Advanced Engineering Research 2020. T. 20, Ne 3. C.235—242. ISSN 2687-1653

MAIINHOCTPOEHUE N MAIIMHOBEJIEHHUE
MACHINE BUILDING AND MACHINE SCIENCE

YK 621.01 https://doi.org/10.23947/2687-1653-2020-20-3-235-242
®opMHUpoOBaHHE KAYeCTBA OBEPXHOCTHOIO CJI0SI IPH afpa3sHBHOM %ﬁ' 401
00padoTKe MOJMMEPKOMIIO3UTHBIX MATEPHAJIOB it

M. A. Tamapkus, J. 3. Tumenko, A. B. Bepuenxo, B. M. Tpounkunii [w]

OI'BOY BO «JloHCKO#T rocynapcTBEHHBIN TeXHHYECKHi yHHBepcuTeT (T. PoctoB-Ha-/lony, Poccuiickas deneparms)

Bsedenue. TlpencraBiieHbl pe3ynbTaThl UCCIEJOBAHMH IIpoliecca abpa3sMBHOW 00pabOTKM AeTalel U3 IMOJMMEPKOMIIO-
3UTHBIX MarepuanoB. OmnucaHbl 0COOEHHOCTH OOpabOTKM MOJIMMEPKOMIIO3UTOB, TEXHOJIOTHS IOJIYYEHHs 3arOTOBKU
ruapoabpa3uBHON pe3koi. VccienoBaHbl 3Tambl HOATOTOBKU JETAIHM U3 MOJIMMEPKOMIIO3UTHOTO Marepuana K omepa-
UM «CKJICUBaHHEY.

Mamepuanvi u MemoOsi. YUTEHBI 3aBUCUMOCTH JUTS ONIPEAETICHUS IEPOXOBATOCTH IOBEPXHOCTH MPH THAPOAOpa3NBHON
pe3Ke MOJIMMEPKOMITO3UTHOTO MaTepraa. BEITOIHEHBI HCCIeIOBAHNS M0 JOCTIKEHUIO HEOOXO MO IIIepOX0BaTOCTH
MTOBEPXHOCTH TPH CKJIEHBAHUH 3aroTOBOK. IIprBeneHa 3aBHCHMOCTD, OMMCHIBAIONIAS IIEPOXOBATOCTh, KOTOPOil HE0O-
XO/IMMO JIOCTHYb ISl 00eCTIeYeH sl HaJIe)KHOTO KJIEEBOTO COETUHEHHS.

Pesynomamor uccnedosanus. IlpencraBieHsl pe3yabTaThl TEOPETUUECKUX M IKCIIEPUMEHTAIBHBIX MCCIICIOBAHUM MPO-
necca rusipoabpasuBHOi pe3ku. OnrcaHa METOMKa MX IPOBEACHUS, IPUMEHsIEMbI HHCTPYMEHT U ocHacTka. Coro-
CTaBJIEHBI PE3YJIbTaThl TEOPETUIECKUX U IKCIIEPUMECHTAIIBHBIX HCCIIEIOBAaHMH. Y CTaHOBJIEHA MX BBICOKAsl CXOANMOCTB.
[TokazaHbI UTOTH IKCIIEPUMEHTAIBHBIX NCCIICIOBAHUHN IO ITOATOTOBKE ACTaJeH M3 ITOJIMMEPKOMIIO3UTHBIX MaTepHaIoB
K cxyrenBanuio. [logoOpans! abpa3uBHBIN HHCTPYMEHT M PEXHUMBI 00pabOTKH.

Obcyorcoenus u 3axmouenus. IlpenoxkeHa MeTOMKa MPOSKTUPOBAHMS TEXHOJIOTHUECKOTO Ipoliecca abpa3uBHON 00-
paboTKH 3ar0TOBOK M3 TIOJIMMEPKOMITO3UTHBIX MaTEPHAJIOB.

Kniouegvie cnosa: o6paboTka MOJTUMEPKOMIIO3UTHBIX MaTepUalioB, ruipoabpa3uBHas pe3ka, 00paboTKa JenecTKOBbI-
MU KpyraMy, IIepOX0BaTOCTh MTOBEPXHOCTH.
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Formation of surface layer quality under abrasive treatment of polymer-composite materials
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Introduction. The study results of the abrasive processing of parts made of polymer-composite materials are presented.
The features of processing polymer composites and the technology of preforming through waterjet cutting are de-
scribed. The stages of preparation of a part made of polymer-composite material for the “glueing” operation are investi-
gated.

Materials and Methods. Dependences for determining the surface roughness under waterjet cutting of polymer-
composite material are considered. Research is carried out to achieve the required surface roughness under adhesive
bonding of workpieces. The dependence is given that describes the roughness that is required for a reliable adhesive
bond.

Results. The theoretical and experimental studies of the waterjet cutting process are resulted. Their implementation
technique, the tool and equipment used are described. The results of theoretical and experimental studies are compared.
Their high convergence is established. The results of experimental studies on the preparation of parts made of polymer-
composite materials for glueing are shown. The abrasive tools and processing modes are selected.
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Discussions and Conclusions. The process design procedure of abrasive treatment of workpieces from polymer-
composite materials is proposed.
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Beenenue. [ToBeiieHre Npou3BOAUTENLHOCTH TPYla HA COBPEMEHHOM MAIIMHOCTPOUTEILHOM MPOMU3BOJICTBE
BO3MOXKHO 32 CYET NMPHUMEHEHHsI HOBBIX TEXHOJIOTMH M MaTepHasIoB. {11 M3roTOBIEHHMS JeTalell MalluH BCE IINpE
UCTIONB3YIOT NoJuMepkoMio3uTHbie Matepraibl (IIKM). Oto kommosunus aByx u 0ojee MaTepHalloB — OCHOBBI U
CBs3ylomIero. Mznmenust M3 MOJMMEPKOMIIO3WTOB II0 CPAaBHEHHIO C METAIMYECKHMH HMMEIOT JIydiine (U3HKO-
MEXaHWYeCKHE CBOMCTBA M NIPM OTOM, Kak IpaBWIO, TOpa3l0 MeEHbIIE BeCAT. AHH30TpPOINHAs CTPYKTypa
MOJIMMEPKOMITO3UTHOTO MaTepHaia MO3BOJISET PaclpeAeisiTh MOJIE3HYI0 HArpy3Ky MO BCeil KOHCTPYKIMU U3/ENHs, YTO
MOBBIMIAET €ro JKCIuTyaTaruoHHble cBodcTBa. I[IKM dopmupyercss ompeneneHHBIM o0pa3oMm. Ciou OCHOBBI
YKIAABIBAOTCSA B HANPABJICHHUAX, B3aMMHO IIPOTHUBOIIOJIOXKHBIX JApPYyr JOpYyry. A CBA3YIOIIEC BBINOJHACT POJIb
HAIOJHUTENS, T. €. 00EeCIeYNBaeT HEIOABMIKHOCTh M 3allOJHEHHE IIPOCTPAHCTBA MEXAY CJIOsSMH OCHOBbI. Ha
MTOBEPXHOCTH MOJUMEPKOMITO3UTA (POPMHUPYETCS OCOOBIN CI0H, 00pa30BaHHBIM OTBEPACBIINM CBA3YIOIIUM. JTOT CIOMH
MOJET HE COBIAJATh C HIealIbHOMW (hOopMOi ToBepXHOCTH. Ero aare3noHHbIe CBOMCTBA 00ECIEUHBAIOT:

— BeIeCTBa, KOTOPBIC HAXOSATCS HA TIOBEPXHOCTH JICTAIH M COJEPKaT OTBEPANTED,

— IPOIYKTH XUMUYECKOH peaKkny, NPOUCXOSIIEH BO BPEMS OTBEPIKICHHS.

AHTHAITe3MOHHBIA CJIOH IMONMMEPKOMIIO3UTA MOMJICKUT YAAJICHUI0 MeXaHHMYecKod oOpaborkoit. [lpu atom
obecrieynBaeTCs ONTUMAJIbHAS [IEPOXOBATOCTH MIOBEPXHOCTH 00paboTaHHOH aeranu. Mexanndeckas oopadorka [IKM
HMeeT PsJl 0OCOOCHHOCTEH:

— 00pasyroTcs paccioeHus,

— BOJIOKHA BOJIM3M MecTa 00paboTKH pa3IoXMaduBaloOTCs,

— BBIAEIAETCS OOJIBIIOE KOJIMYECTBO TEIUIa IIPU PE3aHUH,

— 00pasyroTcs MPIKOTH,

— Marepual pa3pynaeTcs.

IIpn 3TOM He Bceraa MOXKHO MPUMEHATh CMa3bIBAIONINE OXJIAKAAIOIINE KUIKOCTH, TaK KaK WX BO3JCHCTBHE
BEZIET K pacclianBaHuio, Ha0yxaumo, 1 [IKM Tepsier HeoOXoauMble (U3NKO-MEXaHNIECKHE CBOMCTBA. DTO CBSI3aHO C
TEM, YTO TIOJIMMEPKOMIIO3UTEl OOMIBHO MoriomatoT Biary. [Ipumenenue s>xunkoctu mpu obpabdorke [IKM Ttpedyer
JATbHEHIIETO N3yICHUS.

Ha OonpmmHCTBE NpEeanpHATHH, TA€ NPOU3BOIATCSA JICTAIH M3 IMOJMMEPKOMIIO3MTOB, TEXHOJIOTHYECKHH
MPOIIECC COCTOUT U3 PACKPOS JIMCTA U JalbHEHIIEH MeXaHHUSCKOW 00pabOTKU 3aroTOBKH. YacTo MOJMMEPOMITO3UTHBIC
JIETJIN CKIICHBAIOT, YTO TPeOYyeT TINATEIbHOW MOATOTOBKM IIOBEPXHOCTHOro cios. B pamkax paHHO# paGoThI
uccienoBaHo (OpMHpOBaHHE KauyecTBa IIOBEPXHOCTH NpH TujapoabpaszuBHoil peske [IKM, a Taxke mpu MOAroTOBKE
MOBEPXHOCTHU K JAJIIbHEHIIEMY CKICUBAHUIO.

Marepuanbl u MeToabl. B COBpeMEHHOM MAaIIMHOCTPOSHHWH MOJNydYaeT Bce OoJbliee pacHpoCTpaHEHHe
packpoil MaTepHaloB METOAOM TuapoabpasuBHOM pe3ku. Ero mpemMymectBa: Oompmoioe  pa3sHooOpasme
00pabaThIBACMBIX MAaTEPHAIIOB, BBICOKAS IPOM3BOAUTEIHHOCTh, XOPOIIIee KAUeCTBO MOBEPXHOCTH Pe3a M BO3MOKHOCTh
noTydaTh (hacoHHbIE MOBEPXHOCTH. [IpHM MCIIOMB30BAaHWM 3TOTO METOAA HE BO3HHMKAIOT 3HAYMTEIIBHBIE BHYTPEHHHE
HaNpsDKEHUS B CBSI3U ¢ HU3KOTEMIIEPATypPHBIM XapaKTepOM IIporiecca.

Kpome Toro, ms ruapoabpasuBHON PE3KH XapaKTEpPEeH MaJblii MIPUIYCK U BBICOKAs TOUYHOCTH pe3a. DTUM OHa
OTJIIMYaeTCs OT JIE3BUHHOW 00paboTKM M 00pabOTKM CBsi3aHHBIM abOpasuBoM. Ilpomecc paspeszanuss Marepuana
rHpoabpa3suBHON CTpyeH JOCTaTOYHO CIIOKEH, MajJo HM3y4YeH, Ha €ro pe3yjibTaT BIMSAIOT MHOTHE TEXHOJIOTHYECKHE
(aKTOpBI: CKOPOCTb MCTEUEHMSI CTPYH M3 COIUIA, CKOPOCTh HEPENBIKEHMS COIUIA BJOJb JIETAlH, XapaKTEPUCTUKU
abpa3MBHOTO TOPOIIKA, PAcCTOSHMS OT coIula 70 00pabaThIBaeéMOW MOBEPXHOCTH, a TaKkKe (U3MKO-MEXaHHMYECKHE
cBOlicTBa 00pabaThIBacMbIX ITOJUMEPKOMIIO3UIMOHHBIX MaTepHajIoB. BO3HHMKAIOT HEKOTOPHIE CIOXHOCTH IIpH
MIPOCKTUPOBAHUM TEXHONOTHU pe3Ku. OHM CBA3aHBI NPEXIE BCETO C BBIOOPOM ONTHMAIBHBIX PEXKHUMOB PE3aHUS:
HEO0OXOIUMO O0ECTIeUnTh 3aJaHHOE KAadeCTBO TOBEPXHOCTH JETAIM TNPH HAWMEHBIINX 3aTpaTraX Ha 00paboTKy.
IIpumenenne ruapoabpasuBHO pe3ku nis ob6pabotku ITKM TpebyeT Takke HCCIEAOBAHHS BIUSHUS BOJABI Ha
COCTOAHHE TIOBCPXHOCTH peE€3a. HpelIBapI/ITeHBHBIe HCCIICAOBAaHUA TIO3BOJIMJIM  YCTAHOBUTH CHIIY OHCPIUH
CBEPX3BYKOBOH CTpyH BOIBI ¢ abpa3nBoM. OHa HACTONBKO BENIMKA, YTO MPH €€ B3aMMOJACHCTBHH ¢ 0OpabaThIBacMOit
MOBEPXHOCTBIO Pa3pyIIEHHE 110 MHTEHCUBHOCTH CPaBHUMO C IOBPEXICHHEM OT TBEPJOro abpa3MBHOIO WHCTPYMEHTA.
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ITpn pe3ke BoJa HE OTKIIOHSETCS OT TPACKTOPHH IBHMIKCHUS, BO3/CHCTBHE HAa Marepuall 3arOTOBKM MHHHUMaJbHOE,
T. €. BoJa He morjommaetcs [1-4].

Kak n3BecTHO, npu IiryOOKOM pe3aHMU MAaTepHajioB (B TOM YHCIIE HOJIMMEPKOMIO3UTHBIX) B 30HE KOHTaKTa
abpa3uBHOMN CTPYH M Pa3pe3acMoOro MaTepraia BOSHUKAIOT ABE YETKO OTCIIECKUBAEMBIEC 30HBI:

— C HU3KOH IIEPOX0OBATOCTHIO MOBEPXHOCTH (30HA TIIIKOT0 pe3a),

— ¢ GoJtee BBICOKOIT IIIEpOXOBATOCTHIO (30HA BOJHUCTOTO pe3a) [1, 2].

Ux mosiBneHne oOyCIIOBICHO TeM, YTO IPU KOHTAaKTE€ CTPYH C HIDKHEH YacTbhlO pe3a pacTeT YroJl aTakd
BHEJIPEHHBIX YacTUIl. 3HAYNTEIbHOE UX YHCIIO HE YYaCTBYET B MOJE3HOM COYJapeHnH, oTpaxaeTrcs oT Marepuaina. [Ipn
5TOM HOBBIE B3aUMO/ICHCTBYIOIINE YACTHIIBI BCTPEYAIOT MPEISTCTBHE, OTPAXKAIOTCS M BBI3BIBAIOT OJIOKUPOBKY YacTHIL,
MOCTYMAIOMNUX B 30HY 00paboTku. B pesynbrare mosiBisieTcss 30HAa BOJIHHUCTOTO Pe3a C BBICOKOW IIEPOXOBATOCTHIO
MIOBEPXHOCTH. B BepxHell yacTn pesa coyJapeHnI0 YacTUI] HUYTO HE MPEMATCTBYET, TO3TOMY 00pa3yeTcst TIOBEPXHOCTh
OoJsiee riajsikasi, ¢ MEHBIIEH MIEPOXOBATOCThIO. B COBPEMEHHBIX YCIOBHUSIX TPH MPOSKTUPOBAHUHM TEXHOJIOTHUECKHX
MIPOIIECCOB THIpOoabpa3sMBHON pPE3KH CIOKHO ONPENeINTh HE TOJBKO BEIMYUHBI IIEPOXOBATOCTH IOBEPXHOCTH
pa3IMYHBIX 30H pe3a, HO M pa3Mephl caMUX 30H IJIAJKOTO M BOJHHUCTOTO pe3a. [IporHo3 momydeHus: HEOOXOAUMOM
IIEpPOXOBATOCTH HA CTaJAWM IPOCKTHPOBAHUS TEXHOJOTHH IIO3BOJIUT OIPENENATh IeIecCO00pa3sHOCTh YHCTOBOMN
00paboTKu U TpeOyeMbIe B 3TOM CiIydae BEIMYUHBI IPUITYCKOB.

Teopernueckue ncciae0BaHNs (HOPMUPOBAHUS MPOQUIIS MIEPOXOBATOCTH Pa3IMIHBIX 30H pe3a [IKM BersaBnmm
3aKOHOMEPHOCTH, OIMCHIBAIOIINE MTPOIIECC B3aNMOACHCTBUS a0pa3sMBHON YaCTHUIIBI ¢ TIOBEPXHOCTHIO 00pabaThiBacMOi
JieTaly. Y CTaHOBJIEHO, YTO IIEPOXOBATOCTh IIOBEPXHOCTH Pe3a 3aBUCHUT OT TEXHOJOTMYECKUX MapaMeTpoB 00pabOTKH.
Pazpesaemblil croii Mareprasia ycJIOBHO Pa3JieNieH Ha JIBE 30HBI PE30B: BOJHHUCTOTO M Iiaakoro. OmucaH MeXaHH3M
(dbopmupoBanus 3TUX 30H. ONpeeNieH quanazoH rryOnH BHeApeHUs actull [1-2]:

2P0un p‘-l

h.. = DK, sina o0 ko €))

cp(LH SO.S
rie p, — IUIOTHOCTh MaTepHuana 4acTull; k, — KO3(QQHUIHMEHT, KOTOPBIl YYUTHIBAET BIUSHHME IIEPOXOBATOCTU
MOBEPXHOCTH JE€Talil Ha IUIOM@AJb (akTHUeCKoro KoHTakTa; K — oObeMHas KOHIIEHTpalHs dYacTHI] B pabouei

XKUAKOCTH; P, — NUHAMHYECKOE NaBICHHE CMECH; P., — IUIOTHOCTh pabodeil CMeCH KUIKOCTH W 4YacTHIl, o, —

s
IpeJes TeKy4ecTd MaTepuaia aetanu; D — nauamerp 4acTuibl, K; — KO3 GUIMEHT NOTeph YHEPTUU Ha MPEOI0TICHUE
PACCTOSIHUS OT COIDIA IO MOBEPXHOCTH JACTANH; ¢ — KO3 PHUIUEHT Hecymell CIOCOOHOCTH KOHTAaKTHOU MOBEPXHOCTH;
0. — Yroll coyIapeHus abpa3uBHOW YaCTHUIIBI ¢ 00padaThIBACMOM MTOBEPXHOCTHIO.

IToTox abpa3WBHBIX YACTHUI] ONMHUIIEM KaK MOTOK COOBITHIA, COOTBETCTBYIOIIWH pacmpeneneHmio IlyaccoHa:
YaCTUIBl CPENBl BBITOJMHIIOT MUKpOpE3aHHe B (UKCHPOBAHHOM HHTEPBajie BPEMEHH, KOTOPBI HE 3aBUCUT HH OT
HayaJjia €ro OTCYeTa, HU OT BO3MOKHBIX pealln3aluid MpeAbIAYIINX WU NOCIeAYIOIUX aHAIOTHYHBIX akToB. [lapamerp
A B 3akoHe IlyaccoHa mpencTaBiiseT co00i MHTCHCHBHOCTH MOTOKAa cOObITHH. [IpumeM 1t ruapoaOpa3uBHOM pe3KH,
Y9TO A — 3TO YHCJIO BO3MOXKHBIX B3aUMOJICHCTBUI B €AMHUILY BpEMEHH Ha IUIOINAJM KBaJpaTa yIaKOBKU aOpa3HBHBIX

qacTul. Tor,ua YCpe3 KAXKAYH CTOPOHY KBaJpaTa YIIaKOBKH 2R HpOﬁ,HCT \/Z YJacTul, a 4epe3 CAMHUYHYIO JJIUHY —
ed

qacTui. C Y4€TOM I3TOr0 HNpeayIoKEHA qupMyna, KOTOpast MO3BOJIACT ONPCACIIUTL CPEIAHECC apI/I(l)MeTI/I‘leCKOG

OTKJIOHEHUS PO YCTAHOBHUBIIIEHCS IIIEPOXOBATOCTH TIOBEPXHOCTH MPH TUApoadbpazuBHoi pe3ke [TKM [1, 2]:

Ra=13,01K% R |K, -sina- )

rae K — xoodduument, yunrsiBarommii yron coynapeHust aGpasuBHBIX YacTHIl C TIOBEPXHOCTBIO J€Tamn; R —
CpeIHUM paanyc 4acTHIl.

Yuciio moie3HbIX B3aUMOACHCTBUN A (QYHKIIMOHAIBLHO 3aBUCUT OT BEJIMYWHBI MOJAYH, JABICHUS aOpa3uBHOM
CTpyH, TIyOuMHBI M3MepeHust mepoxoBarocTH A =f(S, O, h). Teoperndyeckoe omncaHue BEJMYUHBI A 3aTPYIHEHO.
ITosToMy A ompeneneHa Ha OCHOBAaHHMM JKCIIEPHMEHTAJIBHBIX HCCIEIOBAaHHUN, KOTOpPBIE IO3BOJIMIIN IPEIJIOKHUTH
KOMIIIEKC PErPECCUOHHBIX 3aBUCMOCTEN.

OKCHepUMEHTHl MPOXOJWIM Ha 0a3e POCTOBCKOTO BEPTOJICTHOTO MPOM3BOJACTBEHHOTro Komiuiekca I[TAO
«PoctBepron». Hcmonmb3oBanach S5-KOOpIMHATHAsh YCTaHOBKa Ul TMapoabpasuBHOW peskn Flow. B kauectse
abpa3uBHOW cpensl TPUMEHWIM TPAaHATOBBIM mecok. OOpasisl M3roTaBIMBaIM U3 crekiomiactuka BIIC-7,
apMHUPOBAaHHOTO THUTAHOBOH (oseroit (mapkupoBka OT4-0-0,1%220). DtoT creknomracTuk Ha «PocTtBepTone»
WCTIONB3YIOT /I HATYpPHBIX JieTaseil Beproneta Mu-28.

[IlepoxoBarocTh MOBEPXHOCTH HM3MEPSIaCh C MOMOLIbI0 LUdpoBoro mnpodunomerpa Surtronic 25 ¢upmbl
Taylor Hobson. BoszgeiictBue Bomsl Ha pesanue [IKM wuccienoBanoch Ha IudQepeHIHanbHO CKaHUPYOLIEM
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kanopumerpe DSC 200 F3 Maia ¢upmsr NETZSCH. Pesynprathl 00paOaThIBaJMCh METOJOM MaTeMaTH4YeCKOW
CTaTUCTHKH B iporpamme MathCad.

Pe3ynabTaThl HccaenoBaHus. IllepoxoBaTocTs MOBEPXHOCTH pPE3a IOBBIMIACTCS C YBEIHMYCHHEM I10a4d
corta. OJHOBPEMEHHO BO3pAacTaeT OTHOCHTENbHASI BBICOTA 30HBI BOJIHUCTOTO pe3a. OnpeneneHsl HHTEPBaIbl 3HAaUCHUN
IIEPOXOBATOCTH MIOBEPXHOCTH U PEXKUMBI 00paboTKH, HeoOXomuMbIe i1 TuapoabdpasuBHoi pe3ku [IKM ¢ 3amaHHBIMEU
cBoiictBamu. Ilpm wnccremoBaHWM BIMSHHUS MOJAYM COIUIA CKOPOCTh €ro JBI)KGHHS H3MEHSIACh B JHANa30He
otT 5 1o 480 mm/MuH. [Ins MaTepuana XapakTepHbI CJIOUCTasl CTPYKTYpa U aHU30TpONHs. B 3Tol CBSI3M IEpOXOBaTOCTh
MOBEPXHOCTH pe€3a U3MEPSNIACh B IByX HANPABICHUSX: NEPIEHIUKYISAPHO NOJaue U BIOIb HEe.

AHanu3 pe3ynbTaTOB SKCHEPHMEHTAIBHBIX HMCCIIEAOBAHUI Ipolecca I'MApoadpa3sMBHOW PE3KH IO3BOJISET
MOJIYYUTh MOZAETH (POPMUPOBAHUS TOBEPXHOCTH pe3a:

— 0JHO(AKTOPHYIO, OIMCHIBAIONIYIO H3MEHEHHE IIEPOXOBATOCTH MTOTIEPEK CEUCHUsS pe3a;

— IBYX(aKTOpHYIHO — JJisl pacyeTra M3MEHEHHs ILEPOXOBATOCTH BJOJb CEUYCHHUS pe3a M BapbUPOBaHUS
[ITyOMHBI M3MEPEHUS IIEPOX0BAaTOCTH (4) HA OCHOBAHWHU PErPECCHOHHOTO aHAJIN3A!
Ra=3,538-10°+4,721-10° -8, 3)
Ra=2,706-10"-S-h—-3,157-10"" -1 +1,886-107° - h* —
-3,062-107 -2 —1,301-107"" - S -7 +1,469-10"* - S* - h + “

+4,288-10°+1,324-10"°-§-5,142-10™" - §* +7,308-10" - §°.

W3yueno BnusHUE BOABI HA TEPMO(U3UUECKHE CBOWCTBA MOJMMEPKOMIIO3UTA IIPU THMAPOAOpa3UBHON pE3KE.
HccnenoBanue mpoBOAMIOCh METOAOM Ou((hepeHnNnalIbHO CKaHUPYIOIIEH KanopuMeTpun. B pesynbpTate ycTtaHoBiICHA
BO3MOYHOCTh HCTIOJIh30BaHUS JJAHHOTO METOAa 00paboTKH I pe3ku netaneid u3 [TIKM.

[IlepoxoBaTrocTh IMOBEPXHOCTH pe3a OMNpeeisIach II0 TEOPETHYecKoil Mojnenu (2) W CpaBHHMBanach ¢
pe3ynbTaTaMy, IOJYYEHHBIMH SKCHEPHMEHTAIBHO. YCTAHOBJIEHO, YTO pAacXOkAeHHe He mpeBbimiaeT 15 %. Oto
CBHUJICTENBCTBYET O TOM, YTO IIOJYYEHHBIH KOMIUIEKC TEOPETHYECKHX MOJAENeH MOXeT OBITh HCIIOIBb30BaH IIpU
TEXHOJIOTUYECKOM MPOEKTUPOBaHNHN 00paboTku aeraneid u3 [IKM.

Ha MHOTMX MaImIMHOCTPOMTENBHBIX NMPEANPHATHIX Ul TOJATOTOBKH ITOBEPXHOCTH K CKJICHBAHUIO PHUMEHSIOT
pyuHyto 06paboTky mrdosansHoi mkypkoit (TOCT 13344—79, TOCT 5009—-82 u 'OCT 10054—82). Kak mpasuio,
obpazen; mumHdyeTcs 10 CHATHA IIITHIA, YTO MO3BOJIET YAATUTH C ACTAIH TOHKUH CIIOM CBSI3YIOIIETO M HE MTOBPEANTH
BosiokHa. Ilpy 3TOM TpymOEeMKOCTh Py4YHOH Omepanuy OYeHb BBICOKAas, W 3aTpaThl Ha Hee Benuku. lllnmdoanbHas
HIKypKa OBICTPO M3HAIIMBACTCS, M €€ MPUXOJUTCS MEeHATh. KpoMe Toro, KauecTBO 3alIKypHUBaHUS HANPSIMYIO 3aBUCHT
OT KBaNM(DUKAIIMU COTPYIHHUKA, €T0 YMEHHS CO3/1aTh ONPEICICHHYIO CHIIY MIPWKKUMA M yJalUTh TOBEPXHOCTHBII CIION
0e3 pa3pyIeHIs BOJIOKOH KoMmro3uTa [4—8].

Heo6xoaumMo CHHU3HTH TPYJOEMKOCTh PAacCMaTpUBaeMOW OIEpalMi, MCKIIOYHTh PYYHOH TPYZ, COXpaHHB
KayecTBO 00paboTku. B 3TOH CBS3M mpeluIoKeHBl ABa IMOJAXOJa K peIIeHHI0 mpobieMsl. [lepBeiid GasupyeTcs Ha
BCECTOPOHHEM HCCJIEJIOBAaHWM MPOLECCOB OOECHeYeHus] IIEepOXOBAaTOCTH, 3aJaHHOM Juia geranedt w3 ITKM.
[Tpearnonaraercs, 4TO MOJy4YEeHHAsl IIEPOXOBATOCTH OOECHEYHT NMPOYHOCTh CKIECHUBAHUS W TPH 3TOM HE TPHUIETCS
OTPaHMYMBATHCSI MHHHMMAJIBHO BO3MOXKHOM IIEPOXOBATOCTBIO. MOXHO MOJ00paTh MHCTPYMEHT JUIsI MEXaHHM3aLUU
obpabotku netaneit u3 IIKM. Taxue umccnemoBaHus MpOBOIWINCH Ha «PoCTBepTONe» C HATYpPHBIMH JETATSIMH U3
MOJMMEPKOMIIO3UTHBIX MarepuaiioB. PaccmarpuBanach 00paboTka HUTH(OBAIBHBIMU AJIACTUYHBIME MHCTPYMEHTAMHU,
KOTOpas MO3BOJISICT MEXAaHH3UPOBATh IPOILECC. 3epHa MepeMeNaloTcs B HAIpPaBICHUH HOPMAJbHOM COCTaBIISIOIIEH
YCUIIHSI pe3aHMs, CHIDKas HaNPsDKEHHOCTh TEIIOBOTO MOTOKA M 0OecreunBasi MOBBIIICHUE CTOHKOCTH HHCTpYMEHTa [7].
Oco0eHHOCTh 3TOTO Tpolecca — OTCYTCTBHE MUKPOTPEIIHH, XapaKTePHBIX Il 00paOOTKH JKECTKUM IITH(OBATEHBIM
uHCTpyMeHTOM [8]. Kpome Toro, oTcyTcTBHE HEOOXOAMMOM KECTKOCTH XapaKTEepHO Ui MHOTHX neraneid m3 [TKM:
0oOImMBOK, O00ONOYEK, KONMakoB M T.M. [l mx o00paboTkM Topa3mo mnenecooOpazHee MPUMEHATHh 3IMACTHYHBINA
n(OBaIbHEIH HHCTPYMEHT. 3a CYET CBOMX YNPYTHX CBOMCTB TaKOW MHCTPYMEHT (B OTJIMYME OT WHCTPYMEHTa Ha
KECTKOH OCHOBE) TaCHUT BHOpaIlMy M KOJNEOaHWs, a TakKe aMOPTHU3UpyeT Mpu oOpabotke [4—8]. [MTrpoCKOMMIHOCTH
MOJIMMEPHBIX KOMIO3UIIMOHHBIX MaTepPHUajoB 3aTPYAHSAET WM HE OMyCKaeT UCIOIb30BaHUE OXJIaXKJaroIel )KUIKOCTH
npu obpaborke. [yt Takux CiydaeB XOpPOIIO MNOAXOAMT TUOKWii aOpasuBHbIH uHCTpyMeHT. OH obecrieunBaer
BBICOKOKaueCTBEHHOE LITH(OBaHUE O€3 OXJIaKACHHS U 0e3 CMauUBaHUsI TIOBEPXHOCTH 00padaThIBAEMOM AETaIIH.

Teopernuecku ucciaenoBaHo (GopMHpPOBaHUE KadyecTBa IMOBepXHOCTH neTanu u3 [1IKM, npennazHaueHHOU Juist
JIANTbHEHILETO CKIICHBAHUSI.

IIpn pacdere mapameTpoB MIEPOXOBATOCTH IIOBEPXHOCTH HCIIONb30BAaHA METOAMKA, pa3paboTaHHAS
mpogeccopom A. B. Koponessim [9]. Ee npumensror mis onmcanus (OpMHPOBaHUSA MPOQWISL MIEPOXOBATOCTH IPH
00paboTKe KECTKO CBSI3aHHBIM a0pa3HBOM:
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Ra=0,9 @)

rie f, — TOJIIMHA CJIOs MaTepHasa, CHUMAeMOTO 3a OJMH MPOXOJ; vV, — CKOPOCTh Mojauu; /4 — (pakTHIeCKOe
paccTosiHHE MEXIy KOHTAaKTHBIMHU 3epHaMH; L., — mupuHa 00pabaTeIBa€MOr0 y9acTKa; v, — CKOPOCTb KpyTa;
L — cymmapHas IpOTsSHKEHHOCT JICTIECTKOB.

Jis mpoBepKy aIeKBaTHOCTH TIOJTyYE€HHOH 3aBUCHMOCTH IPOBETH KOMIUIEKC YKCIEPUMEHTOB II0 ITOATOTOBKE
MTOJIMMEPKOMIIO3UTHBIX JeTalel K JanbHedmeMmy ckiewBaHuio. OOpasmpl u3 creknoruiactuka BIIC-7, mMmetromue
3HauuTeNbHYIO Momanb (80 % 200 mMm), oOpabaThiBaIlch THOKAMHU JIETIECTKOBBIMU a0pa3vMBHBIMU KpyraMu (UpMBbI
Klingspor (monens MM 630 ¢ paccedeHHBIMH JIaMEISIMHU, pHC. 1).
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Puc. 1. Cxema abpa3uBHOro JenectkoBoro kpyra pupmst Klingspor (moaens MM 630): nuamerp — 180 mwm, mupuna — 50 M,
aOpa3uBHBII MaTepya — 3JIEKTPOKOPYH], CBA3YIOLIMI MaTepHal — CMOJIa CHHTETHYeCKas

Jlenectkn mM$oBaIbHONW HMIKYPKH 3aKpEIIeHbl HA ONPaBKE JHaMETPOM 6 MM U PacceyeHbl B pajMabHOM
HalpaBJCHUHN Ha JIECATh PAaBHBIX CEI'MEHTOB, KOTOpPHIE, B CBOIO OYepellb, 3aBEPHYTHI B OJHOM HalpaBieHHH. JlnmHa
takoro cermenra 50 MM. MHCTpyMEHT HMMeeT BBICOKYIO 3JIACTHYHOCTh M MOXKET H3rOTaBIMBATHCA M3 aOpa3sMBHBIX
MaTepHaJIOB Pa3TMYHON 3€PHUCTOCTH.

CTaOuIbHOCTh PEXKHMOB OOpaOOTKM JOCTUTAETCS TIOCTOSHCTBOM IIEHTPOOEKHBIX M YNPYTUX CHIIL,
CO3/1aBaeMBIX JIeTIeCTKaMHU NUIH(OBAIFHOW IMKYpKH. Ha kKadecTBO MOBEPXHOCTHOTO CJOS OOpaOOTaHHBIX AeTanei
CYIIECTBEHHO BIIMSIET CKOPOCTh II0JIa4d M YJEJNbHOE JaBJICHHE JIETIECTKOB. Ba)kHOe 3HaueHHE HMEET TaKKe
JTMHAMUYECKUIl pajmyc Kpyra r; — pacCTOSHHE OT €ro OCH /0 IOBEPXHOCTU COINPUKOCHOBEHMS JIENIECTKA C
obOpabarbIiBaeMoit neTanbio [7, 9].

BriOpansbiii TakuM o0Opa3zoMm NUIMGOBATBHBIA KPYT 3aKpeIlIsuics B IIMUHZACIE BEPTUKAILHO-(QpE3epHOTro
cranka. CkopocTh BpamieHust kpyra cocraBimsuia 450-1400 o6/muH, momada — 100-800 mm/muH. [IuHaMudeckuit
panuyc BbIOMpanH W3 pasMepoB: 55 MM, 60 MM, 65 MM, 4TO CO37aeT pa3IMUHYIO IUIONIA]b KOHTAKTa JICHIECTKOB C
MIOBEPXHOCTBIO 00pabaTsiBaeMoit aeranu. OOpasiibl 3aKperIsUIMCh Ha CTaHKE B CIIELIMAaIbHOM YCTPOHCTBE.

OKCHEepUMEHTHI JIOKa3aJId BO3MOXKHOCTB TIOJIyYeHUs] pABHOMEPHOW MaTOBOI MOBEPXHOCTH, JIMIIIEHHOH TIISHIIA,
IIPU UCTIONb30BAaHMH TMOKHX JIETIECTKOBBIX KpyroB. [locie oOpaOOTKM IEJIOCTHOCTh BOJOKOH He Oblila HapylleHa.
[IlepoxoBaToCTh MOBEPXHOCTH OOpa3loB 3amepsuiack Ha mnpodumomerpe Tailor Hobson. JIns BBINIEOMTUCAHHBIX
PEXXNMOB TOJTyYeHO cpeiHee apu(pMeTHIecKoe 3Ha4eHne mepoxoBaroctu Ra = 1,22 mMxMm (puc. 2).

1SC 4287
Amplitude parameters - Roughness profile
Rz R ] HIm Gaussian e, 0.8 mar
Ha 124 jm Gawssan e, 0 e
pm Length =125mm Pt=17.5 pm Scale= 300 pm
- Ci e e gy L L L L
[or=T Telelatat Tt L P e LA R L
E r g =] 10 11 12 mm

Puc. 2. [lpodunorpamma nosepxuoctu 00pasua, 00paboTaHHOTO JICTIECTKOBBIM KPYroM: CKopocThb Bpatenus — 1400 06/muH,
nojada — 315 MM/MHH, TMHAMUYECKUI paguyc Kpyra (77) — 55 MM
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B pesynbraTte skcriepumMeHToB 1o 00padoTke 00pasnoB u3 [IKM ruOkumu JIernecTKOBEIMU KpyraMu ToJdydeHa
paBHOMEpHAsT MAaTOBash IOBEPXHOCTh, JIMIICHHAS TJIAHIA. [IpM 3TOM IICIOCTHOCTh BOJIOKOH HE HapyIIcHA.
OO0paboTaHHYIO IMOBEPXHOCTh OCMOTpEIM W HM3MEPWIN IIepoXoBaTrocTh Ha mnpoduiomerpe Tailor Hobson. Tlpn
BBIOpAaHHBIX peXUMax oOpabOTKM TOIydeHa MIEpoXoBaToCTh Ra = 1,22 MKM, KOTOpasi MoKazaHa Ha mpoduiorpamme
(puc. 2).

CraTtuctudeckas 00paboTKa TaHHBIX IKCIIEPUMEHTAIBHBIX MCCICIOBAHMI MOKA3alia UX BBICOKYIO CXOJUMOCTb
C pe3yJIbTaTaMU TEOPETHYECKUX PACIETOB.

OO0cy:xnenne u 3akJjr04eHue. PacCMOTPEHBI BONPOCH IMPOCKTHPOBAHMS W ONTHMHU3AIUHN TEXHOJOTHUECKUX
mporieccoB runpoadpasuBHoi pesku [IKM U MOATOTOBKM HMX MOBEPXHOCTH K CKICHBAaHHIO. Pa3zpaboTaHa METOAMKA,
YUUTHIBAIOIIAS 3a/JIaHHBIC IICPOXOBATOCTU IMOBEPXHOCTH pe3a M CKJICHBACMOW IMOBEPXHOCTH M OOECIICYMBAFOIIAS
MHUHHMaIbHYI0 ceGecrommocts m3memmsi [1,2, 10-11]'. IllepoxoBaTocTs MOBEPXHOCTH pe3a pPAacCYMTaHA IO
dopmye (2). C yueToM HayaldbHBIX HapaMeTpOB 00pabOTKU (P, R, pu, A, L, S, ) pacCUUTHIBAETCSA YUCIO MOJIE3HBIX
coylnapeHui A. 3areM ompeaensercs 3HaueHHe MepoxoBarocTH Ra. OTcenBaroTCsi BapUaHThl TEXIPOLECCOB, IMPU
KOTOPBIX HE BBHINONHSACTCS ycioBue Ra < Ra,,,, W pacCUUTHIBAcTCA cebecToMMOCTh pe3a. ONTHManIbHON cunTaeTcs
KOMOHMHAIIVSI TapaMeTpoB 00pabOTKH, IPH KOTOPOH ce6eCTOMMOCTh pe3a OyneT MUHUMAITLHOM.

IIpoextupoBanue omnepanuu MOAroToBkH netamu u3 [IKM K CKICHBAHHIO HAYMHACTCSA C TEXHOJIOTHYECKOM
OIICHKH KOHCTPYKIIMHU JCTAIH U KIICCBOI'O COCIUHEHUS, B KOTOPOM YYacTBYET 3Ta JIETalb. [ KaKI0ro BUIa aiare3usa
M BBIIOJNHAEMOTO KJIEEBOTO COCAWHEHHS pPa3pabOTUMK JODKEH YKa3aTh HEOOXOOMMBIN KIIacC IIepOXOBATOCTH
MOBEPXHOCTH, MOJyIeXKalieil ckienBaHuio. C y4eToM JTOr0 TEXHOJIOT BHIOMpAaeT 3E€pPHUCTOCTh ILIH(OBAIEHOTO
HHCTPYMCHTa WU PEKUMBI 00paboTku. [lomydeHHass moBepxHOCTh netanu u3 [IKM nomkHa OBITH OZHOPOJHOW U
paBHOMEepHO 0OpabOTaHHOW 10 BceW TOBEPXHOCTH CKJIeuBaHUsA. KadecTBo 00pabOTKHM ONMHUCHIBACT CpeaHee
apudMeTHIecKoe OTKIOHCHHE MPOQIIL MEpOXOBAaTOCTH Ra. 3aMepsl JaHHOTO IapaMeTpa MPOBOMATCS HPH MTOMOIIN
npoUIOMeTpa IIYIOBOro THUMA. [Ipy 3TOM KOPPEKTHOE HAa3HAYCHHE PEKUMOB OOpaOOTKH M IMPAaBHIBHBEIN BHIOOD
WHCTPYMEHTA IT03BOJISIFOT 00€CIeYrBaTh HEOOXOAMMYIO BETMUMHY LIEPOXOBATOCTH HOBEPXHOCTH.

Jleranp, MOBEPXHOCTh KOTOPOIl TOTOBST K CKICHBAHMIO, JOJDKHA OBITH OUYMINEHAa W CBOOOJHA OT OCTaTKOB
MaTEepUAJIOB OIPECCOBKH (pa3IeIUTEIbHBIX MATCPHANIOB, MAaTCPHAIOB BaKYyMHBIX MCIIKOB, TEPMETHUKOB H T. II.).
Yaans{roTcs TEXHOJOTHMYCCKHE IMPHUITYCKH, KOTOPhIE HE HYXHBI Ha MOCICAYIOIIUX ONEpalnusaX. 3allKypeHHas
MTOBEPXHOCTH BU3YyaJIbHO MPOBEPSIETCS Ha HAIMYKE HAIJIBIBOB, IIIATPEHEH U APYTHX Ae(EKTOB, MOICKAIINX YAAJICHHUIO.

OmnpenensieTcss IMEPOXOBATOCTh, KOTOpas OOECIEYHT TpeOyeMylo IPOYHOCTh KIIEEBOTO COeOWHEHHs. B
3aBUCHMOCTH OT Hee BBIOMpaeTCss 3€pHUCTOCTh abpa3uBHOrO Kpyra. [insi oOpaOOTKM TOHKOCTEHHBIX HW3AEIHH C
HEIOCTaTOYHON KECTKOCTBIO IPH MOATOTOBKE WX IOBEPXHOCTEH IMOJ CKICHBAHHWE PEKOMEHIYETCS HCIOJIb30BaTh
numdoBagbHble Kpyru 3epHUcTOcThi0 240, 220, 180 m 150 mo FERA (Federation of the European Producers of
Abrasives — Accoluanus eBpONeHCKAX MPOU3BOIUTEINCH a0pa3uBHOM POTYKIIHH).

Jns obpaborku neranedd u3 [IKM mpu Halmuuuy OBOJBHO TOJICTOTO MOBEPXHOCTHOTO 3IOKCHIHOTO CIIOS
(0,01 mm u Gonee) momoimer 3epHuctocth Mo FERA 40, 80, 100, 120. JIns comkypuBaH¥sI HAIUIBIBOB, IarpeHe,
MepenajoB M T. 1. ¢ OTHOBPEMEHHON IOATOTOBKOHM IOBEPXHOCTH K CKICHBAHHMIO PEKOMEHAYETCS HCIOIb30BaTh
M oBabHBIE JETIECTKOBBIE Kpyru 3epHHUCTOCTBIO 1o FERA 80, 100, 120. IIpon3BoauTensHOCTh Takoro Iporecca
BO3pacTaet (eciu CpaBHMUBATH C IPUMEHEHNEM KPYTOB MEHBIIIEH 3epHUCTOCTH).

Bribuparorcss pexumMbel 00pabotkm. Mcxons W3 IUomaad MOBEPXHOCTH, MOIJISKAIIeH 3aIlKypHBaHUIO,
paccUMTHIBAETCSI KOJIMYECTBO INPOXOJOB MHCTpyMeHTa. OTHENbHO CclelyeT CKa3aTh O JETaysiX CIOXHOW (opmbl ¢
MMOBEPXHOCTSAMH, PACIOJIOKCHHBIMU TIOA YIJIOM, WUMCIOIIUMH PAJWyChl CKPYIJICHUS W KPHUBOJMHCHHBIC YYacTKU
AJIEMEHTOB KOHCTpYKIMi. VX 00pabaThIBalOT B MEPBYIO OdYEpenb, a YK€ 3aTeM MEPeXOAiT K IJIOCKAM yYacTKaM.
Jetanu ¢ KpUBOJMHEHHBIMI TTIOBEPXHOCTAMH MOKHO MEXaHWYECKH 00pabaThIBaTh HAa BEICOKOTEXHOJOTHIHBIX CTAHKAX
U YCTAHOBKAX C MPOTPaMMHBIM yIIpaBlICHHEM. B 3TOM ciydae HHCTPYMEHT JBHIKETCS B COOTBETCTBHUH C YIPABIIIOIICH
MIPOTPaMMO}i, a €T0 TPAEKTOPH ITOBTOPSET TEOPETHUESCKIHA KOHTYP ACTANH.

B Tabnune 1 mpuBeneHb peKOMEHIAIMH 110 BEIOOPY PEXKMMOB 0O0paOOTKH IS JeTajel W3 CTEKIOIIIaCTHKA,

KOTOpBIE B JanpHelmeM OynyT ckienBaTbes. OOopynoBaHue — JenecTkoBble Kpyru ¢upmsl Klingspor. IlapameTps

' Tlonames /1. B. OntuMusanus GUHUIIHONA 0GpaGoTKH NeTaseii 3 BRICOKOMPOYHBIX TIOMUHHEBBIX CILIABOB AIACTHYHBIM aGPa3sHBHBIM MHCTPYMEH-
TOM : JJUC. ... KaH[. TeX. HayK. Mpkyrck, 2014. 169 c.
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nporecca numdoBaHus, odecreynBaronie TpedyeMyro IMepoXoBaToOCTh: YaCTOTa BpalleHus Kpyra n (06/MHH), mmogadya

S (MM/MUH) # 7 (MM).

Tab6muma 1
PexoMeHnianmy 1o BEIOOPY PEXKMMOB pe3aHHs IPU OKOHYATeIbHOW abpasnBHOIT 00padoTke neranei u3 [IKM
Heobxommas 3epHHUCTOCTh MaTepuana
IIePOXOBATOCTS JIEIECTKOBOTO KPyTa, abpasuBa Rc*, MM S, MM/MHH n, 00/MuH
pexomennoBanHas mo FERA o 'OCT 3647-80

4,5-5,0 P40 40 55 200-350 1400-1600
4,2-4,5 P80 20 55 200-350 1400-1600
3,742 P100 16 55 200-350 1400-1600
3,0-3,7 P120 12 50 200400 1100-1400
2,6-3,0 P150 10 50 200400 1100-1400
1,6-2,5 P180 8 50 200400 1100-1400
1,2-1,6 P220 6 48 200-350 1100-1200
1,0-1,2 P240 5; M63 48 350-500 1100-1200
0,6-1,0 P320 5; M50 46 350-500 1100-1200

*Rc YKa3aH IAJid JICNECTKOBBIX KPYIrOB MOJCIIN, paCCMATPUBACMbIX B IAHHOM HUCCJICAOBAHUU.

ITocne oxoHwaHust 00pabOTKM MOBEPXHOCTH AETATN OUYHMIIACTCS OT NMPOAYKTOB 3ALIKYypPHBAaHHSA C MOMOIIBIO
YUCTOH XJIOMYATOOYMaKHOM cal(eTKN WIH METKU-CMETKH ¢ MATKOH IeTHHOM. [Tpy 3TOM CTEKIIOTIIACTHKOBAS TBLIL HE
JIOJDKHA TIOAHUMATBCS B BO3AYX.

BusyanbHblii KOHTPOJIb BBISIBUT HEOOpaOOTaHHBIC yJacTKH (TJISTHEI] Ha TOBEPXHOCTH), a TAK)KE OTOJICHUS M
pa3pyLIeHUs BOJIOKOH NOJIMMEPKOMITIO3HTA.
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