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ABSTRACT

This thesis presents theory and process of three-dimensional printer. The three-
dimensional printer composes of structure, software, electronic, and extruder. The goal
of this project isto buitd the three-dimensional printer that can print plastic models
from the designed digital model.

The operating procedure begins from design of three dimensional printer frame
by SolidWorks program. Material used for frame is acrylic. Then, the parts of frame are
fixed. Next, the related electronic circuits for three-dimensional printer are studied.
After that, the electronic parts and motor for movement of 3 axes are installed.
Moreover, motor for feed filament into extruder is also fixed. Onward, microcontroller
is installed for control the electronic circuits and all motor to prepare the
experimentation. Next, programs for control three-dimensional printer are studied.

Finally, the completed three-dimensional printer is tested.
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nszuansuuninsvylieiies lngvezwyulufiavaive az 1.8 sern wunvdwiuldly
< - 1 e ' < < v - < -
NuRRBINsAMUBHIBEARaY UL WU NMsindouTiveshfinlulnIosfa

o ¢
sUN 2.8 @iy’

Insnsmupuaidvuemes 428Y6020 deviiuaivuawmesiuy 4 wa 6 aw lauay
= =
Henewd (Phase) 4 a1e uazanunauseu (Common) 2 @18 @WgUT 2.9

e

gﬂﬁ 2.9 Mumisangvasaivuawes 42BYG020

lunismrvpuueimesifiefiayliuameivyu §38n1smvaunsyualniis gty
YpaInaae3 (Stator) luudavinavesomes sgradudrduiiuiueu laedwnndesnisiy
nszualwaluale fegvinlfanuzvosadug WHuanurasdn *1° uazlunisnszsuina
vosBimeitagiiniu 2 uwuuie
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nmsnszfuaLuuyady

annsautinsnszduasenta [Wudn 2 Baeiufe

1. msnszdurawuuraaiy 1 wid (Single-phase driver) wiawuuiw iy
mitdaunszualWliiveeainvewaneinasen Tngastounssuasoemudvuiuly daty
nszuailvaluunadn winslvaluiiemadioaiunnes SnvunduiInildussfures
vawmesifesmumsad 2.1 Tasit 1 lumsaie dnssualiidnlUlunewed uas 0 A Ll
nszualw

o v
A5 2.1 MsnseiuacuuaaiiU 1 a

Step #1 #2 #3 #4
1 1 0 0 0
2 0 1 0 0
5 0 0 1 0
q 0 0 0 1

2. MminszAumawuuYaaiiy 2 a (Two-phase Driver) ilunistiaunseualiiy
YAaIm 2 vavememeinion Auly  wavaznssfuSssdadulubudionYunuuniaa
fafunisnszsuuuuifedoslimariinmiu  uasssiiliiiussDovemamoainniinis
ATTRULUU 1 AR R399 2.2

A9 2.2 Msnsziuawuuasay 2 e

Step #1 #2 3 #4
1 ] 1 0 0
2 0 1 1 0
3 0 0 1 1
4 1 0 1
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nsnszduwaLuUaanaIRy

MsNsEAULIUENENAAUVSE One-two Phase Driver e MsnsvsumaLuuYaaLiy
1 i way 2 e Besdrduiuly usedaitldnnnisnssdumanuuisedifiuanniy sz
vowivisvorduas Tumsnsvfunuuiasdesiimsnsefuiloiads 2 ads Searldseozvoaa
Wi funtsnszduiiisanfadervesuvunaaiii 2 wuvusn AIUATIDEAVDINTTUYY
Aumisesmsoaduiiluas wiesuuunsn amnugnipseshumisiisiuadetiinntuaiu

A1519N 2.3

< v ¢
AN 2.3 NsnsesuNaLUUBANALAY

Step #1 #2 #3 #a
1 1 0 0 0
2 { 1 0 0
3 0 1 0 0
a 0 | 1 0
5 0 0 1 0
6 0 0 1 1
7 0 0 ; 0 1
8 { 0 0 1

2.3.2 ynduuaines
2.3.2.1 yasa Mega 2560

sUA 2.10 Uasn Mega 2560
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« 2 « calay as
v3n Arduino uveialulasaoulnsalassiiinisWauIwuy Open Source

a oo = v o v ¢ °o 9 w v e W Wi |
A finsiUawedayarisnueniawdsuazgeniuas virlvnsldauaunsavinlaioe Tasiey

i = -‘-‘I‘-ﬂ & ¢ ar - [ ¢ o o s o
nafelife Uoin Mega 2560 lasuainmiiluuosanoonuuuLie 893 UNIIYiNIuYes
- - . ) o d P P
FUNPLAZLDRNA NTOAIUANNBIMDIHAILY A1 nsyhnufisudygmaniuses Jiuesa
o a ) o o Ly - i 1 w e - P
fllausasessumaiaunueils nsitounesewinivesatuAouRmestuaILI5H
= i ' - [ o & o va 0
\Wousak1u USB wananiiuesa Arduino anunsaldlavisluszuuufjuinisves Windows,
Mac OS X uag Linux Bnaan Judenlguaianiilunisyhauveuaissiunanuils

54 Digital Input/Output Pins (15 Pins @wnseldidu PWM Output) 16t

16 Analog Inputs
4 UARTs
- 16 MHz Crystal Oscillator (I miunsesmmdliivuesalilasaou-

nsataod)

USB Connection

PDUAIULVANIE

- ICSP header: In-circuit Serial Programming (@uiitliu AVR suinidn
dwmsunislusunsu Arduino aUsenoudae MOSI, MISO, SCK, RESET, VCC, GND)
- Junn Reset
- ARUHIBAIUTT 256 KB
o P 'Y
= VNNuNLSIeY 5 V

2.3.2.2 vainvulanas

U 2.1 vesaduaivueinns (A4988)

2stupdouaiULBmes TUAAIN5¥ e uLI97N Microcontroller Board
Falulassnuilld Microcontroller Board iy Mega 2560 laenau Shield Board dwmiums
' - v o) 1R o ' Vo
Ielidosliveiaduarldinninesin Power Supply 12V 5A $18lWiu Mega 2560 way
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UD3n Mega 2560 Nazanelwidesliaidvuaimes nsreaifuuaimasndsnnmunaleud)

' o o
mm‘mma'l,ﬂmmgﬂw 4 54 [

motor power supply |
(8-35V)

=IVDD

microcontroller

l— GND

L logic power supply
(3-5.5V)

gﬂﬁ 2,12 asmssavasatuafUueines (A498s)

2.3.2.3 Reprap Arduino Mega Pololu Shied %52 RAMPS 1.4

Reprap Arduino Mega Pololu Shied %58 RAMPS Qﬂaamwuu'}l.ﬁﬂﬁ
wnzaudemslinuivgunsaidiinnsedndues Reprap sauluunanavuiaidn 1 4n lu
51A1611 RAMPS (#pusafiuteda Arduino Mega feuwaniosLiiusyaninin uaziivos
unnedmiudoudenisimuinisoly nsoenuuvligaarsildsiunisifoudanis
Fuirdeuseimeiuardumuauiianatain 1iluueda RAMPS (oiesdenislday

AANTR

-l miuinesriunuia 3 unu uazduaia

- nsnsmianieliluntsmuatgunsniduls

- finsuddimed MOSFET 3 i dwiuirdesmuauainusou Waauuazis
WOSHAINDS 3 2993

- Shdwnn 5 A Wermuaeadouaznislosiusadussnauiianiy

- MsmupuMsiiaNsaulsiaduun 11A

- ansaseiduadivuewmes 18 5 veia

- fivegmanuuu ilinsldgunsaliredenisidsuudas wisvesniite
niseentuuluauIAm

- 1 12C wag SPI Lidmiuntswannluowansely

- n3uBaAes MOSFET viavum Wousiafuny PMW tiemnuiounysvasd
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- dnwarmsiondenalnauaxldlunisdedu End Stops, Motor, LED a1
ApRzgnYUAENe W 3A fvuiadnuwaziuana

- i SD Card ¢

- Wudesdmivuawmesluunu 2 80 1

gﬂﬁ 2.13 Reprap Arduino Mega Pololu Shied 158 RAMPS 1.4

2.3.3 daunnaa (Extruder)

] & =i [ i o o 17 ¢ o -l -;'} &
drumantudluninisvsuidu Filament aa:mwavsaaumamazamugumu

v

fguwuﬁagﬂﬁ 214 Imaﬁf.’huﬂumﬁ'ﬁ§mzﬁmm§auqﬂussé’uﬁwammz oyl
Filament Alviaaunazae uaztuguiiutunulined limaueslinvinauivly dowhian
ﬁ]xﬁﬂﬁmagjﬁwamaﬁ'ﬁmﬁwﬁﬁuﬁu Filament 8331 lassainesivimndiwisanaidod
AL INMSA TNz anseLuiy ﬁuuﬁaﬁmﬁlﬂu‘lmaqmﬁ%zﬁqmﬁmﬁﬁa

- YUIANIAA : 0.4 mm

- usadulwHaRldviaSou - 12V

- PRINYNIEY Thermocouple : 500 mm

o o
a6

N e

-
3
)3
=}

J 1 s e
31]71 2.14 @ umam
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2.4 WSWnsuRaNUUUTUULATATUANTUI

2.4.1 Wsunsy SolidWorks

TUsunsy SolidWorks ﬁag‘uﬁ 2.15 ureniursiielitneanuuulifueiesioly
N1509NUUUNIIMINTIY ead1eimed1ndndusisiansluneufames nouilazadne
AR usiduLUUeSe Taudgenduasazdnaglunsena CAD (Computer Aided Design) ¥
m:u1ma%’n‘a‘?umuai’wam'lugmmu 3D Solid Models (HuuUUIULENEY (Part) LAZWULIY
Us¥nau (Assembly) Wothlvasradu Standard Engineering (CADD %38 Computer Aided
Design and Drafting) Tusunsu Solidworks ilusunsufiflmudemeulunisvinnugesuan
D emnsnﬁwﬁwmumnmwawgﬂLLUU 1ﬁiwaztﬂu§quuﬁﬁaqﬁmﬂu Solid #3® Surface
Afliedesiiofisesiuidueden Weatuiunuiadadouiosfainsofiasusenoviuavlaly
Mode 1a3ynfnda Assembly 39BN Drawing aaius fiftesandunuinindy
Tunu vilwuserdanailunisinudne Tasldlusunsuiluniseoniuuiei osfiusian
{if uavoonuUTUURIF A RMWA TR

= T e E e TR T - LA TR -

B sou0cms et v o e |

;a;'dﬁ 2.15 Mpeulusunsy SolidWorks
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2.4.2 Wsunsu AutoCAD

AutoCAD #e Tusunsupeuinmesfildlunisoenuuuidouiuy wagndniy
aammuﬁﬁ'm%’aﬂﬁlmﬁauwnﬂismw LU ﬁv'»al,wimuuwuﬁmw%ménq unsevianulng
wdsunudlan foauilifiiasiielag digudl 2.16 AutocaD Hulusunsuildfuegis
ninvuazezfiuladalunisinlvldausenuuunisaninonssy Smnssu nudise
anuAan 1ol wHuf AREAINIUBENUUUNAR AsTuaLIATDING 184 wavseluTusunsy
AutoCAD Hazifudandnlunisuannasuniseenuuuimualuouias waziduileusv
dmivauidlan Tuiteswosnnsgiunisesnuuulaeiialy Fesruanunsoveslusunsy
AutoCAD tu sevhldaudaniluszuy 2 37 uas 3 G maammfjuﬁugﬁwa-zamsﬂﬂﬁejms
af1aunmiadouln (Animation) tagA15AlAYPNY (Presentation) TugUuuusineg Tu
wfumamim “Luﬁej-aﬂfu uagldsamMilusunsudug Wanlumane sUuuY

G- ol e 0% 08 @
£

: )
N L e =
=
-
Maase

P G

Cosidones Vst Stjles =

gﬂﬁ 2.16 fre1alUsunsy AutoCAD
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2.4.3 1Usunsu Repetier Host

TUsunsa Repetier Host [ulusunsufiléinrofuiaiosfisauiifiniuguil 2.17 Tay
Repetier Host {uvavdmiiiilaudangulunisviaugs aunsauivenldetredasy oy
Repetier Host aevinntiiindn 2 eg1afte Andedearsfiuiniesiun wazdenlusunsui
MuIANEYBEATEIT UL Slicer BeTUsUNsN Slicer Bastdudautdua A
ooniiudug Inmsldauiiiouarligesn TnefTlusunsuvosedosfiniads aunso
A dumLAuYewhdsld madeuseruiadssiuiadd vhldleosenunesn USB

%39 SD NSA

Fie View Config Ponter  Took Help

O2.8» 8/ @ ® % @ ©
Comnect  Losd SavePrnt SanPect KTl Jeggleleg Show Filament Shew Travel Prinker Settngs  Fasy Mode  {mergenry S
T en | Tampeston Carve V e VIl 7=  Ti0tiec Mot | Sicer | P | Marnsl ot | S0 Gond i
cC =g+ WA @ | &

-

Q

i
5

AN

U"ﬁi 2.17 Mweslusunsy Repeiter Host

2.4.4 TJsunsy Pronterface

&

TUsunsy Pronterface 1 ulusunsufildfnnofuiatosfiunauiffusnnils
mawsﬁuﬁﬁﬁmuﬂﬁﬁmmﬁmmiu'[ums'vhmum YSuuns émv’wiﬂﬁadwﬁasv JUNLIEAY
msmwuwammmmuiawaasamsﬂm 2.18 19U RepRap usasuauq e asar Tl manza
nuLﬂsaqwuwmmm%wmuwumwu fmanduasiinrnainasalunisuulasy
AWM LWIN1519T U muwmawumu wUaalvd .STL 1u G-code munausumisues
iuuumaaufﬂmumvmm VOUATDIRUN mus-mms‘lwm’m‘sauuauamwnwmmamau
meﬁum%umuuumaumu GUI vogawiuaila uazlinsmuanidgamalinaonns
a1 Weusetuinesfianitiunesn USB winthlndiownmdnaenaslu SD msa wethly
AuiieSaeiurianiln whuidunusely
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U 2.18 #pglusunsy Pronterface

2.4.5 TUsunsy Arduino

Wsunsu Arduino ifiulslasaoulnsataninsena AVR Afnsimuuuulemues
ﬂaumsLUmmwauammumsmmua.mamm uardldaudanunsadaulaniandiy e
sogamedIUDsn mamsunmma"tman ei'mmwaqﬂﬂsmammm ﬂarﬂmmmmmma
Na'sal.anmaunamnm&uaﬂumwaummmmﬂm I/0 993uD3n mamammavmn
drursnldennenvuasnlasy (Arduino Shield) UsvLane199 19y Arduino XBee
Shield, Arduino Music Shield, Arduino Relay Shield, Arduino Wireless Shield i a &
Arduino GPRS Shield LJusu snidsutuvesa Arduino udnioulusunsutauisoldias Tng
Tdyonduasmilunsdisulusunsmvhaueisdssiuians s
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oid setup() | ~

:

loop () {

Arduino Mega or Mega 2560, ATmega2580 (Mega 2560) on COM4

SUN 2.19 sreenlusunsy Arduino
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N1529NLUVLALES19TUIIY

3.1 lasedd1auaznisoanuy

3.1.1 lasead19ve9tusu

Tudruveslaseadreasldlusunsy SolidWorks Tuniseenuuu wsislusunsy
SolidWorks zduLUUTILFe nugunse 3D G'faﬁguavcé?mﬁsmmu 3D agluiunuinis laslu
mulmamwwulmmuﬂimauLUumqamaamanmﬂn Faqy musﬂamaauwumﬂma'lmamn
Usenautanun 6 Hu LLavumuwLﬂ‘uﬁmsmwamﬁnmaawmuuauaalman 2 Fuanaly
gﬂw 3.1

AV

:

3UM 3.1 lassadsveaadosiuiauiifioinlusunsy SolidWorks
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o de o v
3.1.2 Fagnivinlaseasng

lunaidentanfievihuilassadsdusesilafalodovarsosne deluiitoeias
anuudausswazanuazanlunisde e wdludunu Fegldiiduuduozaian %aﬁﬁmamﬁﬁ
M Weldiuanuiougeazseusiag aunsadaviotuguidunuusine I wandedus
asrudaiuazasanmly fiwmdnuiuaranunsounsadn wud wieszune Wugunie
mnaoine i wazauandiiirvdnedimiweuiveraitafe awnsanuusensyunnly
andansyan lavarumunvssuduadulatefuUsAulnensafunIsnuLsInsEunn Yule
AIUMUNTBIUNUDTAS ARTIAILA 2 Tadiwuns B9 100 fadiuns wadldviia3 oafiuianwia

U0 10 fiadiwns lavazianitofuazdaiduunioyasan iy unisisselus

& vV o= v s -
A19719N 3.1 ﬂ@ﬂLLﬁﬁﬂ@LﬁU‘Uaﬂ?ﬁﬁ]azﬂiﬁﬂ

YoRUniDYAIAR Joduvatovaian
- iulusdlarmonsyan vinldananse | - linuarudousnsnvinlesumnueu
[ v v o/ =‘ o v |7
wiulassasnanislule Tuszaunils vzvinlisousrueuls
- Ymssansalglediomsglusela -fnsavingulade
- NUNURDENIWOINTA
- dainuun ($renanisyudne)

U
e e

-l v e aaa e aa
JUN 3.2 lnssashueSosiuanuiifndeinlneldaneyaian

=
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3.2 Tassasramediannsoting

3.2.1 aiuanes

Tuill¥aiiudauemeiqu 42BYG020 Step Motor duilunaimasnseuansuuitiings
(I ) q: =i o - v
wyubisaies lnvagmuluiiavaiivg av 1.8 e imuzdwmsuldlunuiideanisau
<l [} o | @ @ o “ ar 4 f a €
avldvauazaiugn 1wy Wiuiluiasosiiud s wlueriafan 1an

3.2.1.1 leseassvasanvuaines

42BYG020 faviluafvuaweasuuy 4 wa 6 ae lnsasilaea 4 aouay
dumBNNBY 2 AURIgUN 3.3

£ CUMMUN
3 _‘:IsAAAJ——‘
o—aﬂ-—rvj_ ik

CUMMU, —

< - ¢ )
UM 3.3 swenuusuvssaivlsamesuuunaiet’

Tnedsnsmaswlauavaigasuuovansnvild laeynn1s3naiaIny e u-
uUgusiaraty dwnniudndmaiuasuneay glddaNaun A nlos wInIngu e
a ¥ [ o = ar o 1=l o -l ' a'f =
Nud AnmAIuLIEgann AnllumsinlagdueiiavaluGeny wagluaInnguullu
UBLADIUUY 6 80 TanuaeuNeu 2 Wy nsavilvaain 2 g davindughignyavaain e

mmﬁmmuﬁlﬁﬁwﬁﬁmqmnmiuﬁ'u

B e N

- & &
U7 3.4 anoulauavansroueuvosaliUYaenes
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Wamasanuawasuuaulawdl szhaiuauvaduma lnesoans
ABULBUNY 2 ULt ULUAIT LY 5V uasseauwadiiy Ground Tasdunatsdeading
uanaaInaainglalunazing tvnadugndeseimessraduiluadvluluiismadiendy

mmnnunemesviupuasiiniaduidunisnaaingluisesy IWNUAWUTINADY

3.2.1.2 mahaivsawesiuldvyuunu X, Y, Z

wnu X

drunnuvewawmasiafintufmas Tnofidfsaeniuey Sadvateniu
Feusoluagrusosiadnga (Extruden) Wevinnsdseuliueimesuyuaginistuindou
mewuiidoniugusesiinaaiwiadeunnmeluiuaiinu X

wnu Y

dauunuIRBMBI Y ERANNUAMIRIEIINIY Tﬂﬂﬁﬁaﬁamawwﬁmagﬁ’uaw-
wiideulugaindaman 2 duilsossunanosvesuny X 15 devhnsdaliuawmaimuny
vhnsindeuaewdlindeufinsununy Y

wnw Z

luduvesunu Z aeiluaimessau 2 divimsengiuivluunu Z Tnouny
vosainpiufaviazdnindugUnsaifienit adduis viesdea LazdSeaiitatuuny
uowmess 2 favlindn 1y adnuihilumeRfumon weeshwinfiduunilumsen

I TuMLAuWIeas

3.2.2 vainAIUAN Mega 2560

Arduino Mega 2560

T AL R T Y]

ERERRERMR F bbb bbe sobbonne o

Arduino Mega 2560 R3 Front Arduino Mega2S60 R3 Back

3UM 3.5 vedn Mega 2560



25

lduasa Mega 2560 TunismrvaunIsiureuAlesiuiauiia Tnoswinan
Wsunsuruans USB uazvihnmsreuasn Mega 2560 fuvesaaduie vosn RAMPS 1.4 il
dofvueiatunaine’ ieltlunsmuaunisiauvenaiesfiviaudia snduiiins
Pwinlituvesalavdelnruesaaiu (RAMPS 1.4) waiipassedsludosvasnmssislnin
1 uagmsAnaesEItaueinfugunsel nsienisdemeivartarmsiolniiniaonayih
Iiuesawsla

3.2.3 yaduuaines

3.2.3.1 vasatuuainos

-l . &

ldvaintuuainpsives A2988 Tuntstvaifduowesiauled 1 sduLowmes

19 167 warluiaIasfiudanuddldnedu 5 f lumstvaddusaes 5 ¢ dei vasadu
cw o 2 ar & ‘ ¢ o o o v o & o

uewaiin 1 lgtvaiiduomeslunuiuny X vasaduusinassn 2 Wivaduusmesly

bl Y vesadurenosiad 3 uaviai 4 TituadvremesTunuiun Z Tnvanveiild

anvuames 2 i Tl 2 mezdwummmgwumwnjuasﬁmﬁﬂwmﬁmiaaﬁwﬁnuax

v £ ¢ o o v W
aavy vesatuuelnimi 5 ldvaiviameslui Extruder

[o—

S /
S
i

——

~ h

‘4 st ] " @ o . ]
JUN 3.6 shegveintuawmesnltledives A9ss
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3.2.3.2 Reprap Arduino Mega Pololu Shied %38 RAMPS 1.4

" 5 <
Reprap Arduino Mega Pololu Shield a1uguf 3.7 w3 RAMPS QnNoBALUY
o q v ' v [ fa i "o
wuielimngausienslénuivgunsaididnnselindues Reprap losiifousefuvasn Mega
¢ aa - e @ - ] ar "
2560 meuwanHosuNiusyansnm uazilewnnuisdmiudeoureniswamnnisaslu nis
v i at J 1 s =
sonuuulunaarildsaumsifensenisuindeunaimeiuavadaumunuiia wanadn 1y
« 4 ] 1 L
UBsA RAMPS Iiad1eson s 49

RAMPS 1.4 (RepRap Arduino MEGA Pololu Shield) GPL v3
rpnr.a;: orq/uxhl/ﬁﬁﬁl’51 1

versing input pouer, and in q steppery drivers incorrecily will gestroy elect
i I § 00000000 00000000 8o000000
,ﬂ : cooo ' cocoe °°°°§§°
" oognﬂm!gooooo <

vl
Beg = Bo0 .

i ooo _4'0

d i e

o.o:.- ooo.liﬁq\ I“‘O”

y

.

e

.

i éouo- cooo o.g
‘z 3‘(“0’0.“0..—0.3“ e

J‘-é}‘ m ll" ‘:\ ”n”

T4 ’ L L)
ODﬁooom“enooo

EELy = B SNy d"
‘ﬁ& Oql°ﬂ°?. 0‘ &“"““":fg‘e Q

'S X% 8% J.g S )
ol s o R s w7 §
7 .IH e [ ohala |
= P *‘ l.[.- il

— Wity —.

»

i
:

f[~i-l*HIHIIiHII§IH?

jﬂ‘ﬁ 3.7 2993994 Reprap Arduino Mega Pololu Shield
3.2.4 daunade

ldauveshidn 2u1m 0.8 mm usaulWivhaadou 12 v uasld Thermistor lu
m‘nmqmmﬁ Tmﬂamqmumsmunuﬁaaﬁ'lum'iﬁ'muﬂnnag‘sgmw190"(: 04 230°C
uagannsasisgumgiigeanlalaiiiu 280°C

- o o = =
U7 3.8 Wieillueosiniauis
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3.3 TUsunsuiildeu

3.3.1 TUsunsu SolidWorks

awlHlusunsy SolidWorks iwsreilmnuazanlusesweinsi@sunuy 7ilidudou
' ' ° w P v W asl v T W - -
11N Meaen1siaNuilanenumlusunsy Sensldnudlududounnniiuly Sadusunsy
3 ] o ar od g < - - =
SolidWorks dumanzdmivauniduzunsauaeq uwwniiueu Ussneueu Wouwuy wie
o 5 o e < =& o P
NuAInana leelylusunsy SolidWorks aanRUUMIIRINATDS 3D SAuB9I00NwUUTUIIY

v

NIETRUNA Y

: s O =l BT |

Do @ e TE,
LASHE-F-ic- OB -

¥

hq\J

=
&
]

(@ Extruded Boss/Base
53 Revolved Boss/Base
% @ Swept Boss/Base
& Lofted Boss/Base
) Boundary Boss/Base

=

S
el

|

| 5| (@ &xtruded cut
8] i@ Hole wizara
(M) Revolved Cut

-

) |

A

SolidWorks Premium 2014 64 Edion | LT cetegpe  wwes/ 4@ @ |

&) Finet -

U 3.9 Meukuuiiainaninivsunsu SolidWorks

3.3.2 TUsunsu Repetier Host

T¥dmvuvasindduay 3 fal¥nanedulng G-Code ot lumuALATDauN
audialvasaiunuesninamesnuuyuiessannsauladid STL Wy G-Code a8
Wy visheesalufansmugumsyhnuimusveaAsesianithunesn USB videuilng
G-Code ldaslumiin SD wdniludeuiiadosiuianuiin udlnatesulng G-Code Wie
VULl TﬂUI'U'iLms:Jﬁﬁm'1:uEmmju’luﬂ'1sv‘hmugaamwsnﬂ%’utwielﬁaéw%ass 6N

ar d = L4 o &
WiEAURTDIRUNL VA LSRLUUl DI uTeSA
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‘ Fiie Wew Confg Primer  Took  Help
IO.B.& » ®
i Connect  load  SavePant Stect Prt K0 Dot Brinter Seftngs  Easy Mode ©icgenny Sop
| [yl ———— Ubiet Aaterert | Sosr | Prevem | Merusi Corest | 50 Cond

o © 3 @ H

T 2 e ate

| YOUR 3D PRINTER
Receive free status push
messages on your tablet
andlor smartphonae.

sewiogom
Ao Mg Tog o 4
Geoge May Swre &

g‘dﬁ 3.10 1Usknsu Repetier

3.3.3 Tsunsu Arduino

l¥dwmiunisd@sulusunsurugueneg awngiitdan Arduine twshe Arduino {i
yaiuluidesresmindielunsiteuiuasnslda WWeswaniimsponddsdagg fuun
auayunislivuneguuuuiislisudeusssiiyavu A

- e lsiuns iifpennit Source Code uazatasuanl ausorolssturldios
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n.2 TeaTusunsy Arduino #lddsnislulasasulnsatass

Wndrdsdmiumuaugunsailulasaeulnsaiani iiednisigunsalddnnseting

° - v
IUAIUVIRBINTS

H#ifndef CONFIGURATION H

#define CONFIGURATION H

fidefine STRING_VERSION_CONFIG H _ DATE__ "" TIME__
#define STRING_CONFIG H_AUTHOR "(none, default config)"
#define SERIAL_PORT 0

#define BAUDRATE 250000

#ifndef MOTHERBOARD

#define MOTHERBOARD 33

#Hendif

Hidefine EXTRUDERS 1

#define POWER SUPPLY 1

#define TEMP_SENSOR 0 1
#define TEMP_SENSOR 1 -1
#define TEMP_SENSOR 2 0
tidefine TEMP_SENSOR BED 0
tidefine MAX_REDUNDANT _TEMP_SENSOR DIFF 10
#define TEMP_RESIDENCY TIME 10
#define TEMP_HYSTERESIS 3
H#define TEMP_WINDOW 1
#define HEATER 0 MINTEMP 5
#define HEATER '1 MINTEMP. 5
ftdefine HEATER_2_MINTEMP 5
Hdefine BED_MINTEMP 5

#define HEATER O MAXTEMP 275
Hdefine HEATER 1 MAXTEMP 275
#define HEATER 2 MAXTEMP- 275
#define BED MAXTEMP 150

#define PIDTEMP
#define BANG MAX 255
#define PID_MAX 255
#ifdef PIDTEMP



#define PID_FUNCTIONAL RANGE 10

#define PID_INTEGRAL DRIVE MAX 255

#define K1 0.95

#define PID_dT ((OVERSAMPLENR * 8.0)(F CPU / 64.0 / 256.0))

#define DEFAULT Kp 22.2
#define DEFAULT Ki 1.08
#define DEFAULT Kd 114
H#endif

#define MAX_BED POWER 255
#ifdef PIDTEMPBED

define DEFAULT bedKp 10.00
Hdefine DEFAULT bedkKi.023
#define DEFAULT bedKd 305.4
#endif

fidefine PREVENT_DANGEROUS EXTRUDE

#define PREVENT_LENGTHY EXTRUDE

#define EXTRUDE _MINTEMP 170

#define EXTRUDE_MAXLENGTH (X_MAX_LENGTH+Y_ MAX LENGTH)
#define ENDSTOPPULLUPS

#ifndef ENDSTOPPULLUPS

Hendif

#ifdef ENDSTOPPULLUPS
#define ENDSTOPPULLUP XMAX
#define ENDSTOPPULLUP_YMAX
#define ENDSTOPPULLUP_ZMAX
#define ENDSTOPPULLUP XMIN
fidefine ENDSTOPPULLUP YMIN
#define ENDSTOPPULLUP_ZMIN
#endif

const bool X_MIN_ENDSTOP INVERTING = true;
const bool Y_MIN_ENDSTOP INVERTING = true;
const bool Z MIN_ENDSTOP_INVERTING = true;
const bool X_MAX_ENDSTOP_INVERTING = true;
const bool Y_MAX_ENDSTOP INVERTING = true;
const bool Z_ MAX_ENDSTOP_INVERTING = true;

#if defined(COREXY) && !deﬁned(DlSABLE_MAX_ENDSTOPS)
H#define DISABLE_MAX_ENDSTOPS $
#endif
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#define X_ENABLE ON 0
#define Y_ENABLE_ON 0
#define Z_ENABLE ON 0

tidefine E_ENABLE_ON 0

#define DISABLE X false
#define DISABLE Y false
#define DISABLE Z false
#define DISABLE E false
#define DISABLE_INACTIVE EXTRUDER true

#define INVERT X DIR true
#define INVERT_Y DIR false
#define INVERT Z DIR true
Hdefine INVERT_EO_DIR fatse
Hdefine INVERT E1 DIR false
#define INVERT E2 DIR false

#define X_HOME DIR -1
Hdefine Y HOME DIR -1
#define Z HOME DIR -1

#define min_software endstops true
H#define max_software_endstops true

#define X_MAX_POS 205
Hdefine X MIN POS 0
Hdefine Y_MAX POS 205
#define Y_MIN_POS-0
#define Z_MAX_POS 200
#define Z MIN POS 0

#define X_MAX_LENGTH (X _MAX_POS - X_MIN_POS)
#define Y_MAX_LENGTH (Y MAX_POS : Y MIN_POS)
#define Z_MAX_LENGTH(Z_MAX_PQOS - Z MIN_PQOS)

#ifdef ENABLE AUTO_BED LEVELING
#define AUTO_BED_LEVELING_GRID
#ifdef AUTO_BED LEVELING GRID

#define LEFT_PROBE BED POSITION 15

#define RIGHT_PROBE_BED POSITION 170
#define BACK PROBE BED_POSITION 180 *
#define FRONT_PROBE BED POSITION 20
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#define AUTO_BED_LEVELING GRID POINTS 2
#else

#define ABL_PROBE PT 1 X 15
#define ABL_PROBE_PT 1 Y 180
#define ABL_PROBE _PT 2 X 15
#define ABL_PROBE_PT 2 Y 20
H#define ABL_PROBE PT 3 X 170
#define ABL_PROBE PT 3 Y 20

Hendif

#define X_PROBE OFFSET_FROM EXTRUDER -25
#define Y_PROBE_OFFSET_FROM_EXTRUDER -29
#define Z PROBE_OFFSET_FROM EXTRUDER -12.35
#define Z RAISE BEFORE HOMING 4

#define XY_TRAVEL SPEED 8000

#define Z_RAISE_BEFORE_PROBING 15

fidefine Z RAISE_BETWEEN PROBINGS 5

#define Z SAFE_HOMING

Hifdef Z SAFE. HOMING

Hdefine Z_SAFE_HOMING X _POINT (X MAX LENGTH/2)
Hdlefine Z_SAFE_HOMING_Y_POINT (Y MAX LENGTH/2)
#endif

#define MANUAL X_HOME _POS 0

#idefine MANUAL Y_HOME POS 0

#define MANUAL _Z HOME POS 0

#define NUM_AXIS 4

#define HOMING FEEDRATE {50"60, 50*60. 4%60, 0}

#define DEFAULT (AXIS_STEPS_PER UNIT {78.7402, 78.7402, 200.0%8/3.760"1.1}

#define DEFAULT MAX FEEDRATE {500, 500, 5, 25}
#idefine DEFAULT_MAX_ACCELERATION {2000, 9000, 100, 10000}
#define DEFAULT ACCELERATION 3000

#define DEFAULT RETRACT ACCELERATION 3000

Hdefine DEFAULT XYJERK 20.0
#define DEFAULT ZJERK 04
H#define DEFAULT EJERK 5.0
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#define CUSTOM M _CODES

Hifdef CUSTOM_M_CODES

#define CUSTOM M _CODE_SET_Z PROBE OFFSET 851
#define Z_PROBE_OFFSET RANGE MIN -15

#define Z_PROBE_OFFSET RANGE_MAX -5

#endif

#define PLA_PREHEAT HOTEND TEMP 180
#idefine PLA_PREHEAT HPB TEMP 70
#tdefine PLA_PREHEAT FAN SPEED 255
#define ABS_PREHEAT _HOTEND TEMP 240
#define ABS_PREHEAT HPB TEMP 100
#define ABS_PREHEAT FAN SPEED 255
#define SDSUPPORT

#define REPRAP_DISCOUNT SMART CONTROLLER

#if defined (MAKRPANEL)

#define DOGLCD

#define SDSUPPORT

#define ULTIPANEL

#define NEWPANEL

H#define DEFAULT LCD_CONTRAST 17
Hendif

#if defined (REPRAP_DISCOUNT _FULL GRAPHIC SMART CONTROLLER)
#define DOGLCD

#define UBGLIB: ST7920

#define REPRAP_DISCOUNT SMART CONTROLLER

#endif

#if defined(ULTIMAKERCONTROLLER) || defined(REPRAP_DISCOUNT SMART CONTROLLER) I
defined(G3D PANEL)

#define ULTIPANEL

#define NEWPANEL

?endﬁ

#if defined(REPRAPWORLD KEYPAD)
#define NEWPANEL

#define ULTIPANEL

Hendif

#if defined(RA_CONTROL_PANEL)
#define ULTIPANEL

#define NEWPANEL
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#define LCD_12C_TYPE PCA8574
#define LCD 12C_ADDRESS 0x27
#endif

#ifdef LCD_12C_SAINSMART YWROBOT
#define LCD_I12C TYPE PCFB575
#define LCD_I2C_ADDRESS 0x27
#define NEWPANEL

#define ULTIPANEL

#endif

Hifdef LCD_12C_PANELOLU2

#define LCD 12C TYPE_MCP23017
H#define LCD 12C_ADDRESS 0x20
#define LCD_USE 12C BUZZER
#define NEWPANEL

#define ULTIPANEL

#ifndef ENCODER_PULSES_PER STEP
#define ENCODER_PULSES PER STEP 4
#endif

#ifndef ENCODER_STEPS PER MENU ITEM
#define ENCODER _STEPS_PER MENU (TEM 1
#endif

#ifdef LCD USE 12C BUZZER
#define LCD_FEEDBACK_FREQUENCY HZ 1000
#define LCO_FEEDBACK FREQUENCY_DURATION MS 100
#endif
#endif
#ifdef LCD_12C VIK!
#define LCD_12C_ TYPE.MCP23017
#define LCD_12C_ADDRESS 0x20
#define LCD_USE 12C BUZZER
#define NEWPANEL
#define ULTIPANEL
#endif

#ifdef SR_LCD

#define SR_LCD 2W _NL
tendif

#ifdef ULTIPANEL
#define SDSUPPORT
#define ULTRA LCD
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#ifdef DOGLCD
#define LCD_WIDTH 20
#define LCD_HEIGHT 5
#else

#define LCD WIDTH 20
#define LCD HEIGHT 4
#endif

#else

Hifdef ULTRA LCD
#ifdef DOGLCD

#define LCD WIDTH 20
#define LCD _HEIGHT &
Helse

#define LCD WIDTH 20
#define LCD HEIGHT 4
Hendif

Hifdef ULTRA LCD
#ifdef DOGLCD
#define LCD WIDTH 20
Hdefine LCD_HEIGHT 5
Helse

#define LCD WIDTH 16
Hdefine LCD HEIGHT 2
Hendif

#endif

H#endif

#ifdef DOGLCD

#ifdef DEFAULT _LCD CONTRAST
#define DEFAULT LCD CONTRAST 32
# endif

#endif

#define SOFT_PWM_SCALE 0
H#include "Configuration adv.h"
#include "thermistortables.h"

#endif
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.1 na1seiion15lda1u 8-35V 2A Single Bipolar Stepper Motor Driver

Board A4988

A4988

DMOS Microstepping Driver with Translator

And Overcurrent Protection

Features and Benefits

* Low Ry Outputs

Automatic current decay mode detection/selection
Muxed and Slow current decay modes

Synchronous rectification for low power dissipation
Internal UVLO

» Crossover-current protection

* 3.3 and 5V compatible logic supply

Thermal shutdown circuitry

Short-to-ground protection

Shorted load protection

Five selectable step modes: fall 1/, 1/, 1y and 1y,

Package:

28-comtact QFN
with exposed themmal pad

Smm ~ § mm * 090 mm

(ET package)

Selection Guide

Description

The A4988 is a complete microstepping motor driver with
built-m translator for easy operation It is designed to operate
bipolar stepper motors in full-, half-. quarter-, eighth-. and
sixteenth-step modes, with an output dsive capacity of up to
35 Vand #2 A The A4988 mcludes a fixed off-time current
regulator which has the ability to operate in Slow or Mixed
decay modes.

The translator is the key to the easy implementation of the
A4988. Simply inputting one pulse on the STEP mput dnves
the motor one microstep. There are no phase sequence tables,
igh frequency control lines, or complex mterfaces to program.
The A4088 mterface is an ideal fit for applications where a
complex microprocessor s unavailable or is overburdened.
During steppmg operation, the chopping control m the A4988
automatically selects the current decay mode, Slow or Mixed.
In Mixed decay mode, the device is set initially to a fast decay
Tor a proportion of the fixed off-time. then to a slow decay for
the remainder of the off-time. Mixed decay cumrent control
results inreduced audible motor noise, increased step accuracy,
and reduced power dissipation.

Part Number Package

Packing

A4988SETTR-T 28-contact QFN with exposed thermal pad

1500 pleces per 7-in. reel




53

Absolute Maximum Ratings
T
Characteristic | Symbol Notes Rating Units
Load Supply Voltage Vag 3 v
Output Current loyr 12 A
Logic Input Voltage Vi {31055 v
Logic Supply Voliage Voo 03055 vV
Motar Outputs Voltage -201037 )
Sense Vohage = 05005 | Vv
Reference Voltage Vagr 55 Vv
Operaling Ambient Temperature 1 T Range 8 -2010 85 %
Maximum Junction T imax) 150 ¢
Storage Temperature J Ty -5510 150 o
| 2
| i
e #!"EG_ =l 744 I
|
Voo é Cument
1 Regulator
| L
{ o1
s
REF |
| [ 4y
| DAC
I
| - =
|
FAWM Latch
]1 il L
Mired Decay
STEP, 6—
DR | ]
= | y
o Contol
Ms‘é_ Transiator :> Logie
M32
usai: |
e, J —
Mized Decay
Re

g
8
LA -
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Characteristics Symbol | Test Conditions [ Min. Tryp? ] Max [ units
Output Drivers
Load Supply Vohage Range Ves Operatng 8 - 35 v
Logic Supply Voltage Range Voo Cperating 30 - 55 v
Source Dnver, 1o y=~15A = 320 430 mQ
O ROSON I Dwer. gy = 154 z 30 | 4% | =0
i Source Diode, Ip=-15A - - 12 v
Body Diode Forward Voltage Ve Sk Diode .= 154 = = 5 7
Maotor Supply Current ss R < 50 bz = - s e
Cperating, outputs disabled - - 2 mA
; Ty < 50 kHz - - B mA
L0 Sy et o0 Qutputs off - - 5 mA
Control Logic
Logic input Voltage e s = 7 i
Vo) 5 - |vgg¥o3| V
Logic input Current 1) Yo Vg0l i i i MA
Ingoy Vin = VopX03 -20 <10 20 A
Rusy MS1 pin - 100 - k0
Microstep Select Rum  |MS2pin - 50 - kQ
Rpassy MS3 pin - 100 - k)
Logic input Hysteresis Vﬂygm As a % of Vg 5 1" 19 %
Blank Time SELANK By 1 13 us
0S5C = VDD or GND 20 E ] 40 us
e & 4 Yorr - [Roso=20K00 FE) ) 7 us
Reference input Vokage Range Veer 0 - 4 Vv
Reference input Current s = 0 3 pA
Vagr = 2 V. "ehrrgaaax = 30.27% = = 15 %
Cumrent Trip-Level Emor? e Vagr T2V Ylypuax = T0T71% - - 5 %
Vier = 2.V, “spsine = 100.00% - = 5 %
Crossover Dead Time tor 100 475 800 ns
Protectien
Ovarcurant Protection Threshold® | 15cper 21 - - A
Thermat Shutdown Temperature Trso - 165 - *C
Thermal Shutdown Hysterass TrsoHye = 15 = “C
VDD Undervoltage Lockout Voouwo | Voo rsing 27 28 28 v
VDD Undervoltage Hysterasis. VoouoHYS - - mV

*&m:ﬁwmeﬁnWsMammdtmjmmtmmn

’TWnnnfahﬂi&wMow.Nnmmmmme apphicaton conditions. Performance may vary for ndvidual

Nean = WVrer'S) - Vaonsel / (VaslB)

“Overcument protection (OCP) 1 testad at T, = 25°C in 3 testneted range and guaranteet by charactenzation.

THERMAL CHARACTERISTICS
Characteristic ‘Symbol Test Conditions” Value|Units
Package Thermal Resistance Rys  |Fourdayer PCB, based on JEDEC standard 32 |cw

*Additional thermal information available on Allegro Web site
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.2 na13aiian151991u Arduino Mega 2560

Arduino MEGA 2560

COMMUNICATION £

: Product Overview

The Arduino Mega 2560 is a microcontroller board based on the ATmega2560
(datasheet). It has 54 digital input/output pins (of which 14 can be used as PWM outputs),
16 analog inputs, 4 UARTs (hardware serial ports), a 16 MHz crystal oscillator, a USB
connection, a power jack, an ICSP header, and a reset button It contains everything
needed to support the microcontroller; simply connect it to a computer with a USB cable or
power it with a AC-to-DC adapter or battery to get started. The Mega is compatible with
most shields designed for the Arduino Duemilanove or Diecimila.
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Technical Specification

EAGLE files: _arduino-mega2560-reference-design zip Schematic: arduino-m 560-schematic pdf

Microcontrolier ATmega2560

Operating Voltage 5V

Input Voltage (recommended) 7-12v

Input Voltage (limits) 6-20V

Digital 1/0 Pins 34 (of which 14 provide PWM output)
Analog Input Pins 16

DC Current per I/O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 256 KB of which 8 KB used by bootloader
SRAM 8 KB

EEPROM 4 KB

Clock Speed 16 MHz

the board
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