ISSN 2079-8490

INEKMPOHHOE HAYUHOE U3DGHUE
«Yuenne samemrxu TOL'Y»
2018, Tom 9, €M 2, C. 808 — 812

Ceudemennvcmeo
n Ne @C 77-39676 om 05.05.2010
http://pnu.edu.ru/ru/ejournal /about/
ejournal@pnu.edu.ru

YK 621.9:519.233.5

©) 2018 r. E. B. [Iepees,
FO. I'. IBaHuines, Kamj. TeXH. HAyK
(TuxookeaHCKUiT TOCY TAPCTBEHHBII yHUBEpCUTET, XabapOBCK )

MATEMATUNYECKOE OIIMCAHUE JOIIOJIHUTEJIBHOI'O
IIPUIIYCKA OBPA3YEMOTO IIPU IIPE/IBAPUTEJIBHON
OBPABOTKE BITA/IMHBI SYBYATOI'O KOJIECA
HA ®PE3EPHbBIX CTAHKAX C 4IIVY

B pabore Ha OCHOBe pErpecCHOHHOIO aHaaW3a pa3paboTaHa MaTeMaTHYecKad
Mozenb — aByxdakTopHas ¢ B3auMozeicTBueM (hakTopoB. Mosenb onuchiBaeT
M3MEHEHNe BEJINYNHBI JIOTOJHATEILHOTO TPUITYCKa B 3aBUCUMOCTH OT MOIYJIA U
4qucesl 3yObeB Kouieca. JIONMOTHUTENbHBIN NPUIYCK (QOPMUPYeTCA B IpoIlecce
MIPEIBAPUTENHLHON  TOCIE0BATEIbHOM 00paboTKe BIAIWH 3yDUATOrO KOJEca
CBepJIOM U YepHOBOH 06paboTKe HAbOPOM NMJIMHIApUYecKuX ¢dpes. IlpuBoaurcsa
aHAJIN3 CTElleHU BJIMAHUA NAapPaMeTPOB MOJEIH Ha OTKJIUK.

Karouesnie ca08a: 3y0UaTOE KOIECO, IBOJBBEHTHBIN MPOMUIbL, W3TOTOBIEHNE
3yOYaTBIX KOJIeC Ha YHUBEDPCAJBHBIX (bpesepHbix crankax ¢ JIIY, morper-
HOCTb, MOJY/Ih, YUC/I0 3yOhEB, MATEMATHIECKAST MOJIE/Tb.

E. V. Dereev, Y. G. Ivanishchev
MATHEMATICAL DESCRIPTION OF THE ADDITIONAL
MOBILE RANGE FOR PRELIMINARY TREATMENT OF THE
CROSS-WHEEL CUTS WITH CNC MILLING MACHINES

Article is based on regression analysis; a mathematical model was developed - a
two-factor model with interaction of factors. The model describes the change in
the size of the additional allowance, depending on the module and the teeth
number of the wheel. The additional allowance is formed on the process of pre-
liminary sequential processing of the troughs of the gearwheel with a drill and
roughing with a set of cylindrical cutters. The analysis of the degree of influence
of the model parameters on the response is given.

Keywords: cogwheel, involute profile, manufacturing of gears on universal
CNC milling machines, error, module, teeth number, mathematical model.
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st 06paboTKM 3y0YaThIiX KOJIEC ¢ 9BOJBBEHTHBIM IpodusieM Tpebyercs mpuMeHeHne,
KakK IIPaBUJIO, CIEIHaJIbHOro 3y06000pabaThIBaIOMEero o0OPYJIOBAaHUS U CIEINUAJIBHOIO 3y0o-
pesHoro mHcrpyMenTa. [loaroMmy ocobble 3aTpyIHeHNST BOSHUKAIOT ITPU HEOOXOIMMOCTU H3TO-
TOBJIEHUA 3yOIATHIX KOJIEC B MEJIKOCEPUITHOM M €IMHUIHOM ITPOU3BO/ICTBAX.

B pab6ore [1] npemioxen crocob Hape3aHUs IUJIXHIPHYECKUX 3yObeB Kosiec Ha (dpe-
3epHbIX cTaHkax ¢ UIIY, koTopsrit MOXKeT ObITH TPUMEHEH TIPU UX E€JIMHUIHOM U3TOTOBJICHUH.
CyTb crocoba 3aK/II09aeTcsl B IOCJIeI0BATEIbHON KOMOMHUPOBAHHON MeXaHO0OpaboTKe:

- IpeJaBapuUTebHON 00paboTKe BHAIUH 3y0UaTOr0 KOJIECa CBEPJIOM;

- IIOCJIeIOBATEILHONW YepHOBOI 00pabOTKe HAOOPOM IMUJINHIAPUIECKUX Ppes;

- YHCTOBOI 00paboTKe chepudaecKkoit ppes3oii.

B namnoit paboTe paccMOTpeHa JIIIb IpeIBapuTeIbHasd 06paboTKa cBepiaoM A 4 MM u
qepHOBast HabGopoM mumHaprdecknx dpes A 8 u A 4. Cxema mociienoBaTesbHOl TIpeIBapu-
TeJIbHOI 00pabOTKM MpUBEJIeHa Ha puc. 1 u 2.

IIpunyck, yoanaemoiii
ceepiiom P4 MM

Puc. 1. Cxema mpeaBapuTesibHOI 06pabOTKI BIAIMHBL: CBepJIeHre oTBepeTHs A 4vM
u dpeseposanne A 8vm

Y

Puc. 2. Cxema (dpeseposanust jia Brauasl hpe3oit A4 Mm Y — pasmep JOHOJHATEIHHOTO
npuirycka (BbICOTa rpebernka )
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B mporiecce npeaBapurebHoit 00paboTKu (popMHUpYyeTcs MOrPertHoCTh B BUjie Tpederr-
Ka, BEJIMIMHA KOTOPOro (M3MepsieTcs 10 HOpMaJH K mpodmiio 3yHa) obpasyer JOMOTHATE b
HBII TIPHUILYCK. DTOT JOMOJHUTEIbHBINA IIPUITYCK YIAJIAeTCsl ITPU OKOHIATeIbHON 00paboTKe.

,ZLHH IIOCTPOEHU A MaTeMaTHudeCKOon MOJE/In 3aBUCUMOCTH BEJIHWYUHBI ITPDUITY CKaA Y oT
MO/IyJisl M 3y6UaToro KoJjieca U Iucjia 2 ero 3yobes, T. e. dbyuknuun Y = f(m,z).

Jlnanaszonbl u3MeHeHus (PakTOpPOB:

- mepBblil GAKTOP M — MOJIYJIb, MM (H3MEHSeTCs OT 4 MM J10 8 MM);

- BTOPOIi hakTop z — uncyo 3y6bes (u3meHsiercst ot 18 j10 22).
YVcenoBug sKCEepUMeHTa ITPUBEJIeHbI B TabJI. 1.

Tabsma 1
VcJI0BUS SKCIIEPUMEHTA
R C T TR ——— Dakropbl (0603HAYEHNUS )
Momynb, m (z;) Kosmmuecrso 3yones, z (1)
Ocnosnoii yposens (0) 6 20
Iar BapsupoBanns AX 2 2
Bepxnuuii yposenb (+1) 8 22
Hwxuwmit yposens (-1) 4 18

[Ipesk ie Bcero, OBIT PeATM30BaH HOIHBIH (aKTOPHBIH SKCIepIMeHT Turma 2° ¢ y4eToM
B3aMMOJIENHCTBUsT (DAKTOPOB, COCTOAINMUI W3 YeThIPEX OIBITOB. Pe3yjabrarbl SKCIIePUMEHTa
IPUBEJIEHBI B TabJI. 2, TJie x; — MOJyJIb 3y0uaroro KoJeca, I, — KOJIUIECTBO 3yObeB. JKCIepu-
MEHT peain30BaH B BHUJE I'PadUIECKOr0 MOJIEJMPOBAHNS, PE3YJIHTATbl KOTOPOI'O IIPUBEJICHBI B
Tabs. 2. /s onpenenenus: craHapTHOTO OTKJIOHEHHUS S B MOC/IEIHENH 4-0if TOYKe IIaHa TPO-
BeJIeHa cepus U3 AT onbIToB. Pazmax R, orkiauka Y cocrasuit 0,007 mwm.

Tabsmia 2
Marpuna nossoro dgaxroproro sxciepumenta (MIIDD 2%)
u 7 7 T Ty Y R,
1 +1 -1 -1 +1 0,80
2 +1 +1 -1 -1 1,94
3 +1 -1 +1 -1 0,82
4 +1 +1 +1 +1 1,90 0,007
CrangapTHOE OTKJIOHEHUE S OIPEIesaeTcs 1Mo hOpMy e
S — Rm/dm) (1)

rjie d, — cpejHee 3HAUYEHHEe OTHOCUTEILHOIO Pa3Maxa.

B mannoMm ciydae jyist joBepurenbHOil BepostHoctu P=0,95 u m=5 d,=2,326 (rabir.
I1.5 [2]), S = 0,007/2,326=0,003009, cOOTBETCTBEHHO Sg =9,0568F - 06.

[TapameTpbl HOPMAJM30BAHHON JIMHEHHOW MOJIETIN ONPEJIESIOTCSA 110 CJIEJLYIOIIAM
dbopmynam:

1 N
by =— & %5, Y, (2)
12 120+ u >

N u=1
rie by, b; u b;, — mapamerpbl HOPMAJU30BAHHON MOJIeJIM; ¢ — HOMep aKTopa; % — HOMEp
onbiTa (WM CEPUM ONBITOB); k — dncyio (pakTopos; N — 4HUCIIO ONBITOB.
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IIo pe3yJjbTaTaM JaHHOT'O SKCIIEpUMEHTa OIIpe/ie/IeHbI ITapaMeTPbl MOJIEJIN:
b():l, 365, b1:0, 555, b2:-0, 005, b12:-0, 015.
,ZLI/ICHepCI/IH olpeJesiecHud IrapaMeTpoB JIMHEMHOM MO eI

2 s
S%(b) = Se - 905685 - 06 _ 2,26421E - 06 . (3)

Cootrsercrsenno S(b)=0,001504729.

JloBepuTebHbIN UHTEPBAJI 3HAYCHUI ITapaMeTpPOB
Db, = ° #(P, N)S(b), (4)

rie t(P,N) — xpurepuii Crbiogenra, st 3aJaHHoil  BepositHoctn  P=0,95 u N=/
t(P,N)=8,183. D(b)="° 3,1830,001504729=0,0048.

Tak Kak Bce mapaMeTpbl MOJIEJIA YIOBJIETBOPAIOT yCaoBuio /b2 Db, TO OHM BCe 3HATH-
MBI, ¥ yPaBHEHUE HOPMAJIM30BAHHONW MOJIEIN IPUOOPeTaeT BUJL

1,365+0,555x,-0,005x,-0,01 52z, (5)

[IpoBepka ajIeKBATHOCTH MO/IEJIH ITPOBOIUTC 110 Kpurepuio CThIoIeHTa, HAOJII01aeMoe
3HaYEHNEe KOTOPOT'O B YeTBEPTON TOYKE IIJIaHA PABHO

ty =|Yi - ANN /S =2(19 - 19)/0,003439 = 0 (6)

rie Y4 u f, — cpejHee 3HAUEHME OTKJIMKA W OTKJIMKA HANJIEHHOTO 10 HOPMAJIM30BAHHONW MO-
e B 4-0if TOUKe IJIAHA.

Tak kak ty < t, (0<3,183), TO MOJIe/Ib aJeKBATHA.
Harypanbnas Momesb ¢ HCHOJIB30BAHKEM 3HAYEHWI HOPMAJIU30BAHHBIX (DAKTOPOB:

Y=1,365+0,555(X,-6)/2-0,005(X,- 20)/2- 0,015(X,- 6) DX - 20) /(2Q).
Orkyna
Y=-0,7+0,352X,+0,020X,- 0,004 X, X, (7)

I'paduyeckoe orobparkeHue JOMOJHATETBHOTO TPUITYCKa (BBICOTHI IPEOEIKa), TOCTPO-
€HHOEe B COOTBETCTBUM C JIAHHBIME 110 ypaBHeHuto (7) MOKa3aHo Ha puc. 3.

Kak Bumano u3 puc. 3 Ha BeJmdIuHy (POPMHUPYEMOro JIOMOJHUTEHHOTO MPUITYCKa OKa-
3bIBAET OCHOBHOE BJIMSHUE U3MeHeHue MojryJisd. V3aMmenenne dnciia 3yObeB OKa3bIBaeT TOpa3io
MeHbIIee BJIUSTHUE.

Kpowme Toro, npoanajm3upoBaHO BJMsIHIE KOMIIOHEHTOB ypaBHenus (7):

- 0,7 — OCTOSIHHBINA YJIeH ypaBHEHUS;
0,352X, — BausgHue Moy isi m 3y6uaToro KoJeca;
0,020X, — BimsgHne qucia 3yObeB 2 KoJjeca;

-0,004X,X, — coBMecTHOe BIIUSIHME MOJIYJI M U duces 3yObeB z KoJieca.

Kak cnenyer u3 puc. 4 manbosbiniee BiusgHUE HA (DOPMUPYEMBIM ITPUITYCK OKA3bIBAET
KOMIOHeHT ypaBHenusi (0,352X,), CBs3aHHBIA ¢ W3MEHEHHEM MOJYJisl. TO BJIMSHUE I[PHU-
MepHO B 4 pa3sa NpeBblliaerT BjMsHUE KOMIOHeHTa ypasHenus (- 0,004X;X,), cBazaHHOTO €
COBMECTHBIM M3MEHEHHEM MOJYyJsd U 4ucia 3yobes Koseca. Bumsmue komnonenta (0,020X)),
CBA3AHHOTO C M3MEHEHHeM YHCJia 3yObeB KoJjieca, HauMeHbIee U3 PACCMOTPEHHBIX, HO COM3-
MEPUMO C TIPEJIBITY M
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(BbicoTa rpeGewka)
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Puc. 3. 3aBucuMocTh JHOMOJHATETHFHOTO HPHUITYCKa, OT 9HUCJa 3yObeB U MOLYJIst
3y0UaToro KoJjeca Ipu IpeBapUTEIbHON TOC/Ie10BaTeIbHON 00paboTKe
BIAIMHBL cBepsIoM A4 MM 1 Habopom JByX dpe3 A 8vm o A4 vm
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