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AHHOTaANUA

Tema gumnomHoro mpoekra: «Pa3paboTka anropuTMa onTUMallbHON (parMeHTanuu 3y04aToit
nepeaayn A MOCIeYIONNX BEIUMCICHUH METOIOM KOHEUHBIX JIEMEHTOBY». ABTOp JAHHOH JUTUIOMHOMN
pabotsl saBnsiercs KBaptun Makcum.

O0BEM aumIoMHON paboThl coctaBisieT (0 cTpaHUIl, Ha KOTOPBIX pa3MenieHo 48 pucyHKoB u 2
tabnuubl. [Ipy HanKMcaHuU AUIIIOMA UCIIOJIB30BAJIOCh 8 HCTOYHUKOB.

B gunnomMuyto paboTy BXOAUT BBEIEHHUE, YETHIPE IIIaBbl U UTOTOBOE 3aKIIIOYEHUE K paboTe.

Bo BBemeHMM pacKpbiBaeTCs aKTyalbHOCTh pa3padaTblBAEMOTO aIrOPUTMa, OMHCHIBACTCS
npobiaema, hopMyIupyeTcs 3aaa4a.

B nepBoii ri1aBe mpou3BOIUTCS aHAMTUYECKHI 0030p MpeaMeTHON 001acTh, KpaTkoe OMHCaHue
METOAa KOHEUHBIX JJIEMEHTOB, IIOCTAHOBKA 3a/1a4M, ONKCAHHWE CYNIECTBYIOIIUX MOJIXOJ0B K PEIICHUIO
MOCTABJICHHOW 33J1a4 M OTIMCAHKE CYIIECTBYIOIINX HHCTPYMEHTOB ISl €€ PEeIICHHS.

Bo BTOpo#i TiaBe NpPOM3BOAMUTCS OMUCAHHE HEOOXOAMMBIX TEOPETUYECKUX OCHOB METOoJIa
KOHEYHBIX AJIEeMEHTOB. [laHHas TyilaBa BKIIIOYAeT B ce0sl Takhe Ba)KHbIE MOMEHTHI KaK TUCKPETH3AIUIO
DJIEMEHTOB M JHCKPETH3alMI0 pemeHus. Takke BO BTOpOil riaBe 0co00oe BHUMAaHHE YICNSETCS
KPUTEPHSIM ONTUMAIBHOCTA KOHEYHO-3JIEMEHTHOW CETH M BIMSHUIO KQUeCTBA AJIEMEHTOB JaHHOW CETH Ha
pE3yNbTaThl BEIYUCICHHM.

TpeTss r11aBa MocBsIIeHa CO3AHUIO AJITOPUTMA MTOCTPOCHUS ONITUMAIBHON KOHEUHO-3JIEMEHTHOU
ceTu 3yOuaToro kojeca. B maHHOI riaBe 1aHO KpaTKoe ONMcaHue oOmiei uaen paboTel pa3padoTaHHOTO
anroputma. [lomumo 3TOrO, MaHHas riaBa BKIIOYAET B ce0s OMUCaHWE MPOIECCOB (parMeHTaIuu 3yoa
Ha MaKpOdJIEMEHTHI, (hparMeHTaIllMd MaKpOAJIEMEHTOB Ha KOHEYHBIE DJIEMEHTHI U CO3JJaHUE TPEXMEPHOU
KOHEUHO-3JIEMEHTHOW ceTu 3yOa. B riaBe oco0oe BHMMaHHE YJENEHO OIpPENeIEHUI0 OTrpaHUYeHUI
reOMETPHUECKUX MTapaMeTpoB 3y0O0B.

Yereprasi TiaBa BKIIOYACT B ce0sl CPaBHEHHE PE3YNIbTATOB BBIUYMCICHHH NPH HCIOIH30BAHUN
pasHBIX aNropuTMOB. B nmaHHO# rinaBe mpoBen€H 0030p TPEX CO3MAHHBIX KOHEYHO-DJIEMEHTHBIX CEeTel
3yOuaThIX KOJEC M CpaBHEHHE TMOTYYEHHBIX PE3ylbTaTOB BHIYMCICHHUI. B KOHIE TiaBel MPUBEICHO
3aKJIFOYEHHE TI0 CPAaBHEHMIO CO3/1aHHBIX KOHEYHO-3JIEMEHTHBIX ceTel 3y0uaroro Koieca.

3aK/II04eHHE TOCBSIEHO OCHOBHBIM BBIBOJAM [0 IpojelaHHOW pabore. B 3aximoueHuun
MOJIBEICHBI UTOTH PabOTHI, a TaK)Ke MPEJCTABICHBI Pe3yIbTaThl paboThl. MITOroM 3akiIfo4eHus: CIIyKUT
MIEPEYUCIICHNE TTOyYEHHBIX HABBIKOB U 3HAHUU B TIpoIecce paboThl HA TUTUIOMHBIM IIPOEKTOM.

KitoueBble cnoa: 3y0, 3y0uaroe Kojeco, pparMeHTanus, METOJ] KOHEYHBIX 3JEMEHTOB, y3ell,

9JICMCHT, KOHCYHO-3JICMCHTHAsA CCTh, TpéXMepHaSI MOACIb.



Adnotarea

Tema tezei de masterat: “Elaborarea unui algoritm pentru fragmentarea optima a angrenajului
pentru calcule ulterioare prin metoda elementului finit”.

Volumul tezei este de 70 de pagini, care contin 48 imagini si 2 tabele. La scrierea tezei au fost
folosite 8 surse.

Teza include o introducere, patru capitole si o concluzie finala a lucrarii.

In introducere se arati relevanta algoritmului dezvoltat, se descrie problema si se formuleazi
sarcina.

Primul capitol ofera o analizd a subiectului, o scurtd descriere a metodei elementului finit,
formularea problemei, o descriere a abordarilor existente pentru rezolvarea problemei si o descriere a
instrumentelor existente pentru rezolvarea ei.

Al doilea capitol descrie bazele teoretice necesare ale metodei elementului finit. Acest capitol
include aspecte importante precum discretizarea elementelor si discretizarea solutiei. Tot in capitolul al
doilea se acorda o atentie deosebita criteriilor de optimizare ale unei retele de elemente finite si influentei
calitatii elementelor acestei retele asupra rezultatelor calculelor.

Al treilea capitol este dedicat crearii unui algoritm pentru construirea unei retele optime de
elemente finite a unei roti dintate. Acest capitol oferd o scurtd descriere a ideii generale a lucrarii
algoritmului dezvoltat. In plus, acest capitol include o descriere a proceselor de fragmentare a dintilor in
macroelemente, fragmentarea macroelementelor in elemente finite si crearea unei retele tridimensionale
de elemente finite a dintelui. In acest capitol, se acorda o atentie deosebita definirii limitelor parametrilor
geometrici ai dintilor.

Capitolul al patrulea cuprinde o comparatie a rezultatelor calculelor folosind algoritmi diferiti. in
acest capitol, se face o prezentare generala a celor trei retele fixe de roti dintate cu elemente finite si
compararea rezultatelor calculelor. La sfarsitul capitolului, se face o concluzie care compara retelele
create de elemente finite ale unei roti dintate.

Concluzia este dedicata principalelor ipoteze ale lucririi. In concluzie, sunt rezumate si prezentate
rezultatele lucririi. In concluzie, rezultatul lucrului asupra tezei este transferul abilitatilor si cunostintelor
dobandite in procesul de cercetare asupra proiectului de teza.

Cuvinte-cheie: dinte, roata dintata, fragmentare, metoda elementului finit, nod, element, retea cu

elemente finite, model tridimensional.



Abstract

The theme of the master project is: “Development of an algorithm for optimal fragmentation of
gears for subsequent calculations by the finite element method”.

The volume of the thesis is 70 pages, which contain 48 figures and 2 tables. In the process of
writing master was used 8 sources.

The thesis includes an introduction, four chapters and a final conclusion to the work.

The introduction reveals the relevance of the developed algorithm, describes the problem,
formulates the problem.

The first chapter provides an analytical review of the subject area, a brief description of the finite
element method, the formulation of the problem, a description of existing approaches to solving the
problem, and a description of the existing tools for solving it.

The second chapter describes the necessary theoretical foundations of the finite element method.
This chapter includes such important points as the discretization of elements and the discretization of the
solution. Also in the second chapter, special attention is paid to the criteria of optimality of a finite
element network and the influence of the quality of the elements of this network on the results of
calculations.

The third chapter is devoted to the creation of an algorithm for constructing an optimal finite-
element network of a gear wheel. This chapter provides a brief description of the general idea of the work
of the developed algorithm. In addition, this chapter includes a description of the processes of tooth
fragmentation into macroelements, fragmentation of macroelements into finite elements and the creation
of a three-dimensional finite-element network of the tooth. In the chapter, special attention is paid to the
definition of the limitations of the geometrical parameters of teeth.

The fourth chapter includes a comparison of the results of calculations using different algorithms.
In this chapter, a review of the three established finite-element networks of gear wheels and the
comparison of the results of calculations. At the end of the chapter, a conclusion is given comparing the
created finite-element networks of a gear wheel.

The conclusion is devoted to the main conclusions of the done work. In conclusion, the results of
the work are summarized, and presented. The result of the conclusion is the transfer of the acquired skills
and knowledge in the process of working on the thesis project.

Key words: tooth, gear wheel, fragmentation, finite element method, node, element, finite element

network, three-dimensional model.
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