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DETERMINATION OF PINION STAND FRAME SIZE OF
MULTIFUNCTIONAL LONGITUDINAL WEDGE MILL

S. A. Mashekov', B. N. Absadykov’, M. L. Rakhmatulin',
L. A. Kurmangaliyeva', E. Z. Nugman', A. L. Poleshchuk', A. S.Mashekova'

'Kazakh National Research Technical University named after K. I. Satpaev, Almaty, Kazakhstan,
*Kazakh-British Technical University, Almaty, Kazakhstan.
E-mail: Mashekov.1957@mail.ru, b_absadykov@mail.ru

Keywords: mill, different thickness, flatness, PINION STAND, work roll, backup roll.

Abstract. This paper deals with the multifunctional longitudinal wedge mill of new design, the main technical
characteristics of which is the reduction in the diameter of the work rolls in the rolling direction and the rotation of
the work rolls through the bearing stand with five gearmotors of 15 kW, as well as the installation of the first three
stands of the two, and the last two stands — four supporting rolls. Projected mill is aimed at the production of hot-
rolled and cold-rolled thin strips of steel and alloys, copper strips of thickness less than 1 mm, titanium and alumi-
num sheets with thickness of 2—-0.5 mm, silver bands of less than 2 mm thick, rolled precious metals, etc. On the
basis of the use of Autodesk specialized software for the calculation of inventor metal processing it was calculated
stress-strain state of heavily loaded components of the proposed mill. It is proved that in the process of rolling on this
mill the magnitudes of the elastic deformation and movement of elements pinion stand are small. Conducted research
also proved sufficiently high rigidity of pinion stand and resulting in heavy-duty elements equivalent voltage do not
exceed the maximum allowable values for the material tensile strength.

OIIPEJAEJIEHUE KOHCTPYKTUBHBIX PASMEPOB
INECTEPEHHBIX KJIETEH MHOI' ® YHKIITUOHAJBHOT'O
MMPOJOJIBHO-KJIMHOBOI'O CTAHA

C. A. MallleKOBl, b. H. Aﬁcanbmonz, M. JL. PaXMaTy.H](lHI,
JI. A, KpraHraJmeBal, E. 3. Heraﬂl, A. . Honemylcl, A. C. MamekoBa'

'Kasaxckuil HAMOHAIBHBII HCCIICA0BATEIBCKUI TEXHIIECKHI yausepcureT uM. K. U. CarnaeBa, Anmartsl, Kazaxcran,
*Kasaxcrancko-bpuranckuii TexHuuecknii yausepenret, Anmarsl, Kasaxcran

Ki1roueBble c10Ba: NMPOKAaTHBINA CTaH, Pa3HOTONIIMHHOCTD, IUIAHIIETHOCTD, IIECTEPEHHAs KJIETh, pabounii Ba-
JIOK, OTIOPHBII BaJIOK.

AnHoTanus. Pabora mocBsmeHa paccCMOTPEHNI0 MHOTO()YHKIMOHAIBHOTO MPOAOJIFHO-KIMHOBOTO CTaHa HO-
BOW KOHCTPYKIIMH, OCHOBHOW TEXHHYECKOH XapaKTEPUCTUKOW KOTOPOTO SIBJISETCS YMEHBIICHHE JHaMeTpa pabounx
BAJIKOB B HAIpPaBJICHWH NPOKATKHM W BpalleHHE pabOuyMX BAJIKOB Yepe3 IMOMAMIMIHHUKOBBIE KIETH IIATHIO MOTOP-
pelyKTOpaMu MOIIHOCTBIO 15 KBT, a Takke ycTaHOBKa B HEPBBIX TPEX KJIETSIX ABYX, U B MOCIEAHUX IBYX KIIETAX —
YeThIPEX ONOPHBIX BaNKOB. [IpoekTHpyeMBlii CTaH HANPaBICH HA MPOM3BOJACTBO FOPAYEKATAHBIX U XOJIOJHOKATAHBIX
TOHKHX IIOJIOC U3 CTalei M CIUIaBOB, MEAHBIX MOJOC TOIIIMHONW MEHee | MM, THTAHOBBIX M aJIOMHHHEBBIX JICTOB
TonuHoi 2—0,5 MM, cepeOpsHbIX I0JIOC TOJIIMHOW MeHee 2 MM, MpoKaTa W3 AparolueHHbIX MeTauioB M T.1. Ha
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Becmuux Hayuonanvrot akademuu nayk Pecnybnuku Kazaxcman

OCHOBE HCIIOJIb30BaHMS CIIEIHAIN3UPOBAHHOTO IPOTPAMMHOIO MHPOAYKTa Ul pacdyeTa IPOIEeccOoB 00pabOTKh
metaiioB Autodesk Inventor paccumraHo HampspKeHHO-IE(OPMHUPOBAHHOE COCTOSIHUE TSDKENIO HArpyKEHHBIX
3JIEMEHTOB TPEIUIOKEHHOTO CTaHa. J[0oKa3aHo, 9TO B Mpolecce MPOKATKH B JAHHOM CTaHE BEJIMYMHBI YIIPYTOH Je-
(opmanu ¥ TEpPEMEIICHUS] 3JEMEHTOB LIECTEPEHHOM KIETH HEBENMKU. [IpOBEIECHHBIM HCCIEHOBAHHUEM TaKXe
JIOKa3aHa JI0CTaTOYHO BBICOKAS JKECTKOCTh IIECTEPEHHOH KIIETH, U BO3HHUKAIOIINE B TSXKEIO HArpy>KCHHBIX 3JIEMEH-
TaxX JKBUBAJICHTHbBIE HAIPSHKEHHUSA HE IPEBBIAIOT MAKCHMAJIBHO JOMYCTHMOIO AJISl IAHHOTO MaTepHana 3HaueHHs
npezena NPOYHOCTH.

BBenenue. Ha coBpeMeHHOM »dTare pa3BUTHS MPOKATHOTO IPOWU3BOJCTBA OCHOBHOW TEHICHIIMEH
CJIeyeT CUNTATh OCBOCHHE U BHEIPEHHUE B IPOM3BOICTBO MPUHIMITHAIHHO HOBOM TEXHUKHU M TEXHOJIOTHH,
oOecrnieynBaroleil, HapsAqy C yBEJIWYEHHEM O0beMa IPOU3BOJICTBA, MOBBIIICHHA KadecTBa JIMCTOBOM
cramu [1].

OnHMM W3 OCHOBHBIX HAINpPaBIICHUH MOBBIIICHHS KadecTBa MPOKATAaHHBIX MOJOC sBIseTcs obecre-
YeHHe MUHUMAJIbHON TIONIepeYHON Pa3HOTOJIINHHOCTH | MJIaHIIETHOCTH [2].

[To mHeHut0 aBTOpPOB PabOTHI [3], I MOTYUYEHUS TMOJIOC C 33JJAaHHOW TOJIIUHOW, MpOoQHUIeM, TUIaH-
IeTHOH (hopMoii BeayTcsl pabOTHI, HAlpaBICHHBIE Ha COBEPIICHCTBOBAHHE MPOKATHOTO OOOPYIOBaHUS,
CO3/IaHMEe HOBBIX KOHCTPYKIMH KieTel, obOecmeunBarommx 3()(EeKTHBHOE BO3IEHCTBHE Ha TOJNIINHY,
Mpo¢UIIb U TUIAHIIETHOCTh MOJIOCHI.

B nacrosimiee Bpems Beymiie MeTaUTyprudecKie KOMIIAHUY TIPOBOJSAT PaOOThHI IO MOACPHU3AINH U
CO3/IaHMI0 HOBOTO TPOKATHOTO OOOPYZOBaHWS, M COBEPIICHCTBOBAHHIO TEXHOJOTHYECKOTO Ipoliecca
npokaTtku [1, 3]. HoBble KOHCTPYKITMH TIPOKATHBIX KJETeH [4]: MIeCTUBAIKOBBIC KIIETH, KIETH KBapTO C
MIPOMEKYTOUYHBIMH BaJIKaMU, MEPEMEIIAIOIUMUCS B OCEBOM HampaBieHuu, kietd MKB — pacmupsitor
BO3MOXKHOCTH PETYJIHPOBAaHUS MPO(HIST MEKBAIKOBOTO 3a30pa. TpaJuIIMOHHBIMH METOJIAMH PETyIINpPO-
BaHMS MOTNEPEUYHON PA3HOTONIIMHHOCTH U IIAHIIETHOCTH MPOKATHIBAEMBIX TOJIOC SBISTIOTCS [2]: mpodu-
JUpOBaHUE OOYEK BAJKOB, PETYJIMPOBAHHUE TEIIOBOHM BBHIMYKIOCTH, MPOTHBOU3TUO pabOYMX M OMOPHBIX
BaJIKOB, PETyJIMPOBaHUE PeKUMa 00KaTHH IPOKATHIBAEMBIX TI0JIOC H JIp.

IlepedrciieHHBIE MEPOIIPHSITHS 00JIaIal0T W3BECTHRIME HemocTaTkamu [2, 4]. Hampumep, mpodwmm-
pPOBKa BAJIKOB, KaK MPaBWJIO, ONTHMajbHa TOJIBKO IJIS OMPEAETICHHOTO THIOpa3Mepa IOJ0cC, TEMIOBOe
pEeryIUpOBaHUE MMEET 3HAYMTENIbHYI0 MHEPIMOHHOCTh W T.I. lIprMeHeHwne mpoTHBOM3THMOa pabounx u
JIOTIOJTHUTENBHOTO M3TH0a OMOPHBIX BAJIKOB MPUBOJIUT K JIOTIOTHUTEIIEHOMY HArpyK€HUIO TIOIIIAITHUKOB
BaJIKOBOTO y37la M 0ojiee MHTCHCUBHOMY HM3HOCY OoO4eKk BaikoB. lcrmpaBiieHHE BOJHHUCTOCTH PEryJId-
pOBaHHEM pexXuMa 00XaTUi HE BCErla BO3MOXHO M 3a4acTylO MPUBOJUT K HAPYIICHHIO €€ KOHEYHOH
TOJIIIHHEI.

YMeHbIIas AuaMeTpsl pabounx BalKOB, MOXKHO JOOWTHCS CHIDKEHHS CHJIBI MPOKATKH, YTO OJjaro-
NPUSATHO CKa)KeTCs Ha KOHeYHOM mpoaykre [4—6]. [Ipudem, 3To Hanbosnee mpocToil cnoco0 MOBBIICHUS
KadecTBa MeTayutonpokarta. OmHaKo, 3a4acTylo, CHHKCHHE TUaMETPOB PabOUYMX BAJIKOB SIBISIETCS OTpa-
HUYEHHBIM BCIIEACTBHE KOHCTPYKTHBHBIX OCOOEHHOCTEH CTaHWHBI MPOKATHOTO CTaHa, a TaKXKe TEeM, 4TO
MpH YMEHBIICHUU JUaMETpa BaJIKOB YBEJIUYMBAETCS, COOTBETCTBEHHO, HMX MPOrHO, M YMEHBIIACTCS
MPOYHOCTH BAJIKOBOTO y3ia. J[uaMeTprl pabo4yrx BaJKOB MOKHO YMEHBIIIHTD, UCIOJL3Ys OTIOPHBIC BAJIKU
0O0JBIIOTO AMaMETpa, YTO M OBLIO MCTIOIB30BAHO MPH MPOSKTHPOBAHNHU KIIETEH KBAPTO M MHOTOBAITKOBBIX
KJIeTeH CTaHOB XOJIOAHOW mpokaTtku. OHAKO yMEHBIIEHHE Pa3MepOB Pa0OvYHX BaJKOB IO 3HAYCHUMA, HE
MO3BOJISIONINX UCHOIB30BATh UX B KAYECTBE MPUBOAHEIX, B PE3yJIbTATE YETO MPUBOJ NPU UCIIOIH30BAHUU
KIIETe THIa KBapToO, SBISIONIMXCS HanOoJee NPEANOYTUTEIBHBIMI BBHIY NPOCTOTHI KOHCTPYKIIWH,
OpPTaHU30BBIBANICS HAa ONIOPHBIE BAJIKH, BBISBIIACT PAJ MPUIHH, TPEOYIONNX U3yIeHUS.

OpHOlt M3 TPUYUH SBISETCS OTCYTCTBHE IMOANOpa padOYMX BaJKOB BIOJb OCH MPOKATKH, Kak,
HampruMep, B MHOTOBAJIKOBBIX KJIETSX, YTO BENET K M3rHOy BaJIKOB B TOPU30HTAIBHON TUIOCKOCTH, OTPH-
IaTeIbHO BIMSS HA KadyeCTBO TOTOBOHM Tpoxykiwu [3]. Apyrod MpUYIMHON SIBISICTCS HAJIMYWAE BBITAN-
KHMBAIOIIEH CHJIBI BCIEACTBHE TOTO, YTO OT MOMEHTa, IepelaBaeMoro Ha paboduil BaJlOK, NeCTByeT
OKpY>KHasl CWJIa, HampaBlICHHAs BIOJb JIMHUM MPOKATKU. Takke MHTEpeC BBI3BIBACT IMpOIlecC Mepeaayuu
KPYTAIIETO MOMEHTA TIOCPEICTBOM TPEHHUS MEXy BaJKaMH, a, TOYHEE TO, HACKOIBKO BEJIIMKH MOTEPH, U
KakoWd MaKCHMAaJbHbIII MOMEHT BO3MOJKHO Te€pelaTh, YTO TAK)KE HAKJIA/JbIBAET HEKOTOPHIE OrpaHHYEHUS
Ha BO3MOXHOCTb OpTaHU3ALMK MMPOKATKU C IPUBOJIOM Ha OMOPHBIC BAJIKH.

Lens padoThl: pacyer, KOHCTPYHPOBAHWE W W3TOTOBJICHHWE HOBOH KOHCTPYKIIMH MHOTO(YHK-
[IMOHAJBHOTO CTaHA ISl IPOKATKH TOHKUX JIUCTOB BHICOKOTO KadecTBa.
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O0opynoBaHue U METObI UCCIETOBAHUS

C menplo MoJydeHHsT KauyeCTBEHHBIX JIHCTOB, & TAaKXKe YMCEHBIIICHUS DHEPrOCHIIOBBIX MapaMeTpOB
HaMH TpeJyiaraeTcs MHOT(QYHIIHOHATBHBIH MPoaosibHO-KIMHOBOH ctad (MITKC) HOBOI KOHCTPYKIWU ISt
MPOKATKH TOHKKX TOJIOC U3 CTaJiei U CIu1aBoB (pucyHok 1) [7].

Pucynok 1 — MHOrodyHKIMOHAIBHBIH IPOIOIBHO-KIMHOBOH CTaH JUIsl IIPOKATKHU M0JI0C:
1 — MoTop-penykrop; 2 — mydta; 3 — Bait; 4 — LIecTepeHHast KJIeTh; 5 1 6 — INUHIeIH; 7 — MOJIIMITHUKOBAs KICTh;
8 — paboune Banky; 9 (nepssie Tpu KiaetH) u 10 (mocienHue qBe KIIETH, He MOKa3aHbl) — OIIOPHBIC BAJIKH;
11 — cranuna; 12 — onopHsle UTH; 13 U 14 — HAXUMHBIE MEXaHH3MBI

— ] —
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MIIKC mist mpoKaTKe JUCTOB W3 CTalled W CIUIABOB COJEPIKUT DIIEKTPOABHUTATENH, PEAYKTOPHI,
IIECTEpPEHHbIE KJIETH, YHUBEPCAIbHBIEC INMUHAETH, My(THI, KJIETH ¢ pabod4rM{ W OMOPHBIMH BaJKaMH
(pucyHnok 1). Ilpu 3TOM B MEpBBIX TPEX KIETSAX YCTAHOBJIECHHI /1B, & B MOCIEAHUX ABYX KIETSIX — YeThIpe
OTIOPHBIX Balika. BpallleHne yMEHBIIAIONIMXCS B HAIMPABJICHUU MPOKATKH PA0OYHMX BaJKOB OCYIIECTB-
JISIeTCSl Yepe3 MOAITUITHUKOBEIE KIIETH TISIThI0 MOTOP-PEAYKTOPaMH C YIIIOBOH CKOPOCTHIO @ = v°R (THe v —
CKOPOCTDH MPOKATKH B KAXKIOW KJIETH cTaHa; R — paanyc pabodnMx BajJKOB B KaXKIOH KIEeTH cTaHa). [Ipm
3TOM PACCTOSIHUS MEXKIY KICTSIMH yBCJIMYCHBI HAa BEIMUYUHY OINCPEIKEHUS, & PEryIHUPOBKY PaCCTOSHHS
MEXIy padOYMMH BallkaMH IPOW3BOJAT €IWHBIMA YEPBSIYHBIMA HAXKHUMHBIMH MEXaHHU3MaMH, pacro-
JIO)KEHHBIMHU CBEPXY M CHM3Y CTaHWH CTaHA ¥ IMOAIINITHHKOBBIX KIIETEH.

IIpokatky mosoc u3 cranu u crutaBoB Ha MIIKC ocymiecTBisioT cneayromuM obpazoM. CMOTaHHEBIE
WIH HETPEPHIBHOPA3IUTHIC TOHKOJIMCTOBBIC CIISIOBI (TOJIIMHA TOHKOTO Cis10a JTOJKHA COOTBETCTBOBATH
MaKCHMaJIBPHOMY YTIIy 3aXBaTa ISl BAJIKOB, YCTAHOBJICHHBIX B MEPBBIX KIIETSAX) IMOCTYHAIOT B pa3MaThl-
BaTCJIM WJIM BO BXOJAHYIO 4YaCTb IJIA ITPOKATKH. Hauano toHkux ciasboB YUepe3 TAHYIIHUEC U NPaBUIIbLHBIC
POJIUKH, CBAPOYHYIO MAIlMHY, HAKOIIUTEIb TOJOCHI C METICBBIMU TEJICKKAMU, HATSDKHBIC POJIMKH, a TaK-
JKe epe3 yCTPOUCTBA AJIsl M3MEPEHHS TONIINHBI TOCTYIaeT Ha IPOKATKY B MEPBYIO KIIETh MpeIaraeMoro
crana. [Ipu mpokaTke TOHKOH MONOCHI, Yepe3 KIETH, ITOCIEeOBATEIbHO PACIIONOKEHHBIE B HAIIPABICHUH
MPOKATKH, Y KOTOPBIX PACCTOSHUSI MEXIy paOOYUMH BaJIKaMH OT OJHOM KJIETH K JAPYTOW YBEIMYUBAIOTCS
Ha BEJIMYMHY OIEPEKEHUS B JAHHOH KJIETH, IPOUCXOUT YMEHBIIIEHUE BBICOTHI U IOCTIKEHHE TpeOyeMoi
TOJIIIMHEI TTOJIOCHI.

Heobxoammo OTMETHTH, 4TO pabodme BAIKH B KKIOH KIETH UMEIOT MOCTOSIHHBIA TUaMeTp, a B
MOCIICIOBATEIILHO PACIIONIOKEHHBIX KJICTSIX JUAMETP BaJKOB YMCHBINACTCS B HAIMPABICHUH MPOKATKH.
Ha BBIXO/I€ TPOUCXOIUT pa3pe3Ka TOHKOH MOJIOCH WITH CMOTKA €€ B PYJIOHBI.

Brimonnenne AnaMETpPOB pa60qnx BAJIKOB YMCHBIIAIONMIUMUCA B HAIIPABJIICHUHN ITPOKATKH ITO3BOJIACT
3HAYUTEIFHO YMCHBIIUTH JIABJICHUE METallla Ha BaJKU B KJIETAX, PACIOJIOKCHHBIX B KOHIIE MPOKATHOTO
CTaHa, W TIOBBICUTH JKECTKOCTh cTaHa. CHIDKEHHE YCHJIVIA, NEHCTBYIOIUX Ha BAJIKH, a TAaKXKe TOBHIIICHUE
KECTKOCTH CTaHa IO3BOJISTIOT YMEHBIIINTh pa3Mephl KJIeTe M MOUTHOCTh MPHUBOZAA C OJHOW CTOPOHBI, U
MOBBICUTHh TOYHOCTH ITPOKATHIBAEMOM MOJIOCHI C IPYTOM CTOPOHBI.

YBenuueHne pacCTOSHUS MeXAy paOOYMMHU BaJKaMH OT OJHOM KJIETH K JAPYrol Ha BEIUYHUHY
OTIepEeXXEeHHUS B TaHHOW KIIETH IMO3BOJIIET YMEHBIINTH /10 33/IaHHOW BEJIMYNHBI MEXKIIETEBOE HATsDKEHUE.
OTO JOCTHTaeTcsl 3a CYET CTPOTOro BBHIMOJHEHHUS IMOCTOSHCTBA CEKYHJIHBIX OOBEMOB IpPH IMPOKATKE B
Pa3IMYHBIX KICTSIX. YMEHBIICHUE MEXKJICTCBOTO HATSHKCHUS N0 33JJaHHON BEIMYMHBI TO3BOJISIET M30€-
JKaTh pa3phiBa TOJIOC B MPOIECCE MPOKATKU C OJHOM CTOPOHBI, U YMEHBITUTH YHEPTOCIIIOBBIE MTapaMeTPhl
MPOKATKH C JPYTOil CTOPOHBI.

OcyuiecTBieHHE BpaIIeHHUsS BaJKOB OT MATH MOTOP-PEIyKTOPOB INEPEMEHHOIO TOKa yepe3 MATh
IIECTEPEHHBIX KIETEeW IMO3BOJIIET C MHHHMAJIbHOW BEIMYMHOW MPOU3BOACTBEHHOTO ITyMa IPOKATaTh
IIOJIOCHI U3 CTAJICH U CIIABOB.

OcyiecTBieHHE BpallleHUs BaJIKOB pabodux KieTel dyepe3 MATh MOAMIUITHIKOBBIX KJIETeH MO3BOJIHUT
CTPOTO TOPU3OHTAIFHO PACHONIOXKUThH LIMHUHACIH, YTO, B CBOIO OuYepeib, MO3BOJIUT 0e3 BHOPALIMOHHOI
Harpy3Ky IepenaBaTh KPYTAIINE MOMEHTHl K pabouynM BaikaMm Kiered craHa. Bce 3To cmocoOcTByeT
IMMOJIY4YCHUIO I10JIOC C TOYHBIMU I'COMETPUYCCKUMU pasMEPaMU.

H3rorosieHre NepBhIX TPEX KIETEH CTaHa C IBYMs OIIOPHBIMH BaJKaMU, a OCICIHUX JIBYX KIETCH —
C YEeTHIPHMs ONOPHBIMH BallkaMU — OOecleYrMBacT MHUHHMAJBHYIO YIPYryr aedopManuio padbodnx
BaJIKOB TIOCJIEIHUX KJIETEH CTaHa W, TEM CaMBIM, MO3BOJISET MOJYYUTHh MOJOCH C MHHUMAJIHHON pa3HO-
TOJIIIUHHOCTBIO.

PerynupoBka paccTOSHUS MEXAy BallkaMd €IUHBIMH UYEPBSIYHBIMA HaKUMHBIMA MEXaHH3MaMH,
PacTONI0KEHHBIMHA CBEPXY M CHH3Y CTAHMHBI CTaHA W MOMAIIMITHUKOBBIX KIIETEH, MO3BOJIUT MPOKATHIBATH
JIUCTHI CTPOTO CUMMETPHUYHO OTHOCUTEIHHO OCH MPOKATKH, YTO TO3BOJIHT IOJyYaTh MOJOCH 0€3 u3rubda u
pa3pbiBa C MUHUMAJIBHOH Pa3HOTOIIUHHOCTBIO.

s Toro, 9YTOOBI MPOBEPUTH JTOCTOBEPHOCTH IMMPOEKTHOTO pacdyeTa pa3MepoB IIECTEPEHHBIX KIIETEH,
BBITIOJTHAJIN paCUCThl HA MIPOYHOCTDL MU )KECTKOCTh.

[IpoyHOCTh M KECTKOCTh MIECTEPEHHBIX KIETEH MHOTO(QYHKIIMOHAILHOTO CTaHa WCCICIOBAIU MPHU
xonoaHo# (20 °C) nmpokarke nosoc u3 craam 08 ki pasmepom 0,7x100 Mmm. B kauecTBe MCXOQHOMU 3aro-
TOBKH HCIIOJIb30BAIM IOAKAT TOJIIMHOM /g = 3,5 MM.
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s X0nogHOM MPOKATKU IMOJIOCH B MEPBOM, BTOPOHM, TpEThEH, YETBEPTOM U MATOM KIETAX CTaHa
WCTIOJIB30BANIN CIIEIYOIINE UCXOHBIE TaHHBIE (B COOTBETCTBUHU C 0YEPETHOCTHIO): BHICOTA MOJIOCHI MTOCIIE
MpOKaTKu — Ay = 2,576 mm; hy = 1,708 mm; A3 = 1,148 mm; hy = 0,84 mm; hs = 0,7 Mm; abcomroTHOE 00XKa-
tHe — Ah; = 0,924; Ah, = 0,868; Ah; = 0,56; Ah, = 0,308; Ahs = 0,24; enuanunoe o0xatue — & = 26,4%:;
& =33,7%; &3 = 32,8%:; &4 = 26,8%:; &5 = 16,7%; cKOpOCTh MOJOCHI — V| = hs-vs/h = 0,7-2,085/2,576 = 0,5 m/c;
v, = 0,68 M/c; v3 = 1,03 M/c; vs = 1,526 m/c; vs = 2,085 Mm/c;

B cootBeTcTBUM ¢ U3BECTHON METOAUKOMH [8, 9], onpeaenuian SHEPrOCUIOBBIE MapaMeTphl MPOKATKU
TMOJIOC HA MPOJIOILHO-KIIMHOBOM CTaHe.

TIpu xoyioHOM mpoKaTKe JUIsl pacueTra MPOYHOCTH IIECTEPEHHOW KIIETH IMEepPBOM, BTOPOM, TpeThel,
YETBEPTOM M MATOM KJIETEH HCIOJb30BaHbl CIEAYIOUIME pacUETHbIE [aHHbIC: MAaKCUMAJIbHOE YCHUIINE
npokatku — P, = 0,269 MH; P, = 0,229 MH; P; = 0,194 MH; P, = 0,132 MH; Ps = 0,096 MH; makcu-
MaJbHBIA KPYTSAIIMA MOMEHT Ha OZHOM pabodeM Banke — Myp;= 1,95 xH-M; Myp; = 1,72 xH-Mm;
Myps = 1,64 kxH-M; Mgp; = 1,52 xH-M; Myps = 1,36 xH'M; pa3HOCTH TIEpEAHETO U 3aTHETO HATSHKCHUMN, TIPU-
JIOXKEHHAs K IByM pabounm Bakam — 17 = 2,46 kH; T, = 2,33 kH; 73 = 2,14 kH; T, = 1,84 kH; T5 = 1,62 xH.

Pabouas kneTh mpeIaraeMoro MPOKAaTHOTO CTaHA IPENCTaBIseT 000 MHOTOKOMITOHEHTHYIO
MaIlIfHY, BKIIOYAOIIYI0 BpaIlaroIIrecs MPOKaTHIEC BAaJKH, MOAIIUITHIKHN, CTAHWHY, IECTEPEHHbIE KIIETH,
YCTAaHOBOYHBIC MEXaHHU3MBI BAJIKOB, YCTPOWCTBA KPEIICHUS W APYTHE Y3Ibl M JaeTanu. Pacder miecte-
PEHHBIX KJIETEH TakoW MaIlWHBI SBJISETCS BEChbMa CIOXKHBIM WU TPYIOEMKHM IIPOLECCOM, TPEOYIOIIUM
MIPOBEICHUS OOJIBIITOTO 00BheMa pacueTHO-Tpadraeckux padoT.

B Hacrosiee Bpems 1jisi KOHCTPYMPOBAHUS MISCTEPSHHBIX KiIeTel Hanbosiee 3 PEKTUBHBIM BHIUTCS
npumenenne CAD-cuctemsl cpennero yposHs (Hanpumep, SolidWorks unu Autodesk Inventor) ¢ unTe-
TPUPOBaHHBIM B ee cocTaB pacueTHbIM CAE-moaynem, mpenHa3HAYeHHBIM IS PEIISHHUS YIPYTHX 3a1ad
MEXaHUKH Ae(OpMHPYEMOTO TBEPAOro Teja METOI0M KOHEUHBIX neMeHToB [10].

YunTheiBas BBINIECKa3aHHOE, METOJUKY pacueTa MIECTEPEHHBIX KJIETEH pealln30Bald C HCIOIB30-
BaHHEM MPOrpaMMBbl KOHEYHO-3JIeMeHTHOTo aHamm3a Autodesk Inventor. CucremMa KOMITBIOTEPHOTO
monenupoBanus Autodesk Inventor mo3Boisier wccnenoBaTh KWHEMATHKY, NUHAMHKY MEXaHHU3MOB C
BO3MOXKHOCTBIO pacyera HampsHKeHHO-Ie(OPMUPOBAHHOTO COCTOSIHUS KaK OT/AETbHBIX 3BEHBEB, TaK U
MEXaHH3Ma B IEJIOM.

[Ipu pacuere mecrepeHHO# Kietu B cpeae Autodesk Inventor HamMu ObLTH BBITOTHEHBI CIIEAYIOIUE
oTIepaIvu:

— CO3JIaHNE TEOMETPUUYECKON MOJIENH KaX/I0H JIeTar U cOOpKa y3JI0B KIIETEH;

— BBIOOp MaTepHANIOB NeTallel, MX MEXaHWYeCKHX M (PU3MUECKHUX CBOUCTB (MOIYINb YNPYTOCTH,
TUIOTHOCTB, Koddduruent [lyaccoHa, mpeaen npo4HOCTH U T.11.),

— ¢opMUpOBaHIE KHHEMATHYECKUX M CTATHYECKUX TPaHUYHBIX YCIOBHIA;

— CO3JIaHUE CeTKW KOHEUHBIX 3JIEMEHTOB JICTaIIN;

— OIlpeNieNieHre HaMpsHKeHHO-1e()OPMUPOBAHHOT'O COCTOSHHS,

— OIIGHKa YPOBHS TOJIYYEHHBIX yNPYrux nedopManuii M HampshkeHHHd B 00beMe KaKIOW JeTaliu
OTHOCHUTENIFHO TPeOyeMBbIX KPHUTEPHEB JKECTKOCTH M MPOYHOCTH, W BBEJEHHE COOTBETCTBYIOIIUX H3MeE-
HEHHI B KOHCTPYKITUIO IIECTEPEHHBIX KJIETEH.

WcxonHpIMu JaHHBIMHE IS pacdeTa sSBISIOTCS TBEPAOTEIbHAS reoMeTprueckas (hopMa KOHCTPYKITHH
IIECTEPEHHBIX KJIETEH, CHIIBI U YCJIOBHUS 3aKpeIUIeHUs, MPUIOKEHHBIE K HUM, a TaKKe YCIOBUS COMpPS-
KEHHUS KHHEMaTHYeCKUX Map KOHCTPYKINHU KIIeTeH.

COopouHasi TpexMepHasi reoOMeTpUYEeCKasi MOJICNIb IIECTEPCHHBIX KieTel Obuia mocrpoeHa B CAD
mporpamme Inventor, ¥ MOCPEACTBOM BCTPOSHHOTO TPAHCIATOpa MUMIOPTHpPoBaHa B cpeny Autodesk
Inventor ¢ MpUHATHIMU KHHEMATHYECKAMHU CBA3SIMHE. JIaHHBIN MOIX0/] IO3BOJSET YIAYUIIATE CBSA3h 3TAIMIOB
aBTOMATHU3UPOBAHHOTO MPOCKTUPOBAHUS CIIOKHBIX MEXaHU3MOB. [[15 BO3MOXXHOCTH aBTOMATHYECKOU
KOPPEKIIUU TEOMETPUHM MOJEIH INECTEPEHHBIX KJIeTeH ObUI MCIOJB30BaH METOJ MapaMeTpH3alUU T'eo-
METPUYECKUX Pa3MepoB KOHCTPYKIMH. [[aHHBII METO/I MO3BOJISET 10 Pe3yJIbTaTaM pacueTa Ha MPOYHOCTh
BHOCHTBH COOTBETCTBYIOIINE N3MEHEHHUS B KOHCTPYKIIMIO IIIECTEPEHHBIX KIETEH.

[Ipeumymecrsom npumeHenuss Autodesk Inventor k TPOSKTUPOBAHUIO IIECTEPCHHBIX KIETCH
sBasiercs [10]:

— BO3MOXXHOCTH CO3/IaBaTh B €AMHOI WHTETPUPOBAHHOI Cpelie KOHCTPYHPOBAHHA M pacdeTa TBepIo-
TEJbHBIC MOJENU JeTaliell KJICTH, W PacCUUTHIBATh HANPSIKEHHO-Ie()OPMUPOBAHHOE COCTOSHUE STHX
neTajiell B KaXKIOW TOUKE UX 00beMa;
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— CIIOCOOHOCTH MOJICTHPOBATH COOPKY OTHENBHBIX Y3JIOB U BCEH KIIETH B LIEJIOM;

— BO3MOXKHOCTb IO MOZETSIM B aBTOMAaTHU3UPOBAHHOM pEXHME IOydaTh pabodue YepTexH C
cobmomennem mpasuin ECK/I;

— Haju4yre OMOIMOTEK CTAaHNAPTHBIX M3ICIHA, MATEPUAIIOB U TEKCTYpP, 0CBOOOKAAIONINX MOJIB30Ba-
TeNsl OT HEOOXOJUMOCTH MOUCKA B CIIPaBOYHOM JMTEpaType W BBOJA TAKUX NAHHBIX, KaK KO3(QHUIHMEHT
[Tyaccona, MOIysb yIpyrocTH, npeiesl IPOYHOCTH MaTepUalioB U Ap.

Pacuer 3yOuaThIX 3allelUIeHWI MPOU3BOAWICA B NPHIOKEHUH «['eHepaTop KOMIIOHEHTOB IIMIIMH-
JPUYECKOro 3y0uaToro 3aleryIeHUs», TAe BBIIOJIHAIOTCS T€OMETPUYECKHE pacueThl AJs moadopa pas-
JINYHBIX KOPPEKTUPOBOK paclpeaesiCHUs, BKIII0Uas KOPPEKTUPOBKY ¢ KOMIIEHcauen ckonbxenui [10].

I'enepaTop paccUMTBHIBACT Ie€OMETPUUYECKHE IIapaMeTpbl 3yOuaThIX KOJIEC, IPOBEPSACT pa3sMephl U
CHIJIBI HATPY3KH, & TAK)Ke BBIMIOIHIET MPOBEPKY MTPOYHOCTH B COOTBETCTBHH CO cTaHAapTamu Bach, Merrit,
CSN 01 4686, ISO 6336, DIN 3990, ANSI/AGMA 2001-D04: 2005 nimu ANSI [10].

I'enepaTop HMIMHIPUYIECKOTO 3yO0UaTOro 3aLEIUICHHs MO3BOJISET BBIIOIHATE CIIEIYIONIUE ACHCTBUS
[10]:

— IPOEKTHUPOBAHME U BCTABKa KOJIECa;

— IPOEKTUPOBAHHUE U BCTaBKA COCANHEHMS ABYX KOJIEC;

— BCTaBKa KOJIEC KaK KOMIIOHEHTOB, 3JIEMEHTOB WJIH TOJIBKO PACUYETOB;

— IPOEKTUPOBAHKE KOJIEC Ha OCHOBE Pa3IMUHBIX MCXOAHBIX NapaMeTpoB, HAIIpUMEp, Ynciia 3yObeB
WA MEKOCEBOTO PACCTOSIHHUS;

— pacueT 3yOuaThIxX KOJeC Ha OCHOBE PA3JIUMYHBIX METOAOB IPOBEPKH MPOYHOCTH, HAIPUMED, 110
craanaptam ANSI unm ISO;

— pacyeT MOIIHOCTH, CKOPOCTH WJIM KPYTSIIEr0 MOMEHTA,

— moI00p MaTepuaa IMMIHHAPHICCKOTO 3y0UaToro 3areIuicHHs.

PesynbraTel pacdera pasMepoB AeTalieil MIECTEPEHHOW KJIETH W NMPOBEpKa MPOYHOCTH HAPYIKHBIX
3aleTICHUH ¢ MPAMBIMU 3yObsIMH PUBEACHBI B Ta0mumax 1-5.

C ucronk30BaHUEM CTaHAapTHOU mporpammbl Autodesk Inventor cozmana 3D Monens mpsimo3y0oid
LWIMHIPUYECKON LIECTePEHHOH KIIETH HOBOI'O IPOKATHOIO CTaHa (PUCYHOK 2) M paccUUTaHbl pacmpe-
JieNieHHe HaNpsDKeHUH, KOHTaKTHOE JaBliCHHE, CMELIeHHe, KOXQQHULIMEHT 3amaca MPOYHOCTH, CMEIICHUE
1o ocu X, 3KBUBaJICHTHAasI feopManys B IIECTEPEHHON KIIETH.

T :

Pucynok 2 — 3D Mozens niecTepeHHON KiIeTH

B kauecTBe Marepuana il LIecTEpeHHOH KieTd W3 0a3bl NaHHBIX MaTepuaiioB Autodesk Inventor
BbIOpana cranp Mapku 40XH ¢ MexaHnmdeckuMu cBoWCTBaMu: MoAyidb ynpyrocta 206000 Mlla, npenen
npounoctu 640 Mlla, npenen tekydectu 390 MIla, kosddunuent [Tyancona 0,3.
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Pesynbrarel pacdyera pa3MepoB JieTalieil IIECTEPEHHOH KJIeTH M MpOBEpKa MPOYHOCTH HAPYIKHBIX
3aleIICHUH ¢ MPAMBIMHU 3yObsIMH NIPUBEACHBI B Ta0MUIax 1-5.

Tabnuma 1 — O6uire napamMeTpsl MECTEPEHHON KIIETH

TTapaverpr [ectepenHas Ilectepennas lecrepennas
KIETh 1 KJIeTh 2 KJIETh 3
[epenaTtoynoe oTHOLICHUE i 1,0000 6p 1.0000 6p 1.0000 6p
Tpebyemoe nepenaTouHOE OTHOIIECHHE iin 1,0000 6p 1.0000 6p 1.0000 6p
Monynb m 4,000 mm 4.000 MM 4.000 MM
Yroin HakIOHa 3y0a B 0,0000 rpax 0.0000 rpax 0.0000 rpan
Yron npoduns a 20,0000 rpan 20.0000 rpan 20.0000 rpag
MeskoceBoe pacCTOSIHHUE a,, 180,000 mm 160.000 mm 140.000 mm
JlenurenbHOE MEXKOCEBOE PAaCCTOSIHUE a 180,000 mm 160.000 mm 140.000 MM
O0muit ko3P PUIIEHT CMeTeHHs X 0,0000 6p 0.0000 6p 0.0000 6p
Oxpy>KHOM 11ar p 12,566 MM 12.566 MM 12.566 MM
OCHOBHOHM OKpY>KHO# 11ar Pwo 11,809 mm 11.809 mm 11.809 Mmm
VYroun 3auerienus Olyy 20,0000 rpax 20.0000 rpax 20.0000 rpax
KoagdurueHt nepexpbitus € 1,7358 6p 1.7135 6p 1.6866 6p
[IpenensHOE OTKIOHEHUE MAPAIIETBHOCTU OCEH fy 0,0170 Mmm 0.0170 Mmm 0.0170 mm
[IpenensHOE OTKIOHEHUE MAPAIIETBHOCTU OCEH fy 0,0085 MM 0.0085 MM 0.0085 mm

Tabnuna 2 — PacueT mapaMeTpoB 3y0uaToro KoJieca MIeCTEPEHHBIX KIIeTeH

Ilecrepennas kiets 1 Ilecrepennas kiers 2 Iecrepennas kiers 3

3yb6uaroe 3yb6uaroe | 3ybuatoe | 3ybOuaroe | 3ybuatoe | 3yOuaroe

Kouteco 1 KoJeco 2 Koneco 2 koueco 1 Koneco 2 Koueco 1

1 2 3 4 5 6 7 8

KommuectBo 3yOneB z 45 6p 45 6p 40 6p 40 6p 356p 356p
Koadumnuent cmemenns 0,00 6p 0,00 6p 0.00 6p 0.00 6p 0.00 6p 0.00 6p
Cpenuuii tnamerp 180,0 MM 180,0 MM 160.0 Mmm 160.0 MM 140.0 Mmm 140.0 mm
Hapy>xHblit uamerp d, 188,0 Mmm 188,0 mm | 168.0 MM 168.0 Mmm 148.0 mm 148.0 mm
JuameTtp Bnaaux de 170,0 Mmm 170,0 Mmm 150.0 Mmm 150.0 Mmm 130.0 Mmm 130.0 mm
OCHOBHOI1 1aMeTp OKPY>KHOCTH d, | 169,14 MM | 169,15 mm | 150.35 mm | 15035 mm | 131.56 mm | 131.56 Mmm
Havanbueiii auamerp dy 180,0 MM 180,0 MM 160.0 MM 160.0 MM 140.0 Mmm 140.0 mm
[Hupuna rpanu b 90,0 MM 95,0 MM 85.0 MM 80.0 MM 85.0 MM 80.0 MM
I;eo;iq’“““e“ UIHPHHEL 3y GaToro b, | 0506p 0,506p | 0.506p | 0.506p 0.57 6p 0.57 6p
KoadduipeHT BEICOTHI FOJOBKH 3y0a a* 1,00 6p 1,00 6p 1.00 6p 1.00 6p 1.00 6p 1.00 6p
3a3zop c* 0,25 6p 0,25 6p 0.25 6p 0.25 6p 0.25 6p 0.25 op
fgﬁgﬁmmm Paityca NEpexoMrolt | o | 35, 0356p | 0356p | 0356p | 0356p | 0.356p
Tonmuna 3y6a S 6,28 Mm 6,28 Mm 6.28 Mmm 6.28 Mmm 6.28 Mmm 6.28 Mmm
TanreHnuanpHas TONIIMHA 3y0a St 6,28 Mm 6,28 Mm 6.28 Mmm 6.28 Mmm 6.28 Mmm 6.28 Mmm
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Tpooomsicenue mabnuywt 2
1 2 3 4 5 6 7 8

TomnmuHa XOp.Ibl te 5,55 mm 5,55 mm 5,55 mm 5,55 mm 5,55 mm 5,55 mm
BricoTa ronoBku 3y0a mo xopae a, 2,9 Mm 2,9 Mm 2,9 Mmm 2,9 Mm 2,9 Mmm 2,9 Mm
Pazmep xopabt Br 67,4 Mm 67,4 Mm 55.3 MM 55.3 Mmm 55.0 Mmm 55.0 mm
3y0bs ¢ pa3MepoM 1o Xope Zy 6,0 6p 6,0 6p 5.0 6p 5.0 6p 5.0 6p 5.0 6p
Pasmep mexny kapkacamu M [ 189,911 mm | 189,911 mm |170.004 mm | 170.004 mm | 149.836 mm | 149.836 mm
JuameTp npoBOIOKH dy 7,000 MM 7,000 MM 7.000 mm 7.000 MM 7.000 mm 7.000 mm
g;%?emoe OTIVIOHCHHE HATPABACHIA | £ 10,0170 mm | 0,0170 mm | 0.0170 mm | 0.0150 mm | 0.0170 mm | 0.0150 mu
Jonyck Ha paguanbHOe OueHHe F. | 0,0290 mm | 0,0290 mm | 0.0290 mm | 0.0290 mm | 0.0290 mm | 0.0290 Mm
Egi:em’“”e OTIIOHCHILT 0CEBOTO £, | 0,0100 mm | 0,0100 mm | 0.0100 mm | 0.0100 mm | 0.0100 mm | 0.0100 mm
IIpen.oTKIIOH. OCHOBHOTO IlIara fio | 0,0095 MM | 0,0095 mm | 0.0095 MM | 0.0095 Mmm | 0.0095 mm | 0.0095 Mm
BuptyanbHOE KOITHYECTBO 3yObeB z, | 45,0006p | 45,000 6p | 40.000 6p | 40.0006p | 35.0006p | 35.000 6p
DKBUBATICHTHAIH ACTHTSIL HAIH dy | 180,000 mm | 180,000 mm [160.000 mm | 160.000 mw | 140.000 mm | 140.000 mm
JHaMeTp
BuptyanbHblil HapyXKHbIH AUaMETp da, | 188,000 mm | 188,000 mm [168.000 mm | 168.000 mm | 148.000 mm | 148.000 Mmm
Bupryansisiii ocHoBHOIf AuameTp o | 169,145 Mm | 169,145 mv | 150.351 mnt| 150.351 mmt | 131.557 mn | 131.557 mmt
OKPY>KHOCTH
Koaddumuent cmemenus 6e3 ykioHa x, | -0,31106p | -0,31106p | -0.1588 6p | -0.1588 6p | -0.0062 6p | -0.0062 6p
Koobdumment enenerns 6e3 X, | -1,61236p | -1,61236p |-1.3198Gp | -1.3198 Gp | -1.0274 Gp | -1.0274 Gp
MO/Ipe3aHHs
Koopepuuuent eveeinis xq | -1.78226p | -1,78226p | -1.4898 Gp | -1.4898 Gp | -1.1974 Gp | -1.1974 Gp
JOMYCTUMOTO MO/IpE3aHHs
Koad.BeicoT.MOn}.3y0a k 0,0000 6p | 0,0000 6p | 0.0000 6p [ 0.0000 6p | 0.0000 6p | 0.0000 6p
Hapyxm#ast Tommuna 3y6a s, | 0,76886p | 0,76886p | 0.7607 6p | 0.7607 6p | 0.75056p | 0.7505 6p

25,8806 25,8806 26.4986 26.4986 27.2649 27.2649
Vroi npoduist BepIinHbI 3yda o,

rpan rpan rpan rpan rpan rpan

Tabmuna 3 — Harpysku npunaraeMblie Ha 3y09aThie Kojeca MIeCTepeHHON KIeTH

Iecrepennas knets 1 [lecrepennas kiets 2 lecrepennas knets 3

3y6uaToe 3ybuatoe 3y6uatoe 3y6uaToe 3y6uaToe 3y6uaToe

Koueco 1 KoJeco 2 Koseco 1 Kozeco 2 Koueco 1 KoJeco 2
MoHoCTh P 11,520 kBt 11,290 xBt 13.100 kBt 12.838 kBt 14.400 kBt 14.112 kBt
CkopocThb n | 54,00 06 mun | 54,00 06 mun | 113.00 06 mun | 113.00 06_mun |184.30 06 mun| 184.30 06 mun
Kpyramuit MomeHT T ]2037,183HwMm [1996,440 Hm | 1107.042Hw™m | 1084.902Hw™M | 746.120Hw™ | 731.197Hwm
Db dexTHBHOCT n 0,980 6p 0.980 6p 0.980 6p
PannanbHas cuna F, 8238,601 H 5036.631 H 3879.505 H
OxpyxHast cuia F, 22635,370 H 13838.029 H 10658.854 H
OceBas cuiia F, 0,000 H 0.000 H 0.000 H
LIMKJI HArpy >KEHHUs F, 24088,057 H 14726.123 H 11342915 H
Oxpy>kHast CKOPOCTh \% 0,509 m/c 0.947 m/c 1.351 m/c
Pe3onancuas yacrora ng; 4154,257 5229,303 6785,076
BpAICHUS 00 MuH 00 MuH 00 MuH
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Tabnuua 4 — Matepuan 3y04aThIX KOJIOC IIECTEPEHHOHN KIIETH

[lecrepennas knetp 1

Ilecrepennas xierp 2

Ilecrepennas kiers 3

3y6uaroe 3ybuaToe 3y6uaToe 3yb6uaroe 3yb6uaroe 3y6uaToe
Kouteco 1 KoJseco 2 xouneco 1 KoJeco 2 Kouteco 1 KoJeco 2
EN C50 EN C50 EN C50 EN C50 37Cr4 37Cr4
OkoraTenbHbli mpeaen S, | 640MIla | 640MIla | 640MIla | 785MIla | 785MIla | 640 MIla
MPOYHOCTH PACTSKCHUSI
IIpenen Texyuectu Sy 390 MIla 390 MIla 390 MIla 539 MIla 539 MIla 390 MIla
MoyJib yIIpyrocta E [ 206000 MIla [ 206000 MITa | 206000 MITa | 206000 MITa | 206000 MITIa | 206000 MITa
Koaddumuent Ilyaccona n 0,300 6p 0.300 6p 0.300 6p 0.300 6p 0.300 6p 0,300 6p
Eﬁi%ee” YCTalocTH P Grim | 390,0 MITa | 390.0 MITa | 390.0 MITa | 450.0 MITa | 450.0 MITa | 390,0 MITa
Ipezex konTakTHOl Giim | 1140,0 MTTa | 1140.0 MITa | 1140.0 MITa | 1140.0 MITa | 1140.0 MITa | 1140,0 MITa
yCTaIOCTH
Teepaocts B cTepxue 3yba | JHV 210 6p 210 6p 210 6p 210 6p 210 6p 210 6p
TBeprocTb B 60KOBOH
aacty 3y6a VHV 600 6p 600 6p 600 6p 600 6p 600 6p 600 6p
OCHOBHOE KOJIMYECTBO
LUKJIOB HATPY3KU TPH Nriim | 3000000 6p | 3000000 6p | 3000000 6p | 3000000 6p | 3000000 6p | 3000000 6p
usrude
OCHOBHOE KOJIMYECTBO
LMKJIOB HATPY3KH [IPH Nhiim | 100000000 6p | 100000000 6p | 100000000 6p | 100000000 6p [ 100000000 6p | 100000000 6p
KOHTaKTE
DKCIIOHEHTa KPUBOH
Bestepa /u1s m3ru6a qr 6,0 6p 6.0 6p 6.0 6p 6.0 6p 6.0 6p 6,0 6p
DKCIIOHEHTa KPUBOH
Bestepa A1 KOHTaKTa qu 10,0 6p 10.0 6p 10.0 6p 10.0 6p 10.0 6p 10,0 6p
Bun o6paboTtku TUT 2 6p 2 6p 2 6p 2 0p 2 6p 2 6p

Ha pucynkax 3—5 npezacraBiieHbl pe3ybTaThl pacueTa B BHIE KaPTUHBI PACHpPEACICHUS SKBUBAJICHT-
HBIX HaNpsDKeHUH u aedopmanuii, mepeMerneHuii, KOHTAKTHOT'O IaBJIEHHUS U 3al1acOB IPOYHOCTH CHIIOBBIX
3JIEMEHTOB KOHCTPYKIIUH IIIECTEPEHHOMN KIIETH.

PacueTsl, mpoBeieHHbBIE HA KOHEUYHO-3JIEMEHTHBIX MOZECTISIX, TOKa3allH, YTo:

— TIOJTyYCHHBIE MaKCHUMAaJIbHBIC 3HAYCHHS 3KBUBAJICHTHBIX HanpspkeHui (60,8 MIla, pucyHok 3,a) u
nedopmaru  (0,00249, pucyHok 3,0) HE MNPEBBINIAIOT MaKCHUMAJIbHO JOMYyCTHMOIO i JaHHOTO
MaTepHaia 3HaueHus mnpenena npouHocta 640 MIla. [Ipu 3ToM MakcMMasbHbIC 3HAYSHUST HANPSHKEHUH
nedopmaliiii HabIIFOJAI0TCS B 3yObsIX 3y0UaThIX KOJIEC,

— KapTHHA paclpelelicHHs CMEUICHUsS! COracyercst ¢ NeGOpMUPOBAaHHOW (OPMON KOHCTPYKIIUH,
MOKa3aHHOU Ha pucyHke 4. MakcumanbHoe 3HadeHne cmenienus (cmemenue 0,1911 mm u 0,1615 mwm (1o
ocu X)) HabmoaeTcs B 3yObsx 3y04aThIX KoJyec;

— pacrpeneneHue 3anaca NPOYHOCTH 10 KOHCTPYKUUH (PHUCYHOK 5), B II€JIOM, yIOBIETBOPSAET yCIIO-
BUIO IPOYHOCTH TP MPHHATOM K03 (UIIMEHTE 3anaca IPOYHOCTH 5.

Takum oOpa3oM, ompeneseHbl BCe T€OMETPUUECKUE Pa3sMephl AeTayieil, BXOIAMINX B MIECTCPEHHYIO
KJeThb. [IpoBeneHbl IPOYHOCTHBIE pacdeThl 3y0UaThIX KoJeC. Y CTaHOBJIEHO, YTO 3y04aThie Kojeca ¢ pac-
YUTaHHBIMHA pa3MepamMu OyayT SKCILTyaTHpOBaThcs O€3 MOJOMKH. Pe3ynbTaTel pacuera, MOTy4YeHHBIE
aHaJIMTUYECKUM METOIOM M C Hcmoib3oBaHueM mporpammbl Autodesk Inventor, nocrarouHo cormna-
cyroTes. Pacxoxnenue 3HaueHuni He npeBbimaeT 7—10%.
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Tabnuna 5 — PacueT npo4HOCTH 3y04aThIX KOJIEC IECTEPEHHBIX KIETel

Koaddurment tuaamuyueckoit Harpy3Kku
[ecrepennas IlecTepennas [ecrepennas

KJeTh 1 KJIeTh 2 KJIETh 3
Koaddumment Buemneit nuaamuyeckoii Harpysku | Ka 1,200 6p 1,200 6p 1,200 6p
Juuamuueckuii kodddurpeHt Ky, | 1,0116p | 1,011 6p | 1.0246p | 1.0246p | 1.038 6p | 1.038 6p
Koa¢d.moBepxHOCTHOI HArpy3KH Ky | 1,27106p | 1,2196p | 1.3336p | 1.2616p | 1.4136p | 1.3226p
KoaddumnuenT monepeunoii Harpy3Ku Kye | 1,000 6p | 1,000 6p | 1.000 6p | 1.000 6p | 1.0126p | 1.012 6p
EnnnoBpeMeHHBIH K03 OUIMEHT eperpy3Ku Kas 1,000 6p 1,000 6p 1.000 6p

Koa¢durrieHTsl KOHTAaKTHOTO HATIPSDKSHUS
Koa¢dumment snactrnanoctn Zyg 189,812 6p 189.812 6p 189.812 6p
®dakrop obmactu Zy 2,495 6p 2.495 op 2.495 op
KoagdurpeHT nepexpbiTust Z, 0,869 6p 0.873 6p 0.878 6p
KoaddurpeHT koHTaKTa TBYX 3yObEB Zg | 1,001 6p | 1,001 6p | 1.002 6p | 1.002 6p | 1.003 6p | 1.003 6p
KoaddurpieHT noiaropeynoctu Zn | 1,000 6p | 1,000 6p | 1.000 6p | 1.000 6p | 1.000 6p | 1.000 6p
Koaddumuent cmazku 7y 0,962 6p 0.962 6p 0.962 6p
Koaddumment mepoxosaroctu Zr 1,000 6p 1.000 6p 1.000 6p
Koaddumuent ckopoctu Z, 0,937 6p 0.945 6p 0.950 6p
KoaddummenT yria Hakimona 3yoa Zg 1,000 6p 1.000 6p 1.000 6p
Koaddumment pazmepa Zyx | 1,000 6p | 1,000 6p | 1.000 6p [ 1.000 6p | 1.000 6p | 1.000 6p
KoaddumpmenT MexaHNUECKOTo YIIIOTHEHUS Zw 1,000 6p 1.000 6p 1.000 6p
Koaddumuent HanpshxeHus u3runda
KoaddunuenT Gpopmbr Yr | 2,374 06p | 2,374 0p | 2.4166p | 2.4166p | 2.470 6p | 2.470 6p
[omnpas.k03¢. HaTTPsHKEHUS Ysa | 1,7076p | 1,707 6p | 1.687 6p | 1.687 6p | 1.665 6p | 1.665 6p
Koaddunuent 3arouku 3yones Ysae | 1,000 6p | 1,000 6p | 1.0006p | 1.000 6p | 1.000 6p | 1.000 6p
Koa¢pdumuent yria HakioHa 3y6a Ys 1,000 6p 1.000 6p 1.000 6p
KoagdurpeHT nepexpbiTust Y. 0,682 6p 0.688 6p 0.695 6p
Koaddumpment n3mMeHeHus Harpys3ku Ya | 1,0006p | 1,000 6p [ 1.000 6p | 1.000 6p | 1.000 6p | 1.000 6p
KoaddumpenT TeXHOIOrn4HOCTH Yt | 1,000 6p | 1,000 6p | 1.000 6p | 1.000 6p [ 1.000 6p | 1.000 6p
Koaddumnuent nonaroseunoctu Yy | 1,000 6p | 1,000 6p | 1.000 6p | 1.000 6p | 1.000 6p | 1.000 6p
Koad. ayBcTB. k Bpe3aHuio Ys | 1,L1316p | 1,131 6p | 1.1306p | 1.1306p | 1.087 6p | 1.087 6p
Koaddumment pazmepa Yx | 1,000 6p | 1,000 6p | 1.000 6p [ 1.000 6p | 1.000 6p | 1.000 6p
®DakTop MOBEPXHOCTH BIAIUH Yr 1,000 6p 1.000 6p 1.000 6p
Pesynbratel

3anac MpoYHOCTH 10 KOPPO3UU SH 1,202 6p | 1,202 6p | 1.3296p | 1.3296p | 1.3576p | 1.357 6p
3arac mpovYHOCTH IO JIOMKE 3yObeB Sk 1,811 6p | 1,716 6p | 2.4926p | 2.3456p | 3.279 6p | 3.086 6p
3armac NpovYHOCTH MPU KOHTAKTE Suee | 1,2776p | 1,277 6p | 1.401 6p | 1.401 6p | 1.966 6p | 1.966 6p
3armac npovYHOCTH MPU H3THOE Srs | 4,004 6p | 3,793 6p | 5.51306p | 5.1896p | 7.543 6p | 7.100 6p
IMpoBepka pacuera TonoxurensHas [MonoxxurenbHas [MonoxwurensHas

—— |4 ——
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Yanee02875
SnemeHTor 381457

Tun: Hanpaserie Jodd
Epurinia: MPa
14.10.2015, 15

a

Yanel 602875
JereHTR 331457

Tun: SkEVBANEHTHS
Eguriua: ul
14.10.2015, 15

0.00498

0.00249

0 MiH

0

Pucynok 3 — Kaptuna pacripeesieHus 5KBHBAICHTHBIX HANPsDKEHUH (@) 1 fedopmarus (0) o CeUSHUIO MECTePeHHOI KIeTH

Yane 602875
JneMeHTs1381457
Tin: CrelueHine
EavHia; mm

a

Yaneb02875
SnemeHTe381457
Tian: CMelleHe Jo g
EarHiua: mm
14.10.2015, 15:

Pucynok 4 — Kaptuna pacnpeneneHus cMenieHus (@) U cMenieHue mo ocu X (6) Mo CEYeHUI0 MEeCTEPEHHOM KIeTH

YanenE02875
JnemeHTel 381457
Tun: KoHTakTHos gag
Epvriua; MPa
14.10.2015, 15:
2492 Marg

a

Yane:602875
SnemenTe 361457

Pucynok 5 — Kaptuna pacnpeieneHust KOHTAaKTHOTO naBiieHus (@) U koadduipenTa 3anaca npoyHoctu (0)
10 CEYEHHUIO LIECTEPEHHON KIIETH
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BeiBOABI:

1. Pactipenienenue 3amaca NpOYHOCTU MIECTEPEHHBIX KJIETEH HOBOTO MHOIO(YHKIMOHAIBHOTO CTaHa
YIOBIIETBOPSIET YCIOBUIO MPOYHOCTH (PACCUUTAHHBIN 3arac MPOYHOCTH HE MPEBBIACT IPUHITOTO KOd(-
¢unreHTa 3anaca NPOYHOCTH).

2. IlokazaHo, YTO MakCHUMajbHble 3HaueHHS 3()()EKTUBHOIO HANPSDKEHUS HE HPEBBIIAIOT MAKCH-
MaJIHO JAOIyCTHMOTO AJIsl MaTepHuaia 3y0uaThIX KoJec 3Ha4eHHsI IIpeesia IPOYHOCTH.

3. Pe3ynbpTaThl pacyeToB MO0 aHAIMTHYECKOH METOIMKE M C MCIOJb30BaHHEM mporpaMmbl Autodesk
Inventor mocTaTOYHO COTNAcyIOTCS MeXAy coOoi. PacxoxneHune 3HaYCHHUH ONpenesseMbIX BEITUYMH He
npesbIimraet 7—10%.
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KOIl ®YHKIMOHAJI/Ibl BOMJIBIK-CBIHA OPHAKTBIH TET'EPIIIK
KOTEPMEJIEPIHIH KOHCTPYKTHUBTIK MOJIILEPIH AHBIKTAY

C. A. Mamexos', B. H. A6caxpikos’, M. JI. PaXMaTyJ‘lﬂHl,
JI. A. Kypmanrasnmesa', E. 3. Hyrman', A. H. Iostemyx’, A. C. Mamexosa'

'K. 1. CorniaeB atsiHaarsl Kasak yiITThIK 3epTTey TEXHHKANBIK yHHBEpCHTETI, AMaThl, KaszakcraH,
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AnHoTanus. JKyMmbIC, TeXHHKaJBIK CHIIATTaMa HeTi3i MKeMIey OaFbIThIHAA JKYMBIC Kaymajap JHaMeTpiHiH
azatobl xoHe 15 kBT kymiMen 6ec MOTOp-0oCeHAETKIMITEPMEH MONBIHTIPEK KOTepMesep apKbLIbl KYMbIC KayMma-
Jap/IblH aifHaNybl OOJBIN CaHANATHIH YKaHA KOHCTPYKUHSHBIH KO (YHKIIMOHANbI OOMIIBIK-ChIHA OPHAFbIH Kapac-
THIPbUTYbIHA apHajiraH. JKocmapianraH opHaK OojiaT MeH KYHWbIHIBIIAH JKacalfaH BICTBIK TANTAJIFaH KOHE CYbBIK
TanTaJIFaH XKIHIIIKE TUITKEM/EP, KaabIHABIFEI 1 MM KEMIPEK MBIC TUIKEMICPiH, KAIbIHABFB 2—0,5 MM THTaHIbI )KOHE
ANIOMHUH/II TUTKEMIEP, KAJIBIHABIFBI 2 MM KEMIpPEeK KyMiC TIJIKEeMJIeP, aCblll METaJUT MPOKATHIH )KOHE T.0. OHIeyre MyM-
KiHAiK Oepeni. Mertanasl eHzaey ynepicTepiiH ecenrteyiHe apHamraH Autodesk Inventor MamaHmaHABIPbUIFaH
OarapiaMaliblK ©HIMHIH HETI3iH/Ie YCHIHBUIFAH OPHAKTBIH ayblp XKYKTEYJ 3JIeMEHTTEpiHiH IyOipIi-CUbIKChI3IaH-
JIBIPBUIFAH JKaFIaibl ecenTenret. ¥ ChIHBUIFAH OPHAKTA MKeMJIEY Ke31HJIe CepITiH/II CHBIKChI3IaHABIPY MEH KayMaliap
AJIEMEHTTEPIHIH JKbUDKY [IaMalapbl YJIKEH eMeC eKeHl JdJeNeHreH. OTKI3UIreH 3epTTeyiep KYMbBICIHBIH aschiHIa
MKETKUTIKTI )KOFapbl KATTHUIBIFbI TAJICIICH/I, )KOHE KATThl )KYKTEJITeH dJIEeMEHTTep Oanamachl KepHeyAi aiaa co3bLTy
OepIKTIri MaTepHAIABIK KYHBI YIIIIH PYKCAT E€TIITeH apThIK eMEC.
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