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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of geology and technical sciences in the Emerging Sources
Citation Index demonstrates our dedication to providing the most relevant and influential content
of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

ZKYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesuaenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibivMu xaTuibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FBUIBIMIApBIHBIH JOKTOPHI, podeccop, KP ¥FA

JKayanThl XaTIbIchl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIIPOTEOIOTHS KOHE TCOIKOIOTH MHCTUTYTHIHBIHY» TUPEKTOpHI (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nmupektopsl (Anmarel, Kazakcran) H=2

CHOY /[Iaunen, Ph.D, kaysiMaacteipbutran npogeccop, Hebpacka yansepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MmypaxalblHbIH JKep Typajisl FeUIBIMIAp OeriMiHze
TIETPOJIOTHS XKSHE Taiiiasibl Ka30aiap KeH OpBIH/APBI CaachIHAAFEl 3epTTeyinepain kerekmrici (JIonmon,
Anrnus) H =37

MMAH®UWJIOB Muxauna BopucoBud, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPBI, HaHcH yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH IMun, Ph.D, KpITaii reoorusuibIK KOFaMbIHBIH Tay T€0JIOTHSICHl KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAJIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3neH TeXHUKAIBIK YHHBEPCUTETIHIH KaybIMIACTBIPBUIFAaH POpeCcCcophl
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii IOMHIbeBUY, T'COJOIHS-MUHEPATIOIUs FbUIBIMIAPBIHBIH JIOKTOPBL,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H = 19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana MaTepunaniap XMMHUSICBI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, Bernapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3nes TexHUKaIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBUIFAH PO eCCOphI
([pesnen, bepimmu) H =20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOT s FHUTBIMAAPBIHBIE JIOKTOPBI,
npodeccop, KP ¥FA koppecnonnent-myteci, K.M. Carnaes atbiaaarbl [ €00rus FoUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, xaysimaacteipsurran npogeccop, Hazapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU Maomo, Ph.D, bukokk MunaH yHUBEpCHTETI KaybIMIACTHIpbUIFaH podeccops! (MuaH,
Wranus) H =28
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cexpeTrapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UuctuTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb TNABHOTO pENAKTOpa), JOKTOP T'EOJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaej0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBenHor uctopuu (Jlonnon, Aurmus) H = 37

MNAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHUYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Haucu, ®panmus) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMWIbeBHY, JIOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHcTuTyTa XMMHuN HOBBEIX Matepranios (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuii yausepcuret (pesneH,
Bepmun) H =20

CEMTMYPATOBA eonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUeCKHX HayK, podeccop,
uneH-koppecrionienT HAH PK, 3aBenyromas naboparopun MuctuTyTa reonmorndeckux Hayk nm. K.M.
Carnaea (Anmarsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslit npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Ilaoao, Ph.D, accommupoBanHbIi npodeccop, MuimaHckuil yHUBEpPCUTET BHKOKK
(Munan, Utanus) H =28
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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EVALUATION OF TECHNIQUES FOR DETERMINING THE LOADING OF A
CYCLOIDAL SATELLITE ROLLING BEARING

Efremenkov Egor Alekseevich — PhD, Associate Professor, National Research Tomsk Polytechnic University,
Tomsk, Russia; Tomsk State University of Control Systems and Radioelectronics, Tomsk, Russia

E-mail: ephrea@mail.ru, https://orcid.org/0000-0001-6617-9152;

Chavrov Egor Sergeevich — graduate student, National Research Tomsk Polytechnic University, Tomsk, Rus-
sia
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Khaleyeva Elena Petrovna — Candidate of Pedagogical Sciences, Associate Professor, Admiral Ushakov Mar-
itime University, Novorossiysk, Russia

E-mail: zur_mga@nsma.ru, https://orcid.org/0000-0002-9733-8459;

Tynchenko Valeria Valerievna — PhD in Engineering, associate professor, Reshetnev Siberian State
University of Science and Technology, Krasnoyarsk, Russia; Siberian Federal University, Krasnoyarsk,
Russia

E-mail: vvtynchenko@sfu-kras.ru, https://orcid.org/0000-0002-9701-7460.

Abstract. Relevance. In the mining industry there is a need for small-sized winch-
es, gearboxes, slewing mechanisms and various motion drives that transmit high torques
and can provide high transmission ratios. These are mechanisms based on gears with inter-
mediate rolling bodies (IRB) and, in particular, a gear with intermediate rolling bodies and
free cage (IRBFC). The most heavily loaded unit of IRB gears is the rolling bearing of the
cycloidal satellite located on the generator. In its own way, this bearing is a bearing. For the
correct selection of such a bearing, it is necessary to determine the resultant force acting on
the rolling bearing of the cycloidal satellite. No methods for determining this force have
been found in the public domain. Objective. Determination and evaluation of techniques
for determining the loading of the rolling support of a cycloidal satellite. Methods. Vector
decomposition and reduced force methods were used to achieve the objective. Results and
Conclusions. Two methods for determining the force on the rolling support of a cycloi-
dal satellite are presented: the method of vector decomposition and the method of reduced
force. According to the derived methods the calculations were performed and the results
were obtained. The analysis of the obtained results according to which the error of calcu-
lations of both methods is 6,5 % is carried out. Therefore, the convergence of the results is
proved. The calculation using the vector decomposition method can be recommended for
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use for verification calculation, since the resulting force acting on the rolling support and is
obtained by this method is the largest from the two methods. Therefore, it will ensure the
reliability of the selected bearing. The method of the leading force can be recommended as a
method for preliminary (design) calculation, since its implementation requires less time and
gives an acceptable result for the preliminary selection of the satellite bearing of the gear
with intermediate rolling elements and free cage.

Keywords: geo-environment, mining equipment, gearbox, rolling bearing, inter-
mediate rolling bodies, cycloidal satellite, cycloidal profile, mechanism, cycloid, force
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AHHoOTauus. O3ekriniri. Tay-KeH eHepKaciOiHIe >Koraphl ailHalIy MOMEHTTEPIH
OepeTiH JKoHEe >KOFaphl Oepiric KaTbIHACBIH KaMTaMachl3 €Te ajaTblH LIaFrblH
KYKIIBIFBIPIIAP/IBI, Oepilic KopanTapbiH, OYPhITY MEXaHU3MIIEPiH KOHE SPTYPIIi KO3FAIIBIC
KETEKTEePiH Maianany KaKeTTiIir TysiHaaiael. by apansix nomanay snementrepi (PTC)
Oap OepimicTepre HeTi3/IeITreH MeXaHU3MJIep, aTall alTKaHa, apallblK JJoMallay dJIeMeHTTEePi
xoHe 6oc ycrarpin (PTKSO). IITK Gap en ken >xykrenreH Oepiiic GJorsl reHepaTopiaa
OpHAACKaH UKIJIOHU/ITHI CITyTHUKTIH JJoMajay Tiperi 0oJbIn Tabbutapl. byl Tipek o3 Typi
OOHBIHIIIA MOUBIHTIpEK OOJBIN TaOblIaabl. MyHIAH TOMUIMITHUKTI AYPHIC TaHJAy YIIiH
IUKJIOW/ITHI CITy THUKTIH JIOMaJay TiperiHe dcep eTeTiH aJlbIHFaH KYIITi aHBIKTay KakeT. byt
OpEKEeTTi aHBIKTAy YIIIiH epKiH KOJI KeTiMA1 dficTep koK. MakcaT. LIuKIoOuATH CIy THUKTiH
Jomaiay TiperiHiH KYKTEMECiH aHBIKTay SiCTEpiH aHbIKTay XoHe Oaranay. Oxictep. byn
MaKcaTKa JKeTy YIIiH aHaJMTUKAIIBIK TeOMETPHSI, BEKTOPJIBIK BIIBIPAY kKoHEe OepiireH Ky
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omicrepi KommaHpUIIel. HoTHKeep MeH KOpBIThIHABLIAP. L[MKIIONMATE CITy THUKTIH ToMalay
TipeTiHJeri KYIITI aHBIKTAYJbIH €Ki 9o/iCi YCHIHBUIFAH: BEKTOPIBIK BIABIPAY SICi JKoHE
OepinreH Kymr ofici. ¥ ChIHBUIFAH 9JiCTep OOWBIHINA €CeNTeyNIep KYPTi3uIin, HOTHKEIep
QNBIH/IBI. AJNBIHFAH HOTIDKENIepre Tajjiay >KYPri3iiii, OFaH ColKec €Ki 9JICTi ecenTey/ieri
Kare mamameH 6,5 % xypaiiapl. JleMex, HoTHKeIepaiH KOHBEPTeHITMCH TaJelnaeH . Bek-
TOPJIBIK BIBIPAY SJIICIH KOJIIAHATHIH €CeTTeY/li TeKcepy ece0i YIIiH naiiajJany YChIHBLTYBI
MYMKiH, OUTKEeHI OCBI SJICIICH aJbIHFaH TIPEKKe dCep eTETIH HOTHXKE KYII €Ki 9ICTiH eH
yIiKeHi 0ok TabbuTael. COHIBIKTAH TaHJAIFaH MOMBIHTIPEKTIH CEHIM/IUTIT KaMTaMachl3
etineni. bepinren xym oiciH anapiH ana (>kobajay) ecentey ofici peTiHae ycbiHyra Oona-
IIbI, OUTKEHI OHBI XKY3€Te achlpy a3 YaKbITThI )KOHE apajiblK JIoMajay dJIeMEeHTTEpI MeH 00C
TOpHI Oap OepisTic CIYTHUKTIK JJoMallay TipeTiH ajiblH ajia TaHAay YIIiH KOJIaHIbl HOTH)KEH]
TaJar eTeml.

Tyiiin ce3mep: reoopra, Tay-KeH XaOABIKTAphI, Oepilic Kopaldbl, JoMaray Tiperi,
apajblK JoMajay JJIEMEHTTEpi, MUKIOWITHI CIYTHUK, IUKIOUATH MPOQIIH, MEXaHHU3M,
IUKIIOW]T, KYTII
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MOBOPOTa W PA3IUYHBIX NPHBOAOB ABMKCHHUS, OCYLICCTBIIOUIMX Ieperady BBICOKHX
KPYTSIIUX MOMEHTOB U CHOCOOHBIX 00eCHeyuBaTh BBHICOKME IEpPEelaTOUYHbIE OTHOLICHHUS.
TakuMu SIBISIIOTCSI MEXaHM3MbI Ha 0a3e Mepeaad ¢ MPOMEKYTOUHBIMHU TEJIaMH KaueHUS
(IITK), a B 4acTHOCTH C MPOMEXKYTOYHBIMU TEIaMH KadeHHS W CBOOOJHON 00OWMOIA
(ITTKCO). Haubonee nHarpyxeHHslM y3inoM mepeaad c¢ I[ITK 3naunTcs omopa kaueHuUs
LUKJIONJIAJIBHOTO caTeJUINTa, PacloyIoKEHHash Ha reHeparope. B cBoem poae 3ta omopa
npeacTaBisgeT coboil moamunHuk. s mpaBHIBHOTO MOAOOPa TAaKOrO MOAIIMITHUKA
TpeOyeTcs onpeeseHue Pe3yIbTUPYIOIEro yCUINs, JeHCTBYIOLIETO0 Ha ONOPY KadeHHs
LUKJIOMJIAJIEHOTO caTeiiuTa. B cBOOOAHOM 1OCTYIIE METOJIUK OIIPEENICHUS 3TOT0 YCHITUS
He HaiineHo. Llens. OmpeneneHue U OLEHKAa METOMMK JJIsl ONPENENICHUs] HarpyKEeHUs
OTOPBI KaYeHMsI MUKJIOMJAIBHOTO careiura. Meroasl. It TOCTHKEHHS [TOCTaBICHHON
LEJIM HCIIONb30BATIMCh METO/bl AaHATUTUYECKON TeOMETpHH, BEKTOPHOTO PA3JIOKECHUS U
NpUBEACHHOTO ycunus. Pesynbrarsl u BbIBOBL. IIpeicTaBieHbl 1Be METOIUKHI ONPEACTICHUS
YCHUJIMSI Ha ONIOPY KaueHMs HUKJIOUJATBHOTO CaTeJUINTa: METO] BEKTOPHOTO Pa3IoKeHHs 1
METOA MpUBeACHHOrO ycunus. 1o mpennokeHHbIM METOJUKaM MIPOU3BEICHBI PACUEThl U
MOJTYYEHBI pe3yIbTaThl. BBINONIHEH aHAN3 [TOJyYEHHBIX PE3YJIbTATOB, COITIACHO KOTOPOMY
MOTPEIIHOCTh PacyeToB 00X METOIMK COCTaBJsieT MpUMepHo 6,5 %. CrnemoBaresbHO,
CXOIIMMOCTb PE3YJbTaToOB J0Ka3aHa. PacueT Mo METOLy BEKTOPHOIO Pa3iIOKEHHS MOXK-
HO PEKOMEHAOBATh K NMPHUMEHEHUIO Ul IIPOBEPOYHOTO pacyeTa, MOCKOIbKY PE3yJIbTHPY-
Iollee yCwiIne, JeHCTBYIOIIEE Ha OMOpY M IOJYYEHHOE MO AaHHOMY METOAY, SIBJISIETCS
HauOONBIIUM U3 ABYX MeTonoB. CrenoBaTenbHO, OyJeT oOecrieunBaTbCs HalCKHOCTh
BBIOPaHHOTO MOJIIMIHKMKA. MeTox NMPHUBEICHHOIO YCHJIMSI MOXKHO PEKOMEHAOBAaTh Kak
METOA Ul NPEABAPUTENILHOIO (MPOESKTUPOBOYHOIO) pacueTa, T.K. Uil ero peaau3alnuu
TpeOyeTcsl MEHbLIE BPEMEHH U MIPUEMJIEMBIH pe3yibTaT Uil MPeIBapUTEILHOTO 1M0100pa
OTIOpBI KaueHMs caTeJUINTa Iepeiaun ¢ IPOMEKYTOUHBIMH TeJIaMU KadeHUsI U CBOOOTHOM
000HMMOI.

Kuarouesble ci1oBa: reocpeia, ropHoA00bIBatolee 000pyI10BaHUE, PEAYKTOP, OIO-
pa KaueHHs, IPOMEKYTOUHBIC TeJIa KaueHUsI, IUKIOUAAIbHBIN CaTeIINT, IUKIONIATbHBIN
npoduIb, MEXaHU3M, HUKJIONA, YCUIINE

Introduction

Effective and efficient interaction with the geo-environment requires progressive
methods of labour distribution and modern equipment (Aksenov et al., 2012). Mining indus-
try very closely connects man with the geo-environment. In the eighteenth and nineteenth
centuries, an industrial revolution took place, which made it possible to begin the transition
from manual to machine labour, including in the mining industry. An important role was
played by the emergence of lifting mechanisms, which allowed to significantly increase
the efficiency of the system, because to lift a load of a certain mass the number of people
involved was reduced several times. Nowadays winches are used for lifting loads, electro-
mechanical mixers for drilling mud preparation, transport systems with various drives and
turning mechanisms are used for transporting minerals. All these mechanisms have gear-
boxes implemented using involute or cycloidal gearing (Aksenov et al., 2012; An [-Kan et
al., 2016; Lustenkov et al., 2021; Sherov et al., 2021).

The involute gearboxes use spur or bevel gears. These gearboxes can be either plan-
etary or classical gearboxes. Classic gearboxes are multi-stage gearboxes with parallel or
intersecting axes and a single parting plane. These gearboxes have large overall dimensions,
high mass and low relative load capacity.
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Gearboxes based on cycloidal gearing are mainly performed only with planetary
arrangement and have increased load capacity in relatively compact overall dimensions
(Efremenkov et al., 2022). Chain gearboxes with cycloidal gearing are quite widely used
in industry (Li et al., 2020; Wang et al., 2019; Zhang, et al., 2020; Hsieh et al., 2014; Li et
al., 2018). But in mechanisms for mining equipment, intermediate rolling element (IRB)
gearboxes are more often used because of their greater compactness and load capacity com-
pared to chain gearboxes (Aksenov et al., 2012; Pankratov, 1998; Lustenkov et al., 2019;
Lustenkov, 2010). In general, gears with PTC allow the mechanism to obtain a complex of
advantages: compactness, high values of the overlap coefficient, a wide range of transmis-
sion ratios, sufficiently high efficiency, and continuity of contact in meshing (Pankratov,
1998; Lustenkov, et al., 2019; Lustenkov, 2010; Ivkina, et al., 2012; Prudnikov, 2018); Lus-
tenkov, 2020; Mohamad et al., 2022). The most promising of the PTC gears for heavy-duty
applications is the intermediate rolling element and free cage gear (IRIFG) (Efremenkov et
al., 2021). This gear, and consequently the mechanisms based on it, has an increased effi-
ciency due to the reduction of sliding friction in the meshing, greater compactness and load
capacity due to better distribution of loads between the transmission links.

Figure I — Scheme of the gear with intermediate rolling elements and free cage (cross section)

The gear with PTCSO (Fig. 1) consists of input shaft 1 with eccentric, cam 2, rolling
elements 3 located in the cage 5, crown 4 and rolling bearing 6 mounted on the eccentric
shaft 1 and located under the cam 2. The output link in this transmission, i.e. the link con-
nected to the output shaft of the mechanism, can be either cam 2 or crown 4. These links
carry the greatest load when the mechanism is operating. As follows from the gear layout
(Fig. 1), the transmission of forces and energy takes place in the meshing between links 2, 3
and 4. But the most loaded link is bearing 6 under cam 2, which is a satellite in the consid-
ered transmission. Such a bearing is present in the design of almost all PTC gears and chain
gears with cycloidal meshing (Hsieh et al., 2014; Lustenkov et al., 2019).

The bearing beneath the satellite cam is the most heavily loaded element of the
PTCA transmission. Its reliability and proper selection in general determines the reliability
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and durability of the entire mechanism and this is especially important for mechanisms op-
erating in harsh conditions, such as mining equipment and transport systems used in human
interaction with the geo-environment.

At present, very little information is found in scientific and methodological works
on determining the load specifically on the bearing under the satellite of cycloidal gears.
Various techniques for determining the load on this bearing are considered (Palyanitsina et
al., 2021; Korshak et al., 2019; Korshak et al., 2020), but there are no recommendations on
the application of one or the other. Therefore, the evaluation of techniques for determining
the load capacity of the rolling bearing under the satellite of a transmission with PTCSO is
relevant.

Thus, the aim of the work is to compare the methods of determining the load ca-
pacity of the cycloidal satellite bearing of the transmission with PTCSO and to formulate
recommendations on the application of the obtained results.

Materials and equipment

Object of research. The object of the research is a mechanical cycloidal gear with
PTCSO as the most promising for use in heavy-loaded mechanisms operating in cramped
conditions of mine space, or with high overloads in the conditions of open-cut mining. In
particular, the meshing and rolling bearing of the cycloidal satellite as a link subjected to the
highest loads are considered in the PTCSO gear.

To determine the total force acting on the rolling bearing of a cycloidal satellite,
we consider two methods: the vector force decomposition method and the reduced force
method.

The first is the most commonly used and we have adapted it to determine the force
on the satellite bearing in a PTCSO transmission.

The second method has not been found in the literature and will be discussed in
detail for the first time, with respect to transmission with PTCSO.

Theoretical Provisions. As described earlier, the forces on the rolling bear-
ing of the cycloidal satellite are derived from the forces in the gear meshing with the
PTCSO. Thus, it is necessary to first determine the forces in the meshing, on each
rolling element, and then proceed to determine the load on the rolling bearing.

It was noted in the literature (Pshenin et al., 2023; Kusimova et al., 2023; Korshak et
al., 2023) that when a gear with PTCSO is operating, two forces occur in the meshing (Fig.
2): at the points of contact of the rolling element with the crown profile and with the satellite
profile. The more important parameter for solving the task at hand is the force arising at the
points of contact between the rolling elements and the satellite profile, because these forces
form the load on the cycloidal satellite bearing.

As noted (Efremenkov, 2009), the determination of forces in the meshing of a gear
with PTCSO is based on Hooke’s law and begins with the determination of the maximum

value of the force in the meshing:
T b

Frexr==—3
mex ¥ h; , ( ) )
where T _is the torque on the cycloidal satellite;
bis the distance from the centre of the satellite to the meshing pole;
h, - shoulder, the distance from the line of action of the i-th force to the centre of the
satellite.
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Figure 2 — Schematic of force distribution in the meshing of a gear with IRBFC

The distances £, are calculated for each rolling element using the following formula:
h’f = b - Sil‘lctf. (2)
The values of the sine of the angle o, for each rolling element involved in the load
transmission can be found from the formula:
sings; 1,
L. 3)
here L, is the distance from the pole P to the centre of the i-#4 rolling element O.
Depending on the initial parameters, it is defined as:

sina; =

L, = J?:.: + 12 — 21, cos@,;
i “4)
Knowing the value of the maximum force in the meshing, we determine the force on

each rolling element transmitting torque from the force-arm relationship:

F = Frax - hi.

b (6))
Thus, the force acting at the point of contact of each rolling element with the cycloi-
dal profile of the satellite is determined from expression (5). Now it is possible to determine
the force acting on the satellite support, formed from the found forces in the meshing. First,

we determine the total support force using the vector decomposition method.
Vector decomposition method. The vector decomposition method is based on the
fact that the found forces in the meshing are decomposed into two components on the coor-
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dinate axes, and then the projections on the coordinate axes are summed up and transferred
to the centre of the rolling support of the cycloidal satellite and summed up analytically.
The point of contact of the rolling element with the cycloidal profile of the satellite
cam will be taken as the origin of coordinates, the abscissa axis will be directed horizontally
and the ordinate axis vertically (Fig. 3). Each force on the satellite cam is plotted on the
abscissa and ordinate axes. The projections are determined from the following expressions:

on the X axis
F,, = F;-cosfy; 6)

y-axis
Fe,=F- cnsﬂli’ %

hence u - the angles formed by the force F' to the X and Y axes.

e 7 o
Yi T S | 04,
0 i 8 F,,
LT I\‘. i

Figure 3 — Schematic of the forces generated at the point of contact between the rolling body and the satellite,
projected on the ordinate and abscissa axes

Angles and are determined from the geometry of the transmission:
O = &, (8)
Ei[ = 90" — ﬂ'i' (9)
Now by parallel transfer all projections u concentrate in the centre of the support of

the cycloidal satellite, - the point .
The total forces on the coordinate axes R _and Ry are determined from the expres-

Re=) E, o
Ry:z%i' (1)

B

Then the resultant reaction acting on the support of the cycloidal satellite is defined
by the method of vector decomposition as:

Ry = |RZ+RZ
SR R (12)
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The resulting expression can be used to calculate the life expectancy of the satellite
bearing.

The reduced force method. Let us now consider the determination of the total force
on the support of the cycloidal satellite by the reduced force method. The essence of the
method is that the forces in the meshing of rolling elements with a cycloidal cam by parallel
transfer are immediately concentrated in the centre of the satellite support. Then an arbitrary
straight line is drawn through the centre, on which all concentrated forces are projected (Fig.
4). The sum of the projections of these forces will give the reduced force on the satellite
rolling bearing.

Thus, the forces in the rolling elements meshing with the satellite, found by the
formulas (1)—(5), we concentrate in the point (Fig. 4).

Draw an arbitrary line p-r through the centreO, b project all forces £, onto it and find
the projections of the forces from the following expression:

FH[ =F- CDSME’ (13)

where - angle formed by and .

Figure 4 — Determination of force projection on an arbitrary straight line

The angle p. is determined from the construction. After all forces have been pro-
jected onto the line p-p, we can determine the reduced force on the rolling bearing of the

satellite:
Ru=Y P
" B (14)

Evaluation of methods for determining the force on the rolling bearing of a cy-
cloidal satellite. Let’s carry out calculations of the force acting on the rolling bearing of the
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cycloidal satellite using the two methods considered above. And then compare the obtained
results.

To verify the convergence of the results obtained by the two methods, we will per-
form the calculations using the same initial transmission parameters with PTCSO:

o number of rolling elements Z, = 13;

o radius of the producing circle », =35,1 mm;
° offset coefficient y = 1,3;

o rolling element radius », = 8,1 mm

We assume the torque on the cam as for heavily loaded mechanisms, T_= 1000 Nm.

Let us determine the forces in the meshing of each rolling element with the cycloi-
dal satellite using equations (1)-(5). Let us present the obtained calculation results in the
table (Table 1): forces F', on each rolling element transmitting torque and angle o corre-
sponding to each force..

Table I - Forces F, and anglesa. in contact points of the rolling bodies with satellite profile

Rolling element 1 2 3 4 5 6
no.
F,kN 9,47 9,47 8,20 6,20 3,87 1,33
a, 75°58’ 76°16° 56°50° 39°46° 23°36° 7°50°

Now let us calculate the force on the rolling bearing of the cycloidal satellite using
the vector decomposition method. Determine the projections of the forces found (Table 1)
on the abscissa and ordinate axes for each rolling element involved in the meshing accord-
ing to equations (6) and (7). The results are summarised in Table 2. Also in Table 2 we enter
the values of angles nobtained from expressions (8) and (9).

Table 2 - Forces and , angles and of all rolling bodies involved in the engagement

Rolling ele- I 2 3 4 5 6
ment no
F, IN 9,17 9,17 6,90 3,97 1,53 0,20
F, 2,27 2,27 4,50 4,77 3,57 1,30
FIkN
By, 1423 13744’ 33° 10 5o 25 667 24" ga=12'
B, 75957 76716 56750’ 39235 23235’ 72 48

Then, as described in the method above, we concentrate all projections of forces by
parallel transfer and to the centre O, and determine the total projections of forces and on
each axis according to formulas (10) and (11):

R, = 3094 xH
R,. = 18,68 xH

Now let us calculate the resulting rolling support reaction of the cycloidal satellite
using formula (12):

Ry, =/30,94% + 18,687 = 36,14 xH
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Next, we calculate the force on the rolling bearing of the cycloidal satellite using
the reduced force method. We concentrate all forces F, at point O, by parallel transfer. Let
us determine the angles p, from the geometrical construction and, substituting into equation
(13), determine the projections of these forces on an arbitrarily chosen line passing through
the centre of the satellite support. The obtained results will be entered in Table 3.

Table 3 - Force projections and angles p. of all rolling bodies involved in meshing

Rollingele- I 2 3 4 5 [§
ment
FHIkN 6,73 9,03 8,20 5,83 3,17 0,83
it 45°2' 17°1g' 2° 10 19° 34 35° 24 51°12'

Using formula (14), we find the resultant force acting on the cycloidal satellite sup-
port using the reduced force method:

Ry =673+903+820+5,83+3,17 +0,83 = 33,79xH
Thus, the resultant force on the support of the cycloidal satellites of the transmission

with PTCSO is determined by two different methods and to check the convergence, let us
compare the obtained results (Table 4).

Table 4 - The values of the resulting force on the satellite support obtained by different methods

Parameter kN kN
Significance 36,14 33,79

The discrepancy of the obtained values of the bearing force is determined by the
formula:

136,14 —33,79
N 365,14

The obtained discrepancy of 6.5 per cent between the calculation results of different
methods shows satisfactory convergence of the results and indicates that both methods can
be suitable for determining the force acting on the rolling bearing of the cycloidal satellite
of the PTCSO transmission.

Conclusion

Thus, two different methods have been considered for determining the support force
of a cycloidal satellite gear with PTCSO: the vector decomposition method and the reduced
force method. After independent calculations, both methods showed satisfactory results, as
evidenced by the difference in the obtained results of 6.5 %.

It should be noted that according to the method of vector decomposition the force
on the support is R, = 36.14 kN, and according to the method of reduced force - R, =
33.79 kN. L.e. the value of force by the first method is greater than by the second method.
Based on the results obtained and on the discrepancy of the final values, it is possible to
recommend the method of the reduced force to be used for carrying out design, or prelim-
inary, calculations, and the method of vector decomposition - for carrying out verification
calculations. Such recommendations are justified by the time required to obtain the result of
these methods. The reduced force method requires less time to perform calculations, and the
result of the calculation is not significantly different from the vector decomposition method.

- 100% = 6,5 %.
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The latter method, however, allows the selected rolling bearing to be checked for increased
load, thus improving the reliability of the selected bearing after the verification calculation.
All this can generally improve the reliability and performance of equipment operating under
severe conditions of limited space and increased loads.

In this work we used the equipment of the Central Research Centre of NMST TPU,
supported by the project of the Ministry of Education and Science of Russia Ne 075-15-
2021-710
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