profiles for the fuselage of the aircraft MS-
21 and Superjet-100, obtaining details of double curvature by modeling in the CAE program of dynamic
modeling LS-DYNA. Studies have allowed to determine the possibility and technological conditions for the
manufacture of profiles such as stringer and frame with longitudinal curvature. The conducted practical
tests confirm the results of modeling, which allows more reliable attitude to the obtained results.
Keywords: frame, pressed, curved, modeling, Is-dyna, NIAT, aircraft, fuselage, milling.
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