HAVYYHOE U3JJAHUE MI'TY M. H. 5. BAYMAHA

HAYKA n ObPASOBAHUE

3n N2 ®C77 - 48211. l'ocypapcrBeHHas perucrpaumnsa N20421200025. ISSN 1994-0408

9N eKTPOHHTEB R Hay4YHO-TeXHUYecKUHn XYy pHan

O0ocHOBaHMeE YCI0BUH (Ppe3epoBaHUSA KAPMAHOB B KOPIYCHBIX J1e-
TAJSAX U3 ATIOMHHHEBBIX CIJIABOB

# 05, maii 2014

DOI: 10.7463/0514.0709770

I'py0siii C. B., 3aiineB A. M.

YK 621.941.1
Poccus, MI'TY um. H.O. baymana

30M PKK "Dneprus"
srusv/@vandex.ru
alzai82@mail ru

BBeneHue

KoprycHble neTanu U3 allOMAHUEBBIX CILUIABOB HAXOJAT IIMPOKOE MPUMEHEHHE KaK JeTa-
JIM aBUAIIMOHHON M PaKETHO-KOCMHUYECKON TEXHUKH. B COOTBETCTBMM CO CBOMM Ha3HaYCHHEM
3TH JETAIA UMEIOT CBOM KOHCTPYKTHBHBIE 0COOCHHOCTH. B 4aCcTHOCTH, KOPITYCHBIE JETaH MO-
T'YT XapaKTepH30BaThCsl 3HAYMTEIBHBIMUA ra0apUTHBIMU Pa3MEepaMH U COJIEPKaTh OOJIBIIOE KO-
JMYECTBO KAPMAHOB ISl CHIKEHHS 001eii Macchl. OOpaboTKa TaKUX KapMaHOB OCYIIECTBIISET-
Csl HAa MHOTOKOOP/IMHATHBIX CTaHKaX TBEPAOCIUIABHBIMHU LIEIBHBIMHA HJIM COOPHBIMUA KOHIIEBBIMU
¢dpe3amu. [Ipu BBHICOKOTPOU3BOIUTEIBLHOM (Dpe3epoBaHUK KOPIYCHBIX JCTajei BO3MOXHA Jc-
(dopmarus CTEHOK U JTHA KapMaHa U MMPEIaraloTCs TEXHOJIOTHICCKUE MEPOTIPUSTHS TSl CHUXK C-
Hus gedopmartuii [1]. B yacTHOCTH, KOHTPOJIUPYIOT CHITy pe3aHus B mpoiiecce Gppe3epoBaHus u
HCIIOJIB3YIOT CBSI3b CHIIBI (hpe3epPOBaHUS CO CTOMKOCTHIO MHCTPYMEHTA M BBIXOIHBIMHU ITOKa3aTe-
JsIME 00pabOTKH JUTsl CHIDKEHMSI edopmanuii [2].

[lepcnieKTUBHBIM HANpPABICHUEM SIBIISICTCS PacyeT CHJ U KOHTAKTHBIX JIaBJICHHUM, MO3BO-
JSIOMIMK Ha CTaJIMU TEXHOJIOTMYECKON MOATOTOBKU MPOU3BOJICTBA ONPENCIUTh CTPATETHIO, MO~
CJICZIOBATEIILHOCTh U TEXHOJIOTMYECKHE PEXHUMbI (hpe3epoBaHMs, HCKIOYAONME AehopMaIiuio
CTEHOK W JHa KapMaHOB. B psje pa®oT 3apyOexHbIX aBTOPOB MPUBOIATCS METOAMKH pacueTa
cui Gpe3epoBanus, Harpumep, B padbotax [3, 4]. O000LIICHHEM 3THX METOAUK SIBIISICTCS MOJICIh

JUIsL TAHTCHIIMAIBHOM Fy W paauaibHON F cocrasnsromux cuiibl B BUIE [5]

R =K@aph* +Keay, F =Kah* +Kpeay, 1)

e @y - oceBas ITyOuHa, h - ToImKMHa Cpe3aeMoro CIos.
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VYaenbnbie cuibl - Ky, Ko, Ki, K 1 TIOKa3aTens crenenu X B Boipaxenuu (1) ycranasiu-

BalOTCS SKCIIEPUMEHTATIBHO.

B oTedecTBeHHOM CripaBOYHOMN JIUTEpaType CHIIOBBIE IMapaMeTphl (hpe3epoBaHUs 3a1at0TCs
1100 B TAOJUYHOM BH/IE, THOO CTEIICHHBIMU ypaBHEHUIMU [6, 7]. OCHOBHBIM HEIOCTATKOM 3THX
HMCTOYHUKOB SIBIISIETCS TO, YTO MPHBEJCHHBIC NaHHbIC M 3HAYEHHUS IMOCTOSHHBIX, MOKa3aTelei
CTETEeHEW W TOMPaBOYHBIX KOA((DUIIMEHTOB HE OTPAXKAOT COBPEMEHHBIEC TMAMAa30HbI PEKUMHBIX
MapaMeTpoB, COOTBETCTBYIOIINE YCIOBHSIM (ppe3epoBaHms TBEPAOCIUIABHBIMU KOHIIEBBIMU (pe-
3aMH 3arOTOBOK U3 aJTFOMUHUEBBIX CIIJIABOB.

Iupokoe nmpuMeHeHue B MOcieHee BpeMsi HaXOIUT METOIMKA pacyeTa CUjl pe3aHus de-
pe3 yuenbHyto cuiy [8]. CorimacHo 3TOH METOAMKH, IS JIF000T0 BHAA JIC3BUHHONW 00pabOTKH
TaHTeHIIMAJIbHAS! COCTABJISIONIAs CUITBI PE3aHUSI MOXKET ObITh OIpeIeeHa Kak

F. =bhK_K; =bh®™k K , )
rae b, h — mupuna, Tommaa cpesaemoro ciost, Ky — monpaBounbiii KodpumeHT, Keip — yaens-
Hasl cuja, MPUXOJIIasicss Ha €AMHHUIY IUIOIIAau cpe3a, M - MoKaszaredb CTENEeHU. JHAueHUs
YAETBHOM CHJIBI U TIOKa3aTels CTENEHU MPUBEICHBI AJsl TPyHn 00pabaThiBaeMbIX MaTepHalloB
[8].

Henocrarkom Beipakeruit (1) — (2), a Takke CTENICHHBIX YpaBHEHUH JIJIs pacdeTa CHII TPH
¢bpesepoBanuu [7] ABISETCSA TO, YTO OHU OTPAKAIOT U 0OOOIIAOT PE3yabTATHI IKCIIEPUMEHTAIb-
HBIX JaHHBIX U CIIPABEUIMBHI JJI KOHKPETHBIX YCIIOBUN MEXaHHUYECKON 00paOOTKH.

ABTOpPEHI CTaThH B PsiJie CBOMX pabOT MpeyiaraloT TeOPETUIECCKIE METOIBI pacueTa CHII pe-
3anus [9, 10]. B nanHO# craThe pacdyeTHas METOIMKA paclpoCTpaHeHa Ha yCIoBHs (pe3epoBa-
HUE Ma30B U KapMaHOB KOHIEBBIMH (pe3aMH, a TAKKE YUTEHO pa3ynpouHeHue oOpadaTsiBaeMo-
ro MaTepuana rnoj JIeHCTBUEM TeMIIepaTypbl pe3aHusl.

PacuerHble 3HaYeHMS CHII U KOHTAKTHBIX JIaBJICHUM HCIIOIB30BaHbI ISl aHau3a nedopma-
[UH ¥ HaNpsDKCHUH Ha JTHE KapMaHa KPYIMHOTa0ApUTHON KOPITYCHOH JeTaid mpu ero gpesepo-

BaHHUM KOHIIEBOH (pe3oit, a Takke /171 000CHOBAHUS PEKUMOB U YCIOBUN 00pabOTKH.

1. PacueT cui 1 TemnepaTtyp npu ¢ppe3epoBaHUU KOHIEBOU ppe30oi

Ha puc. 1 npuBeneHa cxema, NOSCHSIOIIAs pacyeT TONIIMH CPE3aeMoro CJIosl U CUJI pe3a-
HUs 1pH (hpe3epoBaHUU KOHLEBOH ¢pe3oit. Ha cxeme mokaszaHa pexyas KpoMka 3yba (pessl,

KOTOpada pa3ACjiICHAa Ha TPHU y4aCTKa: BUHTOBAA KpOMKa 12 ¢ YIJIOM HAKJIOHA K OCHU (bpe3bl 0y Ha

LWIMHIPUYECKON 4YacTH, paJuycHas KpoMKa 23 ¢ paauycoM I, TopLeBble KpoMkHu 34, 56 mox
BCIIOMOTaTeNIbHBIM YIJIOM B IU1aHe ¢1. PaanycHas kpomka 23 pa30uTa Ha HECKOJIBKO Y4acTKOB,
KXl U3 KOTOPBIX HAaXOJUTCS Ha cBoeM paauyce Ri. J{is TopueBbIX KPOMOK CUJIbI pe3aHus
IPUJIOJKEHBI B cepeiuHe KpoMKH Ha paguyce R;. Kunemaruueckas cxema ¢pesepoBaHus mpeny-
CMaTpHBaeT BpalleHue (pe3bl ¢ YaCTOTOH N M BCIIOMOTATENIbHOE JIBUXKEHUE 10 HalpaBJICHUIO
BekTopa nogauu (puc. 1).. IIpu BpezaHuu BEKTOp MOAAa4YM HANPABJIECH O] YIJIOM T K TOPU30H-

TalbHOU JIOCKOCTH.
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Cucrema xoopauHaT XYZ ¢ HayaJoM B TOUKE 2 UMEET och X 10 HalpaBJIEHUIO OcH (pe-
3bl, OCh Y T10 HaIPABJICHUIO PAINYCa, OCh Z IO HANPABIECHUIO CKOPOCTHU PE3aHUS.

Bexrop nomauu C umeer cocrapisiomyio Cyy B OCHOBHOMN mockoctd XY, MEprEeHIUKY-

JIIPHOM CKOPOCTU pE3aHusi, U OMpEJeNisieT COOTBETCTBYIOIIME TONIIMHBI Cpe3a: Ha BHHTOBOMU

KpoMKe 12 — &, Ha yJacTKe KpOMKH 23 - @; , Ha TOPLEBBIX KpoMKax 34, 56 - @; . B yactHoCTH, Ha

TOPLEBBIX KpoMKax 34, 56 TonmMHa cpe3a ecTh Kparyaiilliee pacCTOSHUE MEXY ABYMsl MOCIIe-

JIOBATENLHBIMH TIOJIOKEHUAMHU PEXYILEH KDOMKH B HampasiieHnuu Bekropa Cyy !

a, :‘ny‘sin(v—(pl):SZ\/Sin217+COSZ'CSin2\|/0 -sin(v—¢y) ,

(3)

2

: — — _
4 :‘CXV‘S'n(VﬂPl):SZ\/sm T+c0s” TSI~ Q -sin(v+ @) .

3nech S; - mogauya Ha 3y0 ¢pe3bl, @1 - BCIIOMOTAaTeNbHBIN yroi B Tane gpesbl, V - yroi
Mex1y BeKTopoM Cyy M ochio Y, Y - yroJl KOHTaKTa i KpoMkH 34, () - yrojl KOHTaKTa st
KpOMKH 56.

Ha BuHTOBOI KpoMke 12 B OCHOBHOM IJIOCKOCTH AEHCTBYyeT pe3yiabTupytomas cuia N,
KOTOpasi PACKJIa/IBIBAETCS Ha JIBE COCTABIISIONIME - PaIualbHyIo U oceByto Py, P, a nepnenu-
KYJISIPHO OCHOBHOM TJIOCKOCTHU IO HANpPaBICHUIO CKOPOCTH JCUCTBYET IjaBHAs COCTaBISIOLIAs
CHJIBI pe3aHus P, . AHaJOrHMYHBIC CHIIBI ACUCTBYIOT HA KQXKIOM YYACTKE PaJUyCHON KPOMKH |, U
Ha TOPIIEBBIX KPOMKAX B TOYKAX | .

JIist KaXK10¥ pexkyIIeil KpOMKH OTpeesieHa pe3yJIbTUPYIOIIas Chjla CTPYKK0OOpa3oBaHuUs
Yyepe3 KacaTeJIbHYI0 CHIIy B IUIOCKOCTH ciBura. Cuia CTpyKKOOOpa3oBaHHWs HampaBiieHA TTOX

YIJIOM (® K CKOPOCTU pE3aHus U paBHA

T @
o= sin(B) cos(B+w) '

rae T - KacaTCiabHBIC HAIIPSAKCHHA B IIJIIOCKOCTH CABUTA, -C eI[HI/Iﬁ OJI CABUTA.
p

Vbl , B paccuuTaHbl B COOTBCTCTBUU C BBIPpAKCHUAMU, NPHUBCIACHHBIMHU B pa60TaX

[9, 10].
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Puc. 1. CXGMa, TMOSACHAIOIIA pacuCT TOJIIWH U CWUII PE3aHUA

Cuna crpyxkooOpa3oBaHUsI HMMEET TaHM€HUUAIbHbIE U paJuaibHbIe COCTaBIISIOIIME:

Rez =Resin(®); Ry, =R cos(w) . Taxke u3 reoMeTpHYECKUX COOTHOIIEHMH OMpEiENeHbl Ka-

CaTCJIbHBIC U HOPMAJIbHBIC COCTABJIAOIINEC CHUJIBI HA nepenHeﬁ MMOBEPXHOCTU UHCTPYMEHTA:
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R =R:sin(o+y); R,=R.cos(®+y).

rZie Y - IepeJHUIN YyroJl HHCTPYMEHTA.
JInMHA KOHTAaKTa CTPYKKH C IEpeIHEH MOBEPXHOCTHIO PUHsTA paBHoii: || =2a/sin (B)

[IpuHUMas TUMOTE3y O TOM, YTO MaKCUMalbHOE 3HAUEHUE KOHTAKTHOIO JABJICHUS BAOJb
BCel pexyliel KPOMKHU OJMHAKOBO, 3TO 3HaYeHHE MOKHO BBIPA3UTh Yepe3 HOPMaJIbHYIO CUITy Ha

Hepe):[Heﬁ IMMOBCPXHOCTHU U IJIOMIIaJlb KOHTAKTAa B BU/IC

_ Pn(nl +1) (5)
m
1
raec nl - IIOKa3aTcjb CTCIICHU B BBIpa)KeHI/II/I JJIA BHIOpBI KOHTAKTHOI'O JaBJICHUA

Gp =Om (l— m)”l , M - OTHOCHUTECIILHOC PACCTOAHUEC OT PCKYIICH KPOMKH BIOJb IICPCAHCH I10-

BEpXHOCTH MHCTPYMEHTa, |1 - 1yTMHA KOHTaKTa cTpyXKH. [loka3zaTenp CTeneHH MPHHAT PaBHBIM
N;=1, T.e. KOHTAKTHOE HOPMaJbHOE JABICHHUE HA NEPEAHEN OBEPXHOCTU PACIPEEIIECHO 10 Tpe-
YTOJIBHOH 3IIOpE.

I/ICHOJIB?;YSI PACUCTHBIC 3HAYCHUA HOPMAJIBHOT'O AABJICHHA, ONIPCACICHBI PC3YJIbTHPYIOIIASA

CuJia Ha Jyre OKPYTJICHUs] KpPOMKH pajauyca p , HOpMajdbHas M KacaTelibHasi CUJIbl Ha 3aJ{HEl 1Mo-

BEPXHOCTH MHCTPYMEHTA, COOTBETCTBEHHO [9]:

Ph=0m-ABb, B=cyhb F=Rf. (6)

3nech fi -koadduiment tpenus, AB - aimuHA Ayru Mo KpoMKe, D - mmprHaA cpe3aeMoro cios,

h, - u3noc.

Koaddunuent TpeHus mo 3aaHell MOBEPXHOCTH MPHUHIT PaBHBIM MOJICKYJISIPHON COCTaB-
nsomert  fy, =rO/ HB+[3y, rae s alnroMUHHEBBIX CIUIaBoB - 1o =120 MIla, [35=0,6, HB -
TBEPAOCTH 00padaThIBAEMOI0 MaTepraa.

OGimast MHA KOHTAKTAa 10 3a/IHeH MoBepXHOCTH paBHa: |y = AB+h, .

['maBHas1, paguanpbHas U OCeBasi COCTABIIAIOIINE CHUJIBI PE3aHUS OINPEICICHBI CYMMHPOBA-

HHUEM I10 COOTBCTCTBYHOIIUM HAIIPABJIICHUAM CUJTI, HeﬁCTBYIOHIHX Ha r[epez[Heﬁ INIOBCPXHOCTH, AY-

I'¢ OKpYTJICHHA KPOMKH U Ha SaﬂHeﬁ IIOBCPXHOCTHU:

P, =R + P +Foi R, =(Roy + Py + P2 )cos(v) =Ncos(v); B =Nsin(v) . (7)
Bripaxkenus (4) - (7) ucmonab30BaHbI IS pacueTa CHII 0 BceM KpoMKaM 3y0a (hpessl.
WHuTerpanbHO, MOKHO pacCYMTaTh CYMMHUPOBAHHUEM OOIIYIO OCEBYIO CHIY, a TaKXKE CyM-

MapHBbI KPYTAIINNA MOMEHT:
Re =(Raz +Fas +Bas +Rss)

(8)
d

Mc =m(Pz12 + P03+ P34 +Psg)

rae d - quametp Gpessl.
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Ecnu Ha nyre KOHTaKTa OJJHOBPEMEHHO HaXOJSATCS HECKOJBKO 3yObeB, COOTBETCTBYIOIINE
CHJIBI HEOOXOIMMO BKIIIOYHTH B CYMMHPOBAHHUE 110 BBIPAKEHUM (8).

OTnenpHO BBIIENEHBI CUIIBI, JEHCTBYIOLIUE 110 HOPMANIH K 3a/IHEH MOBEPXHOCTH PEKYLINX
KPOMOK 3y0a (pe3sl:

- 10 KpoMke 12 - Pyyp;
- 1o KpoMke 23 - Pyo3;
- 110 TOPLEBBIM KpOMKaM 34, 56 (pu yCJIOBUM BPE3aHHUs MO YTIIOM T) - Pry, Py -

Pacuer Temnodusndeckux mapaMeTpoB pe3aHus BbIOMHEH o Meroauke A.H. Pe3snukosa
[10]. Jlost aTOrO Ha KaXmo# pexylield KpoMKe 3y0a Gppe3bl onpeaeieHbl HHTEHCHBHOCTH TEILIO-

BbIX IIOTOKOB B IINIOCKOCTH CABHI'A, Ha nepez[Heﬁ IMOBEPXHOCTU H SaHHeﬁ IIOBEPXHOCTHU

O Ot » Opt» ¥ TEMIIEPATYPBI B IUIOCKOCTH C/IBHI'a, HA TIEPEAHEN TIOBEPXHOCTH, 3a/IHEH TTOBEPX-
Hoctu Ty, Ty, T, a Takke ycpenHeHHas TemMIeparypa pe3anust T .

[Ipu pacyere cuil Ha HMIMHAPUYECKON KPOMKE 12 M pagnycHOM KpOMKe 23 y4TE€HO BIIHUS-
HUE pa3ylnpoyHeHUs: oOpadaThIiBa€MOro MaTepuaia MmoJ ACHCTBHEM TeMIlepaTyphl B MJIOCKOCTH

CABHTIA. ]_IJ'IH 9TOT'0 HUCIIOJIB30BAHbI 3aBUCUMOCTU IIPOYHOCTHU aJITFOMHHUCBLIX CIINIABOB OT TCMIIC-

parypsi:
- ctaB AMr6 - o) =308, 7exp(—0,0014Ty) ;

- crnas 01570C - o, =393,8exp(—0,0014Ty);

- cruias B1469 - o, =590, 3exp(-0,0014T,)-

3neck Ty - Temmeparypa ne(opMaliy B IIOCKOCTH cBura. Yepes mpejien IpOYHOCTH Oll-
peleNieHbl COOTBETCTBYIOIIME CPEIHUE KACATENbHbIE HANPSIKEHUS B IUIOCKOCTH CABHMIa -

Tp =0,950y, , BXOasIME B BRIpaKeHHE (4).

[TocnenoBarenbHOCTE (HOpMYN Al pacdyera CHJI, KOHTAaKTHBIX [aBJICHUH, TeMIeparyp,
KPYTSIIEr0O MOMEHTA ¥ MOLTHOCTH PE3aHUs peali30BaHa B BHJIE PACUETHOTO aITOPUTMa M PO-
rpammbl Trailer_mill. TIpu pacdere cui HMCHOIB30BAHO MAKCHMAalbHOE 3HAYCHHE TOJIIIUHBI, a
IIPH pacyeTe TeMIIEpaTyp - CpeHEe 3HAUCHUE TOJIIIMHBI Ha JIyre KOHTaKTa 3yoa (pe3sl.

Jlnst aHaM3a TOJTyYEHHBIX 3aBUCHMOCTEH B KadyecTBE 0a30BOTO MHCTPYMEHTA TPHUHSTA
1IeJIbHAS TBEPJOCIUIaBHAs KOHIIEBas (ppesa ¢ mapamerpamu: quamerp d = 16 MM, unciio 3yObeB Z
= 2, yroq HaKJIOHAa KPOMKH K OCH g = 55 rpaj, paguyc 3aKpyrieHus Ipu BepIInHe 3yoa I = 2

MM, paanyc okpyrienus Kpomkn p=0,01 mm. B psne pacueToB npuHATHI Apyrue 3HaA4CHUA pa-

Jyca MpH BepiuuHe 3y0a (pespl. MTHCTpyMEHTaIbHBIM MaTEpUaIoM SIBIISETCS TBEPAbINA CIUIaB,
COOTBETCTBYIOIIMI 110 CBOMM NapameTpaM Mapku BKOM.

OO6mmit Buj pe3sl moka3zaH Ha puC. 2.
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Puc. 2. ®pesa koH1IeBas MeJIbHAS TBEPAOCIIIIaBHAS

2. AHanu3 cua U TeMmnepartyp ¢ppesepoBaHu

Ha nmepBoM sTane aHain3a pacueTHbIE 3aBUCHMOCTH MOJTYYEHBI JJI HYJIEBOTO HU3HOCA 3y0a
(bpe3bl, HyJIEBOTO 3HAUEHUS pajyca 3aKpyrieHHs U 1mojaqyn 0e3 Bpe3aHus. Takum o0pazom, uc-

KITIOYEHO BIUSHHUE PAINYCHONW KPOMKHU M TOPIEBBIX KPOMOK 3y0a (pe3bl.

Tadauua 1 PacueTHble 3HaUCHNS CHIIBI, TEMIIEPATYPHI, KPYTSIIET0 MOMEHTA IIpH (h)pe3epOBaHNH 3aTOTOBKH U3

crutaBa AMg6
Pacuer no Beipaxenuio (8)
Pacuer no yaenbHoii cuiie
S;, MM/3y0
‘ P, H T, °C M, Hn ()M, Hw
0,05 1256 323,9 10 12,2
0,08 1756 347 14 17,56
0,125 2504 394 20 24,74
0,15 2900 413,6 23,2 28,47

[Mpumeuanue: N = 3000 06/mMun, B =16 MM, t =16 mm, r =0 mm, h; = 0 Mm.
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PacueTHble 3HaUEHUS TAHT€HLIMAJIBHOW COCTABIISIIOIIEH CHJIBI pPE3aHMsl, TEMIIEPATyphl pe-
3aHUS U KPYTSAIIEr0 MOMEHTA B 3aBUCHUMOCTHU OT MOZa4yu Ha 3y0 mpuBenaeHsl B Tadnuue 1. 3aech
JUI CPABHEHUS KPYTSIIMM MOMEHT pacCuuTaH IO JIByM METOJMKaM: IO BBIpaXXEHHIO (&) U 1o
ynenbHou cuie (2). ITomyuyeHo 3akOHOMEPHOE YBETMUYEHHUE CUIIOBBIX IIOKA3aTeNIed U TEMIIepaTy-
PBI C YBEIIMYEHHUEM TOIaYH B CBSI3U C POCTOM TOJIIIMHBI CPE3aEMOTO CIIOS.

PacyeTHbIe 3aBUCMMOCTH TaHI€HIIMAIBLHOW COCTABIISAIONICH CHIIBI H TEMIIEPATYPhl PE3aHUS
OT 4YacCTOTHI BpalllCHUs IIIUHACIA CTaHKAa NPUBEIEHBI HA PHUC. 3. 31eCh TEMIIEpPATypa PE3aHUs
YBEJIMYUBAETCS C POCTOM YaCTOTHI BPAILICHUS IIPEKIE BCETO 3a CYET YBEJIMUYEHHUSI CKOPOCTH pe-
3anus. Cuja pe3aHus yMEHbIIAeTCs U3-3a Pa3ylnpodHeHus: o0padaThIBaeMOro MaTepuala ¢ poc-
TOM TEMIIEPATYPHI.

AHaAJIOTUYHBIN XapaKTep UMEIOT 3aBUCHMOCTH OT AMaMeTpa (pes3bl, MpeaCTaBICHHbIE Ha
puc. 4. C yBenmu4eHUEM IMaMeTpa YBEIMUMUBAETCA CKOPOCTh U TeMIiepaTypa pe3anus. Kak cien-
CTBHE - IPOUCXOUT pa3ylpoyHeHue oOpadaThIBa€MOIro MaTepuaga U yMEHbIIAeTcs CUila pe3a-
HUSL.

C yBenuueHMeM pajauyca 3aKkpyrieHus 3y0a (pe3bl U3MEHSIOTCS UIMHBI PEXYIIUX Kpo-
MoK. Pexxymias kpomka 12 Ha HUIMHAPUYECKOH MOBEPXHOCTH (hpe3bl MpeacTaBIsieT coO0N BUH-
TOBYIO JIMHUIO U YMEHBIIAETCS B Npeeax 3alaHHol mupuHbl cpe3a B . Jlnuna nyru 23 (puc. 1)
paguyCHOM KpPOMKHM YBEINYUBACTCA. B 3TOHN CBA3M C yBEIMYEHUEM PAJNYCa YMEHBIIACTCS TaH-

TeHIMaJIbHAS COCTABIIAIONIAst CHIIBI U KPYTSIIMA MOMEHT Ha KpoMmke 12 - P12, M5 | a cooTBert-
CTBYIOLIME NapaMeTpbl P53, My Ha paauycHoii kpomke 23 - yBennuuBaiorcs. Temmeparypa

pE3aHusl B KpaﬁHeﬁ TOUYKE 2 MNPAaKTUYICCKU HC H3MCHACTCA. Bnusuue paauyca 3aKpyrjICHUA Ha

CHJIOBLIC ITAapaMETPhI U TEMIICPATYPY OTPAKCHO B Ta6J'II/II_[e 2.

Tabauua 2 BnusHue paauyca 3akpyrieHus 3y0a Ha TaHTEHIIMAIbHBIE CHUJIbI, MOMEHTHI U TEMIIEpaTypy pe3aHus

ry MM lez, H Pzzg, H M12, Hm M23, Hm Tp, °C

0 1756 0 14,05 0 347
0,5 1694 32,74 13,55 0,26 346,2
1 1632 68,5 13,06 0,53 345,4
15 1571 106 12,57 0,81 3447
2 1510 1447 12,08 1,09 343,8

[Tpumeuanue: n = 3000 06/muH, S; = 0,08 Mm/3y0, B =16 mm, t =16 mm.

Jlist pa3nuyHbIX MapoK 00padaThIBaéMbIX aJFOMUHHEBBIX CIIJIABOB TAHT'CHLUAIbHAS CHIIBI,
KpyTAIIMHA MOMEHT U TEMIIEpATypa PE3aHus yBEIMUMBAETCS C YBEIMYEHUEM UX IIpOoYHOCTU. Tak
COOTHOIIICHUE TTPOYHOCTH JIJIs CIIaBOB Mapok AMro6, 01570C, B1469 cocrasnser - 1,0 : 1,28 :
1,91. B cooTBeTCTBUM C pacyeTHBIMU JaHHBIMHU, MPHUBEACHHBIMH B Tabiule 3, NMpakTUYECKU
IIPONIOPLIMOHAJIBHO C POCTOM IPOYHOCTH YBEIMUYMBAETCS CUJA, KPYTALIUNA MOMEHT U TeMIIepa-

Typa pe3aHusl.
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Tab6auna 3 TanreHnyanbHas CHiIa, TEMIIEPaTypa © MOMEHT pe3aHus pH (ppe3epOBaHUH PA3IMIHBIX MAPOK
ATIOMAHHUEBHIX CIUIABOB

Mapka ajaromu- P, H T, °C M, Hwm
HHEBOIO CIIaBa
AMr6 1339 3439 11,6
01570C 1613 4142 14,0
B1469 2155 553,3 18,8

[Mpumeuanue: n = 3000 06/muH, S; = 0,08 MM/3y0, B =16 MM, t=4 MM, I =2 MM, Z = 2.

Pz,H Tp,°C

2000

1600

1200

800

400 F——————

0 4000 8000 12000 16000 20000

n, 06/MuH

Puc. 3. BiusiHue 4acTOTHI BpallleH!sl Ha TAHTCHIMAJIBHYIO CHIIY M TeMneparypy pesaunus: S, = 0,08 mm/3y0, B =
16 mm, t=16 Mm
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Puc. 4. Bnusaue nuamerpa Gpe3sl Ha TAaHTEHIMATBHYIO CHITY U TemIiepaTypy pesanus: N = 8000 o6/muH, S, =
0,08 mm/3y0, B = 16 mm, t =4 mm

[Ipu ¢pe3epoBaHUN C BpE3aHHEM MOTYT y4aCTBOBATh B TPOIECCE PE3aHUS TOPIICBEHIC
KpOMKH 3y0a (pe3bl. B pacueTHoil mporpaMMe MpUHATO yCIOBHE CYIIECTBOBAHMSI IIpoliecca pe-
3aHMsI, €CJIM TOJNIIMHA cpe3aeMoro cios mpessimaeT 0,01 M.

B tabnuue 4 npuBeneHbl 3HAUYECHUSI COCTABJISIONINX CHUIIBI U CYMMapHOTO KPYTSIIET0 MO-
MEHTa, MOILITHOCTH U CYMMapHON OCEBOW CHUJIbI pe3aHUs MPU YUCTOBOM Bpe3aHUU (Ppe3bl B 3aBH-
CUMOCTH OT yruia Bpe3anus. CiaenyeT OTMETUTh, YTO ISl IPUHATOTO 3HAUYCHUS TI0JIa4d TOPIIeBast
peXyIIast KpoMKa 56 HauMHAET paboTaTh C yria Bpe3aHus 7 rpal., TOpieBas KpoMka 34 - ¢ yria
15 rpan. KpyTtsmuii MOMEHT ¥ MOITHOCTh YBEJIMYUBAIOTCS, a OCEBasi CUJIa UMEET TEHJICHIIUIO K

YBCIIMUCHUTIO C pOCTOM YTIJIa BPC3aHUs.

Tabauna 4 BrustHue yriia Bpe3aHust HA MOMEHT, MOIIIHOCTb ¥ OCEBYIO CHIIY PE3aHUs

T, rpag | My, Hm | Mas, Hm | Msg, Hm M, Hm N, kBT Py, H
3 1,02 0 0 1,02 0,64 111,3
7 1,05 0 1,31 2,36 1,48 622,8
11 1,09 0 1,33 2,42 1,52 586,1
15 1,12 1,31 14 3,83 2,41 1095,8
20 1,17 1,31 1,51 3,99 2,51 1047,3
30 1,24 1,57 1,73 4,54 2,85 11015

[Tpumeuanue: n = 6000 06/mMuH, S; = 0,067 MM/3y0, B = 1 MM, t =16 mm, r = 2 mm, h; =
0,1 MM, cruzas - 01570C.
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Hopmasnbhbie cuiibl Ha 3aHEel MOBEPXHOCTH HA PAJUYCHOM M TOPIEBBIX KPOMKAX H3Me-
HSIOTCS B HEOOJBIINX MPEeax MPH yBEIWYCHUH YTIia Bpe3aHus. MI3MeHeHrne HOPMaIbHBIX CHIT
CBSI3aHO C U3MEHEHHUEM TOJIIIMH CPE3a, CPETHETO 3HAUECHMSI IIEPEIHETO YIJla HAa ATUX KpoMKax. B
TabnuIe 5 MpUBEICHB 3HAYCHUS HOPMAIBHBIX CHJI B 3aBUCHMOCTH OT yTJia Bpe3aHUs, pacCuu-
TaHHBIE 110 UCXO/IHBIM JJaHHBIM Ta0I1. 4.

C yBennuyeHHeM HM3HOCA MO 3aJHEH MOBEPXHOCTH 3y0a (ppe3bl CUIIbI, KPYTSIIHUE MOMEHTHI
yBenMuuBaKTca. B Tabnuie 6 npuBeaeHbl pacueTHbIE 3HAUEHUS TAHTCHIIMATBLHOM CHII Ha KPOM-

ke 12 - P;1,, MOMeHTa pe3anus Ha KpoMkax 12, 23 u cymmapuoro My, My, M, a Takke cym-
MapHOW OCEBOW CUJIbl B, B 3aBUCHMOCTH OT BENHYMHBLI H3HOCA 10 33JHEH MOBEPXHOCTH 3y0a

¢pe3bl. BennunHa M3HOCA MPUHATA YCIOBHO NMOCTOSHHOM M PaBHOM IO BCEH JIMHE PEXYIIUX

KPOMOK.

Tabauna 5 BiusiHue yria Bpe3aHusi Ha HOpMaJlbHbIE CUJIbI Ha 3aIHEH IOBEPXHOCTH 10 PEXYILUM KpoMKam 23, 34,

56
T, rpax | Pos, H | Pogg, H | Poss, H

3 82,2 0 0

7 80,5 0 279,5
9 80 0 265,5
15 78,8 2549 2443
20 78,9 246,8 236,2
30 78,6 235,7 2294

Tadanua 6 BinsiHue n3Hoca 3aHel MOBEPXHOCTH 3y0a ()pe3bl Ha CHIIBI 1 MOMEHTBI PE3aHusI

hz, MM lez, H Mlz, Hm M23, Hm M, Hm PX, H
0 1405,7 11,25 1,04 12,29 47
0,05 1467,2 11,74 1,36 13,1 81,5
0,1 1526,8 12,21 1,63 13,84 1123
0,15 1586 12,69 1,89 14,58 143
0,2 1646,2 13,07 2,1 15,17 167,6
0,3 1765,5 14,12 2,62 16,74 229,1

[Tpumeuanue: N = 8000 06/muH, S; = 0,08 MmM/3y0, B = 16 MM, t = 16 MM, I = 2 MM, CIIaB -
AMTro6, nogaua 6e3 Bpe3aHus

3. AHa/IM3 KOHTAKTHBIX AaBJ’IEHI/Iﬁ
Bpesanue ¢pessl ¢ nopaueil moa yriom T Ha YMCTOBOM IIPOXOZAE MOXKET IIPUBECTU K Jie-
¢dopmanuu aHa kapMmaHa. J{Is OLIEHKM BeJWYMHBI JeQOpMaluy MPOBEJCH aHaIU3 CUJI U KOH-
TaKTHBIX JIaBJICHUI Ha 3aJiHEl TOBEPXHOCTH 3yObeB (Ppe3bl.
Ha puc. 5 npuBenens! rpaduku, XapakTepu3yoIUe BIUSHUE yIila Bpe3aHus Ha CUJIbl pe-

3aHM: PX - CyMMapHas occBad CHUJia; P234 - HOpMaJIbHas CHJIa HaA 3aJIHeH MMOBCPXHOCTU TOPIIC-
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BOIl kpoMkH 34; Py5g - HOpManbHast CHIla Ha 3a]{HEH MOBEPXHOCTHU TOPLIEBOM kpoMkH 56. OceBast

CHJIa YBEJIMYMBAETCS C yBEJIMYEHHEM yria Bpe3aHus. HopmanbHble cUibl HA 33JHEH MOBEPXHO-
CTH CTaOWUIU3HUPYIOTCS (3HAYEHUST HOPMAJBHBIX CHJI cOCTaBisatoT okoyio 230 H nns crutaBa map-
k1 01570C 1 COOTBETCTBYIOUIUX UCXOAHBIX JAHHBIX).

KonTtakTHbIe 1aBeHMs HA 3a/IHEM TOBEPXHOCTH TOPLIEBBIX KPOMOK 3aBUCST OT MPOYHOCTHU
ATIOMUHHUEBOTO CIIaBa COOTBETCTBYIONIEH Mapku — puc. 6. s crmaBa mapku 01570C npu no-

nade 0,08 MM/3y0 KOHTaKTHOE JaBJI€HHE B 3aBUCUMOCTU OT TEKYIIETro pajguyca ydacTka Topliie-

BOM KPOMKH M3MEHAETCA B npenenax oy, =380+430 Mla. /lng nuanasona noxau 0,06 — 0,3

MM/3y0 IMana3oH KOHTaKTHBIX JaBJICHUI yBeauuuBacTcs 10 3HaueHni o, =380+511 Ml a.

P, H
1600
Py
1400
1200 /Of\ —
1000 /
800 /
600 5
P23
400 — Po2sg 4+—
200 Yoy iy SN #% yiiy ﬂ
0 8 &
0 5 10 15 20 25
T, Tpaja

Puc. 5. I3MeHeHHe CHIT B 3aBHCUMOCTH OT yriaa Bpe3anus: N = 6000 o6/muH, S, = 0,2 MM/3y0, B =1 MM, t=16 MM, I =2
MM, h, = 0,1 MM, craB — 01570C
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Puc. 6. KonrakTHBIC 1aBICHAS Ha 3aJHEH TOBEPXHOCTH 3y0a B 3aBUCHMOCTH OT Pajiyca y9acTKa Ha TOPLEBOH

KPOMKE IPH yIJIe Bpe3aHusi T = 7 Tpajl Ul pa3jIMuHbIX MapoK aJIIOMMHHUEBBIX ciuiaBoB: N = 8000 06/MuH, S, =
0,08 MM/3y6, B=1mMm,t=16 Mmm, r =2 MM Z = 2, h, =0,1 mm, BK6M - AMr6

B Tabnuie 7 npuBeeHbl pacueTHbIE 3HAUEHUS KOHTAKTHBIX JABJIEHUN U COOTBETCTBYIO-
IIMX HOPMAJIbHBIX CHJI, AEHCTBYIOUIMX HA 33JHUX MMOBEPXHOCTAX BJOJb COOTBETCTBYIOLIMX KpO-
MOK 3yObeB (ppe3bl TP MOCTOSHHOM YTJI€ BPE3aHUs U Pa3IMyHbIX [10/1a4ax.

JlanHble TabJ. 7 UCHOIB30BAHBI JUISl pacueTa SKBUBAJICHTHBIX HaNpshKeHUH U aedopmaruii
nHa kapMaHna u3 ciaa 01570C npu Bpezanuu ¢pesbl Ha YUCTOBOM MPOXojie. B MOMEHT OKOH-
YaHWs Bpe3aHUs W Havaja (pe3epoBaHUsI C TOPU3OHTAIBHOHM IMOJAYel TOJIIMHA THA KapMaHa
JOJDKHA COCTaBIAITH 2 MM. Pacuer nedopmanmii 1 SKBUBAJICHTHBIX HAINPSDKEHHUH BBITIOIHEH IO
METOJly KOHEYHBIX 3JIEMEHTOB. YCTAHOBJIEHO, YTO SKBUBAJICHTHbIE HaIpsDKeHUs 1o Muszecy
Oouble Tpejesia TeKY4eCTH aJIOMHUHHEBOTO CIUIaBa. BenndmHa ocTaTodHbIX aedopmanmii Ha
ISITHE KOHTAaKTa B MOMEHT OKOHYaHMs Bpe3aHus AocTuraeTr 3HadyeHus 0,25 MM, T.e. KOHEYHas
TOJIIIMHA JIHA MOXKET BBIXOJUTh 32 MPEebl JOIMYyCKa.

Tadauua 7 PacyeTHble 3HAUCHHMS TaBJICHHS M HOPMAJILHBIX CHJI HA TOPLIEBBIX KPOMKax 3yObeB ()pe3bl TpH yriie
Bpe3aHus T = 7 rpaj

S,, KpoMmKa 23 KpoMKa 34 KpOoMKa 56
MM/3y6 Omy Mlla P223, H Ome MlIla P234 s H Oms Milla P256 s H
0,06 384,9 80,6 - - 487,4 293,2
0,08 380,3 79,7 - - 429,3 258,2
0,125 379,2 79,4 - - 393,7 236,8
0,2 376,2 80,4 511,1 307,4 381,6 229,5
0,25 380,1 81,3 462,6 278,3 383 230,4
0,3 390,4 81,8 428,1 257,5 383,8 230,9

[Mpumeuanue: N = 6000 06/muH, B =1 mm, t =16 mm, r =2 MM, Z = 2, h, = 0,1 mm, BK6M -
01570C.
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Pa3pa6OTaHBI PECKOMCHOANHA 110 OINTHUMAaJIbHOMN TPACKTOPUU NBUKCHUA (I)pC?»BI C BpC3aHU-

€M IO YyIiIOM 5 rpanm, HCKII0YaroIei YTOJIIICHUC THA KapMaHa.

4. Aipo6anus pe3ybTaTOB UCCJIeJ0BaHUM

[Ipon3BOACTBEHHO-IKCIIEPUMEHTAIbHAS IPOBEPKA PE3YJIbTATOB UCCIEIOBAHUN BBITTOJIHEHA
Ha MpUMEpPe U3TOTOBJICHUS CETMEHTAa Kopmyca ¢ BadenbHOM KOHCTPYKIUel obeyaiiku. CerMeHT
KOpITyca W3TOTOBJICH B HATYypaJIbHYIO BEIMYMHY M3 TUIMTHI amomMuHUEBOTO cruiaBa 01570C. O6-

i BUJ cerMeHTa u gororpadust o0paboTaHHBIX KaPMaHOB TTOKa3aHbI HA PHC. 7.

Puc. 7. CermenT BadenbHON KOHCTPYKIMH 00euaiiku u3 anroMuHueBoro crasa mapku 01570C

Pa3mepsnr kapmana coctasuiu 100x100MM, TonmumHaa qHA — 2 MM, TOJIIMHA pedpa — 4 MM,
BbICOTa pedpa — 28MM, KOJIMUYECTBO KapMaHOB - 171 1.

bruta mpuHsATa cTparerus Bpe3aHus MpPU YUCTOBOM 00pabOTKe JHA — CHUPAIbHOE JABUXKE-
HUE TI0JIa4M BJIOJIb KOHTYpa, YIoJl Bpe3aHus S5 rpaj, yacTora BpameHus mmnuHaens 6000 o6/MuH,
noxada 0,04 mm/3y0, mmpuna ppesepoBanus 1 MM, rryonHa — 16 M.

[To pesynmpraram ampoOanuu pa3padOTaHBl TEXHOJIOTHYECKHE IMPOIECCHl 00pabOTKH IO
JIByM BapuaHTaM:

http://technomag.bmstu.ru/doc/709770.html 25




- ¢ppe3epoBaHUE KAPMAHOB B CETMEHTE KOPITyca C MOCIEAYIOMIEH CBAPKOM OTIENbHBIX CceT-
MEHTOB;

- (pesepoBanre KapMaHOB B KPYITHOTA0APUTHOTO KOPITyca MOCIIE CBAPKH.

[To nByM BapmaHTaM TEXHOJIOTUYECKUX MPOIECCOB BHIOPAaHO 000pyIOBaHUE, CIIPOSKTHUPO-
BaHbI MPUCTIOCOOJICHUS, BRIOPAHBI PEKYIINE WHCTPYMEHTHI U PEKOMEHOBAHBI PEXXHMBI 00pa-
OOTKH.

Pe3ynbTarhl HccaenoBaHuil OyAyT MCIOIB30BaHbI IPH W3TOTOBJICHHH KPYITHOTa0APUTHBIX

z[eTaneﬁ paKeTHO'KOCMH‘ICCKOﬁ TCXHUKHU U3 aJIIOMHUHHECBBIX CIIJIaBOB.

3ak/iloueHue

Pa3zpaborana meroamka pacuera CHJI, TEMIIEpaTyp, KOHTAKTHBIX JaBJIeHUN mpu (pesepo-
BaHUM KOHIIEBBIMU (ppe3amu JieTasieii U3 aJFOMHHUEBBIX CIUIaBOB. MeToIMKa He TpeOyeT mpoBe-
JICHUST JTOTIOJTHUTEILHBIX AKCIICPUMEHTANIBHBIX UCCIeA0BaHUi. OTIMYUTEIPHONH 0COOCHHOCTHIO
METOJMKH SIBJISICTCSl YUET BIMSIHUS pa3ylpOYHEHUs1 00padaThiBaeMOro MaTepuaia Mo AeHCTBU-
€M TeMIlepaTypsl AeGopMaIii B INIOCKOCTH C/IBHTA.

[To ananu3y pe3yabTaTOB pacueTOB YCTAHOBJICHBI OOIINE 3aBUCUMOCTH (hpe3epOBaHUS:

- CHJIbI M TEMIIEpaTyphl YBEIMUYUBAIOTCS C YBEIMYCHUEM IOJA4H, TITYOUMHBI U IIHUPUHBI
bpe3epoBanus;

- CHJIBI pe3aHusl YMCHBIIAIOTCS, a TEMIIEPATyPhl YBEIUYUBAOTCS C YBEIHUCHHUEM YaCTOTHI
BpaICHHS NIITHHJEIST HHCTPYMEHTA,;

- CHJIBl YMEHBIIIAKOTCS, @ TEMIEPATYPhl YBEIUYMBAIOTCS C YBEIMYCHHEM JHaMeTpa WHCT-
PYMEHTA;

- CHJIBI, KOHTAKTHBIC JABIICHUS U TEMIICPATYPhl YBEIUIHBAIOTCS C YBEIHUYCHUEM TIPOYHO-
CTH aJTIOMUHHUEBOTO CILIABA;

- CWJIOBBIC TIapaMeTPhl YBEIIMUUBAIOTCS C YBEITUYCHHEM M3HOCA 3aJHCH TTOBEPXHOCTH 3y0a
bpessr;

- C YBEJIMYCHUEM yTJia BPe3aHMsl M0Jauu (pe3bl yBEIUYUBACTCS CyMMapHasi OCeBasi CUIIa,
HOpMAaJIbHBbIC CHJIBI M KOHTAKTHBIC JIABJICHUS Ha 3aJHEH MOBEPXHOCTU U3MEHSIOTCS HE3HAYH-
TEJIBHO.

[TocnemoBarenbHOCTE 00paOOTKHM KapMaHa JOJDKHA BKIIOYATh YMCTOBOW MPOXOJ C YIIIOM
Bpe3anus S rpan u noxayeit 0,04 — 0,05 mm/3y0 co cTparerueid 00pabOTKH, UCKITIOYAIONIEH YBe-
JUYCHUE TOJIIMHBI JHA 33 TPECIIbI JOITyCKa M3-3a yIpyrou aeopmaliiu moJ1 JelcTBUEM HOP-

MaJIbHBIX CHUJI Ha 3aJHEH MTOBEPXHOCTHU 3y0a (pe3bl.
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The external panels from the aluminum alloys are widely spread as components in aero-
nautical and rocket-and-space equipment. Due to their function, these components have their
own design features. In case, the external panels can be of overall sizes and can contain the large
amount of pockets for weight-saving. These pockets’ processing is held on multiaxes machines
with the help of all-in-one hardmetal or assemblage end-milling cutters. The deformation of the
pockets bottom and sides may happen within the high-speed of the external panels mill
operation. So the different technological procedures for reducing deformation are being
suggested and processed. These procedures include the force cutting control in the process of
mill operation and it is also set the connection between the mill operation force, tool durability
and processing final figures.

The purpose of our research is the development of the calculation procedure that is aimed
at theoretical definition of forces, contact pressures, that has an effect from the tooth tool on the
processing pocket side surface and bottom with the following evaluation of strained state and
deformation using the finite element analysis.

As a research method, it has been accepted to simulate the cutting process of the alumi-
num alloy component with end-milling cutter. The created techniques and recommendations
have been tested in manufacturing environment while mill operating the rocket-and-space
components from the aluminum alloys.

The main results are the created techniques as a consequence of interconnected formulas
and the calculation program and also the correlations that characterize forces and contact pres-
sures as mill operation functions, the aluminum alloy make, cutting angle and other characteris-
tics.

This article is an essential addition to the earliest papers on the force calculation tech-
niques in mill operation. The fundamental difference of this calculation technique is the absence
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in carrying out any other testing and additional experimental research on variation mill
operating.

The research application is the development of the engineering recommendations that can
help to determine the strategy, the consequence and mill operation techniques that prevent pock-
ets sides and bottom deformation even on the stage of technological processing preparations.

Using the results of the calculation we can make a conclusion that the mill cutting under
the angle to the horizontal surface creates the great elastic deformation of the pocket bottom un-
der the effect of the cutting force from the end side teeth of the end-milling cutter. The pro-
cessing strategy should be chosen in such a way to make the deformation figure cover the depth
of the pocket bottom. The recommendations on the reasonable technical characteristics of the
rocket-and-space components from the aluminum alloys mill operation have also been worked
out in this article.
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