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ABSTRACT

This thesis presents the Electronic Marking Circuit Machine, which is a CNC
system by using a laser to work. There is an Arduino microcontroller that acts as a laser
control and step motor which is used to mill various circuits. The machine is divided
into 2 important parts, The moving part of the stepper motor and the laser part, when
starting the computer will control the program and send the data to the Arduino board
to send the signal to the motor and laser according to the commands from the
program and start the work piece that will engrave the circuit pattern.

In summary, the Electronic Marking Circuit Machine can work efficiently, that is
the motor movement can move according to the specified distance, the laser can be
used to engrave circuit patterns on the PCB, the laser light works stable and efficiently
and able to engrave a circuit pattern measuring 30 cm. x 30 cm. and can take 3 minutes

81 seconds to pierce the PCB board.
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2.1.21981Ugly (Arduino UNO)

99elu (Arduino) [1] \UudUledlulasmeulnsaaesnszgasieg uldsuiulunim
C fimaifoulauiives o1melu(Arduino) Fusnidielinsdnululasaeulnsamesiuansig
i anansaldeulandudediuld

Tufigansilél4i0u ornsTugli (Arduino UNO) THlunadelusunsy fundednelu
5haad Tidn6-20Taad fv1Rdnea 1/0 14 91 wazare widendunay 6 ¥1 nazualill DC
#9971 1/0 40 mA nszualniiesn DC dmsumn 3.3V 50 mA fauandluguil 2.1

5Uii 2.1 vesneneluglu(Arduino UNO)
(flan: https://compare-price.thairath.co.th/s/Arduino+R3+Atmega+328/?p=13)



2.2 diiunamaslaiies (Step Motor Drive)

Uil 2.2 aufiueineslaned(Step Motor Drive)

(‘ﬁm: https://commandronestore.com/products/cm4988.php)

aivuawmaslanes (Step Motor Drive) #io 1Jugunsaifinesduaifuiisuomasle
mmsamulﬂmmﬁﬂmeLLazﬁmmﬂmmﬁﬁmms Wumsudyanaandmeulnsalunisiu
dyuiad(Pulse) snudrdslitumaivuemes lnsaivueimeslanei(Step Motor Drive)
funasdnel DC 12 ~ 48V n1ssrunrgluvesdmivnu 12V uag 5V dnsnisdesiu
wssfulvlihiAunssfuannszuafuuaznsdnsasnfunsmuaunssuaadoiedinnlagnss
wallzfaoala dauandugui 2.2

2.3 divuainas(Stepmotor)

sUTl 2.3 aufiUuaLnes(Step motor)

(fian: www.lazada.co.th/products/42bygh47-401a-nema-17-stepper-motor-.html)



afivnewmes (Step moton) [2] Wunewesiifidnvazdlomteulnilisuuewmesii
Tiuiitsndniesmuduseuianazngadsinsanuewneslagilufiazmyuiuiuagiingg
viunaeaandotounssiulifihdefvesaivuemosannsafvunduntsveanissudie
Fuav IWegsaviBunlae Ireufinneduie lulasreulnsamesilu e mvun fuandy
U 2.3

2.3.1 BanNNISN191U

UL

AtaduanuAua a duaftlsuawmad

(Controller) (Stepping Motor Drive)

JUN 2.4 nannsvihnuaiivuawes(Stepmotor)

(ﬁm: https://mall.factomart.com/principle-of-stepping-motor/)

nann1sviuaAvNeLAa3(StepmotonlasalAuusLaoI iUz U
nsdsnrsunanndadvlaneslnenissudyyimunadPulse) Tnsdruunnuailun1sing
dyeyru 1 Wad(Pulse) asvilvineinasuu 1.8 ssmiuegivussinnvesafivuainesined
Aeiy 2 LUUABWUY Bipolar[3] agiin1siuvnainnilsvaluladindiivanaesaines lng
Tauimaniintu ssgnimvuslaeiirnisvesnisivaveanssudlnin wuu Unipolar wuuildl
2 99 UulAazdautdvan Mliusazanainiatandivaniuiirniemssiuduguiuaiunis

v a 5 1 =3 [ v a a Y o = v a 5 = v d'
nauirnstlwanyinlalagliiaasadndsladunislugdntmiuwnuy dwwandduzun 2.4

2.4 Fududwa 33 (CNC Shield V3)

WULBLABSWNU X IDUABUDLADI LAY Y

\ouRDUBLIADITUAY Z

T 12-36V

Ul 2.5 8uFiwa 33 (CNC Shield V3)

(‘ﬁm:https://www.electan.com/cnc—shield—v35—for—ard uino-p-6526-en.html:)



Bdudiva 33 (CNC Shield V3) 18u shield Aldluniseuau Stepper motor @w1sa
muAuueimenouiuls 4 i Tieririuenelu (Arduino) 75 Layout way Pin Wuuuuen
3 (R3) I¥5ulUsunsunponiiames lusuesaiuansasulily 12v-36v Iusauiuen
nolu (Arduino) Tusuuauvsunuag3unuieunu XY wazZ lngfvesatuagyinnisds
Fanaliiulanesudlilanesdudliuemosinnu ﬁ’mam’tugﬂﬁ 2.5

2.5 W11295 FNWae (Power supply)

3'1J1'7i 2.6 W13 Frwany (Power supply)

(fla: https://th.rs-online.com/web/p/embedded-switch-mode-power-supplies)

Hugunsaivdniirestelulsifuiuduaraunsaliagiauanelueios i
wlaussnulninssuaadu (AQ) mud1uain 220 Liadlvivdeieaussnulnilinssianss
(DO) 3 ynfe 3.3 uay 5 Taad wiedwlwlsifuisestudiugunsnisien uay 12 Thad iite
elwlifusemesvesmunsalfadiase WWlumstelwlffuewesita 3 ¢ Tivinulae
msdnesnulanesaivuemes duanslusui 2.6

2.6 iaaALaLas CO, 40W

sUfl 2.7 viaemalwes CO, 40w
(fhan: https://th.aliexpress.com/item/32838254657.html)



NaoaLaLEeIIY Uy CO, [4] 1Uuszuu CO, Glass Tube T9AI1LB1IAAULET FauA
1064 - 1440 uluuns Sduuszneudfgde e asveulaeenlan +Aelulasiau+ Aed
ey ludasiduuinsgiume 1:1:10 ussaluvasaund 3 4u lngdndnnsinanuas1iegee

Ainannsviyukarnsduadluanavesieasueulaeenlen CO, Laser

[
&

Tuntawasuuazlasuluuiandiniesdnnaieiawasiosddluiignnae duay

a

v v o oA A

mudyauegiienayliiawestuaunsaimulusunsuimsdals dwandugun 2.7

v Y

2.7 msﬁﬁmmmﬂaumﬁﬂuama%

31uu Pulse Tuniissau = 360 = 200 Pulse (2.1)
1.8

nsfunmsnAuadUNewes [5] Tudesiunume Pulse lundsseuraudsly
fiuawmesiumu 1 afneld 1.8 osn 5Tah 1.8 asem lUmsfiu 360 oam ins1zdesnis
e Pulse Tunavau 1 seu Faldalunilsseutiusiodd 200 putse Tunsvau 1 seu(Full
step) Fanandluaunisi 2.1

molulug Controller GRBL 9¥dl Parameter Tlsuanszey Step/mm U9LATEILNU
\desuensiy Controller 1ku 1 mm.aglyi #a Controller 978 Pulse winls Tngansnism

¥
=]

1 d' U d‘v
AN LRI

a v =
LUSNADINTTLAU

a X 9742 Pulse Tu 1 sau
STRZAN

Step/mm=

W

5~ X 200 = 50 Step/mm (2.2)

MnaunsiulmhssegMaaunN e TEYEin sresintufevuinvesaenuluiil
wAusilATeIasazaunFentd udunaume Pulse Yausilunilaseu dstansly

AUNTN 2.2
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A

e RITIE ]

I

* ot
A
vnnanig nilng

Uil 2.8 nquinmsiidauanalees
(fla: https://fablabthailand.com/content/lasercuttersystem/)

IS LY

nounsiudauaaiges [6] nawnuvesatawesazinuauiinvanvaty Jueg

q
s 1

fudhminglumsesnuuusaznisiinuszendldeu lnsamesdruunazdvuindn wunis
Weswution (low-divergence beam) szyaueIvesnduLadisie dagldandvesatwes
103 mneglualnmiufinivameadiuld andn visible spectrum FaazUszneumenszan
Hmum 2 $u fnnsdntssduandidiefunategads uiavadesdinsindetuas fnsvan
witsluthuhntifdusdsduasesnun (Output coupler) fguasawesiideruludden
uas azdlanueleduLUUany Indsnudiadian vlinszwerowiaznszduliuas

druanndesihulugideiuatenunuduanawesiild dwandlugui 2.8

2.9 WL dwwane 1awwasaley (Power supply Laser CO,)

gﬂﬁ 2.9 WesEnwany lawesdley (Power supply Laser CO2)
(fian: https://www.amazon.com/VEVOR-Supply-Engraver-Engraving-Machine/dp/)
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WILRITNNAa1E (Power Supply)unatanelndnsuneufiames nie w1e59w
wang (Power Supply) Wugunsaliivimiihidglwlituiaies vuihiuasnszualniiinn
220 Thas Wu 2.3 1ad, 5 1has wag 12 1had GmJLLGiﬂ’mJéfaﬂﬂﬁmaﬂQiJﬂiaiﬁ?uﬂ Taguiin
Yesnnnestnnwate lumsuiamesazuuslaidu 2 vllanuing Aowuu AT uazwuu ATX Tu

Addnnangreaialrostuarilifisudyyiuainuesa Arduino @9azfessudygiuainuesa
Wieliawesuwinuesnuimuguiisdmualile dwuanslugun 2.9

2.10 wAUASTIOULALYDS

JUT 2.10 unuazviouialges

ANLAL AL DS NI UNIADUNLAILLANNENIARURN L WAL INF U ANTINTLAN LAY
w18 Ul LasdILNINAzn Y @ Tartunisdetnadilawazeenududwacaros
a o o A a ) \ 4 v o = =
nszUIUMSletndwaniaiundsnul azldnasnulwiinsanasiunalsainue1inau
FIUNTNAFDILAALATIVLI AINUYIIAFUVDILAILULARLAINNENIAAUYINIY FzdInalnen
AoAuauURIUIIRAZAINEIATUT IR ILALALTRTNAT 9B aNU Il SuNuNAANTEAN
WetazagveulanaweslUdanimuuale fwanslugun 2.10
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2.11 szuunszanuaziaud

PO O

U 2.11 szuUnszaniaud
(Fian: https://fablabthailand.com/content/lasercuttersystem/)

Tumsvhausesnsyaniaudiiuagiley 2 UssnnAe nsvanaziiou way nszaniaud
Tnsnsaniaudiuagléaude Wlunsinmuametawes ssuunszanaud awfiudnld
nszaniaudaziousndaalnia Tnsnsvanasoutuasinogifuunuaziiouts 3 Su nszanas
v 45 asfuiaigesifielilduamnnsenudiuu 90 esen Tudndl 2 Aenszaniaud
sauas ludruvaanszaniaudsull awfnegiunsruansiuuas Insagiuduyuiuduiiag
wielvilfgalniiaeeniegeiiuszansnam dauandugui 2.1

2.12 szuundiay

How A Laser Cutter Works

Beam
Bender
= Laser
GLah) 4 Resonator

Laser
Focusing
Head

Laser Gas

Focal

Nozzle Laser Beam Length

Uil 2.12 szuuithay

(‘ﬁm: https://fablabthailand.com/content/lasercuttersystem/)
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ssvuihavezduufideudeluinduiiawesiitesulnannisulud e
mwddnnlunsiostusunseaniilvdiionadetulslunsditliinsindamdossuy
Huanldaulalid Feonmesilonaivunuaniinnisinliuazdelfinanudenels daiy
fliasdosszYansdittuainuiinundlid dsenassinnnanevanviossuuiiandndes
Tunsseauiuaseasdidsseuiuiivay tunfnfinssuensiuuanielidunuiuliie
mawlvgl Fauanslugud 2.12



U 3

N138aNLLUU

TuuniiaznaifianisesnuuunsinauaIssinatelsassidnnsedndlneiawes
UGoNlABZUNTN N1TODNLUVIAINTTINIUNBABS N150BNLUUNMITINNUALEDT JULUUNNS
FeuvenaIesinastsasdidnnseindlasialeesn1s0enLuUAIBUBNLAZN1SOBNKUY
melurenpIosinarsisasdiannsedndlnsiaises

3.1 vdenlaezunsuvasdlunneg Tulaseau

Arduino CNC Driver Step
Motor X,Y,Z
SHELD Motor
Power
Computer
supply

Power supply

Laser Co2 40W
laser

d' o = o a s a s
E‘U‘Vl 3.1M1599NLUUNITIINNUTBIATBINAaEsRsBLlannselindlagialyes

= a < « [ K [
‘U’]ﬂE‘U‘VI 3.1 ﬁWNWiO@ﬁU’]EJ‘Ua’eJﬂVLG]’EJZLLﬂiNﬂ@ﬂLﬂi@ﬂﬂ@aﬁEJ’N‘D?L?"Ii’eNﬂ@a’]EJ’N‘Di

2
v A

a a ¥
dannsedndlaeLalyaslnnadl

1.peufinnos(Computer) fmthillunisauaulusunsunsulnsaaiosinatedsas
\n3esinaneasdidnnsetindlasiaiwes Ingnenfiumesazauaulusunsulumaiauves
A3 RSTBUT(CNC)

2. undadnglnlfiinszuanss (Power Supply) Snthiiudadluinnszuaadu 220 Taad
Hulwihnszuanss 24 1ad 5 wonudd (uundsdelnlsifusemediis 3 & elvuewmes
anusaviule
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3 uwnaednglniinszuansivenaiwes (Power Supply Laser) 9 vuiinfiuuas
nszualifiiann 220 Taad WUu 3.3 Tad, 5 1aad war 12 Taad muwimawesfidesnisld
U

4.8'16181146711,514%%33(Arduino cnc shield v3) Tsﬂumimmu Stepper motor 4
wSour 3 § Tag CNC shield stewdifu Arduino il Layout & Pin 1uuwuu R3 lilaense

5.lnstresaLivuaimes(Driver step motor) 1ugunsaliildlunisiudsdoyauas
é’aﬁgwmﬁa%mﬁaﬁgmiﬁuaLma%ﬁwfluwaﬂé’zgﬁg']m%waﬂﬂé’ﬁzg@wﬂwﬁ’mﬁa
Fumdounsdeulmeesameslununduaie

6.aufiuNamai(Step moton (unaweslwihiiduindeusenad (pulse) n1siisnae
AuAuMInyuuamasUssailiasunisoutu suluazfosirewadiduaiv Ingluus
draiivardumdeulfifiod 1.8 ssm Wlunsindeuiiielilatunuvoeiosinaisias
diannsedndlaeiaiwes

7. waealatgasnsuaulaeanlundoins(Laser CO, 40W) Tdlun1sunzadnaiesas
YeuA3nIinaTe199sBidnnsedndlasiawes AueI720mm AuETIAGY 10.6um duru
Augna1evie 50mm

3.2 mMssanuuuniyly

Arduino fie Tassnnsiithddledlalasaeulnsaiaesasygasisg anldsiufiluaiuw
anelu(Arduino) Wuduledlulaspeulnsamesnszgarieg wldsiuiuluniw C In1sideu
laun3ves emelu(Arduino) Jusnidfislimsdanulilasaeulnsamosfiuandiediu annsold
NulAnduReiule

[

anelu MRdaldvinlulasensiie e1neludidudinads (lisiu Ad988) WWuvaildly
mImuA aiivuewmeslinseududes M awnsaderdiiuagelunifieeviaziu Wuluy
913 lalaense nnzdinsuadne §oud 1a3esdsuauilia wse wisaIevalyes 91nslu
a2 A a o o o o 13
A3 seesumvhaudmiulvinssuansavunn 12 - 36 1iad

gunsaifiseldnielunsasliun adad Yunangnidu lanesanvuewess vewes 919
Tuddudiead 3 waeaawesmsveulaeenlendoing
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DRIVER X DRIVER Y DRIVER Z

o )
@ >2 3 c
9’+?+EZ:S

MR

+HI0

L—— [-¥0

+20
20

#1Nd|
FNd’
+HId

L w0

+4I0
— | HId
+2a

o

Lir

- -

BST
 E—

POWER SUPPLY EWGD

X STEP/DIR

L

DA

[0 00|

jo0pclodDoNo 00 0T 52

Iv.sTEP/DI
7 STER/
la

*poolD
000000
O
O]
O}
00000000l
ool
T
v |OjC O O

0000 0m

I

Sl
00 00 8h

oo

o

0|

O

000 &
Mo o

.

S

O

(e]

0000000

[eXeXeli [B1OTOXOI®) 1]
O
coooollloogooood

b ocOodod

X’Eoo[] -n“

CNC SHIELD

5UM 3.2 Mseenuuuang9siumsae Step mortor

9In3UT 3.2n1588nUUUANEsasTUNTHe stepmortor luRseENRUUNSIToNTENING
vasn Arduino Tideuseagiu CNC SHIELD Tnelunmiuazivesarolugasames Driver
194 Motor Inglufitisaglduamasianuntionun 4 i lnefiuoweslunuaunu X duagd
fravun 2 6 Taevisaesitazimasoaduansiuagiis lanesludvesunu v luawmesin
Feadeamnsndeldmiudasy uagluunuuny Z Aduiy dau Driver luudagdafuagld
Power supply faLigafudauiiaes N-STOP agldiluaosifouuinnu XY ludiuves

wuauny Z duaglulaldnszuny Z duldlaiianisindeunlag
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DC+ GND
Laser
Power supply laser
AC |AC H|L |P |G |INISV
: —1
= |
_ o]«
220V ] OO\*:
olkelo]
o I ] (]
G A s =
R 2 0|0
g D = [LAWTLTA 23
ZI9P1C1 s q d=12 v |O
C1o q/0 q48% x =55
oo [ % . dfs]_Bolo /
== e dr=Ee /
qopo] 9| Hopoe] q° Il «=lol0 ‘
oo ol d [WeXe) 1818]
==

CNC SHIELD

JUN 3.3 N1590NLUUAIEINITuNISRBIaesAUTOUT Y 33

23U 3.3 Wneitrmangazvhmstglilulitunmmaenmwosusiawestuas
falaihaumsizagsosseddaneineli Tumsdimsludruvesnsdeandnwatsiawes
1189u0$a Arduino Mngutiuazshmsidenasln P G dndlugos 5v duagshmsseadiuly
wwuua 5V luvedndiudos IN duazinisideuseundwiuua Z- luvesaliduduanmn
Wuazandes L indwuua Z+ Tuvedaifiesudyao
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3.3 N1599NLUULASIAS1S

N1500nNkUUIATIE1TAMNEIAYUINUIAUAITEDNLUUIATUAZNI1TD0ALUY
goNFLISNs1EMINeaNLUUIIasLareNduslH AL daundlassadslaindeusedunns
v esnzadnassasBidnnsedndiaiawesazrhaulsiussans nnviornau
Lifluszansninnis esnwuulassairedefianudfysonisriauedotnsadnaie1sas
ddnnselindmeiawes

3.3.1 NM392NUUUYALATIATS

luniseenuuulasiaelvuInAIUN I 50 lWURLLAT IWINAIILET 80
URLIAT VUIAAIINES 40 LeuFlng Aauanslugui 3.4 uag JUN 3.5

%uﬂﬂﬂ??m@ﬂﬂo

YUINAIN

81780%4.

YUINAINUNIN

UADALALTDT NABUTZUIEDINA

LAUETYIDU
BIEGH

UM 3.5 lassasnunsesunzanensnstiinnsednduazaunsniingg
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3.3.2 NM399NUUUIATES1YAaETiDULALALYDS
Tudruvosunuiaiwostuarldunuasiiouionmn 3 fuszfruuadn 1 f
wiazfazinoglusunimugudazunuaziunszaniaudigu 45 aaen teviliuag
lAwesANNsENUTLL 90 B3 Falanagul 3.6

WAUALNBUAIN YADALALYDT
LNUASIAUFAIN2 LAUAZYIDUAIN3
W

UM 3.6 unuazvioulaiges

3
a

3.3.3 N1502NUUUTEUUIDNDIAAA

Y

desnlumshaulfunsenaesiulfiawesfunameauasisindy
fagdaddsruiameiaadaielihinludeduvasainwes  awviliawesiulifouuny
vhanldun Teasdiansens 2 1§u sesswirsduuasiawes taed 1 aeifuaeguinanly
Tunaenawe? wazdn 1 aeduameaentesnanawes avvhewulSesitelilhawes
tufouwdiuly Tudildaunsodudild 3000 dnsedalus udldaean 2.5 wes MHlidw
220 V idslil 55 $asf auwnailuta x 8 x 115 wufuns lidedndnsoniuavafuosligs
5U 3.7 aedideeiduazeon uay 3.8 i
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¥, 917911880
Y1917

3.3.4 n159BNKUUIEUULIAN

Tunsegldnuniasunsaneasmdidnnsednddusnduadostissuun
anmmgnTaweBunuuiunuiy mntunuduianUssnanialildiunuealnlduay
venudsmeiueiedld dsdumsudazdeainiuadudssunamwenawed avduazoen
wlanfuawesiiteldlifinnsunln dusuilddmasdy 7ou/min sl 45w usesuay
0.018 Mpa twitin 2 kg aegu 3.9 fuau uaz 3.10 yaLdnau



20

Juay
GABGAIGRNGR
3UN 3.9 Juau
.ir = ——
S ' ANUALAYPUNADUN
~Pr ORIARIEY
N

.

sUT 3.10 9aan
3.3.5 gunsalnmely

gunsalliihnlgnegluesedlaun wnesdunans 24 1aad 5 woud 14
dusuanelwliiuuemesvs 3 i adidlanes 3 f Mddwsuaedyaalituuemes wn

nesdwnateiawes ldagliaweiniuisdsdyaanisvihnuvesawes Ay 3.11
gunsalniglu

Ui 3.11 gunsainelu
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3.4 N1599NLUUANEILUSENTUN18 U LaserGRBL

nseanuuulusunsunieglu gaavinldlusunsy LaserGRBL (Julusunsu @1 GCode
Aulaes wanzAuuLnEaanA W IwLazlald wag LaserGRBL duasasiloutasing
neluang

3.4.1 YUABUNISIIUSHNSY LaserGRBL

LASER

sUf 3.12 TUsunsa LaserGRBL

1. TUsunsy LaserGRBL siauandlugui 3.13

4 LaserGRBL v4.4.1
Grbl File Colors Language Tools ?

com|  v|Bad[n5200  +|&F

Filename ‘ /

Progress 1=

L1259

(59 . . 4200,

L1109

Ui 3.13 {plusunsu LaserGRBL

2.0 connect Lielgausialusunsuidiivuesa fuandugui 3.14



o LaserGRBL v4.4.1

Grbl

File

Colors  Language Tools

COM v | Baud 115200

Filename [

Progress |

N

?
v| & 1/‘1]JuL%famifa‘iﬂﬂl,ﬂmvﬂ’ﬁum‘fm

q

22

o 1150 . 4200

A 1100 .

5UM 3.14 naeusialusunsu LaserGRBL iuuesn

31Usunsuazland COM wag LavBaud Lilaweuse fakanilugui 3.15

Yaans COM

S RNIGTENEE Tfallallglal!

rGRBL v4.4.1

Grbl  File Colors Language Tools 7

| COMNCOM3 Baud 15200 — & ||
Filename [ &Y i d o
Progress [ !?1 I ||
@6rbl 1.1h ['$' for help] A ]
/ 5
o
bl
TUSWASULARITBAINLIN 4
Hosoudn 1
i

o

3UN 3.15 Waurialusunsu LaserGRBL iuuain

4 fiai $$ udnaEntendioflaziind1 GCODE fauanslugud 3.16
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4 LaserGRBL v4.4.1
. Gibl File Colors Language Tools °
COM COM3 - Baud (115200 = &
— L
Bl |

Grbl 1.1h ['$" for help] ~

R $S udInNe Enter Liie
WA GCODE

77

57l 3.16 FB1dmAn GCODE

5.1UuN5URLUANIAIEI8 GCODE Tuanfsguil 3.17 AMazAINRLIEAISe)
U939 G CODE

oot | couicous e EEOP S

fRromy |

i e ;.‘L_Jn__l D Fmgus B

|—|tg,lpe geode here | I

@ 6rbl 1.1h ['$" for help] ~

Gss &) $24=-p.000 (chmg locate feed rat_ A

& 3e-10 (Step pulse time) (&) $25-1000.000 (Homing search seek r

& $1-25 (Step idla delay) _ & $26=0 (Homing switch debounce delam
2= (Step pulse invert) ) $27=2147483.648 (Homing switch pul.

=-,=53:e (step direction invert) = & $30-255 (Maximum spindle speed)

W $4-8 (Invert step enable pin) @ £31=8 (Minimum spindle speed)

& $5=8 (Invert limit pins) ) $32=1 (Laser-mode enable)

& 36=0 (Invert probe pin) @ $100-50.000 (X-axis travel resolut.

?'4‘18“75 ({status report options)
&) $11= =9.800 (Junction cle\riatmm
) $12=0.008 (Arc tolerance)
& $13=8 (Report in inches)

. 5$101-80.000 (Y-axis travel resolut
&) $102-80.000 (Z-axis travel resolut_
&) $110=160.000 (X-axis maximum rate)

@ $20-8 (Soft limits enable) ®) $111=160,800 (Y-axis maximum rate)
& $21=8 (Hard limits enable) & $112-168.000 (Z-axis maximum rate)
@ $22=0 (Homing cycle enable) & $120=10.008 (X-axis acceleration)
& $22=0 (Homing direction invert) & $121-=10.009 (¥-axis acceleration)
@) $24=-8.000 (Homing locate feed rat_ @) $122-10.00@ (Z-axis acceleration)
&) $25=1000.000 (Homing search seek r- &) $136=500.008 (X-axis maximum trave_
® $26=0 (Homing switch debounce dela. ®) $131=260.000 (Y-axis maximum trave_
&) $27=2147483.648 (Homing switch pul ¥ $132=-0.000 (Z-axis maximum travel)

& $30=255 (Maximum spindle speed)

Ul 3.17 FuazAIamuNgsinemves GCODE

[

6.61dav8 GCODE T

-$0Step pulse time  ANUATEEZIAWDTU TUAT Susec
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-$1 Step idle delay ~ AsAIn13raabIduY Wengaiiiallauiinds
neulnldauaiy

I Aa

-$2 Step pulse invert  a@dudtygad Asardaunulindudiu
-$3 Step direction invert  @audyaaianig serdnwnulinduniy

-$4 Invert step enable pin  @dulasiies stepper MUalG Uy URAY

(%
a Y

-$5 Invert limit pins  @AUNUBUNNATAVIANUA

9

LY

-$6 Invert probe pin & UymmﬂmmﬂﬁuwmmaﬂIWiU
-$10 Status report options ~ kAlutayansmeglumenuaniuy

-$11J unction deviation  f1uusAuLs lunISIARUNVDY Grbl Tunis
WPADUNADLIDINY ANFININALYINLYTNA4

-$12 Arc tolerance  faA1AnULdugluN1sARRNEILLAIUBY G2 way G3
ANUUVBRANAIAMILUISAT 5239: ANTR8UINBI1AEINARUTLANSAINANTVIN9U

-$13 Report in inches 1 Uald9untiellodsAuALIUILaZADRTIN
TailagAnnnsmamn
-$20 Soft limits enable  Walta1uniIsnsIvaaunIsannagananiglunis

PAUNINVDILATBIINTLAZFAIAINISHHBULIDLAUA BINFUTUY

-$21 hard limits enable  \Ualdeulndingisa veanisiadiaulnaviud
uazasd LA ULRAINGYINY

-$22 homing cycle enable  Waldursasndutruaeslvatnainduunnu

Qe

=

JUUR

-$23 Homing direction invert  homing AUMIAIRTLUARNIIUIN FeAITA
1A (00000ZYX) wipAUM bUAANI9aU

[ I

-$24 Homing locate feed rate 8T n1sUsulNalUaldeuaindininogng
19 Liveszyduvialiogausiug

-$25 Homing search seek rate  AUMSAIIBAUMAIREIRTDE1959AL57
NRUNANIIAUNITLINTY

-$26 Homing switch debounce delay A9AIN1TULIANEUS) TEUILE
9991ITNAVVIULND IAEI RTINS URANAR
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- $27 Homing switch pull-off distance  asgeenlUndsAINEINTNIN

WNBSINEUANDAN NISNAUUIUILAUAINNEINTG LA

(%
v 1

- $30 Maximum spindle speed A L5 ILAUNYUGER AeA1 PWM LT
59UMIYU 100%

(% ' [
[ o Y

- $31 Minimum spindle speed  A21UL5LAUNYUTUA G3A7 PWM 13U
0.4% *39TOUNTVINNTUAEA

- $32 Laser-mode enable  tUnldarulnuniaigas Ade G1/2/3 9
sewlasiuazlivgaliomnudivesnunyulasuly

- $100 X-axis travel resolution  AIUaLLIEANISIARDUNVDILNY X LTU

Qe

JUNDLAALUANS

- $101 Y-axis travel resolution  ANAZLBEANISIARBUNVEILAY Y LTuTu
foladiuns

- $102 Z-axis travel resolution  AUALLBEANISAADUNVDILNY Z 1TU
JUNDTLRALUAS

- $110 X-axis maximum rate  8nsasgavaIwn X Tdudnsus Go
- $111 Y-axis maximum rate  8n31geanvesuny Y Tidudnsnss o
- $112 Z-axis maximum rate  8nsaanvesunu Z Miludnsng co

- $120 X-axis acceleration  MatFaANHSIAY X TddmSuMIMUIUNIS
waeunliliiuusidnvowemeiuaragydetunay

- $121 Y-axis acceleration N15t39ATIMNN Y THdmSuNITIIUELNTS
waeunliliiiuusidnvesanasiasgaldotunou

- $122 Z-axis acceleration  MaaANMSINY Z TddmSunmsnaununis
wasunliliiiuusidnvoweinaiuasgadetunay

- $130 X-axis maximum travel ~ sgg¥iARUNULAU X gegadinaindlay
MyuANUNLATOMQNABIE TUIAIARLUULLLIALAL T8RN TAUINAUTIY
- $131Y-axis maximum travel ~ SggglAROUNLAY Y gagndInaindlay

MruANUNAToMgNARIE T ARLUULLLIALAE T8RN TAUMINAUTIY

- $132 Z-axis maximum travel SLYLLARDUNLNY Z Qaqmma%mﬂau

MruANUNAToMgNARIE T ARLUULLILIALAE T8RN TAUINAUTIY
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7 wndeensasualiiud $ audeiletusiiseanisidsundane Enter
(PasiUaBuilastu $30 $100 $101 $102 $130 $131 $132 IvinunzaufuiAios) sauandly
U7 3.18

Filename @
Progress IH— =]
£100=80 — faedheamsind
- @A

5UTl 3.18 F51AuA1 GCODE

¥
v

g.ndsanndnanalusunsuasiudadnueltuiinali dsuandlugui 3.19

$100=380|

% $110=150.000 (X-axis maximum rate) a
Gy $111=-160.00808 (Y-axis maximum rate)

) $112-160.000 (Z-axis maximum rate)

@ $120=10.0@0 (X-axis acceleration)

7 $122-10.088 (Z-axis accelerat]
&) $138=500.0800 (X-aXis maximu

]

=3 1 v
yunnA 19

& $1231=260.000 (Y-ax1s maxjsum trave.
) $132=-0.000 (Z-axis mpxamum travel)
@ s106-30 v

Ul 3.19 Awes GCODE legniuiin



9. mndmaneuseslinalu File udatden Open File Liaidennmiiazyi

nsgaaes sauandluguin 3.20

27

o

3 LaserGRBL v4.4.1

Grbl  File wguage Tools
COM COM3 Baud 115200 &%
Filename 4
Progress 0 EP

sUfi 3.20 FBiTalnidnm

10.8dentidrsUnnguiisedsgulidnansineg dwandugui 3.21

4 Import Raster Image O X
Parameters Preview  Original
Resize ;Srmth&ﬁa“blc ) N _—1| h"]?":_rh;ill” r.f' ’{m " I!.I! = :"
Brightness e nstaeslugluuy |
Contrast == IFII’N‘] :
White Clip _— —_
) e
(] Baw ; ii
Conversion Tool =171 3_
4 AVl ¥ 4 i
(® Line To Line Tracing = i E
: =1 ““.{':é g
(O 1bit BW Dithering e P g
(O Vectorize! ' gz._’éjiﬁi g
. } =:=!: i=r_x
(O Passthrough
Line To Line Options
Direction | Horizontal v
N PO A

UM 3.21 mhsinansuuaaneniu
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v 1 < 1 o 1 . a ¥
11.21nutaen1sgva1asUsuludiuaes Quality (AIuaIdyALEUDY

v
a

Fauansluguil 3.22

o v o ¢

3 Import Raster Image ] X
Parameters Preview  QOriginal
Resize Smooth (HQ Bicubic) v
Brightness ——
Contrast -
White Clip S

[ saw

Conversion Tool

@ Line To Line Tracing

O 1bit BW Dithering

O Vectorize!

O Centerine

O Passthrough

Line To Line Options
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ANES

S0

s$1

$2

$3

sS4

S5

$6

$10

S11

512

$13

$20

$21

$22

$23

$24

$25

$26

$27

$30

$31

=¥

Step pulse time

Step idle delay

Step pulse invert

Step direction invert
Invert step enable pin
Invert limit pins

Invert probe pin

Status report options
Junction deviation

Arc tolerance

Report in inches

Soft limits enable

Hard limits enable
Homing cycle enable
Homing direction invert
Homing locate feed rate

Homing search seek rate

ANaaneluldswnsuiaasdaituea

10 microseconds
25 milliseconds
0 mask

0 mask

0 boolean

0 boolean

0 boolean

1 mask

0.010 millimeters

0.002 millimeters

0 boolean
0 boolean
0 boolean
0 boolean
0 mask

25.000 mm/min

1000.00 mm/min

Homing switch debounce delay 250 Milliseconds

Homing switch pull-off distance 1.000  millimeters

Maximum spindle speed

Minimum spindle speed

255 RPM

0 RPM
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$32 Laser-mode enable 1 boolean

$100 X-axis travel resolution 100 step/mm
$101 Y-axis travel resolution 100 step/mm
$102 Z-axis travel resolution 80 step/mm
$110 X-axis maximum rate 160.000 mm/min
$111 Y-axis maximum rate 160.000 mm/min
$112 Z-axis maximum rate 160.000 mm/min
$120 X-axis acceleration 10 mm/sec/2
$121 Y-axis acceleration 10 mm/sec2
$122 Z-axis acceleration 10 mm/sec/2
$130 X-axis maximum travel 500 millimeters
$131 Y-axis maximum travel 260 millimeters
$132 Z-axis maximum travel 200.000 millimeters
Adaawes
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Arduino Uno
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Arduino Uno R3 Front

MADE @
INITALY %

Be:

Arduino Uno R2 Front Arduino Uno SMD Arduino Uno Front Arduino Uno Back

Overview

The Arduino Uno is a microcontroller board based on the ATmega328 (datasheet). It has 14 digital
input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz ceramic
resonator, 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 Uno differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip.
Instead, it features the Atmega16U2 (Atmega8U2 up to version R2) programmed as a USB-to-serial
converter.

Revision 2 of the Uno board has a resistor pulling the 8U2 HWB line to ground, making it easier to put
into DFU mode.

Revision 3 of the board has the following new features:

e 1.0 pinout: added SDA and SCL pins that are near to the AREF pin and two other new pins
placed near to the RESET pin, the IOREF that allow the shields to adapt to the voltage provided
from the board. In future, shields will be compatible both with the board that use the AVR,
which operate with 5V and with the Arduino Due that operate with 3.3V. The second one is a
not connected pin, that is reserved for future purposes.

e Stronger RESET circuit.

e Atmega 16U2 replace the 8U2.

"Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0. The Uno and
version 1.0 will be the reference versions of Arduino, moving forward. The Uno is the latest in a series
of USB Arduino boards, and the reference model for the Arduino platform; for a comparison with
previous versions, see the index of Arduino boards.

Summary
Microcontroller ATmega328
Operating Voltage 5V

Input Voltage (recommended) 7-12V


http://www.atmel.com/dyn/resources/prod_documents/doc8161.pdf
http://arduino.cc/en/Hacking/DFUProgramming8U2
http://arduino.cc/en/Main/Boards
http://arduino.cc/en/uploads/Main/ArduinoUno_R3_Front.jpg
http://arduino.cc/en/uploads/Main/ArduinoUno_R3_Back.jpg
http://arduino.cc/en/uploads/Main/ArduinoUno_r2_front.jpg
http://arduino.cc/en/uploads/Main/ArduinoUnoSmd.jpg
http://arduino.cc/en/uploads/Main/ArduinoUnoFront.jpg
http://arduino.cc/en/uploads/Main/ArduinoUnoBack.jpg

Input Voltage (limits) 6-20V

Digital I/O Pins 14 (of which 6 provide PWM output)

Analog Input Pins 6

DC Current per I/0O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB (ATmega328) of which 0.5 KB used by bootloader
SRAM 2 KB (ATmega328)

EEPROM 1 KB (ATmega328)

Clock Speed 16 MHz

Schematic & Reference Design

EAGLE files: arduino-uno-Rev3-reference-design.zip (NOTE: works with Eagle 6.0 and newer)
Schematic: arduino-uno-Rev3-schematic.pdf

Note: The Arduino reference design can use an Atmega8, 168, or 328, Current models use an
ATmega328, but an Atmega8 is shown in the schematic for reference. The pin configuration is identical
on all three processors.

Power

The Arduino Uno can be powered via the USB connection or with an external power supply. The power
source is selected automatically.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The
adapter can be connected by plugging a 2.1mm center-positive plug into the board's power jack. Leads
from a battery can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however,
the 5V pin may supply less than five volts and the board may be unstable. If using more than 12V, the
voltage regulator may overheat and damage the board. The recommended range is 7 to 12 volts.

The power pins are as follows:

e VIN. The input voltage to the Arduino board when it's using an external power source (as
opposed to 5 volts from the USB connection or other regulated power source). You can supply
voltage through this pin, or, if supplying voltage via the power jack, access it through this pin.

e 5V.This pin outputs a regulated 5V from the regulator on the board. The board can be supplied
with power either from the DC power jack (7 - 12V), the USB connector (5V), or the VIN pin of
the board (7-12V). Supplying voltage via the 5V or 3.3V pins bypasses the regulator, and can
damage your board. We don't advise it.
3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.
GND. Ground pins.

Memory

The ATmega328 has 32 KB (with 0.5 KB used for the bootloader). It also has 2 KB of SRAM and 1 KB
of EEPROM (which can be read and written with the EEPROM library).

Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode(),
digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin can provide or receive a
maximum of 40 mA and has an internal pull-up resistor (disconnected by default) of 20-50 kOhms. In
addition, some pins have specialized functions:

e Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These pins
are connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip.

e External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low
value, a rising or falling edge, or a change in value. See the attachInterrupt() function for
details.

e PWM:3,5,6,9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.



http://arduino.cc/en/uploads/Main/arduino_Uno_Rev3-02-TH.zip
http://arduino.cc/en/uploads/Main/Arduino_Uno_Rev3-schematic.pdf
http://www.arduino.cc/en/Reference/EEPROM
http://arduino.cc/en/Reference/PinMode
http://arduino.cc/en/Reference/DigitalWrite
http://arduino.cc/en/Reference/DigitalRead
http://arduino.cc/en/Reference/AttachInterrupt
http://arduino.cc/en/Reference/AnalogWrite

e SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication
using the SPI library.

e LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the
LED is on, when the pin is LOW, it's off.

The Uno has 6 analog inputs, labeled A0 through A5, each of which provide 10 bits of resolution (i.e.
1024 different values). By default they measure from ground to 5 volts, though is it possible to change
the upper end of their range using the AREF pin and the analogReference() function. Additionally, some
pins have specialized functionality:

e TWI: A4 or SDA pin and A5 or SCL pin. Support TWI communication using the Wire library.
There are a couple of other pins on the board:

e AREF. Reference voltage for the analog inputs. Used with analogReference().
e Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to
shields which block the one on the board.

See also the mapping between Arduino pins and ATmega328 ports. The mapping for the Atmega8,
168, and 328 is identical.

Communication

The Arduino Uno has a number of facilities for communicating with a computer, another Arduino, or
other microcontrollers. The ATmega328 provides UART TTL (5V) serial communication, which is
available on digital pins 0 (RX) and 1 (TX). An ATmegal6U2 on the board channels this serial
communication over USB and appears as a virtual com port to software on the computer. The '16U2
firmware uses the standard USB COM drivers, and no external driver is needed. However, on Windows
a .inf file is required. The Arduino software includes a serial monitor which allows simple textual data to
be sent to and from the Arduino board. The RX and TX LEDs on the board will flash when data is being
transmitted via the USB-to-serial chip and USB connection to the computer (but not for serial
communication on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Uno's digital pins.

The ATmega328 also supports 12C (TWI) and SPI communication. The Arduino software includes a
Wire library to simplify use of the I2C bus; see the documentation for details. For SPI communication,

use the SPI library.

Programming

The Arduino Uno can be programmed with the Arduino software (download). Select "Arduino Uno from
the Tools > Board menu (according to the microcontroller on your board). For details, see the
reference and tutorials.

The ATmega328 on the Arduino Uno comes preburned with a bootloader that allows you to upload new
code to it without the use of an external hardware programmer. It communicates using the original
STK500 protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit
Serial Programming) header; see these instructions for details.

The ATmegal6U2 (or 8U2 in the revl and rev2 boards) firmware source code is available . The
ATmegal6U2/8U2 is loaded with a DFU bootloader, which can be activated by:

e On Revl boards: connecting the solder jumper on the back of the board (near the map of Italy)
and then resetting the 8U2.

e On Rev2 or later boards: there is a resistor that pulling the 8U2/16U2 HWB line to ground,
making it easier to put into DFU mode.

You can then use Atmel's FLIP software (Windows) or the DFU programmer (Mac OS X and Linux) to
load a new firmware. Or you can use the ISP header with an external programmer (overwriting the
DFU bootloader). See this user-contributed tutorial for more information.

Automatic (Software) Reset


http://arduino.cc/en/Reference/SPI
http://arduino.cc/en/Reference/AnalogReference
http://arduino.cc/en/Reference/Wire
http://arduino.cc/en/Reference/AnalogReference
http://arduino.cc/en/Hacking/PinMapping168
http://arduino.cc/en/Guide/Windows#toc4
http://arduino.cc/en/Guide/Windows#toc4
http://www.arduino.cc/en/Reference/SoftwareSerial
http://arduino.cc/en/Reference/Wire
http://arduino.cc/en/Reference/SPI
http://arduino.cc/en/Main/Software
http://arduino.cc/en/Reference/HomePage
http://arduino.cc/en/Tutorial/HomePage
http://arduino.cc/en/Tutorial/Bootloader
http://www.atmel.com/dyn/resources/prod_documents/doc2525.pdf
http://www.atmel.com/dyn/resources/prod_documents/avr061.zip
http://arduino.cc/en/Hacking/Programmer
http://www.atmel.com/dyn/products/tools_card.asp?tool_id=3886
http://dfu-programmer.sourceforge.net/
http://www.arduino.cc/cgi-bin/yabb2/YaBB.pl?num=1285962838

Rather than requiring a physical press of the reset button before an upload, the Arduino Uno is
designed in a way that allows it to be reset by software running on a connected computer. One of the
hardware flow control lines (DTR) of the ATmega8U2/16U2 is connected to the reset line of the
ATmega328 via a 100 nanofarad capacitor. When this line is asserted (taken low), the reset line drops
long enough to reset the chip. The Arduino software uses this capability to allow you to upload code by
simply pressing the upload button in the Arduino environment. This means that the bootloader can
have a shorter timeout, as the lowering of DTR can be well-coordinated with the start of the upload.
This setup has other implications. When the Uno is connected to either a computer running Mac 0S X
or Linux, it resets each time a connection is made to it from software (via USB). For the following half-
second or so, the bootloader is running on the Uno. While it is programmed to ignore malformed data
(i.e. anything besides an upload of new code), it will intercept the first few bytes of data sent to the
board after a connection is opened. If a sketch running on the board receives one-time configuration or
other data when it first starts, make sure that the software with which it communicates waits a second
after opening the connection and before sending this data.

The Uno contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace
can be soldered together to re-enable it. It's labeled "RESET-EN". You may also be able to disable the
auto-reset by connecting a 110 ohm resistor from 5V to the reset line; see this forum thread for
details.

USB Overcurrent Protection

The Arduino Uno has a resettable polyfuse that protects your computer's USB ports from shorts and
overcurrent. Although most computers provide their own internal protection, the fuse provides an extra
layer of protection. If more than 500 mA is applied to the USB port, the fuse will automatically break
the connection until the short or overload is removed.

Physical Characteristics

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches respectively, with the USB
connector and power jack extending beyond the former dimension. Four screw holes allow the board to
be attached to a surface or case. Note that the distance between digital pins 7 and 8 is 160 mil
(0.16"), not an even multiple of the 100 mil spacing of the other pins.
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Handson Technology

3-Axis CNC/Stepper Motor Shield for Arduino

The Arduino CNC Shield makes it easy to get your CNC projects up and running in a few hours. It uses
opensource firmware on Arduino to control 4 stepper motors using 4 pieces of A4988 Stepper Motor driver
breakout board, with this shield and ArduinoUno/Mega, you can build all kinds of robotics, linear motion
project or projects including CNC routers, laser cutters and even pick&place machines.

SKU: DRV1001

Brief Data:

e GRBL 0.9 compatible. (Open source firmware that runs on an Arduino UNO that turns G-code
commands into stepper signals)

e 4-Axis support (X, Y, Z, A-Can duplicate X,Y,Z or do a full 4th axis with custom firmware using
pins D12 and D13)

e 2 x End stops for each axis (6 in total)

e Coolant enable

e Uses removable A4988 compatible stepper drivers. (A4988, DRV8825 and others)(Not Included)

e Jumpers to set the Micro-Stepping for the stepper drivers. (Some drivers like the DRV8825 can do
up to 1/32 micro-stepping )

e Compact design.

e Stepper Motors can be connected with 4-pin Molex connectors or soldered in place.

e Runs on 12-36VDC. (At the moment only the DRV8825 drivers can handle up to 36V so please
consider the operation voltage when powering the board.)
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1. Configuring Micro Stepping for Each Axis

Each axis has 3 jumpers that can be set to configure the micro stepping for the A4988 plug-in driver board.
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Micro-stepping jumper location, before inserting A4988.

In the tables below ‘High’ indicates that a jumper is insert and ‘Low’ indicates that no jumper is inserted.

MSO | MS1 MS2 | Microstep Resolution
Low Low Low | Full Step

High Low Low | Step

Low | High Low | ¥ Step

High | High | Low | '/sStep

High | High | High | '/ Step

Hold

: -
$¥%4% eCeeune

1) .
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After setting the microstep jumper, you can plug-in A4988 driver boards as shown in the photo below. The
photo also shown this CNC sit nicely on top of Arduino Uno board, without any external jumper wires.

111 Beware of the orientation of the A4988 driver boards! You will destroy the A4988
driver board if plug-in with wrong orientation.

2. GRBL Control Software/Firmware for Arduino

Before you can use this CNC shield with Arduino, a control firmware need to be downloaded into Arduino
board. We are going to use ‘GRBL’ to accomplish our job. GRBL is open-source software that runs on an
Arduino Uno that takes G-Code commands via Serial and turns the commands into motor signals. Grbl is a
no-compromise, high performance, low cost alternative to parallel-port-based motion control for CNC
machine. It accepts standards-compliant g-code and has been tested with the output of several CAM tools
with no problems. Arcs, circles and helical motion are fully supported, as well as, all other primary g-code
commands. Macro functions, variables, and most canned cycles are not supported, but we think GUIs can do
a much better job at translating them into straight g-code anyhow.

A copy of this open-source firmware can be downloaded from the below link:
Following the below steps to prepare this CNC Shield board to function properly:
1. Download a copy of GRBL from: https://github.com/grbl/grbl
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https://github.com/grbl/grbl

grbl / grbl ® Watch 438  WStar 1797  YFork 1137

<> Code Issues 103 Pull requests 9 Projects 0 Wiki Pulse Graphs

An open source, embedded, high performance g-code-parser and CNC milling controller written in optimized C that will run on a straight

Arduino https:/fgithub.com/grbl/grialfwiki

o 631 commits v § branches > 0 releases 18 24 contributors g GPL-3.0

Branch: master = Find file Clone or download «

chamnit Non-CoreXY compiling fix. Clone with HTTPS@
) o i _ Use Git or checkeut with SVN using the web URL.
i build Git fix for empty directory. Makefile updated.
https://github.com/grbl/grbl.git 2]

i doc
il grbl No rex mpiling fix Open in Desktop Download ZIP

.gitignore a

] COPYING Homing alarm upon no switch. Licensing update 2 0

= Makefile Added restore settings defaults ymand 3 year ago
=) README.md o variable spindle and soncle JeCljck here to download this zip files o

README.md

grbl

Unzip this file into your local hardisk location, you may want to create a special new folder for this purpose
for easy locating of all files needed in your project. Locate an Arduino sketch ‘grblUpload.ino’ in this folder

where you have unzip the files.

Below is the files structures located in my local hardisk:

=

@

Organize * @ Open - Burn Mew folder G

- v @ 3 e — I -

MName Date modified Type Size

-

. grbl-master-0.9i

) doc
|@ grblUpload.ino 3/29/20157:33 PM _ Arduino file 2 KB|

. grbl
J . | licensetst 3/20/20157:33 PM  Text Document 2KB
J Arduino CNC

; CNC
, CMNC_GRBL

J examples

. grblUpload

Open up this sketch ‘grblUpload.ino’ and you should see the screen as below:
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grblUpload | Arduino 16. C=ron T

File Edit Sketch Tools Help
arblUpload

#include <grbl.h>

| // Do not alter this file!

Click the upload icon as usual to ‘compile/upload’ as you normally upload Arduino sketch. When you see
‘done uploading’, click the ‘Serial Monitor’ on Arduino IDE as shown below:

[:: grblUpload | Arduing 1612 - = |8 =
|
|

& COMS (ArdumoiGenuing Ling) [ ) i |
: =S e o ¥l ot « & WFN -

| 1
{larbl 0.935 [*S' for help) |
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If you can receive response message “ Grbl 0.9 ['$" for help] ” from your Serial Monitor, congratulation!
You have successful uploaded the ‘GRBL’ firmware into your Arduino board.

3. Hooking Up the Stepper Motor to CNC Shield

Connect steppers motor to CNC Shield board as the below block diagram. of the CNC Shield connected to 3-stepper
motor:

To AIC
Power
I

| 24V 4.6A Power Supply

See Silkscreen for
proper polarity

)

I Z -Axis Stepper

—

~

S ONON —=——
= L

]' Y -fis Stepper :|

J]

[/ |

X-Axis Motor

Y-Axis Motor

Insert this jumper
to enable this
board

Y sePV Ty

50— %
g 8

a

Z-Axis Motor

" 8 B 22 e
v oow

<< NI
+

Al
END STOPS

> X
+
s

g

i

e
-
e

g
[ K]
’

Power Supply: 12~24Vdc

Your CNC Shield board is now ready to go for a test run, let’s try to turn the motor as to our instruction !!
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4. G-Code Sender

To send commands to your CNC/3-axis stepper motor driver board you need a g-code sender to send command and
instruction.

Download the Universal-G-Code-Sender.

Universal GcodeSender is a Java based GRBL compatible cross platform G-Code sender. Use this program
to run a GRBL controlled CNC machine. Once downloaded, connect the UNO board USB to your computer
and take note of the COM port it is connected to.

Run the start-windows.bat or the JAR file directly.

You will be presented with the following screen:

F il
Settings
Connection |
| - [ Commands T File Mode T Machine Control ]
Port | [cOMS v
¥ & 200 | ResetPero Enable Keyboard Movement
Baud: 115200 ¥| (Rd| | oOpen
[—J L_J w ‘ Step size: 10
Return to Z&er0
Firmware: GRBL |:] |
| Soft Reset i &+
Machine status I oH S SC A+
L 9 + -
Y- 7-
Active State: T ¥
RN 54 Help ‘I
Latest Comment: | A
|
Work Position: Machine Fosition: |
% 0 %0 | |
Y- 0 Y: 0 A
Z.0 70 - [ Scroll outputwindow [ | Show verbose output
J Console T Command Table ]

Click the “Machine Control” tab. Select the “Port” number which your Arduino board is attached to. Select 115200 as
the Baud rate as this is the speed configured in “GRBL” firmware. Click “Open” button to start the communication
for controlling this shield board.
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https://github.com/grbl/Universal-G-Code-Sender

=] Universal Geode Sender INEr Rt L

SRl )

Bl Firmware:

GRBL |:]

rl.laclline status
Active State:
Latest Comment:
Work Position: Machine Position:
X0 X0
Y. 0 Y- 0
Z 0 Z 0

Settings
Connection
( | commands | File Mode | Machine Control |
Port COM12
) Reset Zero ] [+] Enable Keyboard Mavement
Baud: 115200 ) | close

] Step size: 10 E

[+] scroll output window [ | Show verbose output

J Console | Command Table |

*=*** Connected to COM12 @ 115200 baud ****

Gray out area in “Machine Control”
tab become active once successfully
connected to the shield board

Now, you are ready to control the XYZ stepper motor connected to shield board. Click X+ or X- for example, the

stepper motor attached to X terminal will turn in forward or reverse direction.

This will complete our initial setup for driving 3-axis stepper motor connected to this shield board with “GRBL”

loaded to Arduino controller board using “Universal G-Code Sender” user interface.

www.handsontec.com




5. Recommended Driver Board & Accessory

e CNC/3-Axis Stepper Motor Driver Shield for Arduino Board
e A4988 Stepper Motor Driver Module

e GT2Pulley 5mm Bore

e 5mm to 8mm Motor Shaft Coupler
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Handsontec...

We have the parts for your ideas

HT

HandsOn Technology provides a multimedia and interactive platform for
everyone interested in electronics. From beginner to diehard, from student
to lecturer. Information, education, inspiration and entertainment. Analog
and digital, practical and theoretical; software and hardware.

HandsOn Technology support Open Source Hardware (OSHW)
Development Platform.

open source
ardware

Learn : Design : Share
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The Face behind our product quality...

In a world of constant change and continuous technological development, a new or replacement
product is never far away — and they all need to be tested.

Many vendors simply import and sell wihtout checks and this cannot be the ultimate interests of
anyone, particularly the customer. Every part sell on Handsotec is fully tested. So when buying from
Handsontec products range, you can be confident you’re getting outstanding quality and value.

We keep adding the new parts so that you can get rolling on your next project.

www.handsontec.com

www.handsontec.com
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Quick Reference

Notes and Warnings

NEMA size 17 1.8°

2-phase stepper motor

Schneider

&

Electric

Installation, configuration and maintenance must be carried out by qualified tech-
nicians only. You must have detailed information to be able to carry out this work.

» Unexpected dangers may be encountered when working with this product!
* Incorrect use may destroy this product and connected components!

For more information, go to www.imshome.com

Specifications

Mechanical Specifications
Dimensions in inches (mm)

Optional
rear
shaft

0.177 £ 0.002
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O

&

Q

I,
&

e O122

—

(030.99)

0167

0.94 + 0.02
™~ (23.88 £ 0.51)

<— 0.590 (14.86)

0.177 + 0.002
(4.52 + 0.05)

(042.3)

R

4X @ M3xP0.5
0.177 (4.5) deep min

~—— @ 0.197 +0/-0.001

(@ 4.99 +0/-0.012)

~—_ @ 0.866 +0/-0.002

(@ 22.0 +0/-0.052)

REAR VIEV\‘I (Reduced)

Sing!e length Double length Triple length szg/l(zs 1)
Part number M-1713-15e (1) |M-1715-1.5e (1) M-1719-1.5e (1) deep min
Holding torque 0z-in 32 60 75 J Aé)» _
N-cm 23 42 53
Detent torque 0z-in 1.7 2.1 8,5
N-cm 1.2 15 25
Rotor inertia oz-in-sec? |0.000538 0.0008037 0.0011562
kg-cm? 0.038 0.057 0.082 0.75 +0.005
Weight oz 7.4 8.1 12.7 (19£0.13)
grams 210 230 360
Phase current amps 15 1.5 15 Motor stack length inches (mm) SelE Double Triple
Phase resistance  ohms 13 21 2.0 LMAX 1.34 (34.0) |1_57 (40) |1.89 (48)
Phase inductance  mH 2.1 5.0 3.85
(1) Indicate S for single-shaft or D for double-shaft. Example M-1713-1.5S
- . Part Numbers
Wiring and Connections
Signals and wire colors Example: M - -1.5S
Phase A Red Stepper motor frame size M -1 7 13-1.5S8
Phase /A Blue M-17 = NEMA17 (1.7"/42 mm)
Phase B Green Motor length M - 713 1.58
Phase /B Black 13- = single stack
15- = double stack
19- = triple stack
Phase current M - 713-1.558
1.5=1.5Amps
Shaft M - 713-1.58
S =single, front shaft only
D = double, front and rear shafts
Optional optical encoder (1) M - 713-1.5ES100

ES = Single-end
ED = Differential

Line count

100, 200, 250, 400, 500 or 1000 (2)

(1) An encoder replaces the shaft designator in the part number.

(2) All encoders have an index mark, except the 1000 line count version.

NEMAL7 stepper motor Quick Reference R060210



Torque-speed performance
Measured at 1.5 Amps RMS

M-1713-1.5
Torque in 0z-in (N-cm)
53 (39) L] ]
— 24 VDC |
———48VDC
37 (26)
e
e~— =%
18(13) -
T~
—|
0
0 2000 4000 6000
(600) (1200) (1800)
Speed in full steps per second (rpm)
M-1715-1.5
Torque in 0z-in (N-cm)
53 (39) ‘ ‘ ‘ ‘
24 VDC |
\\\ \\\ ——— 48 VDC
37 (26) A AN
\ \\~
N M~
~N
18(13) \\\‘ S
‘\.
0
0 2000 4000 6000
(600) (1200) (1800)
Speed in full steps per second (rpm)
M-1719-1.5
Torque in 0z-in (N-cm)
= =X L]
53 (39) N IS, 24'VDC |
\ ~4 ———148VDC
37 (26 AN “r
(26) N <~
\\ T~
N ‘\~
18(13) N
~—_
0
0 2000 4000 6000
(600) (1200) (1800)

Speed in full steps per second (rpm)

Copyright © Schneider Electric Motion USA

www.schneider-electric-motion.us

Optical Encoder Option

Dimensions in inches (mm)
@ 0.078 (1.98) 3 places

equally spaced on a
@0.823 (20.9) bolt circle

2X ©0.109 (2.7) ‘
1.420
(36.0)
1.700
(43.1)
D
B 0.69 J
(17.5)
Connectivity single-end encoder differential encoder
wire function pin function pin function
1 Brown Ground 1 no connect 6 Channel A+
2 Violet Index 2 +5VDC input 7 Channel B —
3 Blue Channel A 3 Ground 8 Channel B+
4 Orange +5VDC input 4 no connect 9 Index —
5 Yellow Channel B 5 Channel A - 10 Index +
optional interface cable interface cable included
available: ES-CABLE-2
Timing single-end encoder differential encoder
——C— o X Y
4o X —l—y . f ! f
i | 1 b \ f‘ \ CHA+
I ' J
ez ; CHA L o
! 1 I 1
]
‘ ot CHB vz o
1) 2 ense
e — 12 1
! 1,
Po |12
/ \ IDX +
.
\Pof IDX -
Parameter Symbol Min Typ Max Units
Cycle error 3 55 %e
Symmetry 130 180 230 ‘e
Quadrature 40 90 140  °e
Index pulse width Po 60 90 120 %
Index rise (after Ch A or B rise) t1 -300 100 250 ns
Index fall (after Ch A or B fall) t2 70 150 1000 ns

(03 One cycle: 360 electrical degrees (%).
XIY

Symmetry: the measure of the relationship between X and Y, nominally 180°%.

Z Quadrature: the phase lead or lag between channels A and B, nominally 90%.

Po Index pulse width, nominally 90 °e.

NOTE: Rotation is as viewed from the cover side of the encoder.
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PWR/ALARM
= ENA-(ENA)
Analog Driver e S
DIR-(DIR)

Model TB6600 oo B o

PUL-(PUL)
PUL+(+5V)

Analog Technology, max. 40 VDC / 4.0 A (PEAK)

B+ o5

®
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3
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>
=
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x

DC:9~40VDC

Product Description:
The TB6600 single axis drive is a low cost microstepping drive. It is suitable for driving 2-phase and 4-phase hybrid stepper
motors. Not for professional applications.

Features:
*  Cost-effective
e Supply voltage up to +40 VDC, Output current up to 4.0 A (PEAK)
e OQutput current selectable in 8 steps via DIP-switch
* Automatic idle-current reduction (in standstill mode) to reduce motor heating
e Pulse input frequency up to 20 kHz
* Input suitable for 5 V signals
* Inputs are optically isolated
* 6 selectable microstep resolutions, up to 6400 steps/rev with standard 1.8°motors
e  Suitable for 2-phase and 4-phase motors
e Supports PUL/DIR mode
e Over current and overheat protection

Electrical Specifications:

Parameters Min Typ. Max Unit
Output current 0.7 - 4.0 (3.5 RMS) A
Supply voltage +9 +36 +40 VDC
Logic signal current 8 10 15 mA

. 20 when duty cyle is 25 high / 75 low
Puls input frequency 0 - . kHz
13 when duty cycle is 50 / 50

Insulation resistance 500 MQ

Further Specifications:

Microsteps / 1,8 ° 200 6400
PUL / DIR yes

NEMA sizes 17 24
Motor type Mecheltron 42BYGH-XXXX 60BYGH-XXX

22.01.18

Right of techn. modifications is reserved www.sorotec.de Technische Anderungen vorbehalten
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TB6600 Stepper motor driver

Analog Driver
Model TB6600

Mechanical Specifications: (Unit: mm)
96
% & i

= %J‘ “g

28

57

Applications:

Suitable for a wide range of stepping motors of NEMA sizes 17, 23 and 24 (42x42 mm to 60x60 mm). It can be used in various
kinds of machines, such as X-Y tables, engraving machines, labeling machines, laser cutters, pick-place devices, and so on.
Particularly well suited for applications where low noise levels, less heat development, high speed and high precision are desired.

Typical Connection Schematic:
A typical system consists of stepper motor, stepper motor driver, power supply and controller. The following image shows a
typical connection schematic:

[ © |
&

el (8 H
s Ll ® | nie
i b4 8|
b | |@f— DSV
B- § :
B- ]
N -] \
Wi ]

[ @ I BC: 1243V

Logic control signals which have 5 V can be connected directly;
R 1kQ must be connected in line when control signal is 12V,
R 2kQ must be connected in line when control signal is 24V to ensure control signal current is 8mA to 15mA. 22.01.18

Right of techn. modifications is reserved www.sorotec.de Technische Anderungen vorbehalten




40W Power Supply for CO; Laser Tubes
It 1s combination of high quality & reasonable price. It has good compatibility, fast

response speed, open circuit protection.
I . Main Features

1) Good compatibility: It can be applicable to 40W and 30W laser tube.

2) Fast response speed and effect.

3) Dramatically lengthen the life of laser.

4) Easy Control: The start and stop of laser can be easily controlled by TTL level.
And there are protection switch to test the external water, ventilation, etc.

5) Easy control of laser power: Both 0-5V analog signal and PWM signal can
control the laser power.

6) The power supply has open circuit protection: Under the condition of good
protective earthing, the power supply can work in open-circuit for a short time, which
could avoid the damage of laser power supply because of the bursting of laser tube,
thereby enhancing the life of power supply.

7) The power supply can take feedback interface which can be used in closed-loop
control and testing the working current of laser.

8) The power supply adds a new function, that is timely scene judging which part is
damaged, laser tube or laser power.

9) Application: acrylic sculpture, cut; fabric sculpture, cut; rubber sheet sculpture, cut,

etc.

II. Specification

Input Voltage AC220V or AC110V (to be specified when placing

Input order)
AC frequency 47—440HZ
Cold Surge | <60A(AC220V Input) <30A(AC110 Input)
Current
Current Leakage | < 0.7MA ( AC220V | < 0.4MA(AC110V
Input) Input)
Output Maximum Input | DC 25KV
Voltage
Maximum DC 20MA
Output Current
Efficiency >90% (full load)

Mean Time | =10000H
Between Failure
(MTBF)




Response Speed | <1ms (from the switch Signal is given to the output current up to 90%
of the setting current)

Control Interface | TTL level switch control; high or low effective level can be chosen
(details refer to the control terminal specification)

Withstand Input-Output, Input-Shell: AC1500V 10MA 60S; Output negative is

Voltage connected with machine shell.

Protection can work in open-circuit condition for a short time (Require a good
protective earthing and avoid arc between the positive and the machine
shell)

Environment Operating Temperature : -10~40°C) , Relative Humidity (RH)<90%

Cooling Way Force-Air Cooling (FAC)

Dimension LxWxH=167*144*97(mm)

ITI. Terminal definition

L

THTLWP G IN5V

TH

F | ~~—wP | G | 5V

Terminal definition

TH Input Signal The control of laser: TH>3V, emitting laser; TL<0.3V, no laser.

TL Input Signal The control of laser: TH>3V, emitting laser; TL<0.3V, no laser.

WP*1 [ Input Signal The control of laser: TH>3V, emitting laser; TL<0.3V, no laser.

G GND This foot must be connected well with the shell of laser machine and the ground
of control board.

IN*2 Input Signal The control of laser power: Both 0-5V analog signal and PWM signal can
control the laser power.

5V Output Power | Output 5V, the maximum output current is 20mA.

NOTE: 1. WP can be used as detecting end of blower switch or water detection switch. If WP

and ground are not connected by empty node like picture 1, but connected through optocoupler,

the connection will be like picture 2.

WP

WP

Picture 1

oo R G

Picture 2

2. When the laser power is controlled by PMW, the frequency of PWM must be equal or greater
than 20 kHz and the amplitude (P-P) is smaller or equal to 5V.

Function of control interface:

TH

TL WP IN Laser Output

hang in the air

Low(<0.3V) Low(<0.3V) 0—5V or PWM Emitting laser

Power: Pmin~Pmax




Low(<0.3V) hang in the air Output 40% laser
High(>3V) All value is ok No laser
High(=3V) hang in the air 0—5V &, PWM Emitting laser, Pmin~Pmax
Low(<0.3V) hang in the air Output 40% laser
Low(<0.3V) All value is ok No laser
All value is ok All value is ok High(>3V) No laser

IV. The connection of power supply and control board

1. Recommended connection: High-level light control
TH [ L | wp [ G | IN [ 5v |

G (Power supply and
shell of laser machine)

Water Detection ‘ |

Manual laser operating ¢
ERLp
High-level light control G
Control Board <:> Computer System
light control
Output interface  of
—k water detection
J‘/
([ ™ | T | WP [ Jc | IN | s5v |
A A A
%‘@/ 0~5V analog signal or
Manual 1.8 el I ® 5V amplitude PWM
signal (f >20KHz)
Low-level light control G laser power control

Control Board 4 v Computer System
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1. Safety Information
Thank you for choosing Reci CO2 laser tube. This user manual provides you with important information
on safety, operation and maintenance. Please read it carefully before using the product. To ensure safe

operation, please observe the following cautions, warnings and other information in this manual.

1.1 Safety Symbols

Cautions:

Refer to a potential hazard on products. It requires a procedure, if not
correctly followed, may result in damage to the product or components.
In order to ensure normal use of requirement, do not violate the
requirement of the CAUTION Sign.

Table 1

1.2 Laser Safety Level

Cautions:

Refer to a potential hazard on people or products.

Table 2
This product belongs to safety level 4. It emits laser radiation with a wavelength around 10600nm and the
laser power radiated by the output head is bigger than the rated power (depending on the model). The eyes
or skin will be damaged if direct or indirect exposure to such light intensity. Although the radiant light is
not visible, the beam still causes irreparable damage to the retina or cornea. Thus, appropriate and certified

laser safety glasses must be worn throughout the operation.

1.3 Safety Symbols

(LTI e ——
B S — L

- —

Figure 1 Location of safety symbols

3
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Figure 1 shows the product and the location of safety symbols. These safety symbols mainly include safety

warnings, laser output warnings, and strong electric warnings. All is described in detail as follows:

AVOID EXPOSURE
VISIBLE AND/OR INVISIBLE LASER RADIATION

1S EMITTED FRON THIS APERTURE

2. Warning: Refer to a potential laser
1.Avoid exposure visible and/or hazard. The symbol represents laser
invisible laser radiation is emitted radiation. The symbol is pasted on

from this aperture. laser output end.

Table 3 Safety symbols

1.4 Other safety precautions
Do not look directly at the laser output head while the laser is running;
Please strictly follow the product manual to operate the laser, otherwise any damage to the laser will not

be responsible.

2. Product introduction

2.1 Features

Technical advantages: high product qualification rate, and the independent processing capacity for core
components;

Standardization: The production process is highly automated;

Power advantage: the power is more than 10w higher compared with the same specification of other
brands.

Beam quality: Beam quality of all laser tube can reach more than 95% of TEMOO.The product
consistency is good.

Long warranty: 12-18 months warranty, most can be used around 3 years, actually.

Advantages of Optical Resonators: The lithographic discharge tube for spatial filtering has been recently

developed, which can improve power and product consistency. With the technology launched, it expands
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the leading position in the industry.

Advantages of optical coating: After more than three years of review, the radiation safety license was
successfully applied. Reci is only one nuclear radioactive material coating company in Asia, and the
second in the world. Reci vacuum-deposits the radioactive isotope material from the crucible to the optical

lens. This material has a very low absorption of 10.6um and is irreplaceable.

2.2 Unpacking and inspection

The company has designed specifically a wooden box to ensure that the laser is always protected during
transportation. However, in order to prevent unpredictable situations during transportation, the user still
needs to carefully check whether the package is correctly placed before unpacking, and there is no damage
such as collision, cracking, rain and flooding on the outside of the box. Once you find that there is an
abnormality in the external cabinet, please contact the sales manager in time to deal with it as soon as
possible. After unpacking, please check if the packing list is consistent with the actual items. If you have

any questions, please contact the sales manager in time.

3. Installation

3.1 Installation diagram of model W laser tube

Installation Diagram of Model W Laser Tube

The high-presure sheath is coated

double-side tape on its inner wall Nagetive Eletrode
in case of sliding protective sleeve out ('H Positive Electrode Terminal Qutlet (Installed right up) (=) Terminal
€ o7 sicing profEEtives : A é_\
B
=30 \

dc

which is convenient for air bubbles to be

Sheath with plastic wrap

to prevent dust charged from the water jacket.

Figure 2 Diagram
Length A: Length of the tuber
Length B: The recommended distance from the ends of laser tube where pipe rack be placed.
Length C: The Diameter of Laser Tube
Unit: (mm)



Y
rECI Beijing Reci Laser Technology Co., Ltd.

3.2 The Parameters of Model W CO2 Laser Tube

Model | Length | Mounting | Diameter | Ignition Recommended Target Max

Name (mm) Position (mm) Voltage Current Power Power
(mm) (KV) (mA) W) W)
Wi 1100 240 80 19 22 75 90
w2 1250 260 80 19 24 90 100
W4 1400 280 80 24 26 100 130
W6 1650 320 80 28 28 130 160
W8 1850 320 90 30 28 150 180

Table 4

3.3 The Parameters of Power Supply

Model W Wi w2 W4 W6 W8
Voltage AC220V (110V Customized)

Frequency 47---440Hz
Input

Max Power 550W 550W 1000W 1000W 1200W

Max Current 5A 5A 10A 10A 12A
Outpu Max Voltage DC 40KV DC 40KV DC 50KV | DC 50KV 55KV

t Max Current DC 28mA DC 28mA DC 38mA | DC38mA | 35mA
Table 5

Notice: All paras above only for reference.

3.4 Requirement for Installation

Please follow the above installation diagram. The specialized power supply should be matched with the
specific tube. And the positive electrode carries a high voltage, and the ignition voltage should be reached
to the specific parameters above. If not follow the above, fire, inner tube breakdown and water leakage

will be caused.
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3.5 Working Conditions

Water cooling: The cooling liquid is pure water with standard water temperature from 10°C to 50°C. And
the flow rate is 2-5 liters per minute.

Application environment: temperature from 2°C to 40°C, humidity from 10% to 60%.

Current: The detection current is 28mA. The max operating current must be controlled at 28mA or less.
And the long-term operating current must be controlled at 26 mA or below. Working life can reach 8,000
hours if the current is 24 mA or less. All current above must be based on the actual current of the ammeter
connected in series on the cathode line. The undesired consequences by illegal operation may as below.
Tips: The negative electrode will turn yellowish if long-term overcurrent. What’s more, it will shorten
the life.

Please keep the plastic wrap around the high-pressure jacket to prevent dust from entering the vicinity of

the electrode.

3.6 Working Functions
Working functions include cutting and engraving. Taking engraving as an example, 4mA is recommended

to produce pulse with high frequency under preionization state for better engraving.

3.7 Notices

The surface of beam output lens cannot be scrubbed with any tools such as cotton balls, otherwise the
power will be serious affected. Here are several methods for cleaning.

(1) When the lens is contaminated, do not use the laser tube;

(2) Blow the lens surface obliquely with balloon;

(3) If the above no effect, user needs to remove the lens and use a cotton ball with a little alcohol to rotate
the lens.

(4) No need too much alcohol, but the glue layer of the adhesive lens cannot be touched in case of gas
inside escaping.

(5) The laser cannot be used till alcohol evaporating.

(6) Do not scrub the lens with acetone. The best way to protect the lens is keeping the environment clean.

(7) When testing the beam on plexiglass, please keep it 300mm from the mirror.

3.8 Safety
Goggles are necessary when debugging because the laser belongs to invisible beam. Positive electrode

carries high voltage. By the way, users must pay attention to the safety signs.
7
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3.9 Storage and transportation requirements

The cooling liquid must run out in storage or transportation;

The output must be covered with a dust-proof plastic wrap;

The storage temperature should be kept between 2-40°C and the humidity between 10-60%.

Packing: original package. Be sure to stick the sponge and laser tube with tape to prevent the laser tube
from sliding longitudinally during transportation. The output lens should have a protruding sponge of 70
mm and the reflective lens 50 mm.
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