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SKCHEPUMEHTAJIBHOE UCCIEJOBAHUE ATJEKBATHOCTH
MATEMATHYECKOU MOJAEJIM PACUYETA YBOJA OCEHN
OTBEPCTUM NPU OBPABOTKE JIBY3YEbIMU 3EHKEPAMHU
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1 o .
HOxHO-Y pansckuii rocynapcTBeHHBIH YHUBepcUTeT, UensouHck, Poccus

2 . .
TpeXxropHbIi TEXHOIOTHYECKUI HHCTUTYT — (hrutnan HarroHansHOTO HCClIeI0BaTeNbCKOTO SCPHOTO YHUBEPCHTETA
«MUDN» (TTU HUAY «MUDN»), Tpexropusrii, Poccns

Annomayusa. IloctanoBka 3aJa4u (AKTYyaJIbHOCTb padoThl). YacTasi cMEHa HOMEHKJIATYpPbl U3JEJIHI B COBPEMEHHOM
MHUpE SBJICTCS aKTyallbHbIM BOIIPOCOM. Pa3zBurue coBpeMeHHbIX cTaHKOB ¢ UITY mpouCXOauT CIAMIIKOM CTPEMUTENb-
HO, YTO HE IMO3BOJIAET MOJCTPOUTHCS K PUTMY MAIIMHOCTPOMUTEIBHOTO NMPOU3BOACTBA. IIoBbIIeHHE KadecTBa MOMATO-
TOBKH NPOU3BOJACTBA MOMOXET PEIIUTh AaHHBIN BOIMPOC. DTO BO3MOXHO 3a CYET aBTOMAaTHU3aLMU CUCTEM IOATOTOBKU
Pa3IMYHOTO YPOBHA. ABTOMaTHU3UPOBATh CUCTEMBI — 3HAUUT NIPOAHATU3UPOBATh UX JIEHCTBUS, pa3paboTaTh MaTeMaTH-
YECKyI0 MOJEINb, KOTOpas MaKCUMaJIbHO MPUOIM3HUT K AeHCTBYomeld o0paboTke. COBpeMeHHbIE MaTEMAaTHYECKHE MO-
JIeNT HE YYUTHIBAIOT MHOXKECTBO (DaKTOPOB, U MOPOH MOTydaeMble pe3yJIbTaThl pa3indatoTcsi B 2-4 pasa B OTIIMYKE OT
CIpaBOYHBIX JaHHBIX. OOpabOTKa OTBEPCTHI UTPAET HEMAJIOBAXKHYIO POJIb B COBPEMEHHOM Ipon3BoJcTBE. [lomydeHue
OTBEPCTHUS IPOUCXOJUT 32 HECKOJIBKO MEPEXOJI0B, IPHUEM MOrPEIIHOCTh NEPBOT0 MEpeEXo1a NEPEKa bIBaeTCs Ha BTO-
PO, BTOporo — Ha Tpetuil u T.1. [Iporao3upoBanye BENUYMHBI TOTPEITHOCTH U YMEHBIIEHHS 3HAYEHUS 3TOH BETHUYHHBI
TIOMOXET CYIIECTBEHHO MOBBICUTH 9KOHOMHUECKYIO 3((PEKTUBHOCTh MTPOU3BOACTBA. Llesib padoThl. DKCIIEpUMEHTAIb-
HO MCCJIEIOBATh pa3pabOTaHHBIE MaTeMaTHYECKHe MOJIENIN paciyeTa yBoJla OCH OTBEPCTHH NpH 0O0paboTKe ABY3yOBIMH
3€HKEepaMH C pa3lIWYHbIMU ITIABHBIMU yTiIaMH B TiaHe. Menoab3yeMble MeToabl. Pa3paboTaHa MeToMKa MIPOBEACHUS
9KCIEPUMEHTOB C MCIOJIH30BAHUEM PA3IUYHBIX MAapOK MaTepHana, peKUMOB PE3aHUS U Pa3HBIX YIJIOB 3aTOYKH PEXY-
miero uHCTpyMeHTa. HoBM3HA. YCTaHOBIIEHO, YTO JUCHUMMETPHUYHO 3aTOYCHHBIE TJIaBHBIC YIJIBI B IUIAHE Y PEXYIIETO
HHCTPYMEHTA CHIDKAIOT YBOJ OCH OTBepcTHs mpH oOpabdorke. Pesyabtar. [lomyueHa BO3MOKHOCTh YIpaBJICHUS TOU-
HOCTH PACIOJIOXKEHUS OCH OTBEPCTHH NMpH 00paboTKe AUCUMMETPUYHO 3aTOYCHHBIM PEXYIIUM HHCTpyMeHTOoM. IIpak-
THYeCKasi 3HAaYUMOCTh. Pa3paboTaHHas METOJMKA pacueTa YBOJA OCH OTBEPCTHS NMPHU 00pabOTKe TUCUMMETPUIHO
3aTOYEHHBIM PEXYIIMM WHCTPYMEHTOM ITO3BOJIHMT MOBBICUTDH 3()(EKTHBHOCTD MPOCKTUPOBAHUS TEXHOJIOTHYECKHX TIPO-
neccoB Ha cranku ¢ UITY.

Knrouegvie cnoga: 3aTouka WHCTPYMEHTA, TUCHUMMETpPHs, 00paboTKa OTBEPCTHH, yBOJ OCH OTBEPCTHH, KOHIIEBBIC
MEpHbIE HHCTPYMEHTBI, 3¢HKEP, MOHOJIUTHBI HHCTPYMEHT, TOTPEIIHOCTh 00paboTKH
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AN EXPERIMENTAL STUDY ON THE ADEQUACY

OF A MATHEMATICAL MODEL FOR CALCULATING
THE DEFLECTION OF THE AXES OF HOLES

WHEN MACHINING WITH TWO FLUTE COUNTERSINKS

Deryabin I.P.}, Tokarev A.S.?

! South Ural State University, Chelyabinsk, Russia
% Trekhgorny Technological Institute — branch of National Research Nuclear University MEPhI
(TTI NRNU MEPNhI), Trekhgorny, Russia

Abstract. Problem Statement (Relevance). The frequent change of the product range in the modern world is a relevant
issue. Modern CNC machines are developing too rapidly, leaving no opportunity to adjust to the rhythm of machine-
building production. Improving the quality of pre-production will help solve this issue. This is possible due to the automa-
tion of preparation systems at various levels. To automate systems means to analyze their actions, develop a mathematical
model that will bring them as close as possible to the current machining. Modern mathematical models do not take into
account many factors, and sometimes the results obtained differ 2-4 times in contrast to the reference data. Hole machining
plays an important role in modern manufacturing. The hole is made in several transitions, and the error of the first transi-
tion is shifted to the second one, the second one to the third one, etc. Forecasting the error value and reducing the value of
this parameter will significantly increase the economic efficiency of production. Objectives. The study is aimed at an ex-
perimental investigation of the developed mathematical models for calculating the deflection of the axes of holes, when
machining with two flute countersinks with different main cutting edge angles. Methods Applied. A method was devel-
oped to conduct experiments using different grades of the material, cutting modes and different sharpening angles of the
cutting tool. Originality. It was found that the dissymmetrically sharpened main cutting edge angles of the cutting tool
reduced the deflection of the hole axis during machining. Result. It is possible to control accuracy of the location of the
axis of the holes, when machining with a dissymmetrically sharpened cutting tool. Practical Relevance. The developed
method for calculating the deflection of the hole axis during machining with a dissymmetrically sharpened cutting tool will
increase efficiency of designing technological processes for CNC machines.

Keywords: tool sharpening, dissymmetry, hole machining, hole axis deflection, end measuring tools, countersink, mon-
olithic tool, machining error
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CTUH AMaMETPOM JI0 6 MM HCIIONB3YIOT IBY3YOBbIi 3€HKED

BBenenue

Maston3y4deHHOH 0067acThi0 00paboTKM OTBEpCTHH
sBIIsieTcd 00paboTKa KOHIIEBHIMH MEPHBIMH HHCTPYMEH-
tamu (KMU) [1-3]. IIpu obpaboTke metaneil Tuma Ten
BpalleHHs, a TakXKe KOPITyCHBIX NeTajel OuYeHb YacTo
MIPUXOJUTCSI TIPON3BOJUTH PACCBEPIMBAHUE YK€ HMEIO-
IIErocsi OTBEPCTHUS, IIOJIyYEHHOTO MpPEABAPUTEIHHBIM
CBEpJIEHHEM, ITPOKATOM, KOBKOH, IITaMIIOBKOM M T.n.
[4, 7-9]. IlpemmecTyrommas 06pabOTKa TaK WM HHAYe
OKa3bIBa€T BIHMSHHUE HAa TOYHOCTH PACIOJIOKECHHUS OCH
OTBEpCTHS, a ClieJloBaTeNbHO, OyaeT HabmogaThest (hakt
HacJleIOBaHMS MOTPEIIHOCTH TPH JalbHeHe o0padoT-
K€ OTBEPCTHUA, YTO OTPULATEIIBHO CKAXXCTCA HA TOYHOCTH
pacnioniokeHust ocu [11]. YueTr HaciieqoBaHus TOTper-
HOCTHM TpeIIIecTByIome 00paboTkn HE0O0XOIUM, 3TO
yxe Obuto nokazano KosmoseiM A.B., [epsounbmv W.I1.,
ToxapessiM A.C. u 1p. [5, 6, 10].

Marepuajbl 1 MeTOABI UCCJIEJOBAHMUS

Jis moy4rCcTOBOM M YHCTOBOM 0OpabOTKH OTBEp-
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B paGorax [5-7] 6bU10 1OKa3aHO, YTO AUCHUMMETPHY-
Hasl 3aTOYKA TPEX3y0OTo PEeKyIIEro 0CEBOr0 HHCTPYMEHTa
HOBBIIIAET TOYHOCTh PACIIOJIOKEHUSI OCU oTBepcTuil. s
TOro 4TOOBI BBLICHUTB, CIPABEIUIMBO JH JTAHHOE YTBEp-
XKIEHWEe JUIA IBY3yOOTrO pexyIero MHCTpYMEHTa, Obuia
pa3paboTana MaTemMaTH4YecKas MOJIEJb pacyeTa yYBOAa OCH
OTBEPCTHS, M JUIsl OATBEPIKICHHUS €€ aJIeKBATHOCTH HE00-
XOJIMMO MPOBECTH 3KCIIEPUMEHTAIBHBIE UCCIIEJOBaHUSL.

bein paccmotpen mporecc GopmMooOpazoBaHUS OT-
BEPCTHS MOHOJIUTHBIM JBY3yOBIM 3€HKEpPOM, IUISI TOTO
9TOOBI Ha €ro OCHOBE pa3paboTaTh MaTEeMATHUYECKYIO
MOJIJb pacyueTa yBoJaa ocH oTBepcTus (puc. 1).

Hcnone3ys paszpaboranHyto meroauky Jepsionna M.IL
u TokapeBa A.C. [5, 11] Ha OCHOBaHUU NOCTPOEHHUSI Cpe-
3aeMbIX IUIomIaaen ceueHuit (cm. puc. 1), Obuta pazpado-
TaHa MaTeMaTHYecKasi MOJIeNIb PacueTa yBOAa OCH OTBEP-
cTus pu 00paboTKe ABY3yOBIM MOHOJMTHBIM 3€HKEPOM,
KoTopast Oblna mpeoOpa3zoBaHa B Oosee ymOOHBIA Juis
pacueTa BUA:
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rae S — momada, MM/3y0; @1, @, — TIIABHBIA YTOJ B IUTaHE MEPBOTO U BTOPOTO 3y0a COOTBETCTBEHHO, rpaf; ! — royOuHa
pe3aHus, MM; Y — TeKYIIHH YToJl IOBOPOTA HHCTPYMEHTA, TPAJ; €, — HOTPEIIHOCTh MPEAIISCTBYIOIIETO IePeXoaa, MM;
D — nuamerp mHCTpyMeHTa, MM; Dy — nuameTp OTBEpCTHS B 3arOTOBKE, MM; £ — MOZyJb yNpPyroCTH IIEPBOTO POAa,

MlIla; L — pabounii BEUIET COOPHOTO 3€HKEPA, MM.
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[Tobepxrocme udeanbHozo ombepcmus
noc/ae npedeapumebHozo CoepreHus
Uy nuABMHOZ0 ombepcmus

JoHa cbepnewus ombepcmus
0e3 npedbapumebHozo cbepreHus
b cnnowwom mamepuane

[TobepxHocme peanHozo ombepcimus
nocae npediapumessHozo paccbepubonug
Uy IUABMHOZ0 OmBepcmus

Puc. 1. Cxema hopmMo0oOpa30oBaHusi cpe3acMbIX CCUCHHI MPUITYCKa MOHOJIUTHBIM 36HKEPOM KaXK/IbIM JIE3BUEM

JUIS BapuaHTa TJIaBHBIX YIIIOB B IiiaHe 43-48° mocie npeBapuTeIbHOTO CBEPIICHUS WIN B MIMIOTHOM
OTBEPCTHHU: A; — IJIOMIA/b CEUEHUS PUITYCKa, cpe3aeMasi IEPBBIM JIe3BHEM; A, — MIIOIMA/1b CEYECHUS
TIPUITYCKa, cpe3aeMasi BTOPbIM JIe3BUEM

Fig. 1. Diagram of the shaping of the cut sections of the allowance with a monolithic countersink with each

blade for the option of the main cutting edge angles of 43-48° after pre-drilling or in the pilot hole:
Aq is a cross-sectional area of the allowance cut off by the first blade, A, is a cross-sectional area

of the allowance cut off by the second blade

Jlis moATBEepXKACHUS alleKBAaTHOCTH pa3paOdOTaHHOM
MOJIETIM pacueTa yBOJla OCH OTBEpCTHsl MpH 00paboTke
JIBYy3yOBIM MOHOJIUTHBIM 3€HKEPOM OBUIM TMPOBEICHBI
AKCIIEPUMEHTAIILHBIC UCCIICIOBAHMSI.

JIis 1aHHOTO JKCTepUMEHTa OBLIH OMpPEeNIeHbl OC-
HOBHBIE TTapaMeTPBHI.

BrIOpaHbl quaMeTphl peXyIIero MHCTPYMEHTA: IH-
JUHIPUICCKUX CBEPI AMAMETpPaMH 2,5 W 5 MM; 3eHKepa
nuameTpaMu 3 U 6 MM.

Marepuai 3aroToBok: craib 20, konmuuecTBo — 60 mT.,
nuamertp — 60 mM; crans 12X18H10T, konmmuectBo — 60 .,
nuametp — 60 mm; crany IX15, konuuectBo — 60 wit.,
nuameTp — 60 M.

JlmrHa 3aroToBOK Oblla BhIOpaHa TakuM o00Opasom,
9TOOBI TIOJy4aeMO€e CKBO3HOE OTBEPCTHE OBIJIO HE MEHee

5D, T0 ecTh TIIyOOKHM.

Pexymmit nHCTpyMeHT: HaOOp cBepi IMIMHApHYE-
CKUX CHHUpaJIbHBIX MOHOJUTHBIX HSS; Habop ceepin mu-
JUHIPUIECKUX CIHUPAIBHBIX MOHOIUTHEIX POM4K8; 3en-
kepa auamerpom 3 u 6 mm HSS; 3enkepa nuamerpom 3 u
6 mm POM4KS.

Oo6opynoBanue — cranok ¢ UITY DMG MORI DMU 50.

Jlst 06paboTKH 3arOTOBOK OBIIM BBIOPAHBI CIIEIYIO-
M€ PEXUMBI PE3aHMUS:

— Crans 20:

* cBepienune amamerp 2,5 mm: S — 0,1 mwm/00;
n—2100 o6/mun; V — 17 M/MuH,

* cBepienue amamerp 5 mm: S — 0,28 mMm/00;
n — 490 o6/mun; V — 20 M/MuH;

www.vestnik.magtu.ru
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* 3cHKepoBaHue nuamerp 3 mm: S — 0,22 Mm/00;
n— 1750 o6/mun; V — 30 M/MuH;

* 3eHkepoBaHue aumamerp 6 mm: S — 0,36 mMm/00;
n — 580 06/muH; V — 26 M/MuH.

— Cramp 12X18HI10T:

e cBepiaenue aumamerp 2,5 mm: S — 0,03 mm/00;
n —2500 o6/mun; V — 19,6 m/MuH;

e cBepiaeHue amamerp 5 mm: S — 0,12 mm/00;
n— 1150 o6/mun; V — 46 M/MuH;

* 3cHKepoBaHme aumamerp 3 mm: S — 0,12 Mm/00;
n—2230 o6/mun; V — 21 M/MuH;

* 3cHKepoBaHme aumamerp 6 mm: S — 0,20 Mm/00;
n—1050 o6/mumn; V — 46 M/MuH.

— Crans HIX15:

e cBepiaenue aumamerp 2,5 mm: S — 0,06 mMm/00;
n—2200 o6/mun; V — 17,5 Mm/MuH;

* cBepieHne muamerp 5 mm: S — 0,16 MMm/00;
n — 980 06/muH; V — 40 M/MuH;

* 3eHKepoBaHme aumamerp 3 mm: S — 0,18 MMm/00;
n — 1980 o6/mun; V — 19 M/muH;

* 3eHKkepoBaHue aumamerp 6 mm: S — 0,24 mMm/00;
n-990 o6/mun; V — 40 M/MHuH.

3aroyka rJIaBHBIX YIJIOB B IUIaHE Y 36HKEPOB!

— Jluametp 3 MM — 45-45° — cuMMeETpHYHAS 3aTOYKA;

— Juamerp 3 MM — 43-48° — nucummeTrpuyHas 3a-
TOYKa,

— Juametp 6 MM — 45-45° — cuMMeTpIYHAS 3aTOYKA;

— Juametrp 6 MM — 43-48° — mucuMMeTpUYHAs 3a-
TOYKA.

[MorpemHocTh rIaBHOTO yriia B TUIaHe MPU M3rOTOBJIE-
HHMM HHCTpyMeHTa MoxeT focturath 3° (TOCT 12489-71).
IMosTomy, omupasick Ha HCCenoBaHus B paborax [5-7],
6I)IJ'H/I BI)I6paHI)I HWMCHHO I'JIaBHBIC YIJIbI B IJIAHC PABHBIMH
43 u 48° (MakcUMaJbHO BO3MOJKHBIE OTKIOHEHMS YyIia OT
3aJJaHHOTO 3HA4YEHUs B 45°).

0,12

VBOJ OCH OTBEPCTUA, MM
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IMosnyyeHHbIe pe3yJbTaThl H HX 00CY:K1eHHE

O6paboTka oTBepCcTHH ABY3yOBIM HHCTPYMEHTOM Ha
Jtamax o0paboTKu cBepyio-3eHkep. Matepuan Cranp 20.
PesynbraThl n3MepeHnst yBOJa OCH OTBEPCTHS IPEJCTaB-
JICHBI B BHJE TUCTOTpamMM (pHc. 2-5).

[lepBbIM 3TarioM OBLIM MOJYYEHBI OTBEPCTHS B 3aro-
TOBKax TUaMETPOM 2,5 MM JBY3yObIM LMJINHIPHYECKUM
CIHPAIBHBIM CBepioM. Pe3ynbraTbl HM3MepeHHi Ipen-
CTaBJICHBI Ha THCTOrpaMMe Ha puc. 2. PacueT yBoaa ocu
TIPOM3BOJWIICS TI0 pa3padOTaHHOW MaTeMaTHYECKOW MO-
JIETH JJ1s1 IBY3YOBIX CBEPIL.

Ilo pesymbpraTam ructorpaMmsl Ha pHC. 2 BHIHO, YTO
3HAYEHMS U3MEPEHHOTO YBOJA OCH HE NPEBBIIIAIOT PacyeT-
HOTO (IOMYCTUMBIX). DTO OBLIO CIENaHo A 00eCTIeUeHIUS
KaK MOXXHO Oojiee Jy4IINX YCIOBHH IS IOCIEIYIOIIETrO
3€HKEPOBaHUsI, TO €CTh YBOJI OCH ObUI CBEJICH K MUHUMYMY.

[anee Obuta npousBeneHa 00pabOTKa OTBEPCTHS 3CH-
Kepamu auameTpoM 3 MM. Bbina o6paboTana mapTus 3aro-
TOBOK B KOJHMYECTBE 15 IIT. CHMMETPHUYHO 3aTOYEHHBIM
JIBY3yOBbIM 3€HKEpOM U MapTHsI 3ar0TOBOK B KOJIM4ecTBe 15
IIT. AUCHUMMETPUYHO 3aTOYEHHBIM 3eHKepoM. [Ipensapu-
TeNFHO OBLT MPOM3BEACH pacdyeT YBOAA OCH MO pa3pado-
TaHHOM MaTeMaTHYECKOW MoJienu. Pe3ynbraTel n3MepeHnit
T0CJIe 36HKEPOBAHMS MIPE/ICTABICHBI Ha pHC. 3.

Ilo pesynbpraTam HM3MEpEHUH MOXKHO CHENATh BBIBOJ,
4TO Ipu 00pabOTKE OTBEPCTHI CHMMETPHUYHO 3aTOUYCHHBIM
3eHKepoM HaOuozaercst 25% Opaka make TpH HCIIONB30-
BaHWM PACYETHOH MaTeMaTHYecKOW MOJEIH, B TO BpeMs
KaK NpH KCHOJIb30BAaHUM TUCUMMETPUYHO 3aTOUYSHHOTO
PEXYILEro HHCTpYMEHTa Opak B MapTHH OTCYTCTBYET.

PaccMOoTpuM aHaJOrM4HOE MOJY4YE€HHE OTBEPCTHS
JIMaMETPOM 6 MM — MaKCUMAaJbHBIN TUaMeTp, MPH KOTO-
POM HCHONB3YIOTCS JIBYy3yOble 3eHKepa. Pe3ynbraTbl u3-
MEpEeHUI OTBEPCTHH ITIOCIIE CBEPJICHHS U MOCIEAYIOIIETO
3€HKEPOBAHUs MPEACTAaBICHb B BHUJE THUCTOTpAaMM Ha
puc. 4 1 5 COOTBETCTBEHHO.

1 2 3 4 5 6 7 8 9101112131415 1617 18 19 2021 22 23 24 25 26 27 28 29 30

H MamepeHHblit yBoa ocK

Homep sarotosku

H PacyeTHbIi yBO4, OCH

Puc. 2. Pe3ynpraTsl H3MEpEHUIA YBOAA OCH OTBEPCTHS MOCIIE CBEPICHHS CBEPIOM AuameTpoM 2,5 MM (ctanb 20)
Fig. 2. Measurement results of the hole axis deflection after drilling with a drill, 2.5 mm in diameter

(steel 20)
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Puc. 3. T'ucTorpamma pacyeTHBIX B U3MEPEHHBIX 3HAUCHUH ITOCIIe 00paObOTKH OTBEPCTHS CHMMETPUIHO 3aTOUCHHBIM
3€HKEPOM M U3MEPEHHBIX 3HAYCHUH YBOMIa OCH OTBEPCTHA IOCiIe 00padOTKH TUCUMMETPUYIHO 3aTOYCHHBIM
3eHkepoM (Ctainb 20)

Fig. 3. Histogram of calculated and measured values after hole machining with a symmetrically
sharpened countersink and measured values of the hole axis deflection after machining
with a dissymmetrically sharpened countersink (steel 20)
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Puc. 4. PesynpraTsl ©3MEpEHUI YBOAA OCH OTBEPCTHSI IIOCIIE CBEPIICHHS CBEPIIOM IrameTpoM 2,5 MM (Ctainb 20)
Fig. 4. Measurement results of the hole axis deflection after drilling with a drill, 2.5 mm in diameter

(steel 20)

0,14
E 0,12 W /i3mepeHHbIH yBO4 0CH nocne
& o1 06paboTHHM CUMMETPUUYHO
s 3aTOYEHHbIM 3EHKEPOM
a
9 0,08 H /i3mepeHHbIH yBO4 0CH nocne
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S 3aTOYEHHLIM 38HKEPOM
°© 0,04 "
g: M PacyeTHbIA yBO 4 0CH
2 0,02
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Puc. 5. FI/ICTOFpaMMa PAaCYCTHBIX U U3MEPCHHBIX 3Ha4YEHMH Moce 06pa6OTKI/I OTBEPCTHUA CUMMCETPUYHO 3aTOUCHHBIM
3CHKEPOM U U3MEPCHHBIX 3HAYCHMI yBOJa OCHU OTBEPCTHA 1TOCIIC 06pa6OTKH JAUCUMMETPHUYHO 3aTOYCHHBIM
3eHkepoM (Craib 20)

Fig. 5. Histogram of calculated and measured values after hole machining with a symmetrically
sharpened countersink and measured values of the hole axis deflection after machining
with a dissymmetrically sharpened countersink (steel 20)
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ITo pe3ynpraTaM M3MEPEHHH MOXHO CIENATh BBHIBOJ, AHanornyao ObUIM TPOBEICHBI HKCIIEPHIMEHTHI C Ma-
91O IpH 00pabOTKE OTBEPCTHI CHMMETPHYHO 3aTOYeHHBIM  Tepuanamu cranmet 12X18H10T u IIX15, pesympraTsi
3eHKepoM HaOmonaercs 33% Opaka Jake MPU UCIONB30-  KOTOPBIX MPEACTABIICHBI B BHJIC THCTOIPaMM Ha puc. 6-13.
BaHUM PacyEeTHON MaTeMaTHYecKOW MOJIENH, B TO BpeMs PesynbraThl 1o 3KcHepuUMEHTY npu o0paboTke OT-
Kak NpH HCHOJb30BaHMM IUCUMMETPUYHO 3aTOYEHHOro  BepcTuil B marepuane ctanb 12X18HI0T mpencraBinenst
PEXYILEro HHCTPYMEHTa Opak B HapTHH OTCYTCTBYET. Ha puc. 6-9.
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Puc. 6. Pe3ynbraThl M3MepeHH YBOJa OCH OTBEPCTHSI [TOCIIE CBEPIICHUS CBEPIIOM JHaMETPoM 2,5 MM
(crams 12X18H10T)

Fig. 6. Measurement results of the hole axis deflection after drilling with a drill, 2.5 mm in diameter
(steel 12X18H10T)
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Puc. 7. TucrorpamMmma pac4eTHbIX M U3MEPEHHBIX 3HAYCHUI NOcIie 00padOTKH OTBEPCTHSI CHMMETPUYHO 3aTOYEHHBIM
3C€HKEPOM U U3MEPCHHBIX 3HAUYEHUH yBOJa OCHU OTBEPCTHUA 1TOCJIE OGpaGOTKI/I JUCUMMETPHUYHO 3aTOYCHHBIM
3eHkepoM (ctane 12X18H10T)

Fig. 7. Histogram of calculated and measured values after hole machining with a symmetrically
sharpened countersink and measured values of the hole axis deflection after machining
with a dissymmetrically sharpened countersink (steel 12X18H10T)
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Fig. 8. Measurement results of the hole axis deflection after drilling with a drill, 5 mm in diameter
(steel 12X18H10T)
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Histogram of calculated and measured values after hole machining with a symmetrically

sharpened countersink and measured values of the hole axis deflection after machining
with a asymmetrically sharpened countersink (steel 12X18H10T)
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Fig. 10. Measurement results of the hole axis deflection after drilling with a drill, 2.5 mm in diameter (steel 11IX15)
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Fig. 11. Histogram of calculated and measured values after hole machining with a symmetrically
sharpened countersink and measured values of the hole axis deflection after machining
with a dissymmetrically sharpened countersink (steel I11X15)
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Fig. 12. Measurement results of the hole axis deflection after drilling with a drill, 5 mm in diameter (steel 111X 15)
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Histogram of calculated and measured values after hole machining with a symmetrically

sharpened countersink and measured values of the hole axis deflection after machining
with a dissymmetrically sharpened countersink (steel I11X15)

3akiaouenue

AHanu3 TMONy4YeHHBIX Pe3yNbTaTOB SKCIIEPUMEHTAIIb-

HBIX HMCCIIEZIOBaHUIl MOKAa3aJl aJeKBaTHOCTh pa3paboTaH-
HOW MaTeMaTH4eCKOl MOJEN pacdyeTa yBoJa OCH OTBEP-
cTHs Ipu 00paboTKe ABY3yOBIM MOHOJHMTHBIM 3€HKEPOM,
a TaKkXe MOATBEPIMI, YTO MPUMEHEHNE TUCUMMETPUIHO
3aTOYEHHOTO MHCTPYMEHTa MO3BOJISIET 100MBATHCS HEOO-
XOAMMOM TOUHOCTH PACIIONIOKEHHS OCU OTBEPCTHIL.
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