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Abstract

A 3-axis Computer Numerical Control (CNC) machine has been developed
for wood working applications. Each axis was made with lead screw feeder coupling
with NEMA23 stepping motor. . The Z axis installed the Maktec Router with 1/32
inches router bit. The-driver board is TB6560 based stepping motor driver board. The
driver board connects PC lusing-printer port. The CNC machine_was controlled by
March 3 software. The CNC machine was tested for the backlash en X , Y and Z axis
with results of 7.6%,-7.2% and 8.6% respectively. Test of wood machining are text

and picture file:milling
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wnEadn 191 1esed NstausuUSuA LU Faula danandun way iwed Wudy



nMInantuuazgnAmuANiefmuelienduszesvemsine nsindeudily
AU X, Y, Z %gﬂﬁmmmzé’qmiﬂqmﬁwa"’aﬁﬁaﬂ’h G-code ﬁguwiily’uﬁumué’uqmﬂﬁﬁwm
Controller Al¥mupuAiesdidudiauieiueninunrsimilifiannsoudastoyalieyly
sUnuUTamnds G-code (Wunmwnasguiiedosdinsannsasuls) 'smﬁl’amuam‘f'umm,
fiemns, audalumsieuvenades Fullmnududeuunazsiags nisdeutisieade
AldTege uitlagiu inaansaviiliControllerfananafisnaignas Taenh Adneuiiamesun
u Controller 8@ sTusunsuiildniuau 1iur PC CNC Software, K Cam, Linux EMC CNC
visonlusunsumeulnsaiaesiidy

23.1 dhunsgneuiiuguesssuy CNC

1. druidulusunsudeanu (Part Program) Tusunsudenilussuvariignuaed
uoalagluudasunraziistardideuliugusuunasiaian fshvs uasdydnunl Sasva
Addluudazuanil ssunudumiinsiadouiivenniesiodmuuadosing CNC lelddmiu

=

n1svugUTIudIu
2. dhwunlddeuteyaveslusunsy (Program  Input Device). n1stloudoyavas
d Qs i N 5 v
TUsunsuluniosdnstidudnidusuurandlag (Soft Wire) 1 azldisn1steulusunsudily
1 o = A o d} § 23 1
wulilumieminudvesasuiamesfiganlununis i uesansas (MCU) sgaeds
a 1 dl O o 24 d 1 d s
dryynd (Interface Bus)- 19 RS-232-C Tagisnlaidndudesldiaioss uim iewdasiva
o W a E -
MduniautuATaslussuueuT
! o r.‘J | = 1 o
3. wheyAUANMININIIYBNATEY (Machine Control Unit) miteaiuaunsviey
- Yo Te— - ' o
Y89LA589 U39 MCU  Iving u way ﬁm’awmaﬂuaamaaﬂmmmna’mﬁawayjawaa
a 5 U A s { d s
Tsunsu wdsentiu Aezudasdudygraislauaisyuunnsduraouve aaiesdng CNC
| = 1 ] 1 1 e o | i o v o
falU FaIemIuANNIIM NIULaLATeY Wiseeniliu 2 duiiddy 9 fe dawiviviiienu
. 6 ' P ' - \ 1 &
TUswnsy (Data Progessing Unit :DPU) iU a3 ase uwmUnsyane 103 aad 1 umUnivian wse
' a e v oo - o P o e -l
RS-232-C 1Uusiu uagauivianihfinauaunisviriuvaitaiesins@dud (Control Loop
o 1 & Y -a! o o l .Y
Unit : CLU) U a5 758U 9ms1tau nsirasuivedsuinny n1sildsuniosilodn nng
UnAavtiwasdy W
[ o o o 3 s |
4. drunilussuumugunistuirieu (dive system) n1saauaunstuniouly
seuuflauduiieandu 4 via Aolduewmesuuuliudy (stepping motor)  1dusimed
nyzwanse (DC servo motor) Tduawmasnszuaadu (AC servo motor) wazszuulansednd
(hydraulic servo drive)
- @ i 2 o = v
5.1A3899N5NA (Machine Tool) LATBIINTHINOOALUUNUNOYNAIUANAILTLUY
%‘Lé‘u%‘%ﬁwuumimuau 2 dnwalg Ao LUUI9TaUn WA WUUNTIUTR Sen1TRANNETY
1 -y £ d d -y L7
TEMIUURTeUalaruuuesauln lneniesdnsimuauwuuesaule aslidayniu
] n=l € o o L qy d' =l' vq' v ; (]
aa‘LUmamasm’lﬁTmsﬁlwummﬂaauwlﬂmuﬁimLmiaﬂfmnﬁﬂwfqummxuuuwluu
FEUUATINAB U Y IUEIUNSU (Feedback System) vinlwlalanunsafiaznsiaaeulai
s o & v o o s [T ' 1 ’
dyynaniduniulaviudvSedvdeiltatianainegnaly funsAUANLUUINTaUTn Audl
U ¥ s d] o A: L) d' Ad o ] v
sruURTREeudyaudoundu Welfvvdanissilonn wisufidswundeilusunsuliiaes
as 'Y ol o o o - = Y
dyayadu iemuanlilfiefudununisniodiodngs



2.3.2 armuansnssewinaedesinsnavialufuiniasdnsna CNC

Lﬂ%‘aﬁﬂiﬁ"ﬂﬂ wyideu (Slides) fvimiiiihdusuviewniosiiodalradeudily
aus1adeY (Slide ways) Ingmsvyuiiovsyu (Hand Wheel) wielaunisldnalntoudnlusia
vy anL‘um’luLﬂsaqnaaamiuumﬂwmwmennuuumqmuﬂmﬂ‘sewvmaqmwu’mauq 7
Fududedldlunsimdeutuiuse wu WauarUaaindrmununisvyuraunariaiaios
WauazUnaindansvaaidu {Wusu drnvaudeddiansugauaznmsdadulatiudu ns
vmmawmawmwawmmulmwﬂnanlm’mvLﬁummewmmﬂmmﬂamammmmﬂmmﬂ
Lmawﬂ'sm'maswumuwmﬂinLﬂmﬂummumnG] L L R REN T RR Y
sanluwidmnlfindesinsdifudnisndntuusuiunnasanaive InIsHanTuILLA
sunssitlszmiloutulnenaen nsvhausinee szgnimuely wardanunanilusunsaniy
m’[ﬁwﬂﬂamuaumimamwmaS] lﬂlﬂaﬂLﬂiﬂﬁ’ﬂﬂi‘ULE)‘lJ‘Uﬂ'i‘iLﬂaE]u‘VlWl\‘!‘] wwﬂu‘tumwam
w‘uaﬁuﬂvwmu‘l}maawiuummermwaqLmawmmﬂmumﬂwauamﬂ‘ammmu \3aadnyee
eumudayadaiay (Numerical Information) wﬂau’lwnwmmuqmaam‘sawrﬁ CNC Tu
UuUUYRISd (Code) Tiyamuatannsailalsluszuunsiuindeussdesinsoonuuy
1ﬁ§UﬁUﬂ'ﬁﬁﬂﬂ’IUE}FJ’NﬁU‘JS?W]%ﬂ’M‘UﬂGLﬂ%@ﬁﬁﬂ‘iﬁﬂ?Uﬂui“UUL%dﬁT’JLa‘u WU SzuULHeIva
WAL WIBLWUS eTlmaiEnsage seUunsviaet wsaunum'ﬁ“mamwmau Jusiu
uaﬂﬁmuummvwmiaummsaauawmwum‘hmummwm FazuandInnsiuia
\n3esiievenasasinainly namdndumilie nsdndulslumssmunduneunisvnesieg
WNIY v‘ht.ﬁmmz\nﬁmnfhﬁmvﬂivﬁﬂuﬁ"umawmmimqu,wu wazasslusunsudmsu
mummiawmmquu waqmﬂuuiﬂs:.mimvanmlﬂﬂiﬂumimﬂwaaLﬂiawni dmiu
wARTULTRRINTS TneaninsavinsHEner ﬂunﬂsqﬁlﬂmmaan'riuaﬂwamﬂiﬂﬂm'ﬁu
MY wﬂiamauaumimu,mum'sma’auﬁlmmmiamumaumsmamnﬂwmu e
Jostumnudevneiionnintuld nanantuiussniednsdidudsdwanialuns
Yaudun ASududie iy anaannisasedevrune iy antatlinisUuania
39UV83 Spindle tHusu

2.3.3 myvszgndlganues CNC

lutagtuwalulad@idug Iigninndssyndldlusnamnssunisndavaisvila
shofu Tnsanusosuunld ¢ Ussunm saeelui

1. nudadauialave (Metal Cutting)

2. »uieszlu (Grinding)

3, awuﬁugﬁé’aﬁ'ﬁ'ﬁmw (Unconventational Maching)

4. muéfmmmazﬁ’u‘i’?ugﬂ (Fabrication)

2.3.4 svaildlumsmununsinueaAias CNC

msldnuiedos ONC azrusianianiw sia-3 wie G-code Fudumnmsgnilunis
muAUMIYhUdWsEne Ui

1. f28nws (characten) iiefmuadnuaiznisviaunsefvuadeula@issi 2-1)
Feavegsumihvesihdsgeniidond word

2. i Wunguuesiadngs uszneutuiiarmunidoulunisvhay



o Q..) o d o
3. ufon (Block) Wufdiriuaunisiureaaios CNC Wunisiword nane
AmUTENoUNY WU N10 G90 G80 G17 udanilil 4 word N15 GO1 X1.0 Y1.5 G18 ulenild
5 word
] = o a o w ° a v
4. Tsunsu (program) tlunmssauvane q vden Mdsunudiiunisvineuiels
dJ Q 5 i.h: ql o
ATITDUT YhaunutuneulRldtuTumu U

d o ar k4 ! ar
AN 2.1 MIMMuAaNBaen151991u Character 1105514 EIA RS-274 B (91auanmnsfiy
-l ] el
Ui TuswaziBusveaedosdidududasdve)

FdNYs M3luLazAUNINY

A NIMYUTOULUILAU X

B NTRYUTOULUILAY Y

C NSMUTTULLILAY Z

D (1) MINUTDULU LN UTILAY

(2) Sasrilaudiany

(1) MUUTBULAUR LAY

2) Sastloudiand

nsvou

ANTAMATHUM TV

laisey

(1) MATOULUIUAY X 2BITAALINENIIINAY
(2) S ERNYERNBEITVLALMLIRAL X

J (1) UINTRUNLIRAL Y- VaIRAUENAIIINAY
(2) FeozRivvBUNAL UL TIMUILNG Y

K (1) T mTBUIUILNY. Z TeeRdudnaninay
(2) SSBeRVTDUNFIIMMNULUINAL Z
laifmiun

Fdsthenasyhem

MNBaIUTIVIAUlUsNTY

Laifvun

nsAReuTivetuILILTl 3 vuuiuwuiunu X
MaAdeuTiveMuILALT 3 AvutufuuuIuny Y
nadeuTivesuuiunuil 3 fvuufuwuiuny Z

-

I |t |

) ad A oW
A3 L%’J'ﬁﬂu‘ﬂaﬂLWﬁ'ﬁULﬂﬁaﬁuamﬂ

a 4 A w
LIENLATRIUBAR
o =l P ol v
NI1LATDUNVDILUILAUN 2 NVUIUNULUILNU X
= < ] ol )
NITLARDUNVDILUILAUN 2 VNUUTUNULUILNY Y
o P o P as
NTLARDUNVBILUILAUN 2 NYUIUNULUILNU Z

si<|c|d|vw|=m|o|v|Oo|z|z|r
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< o @ v
A15°9% 2.1 msfwueainuuzni5lgiu Character 1wg EIA RS-274 B

f—

X ASAREUNTUMLILIY X
-

Y mMaAdeuRluLUILAY Y

Z NMSAERUAlLLLILNY 7

L7 1 at d v U
984T IBNUNARITIE G e 1TUsEENAldIuEg 9
svid Handumsounsyitudmsuaudie

GO0
GO1
G02

GO3

G17
G18
G19
G28
G40
G41
G42
GA43
G44
G49
G54
G70
G71
G76-79
G80
G81
G83
G84
G85
G90
G91
G92
G99

nsidouie

adledBumeslmatiu (msedouidudunaziinsiou)
wefmasdumedlnady (maedouiidunuildwaziinng
o) mandumnding

woimaidumeilnady (Mardeuiidunuilfwaziinng
taai) muduuiia

MIFBNTEUIU XY

ATSIEONSZUIU XZ

NISABNTEUIY ZY

mataeunaulUdigesneae

a3 Nl e VR T R G R ot
nsvAeLLRsaTve a3 ssiladanes gy

L C VR VTG T TR G ol
MITATEIUIAA NN YRR IERA ATuan
NMITABEVUIRAIILETIVBIASESIoRR AIaY
SAANNITINEEIWIAAI NN LB A3 Bedlad
YSudslnoashiunvestuiiy

Jovdegaitiimiaetui
Houdeyenitimhouiiadiums

Laiflansriwuals

gnann1sylenfialo

wzlaia

Wglaiagdn

nsiuindeuuulaia

MIATIUG

nslisumislunuuduysal
mMsldmuLsluUduATLUea
TSRS A AR eR AT TS
miﬁauﬂé’ulﬂé’aqmé’wé‘a
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sa WeandumIaun1sMieudmsuIunas

GO0
GO1
G02

GO3

G32, G34, G75
G40
G41
G42
G50
G71
G72
G74
G75
G90
G91
G96
G98
G99
59 M

naadeuilugumdsshemiusa

adeBuweflmadu (MawdoufliBadunariinstiou)
woimarfdumeailnady (Mswdeudiiuwuilfuaziinag
tou) manduuting

wetmasdumeslmady (msndeufidunuilfwaziings
tou) mumuduunin

AWINTNMIAANTE

snENNITYALTELIRSATvB RS asiladn
mMsragerniriveuaiosdiofamiiudne
nyraEwRsaTuanaIaslofavned UL
Usuilneaspiunve @ueiy

pInINInAUGeNMENY

s =F

InInEnaem
ININTRAZUUUARIULAI
1ANINITNEWNTD
MITRVUIARUUENY I
s 1
NISIRTUIALUUF LY
s =1 -
YSUALTIAN
YFudnsnlounaunit

Uiuonsitausasay

@ ¢ o ) = v 2 a ° | e a
swareandumatlainelusen syl 99N nTeyinnI s U0 1 iR LAy
U 1 al.d 8 g/
AT LA AV AU NS LA uLAn

s Wardudninde
MOO
MO1
M02
MO03
MO4
MO5
MO6
MO7
MO8
MQ9
M10
M11
M30

nealusunsy
vgalUsunsniuuiliiouly
ulUsunsu
MUnUAIANUIENT
WdumunudLEn
mdungn
wWaswedadio11
Uanderindu (Waun)
Danderidu (Dates)
Yavaoridu
nmsdenlnesnlulif
nsranedenlnednlug@
Aruaelusunsu



M98
M99

12

Benluswnsugos
ulusunsugeswaznauludalusunsundn

AN MLERITIE G TR GO0 — G99 faraluil

S9d
GO0

GO1
G02

GO3

G04
GO5 - 07
G08
G09
G10 f1ig
G13 /16
G17
G18
G19
G20 = 32
33
G34
G35
G360~ 59
G40
G41
G42
G43
G4aq
G45 - 49
G50 - 59
G70
G71
G72

G73

el
A dl 2/ (-4 1= o s 24

mMswaeumenusuuliiinsteudwsunisli
Auiswuuyaluyn
a o £a L7 =ﬂ d a ;7 ol
Adlesduwasiwadu (Mswwdsuidudunaziinistew)

sa fa @ dl o & % al
Wasmasdumasinatu (Mawdoumdunullfaasinis
Joumudiuuiing

fa fa as & a & 2 =
WesAIAsdUmas ety (nsedauimdusulleaziinng
Uaumudiuuiing)
ANFIANNSYINNU
Tyginasivuald
A1TLAADUNAIEAULTINO AT NI IALNEND

- - I o ' °

NISLARRNTINNEAIUNY RS MUaTELD
TLififwualy
SHALRDNLNY
AISEONTEUIU XY
ANSkAENTEUIY ZX
MswaansguIu YZ
Taiftnnsivuald
N1SARLNAEIANAIN
N1SAANEYNRLER
A1SARLNALanER
Laifinysnvualy
BAENN1TYALYELFURIFLEINETS
WAL AUENA AL
AYLHURIAUONANIIUY
msvnwen1singuly
NIVALLLNNINAYLUBN
lafinsivuald
ldfiunsmuruuuuesinUiipeulnsa
N5 LU NTUSEUULD
ANSLUTWATUTEUULIRASN

& a £a @ ol o 1% o
Fo3Aa1iouwmaslmatuy (nMswasumduidulasluszuiu
AU3RA) ALTLuNEn

& a ¢a ar o a & 1% 1Y
gosmansaumediwaty (Mawdsumdudulaeluszuiv
Au3R) Mmuduuniang
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G74 gnidnmandeuidudulfvasmenunsud

G75 nsvidafmenuasudlgesAtarsduwmasimadu (Junis
wisuiluwdulAmuuanEmMenuaTUR)

G76 -79 Laifinsmwualy

G80 gnildnnsyileia

G81 wizlaia

G82 wglafaiinenad (Mzawdiinisfaunafirmus)

G83 wieleiiagdn

G84 msfindeuuuleiia

G85 - 89 nsaTugleda

G90 sl wmslusuuduysol

G91 NATIFLMUILUUBUATIMUMeA

G92 NSRIAITee SIS o TSN

G93 \Jusvia Register Pretoad

G94 Saglouluvithets Gieduns) deundi

G95 Sastleulumieia Gaduins) dewnd

G96 lifinsiwualy

G97 Anusndulusou/uad

TV X, Y uag Z

s%d X, Y uae Z Wunisiedeuiidudu ol imuaitusnluedesing vieitesile
(urdeands) Tmpdeuitluidndu Wu wdsulumevvseumisdng Galvsunsufidy
Tsunsuasludvaaunu X dhunstalusunsaliadeui lumimdaudunisiusunsalue
YoauNY Y drunsipdouiiveniituniuiensieeldeluituny Zlumslusunsuusas
wnuaEiieAvINwaEATaY %’Tuag;'ﬁ’uﬁﬂmwaaﬂmﬂﬁauﬁimm‘%‘awmamﬂlajﬁaqﬁmﬁ
ansofineante

W |, J uay K

Duswaiidmuanisdumeslwatuidle X, ¥ wazs z famualiudaen | J uae K five
Tusunsuaslunumds Taeiien X, Y tay Z asgade WeiinslémimillunisTusunsa

9 S

s S WusaildiflesinisTusunsumnaniviadumasly nsuyuvesdmaeiuy
Lﬂ%‘aeﬁ’mw?awyu%umuﬁag’lum‘%aﬁﬂﬁum%'ﬂn'i'm’mﬁaﬁa%’u (spindle speed) finureidu
FOU/UWIRUWIMTNA867 S Mumefiae 4 van

vid F

swa F llusunsusasitlou (feed) vosliandatelfedudunuvenniosinsnsion
\Husnsnaedeuiieumadiuvvensiesite sasioutndlusunsudiu Havani



14

Wa T

o T ulusunsuitermusmneauaiesdislureddiniasile indesiloazely
fumiasingg vuresldiniesile nslusunsy T uagdawhlvianansaiieeldindasiieldvany
q A%s wihitslu ndeunalusunsy Mo6 sevhmadsuedasile

IE M

sailsitumanidlfifelusunsuliaiosdnsnsevinsuisegsifiime ansuans
swaunsduifinsldumn
siid Warduiinundne

MO0 neAlUTUNTY

MO1 paUtuluaafaU

MO02 uUlUTMASH

MO03 VU UAIAINUIRNY
MO dumpunudiuniing
M05 Widumen

MO06 Wasuesasile

MO7 Deniwdedu (agn)
MO8 Wenividerdu (Usiies)
M09 Unaiwgoidu

sva D wagH
s [ o Ak['l- P [ e‘.'; < <N o 2 2
Y D or H Uusvianiaineninisiiainge U099 onien e a3edile ‘VI’I'L"MN il

U
3

Tusunsuldiasestionnialngfsnniesitosaviniuianua Welvsunsuldiedesiielm fay
Torluszunuresuny Z dwsudmaimenesanie s

FDE1NBUIUNIIVINNAU

GOO:  NISHVUTIMILEuURTIMUURARYTIS (Positioning) +duni1sideunriuduia
Busulaglaifinsiaintu wiasiasa 1 ldudafuduan nasietuaziintssurmums
WAYU X WU Y wnu Z Imﬂm’lm%ﬂuﬂmﬂﬁauﬁﬂxl%’ﬂ'nm%';qqqmﬁiﬂiLmiummmﬁ’afqm
Humdoulalidasldddnilou (Feed Rate)

fretanisaudds Goo

- G00 X + 3.00 Y - 4.00 Z 0.00 : unsindeuilusuadunssszoznia 5 faduns

- GO X 0.00 + Y 0.00Z - 2.00 : Wunisidouas (eanviennluiin) 8n 2 fadums

GO1:  MTUMUTLLIEUATT (Linear Interpolation) iunsdeuuiuiuiusnulaes
N3AR NMFYINTLASTNTTUAIGILALG LAY X kAW Y WNY Z wazAens1teu ssgranisteu
Ade GOl

-GO1 X + 3.00 Y - 4.00 Z 0.00 F50 : \funsindeudifadusududedunuidunss
TEEENN 4 JaflueT

- GO1 X 0.00 Y 0.00 Z + 2.00 F50 : Wunsideuuviuduiatiuaiu iieinnzguua 2
Hadnsg
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G02:  wwnefamsunuiiuuadudulFsnmdaiuniina (Circular Interpolation CW)
(clockwise) 1unsfipdusmudusedAslufievmanuduunin feghanstlousds o2

- G02 X + 10.00Y + 10.00R10.00 : uJumiLﬂaauwﬂmumumusm‘[miﬂ 1/4 ¥4
WnauREAT10 fadwmnsluiiemismanduuning

-G02 X 5.00 Y - 8.33 R10.00 : Lﬂum'ﬂ.ﬂaaumﬂmumuLﬂuiaaTﬂaiU 1/3 w93
naufi¥asinlAs 10 fadwasluimmeanduunding

G03:  nswnuiludrudulfamauduuifing (Circular Interpolation ~ CCW
(counterclockwise)) Sutfeyauasvhenumilou G02 uiindeuilufimemsatudy Go2

G09: miﬁmuﬂmmmuﬁugiﬁﬁ (Absolute Programming Selected) dunns
Wizulnuanism 1l muavualaedredagadndsgadisinasn aansadoulnue
ndulUsEning GO waz Go1 latu 1 Tusunsy

GOl:  MImMUATWARLUTABLTD (incremental Pragramming Selected) t0un1s
Lﬂﬁau‘lwumm‘av‘hamlﬁﬁmuﬂ’umml,wdaLﬁaﬂmamﬁauqmﬁ'ﬂﬂﬁaa d

M30:  ugnmsvhetu (End of Program) Idlunseulusunsamisyine ladannsa
vhawsslsiuanainddsifeanludeu uszynaififinsesnuuudunudeuivziinsduiin
Joyadniudesavnedesdiiae
2.4 STUUAANUBNATIINAS CNC

Tuaseands ONC stuulunITAIuAtMYauiaEaRs main spindle, nsndsud
'luumcmumm 37U hydraulic, ivuulwﬁmwumvnﬂmmmawuuaimwaeLmav‘s“uu
‘maqra1nuusxuwmumuﬁmmmmawumuvaﬁﬂwan«mmwmwm‘uﬂumwmumwuﬂ‘uaa
\A30enEa CNC

i - 4., N\ | POl R | .
13 i Pewar Hy-]r?-sl:z J— -"1 |
< Seophy - xR ' ?

) Al Faad I- Ll |
A . el . B & & |
l(»é Coartesl 'P’;,r.al |4 Df
: i !
PLEY N 508 »r E‘.h o E‘ > |
. o) LY. > . i | i
" PCB N %3 ol |
-lli LagratiRelay - | w !
f | 2 |
| > Turiet l‘ Lt B
5 AN R R, | | S —————- . : E-i} :
@ e f | = i
O { Encoder I< e |
O | - R
£ Serd Drve 4 Matar o ow ? ‘-ﬂu 3 :
=< N _ el |
= AXIS . T |
gy PCB - f Encager l" !
b§ Se o Dreve | b{ v._m :},,[ % Shge ]1 '
o Vain Motor Drve e M it M v ow Spinde
- ! Encodsr I
oy et % | CATAD I
» Memory (o [ o
< pcg [* .
- > RSZIEC O Deves
f o =l
. Battery I ' SUPEEY
L

as

< ¢ o o v o ) < =
E'U“W 243 RUURIANANDINIVUTINATUANN 1IN NIUVNUATDILATBINEAS CNC



16

A4 ad o
2.5 N1IATUAULATINY LD UY
1. M3muAuNsAReuilUSsumisiifenis (Movement)
2. NMSMIUANAIILSIBINEIAFBUT (Speed)

Anglog

#ds Gecode

Command

Enceder Signal

i) - . d 4 « g S
moudnredldny mMiARILANMTIARBLT HERDIBNEY

quma UAL
AR \
ALy

uHIAEURIARIUAN TunniFansemouen

= <
FUN 2.2 MImuRuLATeY CNC

2.6 vannsisuvasaiasInsnadhiud

381 CNC Sisvuumuauitioutoyalusunsunoufimasveadosiunefduedn
vsutuiiam (Key Board) wismyushnin (Magnetic Tape) ilaszuumuausulusunsy
La%‘fa ﬁ%~1.‘1"111Jmmu'l,ﬁt.ﬂ§aaﬁ’]’ﬂinav‘ha’m Tngafenowmasiiou (Feed Motor) tialiuviy
Laaumaauwmumaa iU tATeans §18ud (CNC Machine) fagiiamaslunisindeuiiay 2
¢ vierneain Sidud Aeviluewasiloy 3 i Luamummumu‘lmu,nimaw %ytﬂaﬂu
waiﬂmﬂmmuammmwwlwﬂ'n,waﬂ'mﬂﬂwuaLmaimmu LLmLuaamﬂammﬁmwaanmﬂ
szuumuRuiliifdaios I:Jawmsﬂlwuuvuu'lwuaLmaimmulm fathy Fedosdedyrnididh
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1.Configuring Mach3 for your machine and drives
If you have bought a machine tool with a computer running Mach3 then you will
probably not need to read this chapter (except out of general interest).Your supplier
will probably have installed the Mach3 software and set it up and/or will have given
you detailed instructions on what to do.You are recommended to ensure that you
have a paper copy of how Mach3 isconfigured should you ever need to re-install the
software from scratch.Mach3 stores this information in an XML file which you can
view.
1.1 A configuration strategy

This chapter contains a lot of very fine detail. You should, however, find that
the configuration process is straightforward if you take it step-by-step, testing as you
go. A good strategy is to-skim through the chapter-and.then work with it on your
computer and machine tool. We will.assume that you have already installed Mach3
for the dry running described in chapter 3 Virtually-all the work you will do in this
chapter is based on dialog-boxes reached from the Config(ure) menu. These are
identified by, for example, Config>Logic which means that you choose the Logic
entry from the Config menu.

1.2 Initial’ configuration

The first dialog to use is Config>Ports and Pins. This dialog has many tabs but
the initial one'is ‘as.shown in figure 1.1.
1.2.1 Defining addresses of port(s) to use

Engine Configuration... Ports & Pins il a’ f b N by x|
Fiort Setup and Axis Selection Y Motor Dutputs | Input Signals | Output Signals | Encodst/MPR's | Spindie Setup | Mil Dptions |
Part #1 —% 3 Poth2 = - ¥ MaxhC Mode
¥ Port Enabled ! OR
i-ort Enabled ! ‘f“ Port Ensbled | ™ Max CL Mode enabled
04378 Port Address | ;UH273 Port Address i ™ Moy NE0 et rive
Entry in Hex 09 4F only | Entry in Hex 0-9 &-F only Frogram restart necessan

[~ Ping 2-3 a5 inputs

™ Sherhne 1/2 Pulse mode

Kemel Speed

i ™ ModBus Inputiutput Support
& 25000Hz " 35000Hz " 45000Hz s .

[™ Event Dnven Senal Control
[ Servo Senal Link Feedback
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Figure 1.1 - Ports and Axis selection tab

If you are only going to use one parallel port and it is the one on your
computer's motherboard then the default address of Port 1 of 0x378 (ie.
Hexadecimal 378) is almost certainly correct.If you are using one or more PCl add-on

cards then you will need to discover the address to which each responds. There are



no standards! Run theWindows Control Panel from the Windows Start button. Double
click on System and choose the Hardware tab. Click the Device Manager button.
Expand the tree for the item "Ports (COM & LPT)".

Double click the first LPT or ECP port. Its properties will be displayed in a new
window. Choose the Resources tab. The first number in the first 1O range line is the
address to use. Note the value down and close the Properties dialog.

Note: that installing or removing any PCl card can change the address of a PC|
parallel port card even if you have not touched it.If you are going to use a second
port repeat the above paragraph for it. Close the Device Manager, System Properties
and Control Panel windows. Enter your first port's address (do not provide 0x prefix
to say it is Hexadecimal as Mach3 assumes this). If necessary check Enabled for port
2 and enter its address. Now click the Apply button te save these values. This is
most important.

Mach3 will not remember vatues when you change from tab to tab or close the Port
& Pins dialog unless you Apply.

1.2.2 Defining engine frequency

The Mach3 driver can work at a frequency of 25,000 Hz (pulses per second),
35,000 Hz or 45,000 Hz depending on the speed of your processorand other loads
placed on it.when running Mach3.The ‘frequency you need depends on the
maximum pulse’ rate you need to drive any axis‘at its top: speed. 25,000 Hz will
probably he suitable for stepper motor: systems. With a 10.micro-step driver like a
Gecko 201, you-will get around 750 RPM from a standard .80 stepper motor. High
pulse rates are needed for 'servo. drives that have high'resolution shaft encoders on
the motor. Further details-are. given in the section on motor. tuning’ Computers with
a 1 GHz clock speed will-almost eertainly:run at-35,000 Hz so.yol can choose this if
you need a higher ‘step rate™ (e.g. if you have wery fine pitch lead screws).The
demonstration version witl.only. run at’ 25,000 Hz-In-addition if Mach3 is forcibly
closed then on re-start it will automaticatly revert to 25,000 Hz operation. The actual
frequency in the running system is displayed on the standard Diagnostics screen.
Don't forget to click the Apply button before proceeding.

1.2.3 Defining special features

You will see check boxes for a variety of special configuration. The should be
selfexplanatory if you have the relevant hardware in your system. If not then leave
then unchecked. Don't forget to click the Apply button before proceeding.

1.3 Defining input and output signals that you will use

Now that you have established the basic configuration it is time to define

which input and output signals you will be going to use and which parallel port and

pin will be used for-each. The documentation for your breakout board may give



guidance on what outputs to use if it has been designed for use with Mach3 or the
board may be supplied with a skeleton Profile (XML) file with these connections
already defined.

1.3.1 Axis and Spindle output signals to be used

First view the Motor Outputs tab. This will look like figure 1.2. Define where
the drives for your X, Y and Z axes are connected and click to get a checkmark to
Enable these axes. If your interface hardware (e.g. Gecko 201 stepper driver) requires
an active-lo signal ensure that these columns are checked for the Step and
Dir(ection) signals. If you have a rotary or slaved axes then you should enable and
configure these. If your spindle speed will be controlled by hand then you have
finished this tab. Click the Apply button to save-the data on this tab. If your spindle
speed will be controlled by Mach3 then you need to Enable the spindle and
allocated a Step pin/port for it-if it uses pulse width modulated control with relays
to control its direction or to atlocate Step and: Direction pins/ports if it has full
control. You should also define if these signals-are active-lo. When done, click the
Apply button to save the data on this tab.

1.3.2 Input signals to be used

Now select the Input Signals tab. This will look like figure 1.3.We assume that
you have chosen one of the home/limit strategies from chapter 4.6..1f you have used
strategy one and the limit switches are connected together and trigger an EStop or
disable the axis-drivesvia the drive electronics then you donet check any of the
Limit inputs.With_strategy two you will probably have home switches on the X, Y and
Z axes. Enable the Home switches boxes for these axes-and define the Port/Pin to
which each is connected. If you are combining limits-and the home switch then you
should enable the Limit -, the timit. ++ and Home forieach axis and allocate the

same pin to Home, Limit— and Limit++
Engine Configuration... Ports & Pins : 3

Pon Setup and Auis Selection  Motor Outputs | 3ot Signaisl Gulputﬁlg«wlsl Encadew‘h-iF‘G'sj Spindle 5&!up1 Mill Dpliomi

Signal Enabled Step Pind Dir Pin# é Dir Lowactive | Step Low Ac,,. Step Port r Dir Port
X Bxis o 3 " S rxf Y o 1 SRR l
¥ Axis £ < Vg o ” 1 |
"
A Axis f 9 g o 1 1
B Axis x 0 a w W . ;
Spindie L $ . : % - ) D

0K Cancel 2pply




Figure 1.2 - Defining the connections for axes and the controlled spindle

If your spindle speed will be controlled by Mach3 then you need to Enable
the spindle and allocated a Step pin/port for it if it uses pulse width modulated
control with relays to control its direction or to allocate Step and Direction
pins/ports if it has full control. You should also define if these signals are active-lo.
When done, click the Apply button to save the data on this tab.

1.3.2 Input signals to be used

Now select the Input Signals tab. This will look like figure 1.3. We assume that
you have chosen one of the home/limit strategies from chapter 4.6. If you have used

strategy one and the limit switches are connected together and trigger an
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Figure 1.3 = Input signals

EStop erdisable the axis drives via the drive electronics then you do not
check any of the Limit' inputs-With strategy two you will probably have home
switches on the X, Y and Z axes.Enable the Home switches boxes for these axes and
define the Port/Pin to which each is connected. If you-are combining limits and the
home switch then you should enable“the timit --, the Limit ++ and Home for each
axis and allocate the same pin to Home, Limit— and Limit++.Notice the scroll bar to
access the rest of the table which is not visible in figure 1.3. The Input #1 is special in
that it can be used to inhibit running a part program when safety guards are not in
place. The other three (and #1 if not used for the guard interlock) are available for
your own use and can be tested in the code of macros. The Input #4 can used to
connect an external pushbutton switch to implement the Single Step function. You
may wish to configure them later.
Enable and define Index Pulse if you have a spindle sensor with just one slot or

mark.



Enable and define Limits Override if you are letting Mach2 control your limit switches
and you have an external button which you will press when you need to jog off a
limit. If you have no switch then you can use a screen button to achieve the same
function.

Enable and define EStop to indicate to Mach3 that the user has demanded
an emergency stop. Enable and define OEM Trigger inputs if you want electrical
signals to be able to call OEM button functions without a screen button needing to
be provided. Enable and define Timing if you have a spindle sensor with more than
one slot or mark.

Enable Probe for digitising and THCOn, THCUp and THCDown for control of a
Plasma torch. If you have one-parallel port-then you have 5 available inputs; with
two ports there are 10(or-with pins 2 to 9 defined-as inputs, 13). It is very common
to find that you are“short of input signals especially if you are also going to have
some inputs for glass scales or-other encodefs. You may have te compromise by not
having things ‘like a physical Limit Override switch-to-save signals! You can also
consider using a Keyboard Emulator for some input-signats. Click the Apply button to
save the data on this tab.

1.3.3_ Emulated input signals

If youcheck the Emulated column for an input then the Port/Pin number and
active-lo state for that signal will be ignored but the entry in the Hotkey column will
be interpreted. When. a key-down message is received with, code that matches a
Hotkey value-then that signal is consideredto be active. When'a key-up message is
received then it is inactive. The key-up: and key-down signals-usually come from a
keyboard emulator (like the-Ultimarc IPAC or Hagstrom) which is‘triceered by switches
connected to its inputs..This allows more switches to be sensed than spare pins on
your parallel ports but.there may be significant;titne delays before the switch change

is seen and indeed a key-up or.key-down message can get lost by Windows.
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Figure 1.4 — Qutput signals

Emulated signals cannot_be used for Index or Timing and should not be used for
EStop.

1.3.4 Output Signals

Use the Output signals tab to define the outputs you require. See figure 1.4,
You will probably only want to use one Enable output (as all the axis drives can be
connected toit). Indeed if you are using the charge pump/pulse monitor feature
then you may“enable-your axis drives from its output. The Qutputh signals are for
use to control a stop/start spindle (clockwise and optionally counterclockwise), the
Flood and' Mist-coolant. pumps or valves and for control by your own customized
Mach3 buttens or macros. The:Charge Pump line should be enabled and defined if
your breakout board accept this pulse input to continually confirm correct operation
of Mach3. Charge Rurnpz2-is used if you have a second breakout'board connected to
the second port orwant to-verify the operation of the second port itself. Click the
Apply button to save the.data on this tab:

1.3.5 Defining encoder ifputs

The Encoder/MPGs tab is used to define the connections and the resolution
of linear encoders or Manual Pulse Generators (MPGs) used for jogging the axes. The
Encoder/MPGs tab is used to define the connections and the resolution of linear
encoders or Manual Pulse Generators (MPGs) used for jogging the axes. It is covered
here
for completeness of the description of Config>Ports & Pins. This dialog does not
need an active-lo column as, if the encoders count the wrong way it is merely
necessary to swap the pins allocated for A and B inputs.

1.3.5.1 Encoders

The Counts per unit value should be set to correspond to the resolution of

the encoder. Thus a linear scale with rulings at 20 microns produces a count every 5



microns (remember the quadrature signal), that is 200 counts per unit (millimetre). If
you have Native units set as inches the it would be 200 x 25.4 = 5080 counts per unit

(inch). The Velocity value is not used.

Engine Configuration... Ports & Pins
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Figure 1.5 -~ Encoder inputs

The Encoder/MPGs tab is used to define the connections and the resolution
of linear encoders or Manual Pulse Generators (MPGs) used for jogeing the axes. It is
covered here for completeness of the description of Config>Ports & Pins. This dialog
does not need an active-la column. as, if the encoders count the-wrong way it is
merely necessary to swap the pins allocated for A’and Bl inputs.

1.3.5.1 Encoders

The Counts per unit value should be set to correspond to the resolution of
the encoder. Thus alinear-scale with rulings at 20 micrens produces a count every 5
microns (remember, the' quadrature sighal), that-is-200 counts per unit (millimetre). If
you have Native units set as inehes the it would be-200 % 25.4'= 5080 counts per unit
(inch). The Velocity value is.not used

1.3.5.2 MPGs

The Counts per unit value is used to define the number of quadrature counts
that need to be generated for Mach3 to see movement of the MPG. For a 100 CPR
encoder, a figure of 2 is suitable. For higher resolutions you should increase this
figure to get the mechanical sensitivity you want. We find 100 works well with 1024
CPR encoders. The Velocity value determines the scaling of pulses sent to the axis
being controlled by the MPG. The lower the value given in Velocity the faster the
axis will move. Its value is best set by experiment to give a comfortable speed when

spinning the MPG as fast as is comfortable.



1.3.6 Configuring the spindle

The next tab on Config>Ports & Pins is Spindle Setup. This is used to define
the way in which your spindle and coolant is to be controlled. You may opt to allow
Mach3 to do nothing with it, to turn the spindle on and off or to have total control
of its speed by using a Pulse Width Modulated (PWM) signal or a step and direction

signal. The dialog is shown in figure 1.6.
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Fieure 1,6'= Spindle Setup

1.3.6.1-Coolant control

Code M7 can turn Flood coolant on, M9 can turn Mist coolant on and M9 can
turn all coolant-off. The Flood Mist control section of the dialog defines which of the
output signals are” to be used to implement these functions. The Port/Pins for the
outputs have already beem defined on the Output Signats tab:If you do not want to
use this function check Disable Flood/Mist Relays.

1.3.6.2 Spindle relay control

If the spindle speed is-controlled by hand~or-by using a PWM signal then
Mach3 can define its direction and when-tostart and stop it (in response to M3, M4
and M5) by using two outputs. The Port/Pins for the outputs have already been
defined on the Output Signals tab. If you control the spindle by Step and Direction
then you do not need these controls. M3,M4 and M5 will control the pulse train
generated automatically. If you do not want to use this function check Disable
Spindle Relays.

1.3.6.3 Motor Control

Check Use Motor Control if you want to use PWM or Step and Direction
control of the spindle. When this is checked then you can choose between PWM
Control and Step/Dir Motor.



PWM Control

A PWM signal is a digital signal, a "square" wave where the percentage of the
time the signal is high specifies the percentage of the full speed of the motor at
which it should run. So, suppose you have a motor and PWM drive with maximum
speed of 3000 rpm then figure 4.12 would run the motor at 3000 x 0.2 = 600 RPM.
Similarly the signal in figure 4.13 would run it at 1500 RPM.Mach3 has to make a
trade off in how many different widths of pulse it can produce against how high a
frequency the square wave can be. If the frequency is 5 Hz the Mach3 running with a
25000 Hz kernel speed can output 5000 different speeds. Moving to 10Hz reduces
this to 2500 different speeds but this still amounts to a resolution of one or two
RPM.A low frequency of square wave increases the time that it will take for the
motor drive to notice that a“speed change has been.requested. Between 5 and 10
Hz gives a good compromise. The -chosen frequency is entered in the PWMBase Freq
box.Many drives-and motors have a minimum speed. Typically. because the cooling
fan is very inefficient at low speeds whereas high torque.and current might still be
demanded. ' The Minimum _ PWM 9 box allows you to, set the percentage of
maximum speed at:which Mach3 will stop outputting the PWM signal.You should be
aware that the PWM drive electronics may also have a minimum speed setting and
that Mach3 pulley configuration (see section x:x) allows you to set minimum speeds.
Typically you should aim to_set the pulley limit slightly higher than the Minimum
PWM 9% or hardware limit ‘as this will clip the speed and/or give a sensible error
message rather-than just stopping it.Step and Direction.motor

This may be an variable speed drive controlled by steppulses or a full servo
drive. You caniuse the Mach3. pulley configuration {(see’ section 5.5.6.1) to define a
minimum speed if this isneeded-by the motor orits electronics.

1.3.6.4 Modbus spindte control

This block allows the setup of an analogue“port on a Modbus device (e.g. a
Homann ModIO) to control spindle speed: For details see the documentation of your
ModBus device.

1.3.6.5 General Parameters

These allow you to control the delay after starting or stopping the spindle
before Mach3 will execute further commands (i.e. a Dwell). These delays can be
used to allow time for acceleration before a cut is made and to provide some
software protection from going directly from clockwise to counterclockwise. The
dwell times are entered in seconds. Immediate Relay off before delay, if checked will
switch the spindle relay off as soon as the M5 is executed. If unchecked it stays on

until the spin-down delay period has elapsed.



1.3.6.6 Pulley ratios

Mach3 has control over the speed of your spindle motor. You program
spindle speeds through the S word. The Mach3 pulley system allows you to define
the relationship between these for four different pulley or gearbox settings. It is
easier to understand how it works after tuning your spindle motor so it is described
in section 5.5.6.1 below.

1.3.6.7 Special function

Laser mode should always be unchecked except for controlling the power of
a cutting laser by the federate. Use Spindle feedback in sync mode should be un-
checked. Closed Loop Spindle Control, when checked, implements a software servo
loop which tries to match the actual spindle.speed seen by the Index or Timing
sensor with that demanded. by the S word. The exact speed of the spindle is not
likely to be important s6 you are not likely to need-to usethis feature in Mach3Turn.
If you do use it then the P,t-and D variables shoutd be set in the range 0 to 1. P
controls the gain of the loop and an excessive value will make the speed oscillate,
or hunt, around the requested value rather than settling on it. The D variable applies
damping so stabilizing-these oscillations by using the derivative (rate of change) of
the speed. The | variable takes a lone term view of the difference between actual
and requested speed and so increases the accuracy in the steady state. Tuning these
values is assisted by using the dialog opened by Operator>Calibrate spindle. Spindle
Speed Averaging, when checked, causes Mach3. to average the time between
index/timing pulses owver several revolutions when it Is deriving :the actual spindle
speed. You mightfind it‘useful with a very low inertia spindle drive or one where the

control tends to give short<term variations of speed.



1.3.7 Mill Options tab
The final tab on Conﬂg>Ports & Pms is Mill Optlons See flgure 1.7.
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Figure 1.7 - Mill Options. Tab

Z-inhibit. The Z-inhibit- On checkbox-enables this function. Max Depth gives
the lowest Z value to which the axis will move. The Persistent checkbox remembers
the state (which can be changed by a screen togele) from runto run of Mach3.

Digitising: The 4 Axis Point Clouds checkbox enables recording of the state of
the A axis asiwell as X, Y and Z. The Add Axis Letters to Coordinates prefixes the
data with the axis name in‘the point cloud file,

THC Options: The checkbox name is self-explanatory.

Compensation G41,G42:. The -Advanced -Compensation ”Analysis checkbox
turns on a more thorough lookahead analysis that will reduce the risk of gouging
when compensating forcutter diameter (using G4l 'and G42) on‘complex shapes.

Homed true when no-Home switches: Will make the system appear to be
referenced (i.e.LEDs green) at.all times it should only be used if no Home switches

are defined under Ports & Pins Inputs-tab
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