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1. YmockoHasieHHs] IPOEKTYBaHHS iHCTPYMEHTY 11151 0OpPOOKY HeeBOJIbBEHTHUX 3y04acTUX repemad i3 3ajaHnuMu

KoediljieHTaMy KOB3aHHs i popmu 3ybiB
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teeth shape

Pedepar/anoTanis:

1. Inceprauifiny po60Ty IPUCBSIYE€HO BUPIlIEHHIO aKTyabHOI HAYKOBO-TEXHIYHOI 3a/1a4i OCTiIKeHHS
HEEBOJIbBEHTHUX 3y6UacTuXx lepefay, sKi B IEBHUX 00JIaCTSX 3aCTOCYBAaHHSI IEMOHCTPYIOTh [lepeBaru nepej,
KJIACUYHMAMMU €BOJIbBEHTHMMU IIepeJadaMu Ta [1030aBJIeHi iX HeJl0iKiB, @ TAKOXK PO3POOKM iHCTPYMEHTIB [JIsI iX
dopmoyTBOopeHHs. JucepTaliiiny po60Ty BUKOHAaHO Ha Kadenpi «[HTerpoBaHi TeXHOJIOTI MaIMHOOYAYBaHHS» iM.
M. ®. Cemka HalioHalIbHOTO TEXHIYHOIO YHIBEPCUTETY «XapKiBCbKUI MOITEXHIYHNI iHCTUTYT». MeToI0
IYCepTalifHOi poOOTH € po3poOKa iIHCTPYMEHTIB 17151 OPMOYTBOPEHHS HEEBOJILBEHTHUX 3y0UacTUX Nepeay, o
3a6e3evyIoTh 33JjaHi 3HaueHHs ix KoedillieHTiB KOB3aHH4 i popmu 3y6iB. O6'€KT JOCIIIPKEHHS — [IPOLIEC

(HOpMOYTBOPEHHSI HEEBOJIbBEHTHUX LUJIIHAPUYHUX 3y04acTUX Iepefad i3 3alaHMU SIKICHUMMU [10Ka3HUKaMMU.



[IpenMeT mOCTiIKEHHS — 3aKOHOMIPHOCTI (POPMOYTBOPEHHS HEE€BOJIbBEHTHUX 3y04aCTHX Ilepead Ta ix BILIUB Ha
SKiCHI TOKa3HMKY 3y04acCTUX 3a4elsieHb. 3a pe3yibTaTaMU JOCiIKEeHHSI OTPUMaHi HACTYIIHI HAyKOBi pe3yJIbTaTu:
3anpornoHOBaHO y3arajabHEHy MaTeMaTUuHy Moziesib GOPMYBaHHS IPOQiiB PiXKyunx €J1€MeHTiB iHCTPYMEHTIB /1J1s
(POpPMOYTBOPEHHS HEEBOJIbBEHTHUX 3y04aCTUX II€pPefad Ha OCHOBI aHaJIi3y iX KIHEMATHKH i3 3aCTOCYBaHHSIM
MeTO/iB Teopii Bifo6paxkeHb MPOCTOPY, sika 6a3yeThbesl Ha: 1) Bieplie 3alpoNOHOBaHiN kiacudikallii m10ckux
KiHEMaTUYHUX KPUBMX SIK IOTEHUiHUX TPOQisiB 6iYHMX IIOBEPXOHb 3Y0iB iIHCTPYyMEHTaIbHUX PEMOK 1J1s1 0OpOOKU
HEEBOJIbBEHTHUX 3y0UacTUX KOJIIC, sIKa [J03BOJIsIE 3MiMCHIOBATH iX HANOibII pallioHaIbHUNA BUOIp 3 METOI0
3abe3reyeHHs 3aJJaHNX 3HaU€Hb SIKICHUX ITOKa3HUKIB 3y6uacToi nepenaui; 2) Brepiue po3pobiieHill MaTeMaTU4Hin
mogeJii mpodisiB Criosy4eHUX MOBEPXOHb 3y0iB HE€BOJIbBEHTHUX 3y04YaCTUX KOJIIC K OTMHAIOYUX [TOBEPXOHB 3y06iB
3yOOPi3HUX iIHCTPYMEHTIB, SIKa O3BOJISIE OTPUMYBATHU 1apy 3y64aCcTUX KOJIIC, 110 MOXKYTh CKJIaJlaTy 3ybyacTte
3a4eIIeHHs; 3) BIEPIIE PO3POOIEHMX MAaTEMATUUHUX MOJEJISIX PO3PaxyHKy KOoe(illieHTiB KOB3aHHS MiX 3y6amu
3yb4acToi nepenadyi ta koediuieHTiB Gpopmu 3y6iB 3ybuyacToi nepenadi, siki 1O3BOJISIOTH 31iICHIOBATU
inecnpsimoBaHe GopMyBaHHs NPo@isiB 3y6iB 3y00pi3HUX iHCTPyMEHTIB. [IpakTH4Ha 3HAUUMICTh OTPUMAHUX
Pe3yJIbTaTiB MOJIsIrae B HACTYNHOMY: 1. 3rigHo 3i cxeMo10 GOPMOYTBOPEHHSI IIap HEEBOJIbBEHTHUX 3y04aCTUX KOJIIC,
II0 MOXYTb CKJIQZJaTH 3y04YacTe 3a4eIlJIeHHs], yIOCKOHAJIEHO METOAUKY OTPUMAaHHS NPOQiiB CIIOTy4eHUX
[IOBEPXOHb 3y0iB HEEBOJIbBEHTHUX 3y0UacTUX KOJIIC SIK OTMHAIOYUX [I0BEPXOHb 3y0iB iIHCTPYMEHTIB. 2. Po3pobiieHo
IIPOrPaMHUI MOJIYyJIb, IO IPU3HAYEHO /111 TEOMETPUYHOTO MOJIE/IIOBAHHS IIJIOCKUX KIHEMAaTUYHUX KPUBUX, 1O
MOXYTb BUKOPUCTOBYBATUCS SIK IPOQisii 61YHMX NOBEPXOHB 3y0iB iHCTPYMEHTAIILHUX PEHOK 7151 06POOKHU
HEEeBOJIbBEHTHUX 3y64acTux KoJiic. [IpoBeseHi cepii KOMII'IOTEpHUX €KCIIEPUMEHTIB, 1110 JO3BOJIMIM OTPUMATH T10JIe
Pi3HOMaHITHUX TJIOCKUX KiHEMAaTUYHUX KPUBKX. 3. PO3P006JIEHO IPOrpaMHUI MOZYJIb, IO IPU3HAYEHO IS
reOMETPUYHOTr0 aHaJli3y 3a JOIIOMOr0O KOMITIOTEPHOI rpadiku npouecy GopMOyTBOPEHHS [I0OBEPXOHb 3y0iB
3y04aCcTHX KOJIiC 0OKaTHUMU 3yOOPi3HUMU IHCTPYMEHTAMU, PO3PAXYHKY Ta KOMILJIEKCHOTO aHaJIi3y SIKICHUX
[TOKa3HUKIB 3y0YacTUX 3aueIlieHb, BUOopy dpopmu npodisiB 3y0iB iHCTPYMEHTIB, 110 3a6€3I1e4y0Th HAlOiIbII
pauioHasibHe NoeIHaHHs NpodiiB 3y6iB 00pobIeHUX HUMU 3y6uacTux KoJic. [IpoBeneHi cepii KOMII'IOTEPHUX
€KCIIEPMMEHTIB IJ1s1 PO3PaXyHKY Ta aHali3y KoeQillieHTiB KOB3aHHS MiX 3y0amu Ta KoedilieHTiB popmu 3y6iB
3ybyacTux nepejay, o YyTBOPEHi iHCTPYMEHTAIbHUMU PEKaMHU 3 PisHUM Npodinem 6iYHUX I0BEPXOHD 3Yy0iB. 4.
Po3pob6seno 3D-mopesi HeeBOJIbBEHTHUX 3y04acTHX KOJIiC, 10 BKJIIOYAIOTh iX TOMOJIOTYHY ONTUMI3alliio, Ta
Kepylouy IIporpamy AJis [oJabloro gpibHoCepiiHOro BUTOTOBJIEHHS 3y0UacTUX KOJIC 32 JOIIOMOTI0I0 aIUTUBHUX
TEXHOJIOTiH 5. Po3po6seHo 3D-mozesnb 06KaTHOrO 3y60pi3HOro iHCTpyMeHTY ((pacOHHOI 4yepB’sTYHOI Pppesn) A
CepiliHOro BUTOTOBJIEHHSI HEEBOJIbBEHTHUX 3y0YaCTUX KOJIC 3 METOIO [TO/IAJIbIIOTO BUTOTOBJIEHHS iIHCTPYMEHTY 3a
IOTIOMOTOI0 AJUTUBHUX TEXHOJIOTIH. 6. ClIpoeKTOBaHi 3y64acTi Kosieca Ta 3y0Opi3HUM iHCTPYMEHT OyJjIu anpoboBaHi
Ta BIPOBAJKEHI B AKIIIOHEPHOMY TOBAapUCTBI «YKPaiHChKi €HepreTU4Hi MalnHU» (M. XapKiB) i3 04iKyBaHUM
ekoHOMiYHUM edekrom 105000 rpH Ha pik. MaTepianu gucepraiii TaKOX BUKOPUCTOBYIOTbCSI B HABYAJIbLHOMY
npoueci kadenpu iHTErpoBaHUX TEXHOJIOTIN MamMHOOyAyBaHHS iM. M. @. Cemka HTY «XI1I» npu BUKknafaHHi
nucuuiiz «Teopist 3D MmogesnoBaHHS», «BUCOKI TeXHOJIOTI] B MalIMHOOYyBaHHiI», «TexHosoris
iHCTPYMEHTaILHOTO BUPOOHULITBA», «PeBepcHa iHXeHepis», «3D MOIeoBaHHs Pi3aIbHOTO iIHCTPYMEHTY»,
«IndopmariiiHi TexHOIOTII», «B3aeM03aMiHHICTb, CTaHJIAPTH3Allis TA TeXHIYHI BUMiproBaHHS». Kilto4oBi coBa:
LUUIIiHIPUYHA NIPsAMO3y6a 3yb4acTta nepejaya, €BoJIbBEHTHE 3a4ETJIEHHS, HEBOJIbBEHTHE 3a4€TJIEHHS,
[IPOEKTYBaHH!, iIHCTPYMEHT, AM-TEXHOJIOTii, MaTeMaTUYHa MOJEJIb, YUCEJIbHE MOZEIIOBaHHS, 3D-Mozerb,
Koe(illieHT TUCKY, Koe]illieHT nepekpUTTs, KoedillieHT KoB3aHHSI, KoedillieHT (popmu 3y6a, 3HOIIYBAHHS,
HaIpyXeHUi1 CTaH, KOHTaKTHe HalPy>KeHHS, MiLlHiCTb, TOIIOJIOTiYHA ONTHMI3allisl, Ppe3epyBaHHSI.

2. The dissertation work is dedicated to solving the current scientific and technical problem of studying non-
involute gears, which in certain areas of application demonstrate advantages over classical involute gears and are
devoid of their disadvantages, as well as developing tools for their shaping. The dissertation work was completed
at the Department of Integrated Engineering Technologies named after M. F. Semko of the National Technical
University «Kharkiv Polytechnic Institute». The purpose of the dissertation work is the development of tools for
shaping non-involute gears that provide specified values of their slip coefficients and teeth shapes. Research
object - the process of forming non-involute cylindrical gears with specified quality indicators. Subject of study —



regularities of shaping of non-involute gears and their influence on the qualitative indicators of gear engagements.
The research results yielded the following scientific results: A generalized mathematical model of forming profiles
of cutting elements of tools for shaping non-involute gears has been proposed based on the analysis of their
kinematics using methods of the theory of space reflections, which is based on: 1) the first proposed classification
of flat kinematic curves as potential profiles of the side surfaces of the teeth of tool racks for processing non-
involute gears, which allows for their most rational selection in order to ensure the specified values of the quality
indicators of the gear transmission; 2) the first developed mathematical model of the profiles of the mating
surfaces of the teeth of non-involute gears as the enveloping surfaces of the teeth of gear-cutting tools, which
allows obtaining pairs of gears that can form a gear mesh; 3) the first developed mathematical models for
calculating the slip coefficients between the teeth of the gear transmission and the teeth shape coefficients of the
gear transmission, which allow for the targeted formation of the profiles of the teeth of gear-cutting tools.
Practical significance of the results obtainedconsists of the following: 1. According to the scheme of forming pairs
of non-involute gears that can form a gear mesh, the method of obtaining profiles of the mating surfaces of the
teeth of non-involute gears as the enveloping surfaces of the teeth of tools has been improved. 2. A software
module has been developed for geometric modeling of plane kinematic curves that can be used as profiles of the
side surfaces of the teeth of tool racks for machining non-involute gears. A series of computer experiments have
been conducted that have allowed obtaining a field of various plane kinematic curves. 3. A software module has
been developed for geometric analysis using computer graphics of the process of shaping the surfaces of gear
teeth by running-in gear-cutting tools, calculation and comprehensive analysis of the quality indicators of gear
engagements, selection of the shape of tool tooth profiles that provide the most rational combination of tooth
profiles of the gears processed by them. A series of computer experiments have been conducted to calculate and
analyze the coefficients of slip between the teeth and the teeth shape coefficients of gears formed by tool racks
with different profiles of the side surfaces of the teeth. 4. 3D-models of a non-involute gear wheels, including its
topological optimization, and a control program for further small-scale production of gears using additive
technologies have been developed. 5. A 3D-model of a running-in gear cutting tool (shaped worm cutter) for the
serial production of non-involute gears with the aim of further manufacturing the tool using additive technologies
has been developed. 6. Designed gears andtoothyThe tool was tested and implemented in the Joint-Stock
Company «Ukrainian Energy Machines» (Kharkiv) with an expected economic effect of 105,000 UAH per year.
Dissertation materialsalsoused in the educational processdepartmentsintegrated engineering technologies M. F.
Semko NTU «KhPI» when teaching the disciplines «Theory of 3D modeling», «High technologies in mechanical
engineering», «Technology of tool production», «Reverse engineering», «3D modeling of cutting tools»,
«Information technologies», «Interchangeability, standardization and technical measurements».
Keywords:cylindrical spur gear, involute gearing, non-involute gearing, design, tool, AM-technologies,
mathematical model, numerical simulation, 3D-model, pressure coefficient, overlap coefficient, slip coefficient,
tooth shape coefficient, wear, tense state, contact stress, strength, topological optimization, milling.
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Kopg, 3a €IPIIOY: 02071228

Micue3HaxoaKeHHS: ByJ1. YHiBepCcUTETChKa, XapKiB, XapKiBCcbkuii p-H., 61003, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBIiTH | HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Porr'sik JlrobomMup SpocaBoBuy

2. Liubomyr Y. Ropiak

KBasigikanis: 1. 1. n., npodecop, 05.02.08
InenTudikarop ORCID ID: 0000-0002-9374-2550
JopaTrkoBa iHdpopmamist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOH: [BaHO-DpaHKiBCHKMIl HAL[IOHAJIBHUI TEXHIYHUI YHIBEPCUTET

Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: By Kapnarchka, IBano-®Ppankischbk, 76019, Ykpaina
dopma By1acHoOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR: He zacrocosyerbcs

PeuenseHTu

BaacHe IlpizBume Im's I10-6aThKOBI:
1. Yernnenko Osnekcanap BitasniiioBud

2. Oleksandr V. Ustinenko

KBasigikanis: k.r.u., gor,, 05.02.02

Imentudikarop ORCID ID: 0000-0002-6714-6122



JoparkoBa iHdpopmamnist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHui TEXHIYHMI YHiBEpCUTET "XapKiBChKuUit

MOJIITEXHIYHUN IHCTUTYT"

Kopg, 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: Bys. Kupnuyosa, Xapkis, XapKiBchkuil p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. Haboka Onena BonomumupiBaa

2. Olena V. Naboka

KBasigikanis: k.r.u., no,, 05.02.08
ImenTudikarop ORCID ID: 0000-0003-3997-5481
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHUi TEXHIYHMI YHiBEpCUTET "XapKiBChKUit

MOJIITEXHIYHUN IHCTUTYT"

Kopg, 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: By Kupnuyosa, Xapkis, XapKiBchkuil p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akir04Hi BimoMocTi

BaacHe IlpizBuime Im's [10-6aTbKOBI Tlepmsikos Oniekcanzp AHaTOJIHOBUY
TOJIOBH paju

Bnacwue IpizBume Im's [1o-6aTbKOBI [Tepmsakos Osiekcangp AHATOJIINOBUY
roJIOBYIOYOrO Ha 3aCifiaHHi

BigmoBimasibHU 32 MiATOTOBKY Muponenko Cepriit OnekcanapoBuy
00JIIKOBHX JJOKYMEHTIB

Peectpartop IOpuenko TeTtsiHa AHaToiiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




