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Anzoranus. st OBICTPOro MPOTOTHUIIMPOBAHMS KaUECTBEHHBIX M3IENUH He-
o6xoaumbl  3D-mpuHTEpH! ¢ MIUPOKUMH  (PYHKIHOHAIBHBIMH BO3MOXHOCTSIMHU.
Hmeroniuecs Ha pplHKE IPUHTEPBI UMEIOT HEJOCTATKU IPOTPAMMHOr0 00eCIeUeHuU,
YTO OTpaHMYMBACT UX IpHUMeHeHHe. B paboTe paccMaTpHBaIOTCS IyTH IPOrpaMM-
Hoi MozpepHu3auuu 3D-npuHTEpOB.

Ha ceroguammunii fAeHb TpexmepHas IeYaTh HMCHOJB3YeTCS BO
Bcex c(epax JKHM3HENEATeNIPHOCTH 4enoBeka. Bmecte ¢ Tem Bce ycT-
POMCTBA I TPEXMEPHOH TeYaT! TaK WM MHAa4Ye NMEIOT HelopaboTKH
KOHCTPYKTHBHO-TIPOTPAaMMHOTO  XapakTepa, KOTOpPBHIE OTpayKaroTcs
B UTOTE Ha KayecTBE M3TOTABIMBAEMBIX M3/EIHIl B BUIC HapyIICHUH
MX TEOMETPUYECKHNX U (PM3NYEeCKHX MapamMeTpoB, HAIPUMEpP: CKOJBI,
BBICTYIIBI, HI3MEHEHHSI CTPYKTYPBI pacXoaHOro mMaTtepmia [1].

OmnsiT ucnons3oBanust 3D-npunTepa Cube X mokasan, 9To Bax-
HOE€ 3HaYEHHUE JUI M3TOTOBJICHHS KadeCTBEHHBIX M3JIEIHHA UMEET XO-
pouee mporpaMMHoOe o0OecredyeHne ¢ MHUPOKUM TUAIa30HOM BapbH-
POBaHHKA PEKUMOB TPEXMEPHOH MmevaTy.

B3asterit 32 6a3oByto moaens 3D-mpuntep Cube X mmeer ompe-
JICTICHHBIE HEJIOCTATKH, CBSI3aHHBIE C Y3KUM HabOpoM (pyHKIIMOHATb-
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HBIX BO3MOJKHOCTEH JJIsI BApHUPOBAHUS T'€OMETPUUSCKUMH U (HHU3H-
YECKUMU MMapaMeTpaMu, 9TO HAMPSIMYIO CBSI3BIBACTCS aBTOpPaMH JOK-
Jajga ¢ ero MporpaMMHEIM obecrieueHueM. J[aHHBIH TPUHTEpP HC-
MOJIB3YET yCTAPEBIIYIO MPOTpaMMYy-clialicep ¢ 3aKPBITEIM KOJIOM, HE
MO3BOJISIONIYIO PACKPBITh BECh MOTEHIMAN naHHoTro 3D-mpunTepa.
KomnuectBo HacTpoek B 6a30BOM ciaiicepe MUHHUMabHO. [lpen-
CTaBICHBI TOJIBKO CKpOMHBIE HacTpoiku Tommuubl cios (0,1; 0,25;
0,5) u crenenu 3amomaenus (Hollow, Thin, Medium, Thick). Kak
MMOKAa3bIBACT MPAKTHUKA, 3TOTO HEJOCTATOYHO, YTOOKI MONy4YaTh MPH-
eMJIEMOE KaueCTBO MeYaTH, 9TO BUJHO U3 pUCYHKA 1.

p—

==

Pucynok 1. Tleuats ¢ ucnoss3oBanue ciaiicepa Cube X

IIpoMeXyTOUHBIM peIIeHNEeM CTaJl0 MCIOJIb30BaHME claiicepa
Kisslicer 1.6.2, B koTopoM mMeeTcsi OONBIIE HACTPOCK, MPEACTaB-
JIEHHBIX Ha pucyHKe 2. KadecTBO medaTy mpu MCIOIB30BAaHHUU JaH-
HOTO cliaificepa Tak ke He Bcerja Oblio mpuemiieMsiM. Bmecte ¢ Tem
9TO a0 BO3MOXXHOCTH UCIIONB30BaTh MPHUHTEP 0€3 PUPMEHHBIX J0-
pOTUX KapTpUIKeH, YCKOPUTh B HECKOJIBKO pa3 mpoiiece neqatd [1].

ITocne ncnprTanmii mpuaTEpa co ciacepom Kisslicer 1.6.2, Ob1-
JI0 IPUHATO PEIIeHNEe MPUMEHUTH 00JIee COBPEMEHHOE NMPOTPaMMHOE
obecrieuenne. B kauecTBe HOBOro ciaiicepa Oblna BBIOpaHa IMpo-
rpamma Cura Bepcun 4.0.0.
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Vstyie [Suppon”(M.-;teriaIHG.code 1 [Printer”G--cc;de]I Wisc.|[PRO| ¥ show Settings

Style Name [PLA Thickness 0 2 nozzle 0.5 = S;“’"ds e I‘f
: pe *
Layer Thickness [mm] (0.1 | B allelerlon — L dape 2200 el
Solid: 22,00 [mm
AL il S Infill Extrusion | [ stra Spualrse: 35.00{%;(;]
Skin Thickness [mm] [0 i il Style 100
Mumber of Loops [1 [# Loops go R Biecie}
_~ from Inside Co
Inset Surface [mm] [0 1o Perimeter 0l || center
Stacked Layers [2 Delete
(Sparse Infill, Suppori) Style. [TW
Style. ]

Pucynoxk 2. Hacrpotiiku cnaiicepa Kisslicer

Jns mcmonp30BaHUS HOBOTO cliaficepa TMOSBHIACHE HEOOXOIHU-
MOCTb B 3aM€HE 3JIEKTPOHHOW 4acTH MPHUHTEPA, TaK KaK MPUMEHEHHE
HOBOTO TIPOTPAMMHOTO 0O€CIeYeHHs C MPEeKHEH 3IEKTPOHHKON
npunaTepa Cube X He mpencTaBIAIOCH BOSMOXKHBIM. B kauecTBe Ho-
BOH 3NEKTpOHUKH OblLTa BeIOpaHa cBs3ka Arduino Due + RuRamps 4
n npaiiBepa marossix asurateneii TMC2100. Takoit BeI6op 00y-
CJIOBJICH NEPEX0/IOM C 8-OMTHOH TOTMKM HA 32- OUTHYIO, YTO MO3BO-
JIUJIO 3aMETHO TTOBBICHTH Ka4ecTBO nedaTtH. J[paiiBepa maroBbix ABU-
rateneit TMC2100 obecneunBaroT 3HadeHHe MuKpomara 1/128 mo
cpaBHeHUIO ¢ 1/16 y IPEXHUX CHUCTEM, YTO JaeT JOTOTHUTEIBHYIO
IUTABHOCTH XO0Ja MPHU TEePEeMEIeHNH NeYaTaion(eil ToJI0BKU 10 0CAM
XunY.

Ha pucynke 3 npezacraBieHbl HACTPOUKY I€YaTH, IPSIMO U KOC-
BEHHO BIIMAIONINE Ha €€ KayeCTBO, CPEAM KOTOPHIX: KOJIHYECTBO
Y TOJIIMHA CTE€HOK, MPOIEHT 3aMOJHEHUS MOJAETH, IIalloH 3armoi-
HEHHS, MHOXECTBO I1apaMeTpOB TOAAEPIKEK, TeMIlepaTrypa CcoIula
1 CTOJIa, CKOPOCTH M YCKOPEHHs MeJaTH MpH IedaTH pa3HbIX dacTel
MOJIEIH, BapHaHThl MPWIUIIAHUS MOJAETH K pabodeil MOBEPXHOCTH.
Kpome Ttoro, mmeerca ymoOHass BO3MOXHOCTH IPEABAPUTEIHHOTO
MIPOCMOTpa Mpoliecca MeYaTH M yIpaBiIeHHE MPHHTEPOM C KOMITBIO-
Tepa, K KOTOPOMY OH TOKIIOYEH.

B pesynbraTe mpeanpuHATHEIE MEPONPHUATHS MO IPOTPaAMMHOM
Mozaepuuzanuu 3D-npuaTepa Cube X MO3BONWIM MONXYYUTH OIU3-
KYIO K HJI€aTbHOI T€OMETPHIO M3JIEIHA CO 3HAYNTEIbHBIM yMEHBIIIe-
HUEM BPEMEHH HX Te4YaTH (PUCYHOK 4).
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® cxopocrs

P zanonuenne

LVIE e 15 fAnoTHOCTS FEnOMWEHIT 10
CXOPOCTL JATORHONHA e TIMCTaHIR AVHIGE S3MORHEHNS 6.0 mm
CKOPOCTE NesaTH CTeHOK 20.0 LIaGRON ZANCRHOHHT @ | rupoun ~
CHODOCTE NEYaTH BHEWHER CTEHKN 20.0 COBOMHATL AMHIA JANORHEHHA
ExopocTs nevar.. Tpewx crevox @ | 30 HANDABNRHUA JHHUK JAN0AHEKAA (8]
CxopoCTs BaprHER obonouki kzu.n MHaRHTEAS A5 THHIN S300HERIR 1
CHOPOCTS kP aHa 200 KONKMECTEO AONOMH _CTEHOK 3AN0AHEHNS 0
oot ek ® & o NPOLEHT NEPERPYTUE TBNOMHEHAS 10
ORo0eCT: AP0 CooR ® 15 e MepexpuTie 2anonHeHAs 0.06 rm
CKOPOCTE NEPBOFD RO 15 Noougs nepexpuTHs obonoyex 5 %
CxOPOCTS Nepasen, i Ha Nepsou cnge 225 R oD ] e
ONTHMUIBLAA NOPAKE NENATH CTEHOK I omaxacime bt
T B Lol TonumHa CreH 0.8 mm
epeapouanca Creni KoRVecTso s crewar @ 2
Hoa P ShCaL MR BPERBUTYA ETEN ) PaccTORHMe OYNCTIN BHEEMEN CTeHKH 0.3 mm

KOMNEHCAUMA NEDe THR BHRUHIX CTEH | Crow gepen obenpuot !

KOMTEHCAUNA Nepe... BRVTDRHHUK CTes | Tonuma ana/kowesn 0.8 mm
MasimansHuh NOTOK ANR CTeHs & |0 LS TORUANE KDBIENA 0.8 mm
3aN0NHEHILE JAONOB MEXLY CTEHKIMN Beye ~ Crow KpLI: 3
BUNETDOBITE TONLKD HebonuuMe 3330pu b Tongma gua 08 mm
MeuaTs TORKHX CTEHOK Caow gua 3
TORM30HTANLHOS pacumpenie [} i Wabnon gnR kpsiwsh/asa Thiarnn ~
MOpHSONTANGHO® PAC.. pERNE NEPROD Cios | 0 T Heosriii @ab0H HauamLHorD ChoR it ~

Pucynok 3. Hactpoiiku cnaiicepa Cura

a) 0)

Pucynok 4. CpaBHeHHe TpeXMEpHOH NeyaTH NP UCIIOJIb30BAHUHU
a) Kisslicer; 0) Cura
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