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VJAYUYIIEHUE HIEPOXOBATOCTH ITOBEPXHOCTEM JETAJIEN
N3 ITOJIMMEPHBIX MATEPHUAJIOB, _
IHOJYYEHHBIX C IIOMOIbIO AJ/IMTUBHBIX TEXHOJIOT'UHN

BCKpBITBI TPUYMHBI HU3KOHW IIEPOXOBATOCTH
MIOBEPXHOCTEN AeTaNel, MOIYyYEHHbIX C MOMOILBIO all-
JUTUBHBIX TEXHOJOTUMH. I3yueHOo ylydllIEeHHE 3TOro
moKazaressl mocieaytomeir 00paboTkoil rnOkMM abpa-
3MBHBIM HHCTPYMEHTOM. BBISBICHa MEpCIIEKTHBHOCTH
HCTIONIB30BAaHMUA CMa30YHO-OXJIKIAIOMINX >KHUAKOCTEH
(COX) iput TaHHBIX YCIOBHUSX 00pabOTKH.

Omnpenenensl ycnoBuss paboTel MSTKOro adpa-
3uBHOTO HHCTpyMeHTa 1 BiusgsHne COJK Ha mokasarenn
IIepOXOBAaTOCTH 00pabOTaHHOI MOBEPXHOCTH AeTanel
U3 MOJMMEPHBIX MaTepHaJIOB.

KiroueBble cji0Ba: aJIuTHBHBIE TEXHOJOTHUH,
3D-neuatp, ¢oTomonuMep, TEXHOIOTHS, KadecTBO,
LIEPOXOBATOCTb.

M.Yu. Kulikov, M.A. Larionov, D.V. Gusev, E.O. Shevchuk

SURFACE ROUGHNESS IMPROVEMENT OF PARTS MADE
OF POLYMERIC MATERIALS OBTAINED BY MEANS
OF ADDITIVE TECHNOLOGIES

In the paper there is under consideration an ef-
fort to achieve the roughness index of Ra <0.8 with the
aid of soft abrasive tool use. As a result the purpose of
this work became development of the technology for
surface quality improvement of parts manufactured
with the aid of additive technologies.

The authors carried out a number of experi-
ments with the samples manufactured with the aid of
the method of FDM print. With the aid of 3D Ultra 3
printer of EnvisionTec company. The samples were
made of ABS-plastic in the amount of 6 pieces. On each
sample there were defects after printing which contrib-
uted to the deterioration of surface quality in products.
By means of TR220 profilometer there was measured
roughness before and after the experiment. There was
carried out dry processing and with the use of SCL. As
a result, dry processing resulted in worsening surface
quality, heavy wear of an abrasive tool and grain con-
tamination. Analyzing the data obtained from the pro-
filometer in the experiment and SCL use a considerable
improvement of the surface layer quality at minimum
allowance is observed.

Investigation methods: in the work basis there
are experimental methods of investigation. The investi-

BBenenue

Ha cerogusmauit neHs cpopmupoBa-
Jlach Lenas MHAYCTPUS aJJUTHUBHOIO IPOU3-
BOJICTBA, JIECSATKH Pa3JIMYHBIX METOJOB TEX-
HOJIOTUH, a TaKXKe 000pYyIOBaHMS U MaTepua-
JIOB JIJISI TTIOCJIOMHOTO BBIPAIIIMBAHUS U3ETUH.
B pesynbrare ¢ KaxapM rooM 3Ta TEXHOJIO-

12

gations are carried out with the use of a microscope
and profilometer. Processing investigation results was
carried out as a result of the comparison of the measur-
ing data obtained.

Work Novelty: there are defined conditions of
soft abrasive tool operation and SCL impact upon Ra
indices.

The results obtained indicate a possibility of Ra
improvement on a part surface which is achieved due
to a combined shaping with the aid of additive technol-
ogies and further machining carried out on a single
technological basis. The experience without SCL use
has shown the overheating possibility the result of
which is a meltback and plastic sticking both on the
surface, and on abrasive grains of the cutter which is
inadmissible and results in considerable worsening of
Ra on the surface machined and cutter wear.

In view of this the SCL use in finishing is prom-
ising, but to achieve better results SCL chemistry must
be improved.

Key words: additive technologies, 3D print,
photo-polymer, technology, quality, roughness.

TUsl COBEPLICHCTBYETCSI U CTAHOBUTCS BCE 00-
Je€ TMOILYJISIPHOM.

[Ipouiecc M3roTOBIEHHUS MPOUCXOIUT
aBTOMaTH4YeCcKH 0e3 ydacTHs yenoBeka. Bce
OCHOBHBIE HACTPOMKU (3aIllOJIHEHUE, TOJIIIMHA
CIIOs, KOpPpeKIHs mar miaar(opmel), ocy-
LIECTBJISAIOTCS HA CTAJIUN MOJATOTOBKH K ITeya-
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TH, MOCJIC 3aITyCKa YC€JIOBCK BBLICTYIIACT B Ka-

YCCTBC OIIcpaTropa U HC BMCIIMBACTCA B IIPO-

necc a0 IMOJHOI'O M3roTOBJICHUA U3ACIHA.
Hcnonp30BaHne TEXHOJIOTHHM IIOCIIOM-

HOTO BBIpAIlIMBAaHUS JICTaJled TO3BOJISIET

oboiTCch 0€3 COOPOYHBIX OmMeparuii, WU3ro-
TOBJICHUC TPOUCXOOIUT 3a OAHY YCTAHOBKY
W3JIENNS, UMEIOIIIETO CIIOKHO (DaCOHHYIO TIO-
BEPXHOCTD.

dopmupoBanue peiabeda aerasieil, K3roToBJEHHbIX ¢ OMOIIbIO A/IUTUBHBIX TEXHOJIOT il

IIpy mneyaTn uCHONB30BAICA METOJ
FDM (meTton mocCiIOMHOrO HaIUIaBJIEHUs) —
TEXHOJIOTUS  aAJUTUBHOTO  IPOM3BOJICTBA,
IIUPOKO HCIIONb3yeMasi MPH CO3JaHUU TPEX-
MEPHBIX MOZEJEH, IpU NPOTOTUIIMPOBAHUU U
B IIPOMBIIIJICHHOM NPOU3BOACTBE. B KauecTBe
Marepuana wucnojb3oBayics ABS-muractuk —
yIaponpoyHasi TeXHUYeCKas TePMOIIaCTHYe-

CKasi cMOJIa Ha OCHOBE COIIOJIMMEpPa aKpUIIo-
HUTpUIA C OyTaAMEHOM U CTUPOJIOM.

Bo Bpems mporiecca medaTté MOTYT IO-
SBIISITHCS TAKOKE U 1€(EKTHI, CBA3AHHBIC C TIE-
perpeBoM coruia, JIM00 HE JOCTATOYHOU TEM-
nepaTypor Kamephl, U TOBOPHUTH O JTOCTHIKE-
HUU TpeOyeMoi NIEpOXOBATOCTH HE IMPHXO-
JMTCS BCE 3TO BEAET K Opaky HM3AETHs, Kak
MoKa3aHo Ha puc. 1.

Puc. 1. JledekT HaOKEHHS CIIOEB BO BPEMs IeYaTu

Tak xak nedexT mosiBUWICS Ha MOBEPX-
HOCTHOM CJIOE€ M3/€Us, a UIMEHHO IIpH Ieva-
TH MIOCIIEHETO €105, OBLJIO PEIIEHO UCCIEN0-
BaTh €ro NIyOHHY C MOMOIIBIO 3JIEKTPOHHOTO
Mukpockona Anstamu CM0745-T (puc. 2).

Puc. 2. Kaptuna nedexra
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Cornacuo pabote [1] 3HaueHue miepo-
XOBaTOCTH Ra Ha MOBEPXHOCTHU JIETAIH MOJTY-
YEHHOW C TIOMOUIBIO a/UIUTUBHBIX TEXHOJIO-
ruii nexut B mpenenax Ra>1,2. Taxxke Ha
BCEX M3TOTOBJICHHBIX 00pa3lax C TMOMOIIbIO
aJTUTUBHBIX TEXHOJIOTUI XapaKTepHO HaJM-
YHre OTYCTIIMBBIX 30H HEpoBHOCTeH (puc. 3)
Ha TIOBEPXHOCTHOM cioe u3zaenus. [loatomy
OBUTO MPHUHSATO pelIeHne Oosee JAeTaIbHO HC-
CJIeZIOBATh MOJIyYEHHYIO TOBEPXHOCTb.

W3mepeHne mepoxoBaTOCTH MPOU3BO-
JUIIOCH ¢ TIoMolbio npoduinomerpa TR220 B
12-T TOYKax Ha MOBEPXHOCTH JeTaiu. B pe-
3yJbTaTe OBLIM MOJYYEHBI CIEeIyIOIIUe JaH-
HbI€, IIpe/icTaBIeHHbIE B Ta0. 1
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Tabmuma 1
IToka3aTenu mepoxoBaTOCTH IIOCIIE ITeYaTH
Ne Touku m3me- ITokazarens
peHus [IEPOXOBATOCTH

1k 1,943

27K 2,838

3k 2,321

45K 2,674

lur 3,928

20T 2,743

3ur 2,260

4ur 2,119

1ok 5,362

21K 2,201

3k 3,429

4k 2,190

AHamu3upysi TIOJYYCHHBIC JaHHEIC,
HarJsTHO BUIHO, YTO IIEPOXOBATOCThH IIO-
BEPXHOCTH HEOJTHOPOJHA, B HEKOTOPHIX TOY-
KaX MMEIOTCSI 3HAYUTEIIbHOE YXYALICHUS I0-
kazarensa Ra. Touka 1nk Ra 5,362 cBunerens-
CTBYeT AeeKTy, MOKa3aHHOMY Ha puc. 1.

JanpHeiiee ynydiieHue mepoxoBaTo-
CTH, a, CIIEJOBATeIbHO, W TIOBEPXHOCTHOTO
CJIOSI MOXET JIOCTUTAThCs KOMOMHUPOBAHHBIM
(dhopMooOpa3oBaHHEM C TIOMOIIBIO aJITUTHB-
HBIX TEXHOJIOTHI M MOCIIEAYIOIEeH MEeXaHnve-
CKOHl 00pabOTKH, MPOU3BEICHHBIX HAa OJHOM
TEXHOJIOTHYECKOM T1aTdhopme.

HN3yuenne ¢popmupoBanus pejbeda npu min(oBaHuM NP MUHUMAJIBHOM NPHUIIyCKe

Hcnonb3ys OMBIT, MOJIy4eHHBIH B pabo-
te [1], ObLIa IpEANPUHSATA TOMBITKA TOCTHYb
nokaszarenss Ra < 0,8 mpu min mpumycke ¢
MIOMOIIIBI0  MICTIOJIB30BAaHMST MeXaHo00paboT-

=pe P B

ku. /s sToro ObUTM HareuyaTaHbl, 0OpaboTa-
HBbI, a BITOCIICJCTBHM HW3MEPECHBI 00pasibl -
opycku pazmepom 155x80%12 mm (puc. 3).

Puc. 3. O0bexT uccienoBaHus

OunumHas o0paboTKka NPOU3BOIU-
nacek Ha ctanke ¢ UIIY MIKRON HPM 600
U, mpu 3TOM HCIOIb30BaJICS MATKHUI aOpa-
3UBHBIH MHCTpYyMEHT. Mcnoap3oBaHue NaH-
HOro aOpa3sMBHOIO MHCTPYMEHTa OODBSICHS-
€TCA TE€M, YTO M3TOTOBJICHHBIE C IOMOILIBIO
aIAUTUBHBIX TEXHOJOTHHN JeTalu HMEIOT
CIIOXHYI0O ()aCOHHYIO TOBEPXHOCTb, WH-
CTPYMEHT Ha XECTKOW OCHOBE HE CMOXKET
o0pabaTbIBaTh TaKUe MOBEPXHOCTH. MsTKHE
HIETKU MO3BOJISIOT MPOXOJUTH MO MOBEpX-
HOCTSIM, MMEIOIIUM CJIOXHYIO (opmy, He
3aTpaduBas JOMOJHUTEIbHOE BpeMs Ha Iie-
pEyCTaHOBKY 3arOTOBKH.
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NHCTpYMEHT COCTOMT W3 MHOXKECTBA
a0bpa3uBHBIX 3EpEH, B 3aBUCKMMOCTH OT BHUJA
00paboTKkM, Marepuana 3aroTOBKH, IMOJI0U-
paercs ero xkeéctkoctb. Ha ocHOBaHMHU OIbI-
TOB OBLIO YCTAHOBJIEHO, YTO IMETKA MOXKET
paboTaTh TOJIBKO MO MIOCKOW MOBEPXHOCTH,
B pe3yibTare HEoOXoamma IMocienyrolas
ero gopaboTka.

[Ipn mpoBeneHWH OMBITOB MCIOIB30-
BAJIUCh CJEAYIOIINE PEXKUMBI 00pabOTKU:
gacToTa BpameHus mmuHaeas n = 4500
00/mMuH, nmogaya S = 800 MM/MHUH, OOIIUI
cior cHuMaemoro matepuana t = 0,3 mm, 3a
1 mpoxoxa caumascs ciaoil paBHbIil 0,05 MM.
Takum o6pa3zoM 0OpaboTKa MPOUCXOaMIA 32
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6 mpoxoaoB. BpUIET MHCTpYMEHTa U3 KOP-
nyca coctapiisl 11 MM. OnbITBI TPOXOAWIIN B
IBYX PEXKUMax: B CyXyH U C NPUMEHEHHEM
COX.

[Ipu obOpaboTke B cyxXyw OBLIO yCTa-
HOBJICHO, YTO IMOBEPXHOCTh B MpOIECCE Me-
XaHUYECKON 00pabOTKH MATKUM aOpa3HBHBIM
WHCTPYMEHTOM TIEpErpeBaeTcs, B pe3ysibTare,
IJIACTUK HAYMHAET IJIABUTHCS U MPOUCXOTUT
HaJIMITIaHUE CTPYXXKH (puc. 4) B BUJIE Hapac-
taromux BoJiH. lllepoxoBaTocTh MOBEPXHOCTH
PE3KO YMEHBIIACTCS U BBIXOAMT 3a TMPEIeibl
U3MEpEeHUl n3-3a HEOTHOPOIHOCTH BBHICTYIIOB
U TIOJYYEHHOTO penbeda B BHJIIC HAIHUIIIIETO
IJIacTHKA.

Puc. 4. Cnensl miaBieHus iacTuKa
Ha TMIOBEPXHOCTH

Ha puc. 4 narnsagHo BUAHO 00Opa3oBa-
HUE HOBOI'O CJIOSl, COCTOSIIEr0 W3 pacIuia-
BUBIILIETOCS TUIACTHKA B IIpoliecce 00padOTKH.

VYcTaHOBNIEHO, YTO INIABUTCSA HE TOJBKO
MIOBEPXHOCTh J€TaJld, HO M IPOUCXOIUT
CWIBHBIM H3HOC HWHCTpyMeHTa. Hapoctsl
OKpAILIMBAIOTCA B IBET PEXKYILEro HHCTPY-
MeHTa. Ha mérke nosBisioTcs ciaenpl oIiaB-
JeHHUsd, B BHUJE 3arps3HEHUs aOpa3uBHOTO
3epHa HAJHMIIIINM ITACTHKOM (puc. 5)

B pesynprate, Oymer He TOJBKO
YMEHbIIIAeTCs IEPOXOBATOCTh CaMOMl JeTanu,
HO M CHIDKAIOTCSI PEXYILUE CIOCOOHOCTU MH-
cTpymeHTa. Hanmunmmii muiactuk 3abuBaercs
B TIOpPBHl BOJIOKOH, HapylaeTrcs adpa3uBHas
CBSI3Ka.
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Puc. 5. 3arps3Henne abpa3suBHBIX 3¢peH

B oneite ¢ ucnonszoBannem COX rta-
Kasi mpobsiema He HaOmonaercs. Jleranp He
neperpeBaercs, 00paboTKa MPOUCXOIUT PaB-
HOMEPHO, 3€pHa peXyLIEro UHCTPYMEHTA YHU-
crele. [Ipu pabore ¢ yCTaHOBIEHHBIMU paHee
peXUMaMH ObUIM IOJyYEHBI CIEAYIOIINE pe-
3yJIbTaThl, IPEJICTABICHHBIE B TA0I. 2.

Tabnuma 2
Pesynbratsl onbita ¢ ucnoaszoanuem COX
No toukm | Iloka3arenb [Tokazarens
u3Mepe- | IIepoXoBaTo- | LIEPOXOBATO-
HUs CTH 10 00pa- CTH I10CIIE
00TKH 00paboTKu
Lk 1,943 0,576
251K 2,838 0,762
30k 2,321 0,658
451K 2,674 0,894
lur 3,928 0,809
20T 2,743 1,132
3ur 2,260 1,291
4t 2,119 0,743
1k 5,362 1,334
2nk 2,201 0,789
3k 3,429 0,837
4nk 2,190 0,676

XapaKkTepUCTUKN KadecTBa MOBEPXHO-
CTH Tocie 00pabOTKH MOKAa3bIBAIOT YMEHb-
meHrne Ra, B HEKOTOPBIX TOYKAaX JAOCTHTHYTh
nokazarenst meHee 0,8 He ynamoch u3-3a
CIIMIIKOM OOJbIIMX BBICTYNOB. OOpaboTaH-
HBIC PE3yJbTATHl TPEACTABICHBI B BHJE JHa-
rpamMMsI (puc. 6).
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Puc. 6. Pacnpenenenust nepoxoBaTocTH
Ha MTOBEPXHOCTH JIETAJH 10cjIe 00paboTKu

B pesynbrare, monbupas mnapameTpsl
00pabOTKM W UCTONB3Ysl pa3HOE CEUeHHE BO-
JIOKHA, MOXHO JIOCTMUTHYTH HEO0OXOJUMOTO

FRCHLY - HE T

MOKazaressl IIepOXOBAaTOCTH, KOTOPBIA COOT-

BETCTBYCT 3asABJICHHBIM Tp€6OBaHI/I$IM JcTallu.
CpaBHeHME KayecTBa IOBEPXHOCTH

MPEJCTABICHO Ha auarpamme (puc. 7).

HEH KR WPEH DR

Puc. 7. CpaBHeHHe IIEpOXOBATOCTH A0 U TOCIe 00pabOTKH:
KpuBas 1 - moBepXHOCTH 10 00pabOTKH, KpuBast 2- IIOBEPXHOCTH MOCIIE 00pabOTKH

BbUTO ycTaHOBIIEHO, YTO TIOCTE H3TO-
TOBJIEHHS JETAIH C HMCIIOIL30BAHUEM TEXHO-
noruu 3D-medaté HEOOXOAMMA TIOCIEIYIO-
mas (UHUIIHAS MeXaHWueckas oOpadoTka.
[IpenBapuTenbHas IIEPOXOBATOCTh IMOBEPX-
HOCTH OKa3bIBaeT BIIMAHHE HA IOKa3aTeId

3akiroueHue

[Tony4yeHHbIE ONBITHBIM NYTEM PE3Yilb-
TaTbl CBHUJETEIBCTBYIOT O BO3MOXXHOCTH
YIydli€HUud BEJINMYUHBI Ra na IMOBEPXHOCTHU
JeTaid, KOTOpPO€ JOCTHUraeTcs KOMOMHMPO-
BaHHBIM (hopMOOOpa30BaHMEM C IMOMOIIBIO
aAIMTUBHBIX TEXHOJIIOTMA W TIOCIENyIOLIEH
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nocyie 00paboTKH, B 3aBUCUMOCTH OT TJyOu-
Hbl chbéMa MaTepualsla Mokasaresnu OyayT He-
OJTHOPOJIHBI, JUTs TIOTy4eHus: 0oJiee 0HOPO/I-
HOW MOBEPXHOCTH TPeOyeTcsl YBEJIUYUTh TIIy-
OuHYy 00pabOTKHU.

MEXaHUUYeCKOl 00paboTKH, MPOU3BEICHHBIX
Ha OJIHOM TEXHOJOrMYecKoW mIaTdopme.
Oneir 0e3 wucnons3zoBanuss COX mnokaszan
BO3MOXXHOCTb II€PETPEBA, CIEICTBUEM KOTO-
poro sBISETCS OIUIaBJIEHWE W HaJIMIAHUs
IUTACTHKA KaK Ha MMOBEPXHOCTb, TaK M Ha ao-
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pa3uBHbIC 3EpHA PEXYIIEr0 HHCTPYMCHTA,
4TO ABJIICTCA HCAOMYCTUMBIM U MPUBOIHT K
3HAYUTEIBHOMY YXYIIICHHUIO MOKa3arens Ra
Ha 0O0pabOTaHHOW TOBEPXHOCTH M H3HOCY
PeXyIIero MHCTpymMeHTa. B Buay aToro mc-
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