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ABSTRACT

This project is about hardware interface to be small automatic controlled system. This
system consists of the CNC machine, robot arm, pneumatic system and computer. By control the
working through the serial and parallel port of computer to CNC machine and robot arm control
box. Its working begin the computer send the signal command arm robot move to hold a work
piece go to the fixture, then send the signal to pneumatic system for hold a work piece. After that
send the signal to CNC machine for milling and last send the signal to robot arm pick a work

piece up to go back to the store place and the work circle made again.
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Sl ainatlee ¥ Wafiudanagudes (Binary system)
@ o [ ] A
2.2.4. Msiadumisiuudeiio

' vy

o ! N A % 4 4 :l’ A o v v
A1 deIiiee (incremental) Wiladn sTozRoUdUg AwANUETINIA MU dail Tu
@ o v < A A A Adw 139 ¥ '
m3¥adumtsenszidumaiunioaaviannuenlumsndeuiindaegnla  lusegndn
mMswAoufivesuriu@ey sryumUguazimsTuiuaudus (divisions) Ad w1 v

v o (] 1 9 dy
UANANNAWHUINDUNHIULD

5 (T | . . ' T . pood 4 v oa
muﬂmunmﬁmﬂﬂu ATUNHIUNULABULNN UNULRBUNYRBIBY

! < 3 THINIRT
YARUGTBAATEY & SLLREHR

A

3112.6 Mmsdadumiuuyaatiio



Bmstadumiswudaiofiuaadlugy 2.6 sinadnezuadiugos (erid) wuude
t [ dd{l a 1 [ - v W & 1 A A a ] qyd a 4
Taoudnzgosezdiitufiriniudaaduiuly dourudounieus yo91in9 A IugUnsal
= - 2 ° Y A o o v 43’ P v A Q’Il [~ 1
Whoumia  esolven)  Fasztmihidudoudesiuiianuain  sntufedudiy
) 4
dayqna Wi ludsrsuauguueunies szuumuguithdyanafins uaumaums
L) ' A a 1 o [] 1 EY csy a wad'sl Y Y ::y
gamovesunuaounianaendwrisfeunthl Tumedfiandesns s msSauuus
o Y 9 A4 A a o A A [ PRi '
e ldedragndes woudacdndszuuauguueunies msezdeuluagafinsrud
] 4 A cty ~ ' Y a : [ 4 a ' &
ITYSHNNINGAFUIVOUATON 9Ae2(TonT1 9AD19D4 (Reference Point) HEsNATIyiLGou Y
' A [ Yy A 9 ek v v o 9 Ao o v 9
wwwnuae douldfsgndidudy gunsalsudiafsannsavimeh i Sadumidag

Yosaina la

2.3, AP uE
@ 3 A Yo 9 -:i o d' [ [Y]
THAVDUBUT (NC  codes) %z“L‘nmwuﬂﬁummiwmuﬂjmmimﬁmsiﬂamﬁm
A S Y v ' A A v @
AIUANIATDY °lu1ﬂmﬂim@ucmﬂaﬁﬂaag 3 FUAAD WUUE@Y  (numbers), HIONS
v
U o L] Q r— § 1 ¥ ~ é
(character) Wogdayanwel (symbols) Tneuaazsiaiiivuiawicy 8 e F91lsenoulidqe
v W o I~ ddy Yo o d' ° [ o
1. A390Y3 (character) TuTlusunsududiioz 19d8nusmofvuadnuaznssiney

A o A v o [ v W dy o v g 9 ' o
Wi@ﬂ?ﬁﬂﬂwﬂull‘llﬂ'l\ic] Iﬂﬂ@?&iﬂﬂ\?ﬂl@\?ﬂ?@ﬂﬂﬁuﬂ$fﬂﬂuﬂll']ﬂﬂ'luﬁu']‘llf)ﬂl&ﬂﬁzﬂ"l (word)

.
v

ANy TN MU TasuIAT§IU EIA RS-274 B
2

¥ W o

o < 1 v A [ é, A Yo
. A1 (word) MINUDINQUYBIAONYINTBF YR NEINYsEnouduTURe 1 MU
¢'4 o & @ Ad (]
woulvlumsimnuveunseesnsteus 1wy
N10  wimedannenaussiavesldsunsy
Gol  wunedemsindeunluuuaduassnusasinsion
X10  wwedessozmaiiadeud lUauuanny X vy 1.0 Mile
3. uden  (block) Mnefsmsihiduand (word) nareasuseneufudiusidy
AIVAUMINNUYBUATOITNTHOUT sndavdrary
N10 G90 G80 G17 vAenNlsznoudles1uIugt 4 &1
N10 TOl MO6 uﬁaﬂﬁﬂszﬂauﬁwﬁwmuﬁnﬁw
< $ o o o
N20 GOl X2.0 Y1.5 F7.5 vdennusenoudiesiuius s
2 o I~ < a A 2 o w
4. Tdsunsy (program) HUNINITTIVAUYDIVADNY ALY UABNTNIRIUTUAUS 6L
3 v A Qy d' o Y le; o W pai [
TunpulumMsAaRpUFUIUA IR LA TuTdsunsuiuszilse neudresidafen sy

mshauuazmdnslunshaudeieiidelumsvien gy Mdunfeus  (Goo)



o

1 ] 0 ] v
Maandounluuuadunss (Go) Wudu drusrderrelunmsinutiveeisznou @
o a4 a & A @ i, a3 o KR A A W "
AU UINIATDUNVDIUATDINDAA (coordinate) ANLTITOUUDIUNAIVEALATOINDAA (spindle
speed) 63515101 (feed rate) M3 BAES ATl voUNTBITIBEA (cutter radius compensation) {udu

M3 2.1 MR MuAS Lz mMs 1FNUUBIRISAYTANINATIIUYES EIA RS-274 B

A0nNHT M3 Uz aNLLgY

A NIAIUAULUIULNU X

NMIAIUAVLUIUAU Y

B
C MIAIUAVLUUMULNU Z
D (D ﬂ']i?iljuiﬂ‘]JLm’JLLﬂUﬁLﬂB

(2) s 1tlouneny

E (1) M UTOUUNUNLAY

(2) o3 tlouneeg

oastlou

NS IAATIUNTIINU

I Q |

Tsisey

I (1) yunsounu X maagﬂg{uéﬂmmaﬂau

(2) 5282 NATVBUNALINVUIULUINU X

J (1) WUIAToUUAUY ﬂl@di}ﬂﬂﬂéﬂﬁﬁ’)ﬂﬂﬁu

)¢ zﬁm‘fﬂjmmﬁa’aﬁwmumuﬂu Y

~

P
(D vuasouLnu Z VYDNPAFUINA N NNAY

(2) 52z NAFVDUNALINVUIULUINY Z

Tiifnua

o

AF9ER 19U

HnavUsINg 11 ldsunswy

laifnue

AMFAADUNVBILUIAUT 3 TVUUAVUUAY X

AMIIAADUNVBILUIAUN 3 NVUIUAVUUIAU Y

MTIAADUNVBILUINUN 3 NVUIUAVLUUIAY Z

o t& g
mmﬁaﬁammmmwmsmﬁaﬂﬂ

H|lwn|m|Oo|w|lo|Z2|Z |

~ A4 A o
LIYNIAITDIUDAA




m319f 2.2 Mafmuadasae mslFuresdidnEIAINLIAIFIUYRS EIA RS-274 B (7D)

o

g

€

HI ms“l%'muummmmw

]

4 4 44 o
AFAADUNYDILUILNUN 2 NYUTUNVUUIUNU X

4 A 4 _ 4 o
ATAADUNYDILUIAUN 2 NYHIUADUUUAU Y

SRR UNVDULUNUN 2 NUUIUNULUWAU Z

4 A
msmaauw‘luumuﬂu X

T
MR UN TUuUIAU Y

N | S <

A4 A
MsInaoUN TutuIAY Z

2.4, dauldsunsudud us

]
p=1

A 1Flums@eu Tsunsudu® (NC words) ilofmuanthitagaiugun1siieu
A Aad [ 9 a A
YDUATDITOUTFA T aLLIDEN 19 8 ¥ilafe
o w o - 3 =1 I~
1. ¥MueRud1euvesuaen (Nxxx) 4 ldsunsudusdussivungmyvesuann

o L9

v E4 9y 9y
svu Bawdussulumshemniedussulunmsiugauny  dedumsisurioay
oW < Ao o 3 o o‘/’ ~ Yot dyd
drduvesudenlulusunsunsisrdudulumsheu 10 fussuotnezidouldase llilfe
NO005 NO10 N10
NO10 N020 N20
NOl5 #i®  N030 #30 N30
| l |
NO055 N100 N100
o ~ o o ~ o = o v
2. m3dawsoumstiau (G) msdawsonlumsieuluszuuudezimuadly
$n¥5 G wazmuAedaY 2 1in efMmuauazaIuANMItY Aedesianldlunsda
WS UMM UNUAR (milling) HALUNRS (turning) waas T luansne 2.3
500z PeANeINY G code
o o A A 9 1o [ 1 <
1. e Goo WlumsinAouidngdumiisediesing,
PRI GOX Y Z
i 3 : T & 3 it
2. frde Go1 Wumsdamuszezmenidwduase ndouninnganilslddnganiisndmua
Y =] 2 o o [ é’ s itdle A
A2uA7U5 MY Feed rate Gemsimuadumtss duduiuiiu Goo ie 6ol

PRI GIlX Y Z
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v
[

A13199 2.3 ueragamdend 5 luldsunsw

ATUNINY
GO0 AU
GOl msmdeuf lunuaduas
G02 nsindoudiluudu IRsmuSunnitm cw
GO3 asndoudiluuadu IRwmuduunin cww
GO4 neaF vz nile
G70 Houmizediuii
G71 Houmiruduiiaduas
G90 nsiaviauuuauysal (Absolute)
G91 A ¥RvInALLLABLT DS (Incremental)

3. fds G02,G03 Aamusudu Tsnud i uagniuduunin sudidy
PRUS ] GOZX ¥ Z 1 JKF
GOIX Y Z1J X R
Taefi X, ¥ dugataevesmsiafoudi waze 1, 7 ﬁ‘Juﬁgﬂﬁruﬁﬂmwaamimﬁauﬁ
4. fifs Goa Huddsldmgamshanidavasnismuna miseduiund
Jduyy GO4P_ (0.001sec-999.999sec)
5. fndha 670 Shumstmuamstlouniauiuiia
PRLBILY G70
6. 18 671 Wumsimuanistloumiusiufiadmas
sduyy G71
7. §189 G9O fumsfmuanisfnszssmawuifisuiugadeds
stuuy G90
8. 181 Go1 fumsfmuanisfeszeemaiuugadeqn
stuuy G91
3. ms MmUY (X,Y,2) msidswamuiuiunudiums ssydiumis
Ymemslumsindeuiiveunsosiiodnlammnunuveuniosinsdsus wu waoudly

P v dy Y o o
AMULUHANU X, Y Uy Z 'Iﬂtmmﬂmmﬂuﬂzimﬁﬁaﬂywmumuﬂu LLﬁZﬂTiJﬁI’JU
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Py 2 s s
sregmelumsmdeuin Fduavseysyeznislunmsmfouiionesiiesdnan (+) uazaay
o [~ A a d Y o [ Y ]
() wydi ey nieliganailenn 14 @redrems Idvuaauuuauny wu
N050 G90 X-2.0 Y-1.0
NO055 GO1 X0 YO
NO060 GOl Z-0.5
nuene : My Wvwadosiismanvesdunvde 1 A ldivusau 8 # (peuTnsa Fanuc)
Y a o 9y o ¥ 1 o g Aa 9y o [} v
MzauAu 8 Az limsdady g luszuuduidnanainla sndredasy
X1.23456789, Y1.23456789 Hudu
4. fumsgaguinmevesdiulde @, J, K) mslfawadumisgagudnaisues
{ A Y A A ' {
wnay @ J, K) M lunsdifms estlodamnaounluuuadu 18 @y Go2 wse Go3 Taef

o

I Avvuaniaaingaisuduveudu IRsdegaguinansvosdam IRslunuounu X

J AovaiianingasuduveuduIfstgaguinasvesdaulfdluiuaunu v
K finvuaiinnngaisuduveudulfedegaquinarsvesdiulfeluuuaunu z
EJﬂﬁ”mti"lﬁmﬂﬁﬂllﬂﬂﬂlB\iﬁo’ltmﬂﬂ‘ﬂﬂﬂufjﬂmﬁ‘umf’hum’\i ¥4 NO15 GO3  XO0.5
Y3.0 1-0.866 J0.866 (HuAuy _
v &K ‘Q A o < @ &K A A @
5. MIvyUIRINAIUIamTeelefa () AN soLvRLNaIlLEanSoIlnda
(Spindle speed) TuTdsunsududee l45viadadnys S uazmudieduavvesnnuBasey 2 o
5 wan  lesfianuSisousriimiedadlusewanii (revolulations per minute; RPM)
A08NEU $90, S500, $2000, S15000 (1AL
6. \Asasilasina (T) nisianiAsasiiesnvizantalasuazasiiosn (MO6) azinuun
Ineldadiasiadnee T wazmudeenunasrsaduasassesiafiefnnsldlugaae
d‘ ) o o : o 1 ]
rsaeialnean R (Automat type magazine) A29819L1U

1l
o < A o o

T1 = fann wrasdlenniues 1 (AR1a @ 12 AaAWAT AN 48 TaALUAST)

T2 = flafn WsesiledaiLes 2 (11NA @ 88 NIRRT AYNNENT 48 AR
7. emtlen  (F) nasnuwumemsnstanlullsunsuidudaznnnuaiag 14
suasaanEs F (Feed) uavmnumaAmala11a98mintlen tnednfudanisninunsnsiilen
dmsuanuinuazeanziumiseiadhiloand  eliafuasun? warnatvuasa
Howlurundeasimicesaiuiivsen  Wieladwmssen  lunsdifmundeanisinsna
Houtuarldsia Go4 way G95 Tnefl G4 tuazinuuamaansfauiluinmni v

AARNAT/UNT §2usa G5 aznmuanuednlluile/sel Wielaaiumns/seu fasaatng
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G95 G70 FO0.02 angtlauvinny 0.02 Ha/say
G94 G71 F200 an31tlawuyingy 200 AaaLumg/AR
G95 G71 F2.5 ansilawyindy 2.50 Aadwuns/ i
8. NINNWEIN (M) NIN1WETNITaA R T891% (miscellaneous function) T
Tsunsududazniuuadagsiasiodnes M JudusiaridafidaaatuaAnszuunITmINuLes
d; v - | 1 o ©O : [ = o ° o O : - 4:1/ v
WATRIANSTLEWT  FANAUANRINIFALFTUNNININL  (C) NITNIUUATHAAGITHATay 1]

AABN®S 2 NANADNNEIAIDNES M AILEAI LAY

A194H 2.4 uanegaA1As M code

&1da ANUHNY
MO02 aylisunsy
MO3 9 Cutter yumadnuIing
M04 1 Cutter nyyunaudsuniing
MO5 19 Cutter wejanyu

4y
2.5. STUUMIAADURN
! ! w o 4 y 4

sTuUMsABUNIRBEIY  NC o ldsunsun@eudn  dedeldinsesiiena
A P A = ' A A a Y s
waou 'l mswdoufiszutseoniuaessuy A sTUUBUATIUYA (incremental system)
UaYs S‘IJ‘UL!,E)‘UTWQ‘VI (absolute system)

2.5.1. STUUDUATIWUND

- a ~ i ° 9 ) & @ 1
Tums@ouldsunsuuuvdusswuiady  Sududeadrlelusosvesvinadadiu

vy ] vy [] [
uuSuAsIUTady Medudusmiiszunedine wduFusuiezg 4 3 fegali 2.7

& ¥

-AX,

+0X,

+1.‘=.X2
310 2.7 MshaunuuduaswuTia

Y v v
st luszuvduaswuiaty 92 uludnyueAy  (increment) 910

vy v
fumisagiiueenly lidvzduiununsoliada  msdimzsunndumisediade
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w‘%‘@%aamﬁa‘lﬂdﬁmwﬁaﬁﬁz‘lﬂ inosmuvauuazLan  szvnefemsiinlyumsuan
vieau msndeufilufiane X fifuuan 1dldnueanui @ullluunu +X udnineds
mslndeui lumamlaldamuuannu X sndumdailagiu Tugddi 2.7 v 3 luéh
wried 0 vzfiugadudu i iU houfidumis 1 deszer - AX, ud2 lfidumia 2

Aoy + AX, uaz luidumle 3 aeszey +AX,

2.5.2. 33 UuLoY lagy
d' & g Ay = V- ~ 3 @ ot asta 1 [
gl 2.8 Feluiuaudeduduglf 27 wisaasnadaduluishdwnu
Addyd 3 [ ] =) Y 43, _
ponl  FFHSendr  asudmvadadiusuueey lagnuIniduNugIl  (Baseline
9= 9 '
. . . o =3 ! o ] o ] o o v
dimensioning) M4fiftHoe9103 Aumilayndumis Idgafmuadiuszezneaindumisgud
A Yy a [ ] o o [] - &Y kY P
v3enngadete  navadadiezgaAnnunadumiegudddlduaaBlugdn 238

FUNY

+X,

+X;

12.8 msvhanuuuieu Taegn

szuuuey lxgnififcmsu@efuiuvnadadauenlygn ndnfe nnq M

[] v o Jduo a 4 o [

sz gruansuazilymallaeliduiusiugaguinsegadnds mandeuldamdwmia
E4 { 1)

A9 92 U1NNPARYINUY AT VI NINTZUVBUAT WU NN ST BE MR MY el agiu
9 A & 1< Y A 3 A = o A A Aa
foAvesszuunen TegnaauiudeamilendnssuuduATIUAAD (399ANURA

warnludumia (Position errors) fufaauAananaludwmisluszuudusswuiands

o 1A A aa A [} 9 19 a
NAfuMisimuII9EgNRTENUMIA tazmsindounmiess lugndes uddlianuAanain
° rt A J 9y o A 3 a

Tudumiafatuluszoy N wunueu lagnuds  dwmianmzssluunzivezinaniy

Aawatn  uddwumdeiienuunee ldgansenumsizimavinadadiunaz msntouiiuuy

fumidslundazfumisszndounngaguguinsogassdgaReIRUTLD

g a ~ @ A G Y 1 s XK [] 9
faszvunen Txgnie seuuduas wualnmsdseynd ldeaiu Saven li'lda
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A e o o v A A a a
szuvlaganiofia lunsilszgnAtneaisensldnisaesszyniemuyszansnwyesn
msauauludgiususomdouTnuamsian Taemsldsdedidadn 4 18 udnns

£
1 L S %3 v A l&
Bonl¥induszuulaiu lunay q nsdigidosorfomsdaduloveditionTdsunsuds

9y
Foufufihlavsaesszuuduedid

2.6. FUAVDINTAIVAY (Control modes)
[ 4 { o v 4 1 4 [ g A
aﬂymzmiﬂ'mﬂumimﬁau‘ﬁmammadsmmﬁaumm 1ukﬂ‘§ﬂﬂﬂﬂiﬂatﬂu°ﬁLLﬁ$
aag A =} A a o A
%L’emcmznmimaeumg 2 ANYUL A9
A P £ g Y : A . ! .
MIAADUN PULUINTUAT (Linear interpolation Y139 Straight - line Interpolation) N3
A A v dy ad o o [ 1 A v d ]
PADUNTNHUSY  FZULFDUFITATUIUN AU HUIVBIFAATNE ﬂﬁeﬂmﬂuqﬂim‘luum
) 0 o [] A'l A o ] d' d' =1 -d' :: & v
EUATY TEUIA UM UIVDIATOIND 2 AULHUN 1u%m3ﬂlﬂ5@ﬂu@mﬁ@uﬂmﬂ‘i,}ﬂﬂuﬁ‘l‘ljﬂﬁﬂﬂ
ey Ad A A deqyv v \
gAr Iy sTuumILaNFB uFwasTeuuazud luuwunulumsindeui lignaesey
o 9 A a A A 1 A A ] 3/
AfoALnIAN ‘Vlﬂﬂﬂ']ikﬂa?)uﬂ‘ilﬂﬁlﬂi’t’]ﬂuﬂ‘luNﬂ‘Wﬁ']ﬂ“H3f]ﬂfﬂﬂLﬂﬁ@u@@ﬂmﬂﬂﬂﬂ@ﬂl@ﬂﬁuﬂiﬂ
A IARSan NN vR IR TRt mua 1A

A a 9 9 $ . A d A °
ﬂﬁLﬂﬁfJNﬂiHLLH’JLﬂNIﬂQ (Circular Interpolatlon) i%‘lj'ijﬂ’mﬂwm@u“ﬁ YATUIUN

a

o v ' {1 o & o Ao ' ° ' 4
fumisvesgadien Arefudhuduldmunnesaiiidmuassniudumiseunsesiio

D.

9
o o ) -7 1 é
smua'ld 2 dumis suvalguIzefgamati lumsasdseuuazud luuuamsinaeud

d'l A 9 9/ ) Aa v A A 4' o
mmmimua‘lﬁgﬂﬂaumzagmﬂ‘luwmmmmmmmsammwuﬂ

[ 9y
U

°1uizuumuﬂu?ﬁtgu%wuﬁqmsmmumimﬁauﬁmﬁmﬁ'ﬂymzmué’ﬂymzms
waeufidenseniiu 3 ¥ila fio

1. ASAIVANYAABYA (Point to point control)

msmuauLm‘uﬁyﬂzm‘uaumsmﬁauﬁmmm‘?mﬁaswinQﬂaamﬂmﬂmnsu"ﬁ
Tudnuaizmsindendisn (Rapid traverse) Tnofintestioosdoaluduiadua Sudastugy
f 29 umuﬂu“lumﬁmé‘auﬁ%uag'ﬁwﬁmmszwmuan na1AD OIS TUVOITTUY
JouprvzSuraunatsn aunundeuiu wienuiiazuuauny wnhezndeuiing
Sumisveansesiionlysunsy iy ﬁﬂﬁ’"bjmmmmuaumaLﬁ_umaam?mﬁa (Tool path)
it msmuﬂmmuﬁgﬂd@gﬂﬁﬂ%ﬂ%ﬁmﬂ?mmz (drilling machine) IA3eUTOUA (spot

welding) ifudu
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-

a a q <
LATOINDLHGR ST

; - PIIIT T

519 2.9 MsauguuULAdega

2. MIAURUNIAARBUIUATUATS (Straight-cut controls)
a o A A A A A 4
MIAIVANTUAY  UDNIINICTINITNAIVAUNITIAADUNVDIATOIUBDLUUIAADUN
< Yy 9 o A a A A Y A 1Y
Li’)llﬂlm’wﬁ?f"IiJ'liﬂﬂ?‘].lﬂllﬂ'l‘ilﬂﬁ@u‘ﬂﬂ!ﬂd&ﬂi@sﬁﬂ@iuuu’)ﬂllﬂuﬂﬂLLN’JLLﬂuﬂJﬁNLﬂiBQ%ﬂiﬂ’ﬁ
t W nd'Sl I~ Y [ A a ) :/,
ﬂ'liJﬂ']E)ﬁﬂﬂ’E]ﬂVlﬂ@ﬂﬂﬁvLﬁl@ﬂﬂ’)ﬂ Lm‘Dzﬁ'm'l’iﬂﬂ’]ﬂﬂllﬂ']itﬂﬁ’t)u‘ﬂvlﬂﬂiﬂﬂz 1 Uuny
1 :I/ d' d' A'l A 9/ Y d'i oy o
WMUU fﬂiLﬂﬁi’)lﬁ’]"U't’NLﬂiENiJ’l’]‘UZQﬂﬂ’J‘UﬂiJﬂ’Jﬂﬂﬂi”lﬂﬂuuﬂzﬂ’l'mﬂ'l’ﬂuﬂ”liLﬂﬂﬂ‘u‘ﬂ N
a @ A 9 a 42’ 9 v A @
Llﬁﬂﬁiuzﬂ‘ﬂ 2.10  SSUUMINIUAUMTAARDULUATUATITUAU %Zi%ﬂﬂmiﬂﬁﬂﬂuﬁg

A =< '
RIBDINANLULNTY 6

tASasdaaNaEIY

U7 2.10 MsmuguuDDIdUATS
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3. msmnﬂummﬁumaugﬂ (Contouring controls)
t4 ) v Y
= A A o Yo
msmuamm‘uu%zmmmm‘uaumsmaauwmu"lﬂmu
A A 9 A a [V [] d'sl A ad
- muﬂumsamaiﬁLﬂaauﬂ"l,ﬂmmxmudmmmsmeﬂaeumﬂ"lﬁ'
A A EY A a1 1Y) o o [] d‘i’ 1 v
= ﬂ'J‘iJﬂmﬂiE)\‘i‘iJﬂ(l‘ﬁLﬂﬁf)‘hmiJ‘N']uﬂ‘lJLLu’JLLﬂu”lﬂfNﬁ']LmuQ‘Vlﬁﬂﬁﬂ'ﬁﬂTiJﬂ”lElﬁi']
Hould
A A ’91 A a @ o [ Q" A o 9
- aauguinsosiio Iiadoud ludsdumisla q VUFUOURRMUA TuuudUas

waziduTdsmuaeasitlould

U 2.11 msmauguiduveugy

3 dy [V v Y {I [ & 3 (K%
msauguaduvengudl deenmsauendes1ddnidy 3 sz Fausgiuanuansoves
A A P A A ¥ A 9
szuUAIUAN fie Anwansnlumsauqumsindeuiveneeiio 1A 2 138 3 LAY NSON 9
[ to &R KX 1 A'l [ ad A z 4:1 o @ n:' 1
Su  TeelusriledeiunsesdnsnaBeudiy 9 wifuuunu  ediAgsgnTaINg
[ L4 .
auguinannudenldndey  q  fufuuauan  szAuauEINIaYIAINSEAUYeITZLL
- Ay A
ALqu 5eazdendail
n. MsnuauaduveUgLluUY 2 uny (2D Contouring control) S¥UUAILNIL
A A qy A a Ao Y Y Y
ausaaugunsesiie iafeuiiluszuny (plane) Ndmuammz1d 2 wuuaunsow q fiu
. ' Y v
frldeusomaeuitlandunuaduaswazuuadulds  wdee lennsnwdsussuuly
v ] . ' t%
sl dumneanudt 2 wunuimdeuindeudu iy wgafimuaaiedlen

aAav Y a [} A k4
uSHmdnaa awnsan/feuuaunuld



o
driinvoayAnand NaZTRNINANIANTILY -

A [ ad Q’I’
gunsoadnsnaddudiul 3 unauny wagszuumuguiiuuuumsauguady
vougl 2 uauudd wwunud 3 wgamauguiiudaszan 2 wwaunudedu wu wiesra
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1. 6-Position tool holder with six clamps

2. Tail stock and Center

3. Low-Voltage Light

4. 320 W Version (Fix spindle drive with cover)

450 W Version (Speed change Cassette)

5. 3-Jaw Chuck

6. Additional Speed Change Cassette (450 W Version)
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7. 4-Position Drilling/Boring Tool holder with Bush

8. Left-Hand Turm'hg Tool with Spare Tips

9. Parting-Off Tool with Spare Tips

10. Spindle Center ,Driver and Carrier
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inSeiionldlulnuamsda
11. One 10 mm. Bore Cutter Holder
Two 5 mm. Bore Cutter Holder
12. One 5 mm. End Mill
13. Milling Vice with Two Reversible Jaws
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18. Operating Manuals
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2. Cylindrical Configuration
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3. Cartesian Configuration
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4. Articulated Configuration
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procedure TForm1.JvSwitch10n(Sender: TObject);
begin

Form1.Width :=770;

form1.Position := poScreenCenter :
Label9.Visible :=true;
Label10.Visible :=true;
labell1.Visible :=true;
Labell2.Visible :=true;
Shape2.Visible :=true;
Bevel4.Visible :=true;
SpeedButtonl.Visible :=true;
SpeedButton2.Visible :=true;
SpeedButton3.Visible :=true;
SpeedButton4.visible :=true;
SpeedButtonS.Visible :=true;
SpeedButton6.Visible :=true;
SpeedButton7.Visible :=true;
SpeedButton8.Visible :=true;
speedbutton9. Visible :=true;

end;

procedure TForm1.JvSwitch1Off(Sender: TObject);
begin

Form1.Width :=430;

Label9.Visible :=false;

Label10.Visible :=false;

labell1.Visible :=false;

Label12.Visible :=false;

Shape2.Visible :=false;



Bevel4.Visible :=false;

SpeedButton1.Visible :=false;
SpeedButton2.Visible :=false;
SpeedButton3.Visible :=false;
SpeedButton4.visible :=false;
SpeedButton5.Visible :=false;
SpeedButton6.Visible :=false;
SpeedButton7.Visible :=false;
SpeedButton8.Visible :=false;
speedbutton9.Visible :=false;

end;

procedure TForm1.FormActivate(Sender: TObject);
begin

form1.Width :=435;

timerl.Enabled :=true;

end;

procedure TForm1.FormCloseQuery(Sender: TObject; var CanClose: Boolean);
begin
ComPortl.Close ;

end;

procedure TForm1.Timer] Timer(Sender: TObject);
begin
ComPortl.WriteStr('Z');

end;

procedure TForml .Timer2Timer(Sender: TObject);

begin



ComPort1.WriteStr(chr(value));

end;

procedure TForm1.janTriLeftButton]lMouseDown(Sender: TObject;
Button: TMouseButton; Shift: TShiftState; X, Y: Integer);
begin
timerl.Enabled := false;
value:=TjanTriLeftButton(sender).Tag ;
timer2.Enabled :=true;

end;

procedure TForm1.samakkeeup(Sender: TObject;

Button: TMouseButton; Shift: TShiftState; X, Y: Integer);
begin

timer2.Enabled :=false;

value:=0;

Timerl.Enabled :=true;

end;

procedure TForm1.janTriRightButtonl MouseDown(Sender: TObject;
Button: TMouseButton; Shift: TShiftState; X, Y: Integer);
begin
timerl.Enabled := false;
value:=(TjanTriRightButton(sender).tag);

timer2.Enabled :=true;

end;

procedure TForml.janTriUpButton1MouseDown(Sender: TObject;

Button: TMouseButton; Shift: TShiftState; X, Y: Integer);



begin
timerl.Enabled := false;
value:=(TjanTriUpButton(sender).tag);
timer2.Enabled :=true;

end;

procedure TForm1.janTriDownButton] MouseDown(Sender: TObject;
Buttoﬁ: TMouseButton; Shift: TShiftState; X, Y: Integer);
begin
timerl.Enabled := false;
value:=(TjanTriDownButton(sender).Tag);
timer2.Enabled :=true;

end;

procedure TForm1.SpeedButtonlMouseDown(Sender: TObject;
Button: TMouseButton; Shift: TShiftState; X, Y: Integer);
begin
timerl.Enabled := false;
value:=(TSpeedButton(sender).tag);
timer2.Enabled :=true;

end;

procedure TForm1.SpeedButtonlMouseUp(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);
begin
timer2.Enabled :=false;
value:=0;
Timerl.Enabled :=true;
end;

end.
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MOV P2,#00000011B

MOV P1,#10000000B
ACALL DELAY3
MOV 30H,TLO
ACALL DEL
ACALL DEL

MOV A, TLO
CINE A30HMI11
MOV 30H,THO
ACALL DEL
ACALL DEL

MOV A, THO
CJNE A,30HM11
AJMP MAIN

END
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Introduction

-1 Introduction

The Boxford DUET is a machine tool designed for both lathe and mill CNC
training on the same machine. Two versions of the machine are available: a
320W version with a fixed spindle drive ratio, and a 450W version with a
choice of two spindle drive ratios provided by quick-change cassettes.

In lathe mode, the DUET provides 2-axis simultancous movement and
screwcutting capability. In mill mode, the machine provides 3-axis
simultaneous movement.

A robot port is provided to enable the DUET to be used in an FMS system.

The machine is operated by an IBM~ompatible PC on which the DUET
software package is installed, allowing control by keyboard or mouse.

The DUET software is a Windows-style package with pull-down menus,
enabling components to be produced by ISO G and M code programming
(CNC programming) or by CAM, and providing program editing. Screen
graphics include 2D and 3D viewing with rotation and zooming, and
simulation of machining for program verification.

SuperDraft and Boxford Old Format files can be imported.

This manual contains instructions for installing the DUET machine and
software, and general guidance in using the DUET software. After settingup
the equipment and becoming proficient in operating the software, refer to
the TURNING and MILLING manuals for details of CNC programming and
machining.

If required, all aspects of programming, program editing and simulation of
machining can be practised without the PC connected to the DUET machine.
This enables training to be carried out on a number of PCs simultaneously;

completed programs canbe transferred to a PC connected to the DUET for
machining and program verification.



Packing List

Packing List.

DUET Machine Tool
Fitted with:

Lathe Mode Tooling:

Mill Mode Tooling:

Accessories

I e

10.

11.

12.
13.
14.

15.
16.
17.
18.
19.
20.
21.

Unpack the case and check that the following items are included, (see
Figure 1.1):

6-position toolholder with six clamps

Tailstock and centre

Low-voltage light

320W version: fixed spindle drive with cover
450W version: speed change cassette
3-jfaw chuck

Additional speed change cassette (450W version only)

4-position drilling/boring toolholder with bushes
Left-hand turning tool with spare tips
Parting-off tool with spare tips

Spindle centre, driver and carrier

One 10 mm bore cutter holder
Two 5 mun bore cutter holders

One 5 mm end mill
Milling vice with two reversible jaws
Milling table with four T-clamps

Chuck key

Camlock key (for securing milling table and drilling/boring toolholder)
Oilcan

Operating manuals

Swarf brush

Turning billets (3)

Milling billet (wax)
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Control Equipment 22.  Control Unit (for 240V or 110V a.c. supply, as appropriate)
23. Mains cable
24. Parallel cable with 25-way connectors
25.  Serial cable with 9-way connectors
26. DUET software on 3.5in. disks



3 Specifications

Specifications

Lathe Mode

Mill Mode Axis Travel

Spindle Speed Range

Rapid Traverse Rate
Programmable Feed Rate
System Resolution
Spindle Motor

Dimensions

Weight

Swing over bed (dia)

Max tumed dia. between centres

Spindle bore

Distance between centres

Tumning distance between centres

Tailstock centre adjustment

Axis travel:
X
Y

X
Y.
Z height (chuck to table)

320W wversion
450W version: low range

high range

bl

225
65
20

330

330

100

125
360

125
75
260

200-2500 rev/min
40400 rev/min
4004000 rev/min
500 mm/min
0-500 mm/min
0.01 mm

320W or 450W

900
455
480

52 kg

8.86
2.6
0.8
13.0
13.0
3.9

4.92
14.0

4.92
3.0
10.0

195 in/min
0-19.5 in/min
0.0004 in

355
18
19

1151b
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LATHE MODE

MILL MODE

22 23 24 25

Figure1.1

Duet Machine Tool and Accessories
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6<o

1 Cover fixing screws 4 Flexible conduit
2 Sealing plate 5 Lamp power connector
3 Nut 6 Transformer

Figure5.1 Connecting DUET fo Control Unit
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5 Installation .

M“
.——M“H

Connecting DUET to
Power Supply Unit
(Figure 5.1)

51 Installing the DUET Machine Tool

The DUET machine requires a firm, level surface. It is not necessary to bolt
the machine in position, and the machine can be turned on end for use in mill
mode. The control unit and PC require a clean, dry area free from dust,
vibration, and risk of splashing with coolant and other liquids.

If the PChasa separate monitor, the monitor can be stood in the recessin the
top of the control unit, with the PC, keyboard and mouse arranged
conveniently around the unit, (see Figure 1.1).

The DUET machineisconnected to the control unit by three cables contained
in the flexible conduit (4).

Remove the securing screws (1) from each side of the cover of the control
unit, and take off the cover.

Inserttheend of the conduit into the slot in the back of the control unit, insert
the sealing plate (2) on the inside of the casing, and tighten the nut (3) to
secure the conduit and sealing plate.

Connect the 25-way ribbon cable and connector to PL3 and the 6-way power
connector to PL4 on the printed circuit board.

Connect the 2-way connector to the lamp power connector (5) which s wired
to the transformer (6).

Refit the cover and secure it with the screws (1).
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REAR VIEW RobO« (FMS) FSt1 Fs2
DUET PL1 PL2 LED2 Power socket
CONTROL
A.C. POWER
et \ N SOCKET
ains
fuse IZ]

1Y

el Mains
lead

el

Parallel port \ Serial port
| To parallel port

$

Parallel

cable
PERSONAL
COMPUTER

PRINTER ‘ (

H

Figure5.2  Connecting PC and Power Supply
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Connecting PC
(Figure 5.2)

Connecting Mains
Supply (Figure 5.2)

Make the connections to the back of the control unit as follows:

Connect PL1 to the parallel port on the PC with the 25-way parallel cable. (If
a switch is to be used for connecting the printer, connect the switch to the
parallel porton the PCand connect the parallel cable to the switch). If the PC
has two parallel ports, use LPT2 to avoid conflict with any other software
installed which may use LPT1.

Connect PL2 to the serial port on the PC with the serial cable.

Connect the printer to the second parallel port or switch, or place the cable
connector close .to the first parallel port to allow easy connection, as
appropriate.

The mains lead must be terminated with an earthed (grounded) three-pin
plugand connected toan earthed (grounded) a.c. power supply socketof the
correct voltage (110 or 240V).

The wires are colour-coded as foilows:

Black . Live

Brown : Neutral
Green/White :  Earth (ground)
WARNING:

BEFORE CONNECTING AND SWITCHING ON THE MAINS SUPPLY,
CHECK THAT THE '‘POWER ON’ SWITCH ON THE FRONT OF THE
CONTROL UNIT IS SET TO ‘OFF".

Connect the mains lead to the power socket at the back of the control unit,
and to an a.c. power socket.
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5.4 Configuring the DUET Software

N

CONFIG Menu

Before the DUET machine is used, the software must be configured to suit
your computer system and programming preferences. The Lathe and Mill
modules of the software must be configured independently; the procedure
is the same for each module.

Refer to Section 7 - Using the DUET Software for details of how to run the
software. Each moduleis configured by means of the CONFIG optiononthe
main menu.

Run the Lathe module, and carry out the procedure given below. Repeatthe
procedure for the Mill module.

From the main menu, select CONFIG to display the CONFIG menu:

FILE 'ROGRA1 FCHINE ueep

The Colours option sets the colours for the screen display on a colour
monitor, and the grey tones for a monochrome monitor.

The Hardware option sets the ports and disk drive which the software will
use. Thesystem will notoperate correctly unless the appropriate settingsare
made.

The Program option sets the units of measurement and other parameters
assodated with CNC programming and graphics.

The Default option sets all parameters to their default settings, which may
not be suitable for your system.
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Hardware 5.

Select Hardware from the CONFI
CONFIGURATION SETTINGS OUTP
shown:

G menu. The screen shows the
UT display with typical settings as

FRIGE FAOTTRE LT QIF A6

COMTIGURATION SETTINGS OUTPUT Ry
FILE TRV(SFER BISC DRIVE « =
YILE TRW(SFER RSZ32 = b
PRIKTER O
FACHIKE SERIAL LINE =
PACHINE PARALLEL LIKE =
e
SPICIAL OPTION IS DISABLED
s Sysm

A Y e A T N ST e st e et

T T Y

BOXFORD DULT LATHE

Select the settings as follows:

FILE TRANSFER DISK DRIVE:

The drive letter of the 3.5 in floppy disk drive to be used for ex
importing programs (usually A:).

FILE TRANSFER RS232:

The COM port to be used for transferring files direct to another PC by data
cable, if required: If your PC has only one COM port, set COM1. If there is

a second COM port, set COM2. One COM port must be reserved for the
machine serial line.

PRINTER ON:

The port setting will depend on the arran
printer, (see Section 3 - Computer
appropriate.

porting and

gements made for connecting a
Requirements). Set LPT1 or LPT? as



Machine Controls

Machine Controls (Figure 6.1)

POWER ON Switch

Controls the mains power supply to the power supply unit and the DUET
machine. The switch lights up when the power is turned on.

RUN/INHIBIT Switch

With the switch set to RUN, the machine operates normally. When the
switchisset to INHIBIT, the PCis prevented from operating the machine. Set
the switch to INHIBIT and removeand retain thekey to prevent unintentional
operation of the machine when an untested program is being produced.

E-STOP (Emergency Stop Pushbutton)

Pressing this pushbutton stops all machine movement, and the buttonlocks
in the depressed position. If the machine is in producticn, an appropriate
message is displayed on the PC screen. The button must be turned to release
it and fo enable the machine to be started. If the machine was performing a
production cycle, the cycle must be repeated from the beginning.

Low Voltage Light

The lamp is operated by the switch at the back of the lamp housing, and is
pivoted to allow adjustment.

Guard

With the guard closed, the moving parts of the machine are to tally enclosed.
Safety switches detect when the guard is closed and provide the protection
described in Safety. If the guard is open and an attempt is made to machine
a component, an appropriate message is displayed on the PC screen.

LEDs

A red and green LED on a printed circuit board are visible through the
window in the end cover. The LEDs flicker when the DUET software is
communicating with the DUET machine.
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Light e

switch Guard

\ POWER SUPPLY UNIT

e ey

llluminated RUN/INHIBIT E-STOP
POWER ON keyswitch
switch

Figuve 6.1 Machine Controls
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s

Sequence of Operation

Programs are stored in the DUET software in program catalogues. (For
further details, sce Catalogues and File Handling). In order to machine a
component, a program or file must be stored in a Catalogue, and the
TURNING and MILLING manuals deal with the creation, editing and
saving of new programs.

When the software is first installed, several programs are included in a
Catalogue for demonstration and tutorial purposes.

Note:

A demonstration Turning and a demonstration Milling program are included,
together with workpiece billets to enable an example of each type of component to be
machined, (see Section 2 - Running the Demonstration Programin the Turning and
Milling maituals).

The procedure forselecting a prografnand producing the finished component
consists of two stages:

Programming - initiated from the PROGRAM option on the main menu.
Machining - initiated from the MACHINE option on the main menu.

Figures7.1and 7.2 show the two stages, each consisting of a number of steps,
together with brief details of the menu options and selections required for
each step. (Full details are given in the TURNING and MILLING manuals).
To become familiar with the software, practice selecting a program and
carrying out each step of the procedure as follows:

Programming :
This stage can be practised without the machine connected.
Machining

CAUTION:

TOOL OFFSETS MUST BE SET CORRECTLY BEFORE MACHINING,
TOPREVENT THE RISK OF RUNNING THE TOOL INTO THE CHUCK
OR WORKPIECE.

THE OFFSETS FOR THE TURNING TOOLING FITTED TO THE
MACHINEON DELIVERY ARE FACTORY-SET.ITISRECOMMENDED
THAT THESE SETTINGS ARE CHECKED BEFORE RUNNING THE
DEMONSTRATION AND TUTORIAL PROGRAMS.
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Step Option or selection
CNC CAM
1. Select type of program program
programming
Program Cam
A Y
2. Select file = | CATALOGUE CAT
Existing programs New
program
New —p Refer to TURNING or
program MILLING manual to
] create, edit and save
! new program
Existing oies
program
2D 3D
3. View For 3D view:

component £

2D 3D

(:E, o 20D simulate”

4. Simulate 3D simulate

machining |~——----~ =

{

Machining

Figure7.1  Programming



Using the DUET Software

Step TPETTID Option or selection
5. Set Feed, Cut T —— -
and Tool Offset g K CH
g = Tools
g Set Tool Offsets
ﬂm«umsmnnmmmsm&munnmﬁ
CATALOGUE+ CAT Manufacture
6. Szlect file
Existing programs
-
Existing program
7. Fit tool and
workpiece
8. Nachining
4
MANUAL Manual Mode
OPERATION

Figure7.2  Machining
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Circuit Diagrams and Description

8 Circuit Diagramsand Description

8.1 System Schematic (Figure 8.1)

Figure 8.1 shows the identity and location of the units comprising the control
system of the DUET machine. In the 320W version, the spindle drive unitis
a PCB supplied by Boxford. In the 450W unit, a proprietary drive unit is
fitted, manufactured by Lenze.

1
1
1
1
4
1
1
1
!

LO¥ UOLT LIGHT

CONDUIT 5
ri 2 CORE CasLEK 8
COMMUNICATION GPTQ BOARD
CABLE PLS ~ e
MICROPROCESSOR =
BOARD o
= PL1 .
fxizoes2s AXIS MOTOR

8 180a4S

|
Junrce

!
Iﬂu/]"/!S
R——TB4 CON1 TB1 ﬁ AXIS MOTOR

X
=

Y

® 6 18844sS
= :::
i

TBZ — 2z axXxIs MOTOR

K € 166A4S
AXIS DRIUVE
BOARD f
TB3

mw/e8s28

SPINDLE MOTOR

2D
4 s
HACHINE

Figure 8.1  System Schematic
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Figure 8.4  Spindle Drive PCB




8.3

Circuit Diagrams and Description

Spindle Drive

8.3.1

832

320W Version (Figur_e 8.4)

A 320W permanent magnet motor is fitted and is controlled by the pulse
width modulated spindle drive PCB. The motor supply is taken from Tx2 on
the power supply PCB and is rectified and smoothed by a rectifier and
capacitor in the control unit. No choke is required.

Full voltage is supplied to the motor, and speed control is provided by
varying the period for which the supply is connected. Thisenables maximum
torque to be applied throughout the speed range. The supply is chopped at
10kHz, with a mark/space ratio variable from 10% to 90%. Motor current is
sensed across RS and the limiting value is set by VR1.

450W Version

A 450W rare earth magnet motor is fitted and is controlled by a half-
controlled thyristor bridge drive with an isolator card on the inputs. A 2A
80mH choke is fitted in the output line to the motor to improve the torqueat
the spindle.

The drive is de-energised by the E-stop control or by the enable relay. The
enable relay is also inhibited by the software so that it cannot be energised
unless a spindle direction is selected.

In addition to the mains input fuse, a 20A fuse is incorporated in the drive
unit.
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9.1

9.1.1.

Fault Diagnosis

WARNING:

THE MAINS SMOOTHING CAPACITOR IN THE CONTROL UNIT
WILL HOLD A CHARGE FOR SOME TIME AFTER THE SUPTZLY IS
DISCONNECTED. ALWAYS CHECK THAT THE CAPACITOR HAS
DISCHARGED BEFORE WORKING ON THE CIRCUITRY.

Fault Diagnosis Procedure

If the software will not run, refer to 9.3 - Software Fails to Run.

In the event of a fault which occurs while the software is running, first carry
out the initial checks given in 9.1.1. below before turning off the power
supply, referring to other parts of the manual as indicated. If the initial
checks do not reveal the fault, refer to 9.1.2 - Control Unit Checks and 9.1.3
- Power-Up Checks, in the sequence given.

If any of the test conditions are not met, refer to 9.2 - LEDs, Test Points and
Fuses to trace the fault and identify the faulty component.

Initial Checks Reference

(With system powered up and software running)
On the Control Unit, check:

Mains lead connected to a.c. power socket and Figure 5.2

supply switched on

POWER ON switch set to ON and illuminated Figure 6.1

E-STOP button released Figure 6.1

RUN/INHIBIT keyswitch set to RUN Figure 6.1

LEDs 1 and 2 ON Figure 5.2

On the PC, check:

CONFIG settings correct Section 5, 5.4-
Configuring the
DUET
Software

On the DUET machine, check:
Guard closed
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9.1.2.

Control Unit Checks

Switch off mains supply, and set
POWER ON switch to OFF

Check cables and connectors:
Control Unit to PC - serial and parallel cables
Control Unit to Duet - cables in conduit

Check fuses:
Mains fuse, FS1, FS2

Reference
Figure 6.1

Figure 5.2
Figure 5.1

Figure 5.2



Fault Diagnosis

9.13.

(€3]

Power-Up Checks
On the Control Unit:

Connect mains lead to a.c. power supply Figure 5.2
and switch on supply
Set POWER ON switch to ON and check that Figure 6.1

switchis illuminated

On the PC:

Run DUET software, but do not initialise the machine Section 7,
7.1-Running
the Software

On the Axis Control PCB, check: Figure 9.1
LEDs 4 and 6 ON

LED 3 ON (E-STOP button reieased)

LED groups 7-10, 11-14, 15-18 - even number of LEDs ON

On the Microprocessor PCB, check: Figure 9.1
L5SR ON and L6G OFF

If this condition is not met, switch off the power,
wait for 2-3 seconds, and switch on again.

Initialise the machine:
On the PC, from the main menu select MACHINE
and then Reset Machine

Check that LEDs LSR and L6R flash alternately Figure 9.1
until the program is downloaded, then check that
L5Ris OFF and L6R is ON.
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Fault Diagnosis

9.2 LEDs, Test Points and Fuses (Figure 9.1)
9.21 PowerSupply PCB
The LEDs can be seen from the back of the Control Unit and the fuses can be
checked and renewed without opening the unit:
Supply Indication Fuse
+12V dee. LED1 F51 3154
+24V d.c. LED2 FS2 3.15A
Mains input == Drawer type 10A
320W Version: 10A fusefitted onspindledrive PCBto protect the PCBin the eventof a motor
fault.
450W Version: Lenze spindle drive has internal 20A fuse to protect outputs against shorts
to earth (ground).
9.22 Spindle Drive PCB (320W Version only)

No LED indicators are fitted, but the following readings can be taken with
an oscilloscope:

Test Point Signal Reading Adjustment
IC1, pin 8 Chop Frequency 10kHz VR3
TP1 Mark/space Changes with VR2
speed demand
TP 2 Motor current 1.5V (=3A) VR1

limit
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LEDs

9.2.3
LIR

L2R

4G

*L5R

*L6G

Micoprocessor PCB

Driven by signal from spindle encoder - (sensor and disc with 32 holes).
Signal used to measure spindle speed.

ON (red) when sensor sees a hole.

OFF when sensor sees metal of disc.

Driven by signal from sensor viewing single marker slot in encoder disc.
Signal used to produce consistent starting point for each threading pass.
ON (red) when sensor sees slot.

OFF when sensor sees metal of disc.

Driven by signal from speed change cassette switch (450W version).
ON (green) when low speed cassette fitted.

OFF when high speed cassette fitted.

(Always OFF on 320W version).

Driven by signal from guard switch.
ON (green) when guard is closed.
OFF when guard is open.

Indicates control program status.

ON (red) when machine is powered up but not initialised from PC.

OFF when machine is initialised (control program loaded from PC and
running).

Indicates control program status.

OFF when machine is powered up but not initialised from PC.

ON (green) when machine is initialised (control program loaded from PC
and running).
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*L5R and L6G:
Test Points GND
+5V
+12V
ANLG
EPROM

Software Loader EPROM

924
LEDs LED 1

LED?2
LED 3
LED 4

LED S
LED 6

While the control programis being downloaded from the PC to the machine
(using the Reset Machine option), LEDs L5R and L6G flash rapidly and
alternately. If, when downloading is complete:

L5Ris OFF and L6G is ON - the control program is running sausfactorily.

L5R stays ON and L6G stays OFF - the control program is not running.
Suspecta hardware fault on the microprocessor PCB.

Used asa reference for the following test points:

Logic supply rail +5V d.c.

Auxiliary supply rail +12V d.c.

Spindle drive analogu» vollage - proportional to speed, 0-10V d.c

Control software status. This test point requires the use of an oscilloscope:

With themachine powered up, but control software not loaded (L5SRONand
L6G OFF), an even mark/space ratio should be seen.

With the software downloaded, (L5R OFF and L6G ON), the waveform
should change to short sections of even mark/space ratio periodically
separated by a long mark time.

The software for downloading the control program resides in EPROM U12,
which is labelled with the version number.

Axis Control PCB

X-axis motor. OFF when motor is in home phase condition (one pulse in
eight). £l

Y-axis motor. (As LED 1).
Z-axis motor. (As LED 1).

+5V supply. (Will be OFF if LED 6 is OFF, as 45V supply is derived from
+12V supply).

Motor supply (24V d.c.). OFF when E-stop is operated.
+12V supply.
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LEDs 7-10

LEDs 11-14
LEDs 15-18

Z-axis motor. Indicate phase outputs which are ON, and should cycle as
steps are output. While the motor is energised at least one pair of diagonally
opposed LEDs should be ON, alternating with both pairs ON together:

1 2 3 4

ok | ! ! (
Sr o ek e
N N ! { N \ ! {, —¥¢ repea
¢y e SRt O Xt

All on 1st phase on All on 2nd phase on
An odd number of LEDs ON would indicate a fault in the motor or output
stage.
Y-axis motor. (As LEDs 7-10).
X-axis motor. (As LEDs 7-10).
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