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I 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 Pecnybnukacer ¥immuolx 2oiivim akademusicol « KP ¥FA Xabapnapwl. I'eonocus
JICOHE MEXHUKANBIK RbLIbIMOAD Cepusiculy bLibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyze KabulioaHeaHbiH
xabapnaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIObL
o0aH api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yevtnaowvl. KP YFA Xabapnapwl. eonoeust scane mexHUKAIbIK 2blAbIMOAp CEpUsiCol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03ekmi dcoHe
6edendi eeonocus HcoHe MEXHUKABIK bLILIMOAP OOUbIHULA KOHMEHMKe a0an0blebiMbl30bl

6indipeoi.

HAH PK coobwaem, umo nayunvii ocypuan «Mseecmuss HAH PK. Cepusa zeonozuu u
MeXHUYecKux Hayky» ool npunsim 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 8 3mom UHOEKCUPOBAHUU HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as OanvHeuuezo npuHAmMU
arcypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u the
Arts & Humanities Citation Index. Web of Science npednazaem xawecmeo u 2nyoOumHy
Kowmenma Ons uccieoogamenell, aemopos, uzoameneti u yuypedcoenuil. Brnouenue
Hszeecmua HAH PK. Cepus ceonozuu u mexuuueckux Hayk 6 Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboniee akmyaibHOMY U GIUANETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haue2o coodujecmad.



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.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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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

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cob6ctBennuk: Pecrybnukanckoe obmiecTBeHHOE 00bennHenne «HaronansHas akaxeMust Hayk
Pecrry6mmkn Kazaxcram» (T. AMatsr).
CBUAETENECTBO O MOCTAaHOBKE HA y4eT NMEPHOIMUYECKOro nedaTHoro uiganus B Komurere mHbopManum
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[eproguarOCTH: 6 Pa3 B TOA.
Tupax: 300 3K3eMIIIIPOB.
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http://www.geolog-technical.kz/index.php/en/

© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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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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A.Zh. Kassenov!, K.K. Abishev'", A.S. Yanyushkin?, D.A. Iskakova!,
B.N. Absadykov?

'Toraighyrov University, Pavlodar, Kazakhstan;
’I.N. Ulyanova Chuvash State University, Cheboksary, Chuvash Republic,
Russia;
3A.B. Bekturov Institute of Chemical Sciences, Almaty, Kazakhstan.
E-mail: a.kairatolla@mail.ru

RESEARCH OF THE STRESS-STRAIN STATE OF HOLES WITH
NEW BROACH DESIGNS

Abstract. The treatment of internal surfaces with increased requirements for
accuracy and location is broaching — due to the high concentration of cutting
teeth simultaneously involved in the work.

The article presents the results of research work on the development of metal-
cutting tools to improve the quality (physical and mechanical properties) and
processing performance — the design of two-stage progressive and two-stage
slotted broaches.

The use of two-stage progressive broaching for processing cylindrical holes
will increase processing productivity, reduce stretching and vibration forces,
specific pressure on the teeth of the broach, the depth of the defective layer,
thereby increasing its durability, the quality of processing cylindrical holes and
physical and mechanical properties.

The use of two-stage split broaching with a straight profile of single-cut slots
with peripheral and lateral cutting allows you to reduce the number of cutting
teeth, the length of the broach and the cost of tool material and increase economic
efficiency.

Thus, the use of the proposed broach designs improves the stress-strain
state, increases processing productivity, reduces stretching and vibration forces,
specific pressure on the teeth of the broach, and, consequently, increases the
resistance of the broach, the quality of processing, savings of tool material and
economic efficiency.
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Key words: broaching, accuracy, quality, stress-strain state, efficiency, tool
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A.K. Kacenos!, K.K. Aoumes', A.C. SInromkun?, J[.A. UckakoBa!,
B.H. A6caabikos®

"TopaiireipoB yuusepcuterti, [laBnoaap, Kazakcran;
“.H. YnpsHOB aThiHAaFbl UyBalll MEMJICKETTIK YHUBEPCHUTETI,
Yeboxcapsl, Uysamm Pecyonukacsl, Peceit;

*0.B. bekTypoB aTbiHIaFbl XUMUS FHUIBIMIAPI HHCTHTYTHI,
Anmarel, Kazakcras.

E-mail: a.kairatolla@mail.ru

TECIKTEPIIH KEPHEYJI JE®OPMALIUSIJIAHFAH KYWTH
TAPTAYKOHFBIIITAPIBIH JKAHA KOHCTPYKIUASJIAPBIMEH
3EPTTEY

AHHOTauusl. bBip yakpITTa >KYMBIC ICTEHTIH KeCy TICTEpiHIH KOFaphl
KOHIICHTPAIMAChIHA OAMIaHBICTHI TAPTAXKOHY — K1 OETTEPIi OHIACYIH KOFaphl
TaJanTapbl MEH OPHAIACYBI TOJIIIT1 OOMIBIT TaObLIAIBI.

Makanaga eki caTbUIbl MPOTPECCUBTI JKOHE €Ki CaThUIbl OMMAKINITEKTI
TapPTAKOHFBINTAPBIH KOHCTPYKIMSUIAPHI  camachlH  ((pr3uKa-MeXaHUKAJIBIK
KacueTTepl) KOHE OHJEY OHIMIUIrIH apTThIpyFa apHajJfaH METall KeCeTiH
Kypanaapasl 93ipiiey OOUBIHIIA FRIIBIMU-3E€PTTEY KYMBICTAPBIHBIH HOTHOKEIEPi
KEJTIPLITeH.

Hunuuapmik — TecikTepAl e©HJAey YUIIH €Ki caTbUlbl  [POTPECCHBTI
TapTAKOHFBIIUTHl KOJJaHy OHJIEY OHIMIUIIIH apTThIpajbl, TapTy KYLIl MEH
Tpinal a3aldTaapl, TapTAKOHFBIIITHIH TICTEPIHAETI HAKTHI KBICHIM, aKayJbl
KaOaTThIH TEPEHIT1, OHBIH TYPAKTBUIBIFBIH, MWJIWHIPIIK TECIKTEpAl OHIACY
camachlH JKOHE (PU3MKa-MEXaHUKAJBIK KacHeTTepiH aprrhipansl. llleTkepi
XKoHe OYHIpIiK Kecy apKbUIbl Oip Kecy caHbUIayJapblHbIH Ty3y NpoduiIiMeH
€Kl CcaTbUIbl OMMAaKIITEKTI TapTa)KOHFBIIITHI KOJ/IaHY KeCy TICTEpiHIH CaHBIH,
TapPTAKOHFBIIITHIH Y3bIH/IBIFBIH KOHE aCTIaNTHIK MaTepUaIbIH KYHBIH a3aiiTyra
YKOHE DKOHOMHUKAJIBIK THIMIUTIKTI apTTRIpyFa MYMKIHAIK Oepe/i.

Ocpinaiinia, YChIHBUTFaH TapTIia KOHCTPYKIUSUTAPBIH KOJIIaHY KEPHEYITi )KOHE
nedopManusIanFal KyHIl xKaKcapTaibl, OHJIeY OHIMIUTITIH apTThIpaibl, TapTy
JKOHE JIIPI KYIITEPIH a3alTazbl, TapTAKOHFBIIITHIH TICTEPl HAKTHI KBICHIM
JKacaiipl, JIeMeK, TapTaKOHFBIIITHIH TYPaKTBUIBIFBI, OHJCY camnachl, Kypai-
caliMaHJIbIK MaTepuajbl YHEMIEYTe CENTITiH TUTI3eTIHAIKTEH, SKOHOMHKAIIBIK
’KarbIHAH Ja THIMI1 00Iabl.
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Tyiiin ce3aep: TapTa)KOHFBIII, JSJIK, cama, KepHEYIi *KoHe aedopMariusi-
JIaHFaH KYH, THIMAUTIK, Kypayiaap, OHIMIUTIK.

A.K. Kacenos!, K.K. Aoumes", A.C. SInomkun?, JI.A. UckakoBa',
B.H. A6caabikoB?

TopaiirsipoB yHuBepcuTet, [1aBnonap, Kazaxcras;
“YyBalIckuil rocynapcTBeHHbIN yHIBepcuTeT nMenu V.H. YibsHoBa,
Yebokcapel, Yysamickas Pecrybmnuka, Poccust;

‘UHCcTUTYT XMMUYecKuX Hayk uMeHu A.b. Bekryposa, Anmarsl, Kazaxcras.
E-mail: a.kairatolla@mail.ru

NCCIIEAOBAHUE HAIIPSI) KEHHO-AE®@OPMHUPOBAHHOI'O
COCTOSIHAA OTBEPCTHUI HOBBIMU KOHCTPYKIUSMHU
MMPOTAXKEK

AnHoTanusi. OOpaboTKa BHYTPEHHUX ITOBEPXHOCTEH C IOBBIIICHHBIMA
TpeOOBaHUSAMH K TOYHOCTM U PACIOJNOXKEHUIO SBISETCS MPOTATUBaHUE,
OZJHOBPEMEHHO yUYacTBYIOIUX B PA0OTE U3-3a BEICOKON KOHIIEHTPALIUHU PEXKYIIIHX
3yObeB.

B cratbe mnpuBeneHbl pe3ynbTaThl HAYyYHO-HCCIEJOBATENbCKONM pPabOTHI
0 pa3pabOTKe METAUIOPEKYIIMX WHCTPYMEHTOB JUJIsl MOBBIIICHUS KauecTBa
(pusnKO-MexaHUYEeCKHe CBOWCTBA) U IPOU3BOIUTENBHOCTH OOpabOTKH —
KOHCTPYKIIMU JBYXCTYIIE€HYATON MMPOTPECCUBHOM U ABYXCTYIEHYATON NUIUIIEBOM
MIPOTSIKEK.

[IpuMeHeHMe OBYXCTYNEHUYATON MPOrpecCUBHON MPOTSKKU Ui 00pabOTKU
MWINHAPUYECKUX OTBEPCTHI TO3BOJMT YBEIHYUTHh IPOU3BOTUTEIHLHOCTH
00pabOTKHU, YMEHBIIUTD YCUIIUS IPOTATUBAHUS U BUOPALMH, yAETIbHOE 1aBICHUE
Ha 3yObs MPOTSHKKU, TIyOMHY NEePEKTHOTO CJIOs, TEM CaMbIM YBEIUYHUThH €
CTOMKOCTb, KayecTBO 0OpabOTKH IMIMHIPHUYECKUX OTBEPCTHH M (U3HKO-
MeXaHHUYECKHEe CBOMCTBA.

[IpumeHeHne ABYXCTYNEHYATOM HUIMLEBON MPOTSKKUA C MPSIMOOOYHBIM
npodwieM NUIMLEB OAMHAPHOIO pe3aHus C mnepudepuilHpiIM U OOKOBBIM
pe3aHueM MO03BOJIAET YMEHBUIMTh YUCIIO PEXYIIUX 3yObEB, JAJIUHY MPOTSHKKU
W 3aTpaTbl Ha WHCTPYMEHTAJIBHBIA Marepuans U TMOBBICHTH HKOHOMHYECKYIO
3¢ (PEeKTUBHOCTS.

Takum 00pa3oM, TPUMEHEHHE NPEAJIATaeMbIX KOHCTPYKIHMU MPOTSHKEK
YIy4IIatoT HaIpsHKeHHO-1e(OpMUPOBAaHHOE COCTOSIHUE, MOBBIILIAET
IIPOU3BOJUTEIBHOCT OOPa0OTKH, YMEHBIIACT YCWIUS HpPOTATMBAHUA U
BUOpallMK, YIEJIbHOE JaBICHHWE Ha 3yObsl NPOTSDKKH, a, CIEA0BaTENbHO,
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YBEJIIMYUBACTCS CTOMKOCTh TPOTSHKKH, KaueCTBO OOpabOTKH, IKOHOMHUS
MHCTPYMEHTAJILHOTO MaTepuaja U SKoHoMu4eckas 3pPpeKTUBHOCTD.

KuloueBble cioBa: TPOTSXKKA, TOYHOCTh, Ka4eCTBO, HAMNPSHKEHHO-
nedopMUpoBaHHOE  COCTOSIHME,  A((EKTUBHOCTh,  HMHCTPYMEHTAJIbHBIC
Marepuaia, IpOU3BOAUTEIbLHOCTD.

Introduction. The modern development of mechanical engineering is
characterized by ensuring high-quality processing with the use of advanced
high-performance equipment and tools that have increased strength, rigidity,
vibration resistance, durability and accuracy. These indicators of the cutting tool
are formed both at the design stage and in the process of its manufacture.

One of the main directions of mechanical engineering is metalworking
with the development of advanced high-performance processing methods and
technological processes. As an element of the technological system, the cutting
tool plays a leading role in achieving the specified economic and technological
indicators of the metalworking process.

The most productive processing method is broaching due to the high
concentration of simultaneously working teeth, i.e., the efficiency of broaching is
ensured by increased productivity, as well as physical and mechanical properties,
endurance, durability and reduction of its length, providing high accuracy of the
shape and dimensions of the processed surface (Ambrosimov S.K. et. al, 2017).

Broach is a multi-tooth cutting tool, its main movement is translational and
sometimes rotational. A distinctive feature of the tooth of the broach is that the
height of each subsequent tooth increases, ensuring the removal of metal from
the processed surface of any shape (Donenbayev B. et. al, 2021)

Broaching is used for surface treatment with a quality of I'T 7-8 and a roughness
up to R 0.32 microns. Compared to other methods, productivity increases by 3-12
times. A very significant economic effect if the shapes of the treated surfaces and
their sizes are normalized.

During the cutting process, the chips are removed by each tooth of the broach,
with a broaching speed of 2—15 m per min usually, and placed in the cavities
between the teeth, otherwise the broach will jam and break (Arrazila P.J. et.al,
2021).

Basically, broaches are used to obtain parts with a diameter or width from 6
to 100 mm or more.

According to the nature of the treated surfaces, broaches are divided into two
main groups: internal and external.

Internal broaches process various closed surfaces, and external — semi-closed
and open surfaces of different profiles.

There are the following types of broaches according to the forms:
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- round broaches are used for processing cylindrical holes. the accuracy of
hole processing is 0.05 mm and even higher;

- square broaches are intended for processing tetrahedral holes. the accuracy
of processing with square broaches is the same as for round broaches;

- single-pin broaches are used for processing keyways in base holes with an
accuracy of 0.06 mm and higher in diameter and width of the groove;

- split broaches are used for processing slotted holes. the processing accuracy
of these broaches is the same with round and square broaches;

- screw multi-pin broaches are used for processing screw multi-pin grooves.
when working, the broach receives two strictly coordinated movements -
longitudinal (axial) and rotational,

- polyhedral broaches are used for processing faceted holes with any number
of sides;

- coordinate broaches work in a set of several pieces and are intended for
processing different holes or grooves with exact dimensions and their exact
location relative to the base surfaces of the workpiece. the processing accuracy
of these broaches is 0.04 mm and higher;

- external broaches are used for processing external flat and shaped profile
surfaces both by the method of free and by the method of coordinate stretching;

- sealing broaches are used to seal the pre-treated surface, improve the structure
of the surface layer, wear resistance and cleanliness. calibration firmware is used
to remove a very small allowance. Precise calibration is performed to obtain a
clean and smooth surface with an accuracy of 0.01 mm.

Broaches are made of high-speed steel R18 and tool alloy steel of the HVG
brand. In order to save expensive tool steel, in addition to solid ones, prefabricated
broaches are manufactured, in which, after the calibration teeth, an additional
sleeve is inserted, having several teeth that fully correspond to the parameters of
the calibration teeth of the broach. With a decrease in the size of the calibration
teeth of the broach due to overflows, their role is performed by the teeth of
replaceable bushings. There are also keyed prefabricated broaches with plug-in
knives (Arrazola P.J. et.al, 2020) (Itybayeva G.T. 2019).

The main advantages of broaching:

1) high productivity due to the large total length of the simultaneously working
cutting edges;

2) provides high quality processing with surface roughness up to R 0.32
microns;

3) high durability;

4) highly skilled workers and complex equipment are not required.

Disadvantages of broaches are complexity of its manufacturing and
sharpening; high cost; highly specialized tools; big length with relatively small
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cross-sectional dimensions; impossibility of making a “Blind” hole (Akhmedov
A.B. et.al, 2020)

For many years, the Department of Mechanical Engineering and
Standardization of Toraigyrov University and scientists from other universities
have been working to develop metal-cutting tools to improve and secure favorable
cutting conditions (Dudak N. 2019; Lobanov D. et.al, 2014).

Materials and research methods. The broaching process is carried out with
different cutting schemes. The basic cutting schemes are as presented: profile
cutting; progressive or variable cutting; generator cutting (Arrazola P.J. et.al,
2020; Muknov R.B. et.al, 2020)

The profile cutting scheme is characterized by the fact that, starting from the
first tooth, the contour of all teeth is similar (equidistant) to the final profile of the
processed surface. As a result, all the teeth of the cutting part, except for the last
one, make preliminary processing to form a given profile on a workpiece. The
accuracy and quality of the processed surface of the workpiece is determined by
the last tooth of the cutting part. The length of the main cutting edge of this tooth
is maximal, so, to reduce the cutting force, S_for the tooth should be minimal. The
main disadvantage of the profile cutting scheme is the technological complexity
of manufacturing the profile of the teeth of the cutting part.

With a progressive cutting scheme, the allowance is cut with teeth of a
shortened length of the main cutting edges. The cutting tooth of the broach is
divided by length, and the lift on the tooth is S . Thus, instead of one tooth,
the layer of metal is cut with two teeth of the cutting part. This allows one to
distribute the load on the broach teeth evenly along the entire length of the cutting
part, but at the same time causes an increased required number of cutting teeth.

With the generator cutting scheme, each tooth partially forms the final profile
contour of the processed part with its auxiliary tooth. The first tooth of the main
cutting edge has the largest length. Then their length decreases gradually and
gets minimal for the last tooth. This gradual reduction of the cutting force has a
positive effect on the working conditions of the teeth of the calibrating part, and
increases the accuracy and quality of the treated surfaces. In addition, the teeth of
broaches designed to work according to the generator cutting scheme are easier
to manufacture and sharpen. The disadvantage of the generator scheme is the
large length of the cutting edge of the first teeth and its curvature, which makes
it difficult to roll the chips out. The broach for the generator cutting scheme turns
out to be very difficult to manufacture, because each tooth needs to be processed
separately, therefore, it is not widely used for hole-processing.

With a profile cutting scheme, and a progressive cutting scheme, the broach
teeth work outside the riveted layer, so the resistance of the broach increases and
the roughness decreases.
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At the beginning of the broaching process, after centering in the preliminary
hole along the front guide, the first teeth of the broach start the operation, then
the second ones follow, etc. Therefore, in the process of broaching, the cutting
force changes abruptly due to a variable number of simultaneously working
teeth (Fig. 1).

After a time t equal to the ratio of the cutting speed V and the pitch of the teeth
q of the broach, there is a decrease in the number of simultaneously working
teeth per one tooth, and the cutting force decreases. As a result, the stress-strain
state of the technological system and vibrations change, increasing the roughness
and accuracy of the geometric shape of the hole, as the resistance of the broach
decreases (Taskarima A. et.al, 2016)

!
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;
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L P J
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Figure 1. Diagram of the broaching process. I — part to be processed; II — tool;
D — diameter of the hole to be processed; D —diameter of preliminary hole; A
— side allowance; S — cut per tooth; P — broaching force; V — broaching speed,;
q — teeth pitch of broach; L — length of broaching; 1, 2, 3 and 4 — first and
following teeth of broach.

Results and discussion. Broaches for processing round holes contain front
and rear guides, a shank, a working part consisting of cutting and calibrating
teeth separated by chip grooves of a curved V-shaped profile that go staggered-
order when moving from one tooth to another. The chip-splitting grooves have
a depth of 0.4...1.0 mm and a width of 0.6...1,2 mm depending on the diameter
of the broach.

With a progressive cutting scheme, the cutting thickness is as follows: all
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cutting teeth are divided into groups or sections consisting of 2...5 teeth, so the
teeth of one group have the same diameter. The thickness allowance is divided
between groups of teeth, and width allowance is divided between the teeth of
the group due to wide fillets placed in staggered order. Each tooth removes
parts of the allowance by sections of the cutting edge. With an increase in the
thickness of the cut to 0.3...0.4 mm when processing steel and to 1.0...1.2 mm
when processing cast iron, a significant reduction in the length of the cutting part
of the broach is possible. The feed to the tooth does not exceed 0.2...0.4 mm.

This broach ensures the processing of holes with an accuracy of 7...9™ quality,
and surface roughness of R up to 0.63...2.5 microns. The disadvantage of this
broach is the increased complexity of its manufacturing process, as it contains a
large number of elements that require precise processing such as chip grooves;
low productivity and quality of the processed hole.

Abroach for processing holes, authors Gaev 1.V. and Khrolenko T.I. according
to the patent USSR patent No. 1152794A, contains front and rear guides and
with a working part consisting of cutting and calibrating teeth separated by
chip grooves with a curved profile, and a shank. To increase the reliability and
performance of broach, the curved profile of the grooves is made in hyperbolic
contour.

The disadvantage is the of chip grooves that increase the complexity of its
manufacture and the length of the broach, and consequently reduce the processing
performance.

A broach for surface treatment, according to the USSR Patent No. 11712239A
of author Mosina E.F. (1985), including a front guide, where a conical inlet part
with longitudinal chip-splitting grooves and a cutting part with rough, finishing
and calibrating teeth are made. The rough teeth are grouped into two sections
with the same number of teeth, equal lift and diameters of the first teeth. The
chip-splitting grooves coinciding in the direction with the chip-splitting grooves
of the inlet part located on the same diameter and equal to them in width b,
calculated as b =(0.8 ...1)1, where 1 is the length of the cutting edge of the tooth,
are provided on the first section. The feed to the tooth does not exceed 0.2...0.4
mm.

The disadvantage is that when processing surfaces with this broach, the feed
to the rough teeth does not exceed 0.2 ... 0.4 mm and the number of the teeth is
the same for both sections, therefore the length of the broach increases reducing
its productivity. There are also fluctuations that reduce the quality of processing
(both roughness and deviation from a given geometric shape of the hole increase).

The improvement of cutting conditions, the roughness of the broached hole
and the use of progressive designs made it possible to develop a two-stage
progressive broach design for processing cylindrical holes (Application for the
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grant of a patent for an invention No. 2021/0436.1 of the Republic of Kazakhstan
dated 15.07.2021). Itallows increased processing productivity, reduced stretching
and vibration forces and specific pressure on the teeth of the broach, thereby
increasing the resistance of the broach and the quality of processed cylindrical
holes (Fig. 2).

The broach processes round holes as follows: a two-stage progressive broach
(Fig. 2) is installed in a prepared hole of the workpiece and fixed with the front
shank 1 in the tool slide of the machine (not shown in Fig. 1) and moved with it
relatively to the workpiece along the axis of the workpiece hole.

By means of a transition cone 3, the broach is self-centered and along the
front guide 4, moving along the hole of the workpiece.

Cutting teeth z of the first stage 5 along the generatrix of the processed
hole cut through protrusions of a width b and diameters di , that gradually get
increased by the amount of feed S up to 0.3...0.6 mm. Therefore they cut the
side allowance a, of the first stage. Then two pre-calibrating teeth with split
straight-edge cutting protrusions 6 of the first stage pre-clean calibrate the split
hole. The transitive part 7 provides a smoother transition from the first stage to
the second stage and stabilizes the cutting process, and also serves as exit for the
tool when milling and grinding the sides of the cutting protrusions.
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Figure 2. Two-stage progressive broaching. 1 — front shank; 2 — neck; 3 —
transition cone; 4 — front guide; 5 — cutting teeth of split straight-edge cutting
protrusions; 6 — two pre-calibrating teeth of the first stage; 7 — transitive part;
8 — round cutting teeth; 9 — two pre-calibrating teeth of the second stage; 10 —
round calibrating teeth; 11 — rear guide; 12 — rear shank; S — feed to the tooth

at the first stage; S | — feed to the tooth at the second stage.

The diameters of the cutting teeth d, of z, at the second stage 8 gradually
increase by the amount of S, up to 0.2. 0.4 mm cutting the side allowance a, of
the second stage. The hole protrusions formed by the first stage get processed to
the final dimensions of the designed hole, and two pre-calibrating round teeth of
the second stage 9 pre-calibrate the processed hole.

Since the cutting 5 and calibrating teeth 6 of the first stage cut off the width
allowance for the split protrusions, and the cutting 8 and calibrating teeth 9 of the
second stage cut off the remaining protrusions in the hole, the chip deformation
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gets significantly reduced and the chips get rolled up. As a result, the cutting
process is facilitated, providing a positive effect on reducing the roughness of
the processed holes.

4...8 calibrating teeth 10 pieces (its number depends on the accuracy of the
hole being processed) form the final shape and dimensions of the round hole.

The broach doesn’t have a complex shape, since there are no chip-separating
grooves on the round teeth of the second stage, therefore the complexity of its
manufacturing process decreases.

The split broach has a tail part, front and rear guides and a cutting part that
included chamfered, round and split teeth with split protrusions of a sectional
structure, while the main split teeth are followed by a group of three to five
additional split teeth, the split protrusions of which have lateral cutting edges
(Utility model patent No. 71087 IPC B23D 43/00). This broach can’t ensure
achieving the required quality of processing.

A split broach for straight-line splits has front and rear shanks, front and rear
guides, neck, transition cone, cutting part consisting of cutting (rough, transition
and finishing teeth) and calibrating teeth. Each subsequent cutting tooth is higher
than the previous one by a feed value in the range of 0.03...0.06 mm and has split
chip grooves and the front and rear angles. The cutting of the allowance layer is
carried out by a group of 2 teeth. The first split tooth cuts off part of the allowance
in the middle of the processed groove. The second tooth is a stripping tooth, it
forms the parts of the lateral surfaces of the rectangular groove. This broach
ensures the 7..9" quality of processed holes and a surface roughness of R <2.5
microns. The disadvantage of this split broach for straight-line splits is that when
processing splits with a splits broach, each tooth along the length of the working
part does not cut off the chips at the corners of the groove, but tears them off
creating additional friction along the processed groove, and reducing roughness
and increasing cutting forces.

Moreover, with broaches of this design the cut chips are cut from several
surfaces of the grooves. It also worsens chips rollability and placement in the chip
grooves. And because of the large shrinkage, the chips often jam in the grooves
and degrades the treated surface and so R value doesn’t exceed 5 microns.

The improvement of cutting conditions and the quality of the hole being
processed, as well as the use of progressive designs, led to the development of
a new more efficient metal-cutting tool: a two-stage split broach with a straight
profile of the splits (Fig. 3).
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Fig. 3. Two-stage split broach. 1 — front shank; 2 — neck; 3 — transition cone;

4 — front guide; 5 — first stage of cutting part of broach with periphery-cutting

(i.e. along outer diameter) teeth; 6 —second stage processing sides of splits; 7

— calibrating part; 8 — rear guide; 9 —rear shank; t — angle of inclination; S —
feed to tooth at first stage; S — feed to tooth at second stage.

A two-stage split broach with a straight profile of the splits has a front shank
1, a neck 2, a transition cone 3, front 4 and rear 8 guides, a calibrating part 7 and
a rear shank 9. The cutting part is two-stage with an inclination angle t of the
cutting teeth up to 10° to the axis of the broach. The cutting teeth of the first stage
6 of a width b, gradually get bigger remaining within the scope S = 0.3...0.6
mm of the splits protrusions relative to the diameter of the depressions d. to the
diameter of the split projections D_. The cutting teeth of the second stage of a
width of'b, gradually get bigger within the scope S_=0.3...0.6 mm relative to the
width of the split projections b,.

The proposed two-stage split broach with a straight profile of the splits is made
with a two-stage cutting part with the cutting teeth inclined relative to the axis of
the broach: the cutting teeth of the first stage gradually increase in height of the
split projections and cut narrow grooves with a width equal to half the width of
the split projections; the cutting teeth of the second stage gradually increase and
expand the split grooves to the width of the split projections, thereby reducing
the pulling force and ensuring high quality of the processed split hole.

A two-stage split broach with a straight profile of the split (Fig. 3) is inserted
into a prepared hole of the workpiece, gets fixed with a front shank 1 in the tool
slide of the machine (not shown in Fig. 3) and gets moved together with it along
the axis of the hole relative to the workpiece.

By means of a transition cone 3, the broach gets self-centered along the front
guide 4 moving along the hole of the workpiece.

The cutting teeth of the first stage 6 cut narrower grooves along the generatrix
of the processed hole with a width b, equal to half the width of the split projections
b, with a gradual feed to the tooth of S = 0.3...0.6 mm in height from the
diameter of the depressions d. to the diameter of the split projections D_. The
cutting teeth of the second stage 7 expand the resulting grooves of width b, with
their gradual increase by a value of S ,=0.3...0.6 mm up to the value of the width
of the split projections b,
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Since the cutting teeth of the first 6 and second 7 stages cut off the less width
of the split projections, the chip deformation is significantly reduced and the
chips are rolled up. As a result, the cutting process is facilitated, so it has a
beneficial effect on reducing the roughness of the sides of the split holes of the
end product. Under the influence of the angle of inclination t of the cutting edges
to the broach axis, the chips cut and curled into rolls are forwarded to the base
of the split protrusion of the tooth away from the lateral surface of the groove,
thus protecting it from damage. The roughness of the surface of the sides of the
grooves decreases to R =1.6 microns, at the same time increasing the roughness
of the split grooves of the product in width and the accuracy of their placement
relative to the axis of the hole, eliminating the need in additional processing of
the product.

The calibrating teeth 8 form the final shape and dimensions of the split
hole (Application for patent for invention No. 2021/0607.1 of the Republic of
Kazakhstan dated 11.10.2021).

The use of two-stage split broaching with a straight profile of single-cut splits
with peripheral and lateral cutting allows one to reduce the number of cutting
teeth, the length of the broach and the cost of tool material and increase economic
efficiency.

Conclusions. One of the main areas of mechanical engineering is
metalworking. As an element of the technological system, the cutting tool plays
a leading role in achieving the specified economic and technological indicators
of the metalworking process.

Based on the analysis of scientific and technical literature, the designs of metal-
cutting tools, namely broaches for cylindrical and slotted holes, are proposed and
developed. Applications for the invention of the Republic of Kazakhstan have
been submitted for these designs of broaches. At the same time, the accuracy of
surface treatment with a quality of IT 7-8 and a roughness up to Ra 0.32 microns
at a speed of 2—15 m per min usually.

Compared to other methods, productivity increases by 3-12 times. A very
significant economic effect if the shapes of the treated surfaces and their sizes
are normalized.

Broaches are made of high-speed steel R18 and tool alloy steel of the HVG
brand.

The use of two-stage progressive broaching for processing cylindrical holes
will increase processing productivity, reduce stretching and vibration forces,
specific pressure on the teeth of the broach, the depth of the defective layer,
thereby increasing its durability, the quality of processing cylindrical holes and
physical and mechanical properties.

The use of two-stage split broaching with a straight profile of single-cut slots
with peripheral and lateral cutting allows you to reduce the number of cutting
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teeth, the length of the broach and the cost of tool material and increase economic
efficiency.

Thus, the use of the proposed broach designs improves the stress-strain state,
increases processing productivity, reduces stretching and vibration forces, specific
pressure on the teeth of the broach, and, consequently, increases the resistance
of the broach, the quality of processing, savings of tool material and economic
efficiency.
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