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Pestome

Uenb uccnedoeaHusi. Llenbio 0aHHOU cmambu 518/15€MCs1 MOUCK HO8bIX peweHul Orisi obpabomku PK-npogunbHbIX
omeepcmuli U ModesiuposaHue ¢hpesbl ¢ MpuMeHeHUeM paduarnbHOol KOHCMPYKMUSHOU rnodaqu.

MemodbI. B cmambe npugedeHbl pe3dyribmamsl orpedesieHusi UCX0OH020 KOHmypa UHCmpyMeHmaribHol rnoeepx-
Hocmu gbpe3bl Npu UCMOb308aHUU OCHO8 2eomMempuveckoll meopuu. Teopemuyeckue MooxeHusi OCHO8bIgaslCh
Ha UCrosb308aHUU OCHOBHbIX MO/IOXEHUU 8€KMOpHOU anzebpbl, aHanumu4veckol u dughghepeHyuarnbHolU seomem-
puu, yHOameHmasibHbIX OCHO8 meopuu pe3aHus Mamepuasnos. [lpusedeHbl pe3yrnbmambl MOOesiupo8aHus
KOHCMpYKUUU ¢hpe3 ¢ ucnonb3osaHuem rpozpammHozo obecnevyeHuss KOMIMTAC 3D.

Pe3ynbmamsbl. [lpusedeH aHanuis cywecmsyrouux memodos obpabomku PK-npogunbHbix omeepcmud. [ns
r108bIWeHUSs rpPou3sodumesibHocmu 06pabomku 8HYMPEHHUX NO8epXHOCMeU C PpagHOOCHbLIM KOHMYPOM rpedrioKeH
criocob obpabomku ¢hpesol ¢ paduarnbHoli KOHCmMpykmugHoU rnodadel. NpueedeHbl pe3yrnbmambl onpedeneHust
UCX00HO020 KOHMYypa UHCMPYMeHmMasrbHOU oeepxHocmu ¢hbpesbl, MOCMPOeHbl Modenu eé pexyuwux KPOMOK,
nepedHeli u 3adHel nosepxHocmu. NokasaH pe3yribmam modesnuposaHus nepedHel u 3adHeli nosepxHocmu 3ybbes
pesbl ¢ Rr = 24 mm, u wupuHol ¢pesbl 50 mm ¢ nepedHum yarom 5°, 3adHum yarnom 10° u qucriom 3ybbes 16.
lMpueedeHbi pe3ynbmambi MOOenuposaHUsi KOHCMpPyKUuu ¢hpes ¢ nomowbro 3D modenupoeaHusi, Komopble 8
OarnbHeliuieM no360s5m Uu320mos8ume UHCMpYMeHmaribHyt0 ocHacmky Ons npedrioxeHHo20 memoda u rnposecmu
3KcriepuMeHmarbHbie uccriedo8aHusi 1o ornpedeneHuro onMmMuUMaribHbIX MeXHOI02UYECKUX rapamempos.
3aknroyeHue. Ha ocHose mnocmMpPOeHHbIX Modesnieli CmaHO8UMCS B03MOXHbIM B8bIMOSTHEHUE MOOenupo8aHus
npouecca ¢peseposaHus PK-npogunbHbix omeepcmull ¢ Uyernbito onpedesieHuss payuoHasnbHbIX 3HavyeHul
0bpabomKu U KOHCMPYKMUBHbIX napamempos. Pesynbmambi uccredogaHusi mo2ym 6bimb UCM0b308aHbl Mpu
pa3pabomke KOHCMPYKMOPCKO-mexHoioaudeckol OoKyMeHmauuu npu nodzomoske rnpouzsodcmea npopuiibHbIX
omeepcmuli ¢ yesnbto obecrnievyeHus1 3a0aHHbIX Xapakmepucmuk u30esnus.

Knrodeenie cnoega: ¢ppesa; paBHOOCHbIU KOHMYP, 2eomMempuyeckas Mooesib, meopusi hopmMoobpasosaHusi; omeep-
cmue; PK-npogpurns.
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Modeling of a milling cutter with radial constructional feed
for EC-profile holes machining
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Abstract

Purpose of reseach. The purpose of the paper is to find new solutions for equiaxial- contour (EC) holes machining
and milling cutter modeling with the use of radial constructional feed.

Methods. The results of the determination of the original contour of the milling cutter surface using the basics of the
geometric theory are provided in the paper. Theoretical considerations were based on the use of the basics of the
vector algebra, analytical and differential geometry, theory of material cutting. The results of the milling cutter design
modeling with the application of software COMPAS 3D are presented in the paper.

Results. The analysis of the existing methods for EC holes machining is provided. To improve the efficiency of EC
internal surface machining there was proposed a method for milling with a miller cutter with radial constructional feed.
The results of the determination of the original cutter surface are provided, the models of its cutting edges and front
and flank surfaces were developed. The result of the modeling of the front and flank surface of the cutter teeth with
Rr =24 mm, and cutter width of 50 mm with the front rake angle of 5°, back angle of 10° and 16 teeth are presented.
There are also provided the results of the milling cutter modeling by means of 3D modeling which in the future will
make it possible to manufacture tool equipment for the proposed method and to conduct an experiment research to
determine optimum technological parameters.

Conclusion. On the basis of the developed models it's becoming possible to perform the modeling of the milling
process of EC shaped holes in order to determine milling rational values and specifications. The research findings
can be used for design-engineering documentation development during the preparation of shaped holes
manufacturing in order to ensure specified item characteristics.

Keywords: milling cutter; equiaxial contour; geometric model; theory of shaping; hole; EC-profile.
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BBepgeHue

B nociie/Hee BpeMst GOIbLIOE BHAMA- obpabotke PK-nmpodunbubix Banos. On-

HHE OTCYCCTBCHHBIMU YUEHBIMHU YICISIETCS HaKO HENOCTATOTHOC BHUMAHNC YNCICTCA
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o0paboTke crynuipl. cxons u3 TOro, 4To
9TH JeTand paboTaloT B Mape M JIKCILTya-
TAIlMOHHBIE XapaKTEPUCTHKH JaHHOTO CO-
eIMHCHUS 3aBHCAT B OOJBIICH CTENEHU OT
TOYHOCTH W3TOTOBJICHUS CTYNHIIBI, 33]a4a
¢dbopmooOpa3zoBaHHsl  CTYHHUYHOTO  IPO-
(GUIEHOTO OTBEPCTHUS SBISIETCS aKTyallb-
HoH [1-9].

HenocraTkom MMerOmuXcs CyIiecTBY-
omux MetoaoB o0padbotku PK-mpodunb-
HBIX OTBEPCTHH SBJISIETCS NPHUAAaHHE 3aro-
TOBKE U MHCTPYMEHTY FrapMOHHUYECKUX TIe-
pememenuii [9-20]. Takum oOpazom, 11e-

JIBIO I[aJ'ILHefIHIeFo HUCCIICAOBAaHUA ABJISACT-

PK-3 npochursroe omsepcmue

e / 7///// Dpe:
% / 7/ e ) 1)(3 a

Csl: TIOMCK HOBBIX peIeHui st 00paboTKu
PK-nipo¢unbHBIX OTBEpCTHI U MOJAEIHPO-
BaHue Qpe3bl C IPUMEHEHUEM PaauaIbHON

KOHCTPYKTUBHOM ITOJA4H.

MaTepMan bl U METOAObI

JInst TIOBBIIIEHUS] TIPOU3BOIUTEIHHO-
CTH 00pabOTKM BHYTPEHHUX IOBEPXHO-
CTel C paBHOOCHBIM KOHTYPOM MPEITIOKEH
crocod o00paboTku (pe3or, HMEIImUl
crenyomyo cxemy (puc.l). OrcyrcTBue
rapMOHMYECKHX TepeMenIeHuid 00ycIoBe-
HO KOHCTPYKTHBHBIM HCITOJTHEHHEM ITpe-

naraemMoi ¢ppes3bl.

1Y

Puc. 1. Cxema dpesepoBaHusi PK-3 npodnnbHOro oTBepcTusi hpeson ¢ NnepeMeHHbIM pagnycomM

Fig. 1. Scheme of milling RK-3 profile hole milling cutter with a variable radius

JanHast cxema (hopMooOpa3oBaHUsl OT-
BepCTHs Oy/IET OMHUCHIBATHCS YPAaBHEHUEM

7(0) =4 (0,) 4" () 4% ()7, (1)

rae 7(0) — ypaBuenue obGpabarbiBaeMoii

nosepxHoctu PK-3 mpo¢unbHOro orsep-

CTUs

[R—e-cos(N-0)]-cosd— N -e-sin(N -0)-sin0
75(0) = [R—e-sin(N-6)]-sin6—N-e-sin(N-O)-cosO ’ (2)
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R — pammyc cpenmeit okpyxHOCTH
npoduieHOro Bana; O — yriuoBoil mapa-

MeTp Npouisd; e — OSKCUEHTPHCUTET
npodunss; N — KOJIMYECTBO TpaHEid,
A{6}(91) — MarpuIia, COOTBETCTBYIOLIAS
HIOBOPOTY 3arOTOBKH
(cosO; —sin®; 0 O]
A{6}(61): sin@, cosO;, 0 O ’
0 0 1 0
0 0 0 1]
rme 0, — yrom nosopora 3aroToBkw;

A{l}(x) — MaTpuIa IOIEPEYHOro Mepe-

MeIeHus ppesbl

1 0 0 x
010 0
A{l}(x):oo 1 ol
000 1

IJ€ X — MapaMeTp IONEPEeYHOro nepeme-
meHnss (¢Gpe3bl OTHOCUTEIBHO OCH X

A{6}((0) — MaTpHIa MOBOPOTa (pe3k

(coso —sino 0 0
6} sino coso 0 0
A () = )
0 0 1 0
0 0 0 1]

e ® — yroj HoBopora ¢pessl; 74 — ypas-
HEHHE MTPOU3BOISIIEH MOBEPXHOCTH (PE3BI.

Jlns peanu3anyu JAHHOTO Croco0a
HE00X0MMO OOECTICUNTh CIEAYIONNE KH-

HEMAaTUYCECKUE CBA3U.
W= Nel , (3)
X = R - Rf R (4)
rae Rf — CpC)IHI/II\/’I paanyc (1)pe3I)I C KOH-

CTPYKTMBHOM IOJa4Y€eH.

Jlis onpeneneHus UCXOAHOU UHCTPY-
MEHTAJIbHON ITOBEPXHOCTH HWHCTPYMEHTA

ypaBHeHue (1) mpuBeaeM K BULY
7y = A3 (0))7(0), 5)
rje Az (6,) — marpuna Qopmoobpasy-

IOIIEH CHUCTEMBI TEXHOJOTHYECKOrO 000-
pyIOBaHUS

Ag = 41%0,)4" ()4 (- Noy). (6)

Ha napamerp 0;, Bxomsmmii B Qop-
Myny (6), HaJOXHUM CBsI3b OrHOaHUs, KO-
TOPYIO OIpPEENIUM IIyTEeM PELICHHUs] OTHO-

cutensHo napamerpa 0 ypasnenus,

7
00, 00 @

Ha puc. 2 nokaszan pe3ynpTaTr pacyera
UCXOIHOM HHCTPYMEHTAIbHON IIOBEPXHO-
ctu (pe3bl 11 00pabOTKU OTBEPCTHUS MOJ
Ban PK-npopuna D, =80 e/2e=3,4/6,8,
KOJIM4YecTBO rpaneit N =3, mpu pamuyce
MHCTpyMeHTa R, =24 Mm.

Ha ocHoBe ypaBHeHUs HpoQuiIs HC-
XOJTHOM MHCTPYMEHTAJIBHOU IOBEPXHOCTH

74(0), 3amasascy Bemuumuoii 0; u napa-
METPOM IMIUPUHBI (Qpe3bl z, TMOIydaeM
YpaBHEHUE MPSAMOIMHENHON [-OU PEexXy-
el kpomru dpesnr 74;(0;,2).
[TocTpoenne moaenu pexylmux Kpo-
MOK (ppe3bl CBA3aHO C OMUCAHMEM BEKTO-
POB HOpMAJIM K IEPEAHEH M 3aHEH I0-
BEepXHOCTU 3yObeB. Jlns ompeneneHus

YPaBHEHUs BEKTOPOB HOPMAJIU K IEpeIHEN

N; w sammeit nosepxuoctu N_; i—roii
pexyleli KpoMKH (pe3bl paccuuTaeM

marpunty A,;(0;,z) ycranoBku cuctemsr
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KOOPJAMHAT paJualbHON CEKYILEH IIJIOCKO-
CTH C LEHTPOM, IMPOXOAAIIUM Yepe3 Haya-
JO CHCTEMBl KOOPAMHAT M PEXYIIYIO
KpOMKY [21], mo BekTopaM: 3aJarolliuM

IMOJIOKUTCIIbHOC HAIIPABJIICHUC OCH XW,

KaK 7y (Gi,z)|z_0; IIOJIOXKHUTEIbHOE HAIIPaB-

T
JICHUE OCU Z,,,, KaK [0,0,1,0] ; TIOJIOJKEHUE
Havyana cucrembl koopauHar X, Y, 7.,

1
I —
o
[
i
I —
(3]
i3 —

0-18-16-14-12-10-8 -6 -

T T T T T T T T 1
2 4 6 5 10121416 18 2
x

Pwc. 2. MNMpownssogsilas noBepxHOCTb UHCTPYMeHTa Ans 0bpaboTtku PK-3 npodunbHoro oteepctus ¢ Ry =24 Mm

Fig. 2. The producing surface of the tool for processing RK-3 profile holes with R;= 24 mm

Torpa ypaBHeHHE BEKTOpa HOPMAJIU K
MIEPETHEN TMOBEPXHOCTH, ONPEACIISIETCSA
Kak (puc. 3)

]vpi (ei’ Z, Yz) = Awl‘ (ei’ Z)A{5}(_Yi)l;pi ’(8)
5
e -

MaTpHlla IOBOPOTa CEKYILEH II0CKOCTH

BOKpYT ocu ), Ha yron Y;; k,; —opr,

COOTBGTCTByIOHIHfI IMMOJIOKUTCJIIbBHOMY Ha-

rae Y; — nepemuuii yrom; A

TPABJICHUIO OCH Z j); .

YpaBHEeHHE BEKTOpa HOpPMalu K 3a1-

HEH TTOBEPXHOCTH OMpeeuM Kak (puc. 4)

Nzi(eiszaai):
— 4,,(6;,2)4" g+(x k... )

e A{S}(g+a)— MaTpHlia OBOPOTA Ce-

KyLEeHd IUIOCKOCTH BOKpYr OCH ),,; Ha
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Ha puc. 5 nokazan pe3ynprar Moaenu-

T
—+ 0O ; 0 — BEINYUH HET ; . "
yroia 2 > @ el 4 3aJIHCTO yIia, pOBaHUA IEPESIHUM M 3aJHCH MOBEPXHOCTHU

. 3yObeB (pe3bl ¢ Ry = 24 MM, U INMPUHON
kzi — OpT, COOTBETCTBYIOIIUI MOJOXKU- '

¢dpe3br 50 MM ¢ mepemHUM yriioMm 5°, 3ai-

TCIIEPHOMY HAaIIpaBJICHUIO OCH Z ; . HIM yriioM 10° u grciiom 3yoneB 16.

Y 2

[ e Zpi
npOHEBOO}m{a}I
NOGEPXHOCMb UHCHIPYMEHMA

Xy

Puc. 3. Cxema yCcTaHOBKM NMIOCKOCTW NepegHen NoBepXHOCTU

Fig. 3. Installation diagram of the front surface plane

y4 xl‘; i

npoU380051ast
NOBEPXHOCHb UHCMPYMEHMA

Xy

Puc. 4. Cxema yCTaHOBKM NMOCKOCTU 3a4HEN MOBEPXHOCTM

Fig. 4. Scheme of installation of the plane of the rear surface

Pe3ynbTaTthl 1 nx o6¢C eHue
y yxa 6otku PK-npodunsHOro orBepcrus, coot-

Ha puc. 6 mokasan pe3yibTaT mocTpo- BETCTBYIOIIETO HCXOJHOM MOJENN MH-
eanss 3D wmomenum ¢dpespr s oOpa- cTpyMeHTa (CM. puc. 5).
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0 1020 30 40 50

Puc. 5. Pe3ynbTatbl MogenvpoBaHus 3yobeB dppesbl Ans 06paboTku PK-npodunbHbIX 0TBEPCTUIA

Fig. 5. The results of modeling the teeth of the cutter for processing RK-profile holes

a)

6)

Puc. 6. 3D mogenb dopesbl anst 06paboTtkm PK-3 npodunnbHbIX OTBEPCTUI: @ — aKCOHOMETPUS; 6 — NpodurbHbLIN BUL,

Fig. 6. 3D model of the cutter for processing RK-3 profile holes: a — axonometry; 6 — profile view

BbiBogbl

Ha ocHOBe nmocTpoeHHbIX MOZIENEN CTa-
HOBUTCSL BO3MOXKHBIM BBITIOJIHEHHE MOJIe-
JIupoBaHus mpouecca ¢pesepoBanus PK-
NpOo(UIBHBIX OTBEPCTUH C LENbIO OMpesie-
JICHUsI PAllMOHAIBHBIX 3HaYeHUH 00paboTKu

Y KOHCTPYKTUBHBIX I1apaMETPOB.

[TomyyeHHble JaHHBIE MOTYT OBITH IO-
JIE3HBI MPU MOATOTOBKE KOHCTPYKTOPCKO-
TEXHOJIOTUYECKONW TOKYMEHTALMM HA MPO-
U3BOACTBEHHBIX IUIOIIAJKAX C  LEJBIO
obecrieyeHHuss TpeOYeMbIX XapaKTEPUCTUK

JETaJIN.
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