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Pestome

Lenb uccnedoeaHusi. [JocmuxeHue 3a0aHHbIX MapaMempos8 moYHoCmU erlyboKo20 ceepsieHusl co30aHuemM KOHCMPYK-
MOpPCKO-MexHono2u4ecko2o obecrieqweHus1 npouyecca ar1yb0Ko20 CeeprIeHuUs], COOMBEMCIMBYOWE20 COBPEeMEHHOMY ypos-
HIO passumusi mexHUKU U mexHonoaud.

MemoOdbI. AHanu3 cmaHOYHbIX U UHCMpYMEeHmarsibHbIX cucmem Orsi obpabomku arnyb6okux omeepcmull Ha OCHO8aHUU
MOHUMOPUH2a KOHBIOHKMYPbI PbiHKa MaluuH, 060pydosaHusi, pexyuea0 UHCMpPYMEHmMa U OCHacmKu eedywux omeye-
CMBEHHbIX U MUpo8bix rpoudsodumened. CuHMe3 mexHornoau4yeckol cucmemsi, obecriequsarouyeli cosdaHue usdenus,
coomeemcmeyroue2o MUPOBOMY YPOBHIO Kayecmaa rpu MakcumaribHoU rMpou3eooumesibHocmu rpouecca.
Pe3ynbmamsbi. Co30aHO KOHCMPYKIMOPCKO-MeXHoo2u4deckoe obecriedeHue rpouecca 251yb0K020 C8EPIIEHUST 8bICOKO-
Jie2upogaHHOU XKaporpo4yHoU cmarnu Ha 060pydoeaHUU COBPEMEHHO20 YPOBHS C UCMOMb308aHUEM 8bICOKO-MPOU3800U-
merbHOo20 UHCmpyMeHma — pyxelHo2o ceepsna. [pednoxeHa ocHacmka Ornis npouecca ar1yboKo20 ceeprieHusT —
aHmMueUbpaUUOHHbIL FFOHEM, MacronpPUEeMHUK, 3aKUMHOU rampoH, Hanpasnsowas emyrka. Onpede-rieHbl ycrosusi
OpobrieHus criusHOU cmpyXKKu, obpasyrouselicsi npu ar1y60KoM ceeprieHUU Py>KelHbIM C8EPIIOM U ee ydarieHue U3 30Hb!
obpabomku cma304Ho-oxaxdaroweli xudkocmsto (COXK).

3aknrodeHue. Ha 6a3e ocHauweHusi rpouecca earyboKo20 C8EPIIeHUsT XKaporpo4YHOU cmarnu roka3aHbl 803MOXHOCMU
UCrob308aHUS KaK Cywecmeyrouwea0 Ha rpednpusmusix obopydoeaHusi, mak U COBPEMEHHO20, HO O0pPO20CMOosILE20
obopydosaHus ¢ yyemom ceputiHocmu ripoussodcmea. Oba amux rymu rno3eosisom obecriedums 3adaHHyr0 MOYHOCMb
u wepoxosamocmb obpabomku. s peanusayuu npouecca arybokoeo ceeprieHuss mpebyemcsi cripoekmuposamb
crieyuaribHbIl UHCMpYMeHm — py>xeliHoe €e8epsio ¢ y4emom ceolicme obpabambieaemozo mamepuana. [pu peanusayuu
npouecca ar1yboKo20 ceeprieHUs1 Ha crieyuanusuposaHHoM obopydosaHuu cxema obpabomku obecrieyugaemcsi ocHacm-
Kol cmanka. lpu peanusayuu npouecca Ha yHusepcaribHoM 0bopydo8aHUU ebibpaHHasi cxema obpabomKu cesidaHa ¢
poeKmMuUpo8aHUEeM U U320mMOoB8/IeHUEM OCHaCcmKU — 3aXUMHO20 MampoHa, MacrionpueMHUKa, Hanpaensouwel emyrku.
Omu 3adauu pewaromess 08ymsi MymsiMu: cuniamu crieyuannucmos npedrnpusimusi Unu fpueedeHuemM CmopoHHUX crieyua-
JIU3UPOBaHHbIX OpeaHu3auul o npoeKkmuposaHUo fpucrocobrneHuli U pexyueao uHcmpymeHma. Bbibop nymu peanu-
3ayuu rnpouecca arlybokoeo ceeprieHus cesisaH C Hanu4yuem obopydosaHusi, paamepom rapmuu demarieli U MexHUKo-
SKOHOMUYECKUMU pacyemamul.
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Abstract

Purpose of research. To attain the specified parameters of deep drilling accuracy by creating design and engineering
support for the deep drilling process corresponding to the current level of technical and technological development.
Methods. Analysis of machine tools and tool systems for drilling deep holes based on the monitoring of the condi-
tions of machinery, equipment, cutting tools and tooling market of leading domestic and global manufacturers. Syn-
thesis of a process system that ensures the creation of a product that meets the world level of quality with maximum
process performance.

Results. The design and engineering support of the process of deep drilling of high-alloy heat-resistant steel using
modern equipment with a high-performance tool - a gun drill, was created.

The equipment for the deep drilling process — an anti-vibration rest, an oil receiver, a clamping chuck, a guide bush
are proposed. The conditions for the control of flow chips formed during deep drilling with a gun drill and its removal
from the processing zone with a cooling mixture are determined.

Conclusion. On the basis of the tooling for deep drilling of heat-resistant steel, the possibilities of using both existing
at enterprises equipment and modern but expensive equipment, taking into account the series production, are shown.
Both of these ways make it possible to ensure the specified accuracy and roughness of processing.

To implement the deep drilling process, it is required to design a special tool - a gun drill, taking into account the
properties of the material being processed. When implementing the deep drilling process applying specialized
equipment, the machining pattern is provided by the tooling of the machine. When implementing the process applying
universal equipment, the selected machining pattern is connected with the design and manufacture of the tooling — a
clamping chuck, an oil receiver, a guide bush. These tasks are implemented in two ways: by the specialists of the
enterprise or involving third-party specialized organizations to design attachments and cutting tools. The choice of the
way to implement the deep drilling process depends on the availability of equipment, the size of the batch of parts
and technical and economic assessment.

Keywords: deep drilling; equipment; tooling; gun drill.
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BBepgeHue

B nacrosimee Bpemsi peranm ¢ rory0o-
KAMU OTBEPCTUSIMH, TaKUE€ KakK POTOPHI U
BaJIbl TYpOHMH, OCH U BTYJIKH 3KCKaBaTOPOB,
TWIB3BI, WJIMHAPHI U IDTYHXXEPHI MIPECCOB,
ocH ¥ OaHJaXW MPOKATHBIX CTAHOB, TPYOBI
OypOBBIX YCTAaHOBOK, KOKWJIW IS HEHTPO-
OeXHON OTIMBKM TpYO M Ap. oOpabaTbiBa-
I0TCSl Ha TIPEITIPUSATHAX BCEX OCHOBHBIX OT-
pacieii mpoMbIlUIeHHOCTH [1, 2, 3].

Tpynnoctu 06pabOTKN OTBEPCTHIA BO3-

pacTaroT C yBEIMYECHHEM HX TIyOWHBI.
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['myOuHy OTBEpCTHIl MPUHATO OIICHUBAThH
otnomenueM L/Do, rne L — nmunaa oTBEp-
ctusi, a Do — ero mmamerp. OTBepcTHs ¢
L/Do> 5 npuHATO Ha3bplBaTh IIYOOKHUMHU
OTBEPCTUSIMU M €ro HeoOxoammo obOpabda-
THIBaTh METOJIAaMHU TJIYOOKOTO CBEpJICHUS
Ha CHEIUAIM3UPOBAHHOM 000pYIOBaHUU
(puc. 1) [4, 5].

s TIy0OKOro CBEpPJICHUS HCIOJIb-
3YIOTCS CHEIUAIbHBIE WM YHUBEPCAIIb-
Hble cTanku (puc. 1) [6-9].

— | sscad) Ve
(W | -

6)

Puc. 1. O6opynoBaHue Ans rnybokoro CBeprieHVs: a — MHHOBaLMOHHasA MOAYbHas cuctema
Ansa ceepreHus rmybokunx oteepcturi Tibo (FepmaHus); 6 —yHuBepcanbHbIN
TOKapHO-BMHTOPE3HbIN cTaHok MYDAY 3A (Poccust)

Fig. 1. Equipment for deep drilling: a — innovative modular system Tibo (Germany) for drilling deep
holes; 6 — regular engine lathe MYDAY 3A (Russia)

MaTepMan bl U METOAbI

Texnonoruuyeckoe obecredeHue Mpo-
1ecca IIIYOOKOTO CBEpJEHUS COCTOUT B
BBIOOpE [10-12]:

— TEXHOJIOTHH TTTyOOKOTO CBEPIICHHUS;"

— 000pyHIOBaHMsI, COOTBETCTBYIOLIETO
o0pabaThIBaEMBIM 3arOTOBKaM;

— HaJIaIKW IMponecca CBEPJICHUA,

— HACTPOWKM HAampaBlIeHHS WHCTPY-
MEHTa B Havaje CBepJICHUS,;

— B OIPENETICHUH HEOJHOPOIHOCTH
MaTepuaia o0padaThIBAEMOTO U3IEIHS;

— OpraHU3aliy YOAJICHHUs CTPYKKH H3
30HBI pE3aHHUS;

— cmocoba MpOBEpKH M HACTPOUKH
KECTKOCTH CHCTEMBl C TOYKH 3pEHUS
HarpaBJieHHs CTEOJS PYKEHHOTO CBepIia B
NpoIIecce CBEPIICHUS;
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— KOHCTPYKLIMH HMHCTPYMEHTa, €ro
POXKYIIUX M HAMPaBJSIOIIUX AJIEMEHTOB;
HanOoJIee COOTBETCTBYIOIIETO 33/1a4¢;

— PSKUMOB pe3aHusl.

Onepatyu rryOOKOro CBEpJIeHHs MOTYT
BBITIOJTHATHCS C Pa3HBIMH BapHaHTaMH HaJla-
IOK. Bpatenne Moxxer nepeaBaTbesi TOIbKO
Ha MHCTPYMEHT WJIM TOJIbKO Ha JICTalb.

4,

Jazomobka

Macaonpuertuk

B03M0OXHO Takxke 0JJHOBpEeMEHHOE Bpa-
IIEHHE W CBEepJa, U 3arOTOBKHU; BpallcHUE
3arOTOBKM M OCEBOM Tojjaue cBepia (puc. 2).

HarmpaBnieHne cBepiia oCyIecTBISIETCS C
TIOMOIIIBIO KOHJTYKTOPHOHN BTYIKH (pHC. 3,2)
WIN 4epe3 NpeABAPHTENBHO MPOCBEPIICH-
HOE OTBEPCTHE MEHBIIIEro nuame-Tpa d Ha

rnyouny 2d (puc. 3, 0).

Puxeuroe cbepno [lampor

N\

a
S

Puc. 2. [iBuxeHna popmoobpasoBaHms npu 06paboTke py>KenHbIM CBEPIIOM

Fig. 2. Shaping movements during gun drilling

Kondyxmapras bmynxa
/

/

Jaxodoe ombepcmue

Puc. 3. Cnocobbl Bpe3aHus py>KEeNHbIX CBEPST: @ — C MOMOLLbH KOHOYKTOPHOWN BTYIIKY;

6 — C NOMOLLbIO 3aX04HOro OTBEPCTUSA

Fig. 3. Methods of gun drills plunge: a — with the help of a drilling bush;

6 — with the help of a lead-in hole

CriocoObl TONY4YeHHsI 3aXOIHBIX OT-
Bepcruii [12, 13, 14]:

a) CreHaIbLHBIMU CIIAPAIBHBIMU CBEp-
JaMH B TOM 4YHCJI€ C BHYTPEHHHUM IOJ[BO-
nom COX;

0) crnpalbHBIMU CBEpJaMU C IOcie-
AYIOIIUM pacTaunBaHHEM;

B) (pe3epoBaHHEM METOJIOM Kpyro-

BOW MHTEPIOJISALHUN.

Pe3ynbTaTbl U X 06CyxaeHune

Jletanp W3roTaBIMBAETCA M3 Kapo-
npoyHoi cranu 12X18H10T I'OCT 5949-
75. Bec 3aroroBku okosio 900 xr. Ilepen
HavyaJioM 00pabOTKHU OT MPYTKa OTpe3aeTcs
obpazeny K mis mpoBeneHUs: cTaHAapTHBIX
BUJIOB HCITBITAHUH (PH3UKO-MEXaHUICCKUX

CBOMCTB MeTauta (puc. 4).
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Puc. 4. 3aroToBka

Fig. 4. Workpiece

Jiis 06paboTKyM mpe/yIaraeTcsi UCIob-
30BaTh yHUBEPCAJIBHBIA TOKAPHO-BUHTO-
pe3HsIif cTaHok Mon. 1M65-5 (em. puc. 1, 6),
MTO3BOJISFOIINI BECTH 00pabOTKY 3arOTOBOK,
yCTaHaBJIMBAaeMbIX HaJ cynnoptoM 650 u
InuHy obOpabateiBaemoil 3arotoBku 5000
MM. [l momaun COJXK cTaHOK AOIOTHSETCS
HACOCHOM CTaHIIUEH.

Jlnsg HampaBlIeHHWs CBepiia BBIOpaHa
cxema 00paboTku (cM. puc. 2) U paszpado-
TaHa HaJaaKa cTaHka (puc. S).

[Ipy W3roToBIIEHMM OTBEPCTUS CBEPJIO
MIPOXOJUT Yepe3 HAMpPaBISIONIYI0 BTYJIKY,
YCTaHOBJICHHYIO B MacJIONpHUeMHHKe (pHC. 6).

Marepuan BTYJIKA — HHCTPYMEHTAJIb-
Has neruposanHas ctainb 9XI'C 'OCTS5950-
2000 s M3roTOBJICHUS ACTaliel, K KOTO-
PBIM TIPEIBSIBISIIOTCS TPEOOBaHUS TOBBI-
meHHo# uHococrorkoctu [10, 11]. Tep-
nocts HRc 50...62.

MacnonprueMHHK YCTaHOBJICH B JTIO-
HeTe. Maciio /Ui yJoanieHus CTPYKKH TOJT
JABJICHUEM TIOAA€TCA B MAacCIIONPUEMHUK.
Ha pacxon COX oxa3piBaeT BIMSHUE JHA-
METp pyXeuHoro csepina. s 3amaHHBIX

YCJIOBUH — JMaMeTp pabodeld 4acTh cBepiia
82 mm, mHa cBepiieHus 2840 MM — naBiie-
Hue 1 Mlla u pacxox Bomnoit COX 400
n/muH. Tonkocts ounmctkm COX 25-30
MkM [15, 16]. I'epmeTnanocTs obOecnedn-
BaeTCs YIUIOTHCHHEM Yy3J1a PE3WHOBBIMHU
koseraMu I'OCT 9833-73 1 BOMJIOYHBIMU
VILIOTHEHUSMU (CM. pHC. 5).

KagecTBO 00pabOTKH pYy>KEHHBIM CBEp-
agom IT 8...14. IlepoxoBarocts Ra <
< 1,25 MxM. YBOJ OT OCH 3arOTOBKH HE 00-
nee 0,3 mm/m [10]. ITo TpeGoBanusM uepTe-
xa geramn D82H12, nomyck +0,35 mm.
[ITepoxoBarocts Ra3,2 MkMm.

s o0paboTku neTtanu pazpaboTaHa
KOHCTPYKIIUS PYKCHHOTO CBepJia M BBI-
OpaHa reoMeTpusl pexyiien yactu (puc. 7)
[17, 18, 19, 20].

Marepuan uenpHOU pabodeil yactu —
tBepablil crmaB BK6 'OCT 3882-74, ma-
tepuan credns — 30XI'CA, coprameHT —
TpyOa npenusuonHoro ucrnonnenuss 'OCT
9567 - 75.TBepnocthb
HRc47...52 [11].

cTebnst  cBepia
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Puc. 5. Hanagka rny6okoro cesepneHus

Fig. 5. Deep drilling setting up
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Fig. 6. Drilling bush
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Puc. 7. PyxeliHoe cBepro

Fig. 7. Gun drill
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W3BOJICTBA Ui OOpaOOTKU JeTad — M3ro-

BbiBogbl .
TOBJICHHE TIOJICPYKUBAIOIIEH OCHACTKH, W3-
KOoHCTPYKTOPCKO-TEXHOIOTHIECKOE TOTOBJICHME OCHACTKW JUIs Oa3upoBaHUs
o0ecrniedyeHne mpoiecca TIIyOOKOTO CBEp- JIeTaN Ha CTaHKe, JOPAabOTKH WM MPUOO-
JICHUS CKJIAJBIBACTCS M3 TIOJTOTOBKHU IPO- PeTeHUs HHCTPYMEHTA.
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