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Jvadas j 3D spausdinima
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Tikslas ir mokymosi rezultatai

Modulio tikslas: Suteikti studentams pagrindines Zinias apie 3D
spausdinima

Valandy skaicius: 4 valandos

Mokymosi rezultatai: « Zinios apie 3D spausdinima ir pagrindine
terminologijg

e Supratimas kokie yra 3D spausdinimo
privalumai bei apribojimai skirtingose
panaudojimo srityse

« Zinios apie proceso etapus, norint gauti
objektg naudojant 3D spausdinimo
technologija
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Paskaitos turinys

e Adityvioji gamyba (angl. Additive Manufacturing)
e 3D spausdinimo privalumai ir apribojimai

* 3D spausdinimo istorija

* 3D spausdinimo technologijos etapai

e 3D spausdinimo pritaikymo sritys
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Adityvioji gamyba
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Adityvioji gamyba

3D spausdinimas arba adityvioji gamyba yra ‘ _L '*" N
trijy matmeny vientiso objekto gamybos . ) \
procesas pridedant medziagg sluoksnis po /L Nl
sluoksnio.  Fizinis objektas gaminamas | /e
naudojant skaitmeninius modelio duomenis LI

iS 3D modelio arba kito duomeny Ssaltinio, 4 =

tokio kaip AMF* failas. »E

Naudojant 3D spausdinimg jmanoma - 'I,x?":' ¥ F_. ,
pagaminti beveik bet kokios formos objekta. N\ W _\ 4
Siuo metu naudojamos jvairios 3D N

spausdinimo technologijos bei medziagos. L
Neseniai 3D spausdinimo priemonés tapo A
prieinamos tiek pramonéje, tiek namy

vartotojams.

Saltinis: www.smartfactory.lt

*AMF — Additive Manufacturing File
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Adityvioji gamyba

Kas yra 3D
spausdinimas
ir kaip tai
veikia?

https://www.youtube.com/watch?v=Vx0Z6LplaMU
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3D spausdinimo
orivalumai ir apribojimai
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Sudeétingumas ir dizaino laisve

* 3D spausdinimas leidzia kurti
sudétingas formas ir dalis,
daugel; objekty, kuriy
nejmanoma bluty pagaminti
jprastiniu gamybos budu.

* Sudétingos geometrijos gali
bati lengvai kuriamos, o tai
suteikia didele dizaino laisve.

 Naudojant 3D spausdinimg,
sudétingas modelis gali buti
pagaminamas kaip vienas
vientisas  objektas, todél
nereikia gaminti smulkesniy
detaliy ir jas surinkinéti.

3D atspausdintas Sviestuvas
Saltinis: http://mymodernmet.com/bathsheba-grossman-3d-printed-lamps/
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Pritaikymas ir personalizavimas

* 3D spausdinimga galima pritaikyti
jvairiose  srityse.  Kiekvienas
gaminys gali buti individualiai
pritaikytas  priklausomai nuo
poreikio be papildomy gamybos
sgnauduy.

* Jeigu reikia pakeisti konkretaus
objekto forma, iSvaizdg ar kitus
parametrus, tereikia pakeisti tik
skaitmeninj dizaing, nenaudojant
jokiy brangios gamybos Procesy  oumsones-prtsiomos ausines

Saltinis: https://www.kickstarter.com/projects/ownphones/ownphones-

ar papildomy priemoniu. the-worlds-first-custom-fit.3d-printed-e
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Nereikia papildomy jrankiy

 Vienas iS 3D spausdinimo pranasumy lyginant su
tradicine gamyba yra tas, kad 3D spausdinimo
procesui nereikia specialiy jrankiy norint pagaminti
modelj ar jo dalis.

* Nereikia papildomy islaidy ar laiko gaminant
sudetingg ar paprastg objekta.
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Greitis ir islaidy taupymas

 Vienas iS 3D spausdinimo privalumy lyginant su
tradicinés gamybos budais yra gamybos greitis.
Sudeétingus modelius galima atspausdinti per
palyginus trumpag laika.

e Sutaupius gamybos laikg taip pat mazinamos islaidos.
Pavyzdziui, objektai ar jy dalys gali buti pagaminti
daug greicCiau ir tada, kai jy reikia, dél to gali buti
sumazintos sandéliavimo ir darbo laiko sgnaudos.
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Greitesnis ir maziau rizikingas kelias j rinka

* Kadangi modeliai ar jy dalys gali buti pagaminti per
trumpa laikg, 3D spausdinimas naudojamas greitam
dizaino idéjy patikrinimui ir tobulinimui. Daug pigiau
pagaminti 3D prototipg, ir tada, jei reikia, keisti
esamg dizaina.

 Todél 3D spausdinimas yra geras pasirinkimas tiems,
kurie iesko budy kaip realizuoti gaminio idéjg, nes tai
yra daug maziau rizikingesnis kelias j rinka.

e 3D spausdinimas taip pat gali sumazinti rizikas,
susijusias su kai kuriais rankiniais prototipy kurimo
procesais.
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Maziau atlieky, patvarus, tausojantis aplinka

3D spausdinimas yra adityvus procesas — objektas
kuriamas sluoksnis po sluoksnio naudojant specialig
medziagy. Adityviosios gamybos metodai paprastai
naudoja tik reikiamg konkreCiam objektui sukurti
medziagos kiekj.

* Daugelyje procesy naudojamos medziagos, kurios gali
buti perdirbamos arba gali buti pakartotinai
naudojamos daugiau nei vieng kartg, dél to
adityviosios gamybos procese lieka labai mazai
atlieky.
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3D spausdinimo apribojimai

* Didesnés islaidos didelés gamybos apimtims
* Spausdintuvy ir Zaliavy kaina vis dar brangi, taciau ateityje
Sios iSlaidos turéety mazeti
* Mazesnis zaliavy, spalvy, apdailos pasirinkimas
 Vis dar yra tam tikry apribojimy, lyginant su jprastomis
produkty medziagomis, spalvomis ir apdaila
* Ribotas stiprumas ir patvarumas

* Ne visos spausdinimo technologijos gali uztikrinti pagaminty
objekty stiprumg, o stiprumas neéra tolygus dél sluoksniavimo
proceso

e Spausdinty objekty tikslumas

* Jei reikia spausdinti tikslias detales ar smulkesnes detales - vis dar
sunku uztikrinti tam tikry gamybos procesy auksta tikslumg

 Dauguma 3D spausdintuvy yra riboto mastelio ir dydzio
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3D spausdinimo issukiai

Nepaisant Siandien
iSkylanciy apribojimy, 3D
spausdinimo technologijos
vystosi labai greitai,
iSlaidos mazéja, todél Sios
technologijos tampa Vvis
labiau ir placiau
naudojamos.
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3D spausdinimo istorija
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3D spausdinimo istorija

1983 metais Chuck Hull, jmonés ,3D
systems® jkuréjas, isrado pirmgjj 3D
spausdinimo procesg ir pavadino jj
stereolitografija (angl.
stereolithography - SLA).

Patente jis apibrézé stereolitografija
kaip ,,metodg ir aparaty, skirtg kiety
daikty gamybai nuosekliai
,Spausdinant” plonus ultravioletiniais
spinduliais paveiktos medziagos
sluoksnius vieng ant kito”

Tokiu budu, jis sukuré pagrindg tam, kg

m ES §ia n d i e n zi n O m e ka i p a d itYVi Oj i §LA—1, pirmasis komercinis 3D printeris
ey . . Saltinis: https://www.3dsystems.com

gamyba (angl. additive manufacturing -

AM ) arba 3D spausdinimas.
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3D spausdinimo istorija

Pirmajj selektyvaus

lazerinio sulydymo ‘RGVOIUﬁO

(angl. Selective Machine makes 3-D objects from drawings
Laser Sintering - | T -

2

SLS) spausdintuvg
sukureé ir patentavo
dr. Carl

Deckard and Dr. Joe
Beaman Teksaso
Universitete 1986
metais.

e I-H'F..:l'dl:- by Fladpds i rir i
Associate Prolessor Joe Baaman shows some thres-dimensional plastic models
made by the ‘selective laser contering’ device developed by Carl Deckard, lefl.

American laikrastis, 1987
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Primoji 3D atspausdinta dalis

Saltinis: https://www.3dsystems.com/
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3D spausdinimo istorija

1989 metais, kompanijos ,Stratasys” jkuréjai, S. Scott Crump ir
jo Zmona Lisa Crump, iSrado ir patentavo pirmajg lydziosios

mases modeliavimo (angl. Fused Deposition Modeling - FDM)
technologija.

Kadangi FDM yra kompanijos ,,Stratasys” prekes zenklas, todél

dauguma industrijos specialisty vietoj FDM nusprendé naudoti
FFF (angl. Fused Filament Fabrication).
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3D spausdinimo istorija

Apie 2005 metus pradéjo
baiginétis adityviyjy technologijy
patenty galiojimo laikas.

2004 metais Anglijos Bath
universiteto vyresnysis déstytojas,
mechanikos inzinerijos daktaras
Adrian Bowyer pradéjo RepRap
projekta. Sio projekto tikslas buvo
sukurti pigy 3D spausdintuvg,
galintj pagaminti savo paties
kopija.

2008 mety vasario 09 dieng
RepRap 1.0 ,Darwin® sékmingai
3D atspausdino daugiau nei 18%
savo komponentuy.

2016-1-RO01-KA202-024578

Saltinis: https://all3dp.com/history-of-the-reprap-project/
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3D spausdinimo istorija

Kompaktiniy, atvirojo kodo,
nemokamos programinés jrangos
spausdintuvy, tokiy kaip RepRap,
atsiradimas padéjo pritaikyti Sig
technologijg  placiajai  vartotojy
grupei ir leido ja panaudoti mazos
apimties  komercinéje  veikloje,
Svietimo tikslais ar netgi buityje.
Pradéjo steigtis pirmosios mazy
kainy 3D spausdinimo jmonés.

RepRap projekto deka glme Saltinis: www.reprap.org
pirmasis stalinis 3D spausdintuvas.
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3D spausdinimo istorija

lki 2009 mety 3D spausdinimas daugiausiai buvo skirtas
pramones reikméemes.

Iki Siol 3D spausdintuvy pardavimai auga.

Ateityje tikimasi dar daugiau inovaciju.
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3D spausdinimo istorija

Carbon3D -
Siuo metu
vystoma
viena is
greiCiausiy
3D
spausdinimo
technologijy

https://www.youtube.com/watch?v=UpH1zhUQYOc
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Trumpa 3DP istorija

Chuck Hull / 3D
Spausdinimo
iSradéjas

https://www.youtube.com/watch?v=0jaW6C61_dc
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3D spausdinimo
technologijos etapai
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Pirmajame adityviosios Vgamybos proceso etape sukuriamas
skaitmeninis modelis. Siuo tikslu naudojamas CAD (angl.
Computer Aided Design ) modeliavimas.

Yra daugybé CAD programy, kurios naudoja skirtingus
modeliavimo principus, galimybes bei kainodaros politika.
Solidworks, Autodesk Fusion 360, SketchUp vyra CAD
modeliavimo programinés jrangos pavyzdziai.

Taip pat skaitmeninio modelio sukurimui, pasitelkus 3D
skenavimg, gali buti naudojama atvirkstiné inzinerija.

2016-1-RO01-KA202-024578
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2. STL formato modelis

Siame adityviosios gamybos (AM) etape CAD modelis
konvertuojamas j STL (stereolithography) faila.

STL modelj galima pasirinkti bei atsisiysti ir iS internetiniy
saugykly, tokiy kaip Pinshape, GrabCAD ir kt. Vienos saugyklos
siulo nemokamus modelius, kitos — mokamus.

Co-funded by the
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3. STL modelio analizé ir korekcijos

Siame etape pasalinamos visos klaidos STL faile. Tipiskos
klaidos — trukstami trikampiai, nesusijunge kampai, apverstos
normalés  kur trikampio briaunos klaidinga pusé
identifikuojama kaip dalies vidus.

STL modelio korekcijoms yra skirta speciali programiné jranga,
tokia kaip Meshlab, 3DPrintCloud, Netfabb ir kt.

Jeigu klaidy néra, tuomet gali buti atlikti tam tikri objekto
pataisymai tokie kaip dydzio, tankio, geometrijos keitimas.
Taip pat nustatoma tinkama 3D modelio padétis.

Naudojant FDM tipo spausdintuvus, STL failas importuojamas
j specialig programa (angl. slicer program), kur jis
konvertuojamas j G-kodg. G-kodas yra skaitmeninio valdymo
programavimo kalba, kurig supranta 3D spausdintuvai.
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4. Jrenginio nustatymas

Siame etape jrenginys paruogiamas spausdinimui. Nustatomi
tinkami spausdintuvo parametrai bei valdymas, pasalinamas
ankstesnis gaminys bei jdedama spausdinimo medziaga. Taip

pat butina reguliariai tikrinti visus svarbius spausdinimo
nustatymus bei valdyti process.

Kai aparatura paruosta, galima jkelti spausdinimo failas.
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5. Spausdinimas

Visa spausdinimo procedura daugiausia yra automatiné.
Spausdinimas gali uztrukti kelias valandas ar net dienas,
priklausomai nuo daikto dydzio, spausdintuvo ir naudojamy

medziagy. Reikalinga retkarciais patikrinti ar spausdinimo metu
neatsirado klaiduy.
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6. Atspausdinto daikto isemimas

Dazniausiai ne pramoniniuose 3D spausdintuvuose
atspausdinto daikto iSémimas yra labai paprastas: tereikia
atspausdintg dalj nuimti nuo spausdinimo platformos.
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/. Apdorojimas

Galutinis atspausdinto daikto apdorojimas gali labai skirtis,
priklausomai nuo spausdinimo technologijos ir naudojamuy
medziagy. Pavyzdziui, daiktas pagamintas naudojant SLA
technologijg, turi buti apdirbtas UV spinduliais, tuo tarpu daikta
pagamintg, naudojant FDM technologijg galima naudoti is karto.

] produkto apdorojimg gali jeiti valymas aukstu oro slégiu,
poliravimas, dazymas ir kiti veiksmai, reikalingi parengti galutinj
produkty.
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3D spausdinimo
oritaikymo sritys
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Automobiliy pramoné

3D spausdinimas
automobiliy  pramonéje
naudojamas tiek
prototipams  kurti, tiek
galutinéms dalims gaminti.

Daugelis Formulé 1
lenktyniy komandy 3D
spausdinima naudoja
prototipams, bandymams,
bei galiausiai pritaikyty
automobilio daliy karimui,
kurios naudojamos

lenktynése. Satime wwwrvoreletcom |
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Automobiliy pramoné

Siai 3D spausdintai Michelin
koncepcinei padangai nereikia
oro bei jos niekada nereikia
keisti — nusidévejus
protektoriui, 3D spausdintuvas
j) atstato.

Atkuriama automobilio padanga
Source: https://futurism.com/videos/meet-the-tire-that-never-needs-air-or-be-

replaced/
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Medicina

Viena iS svarbiausiy 3D
spausdinimo taikymo sriciy
yra medicinos pramoneé.

Naudodami 3D
spausdinimg, chirurgai gali
sukurti konkretaus paciento
kino daliy ar organy 3D
modelius. Siuos modelius

jie gali panaudoti
planuojant ar atliekant
operacijas, galincCias

iSgelbéti gyvybe.

2016-1-RO01-KA202-024578

Pirmasis 3D atspausdintas polimerinis implantas, kurj aptvirtino FDA
Saltinis: http://3dprintingindustry.com/news/the-first-3d-printed-polymer-implant-to-

receive-fda-approval-5821/
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Protezavimas

3D atspausdinta kiino dalis
Saltinis: http://weburbanist.com/2015/01/08/exo-prosthetics-light-cheap-custom-3d-printed-body-parts/
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Protezavimas

3D atspausdintas jtvaras
Saltinis: http://weburbanist.com/2013/07/18/handicapable-3d-printed-flexible-casts-artificial-limbs/
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Protezavimas

Kuriant
pasitikejima

Inovatyvus Scott
Summit darbas
parodo, kaip 3D
spausdinimas ir
skaitmeninis
skenavimas gali
buti naudojami
pagerinant
protezy dizaing.

You[

https://www.youtube.com/watch?v=6wnnNk91EMs
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Odontologija

3D spausdinimas odontologijoje
Saltinis: x3dprinting
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Aviacijos pramone

GE Aviation ir Safran sukuré -
budg kaip 3D atspausdinti
dalis reaktyviniams

varikliams.
Si technologija leido
inzinieriams pakeisti

sudétingg daugelio detaliy
surinkimg viena vientisa
detale, kuri yra lengvesné
nei ankstesné, todél taupo
svorj ir padidina reaktyvinio
variklio degalq naudojimo Léktuvy varikliai su 3D spausdintomis dalimis

Saltinis: http://www.gereports.com/post/119370423770/jet-engines-with-3d-printed-

efe ktyvu m a | k| 1 5 % i parts-power-next-gen/
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KOsmoso pramone

Elono Musko komerciné kosmoso
bendrové SpaceX panaudojo 3D
spausdinimg savo SuperDraco
variklio degimo kameros gamybai.
Sis variklis bus naudojamas
kompanijos Dragon erdvélaivyje.
PlaCiau apie tai.

3D spasusdinta SuperDraco variklio degimo kamera
Nuotraukos Saltinis: SpaceX
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Pramogy pramone

Vietoje to, kad susprogdinty
nejkainojama automobilj,
,SkyFall” filmo karéjai 3D
atspausdino Aston Martin DB5
automobilio kopijg masteliu 1:3 il
reikiamoje efekty scenoje ja '
susprogdino. Placiau apie tai.

UZzbaigtas Aston Martin modelis © Propshop Modelmakers Ltd
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Menas/Dizainas/Skulptlra

Menininkai ir dizaineriai naudoja
3D spausdinimo technologijas
kurdami jvairius darbus. Tai
atveria visiskai naujas kurybinio
dizaino dimensijas, virSijancias
jprastas technologijas.

3D atspausdinta dizainerio lempa
Saltinis: https://www.voxeljet.com/industries/foundries/printed-designer-lamps/
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Menas/Dizainas/SkulptUra

Dizainerio kurta kédé
Saltinis: https://www.voxeljet.com/industries/foundries/designer-furniture/
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Menas/Dizainas/SkulptUra

Skulptorius kurdamas skulptirg naudoja 3D spausdinimo technologija
Saltinis: https://www.voxeljet.com/industries/foundries/3d-printing-helps-to-return-a-silverback-gorilla-back-to-life/
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Architektura

3D spausdinimas labai placiai
naudojamas architekturoje.
Architektai gali greitai ir lengvai
sukurti 3D spausdintg modelj iS
savo CAD duomeny, kurie
naudojami rengiant brézinius.
3D modelius galima atspausdinti
panaudojant daugelj medziagy
bei realiomis spalvomis.

Saltinis: https://www.frendel.com/gallery-image/project-absolute-world/

2016-1-RO01-KA202-024578 Co-funded by the
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Architektura

Grazus
Absolute
bokstai
Ontarijo
mieste
Kanadoje yra
architekto
Attila Burka
kdriniai

https://www.youtube.com/watch?v=il5H-90KBVo

Co-funded by the
Erasmus+ Programme
of the European Union

Sis projektas finansuojamas remiant Europos Komisijai. Sis leidinys atspindi tik autoriaus poziuri, todel Nacionaline
Agentura ir Komisija negali buti laikoma atsakinga uz bet koki jame pateikiamos informacijos naudojima.




Papuosalai

3D spausdinimas gali bati
naudojamas juvelyriniy dirbiniy
mene ir pateikiamas platesniam
meégeéjy ratui. Naudojant 3D
spausdinimg nereikia brangiy
tiksliy jrankiy, jgudusios rankos
ir ilgametés patirties.

Saltinis: CustomMade

2016-1-RO01-KA202-024578 Co-funded by the
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Nors ir nebdutinai
ekonomiska, taciau
3D spausdinimas gali
buti panaudojamas
mados  srityje -
aukstakulniai,
maudymosi
kostiumeéliai, rankinés
vietoj to, kad buty
pasiuti, gali  buti
atspausdinti 3D
spausdintuvais.

2016-1-RO01-KA202-024578

Saltinis: Shapeways

Co-funded by the
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Mada

Pirmasis
pasaulyje 3D
atspausdintas
maudymosi
kostiumelis.

https://www.youtube.com/watch?v=d2iT8SOm3m4

Co-funded by the
Erasmus+ Programme
of the European Union

Sis projektas finansuojamas remiant Europos Komisijai. Sis leidinys atspindi tik autoriaus poziuri, todel Nacionaline
Agentura ir Komisija negali buti laikoma atsakinga uz bet koki jame pateikiamos informacijos naudojima.




Maistas

Pirmasis
pasaulyje

Ssokolado 3D
spausdintuvas.

https://www.youtube.com/watch?v=BIFi8but3Vw

Co-funded by the
Erasmus+ Programme
of the European Union

Sis projektas finansuojamas remiant Europos Komisijai. Sis leidinys atspindi tik autoriaus poziuri, todel Nacionaline
Agentura ir Komisija negali buti laikoma atsakinga uz bet koki jame pateikiamos informacijos naudojima.




Svietimas

3D spausdinimas vyra

puiki geometrijos
vizualizavimo bei dizaino
Iniciatyvy priemone

meno mokyklose. Jis taip
pat gali bati naudojamas  =»
daugelyje discipliny

tyrimo tikslais. - ‘ J

3D spausdinti varlés viduriai
Saltinis: MakerBot Thingiverse

1\;‘-‘_ N

Co-funded by the
Erasmus+ Programme
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Kitos sritys

Kiti pavyzdziai kur
3D spausdinimas
gali buti
pritaikytas.

2016-1-RO01-KA202-024578

LEARNING

3D printing visual nides -
to supplement learning.

3D printing-centric course

curriculum. Creation of

(_”] afier-school fab-labs. % g

PARENTING
HOME COOKING N Toys for children. A way
Custom cookie culters, v Svalyaay for parents to engage with

makers use children in a maker-spirited

iee cube molds, and other
environment.

household kitchen items.

In the future, consumers will
be able 10 3D print food at
homae.

3D printing
e
| & \
5 \

HOBBIES HOME REPAIRS
g , Replaocement parts for appliances

3D printing their own custom pleces

for drone kie and various remote S0t e R obiew bR M,
or example outlet covers, pieces for

Gontrniod venivios &-poigets. washer / dryer, doorstops, wall hooks.

MEMORY KEEPSAKES

3D seanning and printing
miniature self, family portraits,
wedding cake toppers.

Infographics by Jeff Hansen, HoneyPoint3D™

Co-funded by the
Erasmus+ Programme
of the European Union




Naudingos nuorodos

Nuorodos lietuviy kalba:
https://It.wikipedia.org/wiki/3D spausdinimas

https://www.youtube.com/watch?v=jMnPZHwUVvo
https://www.youtube.com/watch?v= N  w2SHGjM
Nuorodos angly kalba:

€

https://en.wikipedia.org/wiki/3D printing
https://www.youtube.com/watch?v=Vx0Z6LplaMU
https://youtu.be/Tyc4Apyk2Rc

https://www.ted.com/talks/avi reichental what s next
in 3d printing

2016-1-RO01-KA202-024578 Co-funded by the
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3D spausdinimo technologijos
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Tikslas ir mokymosi rezultatai

Modulio tikslas: Suteikti studentams pagrindines Zinias apie 3D
spausdinimo procesus, jy privalumus ir
apribojimus, pagrindines Zinias apie problemas,
susijusias su 3D spausdinimo medziagomis ir
Zinias apie STL formato faila.

Valandy skaicius: 3 valandos

Mokymosi rezultatai: * Jgijimas ziniy apie pagrindinius 3D
spausdinimo procesus, jy trukumus ir
apribojimus

e Supratimas kokios yra pagrindinés
problemos, susijusios su 3D spausdinimo
medZiaga

e Jgijimas ziniy apie STL formato failg

2016-1-RO01-KA202-024578 Co-funded by the

Erasmus+ Programme
of the European Union




Paskaitos turinys

* 3D spausdinimo procesy tipai:
e pagrindiniai principai
* pagrindinés charakteristikos
* medziagos
e privalumaiir apribojimai
* pavyzdziai

e STL formato failas

Co-funded by the
Erasmus+ Programme
of the European Union
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Paskaitos struktura

Apie tai detaliau
1-oje paskaitos dalyje

Apie tai detaliau
2-oje paskaitos dalyje

3D CAD STL failas

modeliavimas
3D spausdinimo procesy tipai

2016-1-RO01-KA202-024578 Co-funded by the

Erasmus+ Programme
of the European Union




3D spausdinimo
procesy tipai
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3D spausdinimo procesy tipai

Gali bati klasifikuojami pagal spausdinimui naudojama zaliava.

Nagrinéjami du dazniausiai naudojami procesy tipai (FDM ir SLA):

Paskaitos tema

Lydziosios mases Stereolitografija :
modeliavimas Stereolithography
Fused Deposition (SLA) :
Modelling (FDM) :
|

Zaliava: Zaliava: !
Polimero rités Sviesai jautri skysta |
derva |

|

2016-1-RO01-KA202-024578

|
Selektyvus

lazerinis sulydimas
Selective Laser
Sintering (SLS)

Zaliava:

Milteliai (polimero,
keramikos, metalo)

Kita...

pvz., Sluoksniuotoji
objekto gamyba
Laminated Object
Manufacturing (LOM)

Zaliava:
Popierius

Co-funded by the
Erasmus+ Programme
of the European Union



Lydziosios masés modeliavimas — FDM

Pagrindiniai principai:
1. Viela i§ polimero spausdinimo RAuCH
galvutéje (angl. noozle) kaitinama iki

jos lydymosi tasko ir iSpurskiama

pro purkstukg ant spausdinimo

pagrindo.

2. Kai Sis sluoksnis sukietéja,
spausdinimo galvuté toliau juda
pagal spausdinamos dalies
geometrijg tame lygyje.

3. Kai polimeras iSpursSkiamas,

prisilietes prie ankstesnio pavirSiaus
jis sukietéja, taip suformuodamas
antrgjj sluoksnj.

4. Procedura kartojama kol detalé
uzbaigiama.
2016-1-RO01-KA202-024578

Zortrax FDM spausdintuvas

Co-funded by the
Erasmus+ Programme
of the European Union




FDM principas

Paspauskite
ant vaizdo
jraso desinéje
ir ziarékite
kaip veikia
FDM.

https://www.youtube.com/watch?v=WHO6G67GJbM

Co-funded by the
Erasmus+ Programme
of the European Union
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FDM — Pagrindinés charakteristikos

1. Sluoksnio storis (mm): 0.127 - 0.33
(priklausomai nuo medziagos)

zortrax
2. Maksimalus darbinis turis (mm): ~

600 x 500 x 600

3. Leistinas nuokrypis: £ 0.254 mm

4. Atspausdinta dalis: pilnai
funkcionuojanti, taciau silpna z-asSies
kryptimi.

Pastaba: Sios  charakteristikos  yra

orientacineés ir gali skirtis priklausomai nuo
FDM 3D spausdintuvo modelio. Tai
taikoma ir kitoms 3D spausdinimo

technologijoms.
2016-1-RO01-KA202-024578

Building envelope of the
Zortrax FDM spausdintuvo

> tl'lrbso-funded by the
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of the European Union



FDM — Medziagos

Paprastai FDM reikalingos dviejy tipy Spausdinimo medZiaga, i3
medZiagos: kurios sudaryta norir?a
geometrija

1. Spausdinimo medziaga, is kurios
sudaroma norima 3D formos
geometrija.

2. Pagalbine medziaga, kuri reikalinga
kaip palaikancCioji struktura t.y.
nuosvyroms ir iSpjovoms
(overhangs/undercuts) prilaikyti ar
paremti. Pagalbines strukturas
automatiskai sugeneruoja
programineé jranga, palaikanti FDM
3D spausdintuva.

Pagalbiné medziaga, reikalinga
vidiniam sriegiui
2016-1-R001-KA202-024578

Co-funded by the
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FDM — Medziagos

Pagalbiné medziaga pasalinama rankiniu
budu jg nulauziant arba panardinant 3D

modeljj vandens pagrindo tirpals.

Pavyzdys kaip FDM detalé
panardinama j vandens pagrindo
tirpalg, norint pasalinti pagalbine

medZiaga
2016-1-R001-KA202-024578 Co-funded by the

Erasmus+ Programme
of the European Union




FDM — Medziagos

Dazniausiai naudojamy FDM medziagy pavyzdziai :

1. ABS (Acrylonitrile Butadiene Styrene,
Akrilnitrilo butadieno stirenas™) —
naudojamas gero mechaninio stiprumo ir
cheminio atsparumo funkciniams
prototipams kurti. Galimos skirtingos
spalvos.

2. PC(polycarbonate, polikarbonatas)—
naudojamas labai didelio atsparumo
smugiams ir Silumos deformacijai 125 ° C
temperaturoje funkciniams prototipams

kurti.
Akrilnitrilo butadieno stirenas (ABS) — tai amorfinis polimeras, emulsinimo arba maseés ABS ka Seté; naud OJama FDM
polimerizavimo budu gaminamas i$ akrilonitrilo ir stireno su polibutadieno priemaisa spau sdintuvuose

(Saltinis: http://www.resinex.It/polimeru-tipai/abs.html).

2016-1-RO01-KA202-024578 Co-funded by the
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FDM — Privalumai ir apribojimai

* Privalumai

1. nenaudoja jokiy toksiniy medziaguy,
gali buti naudojamas biure

2. nesudeétingas galutinis apdorojimas

3. kai kurie FDM 3D spausdintuvai yra
pakankamal plgus ir todel prlemaml Stratasys stalinis FDM spausdlntuvas
visuomenei ' |

* Apribojimai

1. detalés tikslumas priklauso nuo

spausdinimo vielos storio

2. detalés yra silpnos vertikalia
kryptimi
2016-1-RO01-KA202-024578

Reprap FDM spausdintuvas

Co-funded by the
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FDM — Pavyzdziai

* Medicininiy modeliy fizinés kopijos

(§altinis Bukaresto Politechnikos universitetas
* Lietuvos regiony modelis

* Laivy statyklos

krano prototipas (Saltinis: Siaurés Lietuvos kolegija

(Saltinis: Centro Formacién Somorrostro)

2016-1-RO01-KA202-024578 e Co-funded by the

Erasmus+ Programme
of the European Union



Stereolitografija — SLA

Pagrindiniai principai:
1. IS pradziy platforma yra salia  °
Sviesai jautraus skysto polimero .
pavirsiaus

2. Tiesioginis lazerio spindulys,
naudodamas ultravioletine
sviesy, sukietina polimera

3. Kai pradinis sluoksnis yra
baigtas, platforma nuleidziama
arba pakeliama (priklausomai
nuo spausdintuvo) ir
formuojamas antrasis sluoksnis

4. Procedura kartojama tol, kol
detalé yra uzbaigiama. Formlab2 SL spausdintuvas

2016-1-RO01-KA202-024578

Co-funded by the
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SLA principas

Paspauskite
ant vaizdo
jraso desinéje
ir ziarékite
kaip veikia
SLA.

You [T}

2016-1-RO01-KA202-024578

https://www.youtube.com/watch?v=NM55ct5Kwil

Co-funded by the
Erasmus+ Programme
of the European Union




SLA — Pagrindinés charakteristikos

. Sluoksnio storis (mm): 0.016 — 0.127'

2. Maksimalus darbinis tuaris: 2100 x
700 x 800 mm

3. Leistinas nuokrypis: £ 0.15 mm

4. Atspausdinta dalis: smulkios detalés,
labai geras tikslumas ir pavirSiaus
apdaila.

Formlab2 SL spausdintuvo

darbinis turis
2016-1-RO01-KA202-024578 T Co-funded by the
Al Erasmus+ Programme
gl of the European Union




SLA — Medziagos

Spausdinimo medziaga sudaro
e SLA atveju, pagalbinés strukturos norima geometrija

reikalingos nuosvyroms / iSpjovoms
(angl. overhangs/undercuts)
prilaikyti ir yra sudaromos is tos
pacios medziagos kaip ir pati
spausdinama dalis.

e Pagalbinés strukturos pasalinamos
rankiniu budu.

e Paprastai SLA dalys apdorojamos UV
krosnyje.

Pagalbiné struktura

2016-1-RO01-KA202-024578 Co-funded by the
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SLA — Medziagos

e Spausdinimo medziaga naudojama SLA
technologijoje dazniausiai yra Sviesal
jautri derva, tai reiskia, kad ji kietéja, kai
paveikiama UV spinduliais.

* Mechaninés savybeés dazniausiai
priklauso nuo medziagos tipo ir
apdirbimo (angl. post-curing) laiko

* Yra jvairiy firmy dervos, naudojamos SLA

spausdintuvuose (pvz., Accura 25,
naudojama ,3D Systems” SLA o
Formlabs fotopolimerinés

spausdintuvuose) dervos kasetés pavyzdys

2016-1-RO01-KA202-024578 Co-funded by the

Erasmus+ Programme
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SLA — Privalumai ir apribojimai

* Privalumai
1. SLA gamina tikslias dalis su auksta
pavirsiaus apdaila

2. Jvairus fotopolimeriniy medziagy su
skirtingomis savybémis spektras

* Apribojimai
1. Medziaga turi buti jautri Sviesai ir
yra daug brangesnég, lyginant su

FDM
2. Spausdinimo procesas gali buti |
_p P 5 Dalys, atspausdintos su SLA
|étas spausdintuvu Photocentric

2016-1-RO01-KA202-024578 T Co-funded by the
Al Erasmus+ Programme
gl of the European Union



SLA — Gaminiy pavyzdziai

Rankos protezas ir jmonés logotipas,
pagaminti su Formlab2 SLA
spausdintuvu

2016-1-RO01-KA202-024578 Co-funded by the

Erasmus+ Programme
of the European Union




Paskaitos turinys

1-0ji paskaitos dalis

2-0ji paskaitos dalis

3D CAD STL failas
modeliavimas

3D spausdinimo
procesy tipai

2016-1-RO01-KA202-024578 ‘s Co-funded by the
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STL failas
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STL failas

 Modelis CAD programoje issaugotas
STL formatu, gali buti iSspausdinamas
3D spausdintuvais

e STL trumpinys - Standard Tessellation
Language

e STL failas jprastai sugeneruojamas is
CAD modelio

* 3D modelio pavirSius paverciamas
trikampiais

* Yra dviejy tipy STL faily formatai -
ASCIl ir dvejetainiai. Pastarieji STL failai
yra mazesnio dydzio.

2016-1-RO01-KA202-024578
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STL failas

e Kiekvienas trikampis apibréziamas 3
virsunémis ir normale

Xy, Yy, Z4 X5, Y3, Z5

2016-1-RO01-KA202-024578
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STL failas

* Yra du svarbus reikalavimai
generuojant STL faila:
1. Virsaniy Zenklinimas ./\.
2. Taisyklés ,virsuné su virsune“ ‘\'/‘/

laikymasis
Ext. surface Int. surface

2016-1-RO01-KA202-024578
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STL failas

* Virtualus 3D modelis gali buti konvertuojamas j STL failg CAD
sistemoje

£, SaveAs x
o -_'A. Sa\reml v|@ 3
Libraries-
[T Content Center Files
Lesson?_ Old‘u’erﬂons sz Images_L1
Filz name: Vase ~
Save astype: |STL Files (*stl) b

AutoCAD DWG Files {".dwa)

CATIA V5 Part Files (" CATPart) .
= IGES Files (Tigs;™ige; iges) —— =
= Pred T Fles 1) || concal |
S 3 F‘alasohd Binary Files {*x_b) . !

d Text Files {"x_t)

F‘rn;’ENGI MEER Granite Files (g}
Pro/ENGIMEER Meutral Files {"neu®)
SAT Files (".sat)

SMT Files {".smt)

STEF Files (" stp;” ste;” step.” stpz]

2016-1-RO01-KA202-024578
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STL formato failas

e STL failg galima perziuréti naudojant nemokama STL faily
perziuros programine jrangg (pavyzdziui, Open3D Model
Viewer)

Originalus 3D CAD modelis 3D modelis programoje Open3D
Model Viewer

2016-1-RO01-KA202-024578 Co-funded by the
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STL formato failas

* Tokia programiné jranga leidzia vartotojui keisti mastelio dydj
(padidinti, sumazinti 3D modelj), perziuréti kiekvieno trikampio
pavirsiaus normale pan.

Normalé rodoma
Open3D Model Viewer

2016-1-RO01-KA202-024578 Co-funded by the
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Naudingos nuorodos

Nuorodos lietuviy kalba:
Inovacinés gamybos technologijos

Spausdinimas ABS plastiku

Nuorodos angly kalba:
What is tessellation?

N Fused Deposition Modelling
\(i]1] Tube

Stereolithography

Preparing STL files for 3D Printing

Exporting STL files in Fusion 360

2016-1-RO01-KA202-024578 T Co-funded by the
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3D spausdinimo jranga
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Tikslas ir mokymosi rezultatai

Modulio tikslas: Suteikti studentams pagrindines Zinias apie
pramoniniy, staliniy bei mégéjisky 3D
spausdintuvy skirtumus, Zinias apie FDM 3D
spausdintuvo pagrindines sudedamasias dalis

Valandy skaicius: 2 valandos

Mokymosi rezultatai: e Supratimas kokie yra skirtumai tarp
pramoniniy, staliniy bei meégeéjisky 3D
spausdintuvy

e Supratimas kokios yra FDM 3D spausdintuvo
pagrindinés sudedamosios dalys

2016-1-RO01-KA202-024578
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Paskaitos turinys

* RepRap projektas

 Lydziosios masés modeliavimo (Fused Deposition
Modelling/Fused Filament Fabrication) procesas

 FDM/FFF jranga

Co-funded by the
Erasmus+ Programme
of the European Union
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RepRap projektas
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RepRap projektas

RepRap (Replicating Rapid-prototype) vyra
atvirojo dizaino 3D spausdintuvas, galintis
atspausdinti daugelj savo paties detaliy. Tai
dviejy anglisky Zodziy -  ,replication”
(kopijavimas) ir ,,rapid” (greitas) — santrumpa.

RepRap projektas prasidéjo Bath universitete
Anglijoje. Projekto tikslas buvo sukurti pigy 3D
spausdintuvg, turintj galimybe atkartoti save.

RepRap naudoja adityviosios gamybos
technologija, vadinamajj lydziosios masés
modeliavimg (angl. Fused Filament Fabrication -
FFF), kai medziaga iSdéstoma sluoksniais:
plastikiné gija yra vyniojama is rités, iSlydoma ir
suliejama norint pagaminti detale.

RepRap projekto déka atsirado pirmieji staliniai  reprapversija 1.0 (Darwin)
3D SanSdintuvai Saltinis: https://all3dp.com/history-of-the-reprap-project/

Daugiau skaitykite www.reprap.org

2016-1-RO01-KA202-024578 Co-funded by the
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RepRap projektas

Siuo metu Simtai bendramindiy iS viso pasaulio prisideda prie
RepRap projekto. Kadangi RepRap yra atvirojo dizaino, visa
projekto rémuose sukurta intelektiné nuosavybé turi
atvirosios programinés jrangos licencijg (angl. GNU General
Public License).

e Kaip sukurti reprap 3D spausdintuvg - RepRapOneDarwin (1-
0Ji karta)

* Kaip sukurti reprap 3D spausdintuvg - Huxley (mini-reprap,
nesiojamas)

» Kaip sukurti reprap 3D spausdintuvag - Mendel (RepRap
Versija ll)

e Kaip sukurti reprap 3D spausdintuva - Prusa (lengva surinkti)

2016-1-RO01-KA202-024578 T Co-funded by the
S Erasmus+ Programme
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RepRap atvirojo kodo 3D spausdintuvas

RepRap atvirojo
kodo 3D
spausdintuvas

https://www.youtube.com/watch?v=FUB1WgiAFHg

Co-funded by the
Erasmus+ Programme
of the European Union

Sis projektas finansuojamas remiant Europos Komisijai. Sis leidinys atspindi tik autoriaus poziiirj, todél Nacionaliné
Agentdura ir Komisija negali bati laikoma atsakinga uz bet kokj jame pateikiamos informacijos naudojima.




RepRap surinkimas

Pagreitintas
vaizdas, kaip
Adrian
Bowyer
surenka
pirmajj
RepRap
,Darwin”

https://www.youtube.com/watch?v=Mo5Hp 6uD-E

You[

Co-funded by the
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FDM / FFF procesas
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FDM/FFF procesas

FDM (Fused Deposition Modelling) yra dazniausiai naudojama ir
labiausiai prieinama 3D spausdinimo technologija.

FDM taip pat kartais zinoma kaip FFF (Fused Filament
Fabrication), nes FDM vyra kompanijos ,Stratasys Inc.”
nuosavybés terminas. RepRap projektas sukuré terming FFF, kad
Sig technologijg buty galima naudoti be prekés zenklo pazeidimo.
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Pagrindiniai principai

Naudojant FDM technologijg,

spausdinimo medziaga IS

lastiko spausdinimo galvutéje

aitinama, iStirpdoma ir
iSspaudziama X ir Y koordinaciy Pagalbine Spausdinimo
asyse sluoksnis po sluoksnio. Tuo medziaga medziaga

tarpu spausdinimo pagrindas su
spausdinamu__objektu juda Z
asies kryptimi zemyn.

Tokiu budu objektas Spausdinimo pavirsius
spausdinamas nuo apacios iki
virsaus.

Sudétingesniems objektams gali
buati  reikalingos  pagalbinés
konstrukcijos, atliekancios
palaikanCiy atramy funkcija.
Atspausdinus  objektg  Sios
palaikancios strukturos
pasalinamos.

Spausdinimo galvuté

- Spausdinimo
galvutés antgalis

Spausdinimo pagrindas

FDM technologijos schema
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FDM technologija

Lydziosios masés
modeliavimo (angl.
Fused Deposition
Modeling - FDM)
technologija

https://www.youtube.com/watch?v=WHO6G67GJbM
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FDM jranga
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Namy / meégejy FDM 3D spausdintuvai

Namy / meégéjy 3D YK _':_"l
spausdintuvai pasizymi 175
maza kaina, taCiau
reikalingi taip vadinami
ypasidaryk pats? jgudziai
bei tam tikros techninés

Zinios.

Sie spausdintuvai
dazniausiai naudojami
kuriant  individualizuotus
gaminius, zaislus,

dekoratyvius daiktus ir pan.

Saltinis: http://www.independent.co.uk/life-style/gadgets-and-tech/features/q-how-hard-can-3d-printing-
really-be-a-quite-hard-8761809.html
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Staliniai FDM 3D spausdintuvai

Staliniai 3D spausdintuvai gali buti naudojami 3D
spausdinimui tiesiai ant vartotojo stalo. Siuos
spausdintuvus lengva naudoti, jie turi programine
jrangg su patogia ir intuityvia sgsaja, ir gali greitai,
ekonomiskai bei efektyviai gaminti detales. Vartotojai
gali patys kurti objekty dizaing arba rasti objektus
internetinése saugyklose ir pritaikyti juos pagal savo
poreikius.

Tam tikra staliniy 3D spausdintuvy grupé priklauso
profesionaliems spausdintuvams. Jie naudojami
koncepciniam modeliavimui, funkciniy prototipy ar
netgi galutiniy daliy gaminimui. Sie spausdintuvai yra
galingesni ir brangesni nei vartotojams skirti staliniai
3D spausdintuvai.

Staliniai 3D spausdintuvai gali butu naudojami
smulkiajame versle, Svietimo sektoriuje ir pan.
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Pramoniniai FDM 3D spausdintuvai

Pramoniniai 3D spausdintuvai yra naudojami gaminant galutinius aukstos kokybés produktus. Jie turi didelj darbinj tarj
ir reikalauja tam tikry specifiniy sglygy, tokiy kaip didelé darbo vietos erdvé, tinkamas maitinimo Saltinis ir pan.

Pramoniniai spausdintuvai bana dideli, kartais netgi gali bati jmontuoti tiesiai j pastatg, turi auksta S_Fagsdjnimo raiska,
naudoja kokybiSkas medziagas, dazniausiai inzinerinj plastikg, kuris pasizymi tam tikromis specifinémis savybémis
tokiomis, kaip didelis atsparumas smugiui, cheminis atsparumas, terminis stabilumas.

Pagrindiniai staliniy ir pramoniniy 3D spausdintuvy skirtumai yra susijg su kaina ir gamybos pajégumu. Pramoniniai
spausdintuvai gali pagaminti didesnes dalis ir gali greiCiau jvykdyti vienodo dydzio daliy uzsakyma.

Saltinis: Stratasys
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Pramoniniai FDM ir staliniai FDM

Savybeé Pramoninis FDM Stalinis FDM
N . b 4 10r (3 o
Standartinis tikslumas + 0.15% (Zemutiné riba+ + 1% (Zemutiné riba: £ 1.0
0.2 mm) mm)
Tipinis sluoksnio storis 0.18 - 0.5 mm 0.10-0.25 mm
Minimalus sienelés storis 1 mm 0.8-1mm
. . . .— . Didelis (pvz., 900 x 600 x  Vidutinis (pvz., 200 x 200
Maksimalus darbinis turis 900 mm) x 200 mm)/td>
Spausdinimo medziagos  ABS, PC, ULTEM PLA, ABS, PETG
Pagalbiné medziaga Tirpi vandenyje !Dazma.usgu FOkla pati kaip
ir pagrindiné
Gamybos pajegumas Zemas/Vidutinis Zemas

(vienam spausdintuvui)
Kaina S50000+ $500 - $5000

Saltinis: https://www.3dhubs.com/
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Pagrindinés FDM 3D spausdintuvo dalys

Spausdinimo pagrindas (angl.

Printing bed)

Paprastai spausdinimo
pagrindas (pavirSius ant kurio
spausdinamas  daiktas) yra
stikliné ploksteé, padengta
specialiu pavirsiumi, kuris
padeda geriau prilipti plastikui.

Daugelis  spausdintuvy  turi
Sildomg spausdinimo pagrinda.
To reikia tam, kad spausdinamas
daiktas buty apsaugotas nuo
deformacijos ir pasislinkimo
spausdinimo metu.
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Pagrindinés FDM 3D spausdintuvo dalys

Spausdinimo pavirsius (angl. Printing surface)

Spausdinimo pavirSius padeda geriau prilipti daiktui
prie pagrindo spausdinimo metu, o pasibaigus
spausdinimui leidzia daiktg lengviau iSimti. Yra daug
skirtingy spausdinimo pavirsiu. Daugelis
spausdintuvy jau buna su universaliu spausdinimo
pavirSiumi, taciau geriausi rezultatai pasiekiami tada,
kai naudojamas specialus pavirSius atsizvelgiant j
spausdinimo medziaga.
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Pagrindinés FDM 3D spausdintuvo dalys

Spausdinimo medziaga
(angl. Filament)

FDM spausdintuvuose
naudojama plona viela is
termoplastiko (plastikas, kuris
lydosi kaitinamas ir kietéja
kambario temperaturoje).

Co-funded by the
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Pagrindinés FDM 3D spausdintuvo dalys

Spausdinimo galvuteé (angl.
Extruder)

Pagrindiné 3D spausdintuvo dalis
yra spausdinimo galvuté. Ji
susideda iS dviejy daliy: (1)
Saltosios dalies su varikliu, kuri
jtraukia spausdinimo medziagg ir
stumia jg; (2) ir karstosios dalies,
kur  medziaga iSlydoma ir
iSspaudziama.

Co-funded by the
Erasmus+ Programme
of the European Union

2016-1-RO01-KA202-024578




Pagrindinés FDM 3D spausdintuvo dalys

Galvutés judéjimo

mechanika CARTESIAN DELTA
Dazniausiai naudojami 3D spausdintuvai yra
Cartesian spausdintuvai, pavadinti pagal
dekarto koordinaciy sistema. Tokie

spausdintuvai  turi staCiakampius rémus,
kuriuose bet koks judéjimas gali vykti palei
vieng i$ trijy statmeny asiy: X, Y ar Z. Paprastai
spausdinimo pagrindas juda Z asimi, o
spausdinimo galvuté gali judéti keturiomis
kryptimis iSilgai X ir Y aSies.

Delta 3D spausdintuvuose spausdinimo galvuté
laikoma trijy ,,ranky” trikampio formoje (nuo to
kiles Delta pavadinimas). Spausdinimo pavirSius
dazniausiai yra apvalus ir nejuda. Spausdinimo
galvutés pozicija apskaiiuojama naudojant
trigonometrija.

Delta spausdintuvai yra greitesni nei Cartesian
ir dél savo dizaino gali spausdinti palyginti
aukstus objektus, bet gali bGti maziau tikslls
nei Cartesian spausdintuvai.
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Pagrindinés FDM 3D spausdintuvo dalys

- H ~5 H Saltinis: https://3dprinting.com
Ga IVUtes j u d EJ | mo mECha ni ka Vaizdo jrasas, kuriame parodoma, kaip veikia poliarinis
3D spausdintuvas:
https://www.youtube.com/watch?v=mdNOBrmo8rw

Poliariniai 3D spausdintuvai naudoja poliarine
koordinaciy sistema, kur pozicija nustatoma pagal
kampg ir ilgj, o ne koordinates X, Y ir Z. Tai reiskia,
kad spausdinimo pagrindas sukasi ratu, o
spausdinimo galvuté juda aukstyn, Zemyn, j kaire
ir j deSine. Poliariniai spausdintuvai veikia tik su
dvejais zingsninias varikliais ir gali spausdinti
didesnius objektus, naudodami maziau vietos.

Ketvirtoji spausdintuvy kategorija, kuri vis labiau Saltinis: hittps-//www archdaily.com

naUdOjama yra 3D spausdinimas naudojant Vaizdo jrasas, kuriame parodoma, kaip veikia 3D
’ . . . . . spausdintuvas su roboto ranka:

roboto ranka, su tokiais privalumais kaip https://www.youtube.com/watch?y=hHIrZSsh0tV

mobilumas, spausdintuvo galvutés padéties
lankstumas,  spausdinimo  procesas,  kuris
nepriklauso nuo spausdinimo pagrindo. Taciau
spausdinimo kokybé néra tokia pat gera, kaip
jprasty Cartesian spausdintuvy.
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Pagrindinés FDM 3D spausdintuvo dalys

Dekarto 3D spausdintuvo pavyzdys:
LulzBot Mini 3D spausdintuvas

Delta 3D spausdintuvo pavyzdys:
SeeMeCNC Rostock MAX v3 3D spausdintuvas
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Pagrindinés FDM 3D spausdintuvo dalys

Zingsniniai varikliai (angl. Stepper motors)

3D spausdintuvuose tikslios padéties kontrolei
naudojami zingsniniai varikliai, kurie sukasi ne
tolygiai, o zingsneliais.

Co-funded by the
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Pagrindinés FDM 3D spausdintuvo dalys

Rémas

Rémas kartu laiko visas kitas 3D spausdintuvo dalis. Jis
gali buti pagamintas iS metalo, aliuminio arba plastiko
laksto. Daznai daugelis rémo daliy gali bati
atspausdintos 3D spausdintuvais.

Co-funded by the
Erasmus+ Programme
of the European Union

2016-1-RO01-KA202-024578




Pagrindinés FDM 3D spausdintuvo dalys

Elektronines dalys

* Maitinimo saltinis (angl. Power supply ) — konvertuoja 120
V kintamajg elektros srove j zemos jtampos srove, reikalingg
spausdintuvui.

 Motininé ploksté (angl. Motherboard) - reguliuoja
kompiuterio perduodamy G-kodo komandy vykdyma.

* Zingsninés tvarkyklés (angl. Stepper Drivers) — paleidiia
zingsninius variklius.

e Vartotojo sasaja (angl. User interface) - kai kurie
spausdintuvai gali turéti LCD ekrang, kuris leidzia juos valdyti
tiesiogiai be kompiuterio.

« SD kortelés lizdas (angl. SD Card Slot) - kai kurie
spausdintuvai taip pat turi SD kortelés lizdg, iS kur galima
jkelti G-kodo failus.

2016-1-RO01-KA202-024578
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Naudingos nuorodos

Nuorodos angly kalba:

https://en.wikipedia.org/wiki/Fused filame
nt fabrication

https://www.youtube.com/watch?v=f4RGU
2iXQiE

VimMeoO  https://vimeo.com/5202148
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3D CAD modeliavimas
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Tikslas ir mokymosi rezultatai

Modulio tikslas: Suteikti studentams pagrindines Zinias apie 3D
CAD modeliavimo principus ir nemokamg CAD
programine jranga.

Valandy skaicius: 2 valandos

Mokymosi rezultatai: e 3D CAD modeliavimo pagrindy supratimas
* Ziniy jgijimas apie skirtingas nemokamas 3D
CAD taikomasias programas

Pastabos:

Mokymo medZiagoje interneto puslapiy paveiksléliai kurti naudojant Mozilla Firefox narsykle.
Pateiktyje pateikiamos 2017 m. kurtos mokymo medziagos programy ir interneto svetainiy ekrano
kopijos (angl. screenshots). Ateityje programy ar svetainiy kiréjai gali pakeisti programy ar

svetainiy dizaing ar elementy isdéstymq.
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Paskaitos turinys

 Kas yra CAD technologija?
* 2D modeliavimas
* 3D modeliavimas
* CAD nauda
* Nemokamos 3D CAD taikomosios programos

* A360 Fusion — bendra apzvalga
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Kas yra CAD
technologija?
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Kas yra CAD technologija?

Kompiuterinés projektavimo
sistemos (angl. CAD,
Computer-aided design) - yra
kompiuteriniy  technologijy
naudojimas padedantis
projektuoti  ir  generuoti
gaminiy  dvimacius  (2D)
brézinius ir trimacius (3D)
modelius.

Pavyzdys: 2D  skerspjuvis
apsuktas aplink asj norint
gauti 3D modelj

Co-funded by the
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Kas yra CAD technologija?

Siais laikas CAD technologija
tapo projektavimo dalimi
jvairiose srityse, tokiose kaip:
 architektura
e produkto dizainas
juvelyriniai dirbiniai
interjeras
medicina ir pan.

2016-1-RO01-KA202-024578
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3D CAD ir 3D spausdinimo s3asaja

3D CAD modelis pirmiausiai sukuriamas naudojant nemokamag ar
komercinj CAD paketa.

Paskui CAD modelis parengiamas 3D spausdinimui (pvz.,
konvertuojamas j STL failg, pasalinamos visos klaidos, nustatomi
sluoksnio storio parametrai ir pan.)

3D spausdinimo procesas:

3D CAD
modeliavimas

3D spausdinimas

2016-1-RO01-KA202-024578
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2D modeliavimas
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2D modeliavimas

CAD gali buti naudojamas 2D
formy  kdrimui, tarkim, XY [;_ﬁf / ®f: D
plokstumoje naudojant paprastus i
pieSimo elementus (pvz., linijas, |

lankus ir apskritimus).

2D formos gali buati keiCiamos
taikant pagrindines modifikavimo
komandas, tokias kaip veidrodinis
vaizdas ir kt.

Tokios 2D formos gali buti
naudojamos  kaip  pagrindas
kuriant 3D modelius.

2D modeliavimas reikalingas 3D
modeliavimui.

2016-1-RO01-KA202-024578 Co-funded by the

Erasmus+ Programme
of the European Union




3D modeliavimas
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3D modeliavimas

tipai:

* Tinklelis (angl. wireframe)
- sudarytas iS virsuniy ir
briauny.

e Pavirsius (angl. surface) -
atitinka objekto ribas, bet
ne turj. Analogija - plonas
kiauSinio lukstas.

* Vientisas (angl. solid) -
atitinka objekto turj.

Yra trys pagrindiniai 3D modeliy g
S

LA\ 777
A
WOV W

AVAYAY
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3D modeliavimas

Daugelyje 3D geometriniy formy yra tam
tikras 2D skerspjuvis, kuriam buvo
pritaikyta 3D operacija.

Kaip 2D formas galima konvertuoti j 3D
objektus? Mes jau matéme, kaip galima
paprastg 2D polinijg transformuoti j 3D
objekta.

Pagrindinés 3D modeliavimo komandos
(pvz., extrude, sweep, loft), kurios
dazniausiai randamos komerciniuose
CAD paketuose, leidzia sukurti jvairius
3D modelius.
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3D modeliavimas

Taip pat galima sukurti 3D -

9
CAD modelio skerspjuvius,
norint iliustruoti / vizualizuoti

pasléptus atributus.
:E:‘L: T —|
(R
O i s
N
f
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CAD nauda

2016-1-RO01-KA202-024578 ‘s Co-funded by the

Erasmus+ Programme
of the European Union




CAD nauda

Ma\terlalgy -

| Default
CAD virtualus modelis gali buti kuriamas, M

norint pamatyti kaip objektas (pvz., produktas, iﬂﬂﬂm—_w
pastatas ir pan.) atrodys realybéje. =

N |7 @ oo

Sf.one Brushed Khaki
I [

;_ ‘ . _I‘,' 2

U T
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CAD nauda

Tai padeda klientams geriau jsivaizduoti skirtingus spalvy
derinius, kambario plang ir pan.
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CAD nauda

CAD virtualus
modeliai gali
buti
Imituojami
dinamiskai

https://youtu.be/a2plfuDeZdo
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Nemokamos 3D CAD
taitkomosios programos
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Nemokamos CAD programos

Yra keletas nemokamy CAD
modeliavimo programineés
jrangos pakety, tokiy kaip:
e Trimble SketchUp
* TinkerCAD

* A360 Fusion

Co-funded by the
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Leidzia vartotojams lengvai kurti 3D virtualius
modelius, kadangi aplinka yra paprasta ir pakankamai
lengvai jsisavinama. Programoje néra daug sudeétingy
funkcijy, taCiau esamomis galima modeliuoti
pakankamai sudétingus objektus. Priemoneé veikia
mterneto narsyklés lange. $
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Kita nemokama priemoné leidzianti lengvai sukurti 3D nm
virtualius modelius yra TinkerCAD, kuri veikia interneto K|E|R

narsyklés lange. C|AID
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A360 Fusion

Autodesk Fusion A360 projektavimo programiné jranga yra mokama,
tacCiau yra galimybé atsisiysti 30 d. bandomagjg versijg, o studentai ir
déstytojai gali gauti 3 mety nemokama ,,education” tipo licencija.

Vartotojai prisijunge prie https://a360.autodesk.com/ svetainés, gali
nemokamai jkelti ir dalintis 3D virtualiais modeliais bei bréziniais
internetu naudojant narsyklés langa.

]
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A360 Fusion perziuros
priemoneés — bendra apzvalga

2016-1-RO01-KA202-024578




A360 Fusion — perzitros ypatumai

Svetaingje F
https://a360.autodesk.com

prisiregistrave naudotojai gali jkelti,

perziuréeti ir dalintis sukurtais 3D

modeliais.

Pavyzdziui, naudojant pasukimo
erdvéje (angl. orbit) priemone,
galima apziuréti CAD modelj is
skirtingy pusiy. Daugiau perziuros
priemoniy rasite prisijunge prie

svetaines.
Kaip dirbti Autodesk A360 Fusion
programa, suzinosite kitoje
paskaitoje.
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Kas yra Autodesk Fusion 3607

Spragtelékite
peleir
Ziurékite
vaizdo jrasa
desSinéje

You [T}

2016-1-RO01-KA202-024578

https://www.youtube.com/watch?v=h9wplYhYvh4
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Naudingos nuorodos

Nuorodos angly kalba:

Computer-Aided Design

What is Autodesk FUSION 3607

You Tuhé Fusion 360 for Beginners Webinar
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3D CAD modeliavimas
Autodesk Fusion 360
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Tikslas ir mokymosi rezultatai

Modulio tikslas: Suteikti studentams pagrindines Zinias,
reikalingas sukurti 3D spausdinimo modelius
naudojant Autodesk Fusion 360 programine

jranga.
Valandy skaicius: 11 valandy
Mokymosi rezultatai: * Zinios apie 3D objekto modeliavima nuo
nulio, naudojant Fusion 360 programine
jranga.

* Zinios kaip generuoti STL failg i Fusion 360
programines jrangos.

2016-1-RO01-KA202-024578
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Paskaitos turinys

* |zanga

* Darbo pradzia

e 2D bréziniy kurimas

* 3D modeliavimas

* Medziagy taikymas norint pakeisti iSvaizda
* Modelio iSsaugojimas STL failo formatu
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Skyriaus turinys

Jzanga

* Jvadas

* Mokymosi tikslai

* Kurso programa

e Kas yra Fusion 3607

* Apie Sig mokomajg medziaga

2016-1-RO01-KA202-024578
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Mokomosios medziagos apie Fusion 360 tikslas yra trumpai
supazindinti dalyvius su Sios programinés jrangos galimybémis ir
suteikti pagrindines Zinias kaip ja naudotis.

Fusion 360 programiné jranga yra modeliy kdrimo sistema su
labai placiomis galimybémis ir jy visy cia iSsamiai aptarti
nejmanoma. Sioje medZiagoje atsizvelgiama tik j modeliy kdrima
3D spausdinimui.

Taip pat skiriamas démesys pagrindiniams jgudziams ir bendram
supratimui, kuriuos véliau studentai galés tobulinti savarankiskai.

Si mokomoji medziaga gali biti laikoma kaip supaprastinta Fusion
360 mokymo programa, bet nepakeiCia programinés jrangos
vartotojo vadovo.

2016-1-RO01-KA202-024578
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Mokymosi dalykai

Mokomoji medziaga susideda is SeSiy skyriy. Temos yra logiskai
susijusios ir rekomenduojama jas jsisavinti eilés tvarka. Siekiant
kuo geriau  suprasti Sig medziagy, pateikiami ir praktiniai
pratimai.

Visa tolesné medziaga paruosta atsizvelgiant j konkrety produkta
- piestukine - sukurtg 3D spausdinimui.

Kurso metu, zingsnis po zingsnio modeliuodami piestukine,
suzinosite naudingus Fusion 360 jrankius ir technikas, reikalingas
3D modeliy parengimui.
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Projektuojamas produktas

e 3D spausdinama piestukineé
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Kurso programa

Pradzia

* Programos atsisiuntimas ir
atverimas

* Fusion 360 vartotoja sgsaja (angl.

interface)
e Pagrindiniai nustatymai
* Faily importavimas ir atvérimas
* Komandy jvedimas
* Navigavimo ir zyméjimo jrankiai
2D brézinio sukurimas
* Brézinio planavimas
e 2D brézinio kurimas

e Brézinio ribos ir matmenys

2016-1-RO01-KA202-024578

3D modeliavimas
* 3D modeliavimo jrankiai
* 3D modelio kurimas

* Esamy savybiy
redagavimas

Medziagy pritaikymas norint
pakeisti isvaizda

* Medziagy pritaikymas ir
redagavimas

* |Svaizdos keitimas

Modeliy eksportavimas j STL
failg
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Kas yra Fusion 3607

Fusion 360 yra Autodesk sukurta internetiné produkty kdrimo priemone,
apimanti CAD, CAM ir CAE programine jrangg.

Fusion 360 apima daug funkcijy, tokiy kaip:

* laisvos formos objekty modeliavimas (angl. freeform sculpting and
modelling)

* vientiso/parametrinio/tinklelio tipo modeliavimas

e simuliacija ir testavimas

 duomeny importavimas ir eksportavimas (angl. data translation)
* surinkimo modeliavimas (angl. assembly modelling)

» subtraktyvi gamyba (angl. machining)

* 3D spausdinimas ir daugelis kity

Fusion 360 yra puikus pasirinkimas 3D spausdinimo modeliy ktrimui.
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Apie mokomajg medziaga

Kadangi Sioje mokomojoje medziagoje pateikiamos ekrano
kopijos (angl. screenshots) ir meniu punktai naudojant Fusion
360 2017-yjy mety birzelio ménesio versijg, busimos Fusion
360 versijos gali skirtis nuo naudojamos Sioje medziagoje (tiek
ekrano kopijos, tiek meniu punktai).
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Pradzia
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Skyriaus turinys

Pradzia

* Programos atsisiuntimas ir atverimas

e Fusion 360 vartotoja sasaja (angl. interface)
* Pagrindiniai nustatymai

* Faily importavimas ir atvérimas

 Komandy jvedimas

* Navigavimo ir zymeéjimo jrankiai

2016-1-RO01-KA202-024578
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Mokymosi dalykai

Siame skyriuje i§moksite kaip pradéti dirbti su Fusion 360.
Pabaige Sj skyriy zinosite kaip:

* atsisiystiir atverti programg

* naudotis Fusion 360 vartotoja s3saja

* nustatyti pagrindinius nustatymus

* importuotiir atverti failus

* jvesti komandas

* naudoti modelio navigavimo ir zymeéjimo jrankius
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Fusion 360 atsisiuntimas studentams

Norint atsisiysti Fusion 360, Jums reikalingas Autodesk ID. Jei
esate studentas ar pedagogas, Autodesk ID ir Fusion 360 galite
jsigyti adresu www.autodesk.com/education/free-

software/fusion-360

FUSION 360 / overview w

Fusion 360 3D CAD/CAM for students

FREE CAD/CAM design software forstudents, educators, and academic institutions (i)

@ Watch the video

Get a free 3-year education license
Fusion 360 is available for Mac and PC.

3 DOWNLOAD

/2 REGISTER

CREATE ACCOUNT

Co-funded by the
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Fusion 360 atsisiuntimas namy vartotojams

Norint atsisiysti Fusion 360, Jums reikalingas Autodesk ID. lei
esate namy vartotojas, Autodesk ID ir Fusion 360 galite jsigyti
adresu www.autodesk.com/products/fusion-360/free-trial

FUSION.360. / oOverRview ¥  SUPPORTGLEARNING ¥ COMMUNITE. ¥ — CUSTOMERS  PARTNERS WSTUDENTS  SUBSCRIBE  FREE TRIAL

Try Fusion 360 for free L

Fusion 360 is a 3D CAD, CAM, and CAE tool that connects youf entire product develapment
process in a single cloud-based platform that works on both Mac and PC.

Fusion 360 Free for startups, hobbyists, and enthusiasts

Full use of Fusion 360 for as long as you need it @
Start by downloading the free 30-day trial

l Once you're in, simply register for free use
©

Full use of Fusion 360 free for 30-days

Available for Windows 64-bit and Mac )
Need help?
Are vou a student? Get step by step instructions on how to activate startup licensing
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Fusion 360 programos atverimas

Dizaino failai, sukurti Fusion 360 programa, saugomi internetinéje
Autodesk 360 (A360) platformoje aplanke Project. JUs galite pasiekti savo
modelio failus iS bet kurios interneto narsyklés ar kompiuterio, kuriame
jdiegta Fusion 360 programa, prisijungimui naudodami savo Autodesk ID.

Fusion 360 programos atverimas:
* Programos Fusion 360 paleidimas.

* Programos atvérimo metu gali buti prasoma prisiregistruoti
naudojant Autodesk ID.

{\ AUTODESK.

Sign In

Don't have an Autodesk account? S gNing up IS easy

2016-1-RO01-KA202-024578
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Fusion 360 vartotojo sgsaja

Sutodesk Fusion i

narfinsios prieigos juosta/ ; rankiu juosta/ Profilis ir pagalba/ S
applicationbar_ Sarsyls/ e dotbar Profile and hetp
o e e _

(9

COMCETRULT = PESPELT * INSIAT™  WARE *

. [#_ @ v 0
»
05 ow |

L]
3
[ 3
L3
L 3
E
L3
L3
L]
L
L

;‘_l-"_-rl _i.__u.._ LJ L L

B ane iy ay settings Canvas and marking menu @
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Fusion 360 vartotojo sgsaja

* Application bar — sparciosios prieigos juostoje pasiekiamas
duomeny skydas, faily operacijos, iSsaugojimas, atsaukimas ir
paskutinio pakeitimo atSaukimas (angl. data panel, file
operations, save, undo, redo).

* Profile and help — profilio ir vartotojo paskyros nustatymai,
pagalba.

 Toolbar — jrankiy juostoje galima, pasirinkti darbo aplinka
(workspace) ir jrankius.

* ViewCube — skirta pasukti modelj erdvéje arba apzitreéti jj is
standartinés pozicijos.

* Browser — narsykléje isvardinti modelyje naudojami objektai.
Naudojama norint atlikti pakeitimus su objektais ar valdyti juy
matomuma.

2016-1-RO01-KA202-024578
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Fusion 360 vartotojo sgsaja

* Canvas and marking menu — drobé ir zyméjimo meniu.
Spragteléjus kairiuoju pelés klaviSu, objektas pazymimas.
Desiniuoju pelés klavisu iSkvieCiamas kontekstinis meniu
(apskritime isdéstytos dazniausiai naudojamos komandos, o
papildomame meniu - visos pasirinkto meniu komandos).

* Timeline — laiko juostoje pateiktas projektui pritaikyty
operacijy sarasas. Spragtelékite desSiniuoju pelés klavisu
operacijos laiko juostoje, kad atliktuméte pakeitimus. Vilkite
operacijas, kad pakeistumeéte jy atlikimo tvarka.

* Navigation bar and display settings - navigavimo juostoje
yra mastelio keitimo (zoom), drobés pastumimo norima
kryptimi (pan) ir pasukimo erdveéje (orbit) komandos. Rodymo
nustatymai skirti valdyti vartotojo sgsajos iSvaizdg ir tai, kaip
rodomas projektas drobéje.

2016-1-RO01-KA202-024578
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Pagrindiniai nustatymai

Vartotojo profilio User Profile iskleidziamame meniu, esanCiame virSutiniame
dediniajame programos kampe, pasirinkite Preferences. Cia galite parinkti
vartotojo sgsajos (Ul), vienety (Units), matomumo (Visibility) medziagos
(Material), grafikos (Graphics) ir t.t. nustatymus.

F Preferenc es

v General [ Preferences that sets default units used in new documents
AP
Design Default units for new design | mm
Render
CAM
Drawing
Simulation

Material
Mesh
Graphics
Network
Data Collection and Use
~ Unit and Value Display
Simulation

~  Default Units
Design
CAM
Simulation

Preview

j
1
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Darbo aplinkos (workspace) parinkimas

Fusion 360 apima 7 skirtingas darbo aplinkas (workspace).
Kiekvienoje iS jy rodoma jrankiy juosta su jrankiais, skirtais
konkreciai darbo aplinkai. Norédami parinkti darbo aplinka,
spragteléekite Model.

HOE H A~

W s30pproject vi

JQI@@%@Q ¥ = bl @ B

CREATE™ MODIFY ™ ASSEMBLE™ CONSTHRUCT ™ INSPECT ADD-INS * SELFCT™

MODEL

PATCH

RENDER

ANIMATION

SIMULATION

CAM

DRAWING 2
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Darbo aplinkos

Model: kurti ir redaguoti vientisg geometrijg

Patch: kurti ir redaguoti pavirSiaus geometrijg

Render: sugeneruoti realistiskg projekto atvaizda
Animation: kurti animacijas, kaip projektas turéty veikti
Simulation: atlikti streso (maksimalios apkrovos) testus

CAM: kurti jrankiy naudojimo strategijas, kad projektas
buty pagamintas

Drawing: kurti modelio 2D brézinius

2016-1-RO01-KA202-024578
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Rodymo nustatymai

Rodymo nustatymy juosta yra lango apacioje ir skirta keisti
vartotojo sgsajos iSvaizdg ir tai, kaip projektas rodomas drobeéje.

Layout Grid
@ Layout Grid Lock
E Snap to Grid

[ Grid Settings

Incremental Move

"'ﬂ' Set Increments

2016-1-RO01-KA202-024578

@ synchronize Views
B single View  Shift+

Reset Views
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Importuoti ir atverti failg

Siame skyriuje i€moksite kaip importuoti ir atverti failus.

Pabaige Sj skyriy mokesite:

* Importuoti failus per internetine aplinka (angl. Cloud
Translators)

* Importuoti failus per vietine aplinka (angl. Local Translators)

e Jterpti failus ir komponentus

Co-funded by the
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Importuoti ir atverti failg

Fusion 360 yra keli budai kaip atverti, importuoti failg ar pakeisti
formatg (translate). Norint importuoti failg, jj reikia jkelti
(upload) j internetine saugyklg. Kai failas importuotas, jj galima
atverti per duomeny skydelj (Data Panel).

Jei duomeny skydelis nerodomas Fusion 360 lange,
spragtelékite raudonu spalva apibréztg piktograma.

Cocga@ba ¥ = ba 5 [

CREATE™ MODIFY ™ ASSEMBLE™ CONSTRUCT ™ INSPEET ™ MNSERT™ | MAKE™ ADD-MNST™ SELEOT ™

‘ < BROWSER ) |||
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Importuoti failg per internetine aplinka (cloud translator)

Norédami importuotu faila j Fusion 360, naudokite Upload
komandg (turite buti projekto viduje). Galima importuoti kelis
faily tipus, jskaitant IGES, OBJ, STEP, STL.

< A Ludor sqx
|

I Data People

Mew Folder ‘ @'
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Importuoti failg per vietine aplinka (/ocal translator)

Norédami importuoti Autodesk Fusion 360 IGES, SAT/SMT ir STEP
failus, naudokite komandg New Design from File

E = vy =y

New Design

I New Design From File I

-

Mew Drawing [ 3
Related Data 3 CRE/

44 EH Open Details on Web {

A Save Ciri+S

! Save as

Recover Documents (0}

! Export...

Live Review Session...

Share [ 3
3D Print

Capture Image...

Wiew [ 3

Scripts and Add-Ins...
Fusion 360 App Store
Add-Ins (Legacy)...

2016-1-RO01-KA202-024578
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Jterpti failus ir komponentus

Norédami importuoti komponentus ir failus (OBJ, STL, DXF ir
SVG), naudokite atitinkamas /Insert komandas.

el o & N

Ui MAKE™  ADDHINS ™ SEEECT ™

(ecal

E' Attached Canvas

Q Inzert Mesh

£ nsert svE

] Insert DXF

Insert McMaster-Carr Component

E' Inzert a manufacturer part
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Komandy jvedimas

Darbo eiga Fusion 360 yra lanksti. Komandas galima jvesti
jvairiais budais:
* naudojant komandy piktogramas is jrankiy juostos (Toolbar)

e spragtelint ant objekty, esancCiy narsykléje (Browser),
desiniuoju pelés klavisu
e spragtelint deSiniuoju pelés klavisu drobéje (canvas)

 naudojant sparciuosius klaviaturos klavisus (keyboard
shortcuts)
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Navigavimo priemones

Yra keletas budy kaip manipuliuoti projekto vaizdu:
* Navigavimo juosta (Navigation Bar)

* ViewCube

* Veiksmai su pele

e LieCiamaisiais judesiais jrenginiuose su lietimui jautriais
ekranais

2016-1-RO01-KA202-024578
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Navigavimo komandos

Navigavimo komandos iskvieCiamos spragtelint pele ant
reikiamos piktogramos navigavimo juostoje (Navigation Bar).

Orbit - komanda pasuka modelio vaizdg erdvéje.

Look At - parodo modelio pavirsiy is pasirinktos plokstumos.
Pan - pastumia vaizdg norima kryptimi.

Zoom - padidina sumazina vaizdo mastel;.

Fit - pritaiko modelio vaizdg per visg ekrana.

&-g o Q-0 @ B
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ViewCube — objekto apziura

* Naudokite ViewCube norédami pasukti kamera.
* Tempkite ViewCube norédami sukti kamerg aplink objekta.

e Spragtelékite ant kubo pavirSiaus ir kampy, norédami
pamatyti standartinj, ortografinj ar izometrinj vaizda.
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Pelés nustatymuy tvarkymas

Naudojant pele galima padidinti / sumazinti, pastumti bei
pasukti vaizdg. Lange Preferences galite nustatyti numatytasias
valdymo pele nuostatas.

~ General [ Preferences controlling general Ul behavior
AP
De=ign User language |Engis.h hd |
Render
CAM Graphics driver |Autu-seleci b |
Drawing Offline cache time period (days)
Simulation ) )
Material Automatic version on close |:|
Mesh Automatic Recovery Save time interval (min)
Graphics ) . .
Default modeling crientation
Network g |Y up b
[ata Collection and Use )
~ Unit and Value Display Show tooltips
Simulation Show command prompt
~ Default Unitz Show default measure
E::Ig" Show in-command errors and warnings
Simulation Show Autodesk A380 notification
Preview
Pan, Zoom, Orbit shortcuts |Fusiun - |
Defautt Orbit type | Free Orbit v

Reverse zoom direction |:|
Enable camera pivot
Use gesture-based view navigation

2016-1-RO01-KA202-024578
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/yméjimo jrankiai

Fusion 360 programoje yra daug budy kaip pazymeéti objektus.

BB MW = o & 5B

MODFY~¥ = ASSEMBLEY = CONSTRUCTY = INSPECTY = INSERTY MAKEY = ADD-NS ™
L, select
L, Window Selection 1
Cﬂ Freeform Selection 2

< Paint Selection 3

Selection Tools

Selection Priority
[‘\*\- Selection Filters

Piktograma isskleidziamo meniu virsuje parodo, kuris zymeéjimo
budas yra aktyvuotas.
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Objekty zymejimo budai
- =

_— = .= A& 8 e+ Window Selection - Dbraukite
pele piesdami staCiakampj, kad
pazymétumeéte objekta.

* Freeform Form Selection -
braukite pele piesdami laisva
formg, kad pazymétumete
objekta.

* Paint Selection - braukite pele,
norédami pazyméti objektus,
kuriuos palieCia zymeklis.
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Objekty zymeéjimo jrankiai ir filtrai

Programoje naudojami jvairus zymeéjimo budai ir filtrai:

e Select by Name — pazyméti objektus pagal varda.

* Select by Boundary — pazyméti objektus, esancius apibréztoje
formoje.

» Select by Size - pazyméti objektus pagal dyd;.

* Invert Selection — invertuoti zyméjima.

* Selection Priority — nurodyti drobéje pasirinkty objekty
prioriteta.

* Selection Filters — valdyti, kokius objekty tipus galima
pasirinkti.
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2D breézinio kurimas
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Skyriaus turinys

2D brézinio kurimas

e Sukurti 2D brézinj

e Sukurti brézinio geometrija

* Nustatyti brézinio apribojimus

* Nustatyti dydj jvedant matmenis

Co-funded by the
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Mokymosi dalykai

Siame skyriuje imoksite kaip sukurti bréZinj, kaip taikyti
matmenis ir geometrinius apribojimus.

Pabaige Sj skyriy:
e Zinosite pagrindine darbo eigg kuriant brézinj;

* gebésite sukurti brézinj, nustatyti jo apribojimus bei
matmenis.
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Kurti 2D brézinj

Brézinys yra objektas, kurio geometrija reikalinga profiliy
apibrézimui. Bréziniai kuriami ant pagrindo plokstumos,
konstrukcinés plokStumos arba modelio ploksciojo pavirSiaus.

Pirmasis zingsnis — pradéti sz H «~ =~

nauja projekta, kuriame bus 3 | ., oo < |
ku riama geometrija: Mew Design From File . m
* Paleiskite Fusion 360 VR i
Related Data 2 MOL
¢ ngVieSkite komanda M BEF Open Detailz on Web
New Design 4 Save Ctri+S
E SAve as
Recover Documents (0}
E Export...
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e \/ o (]

Kurti naujg brézinj

Pasirinkite Sketch > Create Sketch

B OB H -~

W Uniitled % | @ 30p project1vo 0 x|
—_—
—DQ'@@%@@ (o el b B K
SKETCH ™ HEATE' MODIFY ~ ASSEMBLE = CONSTRUCT = INSPECT INSERT™ MAKE™ ADD-INS ™ SELECT™

« BROWSER Sl ':.-r. .
._:} Line L Creates a sketch on the selected plane or planar
Y - = face.
b EI Nﬁl Rectangle

(3
Circle [ 3
L Unil

D& _ Arc 3
B el 4

Polygon
@» Elipse
Slot (3
p-J Spline
+ .
[ Conic curve
~t- Paint
A et

[~ Fillet

= Trim T
— Extend
|- Break
E‘ Sketch Scale
AL Offset 0
(1@ wMirror
"@P Circular Pattern
E:S Rectangular Patiern

Project / Inciude | N

X e-EYQ Q- O-H 8-

COMMENTS

| |’_'| Sketch Dimension D

(PRI ¢
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e \/ o .

Kurti naujg brézinj

Pasirinkite Sketch > Create
Sketch ——
« BrOWseR | (4 Creste Sketch

Pasirinkite plokstuma Top (XZ) 4owme-=
D 3 Mar

CREATE™ MODHFY * ASSEMBLE * CONSTRUCT ™ i

Creates a sketch on the selected plane or planar
face.

Rectangle

b
@ . Circle 13

- Arc [ 3
PR ,

Polyaon
2> Ellipse
Slot [ 3
fJ Spline
+ i
[y Coniccurve
—4- Foint
A et

[+ Fillet

== Trim T
— Extend
3 |- Break
\
B ik -
B - Sketch Scale
1 Select a plane or planar face E‘ Sketch Scal
AL Offset o

[|‘|||’|] Mirror

B o i
q_h Circular Pattern

o-a
&g Rectangular Patiern

Project / Include | S—

COMMENTS

|'_'| Sketch Gimension D e

PEPI SR
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Kurti geometrijg brézinyje

Brézinio geometrija gali buti kuriama
naudojant jvairias komandas. Toliau kursime
profilj naudodami Line komanda.

2016-1-RO01-KA202-024578

(L& Create Sketch

o) Line L
Rectangle

Circle

Arc

Y ¥ v w

Polygon
* Elipse
Slot »
r-: Spline
+ .
£y Conic curve
i~ Point
A ext

[+ Fillet

- Trim T
-+ Extend
|- Break
E] sketch Scale
I Offset 0
[lq Mirror
qu Circular Pattern
E:E Rectangular Pattern

Project / Include [

|“_'| Sketch Dimension D
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Profilio braizymas

* Pasirinkite Sketch > Line.

* Pieskite paveikslélyje pavaizduotg figurg (be tiksliy matmeny),
spragtelédami pele nurodyta tvarka.

* Jsitikinkite, kad sujungéte paskutinigja linijg su pradzios tasku,
sukurdami uzdarg forma. Jei viskas atlikta teisingai, forma viduje
pakeicCia spalva. b e Lk

a Ce
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Profilio apribojimas

@ SKETCH BALETTE

¥ Opfions

* IS meniu Sketch Palette>

Constraints pasirinkite C—
Horizontal/Vertical - 5
* Pritaikykite e B
Horizontal/Vertical visoms e 9
linijoms, iSskyrus linijg 1 e

Collinear

o
ps

Concentric
Midpoint
FrefUnFix
Parallel

Perpendicular

HerizontalVertical

Al s B> O

Tangant
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Profilio apribojimas

* IS meniu Sketch Palette> Constraints pasirinkite Collinear
e Pasirinkite linijas 2 ir 3

Show Constraints @

3D Sketch a
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Profilio apribojimai

* Meniu Sketch Palette> Constraints pasirinkite Coincident

e Pazymekite punkta 4, tada narsykléje (Browser) pasirinkite
koordinaciy sistemos pradzia.

@ SKETCH PALETTE

L
-2
L

Organizer 3DPv6 [O)]
¥ Options

o
E
!

Look At (=)
X Sketch Grid
O Z X Slice ()
Show Profile
O L]z Show Points 2
Show Constraints ()
3D Sketch o
.
Concentric ©
Midpoint AN
FodUnFix @
Parallel 4
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Profilio matmenys

* Pasirinkite Sketch > Sketch Dimension
* Ant linijy jveskite matmenis, kaip parodyta paveikslélyje
* Pasirinkite Stop Sketch
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3D modeliavimas
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Skyriaus turinys

3D modeliavimas
* 3D modeliavimo jrankiai
3D modelio kurimas

e Esamy savybiy redagavimas

2016-1-RO01-KA202-024578
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Mokymosi dalykai

Siame skyriuje imoksite kaip bréZinj paversti j parametrinj 3D
modelj, kaip naudojant paprastas formas sukurti vientisus
klnus.

Pabaige Sj skyriy:
* mokésite naudoti pagrindines 3D modeliy ktirimo priemones;

* Zinosite kaip keisti esamas funkcijas.
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3D modeliavimo jrankiai

e 1 e
Fusion 360 turi daugybe oo | = - m
modeliavimo  jrankiy.  Sioje 2
mokomojoje medziagoje & o

v . . . BEE web @Draﬁ
aprasomas tik vientisas (angl. . :

solid) parametrinis modeliavimas § mrext @ conone

. . . . - . Box 4 Replace Face
ir vientisy modeliy kurimas @ cyiner Ay spitFace
. @ Sphere Split Body
naudojant paprastas formas. =i &
£ Silhoustte Split
& co 24 Move M
&> Pipe BE
Pattern » s AR
mﬂ Mirror @ Phy=ical Material
@ Thicken 6! Appearance A
Boundary Fil Manage Materials
ﬁ:'] Create Form & Delete Del
E‘% Create Baze Feature Eg Caompute All Ctri+B
&, Create hesh Z Change Parameters

E# voronoi Sketch Generator
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Kuno sukudrimas naudojant komandg Extrude

Extrude komanda sukuria 3D vientisg kiing iStempiant 2D formos
objektg vertikalia kryptimi 3D erdvéje.

UE @ B W = b o % B

MODHEY ~ ASSEMBLE CONSTRUCT ™ INSPECT ™ INSERT* ' MAKE~™ = ADD-NS ™ SELECT™

o Pa Zym é kite p rOfi Ij {5p Revolve Adds depth to a closed sketch profile or planar face.

q‘;? Sweep Select the profile or planar face then specify the

— Spragtelékite jo i sl gt
viduje B

* Spragteléekite S
Create> Extrude @ s

@;;] Create Mesh

¥ woronoi Sketch Generator

2016-1-RO01-KA202-024578
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Kino sukudrimas naudojant komandg Extrude

Pagal paveikslélj nustatykite extrude savybes ir
paspauskite OK.

|| & EDITFEATURE 23
Profile x
Start b Profie Plane -
Oirection Eﬁ Two Sides -
¥ Side 1
Extent || pistance -
Distance [ 50 mm |-
Taper Angle | 0.0 deg |+
¥ Side 2
Extent }~| pistance -
Distance | 50 mm -
Taper Angle | 0.0 deg v
O peration [j MNew Body -
OK Cancel
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ISkirpti king naudojant komandga Press Pull

Press Pull komanda yra zymeéjimo (angl. selection) komanda, kuri
leidzia greitai prieiti prie Extrude, Fillet ar Offset Face komanduy,
priklausomai nuo pasirinktos pradinés geometrijos tipo.
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ISkirpti king naudojant komandga Press Pull

Brézinio iskirpimo profilis (cutting profile)
* Pasirinkite Sketch > Create Sketch
* Pasirinkite LEFT rodinj

* Pasirinkite Sketch > Rectangle> 2-Point
Rectangle

* Pazymeékite staCiakampe plokstuma

* Spragtelékite pele ant tasko 1, kad
pradétumeéte staCiakampj

* \Veskite pele iki priesingo staCiakampio
kampo ant linijos 2 ir spragtelékite, kad
uzbaigtumeéte komanda

e Pasirinkite Sketch > Sketch Dimension
e Jveskite matmenj 25 mm
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ISkirpti king naudojant komandg Press Pull

Nustatyti iSkarpa

Pakeiskite rodinj pagal Zzemiau esantj paveikslélj
Spragtelékite staCiakampio brézinio viduje
DesSiniuoju pelés klavisu ir pasirinkite komandg Press Pull

1

2

3

4. Nustatykite savybes pagal paveikslél;
5. Spauskite OK *

6

Kitoje objekto
puséje sukurti
tokig pacia iSkarpa

| @ EDITFEATURE

b 1 zelected [

Start b Profie Plane -

Profile

* Jeigu staCiakampis
bus nupiestas ant kitos
plokstumos, kirpimo
kryptj gali tekti
nurodyti rankiniu badu
pele tempiant rodyklés
piktogramg j reikiamg
puse

Direction Ly one side -
Extent or* Al -
Flip ¥y

Taper Angle |EI.EI deg -

Operaton L Cut -

» Objects To Cut

oK | Cancel
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Sukurti cilindra

Komanda Cylinder sukuria kung, apskritimui suteikdama aukst;j
* Pakeiskite rodinj pagal zemiau esantj paveikslélj

* Spragtelékite Create > Cylinder

* Pazymekite objekto apatinj pavirsiy

* Pazymekite taska 1 (staCiakampio kampas), kad padétumeéte
centrinj cilindro taska
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Sukurti cilindra

Veskite pelés zymeklj kol pasieksite 50 mm. Spragtelékite, kad
patvirtintuméte dydj

Tempkite rodyklés piktograma, kol cilindro aukstis bus 120 mm

Cylinder skydelyje nustatykite operacijg Join
Spauskite OK

CHameter 50.00 mm

-120 mm

Iperation [Eh
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ISkirpti king naudojant komanda Cylinder

Pakeiskite rodinj pagal zemiau esantj paveikslélj
e Spauskite Create > Cylinder

e Pazymekite virsutinj, pries tai sukurto cilindro, pavirsiy

* Pazymekite pavirsSiaus centrg, kad padétumeéte centrinj cilindro
taska
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ISkirpti kiing naudojant komandg Cylinder

Veskite pele j Song kol pasieksite 44 mm. Spragtelékite, kad patvirtintuméte
dyd,.

* Tempkite rodyklés piktograma zemyn, kol cilindro aukstis bus 115 mm
* (Cylinder skydelyje nustatykite operacijg Cut
e Spauskite OK

¥ Objects To Cut

Body 1

Cancel
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Sukurti kiing naudojant komandg Box

Box komanda sukuria staCiakampj kuna.

* Pakeiskite rodinj taip, kad matytysi objekto apacia (apatiné siena)
* Spragtelékite Create > Box

* Pazymeékite apatinj objekto pavirsiy

e Pazymekite kampg 1

* Veskite pele iki dézuteés priesingo
kampo (taskas 2)

Co-funded by the
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Sukurti king naudojant komandg Box

* Nustatykite
dézutés (box)
savybes kaip
pavaizduota
paveikslélyje

* Spauskite OK

Placement b

Length [50 mm [*

Width [ 100.00 mm |
Height [-25 mm [»
Dperation L—j Mew Body i

0K Cancel

2016-1-RO01-KA202-024578
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Sujungti kinus

* Spragteléekite
Modify > Combine

* Kaip Target Body
pazymekite Box

e Kaip Tool Body
pazymeékite Body1

* Nustatykite
operacijg Cut

oy .
* Pazymékite varnele

Keep Tools
* Spauskite OK

2016-1-RO01-KA202-024578
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Pasalinti nereikalingus kGnus

Buvo sukurtas naujas kunas, kurj reikia pasalinti: narsykléje
(Browser) spragtelékite deSiniuoju pelés klavisu nereikalingg

king (Body2) ir pasirinkite komandg Remove.
[+ 8_omzersors [0

Bod 1: .%_ Mowve to Group -
| Create Components from Bodies
— [ Create Selection Set
% ﬂ“ﬁ Physical Material
g[ Sketc (ffl Appearance 8
<[] Texture Map Controis

Properties

Save As STL

Cirf=L

Display Detail Control
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Sujungti kinus

Dabar yra du kunai ir juos reikia apjungti j vieng

Spauskite Modify >
Combine

Target Body
pazymekite pirma
king

Tool Body
pazymekite antra
king

Pasirinkite operacija
Join

Nuzymekite varnele
nuo Keep Tools

Spauskite OK

2016-1-RO01-KA202-024578 =

| @ EDITFEATURE
i Target Body X
Tool Bodies [ 1selected X
Operation . Join ot

Keep Toolz Ll

Ok Cancel
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Keisti dezute, naudojant komandg Shell

Spauskite Modify >
Shell

* Pazymeékite virsutinj

dézuteés pavirsiy

b 1 zelected [

Tangent Chain A

Inside Thickness |3 |*

Direction [y Inside -

oK

* Nustatykite Inside
Thickness 3 mm

* Nustatykite Direction
j Inside

* Spauskite OK

2016-1-RO01-KA202-024578
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Krasty apvalinimas

. Pakeiskite rodinj pagal zemiau esantj paveikslélj

 Laikydami nuspaustg Shift klavisg, pazymékite dvi briaunas, kaip pavaizduota
paveikslélyje

»  Spragtelékite deSiniuoju pelés klavisu ir pasirinkite Fillet

. Nustatykite Radius 10 mm

Edges b 2 selecied B

Type [ Constant Radius -

Radius 0.00 mm B

Tanagent Chain IE

G2

o
CornerType E
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Krasty nuolydziai

Laikydami nuspaustg klavisg Shift, pazymékite dvi briaunas kaip pavaizduota
paveiksléelyje*

Spragtelékite deSiniuoju pelés klavisu ir pasirinkite Chamfer
. Nustatykite Distance 5 mm

* Jei neiSéjo pazymeéti dviejy briauny is karto, Zymékite po vieng ir kiekvienai pritaikykite nurodytg Chamfer komanda

| & CHAMFER

Edges k 2selected B4

Tangent Chain @

Chamfer Type ?I_-l Equal distance -

Distance [ 0.00 mm |+
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Medziagy pritaikymas
norint pakeisti iSvaizda




Skyriaus turinys

Medziagy taikymas kontroliuojant isvaizda
* Pritaikyti ir redaguoti medziagas

 Keisti iSvaizda
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Mokymosi dalykai

Siame skyriuje suZinosite kaip naudoti fizines ir i$vaizdos
medziagas (phisical and visual materials).

Pabaige Sj skyriy mokesite:
 pritaikyti ir redaguoti medziagas

 keisti modelio iSvaizda

2016-1-RO01-KA202-024578
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Pritaikyti ir redaguoti medziagas
B W = @

ASSEMBLE ~ CONSTRUCT ~ INSPECT INSERT ~ MAKE *
@ Press Pull Q

(S Fillet F
€D Rule Filet

@ Chamfer

Shel

[3‘ Draft

Bl scale
Combine

@ Replace Face
% Spit Face

(& spit Body

& Sihouette Spit

ADD-IN

Fusion360 programoje yra du
medziagy tipai:

e fizinés medziagos -
kontroliuoja komponento
spalvg ir inzinerines
savybes.

* iSvaizdos medziagos -
pakeicia tik komponento
iSvaizda.

Physical materials affect the color and engineering

+*
+24 lMove/Co M
* . Py properties of bodies and components.

B8 aiign
Drag the physical material from the dialog to the
Physical Material body or component.

& Appearance A

Manage Materials

G‘ Delete Del
&2 compute Al Ctri+B

S Change Parameters
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Fizinés medziagos pasirinkimas

Spauskite Modify > Physical
Material

Atsivérusiame dialogo lange
iSskleiskite aplanka Plastic

Nutempkite ABS Plastic ant
modelio. Modelio medziaga
ir spalva pakeista

Uzverkite dialogo langg,
paspausdami Close

2016-1-RO01-KA202-024578

© PHYSICAL MATERIAL

-— @

Close
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ISvaizdos redagavimas

* DesSiniuoju klavisu spragtelékite ant modelio ir pasirinkite
Appearance

* Atsivérusiame dialogo lange isskleiskite aplankus Paint > Glossy

* IS sgraso pasirinkite Paint — Enamel Glossy (Red)

| Seardh Q

S|Fusm36DAppm £ My Appearances Favories
Downloadable material feature will be re-enabled
after Fusion finishes the live update and restarts.
F7 Other
B
£ Glossy

- Paint - Enamel Glossy (Black)
- Paint - Enamel Glossy (Blue)
Paint - Enamel Glossy (Dark Gray)

Paint - Enamel Glossy (Green)

Paint - Enamel Glossy (Gray)
- Paint - Enamel Glossy (Red)
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ISvaizdos redagavimas

* Nutempkite Paint - Enamel
Glossy (Red) ant modelio.
Medziagos spalva pakeista.
Atminkite, kad fiziné medziaga
vis dar yra ABS plastikas.

e Uzverkite  dialogo  langa,
paspausdami Close.
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Eksportuoti modelius j
STL faila
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Mokymosi dalykai

Siame skyriuje i§moksite kaip eksportuoti modelius j STL faila.
Pabaige Sj skyriy mokeésite eksportuoti modelius j STL faila.
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STL failai

STL (STereolithography) vyra |prastas failo formatas,
naudojamas 3D spausdinime. STL faile yra 3D CAD modelio
vaizdas, sudarytas is trikampiy.
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Eksportuoti modelj j STL failg

Narsykléje (Browser) [#_®_omenizersueviz [O)
spragtelékite desSiniuoju pelés '
klaviSu ant Body1 > pasirinkite

Save as STL o -
Atsivérusiame Save as STL LS
dialogo lange pasirinkite & o e
tiksluma (Refinement) Medium - form
Spauskite OK

Pasirinkite aplanka, kuriame
norite iSsaugoti STL faila
Spauskite Save

COMMENTS Find in Window
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Naudingos nuorodos

Nuorodos angly kalba:

https://www.autodesk.com/products/fusion-360/overview

http://help.autodesk.com/view/fusion360/ENU/
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STL modelio paieska
internetiniuose saltiniuose
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Tikslas ir mokymosi rezultatai

Modulio tikslas: Suteikti studentams pagrindines Zinias kaip
naudotis internetiniais STL faily Saltiniais 3D
spausdinimui ieskant ir atsisiunciant 3D
modelius

Valandy skaicius: 3 valandos

Mokymosi rezultatai: e Teorinés zinios ir praktiniai jgudzius kaip
prisijungti prie internetiniy

saugykly/prekyvieciy/paieskos sistemuy,
atlikti paiesSka ir atsisiysti norimg modelj

Pastabos:

Mokymo medZiagoje interneto puslapiy paveiksléliai kurti naudojant Mozilla Firefox narsykle.
Pateiktyje pateikiamos 2017 m. kurtos mokymo medziagos interneto svetainiy ekrano kopijos
(angl. screenshots). Ateityje svetainiy kuaréjai gali pakeisti svetainiy dizaing ar elementy isdéstymag.

2016-1-RO01-KA202-024578
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Paskaitos turinys

e Surasti  STL modelj internetiniuose saltiniuose
(saugyklose/prekyvietése/paieskos sistemose) tokiuose
kaip: Thingiverse, GrabCAD, Pinshape, Yeggi ir t.t.

» Atlikti paieskg saugyklose ir bibliotekose bei atsisiysti
STL modelius
* Vaizdiniai pavyzdziai
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STL modeliai
internetiniuose saltiniuose
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STL faily saugyklos

 STL modelius nemokamai ar uz tam tikrg mokestj galima
atsisiysti is saugykly, prekyvieciy ar paieskos sistemuy, tokiy
kaip Thingiverse, GrabCAD, SketchFab, Pinshape, Yeggi,
Autodesk 123d, Pinshape, CGtrader ir t.t.

* Kad buty lengviau atlikti paieskg ir pasirinkti norimg modelj,
saugyklose esantys STL failai (dvejetainiu ar ASCIlI formatu)
paprastai buna suskirstyti pagal kategorijas. Taip pat
siulomi ir 3D CAD failai neutraliais ar savaisiais™ faily
formatais, kuriuos galima konvertuoti j STL formatg ir véliau
naudoti 3D spausdinime.

* savasis faily formatas - dokumento failo formatas, kurj tiesiogiai naudoja to dokumento
rengyklé. Placiau: http://ims.mii.lt/EK%C5%BD/enciklo.htm|?word=savasis%20formatas
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STL faily saugyklos

e Siekiant dalintis kurybingomis ir naudingomis idéjomis ar
objektais, j Sias saugyklas taip pat galima jkelti (angl.
upload) STL failus.

 Kai kurios is Siy saugykly priklauso 3D spausdintuvy
gamintojams, pavyzdziui:

2016-1-RO01-KA202-024578

Thingiverse priklauso Makerbot
YouMagine priklauso Ultimaker
Zortrax Library priklauso Zortrax
GrabCAD priklauso Stratasys
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STL faily saugyklos

Informacija apie svarbiausius STL faily Saltinius:

Pavadinimas Nuoroda Tipas
Nemokama

Thingiverse www.thingiverse.com

GrabCAD www.grabcad.com

https://sketchfab.com/tags/repository

Yeggi www.yeggi.com
\TT0e 1 - @ ETN http://www.123dapp.com/Gallery/content/all

STL Finder www.stlfinder.com

Pinshape https://pinshape.com/

CGTrader https://www.cgtrader.com
Yobi3D https://www.yobi3d.com/

Zortrax Library http://library.zortrax.com/

YouMagine https://www.youmagine.com

2016-1-RO01-KA202-024578

Saugykla
Saugykla
Saugykla
Paieskos sistema
Saugykla
Paieskos sistema
Prekyvieté
Prekyvieté
Paieskos sistema
Saugykla
Saugykla

Nemokama
Nemokama
Nemokama
Nemokama, mokama
Nemokama
Nemokama, mokama
Nemokama, mokama
Nemokama, mokama
Nemokama
Nemokama

Nemokama

Co-funded by the
Erasmus+ Programme
of the European Union



STL faily saugyklos

Darby seka norint 3D atspausdinti STL modelj iS internetinés
saugyklos / paieskos sistemos / prekyvietés.

Prisijungti prie

saugyklos/prekyvietés/
paieskos sistemos

Atlikti paieSka
saugykloje ir

A 4

pasirinkti STL modelj modelj

Patikrinti ir
— iStaisyti STL

A

A\ 4

3D spausdintas
fizinis modelis

A

2016-1-RO01-KA202-024578

3D spausdinti STL modelj —
rekomenduojami proceso
parametrai
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Pavyzdziai — Thingiverse

Thingiverse _ &) E R @U@ hitpsy//www.thingiverse.com e @ | | Q search N @ »
s o Thingiverse DASHBOARD EXPLORE EDUCATION CREATE Q. Entera search ter SN

saugykla, kurioje

rasite daugybe

. Thingiverse
STL modeliy

Featured

-~ 1
n‘n B OCRS CAD We challenge you to create a design for a

snowflake using BlecksCAD®, a free online

S N O W F L A K E z‘;ﬂrr;ﬁ?izﬂegé:é?cn coding and
CHALLENGE Let it snow!

Learn More

OO0
Global Feed Featured Collections
Latest Thingiverse Activity Download and print today

| Scrapspoxx callected Ticket to ride
tray - Station...

zeebix liked Anti Holgura Xiaomi Mijia
365 GOMA v...

= JRLL ¢ T
‘ Bas_P collected Arm Chair BOWHo Hanukkah HolidayCountd...
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Pavyzdziai — Thingiverse

_(— - C @U@ httpsy//www.thingiverse.com/search?g=catapt b ﬁ’ Q, search I @ »

1 zingsnis -
atlikus  paieska
duomeny bazéje - SEARCHEESULTS v
naudojant raktinj

Thinglverse DASHBOARD EXPLORE EDUCATION CREATE Q Enter a fearch term SIGN IN / JOIN

zodj catapult, o
parodomi
skirtingi modeliai, S
SUSije SuUu §iUO O makes
\4 Ve O Users
ZOd ZI u . O Collections
O Groups
O apps
FOR EDUCATION ~
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Pavyzdziai — Thingiverse

2 ZI.r‘gsnls - > G @ Qva 'n1f.Dz:_a.e’\.w.'-.\-.thingiverse.co B O & Q search in @ »
pasirenkamas

Thingiverse  pasHBOARD EXPLORE  EDUCATION CREATE Q Enter a seant teer SIGN IN./ JOIN
modelis nr. 1763518.
Pateikiami skirtingi
3D CAD modelio

Micro Catapult

W= =# by LukeTansell published Sep 10, 2016

paveiksléliai, '
trumpas vaizdo -
jrasas ir 3D
atspausdintas
modelis. e

@
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Pavyzdziai — Thingiverse

@Y & hips; w.thingiverse.com/thin QD % | Q search + N @

3 zingsnis — po 3D
S P -----u-d.

CAD modelio
paveiksléliais skirtuke
Made pateikiama
informacija ir
komentarai apie 3D
atspausdintus modelio
variantus.

2016-1-RO01-KA202-024578
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Pavyzdziai — Thingiverse

4 zingsnis —
perziurekite
informacijg apie
rekomenduojamu
s 3D spausdinimo
nustatymus
(skirtuke Thing
Details):
medziaga,
sluoksnio storj ar
skiriamajg gebg,
purkstuky
skersmen,;,
pagalbines
medziagas ir pan.

2016-1-RO01-KA202-024578

&« = C @ W & https//www.thingiverse.com/thing:17 B e @ fr | Q Search L In 8 »
(] 1] @ 124 144 9015 6
Thing Details iBhing hitas Apps Comments Made Collections Remixes
Contents Summary
Summary
bt Sopeos Inspired by a Stratasys sample print, | decided to re-draw and improve the desktop, micro catapult
g It can throw a small bit of paper, chunks of raft. and pretty much anything you can fit inside. Se-
Standards lected ammunition can be thrown around 2 metres, plenty to hit unaware victims at another desk!
Grade & Subject It's a Print-In-Piace model, without the need for any support material. It aiso takes advantage of the
maierial properties. meaning that there are no external parts or hardware, (t's ust the material that
allows it to fiex and store energy. | was pieasantly surprised to find that the ABS/PC | printed it in
Subjects doesn't break or retain a memory from being fired over 100 times
https:/lyoutu.be/hgZHe_a9KLI
&= R I
= - el UPDATE 7-01-2017: I've now uploaded ‘Micro_ Catapult_INC._TOL_stf which is a file with [ooser tol-
Science Engineenng Technology : = A
g g erances. for anyore having frouble with the oniginal
Grades

Print Settings
6th Grade Tth Grade 8th Grade

Printer Brand:
Up!

9th Grade 10th Grade 11th Grade

12th Grade  Higher Education Printer:

Up Plus2

Rafts:
Doesn't Matier

&3 Tip Designer

Supports:
No

© Report Thing
Resolution:
25

Tags

3d_printed_catapull desk_catapull

Co-funded by the
Erasmus+ Programme
of the European Union




Pavyzdziai — GrabCAD

GrabCAD — 3D CAD modeliy ir STL faily saugykla

e Reikia prisiregistruoti ir sukurti vartotojo paskyra

&« = G @ (@ W) @ nttps://grabcad.com/login < O Y| | Q Searcn
GRABCAD

Welcome stranger, please log in

Log in using email Leg in using

Email * | f Facebook

Password * el
ok in Linkedin

[ JRemember me

_ Cantaccess your account?
Log n Mot membar?

2 Google
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Pavyzdziai — GrabCAD

GrabCAD paieska gali buti atliekama naudojant raktinius
zodzius ir pagal kategorijas.

« - C @ U & rttps://grabead.com/library e vw | | Q Search
GRABCAD

C ) - Popular this month

3D printing
Aerospace
Agriculture
Architecture
Automotive

| Aviation

F 5 . G TS
Automatic Loading Machine g DHERanER

oy [vo jardim

Computer

Construction

by |sak Koskenniami .
Educational

Electrical
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Pavyzdziai — GrabCAD

1 Zingsnis — atlikus paieskg pagal raktinj Zodj bracket (liet. laikiklis),
GrabCAD pateikia paieskos rezultatus, kaip parodyta zemiau esancCiame
paveikslélyje. Prie kiekvieno modelio nurodomas formatas, kuriuo galima
rasti objekta (neutralus formatas arba 3D CAD formatas).

« - A @ (@ W) @ https://grabead.com/library?page=18time=: oo @ vy | | Q Search 2 [}
GRABCAD

bracked x Q Recent all ime -

N

Bracket .
by Edward M Barnes

.

bracket micro limit switc... ’

Shelf Bracket_Sheet Metal...

2016-1-RO01-KA202-024578
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Pavyzdziai — GrabCAD

2 zingsnis — pasirinkite ir atsisiyskite laikiklio modelj STL
formatu.

&« = 3@ @ @ W & httpsy//grabead.com/library?page=18&time=: s @ | | Q Search N

Dragon Bracket 5
!‘ by Troy Koenig
&7 %52 Py

Shelf Braci»
by Christopher Tenesen

AN Thenrad et s
SOLIDWORRKS, Rendering
TER /| tendering

SOLIDWORKS 2016, 5TEP / IGES, Rend
]
Bracket a
by Vicknesh Shanmugarr
&#s $s0 P
Book-shelf (Use "MATERIAL... e
SOLIDWORKS 2016, Rendermg, Other nerka

by Soumnitra Vadnerkar

slidinoRrarkar
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Pavyzdziai — GrabCAD

3 zingsnis — perziurékite informacijg apie modelj arba
rekomenduojamus 3D spausdinimo nustatymus.

~ = ¢ ‘m‘ O & https://grabecad.com/library/shelf-bracket-2 e 2 1:? Q, search i in @

) shelf Bracket

by Christopher Tenelsen

# pDownload files

& Like & sShare
I'm a master student in mechanical engineering at the University Paderborn in
Germany. & 70 & .
Pownloads Likes Comments

And this is my topology-optimized design of a shelf bracket. It is strong enough to
carry up to 50 kg (110 Ibs) per part while printed with ABS-M30 (according to FEA

S S ¢ T N TP R S —
G@W MOre... >
Upleaded: March 7th, 2017

software: S5TEP/ IGES, STL, Rendering
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Pavyzdziai — Pinshape

1 zingsnis — prisijunkite prie Pinshape ir ieskokite laikrodzio 3D
(angl. 3D watch) modelio. Sioje sistemoje taip pat reikalinga
registracija.

(&)= & Q‘ @ & https://pinshape.com/search/designsig=wat pee T:f Q, Search i N 60 »

@pimshf:}pe (® | MUNITY~  LEARN~  DESIGNS~+ “ LOGIN

l. zyyxJddprinter 1 David Mussaffi e TheGoofy **** I-::,
ZYYX Watch Wristband - Multi Mate... Apple Watch Stand 3D-printed Watch with Tourbillon
0 1 0 2 3 0 70 66 6
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Pavyzdziai — Pinshape

2 zingsnis — perziurekite
informacijg apie 3D
komponenty spausdinimg
ir surinkima. Si informacija
gali buti pateikiama kaip
tekstas ir/arba vaizdo
jrasas.

2016-1-RO01-KA202-024578

(— —=> & ‘m‘ O & hittpsi//pinshape.com/items/30212-30 E LLL) 1‘,‘3‘
@ pinshope Q EDUCATION ~ COMMUNITY ~
Description

This is a mechanical watch with tourbillon driven by a 3d-printed mainspring. The watch has a
Swiss lever escapement. The mainspring inside the going barrel keeps the watch running for
approximately 30 Minutes. Accuracy is roughly one Second deviation within one Minute
(depending on print-settings).

The project demonstrates that the 3D-printing technology is developing. Compared with earlier
generations of 3d-printers, the process works more reliable and more accurately. However it's
still a very advanced project, because printing inaccuracies need to be trimmed manually with
some watchmaker skills, or the watch won't tick. The watch is designed with Autodesk Fusion
360, and printed with Ultimaker 2.

How it's made:

https://youtu.be/GoBwoPGOggg

Assembly:

https://youtu.be/XiZAEaES2Ng

https://jigspace/view?jig=728 (Thanks to http://www.thingiverse.com/greenlig)
Assembly Time Lapse:

https://youtu.be/s3p25T6YIGC

Co-funded by the
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Pavyzdziai — Pinshape

G @ @ W @& nttpsy/pinshape.com/items/30212- B - | | Q Seoich L In @D »

==
3 iingsnis - @ p]ﬁShOpe Q EDUCATION ~ COMMUNITY~  LEARN~  DESIGNS £ 5] ﬂ
atsisiyskite ir .
i¥pakuokite _ 3D-printed Watch

1 1 &  Available for Free
kiekvieng 3D with Tourbillon g
iekviena ‘ .
I 71 Besipaed by TheGaohy ¥ Like 70 € Collect 66 Download the design’s source files for use on
laikrodzio S e P

CC - Attribution

@ Attribution

komponenta.

E Drag & Drop A Photo or
Click To Browse
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Pavyzdziai — Yeggi

(— - G @ . @w wr.rl'.r._},ﬂ-_}ggifm o @ P | Q search
geggi printable 3d models » search nnw!: et
Yeggi Sa Ugyk| a Click here for more

yra surinkusi STL el

modelius

(daugiau nei ;.-_-;; e

60000) is et Tm

skirtingy
saugykly.

L S NPT SR SN A ST e S TV PO

[ eidoist | pmtoov Jll sddols | pontoow |
Tags Gunar Meck Smartphane Tags 'u"u'nod Shell Guitar / Tags Guitarz - Tunable And Tags F'|E_|-'Elb|ﬂ' Gl.utar
Maount Lasercut Guitar Playble Mini Guitars Printable Without Supports
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Pavyzdziai — Yeggi

'f'(—," = 1 - ‘m‘ (O} www.yeggi.com/g/spinner/ e fr Q Search

1 Zingsnis - yeqoi ' p—

d u O m e n L! b a ZeJ e Search Engine for 3D printable Models
atl | klte p a | e§ ka Your Search for "spinner” - 1,919 printable 3D Models

dust click on the icons, download the file{s) and print them on your 30 printer

naUdOja nt ra ktinj try: dungeons and dragons girl 40k zelda destiny phone stand nerf » more» » popular» »random »
zodj, pavyzdziui
spinner.

~addtofist | prntnow [ addiolist int no
Tags Marble Spinner Art deco Tags: DLESS gas engine Little cute marble spinner Tags Asymmetric Balanced
style spinner Fidget Spinner: Penny, Nickel..

rce Fidet Spiner

Tag
Piece-Print / Mo Bearings Re..

Tags Fidget Spinner - One-
Piece-Print / Mo Bearings Re
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| — Yeggi

Pavyzdzia

www.myminifactory.com/object/adjustable-c E e O ﬁ Q, Search i N @ »

2 zingsnis —
priklausomai
nuo pasirinkto
modelio,
platforma
nukreipia
naudotojgj
konkrecia
saugykla
(pavyzdziui,
Minifactory),

AMyMiniFactory

CATEGORIES  DESIGN CHALLENGES  HOW IT WORKS n l UPLOAD | {EN) EGISTER ] LOGH

Adjustable Coin Weighted Fidget Spinner

Muzz64
- TFM
@muzzéd | » TMe
& BO Followers

‘ b Downioad '. @&.wﬂr_:rlai_.-;

WEIGHTED/ PRINTED Description

The world has gone crazy about FHdget Spinners so, due to a
N G Fl DG ET Sp I N N E R number of requests, this allows for the weighting to be
adjusted... and there's no need to buy a metal bearing as it's all

[ rinted ﬁdget splnner with 3D printed.

o

The Coin Fidget Spinner is an all 3D printed Fidget Spinner with

ku ri OS m Od e Ij E bl"' WEIg hts (c0| ns and / or | the ability to add weight .\.-_urh coins and/or washers to achieve
galima atSiSiqSti . 5, -‘nd no need tO buv a bearlngI . Technical Information
o

SHOW MORE

Object Parts
Tags

#christmas #bearing #cool #bearings #fun #gift
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Pavyzdziai — STL Finder

STL F,nder yra (— = G @ @ & nttpsy/wew.stifinder.com L w Q, search l + N @ 2

STL mOdequ e .' 1] | Finder Q Eearch for 3d models...
paieskos sistema. - |
PaieSkg galima o (o) ST ThF!n(f:sﬁr
atlikti naudojant i

. . v R Q Search for 3d modeks...
raktinj zodj arba

Search free 3d models from the major repositories in Internet.

pagal kategorijas. 34 ol for 3 priting avalale for dowrica,
. . ession your gn projects.
N d kt flt Get professional 3d models for your 3d design projects
audokKite TITrus,
norédami
. Featured 3d models searches
nUStatyt| sports print acura tix 2015 interior seashell schott duran botties
papildomas alesis sample pad stand what animal was timon selling prints onfine cyclone
« v glass dome clock roda furniture owl design key mount
paIeSkOS 35mm 1.4 lens spitfire print ftuntable 3d model free o ring installation tool
nuostatas. maker bit beast model I home bot square protective comers for fumiture

2016-1-RO01-KA202-024578
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Pavyzdziai — STL Finder

1 zingsnis — atlikite paieska pagal raktinj zodj mobile support.
2 zingsnis — pasirinkus tam tikrg modelj, naudotojas nukreipiamas j

Thingiverse sau gykla
&= C @ DU&E h w stifinder.com/7search = 0| | & Search + In B »
'._;.. T FiNder 2 poesppor
mobile support 3d models I N 2 3 ¥ 5 & v 7472 nexts

Mobile Support

2016-1-RO01-KA202-024578
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Pavyzdziai — Zortrax Library

Zortrax Library
reikia <« cC @ @ W library.zortrax.com e @ Y| Q Search Lomnomo»
priSiregiStruoti ir ZORTRAX ONLINESTORE ZORTRAX.COM SIGN IN
sukurti vartotojo
zorfrax LIBRARY

paskyra.
Modeliai Zortrax
Librar -

" ’fc " | g Discover
SUSKITSTYLI pagal (S Zortrax Library

kategorljas. Download Modular Arm Model

Learn more

EXPLORE THE 3D WORLDs: #Zzortrax, #design, #contest2015
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Pavyzdziai — Zortrax Library

Svetainéje pateikiama informacija apie kiekvieno modelio
perziury skaiCiy, komentarus ir atsisiuntimy skaiciy.

&) - C @ @ W) Jlibraryzortrax.com,?s=Folding +Cube Wk Y| | Q search

Folding Cube Heatsink lce Cube Maker

by kboransel by cosmic by shownigbal
G> Views G> Views 2474 G> Views 597
) Comments o ) Comments 1 ) Comments o
£y Downloads 182 {p> Downloads 81 {p Downloads 128

Education Housshold Objects Art & Design
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Pavyzdziai — Zortrax Library

Atlikite paieska pagal zodj cube (liet. kubas) —> pasirinkite
modelj Folding Cube—> spauskite Download Project.

<— 2> ¢ @ @ W library.zortrax.com/project/folding-cube/ s Y| | Q Search +oIn D »
Folding Cube ol

by kbaransel 7 October 2015 in Education

182

C,‘h Download Project

License: Creative Commons - Attribution - Non-
Commercial

Tags

#Fcontest2015
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Pavyzdziai — CGTrade

CGTrade platforma leidzia pasirinkti nemokamus arba mokamus
modelius, modelio formatg (Siuo atveju STL), 3D spausdinima,
rinkinius ir t.t.

Norint atsisiysti modelj, reikia sukurti vartotojo paskyra.

&« A @ W & hitps:/fwww.cgtrader.com e @ % | Q Search N @ »

3D models for VR / AR, 3D printing and computer
graphics

Filter by 3D Model categories

A ¥V T ik P =~ Q@ m ¢ =

Aircraft Animals Architectural Exterior Interior Car Character Electronics Food Furniture
i bE 4 5 ' A \ / 0
Household Industrial Plant Science Space Sports Vehicle Watercraft Military Browse all
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Pavyzdziai — CGTrade

» Atlikite paieska ir atsisiyskite objekta, pavyzdziui pencil box
(liet. piestukiné).

<= C @ W & https://www.cgtrader.com/free-3d-moc s @ 7| | Q Search A\

cgtra der 3D models VR / Low-poly models 3D Jobs = Community ~

=
e —

= = g =) Low-poh 2 .
Firice U k4 Free Formats ¥ = Foly count License ™ 12 rigged Never Surrender Desk Organizer Free 3D print model
n Free
& huthor: ' FormByt
A Buyer ratings: 36 positive /0 negative
® Designer response: 100% in 4.9%
@ Questions? Ask for product support
> Available formats
Stereolithography

~ Q@ @ O @
o

$11.53 53547-30% Free $10.00
mai, obj, fbw, c4d, mtland more mai, obj, fbx, 3ds; mtl and more obj, fbx, 3ds, ma, mb-and mo Mot ekl
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Naudingos nuorodos:

Nuorodos angly kalba:

Faily atsisiuntimas is Thingiverse
https://www.youtube.com/watch?v=I3ThnxxFWnd$8

You [T}
You [T}
You [T}

Faily atsisiuntimas is Pinshape

https://www.youtube.com/watch?v=QZGFpGK3W
ZM

Faily atsisiuntimas is keliy saugykly
https://youtu.be/KDteFYaNouA?t=144
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STL faily tikrinimas ir taisymas naudojant
tam skirtg programine jranga
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Tikslas ir mokymosi rezultatai

Modulio tikslas: ISmokyti studentus suprasti, kaip naudoti
specialia programine jrangg STL modeliy
patikrinimui ir taisymui

Valandy skaicius: 3 valandos

Mokymosi rezultatai: * Zinios apie programine jrangg Netfabb,
MeshLab, MiniMagics

* Zinios kaip naudoti automatinius jrankius
/komandas tikrinant ir taisant STL modelius

* Zinios kaip naudoti rankinius
jrankius/komandas taisant STL modelius

Pastabos:
Mokymo medZiagoje interneto puslapiy paveiksléliai kurti naudojant Mozilla Firefox narsykle.
Pateiktyje pateikiamos 2017 m. kurtos mokymo medziagos programy ir interneto svetainiy ekrano
kopijos (angl. screenshots). Ateityje programy ar svetainiy kiréjai gali pakeisti programy ar
svetainiy dizaing ar elementy isdéstymg.
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Paskaitos turinys

e STL modelio analizé ir taisymas

* Programiné jranga STL modeliy analizei ir taisymui
e Pavyzdziai: Netfabb, MeshLab, Materialise 3DPrint Cloud

2016-1-RO01-KA202-024578 T Co-funded by the
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STL modelio analize ir
talsymas
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STL modelio analizé ir taisymas

Pagrindinés STL modeliy
klaidos:

e Trukstami trikampiai
* Apverstos normalés
* Nesusijunge krastai

* Blogos (nelygios)
briaunos

Co-funded by the
Erasmus+ Programme
of the European Union
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STL modelio analizé ir taisymas

« STL modelio analizé ir, jei reikia, taisymas, yra veiksmai,
kuriuos reikia atlikti pries siunciant STL failg j 3D spausdintuva

e STL patikrinimui ir taisymui naudojami speciali programiné
jranga

e STL modelio taisymas gali buti atliekamas naudojant
automatinius jrankius arba rankiniu badu

Co-funded by the
Erasmus+ Programme
of the European Union
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Programines jrangos sprendimai
STL modeliy analizei ir taisymul
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STL modeliy programa — Netfabb

* Netfabb programiné jranga, www.netfabb.com

* ] nemokama versijg jeina:
* Jrankiai rankiniam ar automatizuotam STL patikrinimui ir
taisymui
e Sieneliy storio matavimo jrankiai
e Jrankiai modeliy iskirpimui
e Automatizuotos STL taisymo parinktys iSsprendzia daugybe

jprasty Sio tipo faily problemy (skyles, apverstas normales,
nelygias briaunas ir pan.).

Co-funded by the
Erasmus+ Programme
of the European Union
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Netfabb — importavimas

* Netfabb importuojami formatai

All Known Files (*.stl™x3d:"a3db ™. 3ds".gts ™ 2
netfabb project files (*.fabbproject]

Slice files (" binvog ™ sl ®.cli®.cls™ slo " usf* olf * slm ™ mtt* . ssl)
Surface-Tesselation-Language Files (*.stl)
Extensible 30 ASCII-Files (*x3d)

Extensible 30 Binary-Files (*x3dhk)

305 Files (*.3ds)

Gnu Tesselated Surface Files (".gts)

Z|P Files (*.zip)

BIMV X Fites (*.binvox)

Z-Print Files (*.zpr)

Stanford Polygon Format (% ply)

Additive Manufacturing Files (*.amf)
WYRML-Files (*.wrl)

FITLists (*.fitlist)

netfabb Compressed Mesh (".nem)
WaveFront OBJ Files (*.obyj)

Licensing Vendor2 Customer file (*.v2c)
Licensing Detached license (*.hr)

Licensing Cancelled detached license (*.r2h)
Licensing Rehosted Protection Key (*.h2h)
Licensing Remote machine ID (*.id)

30 Manufacturing Format (*.3mf)

SLI Files (*.=li)

CLI Files (*.cli)

CL5 Files (".cls)

SLC Files [*.slc)

Universal Slice File (*.U5SF)

CLF Files {*.clf)

SLM Files (*.slm)

2016-1-R(_)01-KA202-024578
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Netfabb — eksportavimas

* Netfabb eksportuojami formatai

B Beortpart B =
STL
§8 | Screenshotto Clipboard  Ctrl+C =
as STL {ASCI
*I Save Screenshot
P as Color STL
% Print Screenshot I
e Configure Printer... 25 AME
® Exit as x30
[<cumnga as 3DS
as Compressed Mesh
Information as Wavefront OBJ
Length: | 130.06 |mm  Volume: - as PLY
as VRML
Width; 180.96 |mm  Area 1046.
as BINWVOX
Height: 12784 |mm  Trangles: 19955 2 ZPR
as Slice

2016-1-RO01-KA202-024578
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Netfabb — faily atvérimas

Atverti esamg STL model;:

* Project—> Open Project
(arba Ctrl+0)

* Nutempti modeljj
programos langg

2016-1-RO01-KA202-024578

File Edit Prepare Analyze Modify Arrange View System Help

H Save Project Ctrl+5

H Export Project to 5TL

) File Preview Browser

Split Large STL File...

% Add Part

¥ Import CAD File
“I Part Library

H Export Part

ﬂ Screenshot to Clipboard Ctrl+C
ﬂ'l Save Screenshot

% Print Screenshot
@ Configure Printer...

() Edt

Hoeo &

» | 0.0 mm

¥ | 0.0 mm

¥ | 0.00 mm

@)
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Netfabb — klaidy analizeé

= %5 Parts
= @ ® (100%) demo-modelis ®

= @ Part Analysis ®
L &

Analizés rezultatai rodo, kad

Standard Analysis

pavirSius néra uzdaras. - .
Standartinés analizés operacija P g |

. . b S (I - 3 -u.m mm
taip pfat parodoma projekto oo .
medYJe. [ Transparent Cuts .@.

Kita prieinama informacija:

Minimum:

S kyl i q S ka i éi U S Maxirnum:

i

Apve rStI t rl ka m p I a I Volume: .- Area: 1046.7771 cm”
. . Points: 89313 | Edges: 300289
Blogos (nelygios) briaunos Tiangles: 199570 | Shelts 369
v e Ve Holes: 372 | Bad Edges: 0
TaSkL! SkaICI us Boundary Edges: 1262 | Boundary Length 100471.58 mm
Flipped Triangles: 0
. . e Ve
Trlkamplq SkaICIUS Surface is closed: Mo
Surface is orientable; Yes
. e Ve [ N
Briauny skaicCius ir pan. _ Min: | Mac | @ Do
Edges/Point 3.00 117.00 6.05 1.58
Triangles/Edge 1.00 2.00 1.99 0.08
Triangle Quality 0.00 1.00 0.15 0.13
Edge Length 0.00 173.70 274 10,33




Netfabb — klaidy taisymas

Kai aktyvuojama taisymo (angl. Repair) funkcija (raudona pliuso
piktograma),

File Edit WView System Help

Y4B 009008 9 Qoﬁw + g-=-

,;: _'}} Parts o Repairl
- B @ ® (100%) demo-modelis ®

: = Part Analysis ®

: o Standard Analysis

sritis, kurioje truksta trikampiy
pavaizduojama geltona spalva.




Netfabb — klaidy taisymas

Spauskite Automatic
Repair, pasirinkite
Default Repair. Tada
spauskite Apply
Repair ir Remove Old
parts.

2016-1-RO01-KA202-024578

Clip Planes Frame

X [ ¢ >
bl (I =
z: [ < >

[ Transparent Cuts

0.01 mm

@EIE

Stalus  Actions  Repair Scripts  Shells  View

Statistice

Edges: Border Edges:
Triangles; Inv. Orientation; I:I
Shells: 369 Holes: a2

| Update | [ Auto-Update
Visualization

[#] Highlight Holes [ Triangle Mesh

Show Edges from . 45°

Show Degenerated Faces

[ Highlight Errars

Surface Selection

Tolerance: . 50°

Apply Repair Automatic Repair

Zz
¥ J
0 mm 25 50 75 100 125 150 175
| 450x420%400 Select Triangles: Press Shift to add / remove triz

Co-funded by the
Erasmus+ Programme
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Netfabb — jrasymas STL formatu

e Atlikus taisymo veiksmus parodomi taisymo rezultatai. Norint
patikrinti, ar STL modelio pavirSius yra uzdaras, reikia atlikti
naujg analize.

* Tuomet modelj galima iSsaugoti ir naudoti 3D spausdinimui:
Project - Save Project - Save As arba Export Part - STL.

2016-1-RO01-KA202-024578 T Co-funded by the
S Erasmus+ Programme
gl of the European Union




Rankinis klaidy taisymas (1)

Rankinio taisymo demonstravimui naudojamas laikiklio (angl.
bracket) modelis. Pirmiausiai atliekama standartiné analizé.

Project Edit Repawr MeshEdit View Settings Help Upgrade now!

PHOR A0 040400 440844444 #@-=v




Rankinis klaidy taisymas (2)

Objektui 2@ HOIO0980 040(J0B4de844dd444 +a-=v

pritaikoma taisymo - Prideti
trikampius trikampj

komanda (Repair).

Nereikalingi
trikampiai
pasalinami rankiniu
budu: pazymimi
trikampiai (Select
triangle
piktograma) ir
pasalinami
paspaudus klavisa
Delete.

||||||
e

2016-1-RO01-KA202-024578 Co-funded by the

Erasmus+ Programme
of the European Union




Rankinis klaidy taisymas (3)

* Rankinio taisymo atskiri zingsniai: trikampio pasirinkimas,
trikampio pasalinimas

 Tuomet pritaikomas automatinis taisymas (angl. Automatic
Repair)

AR 000080 040 408

Co-funded by the
Erasmus+ Programme
of the European Union
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Netfabb — praktiné uzduotis

* Praktiné uzduotis (45 minutés)

- Atsisiyskite STL modelj iS saugyklos

- Patikrinkite STL modelj su programa Netfabb

- Jei STL modelis teisingas, eksportuokite j formatg STL ASCII

- Atverkite STL ASCII failg naudodami uzrasinés programéle
(angl. Notepad) ir pasalinkite keleta trikampiy, pakeiskite
virsuniy koordinates arba normaliy padét;j

- ISsaugokite pakoreguota failg
- Atverkite naujg STL failg programoje Netfabb ir pataisykite jj.

2016-1-RO01-KA202-024578 T Co-funded by the
Al Erasmus+ Programme
gl of the European Union




STL modeliy programa — Meshlab

M eSh Lab ) €>ea @ vww.meshlab.net
www.meshlab.net —

atVi rOJ O kO d O M es h La b :ESHZTE: fes.;r;zs a.;yslem for processing and editing 3D

p rog rama 3 D It provides a set of tools for editing, cleaning, healing,
. . . . inspecting, rendering, texturing and converting meshes. It offers features for processing raw

t rl ka m p | L! t N kI e | | L! data produced by 3D digitization tools/devices and for preparing models for 3D printing.

redagavimui, valymui,

taisymui,

atvaizdavimui,

teksturavimui,

konvertavimui. Sia
programa galima
paruosti failus 3D
spausdinimui.

2016-1-RO01-KA202-024578 Co-funded by the

Erasmus+ Programme
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Meshlab — importavimas

MeshLab importuojami formatai

All known formats { *.3ds *.ply ".stl "obj " gobj *off “.pbd* vmi

All known formats { *.3ds*.ply *.5tl *.obj *.qgobj *.off *.ptc * vmi *.bre ".dae*.ctm *.
30-5tudia File Format { *.3ds)

Stanford Polygen File Format [ ™.ply)

STL File Format { .stl)

Alias Wavefront Object ( *.obj)

Cuad Object { *.qobj)

Object File Format ( *.off)

PTX File Format { *.pt)

VCG Dump File Format ( *.vmi)

Breuckmann File Format ( *.bre)

Collada File Format { *.dae)

OpenCTM compressed format ( ™.ctm)

Expe's point set (binary) ( *.pts)

Expe's point set (ascii) [ *.apts)

AYZ Point Cloud (with or without normal) [ *.xyz)
1|Protein Data Bank { *.pdb)]

TRI {photogrammetric reconstructions) { *.tri)
ASC (ascii triplets of points) ( *.asc)

TXT (Generic ASC|l point list) [ *.ted)

#3D File Format - XML encoding [ *x3d)

#30 File Format - VRML encoding (™x3dv)
YRML 2.0 File Format [ *owrl)

2016-1-RO01-KA202-024578

“bre . dae ™ .ctm *.pts Mapts “agz Y.pdb T in vasc Vbt Ya3d T xddv T owrd)

1 "asc %bid *acdd *x3dv “owrf)

Co-funded by the
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Meshlab — eksportavimas

MeshLab eksportuojami formatai

Stanford Folygon File Format { *.ply) b
All known formats { *.3ds *.ply *.st *.0bj *...f *.d
3D-5tudio File Format { *.3ds)

Stanford Polygon File Format { *.ply)

STL File Format { *.st)

Alias Wavefront Object { *.obj)

Object File Format { *.off)

YRML File Format { *.wrl)

DXF File Format { *.dxf)

Collada File Format { *.dae)

OpenCTM compressed format { *.ctm

2016-1-RO01-KA202-024578 Co-funded by the

Erasmus+ Programme
of the European Union




Meshlab vartotojo sgsaja

& File Edit Filters Render View Windows Tools Help

NFevceomsEas T » 20N -

Project_2
Matavimo jrankis W0 A3 (1 - B o

Virdiniy Zymeéjimas Salinimo jrankiai

Assem3.5TL

g L B n o
shading Vert | Face None

Color Mesh | User-Def
Back-Face Single Double  Fancy Cull

apply to all visible layers

= g Cpened mnesh C A Tsers/Dzeus<Downloads
BO RENDERING szend. STL in 180 m=ec
Salection- v 0F 0 All files opened in 3793 m=ec




Meshlab — redagavimo jrankiai

@ MeshLab 2016.12 - [Project_1]
& File | Edit Filters Render View Windows Tools Help

Not editing Esc
Align

Arc3D Importer
Manipulators Tool
Measuring Tool

Raster alignment
Z-painting

PickPoints

Select Vertex Clusters
Select Vertexes on a Plane
Quality Mapper
Reference scene

Select Vertexes

Select Faces in a rectagular region
Select Connected Components in a region
Get Info

ey b BNEs H®

2016-1-RO01-KA202-024578 Co-funded by the

Erasmus+ Programme
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2016-1-RO01-KA202-024578

Meshlab — valymo ir taisymo jrankiai

Filters = Render View Windows Tools Help
i Apply fitker Cirl+P
Show current filter script
Selection r =
mmﬂw ir: Compact faces F
Create Mew Mesh Layer L Compact vertices
Remeshing, Simplification and Reconstruction ¥ Merge Close Vertices
Polygonal and Quad Mesh 2 Rernove Duplicate Faces
Color Creation and Processing 2 Remove Duplicate Vertices
Sroothing, Fairng and Deformation K Remove Faces from Mon Manifold Edges
Quality Measure and Computations 4 Remove |solated Folded Faces by Edge Flip
Mormals, Curvatures and Orientation - Remove |solated pieces (wrt Diameter)
Mech Layer r Remove Isolated pieces (wrt Face Num.) |
Raster Layer ’ Remove T-Vertices by Edge Collapse
Range Map 4 Remove T-Vertices by Edge Flip
Point Set 2 Remove Unreferenced Vertices
Sampling ’ Rermove Vertices wrt Quality
Texture * Remove Zero Area Faces
Camera 4 Select Self Intersecting Faces
Select non Manifold Edges
Select non Manifold Vertices
Simplfication: MC Edge Collapse
Snap Mismatched Borders Alt+" ¢
3 Split Vertexes Incident on Mon Manifold Faces i

Co-funded by the

Erasmus+ Programme
of the European Union




Meshlab — klaidy paieska

@ File Edit Filters  Render View Windows Tools Help :
; : Alpha Complex/Shape
P . vt k . . |_\| ﬁ E Apply filter Surface Reconstruction: Ball Pivoting Ctrl+P B Pokliss vl NG FS i B
I e S u I n e S . Show current filter script CSG Operation
d I H )4 ﬁ Selection L Close Holes
m O e YJ e e S a n C I q ;]:_:: Cleaning and Repairing L4 Conwvex Hull
kI M d t H N ; Ereate New MeshLayer N _ » Crease Marking with NonFaux Edges
a I q a I Sy m a S * Remeshing, 5im slification b Curvature flipping cptimization
F 'lt > Palygonal and Quad Mesh L4 Cut mesh along crease edges
I e rS - Color Creation and Processing L4 Delaunay Triangulation
R h 4 Smoaothing, Fairing and Deformation L Generate Scalar Harmonic Field
e m es In g/ Quality Measure and Computations L Iso Parametrization Build Atlased Mesh
S - l Ly t 4 Mormals, Curvatures and Orientation » lso Parametrization Remeshing
Imp Ifl Ca IO n Mesh Layer L4 Iso Parametrization transfer between meshes
d Raster Layer L Iso Parametrization: Main
an Range Map k Marching Cubes (AP5S)
R s Point Set r Marching Cubes (RIMLS)
econStrUCtlon -> Sampling K Mesh aging and chipping simulation
Texture L Planar flipping optimization

Surface
Recognition: Ball
Pivoting

Camera

BO_RENDERING

Points Cloud Movement

Refine User-Defined

Simplfication: MC Edge Collapse

Simplification: Clustering Decimation

Simplification: Quadric Edge Collapse Decimation

Simplification: Quadnc Edge Collapse Decimation (with texture)

Subdivision Surfaces: Butterfly Subdivision

Subdivision Surfaces; Catmull-Clark

Subdivision Surfaces: L53 Loop

Subdivision Surfaces: Loop

Subdivision Surfaces: Midpaint
Reconstruction: VCG

Surface

2016-1-RO01-KA202-024578 Co-funded by the

Erasmus+ Programme
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Meshlab — klaidy paieska

Piestukinés modelyje esanciy klaidy taisymas: Filters -> Remeshing, Simplification and
Reconstruction -> Surface Recognition: Ball Pivoting

& File Edit Filters Render View Windows Tools Help

NF#evceome= T »~ 20l /-de/N

: Surface Reconstruction: Ball Pivoting n

Given 2 point dowd with normals i reconsiructs 2 surface using the Ball Pivoting
Algorithm. 5tarting with 3 seed friangle, the BFA algonithm pivots 3 ball of the given
radius around the already formed edgesunil it fouches another poinf, forming
anather friangle. The process confinues unfi af reachable edges have been fried. This
suUrface reconstruction algonitm uses the exisfing points without creading new ones.
Works better with uniformiy sampled point douds. If needed frst perform 2 poisson
disk subsamping of the point cloud.

Bernardini F., Mitleman 7., Rushmeier A, Siva C., Taubin G.

The ball-pivoting algorithim for surface reconstruction.

TEEE TVCG 1999

worls Lt pare onfid .. 255.959)
Pivoting Ball radius (0 autoguess) (abs and %) | 75,6959 (= | |

10.000 % |

Clustering radius (%% of ball radius) |2[] |

Angle Threshold (deagrees) |9[] |

[ ] Delete intial set of faces

Default Help

Close Apply




Meshlab — klaidy paieska

& File Edit Filters FRender View Windows Tools Help

NEevcemsE=(0 » 0 = /8

Surface
Reconstruction Ball
Pivoting funkcijos
pritaikymo rezultatas.

FP&: 2222

BO _RENDERING




STL modeliy programa — 3DPrintCloud

Yra galimybé jdiegti programa MiniMagic, arba naudoti
internetine priemone 3DPrint Cloud .

* MiniMagics - www.materialise.com/en/software/minimagics
* 3DPrint Cloud - https://cloud.materialise.com/

FE MiniMagics = O h o
FET=IL reue
J L Materialise\
Analyze Repail TR l \
nfomation page. & ew Pages et
~ Y| Mvew niiceniotioowaipemes]
Visualization
j Ish dedWire

|§ Ia d Edges Visible

l |th|:lEdT angles Visile

TEas

'Ea.'ts | ‘PartInfo |

PartName | Assem3 v | Rename [| Mt

] e - L -
e Diagnostics

= —— I

i X Inv, normals |424 3‘ Your part

ML N E R e+ O

Bad Edges |0 contains errors.
IJ-;;..;;..l;;;.,;;;.l;;;..;;.l.;;;I shels ISEQ IRWW'hm“ﬂ“mm
0 1 2 3 “dm Chedk out Materialise’s full product overview
Rearw



3DPrintCloud internetiné priemoneé

* Naudojant programg MiniMagics, taisymo parinktys yra automatinés ir
jos taip pat prieinamos 3DPrintCloud. Toliau bus aprasoma internetiné
priemone.

* Norint naudoti internetine priemone, reikalinga vartotojo paskyra.

b Materialise Cloud Demo toolbox Become a partner s Tools LOGIN | WANT THE API

« = G 0 @O W @ https;//cdoud.materialise.com/#regjstration-form we @ || Q Searen L INn @ »

Login | Register

Streamline your 3D

. Start today to speed u e @
Prlntlng . y p ] ] p irst name 1
_ the journey from digital
workflow by easily i Last name
_ ) design
integrating -

to physical reality!

Materialise Cloud API

Passwaord

Repeat possword

O | have avoucher

@) By accepting this you agree to our
terms & conditions

Sign up now and you receive
your 10 uploods for FREE




3DPrintCloud — modelio taisymas

* Jkeliamas piestukinés STL modelis, matavimo vienetai
nustatomi mm.

e Tuomet vykdoma modello talsymo (Model Repair) komanda.

« - C o @OW & nitpsy/doud materialise.com/model#/con + @ T QA Sea  IND » =

Demo AlfaBeta /. N
b BUPLOADS BUY MORE X l\) Download STL
rder Print Uplood New

Your file was
converted
to STL successfully

Some errors were found in your

Downlood converted ST1
| I] [] WALL THICKNESS ANALYZER

| PARAMETER EXTRACTION
TRIANGLE REDUCTION

ﬂ HOLLOWING

2016-1-RO01-KA202-024578 Co-funded by the
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 Automatinio modelio taisymo rezultatai

b Demo AlfaBetao
8 UFLOADS BUY MORE

STL

|00

1
)

R

STL CONVERSION

MODEL REPAIR

SCALING

WALL THICKNESS ANALYZER

PARAMETER EXTRACTION

TRIANGLE REDUCTION

HOLLOWING

b' Demo AlfaBeta
BUPLOADS BUY MORE

STL

STL CONVERSION

MODEL REPAIR

SCALING

WALL THICKNESS ANALYZER

PARAMETER EXTRACTION

TRIANGLE REDUCTION

HOLLOWING

Lm O

Order Print Upload New

SCALE:
130.064 x 180.961 x 127.945 mm
178672 Triangles

3DPrintCloud — modelio taisymas

¥ Bodcontours 5

* Bad edges 15

L

Order Print

9

Upload | iew

Download STL

Your model has

..

] repaired
successfully

~ Bod contours 0

Bod edges
* Shells

0
4




3DPrintCloud — kitos galimybeés

» Kitos MinigMagics / 3DPrintCloud galimybés:
- Mastelio keitimas

- Sieneliy storio analizé

- Trikampiy sumaZinimas Parametry gavimo komanda:

_ Demo AlfaBeta L @ _
- Pa ra m et rq gaVI m a S b 8UPLOADS BUY MORE Order Print Upload New s ————

STL  STLCONVERSION SCALE:
130.064 x 180.961 x 127.945 mm

Parameter
Extraction

178672 Triangles
J MODEL REPAIR
Dimensions
130.064 x 180.961 x
127.945 mm
& stauNG
Volume

123779.548 mm3

Triangles
178672

[[[] wALLTHICKNESS ANALYZER

Surface
94177.914 mm?2

PARAMETER EXTRACTION

TRIANGLE REDUCTION

2016-1-RO01-KA202-024578 Co-funded by the
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3DPrintCloud — kitos galimybeés

Sieneliy storio analizé:

b Dtlemfl :xlfuaeta /. /m’ @ Download STL
8UPLOADS BUY MORE Order Print Uplood New

STL  STLCONVERSION SCALE:
130.06% x 180.961 x 127.945 mm

Q/ 178672 Triangles
MODEL REPAIR

& SCAUNG

[I[] WALL THICKNESS ANALYZER

a HOLLOWING

Too thin

2016-1-RO01-KA202-024578

Co-funded by the
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3DPrintCloud — praktiné uzduotis

e Praktiné uzduotis (15 minuciy)

- Naudodami tg patj modelj kaip ir ankstesnéje uzduotyje
pataisykite modelj naudodami programa MiniMagics /
3DPrint Cloud

Co-funded by the
Erasmus+ Programme
of the European Union
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Naudingos nuorodos:

Nuorodos angly kalba:

Y T h\ Darbas Netfabb programa

0“ https://www.youtube.com/watch?v=552U2
UFSSN0&list=PLavH8QWOm1IMjpC 7ZfMCd
g2uYWid5zUZ

T a Darbas MeshLab programa
You https://www.youtube.com/watch?v=SI0vJfm
j5LQ&list=PLCDOACE18D723B6C6&index=1

2016-1-RO01-KA202-024578 T Co-funded by the
S Erasmus+ Programme
gl of the European Union




3D modeliy spausdinimas
naudojant internetines paslaugas

1-&:

Co-funded by the
Erasmus+ Programme
of the European Union
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Tikslas ir mokymosi rezultatai

Modulio tikslas: Suteikti studentams Ziniy kaip naudotis
paslaugomis internete ir platformomis jkeliant
3D modelius, jvertinant kaing, uzsakant norimo
modelio gamyba.

Valandy skaicius: 3 valandos

Mokymosi rezultatai: e Zinios kaip rasti 3D spausdinimo internete
paslaugy tiekéjus.

e Zinios kaip jkelti STL modelj, pasirinkti
medZziagg, 3D spaudinio apdorojimg,
spausdintuva.

e Zinios kaip jvertinti kaina, gamybos ir
pristatymo laikg, kaip pasiekti kitg gamintojy
teikiama informacija.

2016-1-RO01-KA202-024578 Co-funded by the
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Paskaitos turinys

e 3D spausdinimo internete paslaugos:

* Faily formatai tinkami 3D spausdinimo paslaugy
internete tiekéjams.

* Darbo eiga naudojant 3D spausdinimo internete
paslaugas.

3D spausdinimas naudojant platformas: 3DHubs,
Sculpteo, Shapeways, i.Materialise, Ponoko

Pastabos:

Mokymo medziagoje interneto puslapiy paveiksléliai kurti naudojant Mozilla Firefox
narsykle.

Mokymo medziagoje naudoti internetiniy portaly langai laikui bégant gali keistis.

2016-1-RO01-KA202-024578 e Co-funded by the

Erasmus+ Programme
of the European Union




3D spausdinimo
paslaugos internete

2016-1-RO01-KA202-024578




3D spausdinimo internete paslaugos tiekejai

Keletas 3D spausdinimo internete paslaugy tiekéjy:

apdorojimas
www.3dhubs.com B2C, B2B FDM, SLS, Sla, Polyjet, Termoplastikas, dervos, metalai,
m popierius

Shapeways www.shapeways.com B2C, B2B SLS, FDM Termoplastikas, metalai

“ www.sculpteo.com B2C, B2B FDM, SL, SLS, SLM, Termoplastikas, dervos, metalai
CLIP, Polyjet, DMLS
WRELCREIHENY  https://i.materialise.co B2C, B2B FDM, SLS, SL, Ceramic  Termoplastikas, metalai, keramika,
m/ Jet, DMLS, Polyjet dervos
www.ponoko.com B2C, B2B FDM, SLS, Polyjet Termoplastikas, metalai
www.protolabs.com B2B FDM, SL, SLS, DMLS Termoplastikas, nailonas, metalai
www.stratasysdirect.co B2B FDM, SLS, Polyjet, Termoplastikas, metalai, akrilas
Direct m DMLS, LS

http://www.quickparts. B2B FDM, SL, SLS, Polyjet, Termoplastikas, dervos, metalai,
3dsystems.com/solutio DMLS nailonas
ns

S
BuildParts www.buildparts.com B2C, B2B FDM, Polyjet, SLA, SLS, Termoplastikas, dervos, metalai
CLIP

Make XYZ www.makexyz.com/ B2C, B2B FDM, SL Termoplastikas, dervos, nailonas
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Faily formatai

Faily formatai, kuriuos priima 3D spausdinimo paslaugy tiekéjai
(pavyzdziai):

* 3DHubs: STL, OB)

* Shapeways: STL, OBJ, X3D, DAE, VRML

« Sculpteo: STL, OBJ, SKP, OFF, PLY, KMZ, 3DS, AC3D, IPT, DAE, MD2/MD3,
Q30, COB, DXF, LWO, IGES, STP, VRML, SCAD, ZIP, RAR, TGZ, CARPART,
CATPRODUCT, CGR, SLDPRT, SLDASM, IGES, IGS, SAT, 3DM, 3MF, PRC,
U3D, X T

* i.materialise: STL, OBJ, WRL, SKP, DAE, 3MF, 3DS, IGS, MODEL, 3DM,
FBX, PLY, MAGICS, MGX, X3D, STP, STEP, PRT, MATPART

* Ponoko: STL, DAE, VRML
* Make XYZ: STL, OBJ, ZIP, STEP, STP, IGES, IGS, 3DS, WRL

2016-1-RO01-KA202-024578
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Darbo eiga

Darbo eiga 3D spausdinimo internete platformose:
1. Atverti 3D spausdinimo tiekéjo svetaine

2. Jkelti modelj (paruosta vienu is tinkamy faily formaty, dazniausiai
STL).

3. Pasirinkti 3D spausdinimo technologijg ir (arba) medziags.

4. Apsispesti ar 3D spausdinamo modelio pasiulyta kaina ir pristatymo
laikas / salygos tinka.

2016-1-RO01-KA202-024578
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3D spausdinimo internete
paslaugy tiekeéjy pavyzdziai
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3D Hubs
* Vienija tukstancius 3D spausdintuvy savininky iS viso pasaulio

* Teikia pasiulymus renkantis spausdinimo medziaga,
atsizvelgiant j kaing, pavirsiaus kokybe, funkcionaluma.

. ) HUE 30 Print Leam « Sign Up Log in m

Where 3D prints are made

Find the right 3D printing service for your next project
Browse 3D printing services See how it works

758,230 48 hours 6,896 *hkhkhk 48

parts printed avg. turnaround time based on 103,907 reviews

2016-1-RO01-KA202-024578 e Co-funded by the
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3DHubs: darbo eiga

. 3D HUBS

Upload your 3D Design

In STL or .OBJ format

@ Upload your parts

~ File uploader

A Select a ma:

2016-1-RO01-KA202-024578

3D Print ~ Loam -

Choose a Material

That is best sulted for your application

How it works «

O File units  mm

@ Select a material

Prototyping Plastic 20

Fast and affordable parts

o

Dimensional accuracy 1% (lower limit: “0.5mm)
Miriir mm
Supports rege Yes

+ Most affordable 3D printing solution
= Limited dimensional accuracy for small parts
— Print layers likely visible on surface

Sign Up

i

Choose a 3D Printing Service

Compare on price, speed and quality

Advanced search:

High Detail Resin 13

Smooth surface finish and fine detall

4 =K

10.5% (lower limit: “015mm)
etall ~0.5mm
Sur require Yes

Dimensional accuracy

Min

+ Smooth surface finish
-+ Fine feature details
— Brittle, not suitable for mechanical parts

e.g. SLS, Accura 25 or PolyJet

SLS Nylon E8

Strong and functional parts

e

Dimensional accuracy +0.3% (lower limit: “0.3mm)
Minimum detall  ™0.8mm
Supports required No

+ Functional. good mechanical properties
4+ Large build volume
— Longer lead times

Co-funded by the
Erasmus+ Programme
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3DHubs: STL failo jkélimas

e Kaip pavyzdys jkeltas STL modelis ir pasirinkta SLS technologija
ir Nylon medziaga

3D HUBS Services Resources How it works Sign Up Login

[

2 Upload your parts

1 file uploaded
3 Select a material

demo-modelis.stl I Search materials: | €.g. SLS, Accura 25 or Polyjet
1301 x 181.0 x 127.9 mm Change 1 -

Printability: @ FOMReview | | @! 5. pasic  Metal

PRt T e e e e e e e e Material
! OPLA O High Detail Resin
| { O ABS O PETG
' a
: ® Nylon O TPU (Flexible) SLS Nylon
y O ASA O PEI (ULTEM) SLS nylon is a strong, durable plastic with good
: chemical resistance and high flexibility. The
i O Stainless Steel O Aluminum excellent mechanical properties of SLS nylon
i make it the best choice for functional parts, like
O Titanium

brackets, or as a substitute for injection moulding
plastics. Parts are printed with a slightly grainy

Advanced Options > surface.

Select and continue



3DHubs: tiekéjai ir terminai

* Pateikiamas 3D spausdinimo paslaugy tiekéjy sarasas. Jie gali
buti rusiuojami pagal tiekéjo vietove, kaing ir t.t.

* Taip pat nurodomas pagaminimo terminas (uzsakymas
pateiktas gruodzio pabaigoje).

4 Select a 3D printing service for Nylon

1 service available Sortby: Recommended Closest
Distance e
Any m mies
FF3DM's Hub Available materials
P PA12 from $164.26 USD
Get it by .8 273)
BA 2200 HemETAEE USh Your order request
®Fri, 5 January © Responds in 33m on average See all materials, colors and layer heights
O Meon, 8 January @ Hangzhou Shi, CN (76816 km away)
il Registered business y
January 5, 2018 b MNies D miooling it Sxseniig @ 1x demo-modelis.stl
Deltoary me 3 Delivered to you o i =
 Shipping 35 January Select service Material Resin
[ Pickup
Services D »
; Total @
[ Invoicing
13D modeling
[13D scanning
Printers @ « Ready by 2 January
e.g. EOS, Uttimaker = + 3D Hubs Buyer protection §§
Favorit + Only pay when your order is accepted

[ Favorite services



3DHubs: rekomendacijos

 Rekomendacijos renkantis medziaga — vartotojas turéty
atsakyti j keletg klausimy renkantis medziagg (metalg ar
plastikg, medziagos savybes ir tiksluma).

* Keletas zingsniy parodyta zemiau paveiksléliuose:

i \'mlookingtoprmtin:*

Metal

— e ]
[Fev8] Plastic |
) Teee |

c+ What are the accuracy reguirements of your u:i-?sigru?*

Low: Basic it chech. Mo (relevant] festy aite balowy Lonm (4

" M!ﬂ' OO0 ACCUrEc "._. ararces of
What material do you need? (beta) s
High: Toterance <0 3mm. Likethe resl part: Extreme fine getails, Exnibition qualit
Use this wizard to find the right 3D print material for vour application. .
On average the wizard takes 57s to complete.
e

= We recommend SLS Nylon (5L5)
press ENTER =
m It's the perfect all-rounder: easy design rules, strong and slightly

£ perfect all-rounder: &
flexible. Nylon allows for functional end products and complex
designs. Can be polished for a completely smooth finish

m e

Co-funded by the
Erasmus+ Programme
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Shapeways

Shapeways Upload Your 3D Design X

* Reikalinga sukurti vartotojo paskyra | o
ol Lo e, oy

e Siulo 3D spausdinimo paslaugas, o
taip pat STL modeliy biblioteka

shapeways’ Markeiplace: My Workshop f Model Units: milllmeters inches meters
Category: Calact Cate
& 28iect Lateqo b
. ° -
Bring your ideas to life
From prototyping to finished product, the best tools to 3D print your ideas
Get started here SUppOI’tEd 3D fi|ES
Maximum file 64 MB or 1 million polygons
size:
Filetypes: DAE, OBJ, STL, X3D, X3DB, X3DV, WRL
Ready to print your 3D model?
For color 3D DAE, WRL, X3D, X3DB, X3DV
prints: Textures files: GIF, JPG, PNG

Upload as ZIP containing model file and

textures

2016-1-RO01-KA202-024578 i Co-funded by the
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Shapeways: STL failo jkelimas

Pries jkeliant modelj, reikia patikrinti ar néra klaidy.

» Jkélus modelj, pateikiama informacija apie dydj, turj ir
pavirsiaus plotg. Taip pat galima vizuali 3D modelio perzitra
(priartinimo ir pasukimo funkcijos).

. Marketplace My Waorkshop = L}
i E=-]
- H 3 SELL THIS
- demo-modelis - B o
Madels FIL
]E: Open A Shop demo-modelis.stl 4 UPRATE
H“ Creator Apps SIZE (cm) \ \ \
9.104 12.668 8.956 RESIZE [ .
ATEGORY &
OMNgr.... v

Show All Materials




Shapeways: medziagos pasirinkimas

e Kiti zingniai: pasirenkama spausdinimo medziaga ir nustatoma

spausdinimo kryptis.

* Medziagos: stiprus ir lankstus plastikai, metalai, plienas ir t.t.

Shaw All Materials | Strong & Flexible Plastic | Metallic Plasti

Draciou eta 1ol WEY Porcelair Auminum High Definition Acrylate
Strong & Flexible Plastic
OVERVIEW CHARACTERISTICS

This nylon plastic is our most versatile material = Strong and durable
suggested for both functional and decorative * Supports complex geometry
products.

Mataral Finish Auto Checks Manual Checks Success Rate

White Polished

COMMON USES

* Phone cases
= RC car chassis
« Jewelry

Frice

560.06

$64.06

$62.06

Gty

TECHNOLOGY

Selective Laser
Sintering

ADD TO CART

ADD TO CART

ADD TO CART



Shapeways: spausdinimo kryptis

Spausdinimo krypties
nustatymas Shapeways
platformoje atliekamas
rodyklémis lango
apatiniame kampe. Taip pat
yra priartinimo galimybé.

Set Your Desired 3D Printing Orientation

Use the arrows to set a 3D printing orientation for your model. If you're
unsure, it's best to leave this to our 3D printing engineers.

This 3D viewer visualizes the stepping (layers) that may be visible on your

print’s surface. Stepping is less noticeable on Polished Strong & Flexible
finishes.

Top

Bottom



Sculpteo

Sculpteo

* Reikalinga sukurti vartotojo
paskyrg

2016-1-RO01-KA202-024578

Login

2. email address or username

8 password B

Forgot your password?

Don't have an account? Register now

Or

‘ G Connect with Google ‘

‘ n Connect with Facebook ‘

If you hawve any trouble logging in to your account, contact us.

Co-funded by the
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Sculpteo: STL failo jkelimas

 STL modelio jkélimas ir atvaizdavimas.

= /& sculpteo

File Upload

= & sculpteo

We accept over 30 different file types. For best results, we suggest
.0BJ format.

Explode

visibility Unit:

Your design demo-modelis contains 4 parts
Please tell us if these parts are a single object. or a multi-piece set. This

helps us offer appropriate materials and choose the right production
[T] Let people with a link order a copy of this design method for your design.
Choosing the right production method helps us avoid cancellations
and frustration.
Add more des

Single object @

Design name File status C)‘ __D

i The 4 parts are a single,
demo-modelis.stl Loaded inseparable object.
100.0%

" It must be 3D printed in
z single run.

LA AN ' Multi-piece set ()

3 ’ QOQC
‘—-r__::_//( Design can be 3D printed in

separate pieces.
N




Sculpteo: medziagos pasirinkimas

e Pasirinkus 3D spausdinimo medziagg ir apdorojimg, informacija
apie kaing ir pristatymo laika pateikiama is karto.

Process Description \/ @ per item, ships on Jan. 10, 2018

SLS (Plastic

Material
Multijet Fusion (Plastic) D Mylon PA12 (Black)
|
Nglyjet (Resin)
Finish
CLIP {Resin)
Raw Polished Dyed with Color touch
Colorjet (Multicolor)
Dyed with Color resist
Laser Melting (Metal)
Casting (Metal) Colors

i Black
Binder |etting (Metal) IEI

2016-1-RO01-KA202-024578 Co-funded by the
Erasmus+ Programme
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Sculpteo: modelio apzitra

piestukine = demo.alfabeta

Galimybe

apfll_,lretl ir m Dashboard
patlkrl.ntl QMaterials Help
modelio

uip”dqu ir | (&) Part Orientatian
sieny storj.

| 2cm 1

I 1“_'

1

Too thin Looks good
= =

[(Backto dashboard | | Reset 0.6mm




Sculpteo: dosje

* Sculpteo turi galimybe pateikti 3D spausdinimo dosje su visa
informacija ir atliktais patikrinimais.

i~ SCUlptEO iprint S sculpteo

L.l

Solidity Check

Here's your full, free analysis of "piestukine”, as of De:
created using Sculpteo's in-house technologies. You ci
the details of your 3D print offfine and in your own fime.
piestukine
1 unif, £8.60 ( Includes sales taxes )

Material pa_12_black

Finish raw

Scale 34 x29.3 =252 mm

Back Left Botto
Solidity Check (Page 3)
Different materials have different physical characteristics, netably fragility. Ve
your design may be fragile or even unprintable. This can cause frustration, de
damaged items.
To help avoid this, our Solidity Check illustrates the areas of your design tha
and in this material, would fikely break or be too thin to safely print
See your design from multiple angles and verify its sofidity at a glance.
Blueprints (Page 4) .
Some 3D file formats don't include information on the units or absolute scale. |20 110 s oo o
sat the units and scale at any time on the 30 print page, it's always helpful to i - S
illustration of your design.
Just print this document at actual size and you'll have 1:1 scale blueprinis of § Solidity Check provides a heatmap of fragile areas (marked red) in your design. Despite these automatic checks,
confirmation and validation. all designs go through a suppiementary manual check, just to be sure.

Heed help? Check out our design quidedings.




i.Materialise

 j.Materialise

2
SIGN IN \.L.I

DESIGN BUY SELL LEARN INSPIRE UPLOAD 3D MODEL

@uality. Great Price.

Introducing Standard Resin

LEARN MORE

This website uses cookies to ensure you get the best experience on our website. By using our services, you agree to our use of cookies.
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i.Materialise

» Jkelti modelj, pasirinkti medziagg, spalva, uzbaigima ir kiek;.
* Kaina pateikiama is karto.

Upload 3D Model

Materia

olyamide

Colors and Finishes

Dyed yellow

Scale

ADD TO CART
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BuildParts

BuildParts

* Reikalinga sukurti vartotojo paskyra.

B47.659.1000 Online Quote File Specs Submit File '

@ BUILDPARTS

CIDEAS

Processes Materials Idea Center About Us Contact Us

o AN

o SUBMITFILE

Cas

Submit File(s) up to 30mb (Zip or WinRAR accepted): quote@buildparts.com

Enter True-Quote for an instant online quote of your STL file(s). This system also allows you to submit larger STL or other CAD file formats
for a manual quote request. Please note: For existing users, you will need to re-create your older account in order to access this new
system.



BuildParts: STL failo jkélimas

* True-Quote funkcija BuildParts platformoje

cideas True-Quote” "

buildg

Sccount

Please choose one of the following:

AUTO QUOTE STL FILES MANUAL QUOTE

Click below to access CIDEAS True- Click below to SECURELY upload your
Quote. files for a manual quotation. @
True-Ouote accepts STL files under 25mb CIDEAS accepts most major file @
e each. For larger files (or CAD files of other formats, but we prefer; STL, IGES,
types) use our Manual Quote Request aption Step, SAT or Parasolid.
\ / located to the right.
mmwmmmm The manual upload tool accepts
Note: True-Ouote uses pop-ups so be individual files up to 150mb.
sure fo add a pop-up exception for
e [11jeglole. builtparts.com before you You should receive a guate within a

proceed. CIDEAS recommends Chrome

for the smoothest operation, =

Request Manual Quote

g

Enter True-Quote

N " For questions or comments Contact a project manager: 847 639-1000 @ I

* Zingsniai: jkelti modelj, pasirinkti medZiaga ir apdorojima;
pasirinkti spausdinimo kryptj, rezoliucijg, uzbaigimga ir kiek;j.

Beqgin

PROPERTIES OF FILE IN VIEWER

Build Process and Material

Polydet

PROCESS I MATERI

ABS M100

ABS M320

ABS M30i

ABS P400

ABS P500

NYLON 12

ULTEM 1010

ULTEM 9085

- A W



BuildParts: modelio kryptis

* Jkelto modelio krypties nustatymas — rankinis.

- ¥ h‘t!—t‘ }r){.ﬁ’ STL DRAWINGS - VIRTUAL BUILD QUOTE YOUR PAJ{’T b= PMLE }L'r‘!h‘i‘
C 'deas True 'QUOte Fatent-Pending Virtual-Build True-Cuote™ Technology you il have |
buildparts.com

PROPERTIES OF FILE IN VIEWER

30 BUILD ORDERS HERE

Piestukine st
Size: 49 kb.
Raw Extents: X=145.00 Y=125.00 Z=120.00

Standard 010 s

Large Part .01

BUIld Proc and Material

High Res 007

Units of Measure

Bulld Orientation

UNITS OF MEASURE OF FILE IN VIEWER

p— Support Removed

Bounding Box: ¥=5.71in. Y=4.92in. Z=4.72In,

Primed/Painted A Side

PROCESS / MATERIAL / RESOLUTION ! FINISHING

PrimediPainted A and B Side

FoM ) ) Zero XYZ
ABS M100 Natural (color shown is approximate) Color Match Paint A Side
Standard .010 slice

; Animation
STD:Support Removed

Color Match Paint A and B Side

Chemically Sealed

Qty.

Support
Other See Comments Show Hide
A
H
y i
Build Scale % .
1

100




®

PROPERTIES OF FILE IN VIEWER

Piestukine st
Size: 49 kb.

Raw Extents: X=145.00 Y=125.00 Z=120.00

BUIld Prot nd Material

Bulld Orientation Fimish Cevel

UNITS OF MEASURE OF FILE IN VIEWER

ou

Millimeters
Bounding Box: ¥=5.71in. Y=4.92in. Z=4.72In,

PROCESS / MATERIAL / RESOLUTION ! FINISHING

FCM

ABS M100 Natural (color shown is approximate)
Standard .010 slice:

STD:Support Removed

=

e i

BuildParts: kaina

* Sugeneruojama modelio kaina.

cideas True-Qug —

File Masrne & Part Exlents

Welcome

QUOTATION
B - I p—

Created: Apr 11 207 4-32am C3T

— e
o

Procesd & Hesolithon Material & Feowih

e
L L
[ il

LIKIT PRICE EXT. PRICE

e

| FoM ABS W00

Saandand (10 show Nahnl

HTD Bipun Rinevmd

Print Dovenload POF Errasl POF

§71 29 &7128

QUOTE TOTAL sT128 :

"Enckaliss Tai |
" Entludes Sheyang




Praktiné uzduotis

- Atsisiysti STL failg iS saugyklos internete.

- Pasirinkti bent du 3D spausdinimo internetu tiekéjus ir jkelti
savo model,.

- Pasirinkti medziagg ir/ar apdorojimg ir palyginti tiekéjy kainas.

2016-1-RO01-KA202-024578 T Co-funded by the
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3D spausdinimas naudojant ekonomiskas
spausdinimo medziagas
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Tikslas ir mokymosi rezultatai

Modulio tikslas: Suteikti studentams Ziniy kaip nustatyti
spausdinamo objekto kryptj, apdorojimo
parametrus ir atspausdinti objektg su
ekonominiu 3D spausdintuvu. Taip pat suteikti
Ziniy apie 3D spausdintuvy programine jranga.

Valandy skaicius: 4 valandos

Mokymosi rezultatai: e Zinios kaip importuoti STL failg j 3D
spausdintuvo programga, keisti objekto dyd; ir
ji pozicionuoti, nustatyti spausdinimo
parametrus, supjaustyti model;.

e Zinios apie 3D spausdintuvu atspausdinto
objekto apdorojimo veiksmus.

2016-1-RO01-KA202-024578 Co-funded by the

Erasmus+ Programme
of the European Union




Paskaitos turinys

* 3D objekto spausdinimas naudojant Z-suite - Zortrax 3D
spausdintuvui

* 3D objekto spausdinimas naudojant Cura - Ultimaker
spausdintuvui

* 3D objekto spausdinimas naudojant Slic3r programine
jrangg RepRap 3D spausdintuvams

* 3D objekto spausdinimas naudojant ReplicatorG - RepRap
3D spausdintuvams, Makerbot Replicator, Thing-O-Matic

2016-1-RO01-KA202-024578 T Co-funded by the
S Erasmus+ Programme
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3D objekto spausdinimas
naudojant Z-suite - Zortrax 3D
spausdintuvui
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/-suite PJ: darbo eiga

Z-Suite programiné jranga Zortrax 3D spausdintuvams

* Virtualus 3D modelis kuriamas arba atsisiun€iamas is saugykly STL
formatu.

* Jei objektas modeliuojamas naudojant 3D CAD programine jrangg,
iSsaugokite jj kaip STL faila.

* Patikrinkite ir esant poreikiui, pataisykite STL failg Netfabb programoje.

3D CAD modeliavimas o
i ——— -5 x Netfabb STL analizé

d‘.@ﬂ ﬂﬂlﬂfﬂ“lﬂﬂ 290800 L2 @ +a-=v




STL failo atidarymas ir valdymas

Atidarykite STL failg Z-
suite programinéje
jrangoje failg
nuvelkant j programg
(drag-and-drop) arba
pasirenkant funkcijg
Add Object (+
piktograma).

Vaizdui valdyti gali but
naudojama pelé:
kairysis pelés klavisas
— pasukti, antrasis
pelés klavisas (ratukas
— priartinti, desSinysis
pelés klavisas —
pastumti vaizdg).

2016-1-RO01-KA202-024578

3D printing/

parameters

B z-5uite v15.0.1

Z-SUITE MODEL LIBRARY

Addingone
or more

objects —@

Remove > W Add Object i

model

Model o
visualization WO rkl ng
A envelope

Rotate ——— ®)
Move 5 &
Resize —m— &

AutoArrange ——= &

Split ——> 3¢

SAVE PROJECT

Model size information

Co-funded by the
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Modelio talpinimas darbinéje erdveje

* Objekta patalpinkite darbinés erdveés ribose, laikydamiesi
tokiy kriterijy:
* sumazinkite pagalbiniy strukttry turj,
e iSdesykite tuscias ertmes isSilgai asies spausdinimo krytimi,
* iSdéstykite svarbius pavirSius vertikalioje ar horizantalioje
padétyje ir pan.
* Pasukimas galimas aplink x, vy, ir z asis.

* Objektas pazymimas su pele uzvedus ant objekto pavirsSiaus

ir paspaudus desinjjj pelés klavisa.

2016-1-RO01-KA202-024578
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Krypties keitimas

- erasmussti - Z-Suite v1.5.0.1

Z-SUITE MODEL  LIBRARY
Z-SUITE
ROTATE 7
MODEL ROTATE L5 + o[ - KryptIS 2
o i
@
o ([
E "I.. —
a1 :
=y L]
@
P 1 ResetAll
i :
- o - Objektas pasuktas 270° aplink y a3j
& Kryptis 1



Perkelimas ir dydzio keitimas

Objektas gali buti

perkeltas ant i —
platformosar - e

platformos viduje +

naudojant Move ’

Mygtuka. 5

3

Objekto dydj galima
keisti naudojant Resize
mygtuka, o po to °
jrasant konkrecias x, y,* Scaling
Ir z asiy vertes. " uhisE

Scaled
object

e

Object new

dimensions
LT Q 139 343 e TR BE4 T |
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Objekto padalinimas

* Objektas gali buti padalintas naudojant Split mygtuka.

- erasmus.stl - Z-Suite v1.5.0.1

Z-SUITE MODEL UBRARY

SPLT Padalinti X aSies plokStumoje

<[ e5.2e8 & /

. v- oo ' Dalinimo plokstuma

SPLIT
SPLITALL

Du objektai

EXPORT

- Kiekvienas padalintas objektas gali buti eksportuojamas.

2016-1-RO01-KA202-024578
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Print nustatymu langas

Paspaudus Print
galima keisti
spausdinimo
parametrus:
medziagy,
sluoksnio storj,
uzpildg,
pavirSiaus
sluoksnius,
atramos kampo
pozicijg, greitj ir
pan.

2016-1-RO01-KA202-024578

+ B

D 7

SAVE PROJECT

PRINT SETTINGS 7

OFILE E HMNESS E E
ULTRA mm BCTT
SPEED « NORMAL HIGH SEAM « NORMAL RANDOM
NFIL

_____/-é ¥ SHELL BOTT
LL SOLID MEDIUM UG MESH SHELL
------- SETS
ANGLE: | 20* SUPPORT LITE OUTER CONTOURS. 000 HOLES 0.00
PRINT COOLING SMART BRIDGES
FAN SPEED < AUTO o ENABLE

NORMAL SETTINGS RESET SETTINGS

Co-funded by the
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Print nustatymy langas

* Kiekvienai medziagai galimi skirtingi sluoksniy storiai.

* Prepare to print pasirinkimas skirtas pradéti sluoksniavimo
procesg pagal nustatytus parametrus. Sugeneruojamas
spausdinamo purkstuky kelias pagrindinei ir pagalbinei
medziagai. Z-Suite programinéje jrangoje spausdinimo
medziaga vaizduojama mélyna spalva, o pagalbiné medziaga
— pilka spalva. Kiekvienas sluoksnis gali buti atvaizduotas
naudojant Pause parinktj jrankiuose Tools.

* Pateikiama informacija apie numatomg spausdinimo laika ir
spausdinimo medziagos sgnaudas (metrai ir gramai).

ﬂ erasmus.stl - Z-Suite v1.5.0.1

Z-SUITE PRINT SETTINGS  ?

+ PROFILE: LAYER THICKNESS:

o ZULTRAT 0.0 mm
. .

0.08 mm
0.14 mm
0.18 mm

2016-1-RO01-KA202-024578
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Kiekvieno sluoksnio vizualizacija

Kiekvieno sluoksnio vizualizacija

. erasmusst] - Z-Suite v1.5.0.1 - . 5
Z-SUITE == P 7 [
Kiekvieno Atramos
= PAUSE r .
: . / sluoksnio pagrindas sowesenmy ZOTHTAX
0 . . ..
| —— vizualizacija
INSERT
(=
an * Remove Al
[:j Pause I

Atramio
pagrindo bazé

=

Numatomas spausdinimo laikas ir
spausdinimo medziagos sgnaudos

2016-1-RO01-KA202-024578 Co-funded by the
Erasmus+ Programme

of the European Union




3D objekto spausdinimas naudojant
Cura - Ultimaker spausdintuvui

2016-1-RO01-KA202-024578 e Co-funded by the




| failo atverimas

Cura programiné jranga Ultimaker 3D spausdintuvams

e Atvérus STL failg, modelis patalpinamas spausdinimo
platformos viduryije. Jis sluoksniuojamas is karto, kai
jkeliamas ir parodoma informacija apie spausdinimo laikg ir
spausdinimo medziagos sgnaudas.

Fie Edit View Settings Extension: Preferesces Help

2 J
B ke
Ultlmaker '{E.elf FER m-‘p’?‘_".‘.g;.)w prints? fizad the

Save to File

2016-1-RO01-KA202-024578
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Veiksmai su objektu

* Objekta galima perkelti naudojant kairjjj pelés klavisg,
pasukti - desinjjj pelés klavisg, priartinti ir pastumti - antrajj
pelés klavisa (arba ratuka). Siems veiksmams atlikti taip pat
gali buti naudojami mygtukai.

B cura

tle Edit View Semings Ewtensions freferences Help

M rinter; Ultimaker 3
ove : L, :
Object coordinates TS ¢ 7 core 2
Sca Ie on p]atform Print core & Material: AADS - PLA
Rotate Profil Normal Quality *
M ]TTO i Print Setup m Custom
Set‘ti n gs ! infill: | . o

Model ——> [0
F Helper Parts: { = | Print Build Plate Adhesion
view i Sold
xRy Pring SuppoTt using PLA (., v
Layers

Need helpimproving your prints? Read the Ulirmager
Tt publeshooting Guite:

Information about

cura. object

Save to File




Sluoksniy vizualizacija

G Cura

File Edit View Settings Extensions Preferences Help

G Cura

File Edit View Settings Extensions Preferences Help

CurA. G &




Apdorojimo proceso nustatymai

B
1L

4 5 - Pri ] Uiti . w
Printer: l Ultimaker 3 V-}% 3D printertype i [ Uimalver '
TN TR = e
B PLA (Print core 1) O PLA (Print core 2) H Material Print core & Material:  |[AAOA  ~ | [PLA |

Print core & Material: ‘ AA 0.4 v ‘ | PLA v ‘ Profile: | Normal Qualii oo
Mylon
ile: . = PLA
Profile: [ Normal Quality - 0.1 * v ‘ Prne Satun [ Recommendii PVA
’ ABS v | Uitimaker i
Infill: e . _
anage Materials...
Print Setup Recommended ‘ hysan. 2 R
Hollow PLA ¢ Dense Solid
’ Helper Parts: Ffl Priﬂlwn‘:':ml;'ndhesiﬂﬁ
Infill: -
b‘.’.‘ | Print support using PLA (... ~ |
XX
Hollow Ligh Dense Solid
B Recommended
Helper Parts: v | Print Build Plate Adhesjon settings

I Print support using PLA (... v

Hollow — no infill
Light — 20% infill
Dense — 50% infill
Solid — 100% infill

2016-1-RO01-KA202-024578 Co-funded by the
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3D spausdintuvo nustaty

Printer: | Ultimaker 3 v

__i] PLA (Print core 1)

Printcare & Material: | AAO.4 v | | ABS v

Profile: Nermal Quallity * v |

Print Setup Recommended _

= Quality v
Layer Height &0 mim |

11 Shell v
Wall Thickness £113
Top/Bottemn Thickness i1z mm

P4 Infill iv
Infill Density |20 % |

|1l material Oiv
Printing Temperature i|230 C
Build Plate Temperature & | 80 C
Diameter 2.85 mim
Flow 100 5
Enable Ratraction W

(*) Speed [

4% Cooling i<

&' Support i

< Build Plate Adhesion <

Ready to Save to File

Save to File

2016-1-RO01-KA202-024578

Printer: Ultimaker 3 v |
LYY = o) |
Print core & Material: | AAD4 ¥ | | ABS ~ |

Profile: Normal Quality * o~ |

Print Setup

Print Speed P 55 T
Travel Speed :_2_5‘0 Mim/s
Print Acceleration | 4000 mim/s? ‘
Travel Acceleration EI.SIZ)E)'IJ ]
Print Jerk E;SF
Travel Jerk 31]

4% Cooling i
Enable Print Cooling r:

& Support . i~
Enabie Support

Support Extruder
Suppaort Placement
** Build Plate Adhesion

Build Plate Adhesion Type &* i.Brim |

Build Plate Adhesion Extruder & |EPLA (Print c... V_i

Brim Width L ] |7 r1'|rnl|
/K Dual Extrusion <
Ready to Save to File

Save to File

% Build Plate Adhesion
Build Plate Adhesion Type
Build Plate Adhesion Extruder
Brim Width

Ik Dual Extrusion
Enable Prime Tower
Prime Tower Size
Prime Tower X Position
Prime Tower Y Position

% special Modes

Ready to Save to File

w

& | Brim =
& [BPLAPrintc.. v |
filr mim |
5 |

Gceode file
generation

Save to File

3 Freterences %
S Setting Visibility

[] Check al

Profies ~ [=]Prme Tower ¥ Poston
[CTPrime Tower Fow
[1Wipe Nozz on Prime Tewer
[T iDual Extrusion Overlap
[l Enable Ooze Shiekd

i []0oze Shield Angle
i [10aze Shiekl Distance
= 1. Mesh Fixes
[Cunion Overlapping Volumes:
[[IRemave Al Holes
[Tl Extenswe Steching
[Jkeep Disconnected Faces
« 1 Special Modes
1 2Pz Sequence
[Z] infd Mesh
[l Infil Mesh Onder
[ 5urface Mode
[ Sprakze Outer Contous

Defauis
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Gcode failo pavyzdys

F | e |
| UM3_erasmus.gcode - Notepad = O * | UM3_erasmus.gcode - Notepad — O % 5
File Edit Format View Help File Edit Format View Help E
; START OF HEADER ~ Gl X43.202 Y65.811 E13.57466 ~
;HEADER VERSION:@.1 G1 X43.615 Y65.222 E13.58532

;FLAVOR:Griffin Gl X44.0891 Y64.683 E13.59597

3GENERATOR.NAME:Cura_Steamkngine Gl X44.623 Y64.199 E13.60662

;GENERATOR.VERSION:2.3.1 G1 X45.206 Y63.778 E13.61728

;GENERATOR.BUILD DATE:2016-11-04 G1 X45.833 Y63.424 E13.62794

3 TARGET MACHINE.MNAME:Ultimaker 3 M2@4 5625

;EXTRUDER _TRAIN.@.INITIAL TEMPERATURE:200 M2@5 X6

;EXTRUDER TRAIN.®.MATERIAL.VOLUME USED:77341 G@ F4285.7 X46.161 Y63.655

; EXTRUDER_TRAIN.®.MATERIAL.GUID:5@6c9fed-e3aa-4bda-b2d2-23e2 M2@4 5500

;EXTRUDER_TRAIN.®.NOZZLE.DIAMETER:@.4 M2@5 X5

;BUILD_PLATE.INITIAL_TEMPERATURE:g8@ Gl F1200 X46.813 Y63.401 E13.63831

sPRINT.TIME:63254 G1 XA7.49 Y63.224 E13.64867

sPRINT.SIZE.MIN.X:0 G1 X48.183 Y63.125 E13.65904

G1 X48.702 Y63.1032 El13.66674
Gl X79.911 ¥Y63.1e3 E14.12985
G1 X80.61 Y63.143 E14.,13942
G1 X81.299 ¥63.262 E14.14978
G1 X81.97 ¥63.46 El4.16014
G1 X82.615 Y63.732 E14.17@51
Gl X83.143 Y64.03 E14.17949
G1 X83.173 Yoe4d.004 E14.18008
G1 X83.751 Y63.609 El14.1945

3PRINT.SIZE.MIN.Y:©
3PRINT.SIZE.MIN.Z:©
3PRINT.SIZE.MAX.X: 215
sPRINT.SIZE.MAX.Y: 215
3PRINT.SIZE.MAX.Z:20@

;END_OF_HEADER

;Generated with Cura_SteamEngine 2.3.1

TO

G9? E0 G1 X84.37 ¥63.283 E14.20081
G1 X85.022 ¥63.03 E14.21117

M109 S200 G1 X85.699 ¥Y62.852 E14.22154

Go F150008 X181 Y2.1 72 Gl X86.392 Y62.753 E14.23191

G280 Gl X86.911 Y62.731 E14.23961

G1 X91.956 Y62.731 E14.31434
G1 X92.655 ¥62.771 E14.32471

G1 F15ee E-6.5

;LAYER COUNT:498
Viiwnsy G1 X93.344 Y62.89 E14.33507
! Qi@? ' Gl X93,388 Y62.903 E14.33575
S G1 X154.194 ¥62.903 E15.23649
ot X G1 X154.893 Y62.943 E15.24686
1 7 G1 X155.582 Y63.062 E15.25721
G1 X156.253 Y63.26 E15.26758
GO F4285.7 X45.502 Y63.2 72.27
S36d Siae G1 X156.898 Y63.532 E15.27795 5
L
< >
< >




3D objekto spausdinimas naudojant
Slic3r - RepRap 3D spausdintuvams
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STL failo atvérimas

Slic3r programiné jranga RepRap 3D spausdintuvams
* Atverkite STL failg naudojant Add mygtuka.

* Vaizdo valdymas:
*  Kairysis pelés klaviSas — pasukti (jei objektas nepazymétas, jei pazymeétas - perkelti)
* Antrasis pelés klavisas (ratukas) — priartinti
* DeSinysis pelés klavisas — pastumti (jei objektas nepazymétas)

Open STL file Rotate object (45deg) - 8

[ Ddee X Odoedd | dmnpe (O 9 & 00 i Sl G ) g

Scale object
Increase/decrease

copies

Object information

2016-1-RO01-KA202-024578 ‘s Co-funded by the
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Veiksmai su objektu

*  Objekto pjaustymas su *  Objekto dydzio keitimas su Slic3r
Slic3r (mygtukas Cut) (mygtukas Scale)
s Plater A do Heln §
p:t:ﬁﬂiﬁnf_ﬁ:;l:ﬁx_:'::;lp_"xr_ﬁ;;__\li_ﬁ_..ﬂ_;&_ﬁ_éﬂi&__y_ Cut.. |4 Settings. H:“ﬂﬂt“"f“:ﬁ“‘”;“:;"ﬂ“”:’::; 9% PC3 sale. 33 St [ Cur (G Setngs

0

Keeps Upper part/] Lower part:

Rotate lower part
upwards:

Perform cut
Scale

Entes the scale % for the selected object. | [

2016-1-RO01-KA202-024578 Co-funded by the
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ustat

Slic3r

Spausdinimo n ymai (1)

File Plat Qbject  Window Help
Plater ilament Settings Printer Settings

General

¢ SanSdinimO Layer height: E I'“""
nustatymai Permeter : ] e

Solid layers: Top:| 3 < Bottom; 3 -
(Print Settings)

Infill

Fill density: 20 v i %

Fill pattern: Honeycomb v

Top/bottom fill pattern: Rectilinear b

Support material

Generate support material: O
Pattern spacing: 25 mm
Contact Z distance: 0.2 (detachable) mm
Don't support bridges:
Raft layers: 0 '% layers
Speed
Perimeters: 60 mm/s
Infill: 80 mm/s
Travek: 130 mm/s
Brim
Brim width: 0 | mm
Other

2016-1-RO01-KA202-024578 XY Size Compensation: ID lmm y the

mme
Want more options? Switch to the Expert Mode. Jnion




Spausdinimo nustatymai (2)

 Uzpildymo nustatymai, sluoksnio uzpildo tankumas,
uzpildymo rastas, virSaus/apacios uzpildymo rastas.

G slicar
@ siicar

File Plater Object Window Help File Plater Object Window Help
Plater Print Settings Filament Settings Printer Settings Plater  Print Settings Filament Settings Printer Settings
General General
3 Layer height: 03 mm
Layer height: 0.3 mm Sk 3 |. i
- e [P 5.4 B
Perimeters: 3 IIL {minimum) Solid layers: Top;| 3 H':'TB““D"“I 3 =
Solid layers: Topi| 3 < Bottom; 3 (=
Infill
L
Fill pattern:
Fill density: 20 v|% Top/bottom fill pattern:
Fill pattern: Heneycemb A or——rs
Top/bottom fill pattern: Rectilinear Support material ;Irm:'en C:nre -
Line ) chimedean Chon
Concentic Generate sup.porl maternal: Octagram Spiral
5 t material Honeycomb Pattem spacing: 2.3 men
URpOrtInatein 3D Hon ey(omb Contact Z distance: 0.2 (detachable) mm
Generate support material: Hi Ibe:-rt Curve Tanth asmnmit lrtibse
: Archimedean Chords
Pattern spacing: Octagram Spiral
Contact Z distance: 0.2 (detachable) mm

2016-1-RO01-KA202-024578 Co-funded by the
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Spausdinimo nustatymai (3)

@ siicar
.« . File Plater Object Mmdow He
L4 SanSdInImO Plater pﬁntsc:herSetﬁngs
medziagos Flament
. Diameter I | mm
nu Staty mal Extrusion multiplier: 1
(Filament
. Temperature (°C)
S e ttl n gS ) Extruder: First layer: 200 :;iOﬂttr layers: 200 :;_
Bed: First layer; 0 < {Other layers 0 -

Want more options? Switch to the Expert Mode,

2016-1-RO01-KA202-024578
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Spausdinimo nustatymai (4)

e Spausdinimo medziagos skersmens nustatymai, jprastai 1.75
mm ar 3 mm.

G sicr
File Plater Object Window Help
Plater  Print Settings Filament Settings  Printer Settings

Filament

Diameter: g mm

Extrusion multiplier 1

Temperature (°C)

Extruder: First Iaye::?.ﬂﬂi I:IOtiter layerymoi ;:
Bed: First layer; 0 5 Other layers: 0 o

e Bazés formos ir dydzio nustatymai.

]
File ter Ofsect Window  Help
Plater  Print Settings  Fiament Settings  Printer Settings
e B Shape X
ed hupe et ek
[] |rmen Settings
7 offset: o —
Sae dm |pm |
Origine 4 9wl

2016-1-RO01-KA202-024578
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Spausdinimo nustatymai (5)

@ slicar

¢ SanSdintuvo ?:ﬂ’"‘:ﬂmtm;:p
nustatymai ———

(Printer b S
Settings) - L—_

Firmware

G-code flavor: RepRap (Marlin/Spri - 3
Extruder

— C—

Retraction

A ﬂz—- mm (zero to disable)
Lift Z: 0 ==

Wipe while retracting: D

Start G-code

G28; home all axes
G1Z5 F5000 ; lift nozzle

End G-code

[M10450; turn off temperature
G28 X0 ; home X axis



NV o =

Sluoksniy perziura

Slic3r - x
fle Plater Object Window Help

lster  Print Settings Filament Settings Printer Settings

g Add.  Delete ) DeleteAll @ Amange ) @ & P I Scale. |53 Split | o Cut. ||} Settings.

Name Cop... Scale
erasmus.stl 1 100%

™~

Sluoksniy perzilra

‘:;:: 139.60 x 68.75 x 50.00 Volume: 103838.84

Facets: 560 (1 shells) Materials: 1

Manifold: Yes
2016-1-RO01-KA202-024578 . Co-funded by the
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Sluoksniy atvaizdavimas

i
LR




Daugiau spausdinimo nustatymuy (1)

e Galima pasirinkti daugiau nustatymy eksperto rézime, kuris
nurodomas File meniu.

@ siicar

File Plat Chtect Window Help
Plater ilamentSettings Printer Settings

General
Preferences ; Y
La}rer hei 9 Slic3r
) General File Plater Object Window Help

Penmets !: Plater Print Settings Filament Settings  Printer Settings
Solid layy Simple Mode vi[H®

Check for updates: | = | ——

: @ Filament Color: i |

Remember output dire | = ¢jing
Infill - Diameter: 1.75 mm

Auto-center parts: Extrusion multiplier: 1
Fill densil  Background processing
Fill pattey Temperature (°C)
Tgpfhgﬂ Extruder: First layer; 200 :'QOther layers: 200 l:—

Bed: Firtlayer 0 2 Other layers: 0 5

2016-1-RO01-KA202-024578
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Daugiau spausdinimo nustatymy (2

* Greicio nustatyma * Papildomi nustatymai

§ slicar
File Plster Object Window Help § siicar
Plater  Print Settings  Filament Settings  Printer Settings File Plater Object Window Help
| Simple Mode “|E@  speed for print moves Pister  Print Settings  Filament Settings Printer Settings
W Layers and peri P 8 mm/s ﬁil‘whﬁhﬂl v:E@ Extrusion width
Infill
Small perimeters: 1 mm/ :
@ Skirt and brim id ol J sk & Layers and perimeters Default extrusion width; 0 mm or % (leave 0 for auto)
- External perimeters: 50% mm/s or % Infill fi % Oeave 0for default
< BY :c- Infill: 20 mm/s (5 Skirt and brim irstlayer: : U i ’
,* P o ments v % .-L Support material Perimeters: 0 mm or % (leave 0 for default)
J‘ Gut;ut T Top solid infill I3 T \_J Sp::d External perimeters: 0 mim of % (leave 0 for default)
.| Notes Support matesial: &0 mm/s Infill: 0 mm or % (leave 0 for default)
Suppart matenal interface: 100% mm/s or % Selid infill: 0 mm or % (leave 0 for default)
Bndges: 60 mm/s Top solid infilk 0 mm or % (leave 0 for default)
Gapm 2 i Support material 0 mm or % (leave O for default)
Speed for non-print moves - Oveﬁap
Travek I 130 I mm/s D —
— Infill/ perimeters overlap: | 15% | mm or %
Modifiers
First ayer speec: 0 |mmsorx o
Bridge flow ratio: 1 |
Acceleration control (advanced)
Penmeters: o mms* Other
Infill 0 mm/s* XY Size Compensation: o | mm
Bndge: 0 lnaw’: Threads: 2 ,:
First 1 0 ! -
e i Resolution: 0 mm
Default: ] mm/s"

Autospeed (advanced)

Max print speed: 80 mm/s
Max volumetnic speed:

]

2016-1-RO01-KA202-024578
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3D objekto spausdinimas
naudojant ReplicatorG

2016-1-RO01-KA202-024578




STL failo atvérimas

ReplicatorG su RepRap 3D spausdintuvais, Makerbot
Replicator, Thing-O-Matic

* Programg reikéty paleisti prisijungus administratoriaus
teisémis, reikalingas Python

e Atverti STL failg naudojant Open pasirinkima is File meniu.

2016-1-RO01-KA202-024578 e Co-funded by the
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Veiksmai su objektu

 Objektas gali buti perkeliamas, pasukamas, naudojamas
veidrodinis atpindys (atspindys galimas x, y ir z aSyse) arba

keiciamas dydis.

Perkelti objekta

Move Object

| Center

| Put on platform

% |10

v- |10

z |10

[ Lock height

Pasukti

Rotate Object

Z+

X+

Y+

Lay flat

Rotate around Z

Pakeisti dyd;j

Scale object

I

e

NCi >mm

Fill Build Space!

View

Rotate

2016-1-RO01-KA202-024578

jf

Scale

Generate GCode
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Numatomo spausdinimo laiko parinkimas

* Pavyzdyje spausdinimo laikas: 3h 1min

Co-funded by the
Erasmus+ Programme
of the European Union

Sis projektas finansuojamas remiant Europos Komisijai. Sis leidinys atspindi tik autoriaus poZiuri, todel Nacionaline Agentura
ir Komisija negali buti laikoma atsakinga uz bet koki jame pateikiamos informacijos naudojima.




3D spausdintuvo valdymo skydas

A, ReplicatorG - 0040
File Edit GCode Machine Thingiverse Help

Machine Type (Driver)
Connection (Serial Port) b
Control Panel Ctrl+)
Upload new firmware...

Machine information...
Preheat Machine

Default

Sl

Extruder Mator Contro!

ot g Maotor Speed (RPM) o
X e Extrude duration .
v e Motor Control Teverse stop forward
Z0 Center Z Extruder Temperature Controls
Make current position zero B PLA Extruder Target (°C) |0 W PLA Extruder Current {°C) 0
i i rgrgoperature Chart
480 mamymin. =0

Stepper Motor Controls
Enable Disable

A 2 e e

2016-1-RO01-KA202-024578 Co-funded by the
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Sis projektas finansuojamas remiant Europos Komisijai
ir Komisija negali buti laikoma atsakinga uz bet koki jame pateikiamos informacijos naudojima.

3D spausdintuvo ReplicatorG tvarkyklés

A, ReplicatorG - 0040 — ] X

File Edit GCode Maching Thingiverse Help

Machine Type (Driver) > The Replicator Single
Connection (Serial Port) > The Replicator Dual
Control Panel Cirl+) Replicator 2X

Mat Connected
Upload new firmware.. ® Replicator 2

Thin truder M
HBP and Stepstruder M
BP and Stepstruder MK7
HBP and E

HEP and Extruder MKE {Accelerated)

Machine informat HBP and Steps K7 (Sailfish)

omatic

Thingomatic w Accelerated)
Preview

Thingomatic w/

Default Xy

r MK6 (Volumetric)

xZ ¥z

Thingomatic w/
Thingomatic w/ HBP and Extruder MK6 (Accelerated Volumetric)
Extruder MKB

and Extruder MK5

truder MKT (5.
HBP and Dual Stepstruder MK7

Thingoma BP and

Thingomatic w

HBP and Dual 5

Thingom,
Thingomatic
Thingomatic rostruder

Thingomatic w/ ABP and Stepstruder MK7 (Accelerated)

Thingomatic w/ ABP and Stepstruder MK7

ider MKE (Accelerated)
v/ ABP and Extruder MK6
ABP and Extruder MK5
heated build plat

ABP and E

Thingomatic

Cupcake w/ automated build platform

end electronics and ABP

Cupcake

Cupcake w/ Frostruder
Cupcake Basic
3 50 Cupcake+ABP (Pololu XYZ Mk5/6

wtruder, Sailfish)

3G 50 Cupcake+ABP (Pololu XYZ, Mk5/6+Gen ruder, Sailfish) View
3G 5D Cupcake +ABP (Gend XYZ, Mk5/6+Gend Extruder, 5ai Move
3G 5D Cupcake + ABP (Gen3 XYZ, M Gend Extruder, Sa Rotate
3G 5D Cupcake (Pololu XYZ Mk5/6+Pololu Extruder, Sailfish) Mirrar
3G 50 Cupcaks olu XYZ, Mk5/6+Gend Extruder, Sailfish) G

3G 50 Cupcake (Gend XYZ Mk5/
3G 5D Cupcake (Gen3 XYZ Mk5/

+Gand Extruder, Sailfich) =
Gend Extruder, Sailfish Generate GCode

+Gend Extruder, Sailfish)

Other Bots
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G kodo generavimas

* Toolpath generavimas Gcode->Generate; Preferences lange
(File > Preferences) nustatykite kelig j Python vertéja.

* Reikalinga Skeinforge ar kita sluoksniavimo programiné
jranga, pavyzdziui Slic3r.

& RaplicatorG - 0040
g A Preferences — O 4

Basic Advanced

: Choose rnod“é.F coior [ C.P.'loose"!)ack_g_round cc.».[or |

Firmware update URL: |http://firmware.makerbot.com/firmware.xml|
Arc resolution (in mm): |1 Skeinforge timeout: :—1
Keeige 51t for { -'-3'." sion  Cite0 Debugging level (default INFO):  INFO ~

[1Log to file Log file name:

["] Preheat builds Toolhead Right: |75 Toolhead Left: |75 Platform: 75

Generating toolpath for erasmus | Select Python interpreter. |

Iz,
= Generating toolpath for erasmus on ReplicatorG launch: (@) Open last opened or saved file () Open new file

Generator: Slic3r 0.X - Experimental
Filling (layer 5 of 500)

[ View Preferences Table 1 Reset all preferences  Close

Total progress:
L )

g b et viaes

2016-1-RO01-KA202-024578
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Sluoksniavimo rezultatai

&\ ReplicatorG - 0040

File Edit GCode Machine Thingiverse Help

Mot Connedled

‘erasmus | model |




Sugeneruoto G-kodo pavyzdys

A, Not Connected - ReplicatorG - 0040

File Edit GCode Machine Thingiverse Help

code-}

S51ie3r 0.7.1 on 2017-04-15 at 14:Z23:50

generated by

: layer height = DO.1

: petimeters = 3

: solid layers = 3

: £ill densicy = 0.4

; nozzle diameter = 0.4

: filament _diameter = 1.B2

: extrusion multiplier = 1
erimeter_sp = 30

; infill speed = B0

: travel speed = 130

; extrusion_width_ratic = 0
; scale = 1

: single wall widcth = 0.56mm

H150 5100 ; s=t bed temperature
MiD04 SIZ0 ; set temperature

Gl Z0.0
GlEl Z Fl0O
HIIZ2 XY ZAE

4xi13)

Gl ¥-110.5 Y-74 Z150 F3300.0 (move to wal




3D spausdinimas ir verslumas
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Tikslas ir mokymosi rezultatai

Modulio tikslas: Jkveépti ir padeéti studentams pradéti verslg,
susijusj su 3D spausdinimu

Valandy skaicius: 3 valandos

Mokymosi rezultatai: e Verslumo zinios ir galimybés, sitilomos 3D
spausdinimo srityje

* 3D spausdinimo versle reikalavimy
supratimas

2016-1-RO01-KA202-024578 Co-funded by the
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Paskaitos turinys

e 3D verslo ir startuoliy pavyzdziai

 Finansavimo Saltiniai

e Jgudziai, reikalingi verslui, susijusiam su 3D
spausdinimu

e Galimybeés laisvai samdomiems darbuotojams

2016-1-RO01-KA202-024578 o Co-funded by the
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3D verslo ir startuoliy
pavyzdzial
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3D verslo ir startuoliy pavyzdziai

Pastaruoju metu yra labai daug galimybiy investuoti j 3D
spausdinimg, kadangi vis daugiau ir daugiau verslininky
bei potencialiy klienty susidomi sitlomomis 3D

spausdinimo galimybémis.

Co-funded by the
Erasmus+ Programme
of the European Union
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3D spausdinimo paslaugos

Jmonés, tiekiancios 3D
spausdinimo paslaugas pagal
uzsakymus:

 Shapeways
* 3D Hubs

* i.materialise

 Sculpteo
 iMakr
 MakeXYZ
 Ponoko

Co-funded by the
Erasmus+ Programme
of the European Union
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3D spausdinimo saugyklos

P I atfo r m OS’ Si G I a n éi OS MakerBot Thingiverse DASHBOARD EXPLORE CREATE (a CreativeTools = | &
m O d e I i u S 3 D ey gnct oleweihy, Popular  Recantly Made  LatestRembiss  Customizable  Fendom  The Flrehose
spausdinimui:

* Thingiverse
e GrabCAD

e Sketchfab 2 ‘_
*  YouMagine _ L

Featured Thingl

Customizable Cable Tie Customizable Word Glasses Customizable Chainlink Brac...
by Jetty by leoedin by sethmoser
10 2 days age 3 days ago 3 days ago

JEE—
| —

i C U I t S 3 D SUAMPY - Wax Seal SR C...,,  Foiobtue Snage Customizable Zoetrope Customizable Battery Case |...
by TheNewHobbyist by bytemedwh by SamM by wahter
< days BJ0 o Jays ago J gays ago 20 days ago

e Zortrax Library

Featurad Thingl Featured Thing!
Preassembled Secret Heart ... Cartoon Character Maker - A... Blizzard of Unique Snowflakes Snap On Portal BooksStand
by emmatt by sethmoser by lalrd by humberto
| monin ago [ days ags 1 maonths ago 10 days ago

2016-1-RO01-KA202-024578 Co-funded by the
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3D spausdinimo erdveés

% 3DHUBS  3DPint  ONC  Resources Myorders (Lo

3D spausdintuvy
tinklai:

e 3DHubs
e MakeXYZ
* Fiverr

Badges

o

Specialties

About

We are an engineering & design company
offering complete engineering services for
product development, from concept to mass
production. Supplied services include 3D/2D
CAD design, 3D modeling, Reverse
Engineering, Rapid Prototyping, 3D printing,

2016-1-RO01-KA202-024578 Co-funded by the
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Kitos 3D spausdinimo verslo idéjos

- 3D spausdinimo mokymai
- 3D spausdintuvy gamyba
- Prototipy kurimo paslaugos

- 3D spausdinimas mados
industrijai

- Atskiry daliy ir produkty 3D
spausdinimas

- 3D maisto spausdinimas

- 3D modeliy ktrimas

2016-1-RO01-KA202-024578
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3D spausdintuvy gamyba

* 3D spausdintuvy projektavimas ir gamyba

3D daliy gavimas ir spausdinimas, surinkimas, kalibravimas ir 3D
spausdintuvy pardavimas

Pavyzdziai:

Makerbot, Formlabs (JAV)
BQ, BCN3D (Ispanija)
WASP, Roboze, Sharebot (Italija)

Zortrax, Sinterit (Lenkija)

Symme3D, Build3DParts (Rumunija) —

2016-1-RO01-KA202-024578 e Co-funded by the
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IndividualUs objektai

Naudojant 3D
spausdinima gali
buti sukurta daug
dizaino versijy .

Co-funded by the
Erasmus+ Programme
of the European Union
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Prototipy karimas

Prototipy kurimas - svarbiausia 3D spausdinimo funkcija.
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Atspausdintos 3D rankinés

2017 m. Odo Fioravanti sukuré Bern rankine, kuri buvo pristatyta
Paryziuje. Rankiné yra islenkty formuy, o jos dizaino idéja kilo remiantis
Berno miesto topografija. Tai yra riboto leidimo kolekcija, o 3D
spausdinimas tapo efektyviu sprendimu kainos atzvilgiu.

Odo Fioravanti — Berno rankine

2016-1-RO01-KA202-024578 = Co-funded by the
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Atspausdinti 3D papuosalai

Yra daugybé papuosaly pavyzdziy.

Omri Revesz sukureé
kolekcijg Penrose, kuri
sudaryta is griezty
geometriniy formy, kurios
dél asimetrinio modelio
niekada nesikartoja.

Co-funded by the
Erasmus+ Programme
of the European Union
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Atspausdinti 3D papuosalai

Nervous System, kitas sekmingo verslo pavyzdys, kuria
papuosalus jkvéptus mokslo ir technologijy.

Jis remiasi gamtoje esanciy (ar
sutinkamy) modeliy ir formy
tyrinéjimu, siekiant sukurti
matematinius rastus ir formas
— visa tai galima atlikti
pasitelkiant 3D spausdinimg,
sukurti sudétingesnius
modelius, kurie yra unikalus ir
individualizuoti.

Nervous System

2016-1-RO01-KA202-024578 T Co-funded by the
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Atspausdinta 3D apranga

Dizaineré Danit Peleg sukuré visg kolekcijg
naudodama savo namy 3D spausdintuva.

i i
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Laikrodziy detaliy ir prototipy ktrimas

Sioje skaidréje pateikiami du pavyzdZiai, kaip 3D spausdinimas gali bati

panaudojamas laikrodziy gamyboje.

e ZGOD. Zegarki is Lenkijos kuria laikrodzius, spausdindami 3D laikrodziy
korpusus.

* Fossil naudoja 3D spausdinimag laikrodziy prototipy karimui. Dizainas gali
bauti bet kada koreguojamas ir atspausdintas iS naujo. 3D prototipy gamyba
uzima kur kas maziau laiko ir yra pigesne.

ZGOD. Zeqgarki laiki

2016-1-RO01-KA202-024578 Co-funded by the
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Atspausdinti 3D zaislai

Daugybé modeliy lengvai gali buti atspausdinti naudojant 3D
technologija.

S R
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3D spausdinimas medicinoje

Medicinoje naudojamas 3D spausdinimas protezams ir kuno
dalims.
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Individualizuoti gaminiai
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3D spausdintas maistas

Daug valgomy maisto produkty gali buti atspausdinta
naudojant 3D technologija.

Co-funded by the
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Finansavimo saltiniai
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Finansavimo galimybés

Saltiniy apZvalga:
1. Asmenines investicijos

2. Rizikos kapitalas ir privatus
investuotojai

3. Verslo inkubatoriai Sangl.
Business Incubators) ir verslo
akseleratoriai (angl. Business
Accelerators)

4. Banko paskolos

5. Verslo angelai investuotojai
(angl. Business Angels)

6. Dotacijos

7. Finansy pritraukimas is didelio
kiekio zmoniy (angl.
Crowdfunding)
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Finansy pritraukimo is didelio kiekio zmoniy pavyzdziai

KICK: J.TER

INDIEGOGO.

2016-1-RO01-KA202-024578
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Reikalingi jgtdziai 3D
spausdinimo versle
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Reikalingi jgtdziai

Priklausomai nuo verslo idéjos, jums gali prireikti specifiniy
jgudziy, sekmingam verslo kurimui ir gyvavimui.

Sie jgtdziai gali bati jgyti 3D spausdinimo mokymuose.

= 3DP

2016-1-RO01-KA202-024578 oo Co-funded by the
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Dizaino jgudzial

Karybiskumas — naujy koncepcijy karimui
PieSimas — objekto eskizavimui ant popieriaus su rasikliu

2016-1-RO01-KA202-024578 T Co-funded by the
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Marketingo jgudziai

e Jzvelgti klienty poreikius
* Rinkos analizé
QL

mlle-:tad 2

- ..c.marketin
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k
customermLm PrOdiEs dovlopmont coleting 140" "ot &
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SEM

9
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Inzineriniai ir techniniai jgudziai

e Matematika

e Mokslai
 Fizika
e Chemija

e Mechanika

LOADING ...

2016-1-RO01-KA202-024578
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IT jgudzial
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Galimybes laisvai
samdomiems darbuotojams
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Galimybés laisvai samdomiems darbuotojams

Sparciai auga laisvai samdomy darbuotojy, turinciy 3D
spausdinimo patirties, poreikis.
e Labiausiai reikalingi darbuotojai, turintys 3D
spausdinimo patirt;:

* Pramonés ir mechanikos inzinieriai

* Programinés jrangos kuréjai ir programuotojai

* Dizaineriai

 Marketingo vadybininkai

Co-funded by the
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Laisvai samdomy darbuotojy svetainés

 Upwork
e (@GQuru.com

 CAD crowd
 peopleperhour

* Freelancer
 Xxplace

Preal Co-funded by the
4 Erasmus+ Programme
of the European Union
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Naudingos nuorodos

Nuorodos angly kalba:

e Upwork.com

* Guru.com
e CAD Crowd
e 3D Printing Job Board

YOI,I Tuhé * The MediaBistro
e https://www.symme3d.com/
e https://www.kickstarter.com/
www.indiegogo.com

You TUhe * https://3dprinting.com/3d-printing-service/

e 10 Amazing 3D Printing Startups

2016-1-RO01-KA202-024578
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Dizaino kdrimas 3D spausdinimui
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Tikslas ir mokymosi rezultatai

Modulio tikslas: Supazindinti studentus su pagrindinémis
klaidomis 3D spausdinime ir 3D daliy ir
komponenty dizaino taisyklémis, siekiant
sumazinti klaidy atsiradima.

Valandy skaicius: 3 valandos

Mokymosi rezultatai: * Jgytos Zinios apie klaidas, susijusias su 3D
spaudinimu naudojant FDM technologij3.

e Suprasti spaudinimo krypties jtakg detaliy
kokybei ir mechaninéms savybéms.

* Jgytos Zinios apie 3D detaliy ir komponenty
dizaino taisykles.
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Paskaitos turinys

* 3D daliy FDM spausdinimo
klaidy tipai

* Spausdino krypties jtaka 3D
spausdinime

e 3D detaliy ir komponenty
dizaino taisykleés

Co-funded by the
Erasmus+ Programme
of the European Union
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Paskaitos santrauka

Nustatant tipines 3D spausdinimo klaidas bus remiamasi lydziosios
masés modeliavimo (FDM) technologija.

Milteliai (polimero,

derva .
keramikos, metalo)

Popierius

Paskaitos
= — — — —|Santraukg _ | |
|
 LydZiosios masés | Stereolitografija Selektyvus Kita...
' modeliavimas . Stereolithography  lazerinis sulydimas  pyz., Sluoksniuotoji
" Fused Deposition : (SLA) Selective Laser objekto gamyba
' Modelling (FDM) | Sintering (SLS) Laminated Object
: | Manufacturing (LOM)
| v ¥ .
| Zaliava: ¢ Zaliava: Zaliava:
. Polimero rités . Sviesai jautri skysta Zaliava:
: |
! !

2016-1-RO01-KA202-024578
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3D detaliy FDM
spausdinimo klaidy tipai
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FDM spausdinimo klaidy tipai

* Klaidy priezastys skirstomos pagal tai, kuriame etape jos

atsirado.
« Sis skirstymas taikomas visiems 3D spausdinimo procesams, ne
tik FDM.
_____________________________________ e
r Duomeny rengimo klaidos W DetallukspauSOIInImo . Galutinio I
T laidos :

|: apdorojimo klaidos
I

3D CAD STL failo
modeliavimas generavimas procesas hy

3D spausdinimo
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Duomeny rengimo klaidos

* Netikslumai rengiant duomenis tokie, kaip:

1. STL failo generavimas: budingos klaidos 3D CAD modelio
sudalijimo j trikampiy isklotines, taip padengiant plokStumag ar
tarj (angl. tessellation), metu. STL faily raiSka gali buti parenkama
generuojant failg 3D CAD sistemoje.

STL File Save As Dptions *

Format
@ Binary Oasen

Aspect Ratio: 21500000 | [ |

Vidutiné STL failo Zema STL failo
raiska raiska

2016-1-RO01-KA202-024578 Co-funded by the
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Duomeny rengimo klaidos

2. Truksta pagalbiniy struktury: programiné jranga gali
praleisti pagalbines strukturas, kas lemia defektus
gamybos etape.

Modelio defektas
deél trukstamy
pagalbiniy
struktury.
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FDM proceso klaidos

* Klaidos, susijusios su FDM procesu:

1. Tarpaitarp uzpildo ir konturo: uzpildas
spausdinamas skirtingu rastu nei konturas.

Detalés konturas . .
Uzpildas

Co-funded by the
Erasmus+ Programme
of the European Union
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FDM proceso klaidos

2. Nenumatyti pavirSiaus nelygumai (angl. blobs): kurie gali
atsirasti FDM modelio pavirsSiuje, dél spausdinimo
galvuteés judéjimo pirmyn ir atgal x-y asimis.

Nenumatyti pavirSiaus nelygumai

2016-1-RO01-KA202-024578 Co-funded by the
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FDM proceso klaidos

3. Laipty efektas: dél 3D CAD modelio sluoksniavimo

Laipty efektas

2016-1-RO01-KA202-024578 Co-funded by the
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FDM proceso klaidos

Neteisingas 3D spausdintuvo kalibravimas: dél Sios
priezasties gali buti iSspausdintas ne toks spaudinys, koks
buvo sumodeliuotas

2016-1-RO01-KA202-024578 oo Co-funded by the
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FDM proceso klaidos

Pagalbinés strukturos sulimpa su
spausdinama detale: kartais sunku
pasalinti atramines detales, greiciausiai
del netinkamos temperaturos
nustatymo.

6. Deformacija: detalés gali deformuotis
del keleto priezasciy, pvz. neteisingos
spausdinimo krypties, spausdinimo
pagrindo gedimo ir pan.

Pagalbinés struktiros sulimpa su
spausdinama detale

2016-1-RO01-KA202-024578
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FDM galutinio apdorojimo klaidos

* Klaidos, susijusios su FDM spaudinio galutiniu apdorojimu:
1. Nepasalinama pagalbine medziaga: dél vidiniy ir
sunkiai prieinamy viety (pvz. spausdinamo prototipo
stogas), gali buti itin sunku pasalinti pagalbine
medziaga.

Nepasalinta
pagalbiné
medZiaga

2016-1-RO01-KA202-024578
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Spausdinimo krypties
jtaka 3D spausdinime
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Spausdinimo krypties jtaka

e Labai svarbu pasirinkti tinkamg FDM spausdinamos dalies kryptj, tai ypac
lemia:

1. spausdinamos dalies tvirtuma (atminkite, FDM dalys yra silpnos
vertikalia kryptimi )

2. naudojamos pagalbinés medziagos kiekj ir tipa

3. spausdinimo laika

PIiné eiiaga Pagrindiné medziaga

Co-funded by the
Erasmus+ Programme
of the European Union
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Spausdinimo krypties jtaka

Kaip kryptis
jtakoja FDM
spausdinama
3D detale?

You [T}

2016-1-RO01-KA202-024578

https://www.youtube.com/watch?v=oyukaFkl GQ

Co-funded by the
Erasmus+ Programme
of the European Union




3D daliy ir komponenty
dizaino taisyklées
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3D CAD STL failo
modeliavimas rengimas

2016-1-RO01-KA202-024578

3D daliy dizaino taisykles

 Dizaino taisyklés skirstimos | tris pagrindines grupes,
priklausomai nuo 3D spausdinimo etapo:

11 Dizaino taisyklés gamybaill

I -
" 3D spausdinimo

:: procesas

Igalu’cmlam apdorojim

Dizaino taisyklés

|

Ui
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

4
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Dizaino taisyklés duomeny rengimui

1. Pridékite funkcines formas (pvz.
iSpjovas, iskilumus, griovelius ir
skyles) tam, kad pagerinti
mechanines detalés savybes,
taip pat sumazinti spausdinimo Pridedama iSpjova, norint sumazinti
laikg ir zaliavos kaing. spausdinimo Zaliavos kiekj

2. Modeliuojant mazas skylutes,
svarbu atsizvelgti j maziausia (
galima spausdinamos medziagos '
skersmenj spausdintuve, nes tai

nulems galima pasiekti dyd;.

2016-1-RO01-KA202-024578 Co-funded by the
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Dizaino taisyklés duomeny rengimui

3. Sudedamujy daliy atveju turi
buti atsizvelgiama j
pakankamag atstumg (pvz., 0,5
mm) tarp besijungianciy daliy.

Svarbu: Sie matmenys skiriasi
priklausomai nuo FDM
spausdintuvo. Dél to
rekomenduojama vadovautis
konkretaus FDM spausdintuvo
vartotojo vadovu.

2016-1-RO01-KA202-024578 Co-funded by the

Erasmus+ Programme
of the European Union



Dizaino taisyklés duomeny rengimui

4. Norint spausdinimo eigoje
(daznu atveju spausdinimo
procesas gali buti sustabdytas)
jterpti kitus komponentus ar
detales, tokias kaip RFID zymes,
elektonikos schemy dalys,
metaliniai sriegiai ir pan.,
pridekite skyles, iSpjovas ir t.t.,

5. Jeitik jmanoma, venkite astriy
kampuy, nes FDM dalyse jie veikia Apvaltis kampai siekiant
kaip jtampos koncentracija (angl. iSvengti jtampos
stress concentrators ). koncentracijos

2016-1-RO01-KA202-024578
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Metaliniy komponenty jterpimas j FDM detales

Vaizdo jrasas,
kaip jterpti
metalinius
komponentus
j FDM
detales.

You 13

2016-1-RO01-KA202-024578

https://www.youtube.com/watch?v=A BcU7ipHew
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Dizaino taisyklés duomeny rengimui

6. Rekomenduojama kurti
minimaly sieneliy storj
atsizvelgiant j sliuoksnio stor;j.

Pvz. Jei detalés sienelés storis (S)
yra 0.3mm, tuomet sluokslio storis
(s) yra 0.1mm; jei S=0.75mm, s =
0.25mm.

Tokiu budu galima sumazinti laipty
efekta.

2016-1-RO01-KA202-024578 e Co-funded by the
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1. Medziagos parinkimas atlieka

Dizaino taisyklés FDM gamybai

svarby vaidmenj detalés savybems,
jskaitant mechanines, termines,
chemines ir elektrines savybes.

. Medziaga turi jtakos sluoksnio
storiui, o tai tiesiogiai jtakoja
pavirsiaus lyguma (pvz., ABS
minimalus storis yra apie 0.13 mm
o PC-0.18 mm)

Bt e

T i s
ABS kaseté naudojama FDM
2016-1-R001-KA202-024578 - o findod by the
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Dizaino taisyklés FDM gamybai

3. Patsizvelgiant j spausdinamos detalés funkcijg, pasirenkamas
spausdinimo  stilius  (pavyzdziui, medziagos isdéstymo
tankumas — retas ar didelis).

Sis rodiklis tiesiogiai jtakoja mechanines savybes, Zaliavos

sgnaudas ir spausdinimo .'
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Dizaino taisyklés FDM gamybai

4. 3D spausdintuvo programinéje jrangoje patikrinkite, ar STL
matavimo vienetai (STL units) atitinka STL skale (STL scale).

il SMART

Mumber of copies: |1

STL Lnits: Inches

Millimeters
L scale:

Co-funded by the
Erasmus+ Programme
of the European Union
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Dizaino taisyklés FDM gamybai

5. Jeinorite geresnés pavirsiaus kokybes ir uzbaigtumo, rinkités
maziausig sluoksnio stor;j.

L : e
31 [ Orientation Pack | Printer Status’ | Printer Services | il %&%ﬁfﬁ‘iﬁﬂ
aver resolution; 0.0130 ] T -
el Supporl
Madel interiar: Sparse - high density v |
Suppart Fill: SMART W |
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FDM klaidos dél skirtingy greiciy.

Rezultatai
spausdinant
FDM
naudojant 5 s
PLA medziaga =
skirtingu
greiciu.

You [T}

2016-1-RO01-KA202-024578

https://www.youtube.com/watch?v=BBQTD9 34sQ
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Dizaino taisyklés galutiniam apdorojimui

1. Pridekite skyles, is kuriy tirpios
pagalbinés strukturos galés
isteketi galutinio apdorojimo
metu.

. Kuo daugiau pagalbiniy strukturuy,
tuo nelygesnis galutinis pavirsius.
Todél ruosdami failg 3D
spausdinimui stenkités sumazinti
pagalbines strukturas.

Sumazintas Egipto mumijos galvos modelis su

smakro srityje likusia pagalbine medziaga

2016-1-RO01-KA202-024578
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Naudingos nuorodos

Nuorodos angly kalba:

N Dedicated CAD package on Design for 3DP
\(i11] Tube packag 2

FDM for End-Use Parts:
%ST RATASYS" Tips and Techniques for Optimization

YOIJ TUI]B Inserting Metal Inserts Into 3D Printed Parts

Co-funded by the
Erasmus+ Programme
of the European Union
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Verslumo, kGrybiskumo ir inovacijy
skatinimas
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Tikslas ir mokymosi rezultatai

Modulio tikslas: Suteikti studentams bendrg supratimg apie 3D
spausdinimg versle

Valandy skaicius: 2 valandos

Mokymosi rezultatai: e Supratimas apie 3D spausdinimo
technologijos poveikj jvairiose verslo
sektoriuose

* Zinios apie tai, kaip naudoti 3D spausdinima
versle

2016-1-RO01-KA202-024578 Co-funded by the
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Paskaitos turinys

* 3D spausdinimas architekttroje ir mene
e 3D spausdinimas medicinoje

* 3D technologijy naudojimas skatinant inovacijas ir
karybiskuma

* 3D spausdinimas Svietime
* 3D spausdinimas inzinerijoje ir pramoneéje

2016-1-RO01-KA202-024578
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3D spausdinimo panaudojimo
atvejai architekudroje ir mene
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3D spausdinimas architekdroje ir mene

Naudojant 3D sEausdinima gaunami inovatyvus sprendimai, kurie gali buti
pritaikyti architekty jmonése, muziejuose, nacionalinio paveldo pastatuose, o
taip pat inovatyvus sprendimai gali buti taikomi kiekvienam is musy.

2016-1-RO01-KA202-024578 e Co-funded by the
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3D spausdinimas architekdroje ir mene

Nauda:

* padidéjes produktyvumas:
paprasta jgyvendinti sudétingg
dizaing;

 galima naudoti skirtingas spalvas

ir medziagas (jskaitant ir
panaudotas);

* lankstumas kliento
pageidavimames;

 pakartotinis redagavimas,
panaudojimas, spausdinimas ir
bendrinimas.

2016-1-RO01-KA202-024578
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3D spausdinimas
medicinoje
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3D spausdinimas medicinoje

3D bio spausdinimas —7moniy
sukurti jrenginiai dabar gali gaminti
Zzmogaus kuno dalis.

* Technologija: plastiko, metalo,
keramikos, skysCiy ar milteliy
sulydimas sluoksniais.

* Vizualizacija: pagalba planuojantir
ruoSiantis sudétingoms chirurginéms
operacijoms.

2016-1-RO01-KA202-024578
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3D spausdinimas medicinoje

Kelio sgnariy, amputuoty ranky ar kojy
protezai, lUziy jtvarai, akiy, nosies
implantai bei implantai kitiems veido
trukumams pasalinti ir pan.

* funkcionalus, universalus, lengvai
pritaikomi;

* galima realizacija per
vieng dieng;

* prieinamos kainos.

2016-1-RO01-KA202-024578 Co-funded by the
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3D spausdinimas medicinoje

Protezavimas — 3D spausdintos roboty
rankos ir kojos. Vien tik JAV kiekvienais
metais atliekama apie 200.000
amputavimo operacijy.

* paprastas ir greitas atspausdinimas;
* paprastas ir greitas surinkimas;

* palyginti nedidelé 3D protezo kaina
lyginant su klasikinémis technologijomis.

2016-1-RO01-KA202-024578 = Co-funded by the
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3D spausdinimas medicinoje

Akiy protezavimas

* 3D spausdintuvas gali atspausdinti 150 akiy
Erotezq per valandg tokiu budu sumazinant
astus iki 97% ranky darbo modeliy.

Ausy protezavimas

* Simtai thkstanciy zmoniy yra patyre ausy
suzalojimus dél Sautiniy zaizdy, ausy vezio ar
mikrotijos*, iSorinés ausies anemijos;

* mokslininkai kuria naujg technologija, leidziancia
y,uzauginti“ visg zmogaus ausj naudojant paties
Eaciento kamienines lgsteles. Placiau:
ttps://www.smithsonianmag.com/science-
nature/3d-printed-ears-grown-stem-cells-are-
finally-on-their-way-180961605/

* http://www.microtia.lt/kas-tai/

2016-1-RO01-KA202-024578 Co-funded by the
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3D spausdinimas medicinoje

Biologiniai 3D spausdinti
audiniai ir organai

* biologiniy organy
spausdintuvai gali atspausdinti
Zzmogaus audinius;

* galima 3D atspausdinti odg
apdegusiems Zzmonéems;

* |SSukis: islaikyti didesnius gyvus
audinius, rasti medziagy
biologiniy organy 3D spaudai.

3D atspausdinta Sirdis padeda
sukurti gyvybes gelbstintj Sigma
kateterj. Placiau
https://www.3ders.org/articles/
20161111-materialises-3d-
printed-heart-helps-develop-
lifesaving-catheter.html

2016-1-RO01-KA202-024578 Co-funded by the
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3D spausdinimas medicinoje

3D spausdinimas odontologijoje
— dantys, implantai, protezai ir danty
karunéleés;

* individualizuoti ir tikslis modeliai;

* greita gamyba;

e Svarus procesas — maziau netvarkos nei
naudojant gipso metodg;

* jvairios medziagos;
* palyginus prieinama kaina;

* nesudétinga modelius saugoti
skaitmeniniu formatu.

2016-1-RO01-KA202-024578 Co-funded by the
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3D spausdinimas medicinoje

3D spausdinimas veido-
zandikauliy ir burnos
ertmeés chirurgijoje — danty
implantai ir kartnélés;

* padeda odontologui
diagnozuoti ir paskirti gydyma;

* sukuria Sablonus ir chirurginio
grezimo gaires jgimtiems
defektams, suzeidimams ar
nykstancCiam kaului atstatyti;

* proceso trukmeé apie 1 valanda.

2016-1-RO01-KA202-024578

Co-funded by the
Erasmus+ Programme
of the European Union




3D technologijy haudojimas
skatinant inovacijas ir kurybiskume
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Inovacijos ir kurybiskumas

Savo bioninés rankos
atsispausdinimas — Open Bionics
startuotis (angl. start-up)

* kiekvienas gali atsisiysti modelj ir
atsispausdinti personalizuotg rankg;

* verslo projektas — nedidelio biudzeto
bioniné ranka, kuri gerai atrodo ir su ja
jauCiamasi gerai ,,Low-cost bionic
hands that look and feel good” —

Intel organizuotame “Make it
wearable” konkurse laiméjo finalinj
priza ($250,000).

Papildoma informacija apie bioninés rankos panaudojimq (lietuviy kalba):

http://www.lrt.lt/naujienos/mokslas-ir-it/1/151342/smegenimis-kontroliuvojama-bionine-ranka-sugrazino-
paralyziuotam-vyrui-pojucius

2016-1-RO01-KA202-024578 Co-funded by the
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Inovacijos ir kurybiskumas

Integruota energijos sistema

« Svarios energijos technologijos 3D spausdintuose pastatuose ir transporto
priemonese;

*Sukurta integruota energijos sistema sujungiant gamtinémis dujomis varoma
hibridinj elektroautomobilj su saulés baterijomis aprupintu pastatu.

Placiau: https://www.ornl.gov/news/ornl-integrated-enerqgy-demo-connects-3d-printed-building-vehicle
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3D spausdinimas svietime
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3D spausdinimas svietime

Revoliucija klaséje

e Karybiskumo ir inovacijy e Atsakingy skaitmeniniy pilieciy
skatinimas; ugdymas;
* Meniniy galimybiy skatinimas; * Galimybé paciupinéti objektus;
e Komandinio darbo skatinimas; e Realaus pasaulio problemy
sprendimas.

- .-
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3D spausdinimas svietime

Revoliucija klaséje

* Chemija — sudétingy
molekuliy struktary ir
medziagy modeliai;

* Biologija — jvairiy organy
skerspjuviy ar kauly
struktury tyrinéjimas.

Co-funded by the
Erasmus+ Programme
of the European Union
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3D spausdinimas svietime

Revoliucija klaséje

 Dizainas ir inzZinerija —
studentai gali spausdinti savo
prototipus: automobilius,
variklio dalis ir pan.

2016-1-RO01-KA202-024578 Co-funded by the
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3D spausdinimas svietime

Revoliucija klaséje

* Istorija — studentai gali
atspausdintiistorinius
eksponatus ar istorinius
pastatus tyrinéjimy tikslais;

2016-1-RO01-KA202-024578 e Co-funded by the
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3D spausdinimas svietime

Revoliucija klaséje

» Zaidimai — studentai gali spausdinti seny
zaidimy elementus arba sugalvoti naujus
Zaidimus;

Muzikos instrumentai — naujas dizainas
jprastiems instrumentams arba naujy
instrumenty ktrimas.
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3D spausdinimas inzinerijoje
Ir pramoneje
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3D spausdinimas inzinerijoje ir pramoneje

Automobiliy pramonés revoliucija
e varikliy dizainas — nauji modeliai

*3D spausdinimo technologija suteikia
priemones ekonomiskiau ir taupant laika
dizaineriams atnaujinti jy modelius

2016-1-RO01-KA202-024578 - i Gt iyt
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3D spausdinimas inzinerijoje ir pramoneje

Pramonés pokyciai

* gamyklos naudoja 3D spausdinima
projektuojant propelerius;

* naudojant Sig technologijg kuriami prototipai
ir modeliai.

PR~ S,
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3D spausdinimas inzinerijoje ir pramongéje

Prekiy gamyba

* Galimybé mazoms jmonéms
konkuruoti su didesnémis
pateikiant klientams pasirinkimag;

* Remonto ir aptarnavimo rinka

Co-funded by the
Erasmus+ Programme
of the European Union
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3D spausdinimas inzinerijoje ir pramoneje

Prekiy gamyba

* Pigesné ir efektyvesné
gamyba automobiliams,
medicinos ir aviacijos
sektoriuose.

2016'1'R001'KA202'024578 o Co_funded by the
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Naudingos nuorodos

Nuorodos angly kalba:

*3D Printer a Game Changer for Architecture
Design - https://www.youtube.com/watch?v=cOaqRkLP4l|

- « Sagrada Familia, 3D Printed model
_ https://www.youtube.com/watch?v=UJ8NcKNIZzg
YOIJ TUhe « First 3D printed house builded on site

http://apis-cor.com/en/about/news/first-house
\(1[1] Tube

* 3D Printing for Architects:

http://my3dconcepts.com/3dp-for-architects-Im/

Co-funded by the
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Naudingos nuorodos

Nuorodos angly kalba:

* The bioprinting process
https://www.youtube.com/watch?v=s3CiJ26YS U

« Normal 3D Prints Totally Customized Earphones in
2 days: https://www.youtube.com/watch?v=5YB8BjOn6B0
* https://www.youtube.com/watch?v=XvcpC424HAI

« Painted Arm Prosthetic for a 5 year old girl:
https://www.youtube.com/watch?v=JDL16rmwgHw

You 13

« 3D Printing in Education
https://www.youtube.com/watch?v=X5AZzOw7FwA
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3D spausdinimo technologijy
ateitis
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Tikslas ir mokymosi rezultatai

Modulio tikslas: Apzvelgti 3D spausdinimo technologijy ateitj

Valandy skaicius: 2 valandos

Mokymosi rezutatai: e Suprasti galimas rizikas ir nuotatus, susijusius
su 3D spausdinimo technologijomis.

e Jgyti Ziniy, susijusiy su 3D spausdinimo
tendencijomis ir vystymu.
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Paskaitos turinys

* 3D spausdinimo mitai ir tikrové
* 3D spausdinimo rizikos ir nuostatai
* 3D spausdinimo tendencijos ir vystymas

* Pavyzdziai

2016-1-RO01-KA202-024578
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3D spausdinimai: mitai ir
tikrove
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3D spausdinimas: mitai ir tikrové

Mitai apie 3D spausdinimo technologijg gali sukelti nepagrjsta
entuziazma ir nusivylimg, kas potencialiai gali lemti létesne
technologijos adaptacijg ir vystyma.

__ Mitss | Tikrove

3D spausdintuvai kainuoja Kainos labai jvairios ir
labai brangiai prasideda nuo 100 doleriy.

3D spausdinimas galimas tik iS Spausdinti 3D gaminius galima

plastiko naudojant daugybe kity
medziagy: metalas, mediena,
dervos, anglies pluostas,
biologinés medziagos, maistas,
betonas ir pan.

2016-1-RO01-KA202-024578
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3D spausdinimas: mitai ir tikrové

T wites L Thow

3D spausdintuvai gali Siai dienai tokios galimybés néra.
atspausdinti Zzmogaus

organus

3D spausdinimas yra 3D spausdinimas yra létesnis nei
greitesné gamyba nei tradiciné gamyba.

tradiciné

Artimiausiu metu Yra per mazai pritaikymo budy,
kiekvienuose namuose kad pasiteisinty kainos ir laiko

bus 3D spausdintuvas sgnaudos jsigyjant ir naudojant 3D

spausdintuvg namie.

2016-1-RO01-KA202-024578
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3D spausdinimas: mitai ir tikrové

i | T

Kai kuriuos objektus yra 3D spausdinimas — prototipy kurima

pigiau gaminti 3D iS tiesy padaro pigesniu procesu. Bet

spausdintuvu galutinius produktus kol kas pigiau
gaminti masinéje gamyboje.

3D spausdinimas tinka 3D spaudinimas tinka

masinei gamybai individualizuotai gamybai. 3D
spausdinimas labai tinkamas

sudetingy produkty gamybai mazais
kiekiais.

Co-funded by the
Erasmus+ Programme
of the European Union
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3D spausdinimo rizikos ir
nuostatal
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Intelektinés nuosavybeés rizika

3D spausdinimo technologijos leidzia lengvai kopijuoti dizaing ir
produktus bei kurti jy kopijas.

Co-funded by the
Erasmus+ Programme
of the European Union
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Kibernetinée rizika

3D produkty bréziniai yra kompiuteriniai failai, todél jie gali buti:
* Pavogti ir panaudoti 3D produkty spaudai;

* Pavogti programisiy.

2016-1-RO01-KA202-024578 e Co-funded by the
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Patikimumo rizika

Naudojant 3D spausdinimo technologija produkto gamyboje
sudetinga nustatyti kas uz kg yra atsakingas.

Kas atsakingas uz padarytg zala

spausdinant 3D objekta:

 Modelio kuréjas?

* 3D spausdinimo tiekéjas?

* Asmuo, kuris atsispausdino
gaminj?

Reikalinga aiskesnés teisinés bazés kurimas.

2016-1-RO01-KA202-024578
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Klastojimo rizika

3D spausdinimo technologija palengvina
padirbiniy gamyba.

Didelj susirtpinimg kelia tokie sektoriai kaip
aviacijos ir medicinos pramone.
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Jstatymai, susije su 3D spausdinimu

Reikalingi specifiniai jstatymai ir nuostatai dél 3D spausdinamy
objekty, kuriuos galima panaudoti nusikalstamoms veikoms, pvz.,
ginklai, raktai ar manipuliacijos su bankomatais.

Co-funded by the
Erasmus+ Programme
of the European Union
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3D spausdinimo
tendencijos ir vystymas
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3D spausdinimo tendencijos ir vystymas

e 3D spauda naudojant kelias medziagas
* 3D spauda keliomis spalvomis

e Greitesni, geresni, didesni ir paprasCiau naudojami 3D
spausdintuvai

e Paprastesnis 3D modeliavimas

* Nauji 3D spaudos pritaikymo budai
* Metalo spaudos patobulinimai

e Atspausdinti 3D pastatai

* Naujos 3D spausdinimo medziagos
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Pavyzdzial
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3D spauda naudojant kelias spalvas ir medziagas

Pritaikymas: itin realistiskai
atrodantiems prototipams,
modeliams ir mokymo
priemonems, tirpioms
pagalbinéms medziagoms.

Galimos medziagos: dervos,
tirpios spausdinimo
medziagos.
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3D metalo spauda

Pritaikymas: prototipy
ktrimas, funkcionalios
detalés, juvelyrika, medicinos
implantai ir pan.

Galimos medziagos:
aliuminis, plienas, zalvaris,
varis, sidabras, auksas,
platina, titanas.
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3D pastaty spauda

Pritaikymas: namai, butai,
biury pastatai, statiniai
Meénulyje ir Marse.

Medziagos: betonas,
plastikas, dervos, molio ir t.t.

2016-1-RO01-KA202-024578 Co-funded by the

Erasmus+ Programme
of the European Union




Dideli objektai

Dideli objektai, tokie kaip automobiliai, kurie atspausdinti naudojant
3D technologija.
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