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2 Clarivate
Analytics

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.

Kaszaxcman Pecnyonukacer ¥immuolx 2oiivim akademusicol « KP YA Xabapnapwr. ['eonocus
JHCOHE MEXHUKANBIK RbLILIMOAD CepusiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinoa Clarivate Analytics komnanusicol JHcypHAIObL
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmeoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapwl. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEPUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03exmi dcoue
6e0endi eeonocus JHcoHe MEXHUKATBIK bLILIMOAP OOUbIHULA KOHMEHMKe a0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonocuu u
MeXHUYecKux Hayk» Ovlin npunsm 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheuuie2o npuHAmMus
arcypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u the
Arts & Humanities Citation Index. Web of Science npednrazaem xawecmeo u 2nyOumHy
KoHmenma Oisi  uccieoogameinell, demopos, uzoameneti u yuypedcoenuil. Brnouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCmb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
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Mep3iMaimiri: KpUIbIHA 6 PET.
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) 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

ZHOLTAEYV 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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R.A. Kozbagarov', K.K. Shalbayev?, M.S. Zhiyenkozhayev?,
N.S. Kamzanov?, G.T. Naimanova'

'Academy of Logistics and Transport, Almaty, Kazakhstan;
*Satbayev University, Almaty, Kazakhstan;
‘Baishev University, Aktobe, Kazakhstan.
E-mail: ryctem 1968@mail.ru

DESIGN OF CUTTING ELEMENTS OF REUSABLE MOTOR
GRADERS IN MINING

Abstract. Motor graders are used in mining for construction, repair,
maintenance of quarry roads, on dumps, during the development of placer
places-births, construction of pipelines, etc.

The polygonal shape of auto grader knife leads to the fact that ground is cut
by three faces-the main one forming common blade of the dump, two side ones
adjacent to main face, producing oblique cutting.

It was established that wear of dump’s blade occurs unevenly along length
- peripheral parts of blade wear more intensively than central ones. Moreover,
in dumps of different length, blade sections located at same distances from the
center wear similarly, i.e. doesn’t depend on the dumping total length.

The following requirements for design of dumps cutting part have been deve
loped on basis of established patterns of blades wear of motor grader dumps:

- standard knives have maximum two blades. Therefore, single knife can
be used to form an unencumbered dump blade only twice - by detaching it,
turning and fixing it on the dump. It is then restored or rejected.

- since the dump’s blade wears unevenly along the length, it is advisable to
replace it with the unworn one not entirely, as is done, but along the sections.
The square knives adopted as a basis for development allow to increase the
number of blade shifts to four, which increases the knives’ life and productivity
compared to standard knives.

Key words: Auto grader, Dump, Knife, Cutting face, Cutting.
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TAY-KEH OHIPICIH/IE ABTOTPEMIEPTEPIIH KOTI
PET KOJJIAHBLIATBIH KECKIII 2JIEMEHTTEPIHIH
KOHCTPYKLIUSICBI

AnHoTanus. Tay-keH )KxyMbIcTapblH/a MaiilajlaHbUIaTbIH aBTOrpeiepiep
KapbepiIik aBTOMOOWIIb >KOJIApbIH Caiy, XOHJEY JKOHE KYTINl yCTay YIIiH,
KailplpManap/a, MalbuUIFaH KeH OPbIHJAAPBIH Urepy Ke3iHzae, KyObIpiap caiy
Ke31H/e XoHe T.0. KOJIJaHbUIa b

ABTOTpeiIep MbIIIaFbIHBIH KOMTOYPBIMITHI MilTiHI Tay )KBIHBICHIH KeCy OipAcH
yII OETIIeH JKy3€ere achIpbuIaibl — KailblpMa KYPEKTIH JKaJIIbl ’KY31H KYpauThIH
HETri3ri JKoHEe Herisri OeTke ipresec KaTKaH KOHE KHUFaIl Kecy >XacalTblH
eki Oyiiipi. KailblpMaHBIH TBIMIAFBIHBIH TO3Ybl OHBIH Y3BIHJIBIFBI OOMBIHIIA
O1pKesKl KYPMEHTIHI aHBIKTaNAbl — NepudepusiiblKk O0eIIKTepl OpTalbIKKa
KaparaHJia KapKbIHIbI Typ/e To3aabl. COHBIMEH KaTap, OpTYPJIi Y3bIHIBIKTAFbI
KailblpMa KypeKTep/ie OpTachliHaH Oip/eil KalIbIKTHIKTa OpPHATaCKaH MbIIIAaKThIH
Oemiktepi OipAeil TO3aabl, SFHU TO3Y KallblpMa KYPEKTiH KaJIlbl Y3bIH/IBIFbIHA
OaliTaHbICTHI OOIMANIbI.

ABrorpeiinepnep KaibipMa Kypek MbIIIaKTapbIHBIH TO3YBIHBIH O€rijieHreH
3aHJIBUTBIKTApbl HETI31HAE ONapIblH Kecy OOIiriHiH KOHCTPYKIUSCBIHA
MBIHAJIail TajganTap 931pJieHl:

- CTaHAApPTTHl THIMIAKTapAa €H KeOi ekl mbeimak Oonanbl. COHABIKTAH,
KalbIpMa KypekTeH 0ocary, Oypy jkoHe OEKIiTy apKbLIbl Oip MBIIAKThI KalbIpMa
KYPEKTIH ’Y31H KeJITIpy YLIiH TeK €Ki peT Konnanyra 6omnaasl. ConaH KeiiH o
KaJITIBIHA KENTipiJieal HeMece KaiTa KO daHbUIMAMIbI.

- KallblpMa KYPEKTiH >KY31 Y3bIHbIFbI OO#bIHIIA OipKesKi OoIMaraHIbIKTaH
TO3a/1b1, OHBI TOJIBIFBIMEH TO30aFaH IBIIIIAKIICH EMEC, y4aCKEIePMEH ay bICTBIPFaH
YKOH. O31pJiey YIIIH HETi3 peTiHAe KaObUIgaHFaH IIapIibl TMBIIIAKTAp KY31HIH
©3repy CaHbIH TOPTKE NICHIH apTThIpyFa MYMKIHIIK Oepeni, Oy CTaHIapTThI
MBIIIAKTAPMEH CalIBICTBIPFaH/1a PECYpPChl MEH OHIMJILIITIH apTThIpaabl. JlemMek,
NbIIIAKTapFa KOMBUIATBIH HETI3I1 Tajan —KaiiTa naijanaHyra xapaybl Kepek,
SFHU TOPT OYPHIIITaH KEM €MEC, TYPAKThI KOIT OYPBIIITHI MIlIiHI1 O0TYbI KEepeK.

Tyiiin ce3aep: ABTorpeiiaep, KailblpMa KYpeK, MbIIIAK, Kecy 0eTi, Kecy.
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KOHCTPYKIUA PEXYIIUX DJIEMEHTOB ABTOI'PEWJIEPOB
MHOI'OPA30BOI'O UCITIOJIb30OBAHUSA B 'OPHOM
IMPON3BOACTBE

AnHoTtanusi. Mcnonb3yeMble Ha TOPHBIX paboTax aBTOTPEHAEPHI MpUMeE-
HAIOTCS JJIS CTPOUTENIbCTBA, PEMOHTA U COMAEPNKAHUS KapbEPHBIX A8MOMO-
OUTLHBLIX 00po2, HA OTBaJlax, MPU Pa3pabOTKE POCCHINHBIX MECMOPOICOCHUIL,
MIPU CTPOUTEIIBCTBE MPYyOONpPo8000s 1 Ip.

MHoroyronbsHas (popMa HOKa aBTOrpeiiiepa MPUBOIUT K TOMY, YTO Pe3aHUE
IPyHTa OCYIIECTBIIICTCS Cpa3y TPeMs T'PaHSIMH — OCHOBHOH, OpMUPYIOIICH
oO11iee Jie3BUe OTBaJA, U IBYMsI OOKOBBIMH, IIPUJIETAIONIEH K OCHOBHOM I'paHu
Y TIPOU3BOJISIIIIUMHE KOCOE PE3aHMUE.

YCTaHOBIICHO, UTO U3HOC JIE3BUS OTBaJIA MPOUCXOIUT HEPABHOMEPHO IO €r0
JUTHHE - IepudepruiiHbIe YaCcTH JIe3BUS N3HAIINBAIOTCSI UHTCHCHUBHEE [IEHTPATh-
HbIX. [IprueM B oTBanax pasHOW JJIWHBI YYACTKHU JIE3BHs PACIOIIOKEHHbBIE HA
OJIMHAKOBBIX PACCTOSHUAX OT IEHTPa M3HAIIMBAIOTCA aHAJIOTHYHO, T.€. U3HOC
HE 3aBHUCHUT OT OOIICH JJIMHBI OTBAJIA.

Ha ocHOBaHMM yCcTaHOBJIEHHBIX 3aKOHOMEPHOCTEH M3HOCA HOYKEW OTBAJIOB
aBTOTPEHACPOB pa3paboTaHbl CIEAYIONME TPeOOBaHUS K KOHCTPYKIIUU
pEXKYyIIEeH YacTH OTBAJIOB:

- CTaHapTHBIC HOXXHM HMEIOT MAaKCUMYM JiBa Jie3Bus. Clie0BaTeIbHO, OJTUH
HOXX MOXET WCIOJIB30BaThCs JUIsE (POPMUPOBAHUS HE3ATYIJICHHOTO JIC3BHS
OTBaJIa JIUIIb JIBAXK/IBI - TyTEM €T0 OTKPEIJICHHUs, TOBOPOTA U 3aKpEIJICHUS Ha
OTBaJIe. 3aT€M OH IOJIBEPraeTCs pecTaBpaIliy WIH OTOPaKOBKE.

- TaKk KakK JIe3BHE OTBaJla M3HAIIMBAETCA IO JIMHE HEPABHOMEPHO, TO
1enecooOpa3HO 3aMEHATh €ro Ha HEU3HOUIEHHOE HEe IIeIMKOM, KaK 3TO
JenaeTcs, a 1Mo yyactkaM. [IpuHsATHIE 32 OCHOBY JJI pa3pa0OTKU KBaJApaTHbBIC
HOXXH TTO3BOJIIOT YBEIWYUTh YHCIIO CMEH JIE3BHUSA JI0 YETHIPEX, YTO MOBHIIIAET
pecypc HOXEH M HMX NPOU3BOAUTEIBHBIC IOKA3aTeId IO CPABHEHHIO CO
cTaHmapTHeIMH HOXamu. OTCIoja OCHOBHOE TpeOOoBaHWME K HOXaM - OHU
JIOJIKHBI OBITH MHOTOPA30BOT0 UCITOJIB30BAHUS, T.€. UMETh ()OPMY ITPABUIHLHOTO
MHOTOTPaHHHKA C YHCIIOM TpaHel 0oJiee YeThIpex.

Kurwuesblie ciioBa: Asrorpeiinep, Oreain, Hox, Pexxymuii rpans, Pe3anus.
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Introduction. Today, the country has achieved the highest total volume of
mining and displaced mountain masses in the world in open mining. Works of
creative teams of a number of research, design and development and training
institutes of the country contribute to the rapid development of technology for
open mining (Docenko, 2012: 688, Sharma, 2019: 6, Volkov, 2012: 448).

The creation of the material and technical base of the country focused
on ensuring the full growth of labor productivity in all sectors of public
production, for the mining industry, which was one of the labor-intensive
industries, increasing labor productivity was most relevant. In this regard, an
extensive programme of technical re-equipment and production equipment is
currently being implemented in open-pit mining. The basis for increasing labor
productivity in open developments is the mechanization and automation of
all basic and auxiliary works, the growth of single capacities of mining and
transport machines, the transition from the creation and implementation of
individual tires to the development and implementation of machine systems
that completely cover the entire technological process. Complex mechanization
creates the necessary conditions for the transition to the most advanced
organization of production - automation, in which the work on machine control
is transferred to control devices (Galitskov, 2020: 4, Iige, 2021: 8, Korytov,
2019: 10, Meshcheryakov, 2018: 12, Sherbakov, 2019 a: 6, Yanhua, 2012:
6, Zhao, 2011: 7), while the person remains the creative phase of activity -
planning and monitoring the action of these devices.

Inmining, motor graders are used for the construction, repair and maintenance
of quarry roads, on dumps, during the development of placer deposits, during
the construction of pipelines, etc. The construction of earth structures is a
complex production process in which a wide variety of construction machines
and mechanisms, workers of various specialties of different qualifications,
engineering and technical workers are involved. At the same time, various
space-planning and structural solutions of objects, diagrams and methods of
work execution are used.

The implementation of such large volumes of work makes it relevant and
effective to raise the production indicators of motor graders, which are widely
used for the construction, repair and maintenance of quarry motor roads, on
dumps, during the development of placer deposits, during the construction of
pipelines, etc.

The process of operation of the motor grader consists of successive passages,
during which the rock is cut, moved, leveled and the surface of the structure
is planned. The performance of all functions of the auto grader is carried out
using a special working tool - a dump with a knife, which is mounted on the
frame of the machine. It can be lifted, lowered, rotated in a horizontal and
vertical plane.
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It is generally accepted that excessive blunting of the working elements
(WE) of the motor grader does not only affect the production performance of the
machines, but also their technical condition, since it requires increased power
consumption and, accordingly, increased stresses in their units and parts. In this
aspect, rational the cutting elements (CE) development modes involving timely
replacement of blunted blades are of great importance. Method for determining
the limit size of the value taken as the blunting criterion (Korchagin, 2018: 10,
Kozbagarov, 2020 a: 8, 2021 b: 8, 2021 c: 8, 2021 d: 8, Sherbakov, 2021 b: 6,
Shevchenko, 2020: 8, Sukharev, 2021: 7).

An analysis of work related to the WE of motor graders showed that they
were mainly aimed at identifying the effectiveness of oblique cutting, but did
not take into account the features of combined cutting, did not show the effect of
blade wear on the efficiency of work, did not study the patterns of blade wear and
did not give information about the criteria for working out knives and its limit
value. As a result, the currently used motor grader dumps are characterized by
high metal consumption and cost, as well as a small resource of work.

The width of the knife and its faces primarily affect the ability to adjust the
pro-process of working out the blade of the dump, in particular, the process of
its wear. Production observations were made that showed uneven wear of the
blade of the dump along the length. The method of sequential change of the
most worn blade sections is proposed. The width of the knives should ensure
the most optimal division of the blade into such areas. At the same time, the
criterion is the cost of working out knives. It has been established that the
optimal number of trays on the dump corresponds to 20... 25. Accordingly, the
width of the knife face must be within 120... 150 mm, and the ratio of the width
of the main working face and the width of the grip of the side working face of
the knife B /B_ = 0.4 ... 0.6 (Kozbagarov, 2020 a: 8, 2021 b: 8, Polyarus, 2016:
7, Rakhmanov, 2019: 10).

During operation, the cutting elements (CE) of auto graders, as parts in
direct contact with the abrasive medium, undergo significant wear. The
optimal geometric shapes and dimensions of CE, established by many years
of theoretical and experimental studies, change significantly due to abrasive
wear, leading to an increase in the cost of energy, material and labor resources.

In practice, wear and tear of CE motor graders causes an increase in the
cutting force by 3 ... 4 times, the energy intensity of the cutting process by
1.4 ... 3 times, the cost of developing grunts by 8 ... 15% with a decrease in
productivity by 10 ... 30%. This increases the stress state of the entire machine
and reduces its operational reliability. Excessive wear of the CE leads to
economic impracticality or practical impossibility of further operation of the
machines.

Soil resistance to cutting increases significantly as a result of blade wear and
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the appearance of additional surfaces contacting the soil during its destruction.
Hence the importance of studying the nature and patterns of wear and tear.

Materials and methods. The theoretical and experimental studies described
in the works (Kozbagarov, 2021 b: 8) made it possible to determine the optimal
values of the parameters dictating the requirements for the design of knives
and the cutting part of the motor grader dump, as well as for the technology of
their development.

Thus, a knife in the form of a hexagonal plate (Figure 1) was adopted as
the basis for the design of the cutting part of the autograder dump. And “K”
-shaped knives are proposed as side knives for equipping dumps that perform
work in an inclined position.

To create a continuous line of the blade of the dump, which allows the
planning work to be carried out, the knives 2 are arranged on the dump 1 in
two rows (Kozbagarov, 2021 b: 8). The knives of the second row are displaced
relative to the first row and overlap the gaps between the cutting faces of the
knives of the first row with their cutting faces. All knives are 2 of the same
type. Therefore, the design has a high degree of unification.

The knives are attached to the dump by means of bolts 4. Holes of knife
and dump are made at points of intersection of bisector of equilateral triangles
constituting hexagonal plate of knife. Therefore, when the knife is rotated by 60°,
120°, 180°, 240°, 300° u 360°, its holes always coincide with the holes of the dump.

When the blade of the dump is worn, it is customary to replace it entirely.
In this case, in the disclosed structure, all hexagonal knives are simultaneously
rotated by 60° and the continuously-worn cutting edges of adjacent faces form
a common unworn dump blade. When replacing only the individual, most
worn-out sections of the blade of the dump, not all knives turn, but only those
that form said sections of the blade.

triangle bisectors

a) b)

Figure 1. Plate of autograder knife: a) - the diagram of the knife; b) —a
general view
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Thus, six cutting faces of the knife are used, instead of two - in standard
knives, or four - in square ones.

Such a design can be recommended for planning work, since it is not
possible to tilt the dump.

In order to expand the field of application of the structure by adding types
of works requiring tilting of the dump, a second version of the design of the
cutting part of the dump is developed, in which the middle part is made of
hexagonal knives arranged in two rows, and reversible “K” -shaped knives with
two cutting edges forming the dump blade and with a side face perpendicular
to the blade are proposed as side faces. This design can be used for all types of
auto grader work.

Both described designs have another, common drawback: the arrangement
of hexagonal knives in two rows requires a significant number of them. The
desire to reduce the metal consumption of the cutting part of the dump led to the
development of a third design option. Here, hexagonal knives are arranged in
one row, side knives are made “K” -shaped, and smaller triangular knives with
three cutting edges are placed in the gaps between cutting faces of hexagonal
knives along the blade of the dump.

Comparative tests of dumps, the cutting part of which was equipped with
standard knives and promising reusable knives, were carried out at the road
construction facilities of JSC “Kazakhstan Zholdary”.

Three designs of the cutting part of the dumps were studied:

1. Standard, equipped with two medium knives of type I1C02 and two side
knives of type KP02 (Figure 2, a). All knives with two cutting faces. The worn
blade of the dump (when the peripheral part reaches wear S = 15 mm) was
replaced completely by turning all the knives by 180°.

2. Equipped with seventeen quadrangular knives 178x 200 mm with four
cutting faces (Figure 2, b).

3. Equipped with the above-described twenty-three hexagonal knives with
six cutting faces 132 mm long (Figure 2, c).

The unevenness of the wear intensity of the blade is most noticeably
manifested on its periphery [7], and in the middle part, about 2000 mm long,
it is weakly manifested. Therefore, when using the second and third structures
of the cutting part of the dump, a method for sequentially replacing worn out
portions of the dump blade starting from peripheral ones has been investigated.

The structure and dimensions of the knives caused a conditional division of
the dump blade into zones with different wear intensity. For tetrahedral, three
zones turned out to be: peripheral, formed by two extreme tetrahedral knives
(ETK), 178 mm long on both sides of the blade, intermediate (ITK), formed
by four knives and medium, about 1970 mm long, formed by eleven medium
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tetrahedral knives (MTK). For hexagonal knives, four zones were obtained:
peripheral, 132 mm long, formed by two extreme hexagonal knives (EHK),
two intermediate - the first (HIZK), adjacent to the peripheral and formed by
two knives, the second or internal, formed by four knives (HIZK’) and the
middle, 1980 mm long, formed by fifteen knives (HMK).

Figure 2. Auto grader when working with different types of cutting part
design: a) dump with standard knives; b) dump with tetrahedral knives;
¢) dump with hexagonal knives

For these designs of the cutting part of the dump, two methods of replacing
a worn blade were investigated: standard (parallel) - when the entire blade is
replaced when critical wear is reached S = 15 mm on the extreme knives, and
sequential - by sequentially replacing blade sections along the dump zones.

The studies consisted of 4 series of 4 experiences in the series for each design
of the cutting part of the dump. Experience refers to the cutting of soil by the
dump of an auto grader to the volume of operating time of 4 thousand m’ per
dump. At the same time, the reduced wear size S.

Results. The obtained data correspond to the regression equations given in
Table 1.

From the equations of Table 1 it can be seen that the knives of the extreme
zones wear most intensively. When in the dumps of the 2nd and 3rd types of
structures these knives reach the ultimate wear, the knives of the remaining
zones remain quite sharp, and, therefore, they have a reserve of development,
and they are not replaced, but continue to be operated. Thus, at the moment of
changing the knives of the extreme zone, the working out of the cutting part of
the dump will be not 100%, as in dumps of the 1st type, but less. To characterize
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the development of dumps of the types studied, we introduce the development
factor K :

S S
Eon,+=2n, +
c - Y>.S©n SO, n, +SO.n, +SO,n, S, s, s,

o b
dn n,+n, +n, n, +n, +n,

c

-n,

where S, S , S _-relative wear of knives, respectively, of extreme, intermediate
and middle zones during the period when the knives reach the extreme zone of
ultimate wear;

n,n,n_is the number of knives, respectively, in the extreme, intermediate
and middle zones.

Using the equations of Table 1, we obtain:

- for the structure of the dump of the second type: K, =0,637~0,64;

- for the structure of the dump of the third type: K, =0,587 = 0,59.

Table 1. Regression equations for calculation of reduced wear and tear

Type of knife Cogditiopal Reduced wear size
designation S, mm

Standard SK
Extreme tetrahedral ETK S =1.875.v
Extreme hexagonal EHK
Intermediate zone tetrahedral knife ITK S =1,562-V
Hexagonal knives of intermediate HIZK S =1,393-V
zones HIZK' S =1187V
Middle zone tetrahedral knife MTK S =0.937.V
Hexagonal knife of middle zone HMK o7

Thus, 100% of knives are worked out for the same volume of soil production
by the dump of the first type (standard), the second type (with tetrahedral
knives) - 64%, and the third type (with hexagonal knives) - 59%. That is, the
third type of dump has the largest number of sufficiently sharp knives, which
should also affect the performance of the auto grader.

According to the data of Table 1, taking wear S = 15 mm as the criterion for
the development of the blade zone, we determine the volume of soil operating
time until the maximum blunting is reached for each type of knives. For each
type of knives under investigation, a nomogram (Kozbagarov, 2020 a: 8, 2021
b: 8) is built, showing the change of the value of blunting of knives along
the dump zones at sequential change of knives and corresponding change of
efficiency of the motor grader.

Since Tables 1 and 2 are based on test data, the nomogram can still be built
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taking into account the change in the performance of the auto grader depending
on the blunting of the knives. This dependence can be recorded directly in
comparative tests, and can, as in this case, be known from previous studies.

Table 2. Soil operating time for different types of knives

Type of knife Conditional Soil operating time
designation V, thousand m’®

Standard SK
Extreme tetrahedral ETK 8,00
Extreme hexagonal EHK
Intermediate zone tetrahedral knife ITK 9,60

. . . HIZK 10,77
Hexagonal knives of intermediate zones HIZK 12.64
Middle zone tetrahedral knife MTK 16.00
Hexagonal knife of middle zone HMK ’

The method of carrying out comparative tests using a nomogram proposed
by us is convenient in that it does not require the complete development of all
the knives of the dump, and, therefore, is based on a reduced amount of soil
production. This technique can also be applied to WE of other 3M if they allow
a sequential change of CE over several wear zones.

The technique is as follows. The blade of the dump is worked out until
the knives reach the extreme zone of ultimate blunting. Wear of all blade
areas is fixed. Such experiments are repeated as many times as necessary to
obtain statistically valid wear values. If there is no representative performance
data depending on the wear, the performance indicators are recorded in the
mentioned experiments.

Discussion. Based on the obtained data, a nomogram is constructed. Its
upper part is a graph in which along the ordinate axis the value of operating
time is deposited on the dump V, and along the abscissa axis - the reduced wear
size of the blade S. When the faces of the knives of the edge of the zone wear
to the limit value S (in this case, up to S = 15 mm), the point of intersection of
ordinate V with abscissa S = 15 mm is connected by a horizontal line with axis
V. This line (in this case she corresponds to V = 8 thousand m*) means change
of edges of knives of an extreme zone - their turn. Points corresponding to
blunting of knives of other zones at the same operating time are marked on this
line. These points are connected to the origin of coordinates by straight lines,
which are continued until intersection with the vertical line drawn through
the point corresponding to the limit value of wear S. Points of intersection of
graphs with the vertical line are connected to the axis V by horizontal sections,
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which show the value of operating time on the knives of these zones before
the next replacement of their cutting faces. After changing the cutting faces
(turning the knives), the graph corresponding to their operating time starts
from the V axis (at S = 0) from the previous horizontal line. Thus, cycles are
repeated until the knives of all zones are completely worn out.

The lower part of nomogram is a graph of productivity change at change
of value of reduced wear. In this case, the scale of the abscissa - S axis must
correspond to the upper part of the nomogram. The vertical projections of the
crossing points of the graphs of the upper part of the nomogram with horizontal
straight lines on the graphs of the lower part show the productivity provided
by the knives of a particular dump area at a certain operating time and wear.

Using the obtained nomogram, it is possible to establish the average wear
of knives at a certain volume of worked soil, the average productivity and
operating time on knives of a particular zone, as well as the entire dump as a
whole, i.e. all the main indicators for comparing the structures of CE and WE
machines.

To compare the wear and productivity of dumps of the 2nd and 3rd types,
when sequentially changing knives and dumps of the 1st type (with standard
knives), using a nomogram, the values of these indicators were determined.

Dependencies of average reduced dampening size S and capacity P on the
number of working edge shifts.

From the given graphs in operation (Kozbagarov, 2020 a: §, 2021 b: 8)] you
can see the following:

1. The average wear of knives is less, and the average productivity is higher
for dumps of the 3rd type, which is confirmed by the minimum value of the test
coefficient K, derived earlier.

2. This type of dump is also characterized by the most optimal development
indicators when changing the working edge: during five shifts, the average
dampening value and productivity remain almost constant, moreover, the
dampening value is minimal, and the productivity is maximum, while in a
dump of type 2, these parameters change hopefully, reaching significant
differences in values.

Three designs of the cutting part of the dumps were studied - with standard
knives, with tetrahedral knives and with hexagonal knives located in two rows.

For these designs of the cutting part of the dump, two methods of replacing
a worn blade were investigated: standard (parallel) - when the entire blade is
replaced, and sequential - by sequential replacement of blade sections along
dump zones.

Conclusions. Based on the study of the change in the cost of rock
development depending on blade wear, it was established that the maximum
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permissible wear should be considered the wear value S = 15 mm, allowing in
some cases an increase in values to 20 mm.

The established optimal value of the parameters of the blades of the taps of
auto graders, the laws of their wear and tear and the nature of work in the soil
determined the requirements for their

structure and structure of cutting part of dumps. With these in mind, six-
carbon knives with six cutting faces have been developed.

On the basis of a hexagonal knife, three designs of the cutting part of the
motor grader dump have been developed for various working conditions and
technology for their development.

Comparative tests were carried out on dumps with a cutting part of three
configurations - with standard knives, with tetrahedral knives and with
hexagonal knives located in two rows. The obtained results showed the
advantage of a cutting part with hexagonal knives, developed according to the
proposed method of sequential replacement of worn knives: its average life is
4 times more than the life of a standard cutting part and 1,5 times more than
the life of a cutting part with tetrahedral knives, developed in the same way.
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