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Annotatsiya: Mazkur tadqiqot ishida aviatsiya sanoatida keng qo‘llaniladigan Al 2024-T3
qotishmasidan yasalgan yupqa doiraviy plastinkalarning past va o‘rta tezlikdagi zarba yuklamalariga
(low-velocity impact) chidamliligi o‘rganilgan. Tadqiqotning asosiy obyekti sifatida kontur bo‘ylab
qistirilgan bir qatlamli plastinka va unga erkin tushuvchi qattiq po‘lat sferik jism (indenter) qaraladi.
Ishda teshib o‘tmaslik (non-perforation) rejimi doirasida plastinkaning markaziy ko‘chishi
(deflection), kontakt kuchi va yutilgan energiya miqdori analitik usullar hamda Abaqus/Explicit
dasturiy majmuasi yordamida giyosiy tahlil gilingan.

AHHOTanusi: B nmaHHO# MCcienoBaTrenbCckol padoTe m3ydeHa CTOMKOCTh TOHKHX KPYTJIBIX
mwiactud u3 ciaBa Al 2024-T3, mupoko MPUMEHSAEMOr0 B aBUAIMOHHOW IPOMBIIIJICHHOCTH, K
yIapHBIM Harpy3KkaM Ha HU3KHX U cpenHux ckopoctsx (low-Velocity Impact). B kadecTBe 0CHOBHOTO
00BEeKTa UCCIIeIOBAHUS pACCMATPUBAETCS OTHOCIIONHAS TIACTHHA, 3a)KaTasi IO KOHTYPY, U CBOOOIHO
najampllee Ha Hee TBepAoe cCTalbHoe cdepuueckoe Teno (MHAeHTop). B pabote Obul mpoBeneH
CpaBHHUTENbHBIA aHanu3 LleHTpanbHOTO CcMmeleHus (OTKJIOHEHHWs) MIIACTHHBI, CHIIBI KOHTaKTa M
KOJIMYECTBA TMOTJIONIEHHOW »JHEepruu B pexuMe HenepdopupoBanus (HenephopupoBaHus) ¢
UCIIOJIb30BaHUEM aHAITMTHYECKUX METOJIOB, a TaKKe mporpaMMHoro komiuiekca Abaqus/Explicit.

Annotation: In this research work, the resistance of thin circular plates made of Al 2024-T3
alloy, widely used in the aviation industry, to low and medium speed shock loads (low-velocity
impact), is studied. As the main object of the study, a single-layer plate clamped along the contour
and a free-falling solid steel spherical body (indenter) are considered to it. The work carried out a

comparative analysis of the central displacement of the plate (deflection), contact force and amount

363


mailto:choriyevm56@gmail.com
mailto:2E-mail:%20utkirbeurolov@mail.ru
mailto:kuvan.bektoshev.73@mail.ru

of absorbed energy within the framework of the non-perforation (non-perforation) regime using
analytical methods and the Abaqus/Explicit software complex.

Kalit so‘zlar: Al 2024-T3, doiraviy plastinka, sferik indenter, kontakt mexanikasi,
Abaqus/Explicit, Johnson-Cook modeli, energiya dissipatsiyasi.

Karouesbie ciaoBa: Al 2024-T3, kpyrias miacTuHa, cHEpUUSCKHI WHICHTOP, MEXaHUKA
KOHTAKTa, CUETHI/IKCIUTMKAIM, Moienb JIxoncona-Kyka, paccessHue SHEpTrHH.

Keywords: Al 2024-T3, circular plate, spherical indenter, contact mechanics, Abaqus/Explicit,
Johnson-Cook model, energy dissipation. Translate.ru

1. KIRISH

Aerokosmik konstruksiyalarning ekspluatatsiyasi jarayonida ular ko‘pincha begona jismlar
(qushlar, uchish-qo‘nish yo‘lagidagi toshlar, texnik xizmat ko‘rsatishdagi asboblar tushib ketishi)
zarbasiga uchraydi. Al 2024-T3 o‘zining yuqori solishtirma mustahkamligi va yorigbardoshligi
sababli fyuzelyaj va ganot qoplamalarida asosiy material hisoblanadi.

Ushbu ishning magsadi — zarba energiyasining plastinka deformatsiyasiga o‘tish jarayonini
aniq modellashtirish va tajriba o‘tkazmasdan turib, konstruksiyaning kritik shikastlanish
chegaralarini bashorat gilishdir.

2. ANALITIK YONDASHUV: ENERGIYA BALANSI VA HARAKAT TENGLAMASI

Analitik yechimda energiyaning saglanish gonuniga asoslanildi. Balandlikdan tushayotgan M
massali sferik jismning potensial energiyasi to‘liq kinetik energiyaga, so‘ngra plastinkaning

deformatsiya ishiga aylanadi.

Plastinkaning markaziy gismidagi maksimal ko‘chish (W;) ni aniglash uchun Kirxgof-Lyav

nazariyasi asosida, katta egilishlarni hisobga olgan holda quyidagi notenglik sharti tekshirildi:

1

EMV§=E +E +E

bending membrane contact

Bunda, plastinkaning egilishi va cho‘zilishi hisobiga yutilgan energiya quyidagicha ifodalanadi

(Volmir A.S. bo‘yicha):
e, =[] Dfw, Law ZE_h(d_wj“ 2rdr
“ Joj 20 dr? radr 2 Ldr

D= ng — silindrik bikrlik;
12(1-v7)
R — plastinka radiusi, h — qalinlik;
v — Puasson koeffitsiyenti.
Hertz kontakt nazariyasi bo‘yicha lokal ezilish (indentatsiya) . hisobga olindi: F = ka®?.
3. ABAQUS MUHITIDA SONLI MODELLASHTIRISH (FEM)
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Jarayon Abaqus/Explicit dinamik analizatori yordamida simulyatsiya qilindi. Bu usul yuqori
chiziqli bo‘lmagan va qisqa muddatli jarayonlarni hisoblash uchun eng magbul yechimdir. Al 2024-
T3 ning plastik deformatsiyasi va deformatsiya tezligiga sezgirligini hisobga olish uchun Johnson-
Cook (J-C) modeli go‘llanildi:

o=[A+ ng][1+C In(£)L-(T)"]

Ushbu model zarba paytidagi materialning qgattiglashishini (B, n) va tezlik effektini (C) ideal
tarzda ifodalaydi.

Simulyatsiya uchun Al 2024-T3 konstantalari: A=369 MPa, B=684 MPa, n=0.73,
C =0.0083, m=1.7. Plastinka: 3D deformatsiyalanuvchan jism. Element turi: C3D8R (8-node linear
brick, reduced integration) — "hourglass" effektini oldini olish uchun. Shar: Mutlaq gattiq jism sifatida
modellashtirildi (po‘latning moduli alyuminiynikidan 3 barobar katta bo‘lgani uchun).

Kontakt: "Surface-to-Surface" algoritmi, ishgalanish koeffitsiyenti ,=0.1.

4. NATIJALAR TAHLILI VA MUNOZARA

Simulyatsiya natijalari shuni ko‘rsatdiki, maksimal ekvivalent kuchlanish zarba markazida

to‘planadi va radial yo ‘nalishda tarqaladi. Teshib o‘tmaslik sharti bajarilishi uchun plastinkaning orqa

yuzasidagi (back face) cho‘zuvchi kuchlanishlar materialning uzilish chegarasidan ( 0, ® 485 MPa)
oshmasligi nazorat gilindi. Analitik usulda topilgan maksimal ko‘chish ( W,.;iiik ) Va Abaqus natijasi

(Wegy ) o°rtasidagi farq 8-12% ni tashkil etdi. Analitik yechim biroz gattigroq (stiffer) natija berdi,

chunki unda materialning plastik oqishi to‘liq hisobga olinmagan edi. Abaqus modeli esa zarba
energiyasining bir qismi plastik deformatsiya (issiqqa aylanish) hisobiga yutilishini aniqroq ko ‘rsatdi.
Zarba tugagandan so‘ng, elastik qaytish kuzatildi. Doiraviy plastinkada chuqurcha shaklidagi qoldiq
deformatsiya hosil bo‘ldi, bu esa J-C modelining to‘g‘ri tanlanganligini isbotlaydi.

XULOSA

Ushbu tadgiqotda Al 2024-T3 plastinkasining zarba mustahkamligi kompleks (analitik va sonli)
yondashuv asosida tahlil gilindi. Johnson-Cook modeli zarba jarayonida alyuminiy gotishmasining
real xulg-atvorini (plasticity and strain rate sensitivity) yuqgori aniglikda tasvirlashi isbotlandi. Ishlab
chigilgan model yordamida, qimmatbaho eksperimentlar o‘tkazmasdan turib, plastinka qalinligi va
zarba balandligining kritik chegaralarini (teshib o‘tmaslik sharti bo‘yicha) aniglash mumkinligi
ko‘rsatildi. Ushbu yondashuv kelajakda yengil va mustahkam aviatsiya konstruksiyalarini
loyihalashda ayol muhandislar va tadqiqotchilar uchun samarali vosita bo‘lib xizmat qiladi.
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