ANAM
Anilam Electronics Gorporation

CRUSADER SERIES-M

PROGRAMMING MANUAL

PART NO. 700-135




TITLE

Safety Motice
Ivitroductian

BECTION 1: CNC ORIENTATION AND START up
A. Fower Supply
E. Turtning the System O
B Usinp the Machire Mariua l 1y

SECTIDN 2: PART DIMENSIONING AMD THEORY

A. Hxis Directiar
H. Fbsoivte Dimersioms
C. Ivcrement al Dimersians

SECTION Z: VARIOUS MODES DF OPERATION
H. 8tartino the Serve Motors
E. Using Maruzl mMode
s Setting the Absciutm Zeapo

. Prooram Enteor

i Propvam Check

Single Step

Auto

FEED =

Imch/Millimeter

4 Scofthkeys

eI e R T4+

SECTION 54: PFROGRAMMING XEYEBOARD DEFINITIONS
A, Display Positigr
B. Uo Loops (D)
£ Subroutines (SUBER)

D. Cali

EL End

F., Rapid

G. Femg

H. Absolutes Increment al (ABS/ IMC)
1, Cwel]

J. Auxiliary (GUX}

M. Toal (T

L. Are Clockwise (ARG Cw)

M, Are Counterclockwl se {ARGC CCW:
[¥. & Codes

G. VMariables (W Codes

SECTION 53 THE SERIES-M CONTROL SCREEN

SECTION 6: PREPARATION FOR PROGRAMMING

A. Haldirve the MWorkolece
E. Determining a Referernce Point
. ool Selection

J. EBegairmring a Hrogeam (One & Two 8xis Linear
E. Clearing the Memory
F. Prooram Entry

Interoociatiorm



5. Editinpg
. Program Executicn
1. Circuliar Motion

SECTION 7: PROGRAMMING EXAMPLE: DRIILLING AND SPOT DRILLING
M. Drillavg antd Borinog Carnvied Cyeoles

Dritling Programmitg Exanple

Erntering the Progeam 1vmts the Contreal

Checkimg the Program

fidd Ewvent

Delete Event ¢4}

Mahilne Set—um

Setting Toxl Lergtn Offsets

Rewview of Rrogramming Format

Eheckhing the Propram with Graphics

Rurmmnimng the Brooram

KL TG N1 W

SECTION B: MDRE DRILLING EXAMPLES
. D1l livg Format Rules

B. Do Lamps Progoramming Example

v Bubroutires Programming Examole
I MNestimng Programmince Examgle

£. Peck Driliinpg Proprammivng Example
F. Miryor Image Programming Examnle

SECTION 9: MILL INS EXAMPALES
M. Circulsr Milling Programming Example
E. Mirror Image Praopgrarming Exemole
. ¥ armc Z Contouring Example

SECTION i6: UNDERSTANDING CUTTER COMPENSAT ION
A. Calculativg the Toonl Path

E. Distarce of Compersation
Z. Turnirg Compersation Orn arng OFF
. Compensating am Irvside Focket

E. Cutter Compermaticon #rogramming Exampla
F. Rates of Cutier Compernsation
&. Pochet Cutter Compoensatiorn Example

SECTIOM 11: UNDERSTANDING G-CDDES ANDG CAMMED CYLCLES
£, Defining G—codes
E. Ellipse
Plarmer or Helical Spirals
Hapid Polar Moves with Spindie at folar Center
Feead Polar Moves with Spirmdle at Folar Center
Rapid Polar Moves with Center Specy fied
Feed Polar Moves with Center Specified
O-codes Related to Cutiter Compnensatior
FMold Rotation
Comical Cavity Milling Tyole
Radial Conical Milling Cycle
PBolar Ratatiorn
Sraling
Frame Milling
Hole Milling Cyels

4

QLI EXg=Tommopir



m o

SECTION i2:

F.

e m

Cireular Poclet Miliiwmg
Rectamgular Oooket Millirmg
Boit Hole Cireles

Helicai interoo.lation

Wher to Use the Help Mer.
G—cove Help

AUX-code Heip

RG-S Hel

Hro He'lo

SECTION 13: AUXILIARY CORES

A.

[LI el s 14

I A i vl

IIDT;E',]_E_’H

SECTION 14:
i~

E.
[N
o

-
F.
i3,

BLIX—-oede Listimgs
Mivror Iraoe

Cambtiruous path
Rosolote fera Shifi
Software Limite

Bacv lagn Cemoenoar 2oy
Feedrate Cverrice

Feed ava Raie CUvearrice
Cancel Vector Havos g

Set Vector Raoip
Hropram Erier _ocw
Beepear OFfF - 0r
Displav Free M rac iy
Single Steo (Event)

Sirogle Bten (Moved

fUX 1000 Carcellat o

Flame Rotatioe Carncel Zak o
Fians Rotatiorn Set

Hiw to ilse Grashies

dern Spe

Scal:ng

Execute Blocks

Cutter Lompensat tar (On e 2rFFo
Speag

Burniny Sraphsce,

SECTION 15: MISCELLANEDUS FEATURES

.
b.
C.
L.

Tape Cas=et e Froegram Etoraoe
RE-2Zs Auxiliary Codes

Error Code fescaoes
Piaarnostios

SECTION 16: ADDITIONAL DEMONSTRAT ION

A.
b,
C.

Flame Rotatier
Elbow Cavity M11luarig
Mol Rotation

— G

UNDERSTANDING THE HELF MENU

THE SERIES-M GRAPHICS FEATURE

FROGRAMS



FOR CLAGRITY PuHPOZES, A DHOWINGS IN T#H1E FEANLEL,  ROVE BESh
ILRLUSTRATED WITHOUT PR=CTECTiVE GUARDS Ia BLACE.

WHEM APRCYIMNG THIS CONTROD I B RETROFIT AJR_ICATION, YO MR
CONVERTIMG B MANLALLY ZUNTROCLED MACHINE. COMSIDERET TGN ™57 EBEE
FIVEN "0 MEETING RAARP_ITCARLE BAFETY AND GUARDINE STANDAREH.

THESE STANMDORDE COM BE OBTLH.NZD = ROMm:

t. "“Safety Hecuiremernts for the Constructicon, Care ang use oY
Dr-illimg, Millawmg ang Boring Maphirmes', ANG] Htavcarcs
Iretitute, 1430 Hroadway, Mew York, New Yors 10018,

. "Pgani of Upgration Guardimg” Sectaiorn 19100 #1&, 4. 5.
OJocupatiormal Safefty and Bealitn Admiwndstoatonn,
E. "RPower Transmissiorn Guarding Sectiorn 1910.21%, WL 5.

Oecagpatiornail Safety anog Hmalth Sdmirmnzsteat ior.

tInformation 1n this manucal 1s subject 30 chanbe: wiindut

ot 1Cce. b

AORT Moz
PRINTIMNE DRATE:




CRUSADER SERIES M

MULTIPRQCESSOR CONTROL SYSTEM

-

JA

ANILAM
o=
NS

10 0000 9=

B | EEE|
OO |EEEE | EE @
nolo/ofinnSali= =
BlolololEnaiyis







INTRODUCTION

This ouide should bBe used by the machine operatcr to learr Lhe
orogramming foarmat for the Crusader Series-M CND Microprocessar
Contral system, It also will serve az a nuick reference for CNO
programmers that wish to familiarize themselves with the
Series—m,

This marual is desioprned to teach. In order to use it
effectively, the instructicns and examoles must be Followed 1t
step-by-step ordeyr. Understand each sectiocw before poing on to
the next section. This approasch is rmecessary ta thorouaghly
familiarize you with the Series-M ard its funct:ons,

This manual will first explain important points of awic
direction and dimensioning theory. it ie rnecessary to
understand these subjects befors usiag any CRC.

This manual will then define the functisns of each buttorn or the
ocropramming keyboard, References are also pgiven so the operaltor
may ses each button in use within the many working sxamples
later included in the manuai.

Az a student learning from this manual, Yyou will be taken
throwugh the proprammisng of a simple part. You will also dry oy
thiz part using the Crusader Spries-M, Also, several "Mands—on"
brocovammiing exanples are ancluded to teach you aboul varioos
Series-M features such az tool lewngtn affsets, wmirvor imaoge, r
locps and cutter diameter compensation, to rname a few,

Finally, thnis mamnual explores the Series—F Ccanneg cycles 1r
detail, showing wou mow the Seriez—M will Preatly reguce your
arogramming time. A review of the Table of Conterts will pive
¥ou & conclse picture of the Series-M's capabilities.

Bear in mind that the Beries-M is pregrammable arnc will foilow
all instructions exact ly. If urmsafe or incorrepsl instroactiops
are pivern to the Series—M, it will follow these irstroacticons,

Ore last note, ersure that you widerstand the use of the
Evmergency Stop buttorm to avoid damage or L1rjury. Do rot
hesitate to use Emergerncy Stop 1f a dargerous or unsafe
conditicon arises.
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SECTIEN 1s CRHC IENTATION _AND STARRT_UP

A. POWER SUPPLY

Power 1s guoniied to the system Enew 115 wvoit (230 valt
optilnail power suoply cable. This is attached to the servo
amolifier cabinet usuaily locateg on the ripnt =ide of the
Machine coldmn as shows inm Figure &, Fower must pe constant al;
a minipun of 05 voits AC arnd it must be properly orounded, The
RaWer ocord can ndw be pligges into an AL gower sourco,

To fturr system on, the conscle must firs:t be started. Do tni=s
by bDlacime Jn-off switch LoCcated on back side of serwve cablvet
i the ON position. Tre CRT shoulg visplay as showr:

1 Foeddrate; 0-100% Tl 7
X +000.0000 Manat
Y  +000.0000 ﬁ
Z +000.0000 Hold in-Poan
1
2
HELP
EEEEN EEEBN

Rliow 20 gpeormcs for this 1o hapoern, £f it Ffarls tuo ocome G
a8 sfhomn, forn OM/OFF switen off, wait for 1 winoke anc trew
Aba 1. It the unit =tili fails to come Lo, 2all your nearasy
Friiiam reoresentative or caill tag Anilam serwvice Rot fine:

1-B00—Z27—-6340

(. USING THE MACHINE MANMLBLLY

Ur tne back side of serve amo cabinet is tre spindle tongie
SWiter marked Mangal FRButo. But this ivy Lhe manwal oosstioon.
Thig iz the positior ©he switch will be im whern the machine i
to b aperated withh Lhe manual hang wWwhesris witbool DTRe uoe oF
the serve motors.

T start tneg ssindle, cut toople switen i the mamual oositior,

then Dush i kRwisk, amd gall ous fhe Ererpency Srtoo. wrass 1her
RESET Buttorn om the fromt of the servvo amp cabiret, them tuoren
the spirndle motor OM with 1%ts oritimal swizci, The machsve far

Yicw B ased as a mavdal miiioor Ffoor get un ourposes. Uae toe
machime 1n this mode while vweadine Section & (Part Domersion Ao
ard Theoryd.
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A. AX1S_DIRECTION

Figure 3 shows & si1mple rumber line. I+ has a refersmce ooint
rerm, Which is called absclute zero, and is civided irto
ineregmnent 2. Fowing away from absoliute zero to the right, are
Dozt ive numbers. Moviyng from absolute zere to the ieft, are
nenative numbers. The glus or minus sign of a number indicates
its relatiernship to absolote zero. Positave numbers have a (+)
sigrn, and a regative rumbers have {—) sign. To rname & point 3
1merenents to the left of absolute zero, use the term —3.
Absolute.

imapine & rnuomper line trat is placed alonp each axis of the mill
that we can Controcl. The 1mcrements of the norber lirne are

S OOOE (, Olmml o, A absolute zero can be set for each rnuombers
live. flnce arn atsolute zero is estaplished, use tnat referencs
to move the machine in & plus of minus direction along that
Pumber lzrmeE.

fiways thirk of the directicn that the cutting tocol (spindler is
iy L A, TheE piuas or mirtus direction is the directiown oF the
cuttimg tooi, wot the table. From the wnormal. cperator’s
oesltion 1 Fromt of the mrll, whes Lhe cutting tool wnoves froom
apsmiute rero to the r:i:pnat, we wiil refer to thais as an X+
absoiute glmeErsior, to the left of -ervo as X- (Fip. #4).

Wher the tool moves from abscolute zeyvo awsy from the ocoerazTor
towarcs the colume, it is a Y+ dimensiconi iowargs fthe aperator
1s Y. fs the ouwuiil moves up from abscolute rero 1t is I+, aown
Tecamt Zevo 15 L—. Moves the machine wWith the handle ann the
FumSers in whe display will corresoond to tne fool] cilivectaon,

Do et proceEed wurbill &di oaxis divections and pius and minas
mowepents are uvnoerstood, This sectiom (fGxis Dirvection) will =E
the retference forr all orocramitiog M0t 1o,

E. ABSOLUTE DIMENSIONS
Figure S shows the X anc Y axis viewed as 1T you wWEre loowing
duwn at tne tabie of the matthire from apave, finsolute Zero can
s et at any point on the taole {setting zero will pe coverad
iater). St this moimt 1n time, abpsolute zero will be at tne
oositiorn whers the center of the sparndle was wien the conscle
was turrned an.

think of the X and ¥ axis both starting at absolute zero anc
extending outwards along the axis to form ouadrants. B11
dimensions to the right of zevo are %+; to the left of zerc K.
P11 dimensicons above zero ave ¥+, helow zero Y-,

Tee move the tool to a position that is to the right of zero anc

abmve zzero, we must program an X+ dimension, and a Y+
Cimenslor. The cuadramts are shown with the plus amg minas

-9—




NUMBER LINE

Figure 3
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sigrs for all absolute dimenmsions which are im that ocuadrants.
To move the tool too the lefi of zers and above it, we must
pragram an X—dimensionm and a Yv dimgnsicorn.

Frgure E chows o plate with Moles dimernsioned from the lower
left corrner. Hecause 1t 1% agimensioned like this, absolute zera
shoule be set at that cormer ang the tool metior will be
referenced to that carrer. If this corner of the part was
claced on the guadrant diagram, the part would be i the uppes
right auadrant diagram, the part would bBe in the upper right
quaocrant. This mears all X and ¥ dimensions given to move to
the nole locatiorms wWill be X+ and ¥+ dimernsiorns becaumsie they are
to the right arnd above of abscolute zero. Write down the
abisolute dimernsions for hoies 1,2, 3 and 4. Cheok your answers
Wwlith the answers below.

Figure 7 shows a part dimersioned from a center refsrence, The
oLus and mirus sions of the hole lacatians will be determines by
theyr oposition from absolute zera just as in Figure 6. Write
down the gimensions wWith She correct plus argd minus signs for
holes 1, 2, 3, 4 and S 1n figure 7. PFlus sigrns carn be omitted
becauise they are understood by the pontrol. If a dimersior dops
mot have a8 minues signy it 1s assumed to be plus, and the control
wilil snaow 1% am a pilus. Theck your answers below:

Abzolute Dimensicons For Figure 6 .

1. %.873 Y. 750 8BS (Ahsolute!
2. X.1.750 ¥ TS0 RES
3. XELEETF Yl1l.1&5 (=)}
. KE.BCES Y. 375 REHS

Absolute Dimenzions For Figure 7.

1. X=.750 ¥. 650 HES
2. X .730 ¥.825 B
2. X 0 ¥ O ARS
4, %.7EG ¥ -.&25 ABE
b T N R =18 ¥ —.620 ARS

C. INCREMENTAL DIMENMSIONS:

bUp to rowW, we have used the absolute syatem of measurement to
gescribe toal ot iorn, Figures 8 and 3 snaw a rneed for a
different type of measaring system. Mot ice that there 1s amnm
abscliute zera ard that the flirst hole or slot is referencec to
1t but the remaining holies amd slots are referenced from hole to
hole or sicot to slot. These are known as Incremerntal
Divmensions. They are gimensiconed not from abscoclate zervyoc Dut
from the previcus position.

I the top example (fig. B), hole lecation 1 is locateo at




1125 '
750 ¢

l 375

0.0

f—— 875 —p

i 1.750 —

2.625

Figure 6
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X+, 000 ¥+, 200 fraom absolute zero. Hole locatiaom & 18 leowated
¥+1.000 incremental ly from hole lopation 1. Hole Iccation 3 in
located Y. 5300 from hole 25 hole 4 is located X3, 5375 from hole
e From bole 4, we must move ivn the Y- tminus) direction to
hole 3. The irncremental distance from hale 4 te 5 is ¥Y—. So0,
Bimilarly, hole & is Y—-1.000 incremental iy from hole 5.

In these examples, incremental dimensioning and movemert o rot
relate toc absolute zero. Incremental Dimensionsg are aiwavs
given as a gistance and tool dirvection. The sign of the
dimension is the directiow the toal 15 moving when usiny
increment al.

Figure 59 shows a series of slots, Rgairv, the right center of
the top slot 18 piven inm absolute (positiorn (1. wWrite oowe the
absolute dimension of the first positiom anc the imoremerntal
fimensions necessary o move to the remaining positicas, Check
YOour answers wWwith the amswers below.

Incremental Dimensions for- Fipure 9:

X—.B2S ¥-—.750 (Absalute)
A=1.7580 (Incremertal)
Y—a =312 INC

1,750 INC:

¥—1i. 188 Ing

X—=1. 750 INC

¥—. 312 InNC

X 1,730 TN

e L R C



.u* ‘
2| f 750
mBirF — ~EI_——-———__-QJ—- ——i
T _‘Ef["" — ,94_ Az
a aaE
| | 1188 2400
., Se— I
-—:[.-_li—-—--— __|-';;.-.. _‘.?2 [
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INCREMENTAL DIMENSIONS
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w P D
o || ]
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A. STARIING THE SERVO MOTORS

The servo will rot start if one of the machirme axis is at the
end of trave! and trioping & 1imit switch. Laocate tAR Switolies
DN Youdr machine and check to see that they are rot B impg
tripped.

The ilim:it switches on the Z axis are behingd the cover ang rot
visible when cover is iv olace. These are set at the Extrene
top and bottom of the straoke. Move the ouiil with the hanole or
hridried dnob to the center of its stroke to imsyero you are nok
trioping a 7 axis liwmit switch.

To start the servo motors:
L. Hush an thern pull out EMERBENCY STOP buttom on the conssle.

2. Put —he MANUAL/SPINDLE/AUTO switeh, lorcated om the back sice
of the servo amo cabirnet, irn the AUTE positicr.

3. Press the RESET button located orm frearmt sige serwvo amp
cabirnet.

If the corsole is ON, the servo motors will stact. N movesent
will take place. To turn of f the motors press EMERGENLY STOP.
This will rot tause a loss or memory or Dosiilor.

B. MANUAL

The Mancal mode ogroviges For manual ago=itigramn oF tRe machire
HElInO the serve mators, Lawer the Lnee to 1msure safe,
unchstructed movement. If t=e servo motors are rot orm, tarn
them on using the insiructicons 1n sections 50,

Mo press the MAMNUAL mode buttorn. "MEBMNURL" will alsc sooear an
the screan. The machine tan mwow be meved ivn raoid traverse
which 1s 100/200 inch (2540 mm) per minute (th:is value may be
different deperding on youwr partlcualar maghire ane servo—medor
combinationl. To omove the machine, oress trhe button of reguir-e
axis to be moved, thern priess the plus (43 or minus <=3
girectioral button, The mactine will vow move at 100 or 200 9
for as long as you hold the button or urtil a limit switch i1g
reachec. Again, notice that this reoresemts tool motiorn. if &
limit eswitch is tripped, move of f the tris with the nard—-wheel
and restart servo motors,

As the machine 1s moving, S0LD IN POSMN will e out and RUN will
#pbear, showlng tHe machinme is 1m mobioe, The actual speerd
(IPM) at which the mach:re is movino wil! oe displaved on the
LRT; in the middie of Area A. too center. By aressinog the hand
button oree, the C.R. 7. will change from RACID to FEED. Feed is

—1 3=-




40 inches (1000mm) per minute. The marhine can be pogitioneo
the same way in feed using the axis buttons, Always cheek to
make sure that you have the correct axis selected before MY L 0.
If rot, press the axis button that vou need to move. The active
axis wiill always be displayed or CRT screem i Area O,

he HAND button once again and gisplay will read JOG 3, which i
ar. incremantal move of 100 (1,00 mm). JOG 2 is am incremental
move of 010 (, 1lmm).

JOG 1 iz an ineremental move ofF L0010 (. Qlmmd. Wher arny of the
Jegs are shown i the CRT screen. the selectec awxics mave that
increment pach time the girvecticrnal Duttor is oressed.

lero can bBe set anywhere on the park. To st the X axis to zerc
follow the steps belowe

1. Position the center of the soindle at the X0 referernce o it
of the part.

2. Press MAMUAL totton (even 1f MANUAL is showm on screer) o
cleEar any orevious commands. Chech bottom lirme on screen ancd
ernsure the correct axis 15 active., IFf Bboth ¥ ang Y SEhdw,  turn
off ¥ oy pressing the Y amas button.

4. If X 1m shawn on bottom line of CRT, press O ENTER. Ef X
iss not showrn az active, press X O ENTER.

At this time the X axis will be reset ta zers and all zero's

will reag in the ¥ axwies disolavy. Any axis carn be set to zero
usintg this method by pressing the correct awis puttom, O and

ENTER. Reset each axis to zero, move the machime ano rnot:oe

the absclute dimension v the display will refer to this new

zero.

Irogram Enter is the programming mode. It 15 used to erter a
pregrean into memory, clear memory, adc tm or delete from &
oragran, recorc orn cassette tape or play a program into WISy
from casselte tape. To do ary of the above you must be iw
PROGRAM ENTER mode. All of these furelioms will Y& discucsed
Tater im detail,

In orde- to pet to Program Emter from Manaal, first press
PROGRAN CHECK arnd thevy PROGRAM ENTER.

%. PROBRAM_CHECK
Program Check is used to verify what thne soerator has out imto
BT Py Thig monde will allow you o lsok at 1% everts at a
time. The comtrol has to be im this mode wn orcer to use
Owamhics,

F. SINGLE STEP

SIMELE STES is used te execute the program Gne event or move ot
_1{4,-.-.



& time. This can be used to dry run and check a prapran. If
the STARY button is pressed in SINGLE STEP mode and AUY coge
1900 1= active {(BUX codes wiil be ewxplaimed later irn this
manuall only 1 event at & time will be executed. If AUX code
1901 3z active, thern orne X, Y move will be executed seach ti1me the
S7ART buttrm is oressed in SINSLE STER mode,

S. AUTOEMATIC

Umoe the program has beern stepped threough amd 1= known to be
worrect, the program car be ruv 1n automatic (AUTO). Thais i
the rnormal coperating mode for productiorn.

FEED% car be used to override a feedrate in MANUAL, ALDTE, OR
SINGLE STEE., [ the feecdrate heirg used is too fasmt, bihe
feedrate carn be reduced. This iz done by pressirng the button
Wit Dhe acecw pointing down iy FEEDY section. Each time the
butfon with the arvrow opointing down is pressed, the feed rate
will be decreased by 3%,

Fress MARMURL, ther the HAND buttorn once. Moave the machine

in FEED with the direction buttorn and at the same time oress Lhe
buttorn with arrow pointing down 1n the FEEDR secticon. Each time
tihe button is pressed, the feedrales in the FEED display will
decrease and the FEEDY display will show the percentage of feed
reing used.

Gimilarly, 1f the feedrate i= too slow, 1t car be ircreased. T
dro thigs, @mress the oatton with the arrow pointing vwp 1n the
FEER sectiorn  This will increase the feedrate by 5%, The
feedrate can be overrjiddern from G-1320%. The FEED override will
veffect all feedrates iv the program,

Wormally FEEDY override dies not efferct rapid moves. There are
times during set up or dry runs whern it is desiranle to use
FECDM gverride for vacid moves, To acocomplish this oress
MAMUARL ALX 1401, START.

All rapid moves will thern be overridder with FEEDY override. To
cangcel FEEDW override affecting rapid moves, oress MANUARL, AUX
1400, START. Rap:d moves wWill then be at 100 I.P.M. &

feedrate must be im a propram in ovder to ouse AUTD or SINGLE
STOP,

. INCH — MILLIMETER

The CRT will read either INCH or MM, , depending uboov which tyos
of measurement it being programmed. Wher uwusimng carrmed cycles,
all variables must be entered in either all inch or millimeter
dimensicons, Under certain ponditions, it is possible to
accumiiate a roundoff error when using cirvcuelar motiorm in a o6
loop. If this cordition should arise, enter and execute the
orogram in millimeters,




J. SDFT KEYS

These are the Duettons located cirectly onmder CRT. Therse are a
total of eight and Lheilr uges chavoe accorcimg o wWhies moop ofF
opeEeat von gontral G981l at tne time, Agross bMe bBottom oF SR
thert: are BIorks whaoh »eopesert chose oubhtons, THMese acre
ranpelet gy o btheir uses anc channes as the rmode of azeeratior 1=
A nDead.
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SECTION 4#: PROSRAMMING KEYBOARD: DEFINITIONS

A. DISP_POSN (DISPLAY POSITION).

Whern the CRT reads POEM, the screern will displav tne absoiu-e
posihion af X,¥ and 7. This will be abscolute wo matter what
rcde you are in, Press DISPLAY POSITION to tarm it offF. The
CAT wWiil wow read CMND and the screen will dispray the current
orocoranmed move v all modes excoept MANLEL . In MEsNLRL witn
DISRLAY POSTTION off the soreern will be blank because LhAers are
M B onranned moves. DISPLAY OO0517TION can be tuyvwred 0N or ORE
at any t:me o See sosolute position o the orocrammad move.

%. DDO_{DO_LDOPS)

Rlso referred to as BEten ame Reorat, a o9 iooo can 0 usec o
arybhing that is repeated over am pouslly spaces distarce.
Figure 11 showks & row of hales that are ecuatly spaced as . Soo
along the X axis. A do loco is used to eliminate the
Seageacming of gach noie. PO is entered with a voamoes (1e,. DO
3} and this im LiMe mumber of 4Limes Lthe Py e oramnme ocnerat fon 1
reoeated.

Figure 1& shows a series of windows oy pockets waich zoair a-e
egually soaced. THese reoresent typlical examples of when a DO
_EC™ carn be u=sec.

T, BUBR (SUBROUTINE}

Suoraut:res are siso referrec to as mini-srocrans. BT OIAT Leges
ean 22 wsed for arny section of bhe grobram which has to O
repeated, Im Faigurez 13 arnd 14, subroutimes coulc oe useo Ty
reoral. the pattern of hoales o Bockets. A subroutime 1= 2lways
storad in memory after the end of the main oropram ant caw be
raached at oary time For execusicon.

D. CALL

Tme Lall Buttom is used in the main oropram to BxEcute a
cubroctine. The subroutive is assipried a nuwsber (ie SUBI LY ar
ther 15 rallec {ie CALL 1) to erxecute the subroutine.
Fubroutives can be labeled from t te 8333,

. END
There areg three dsen For the Eno buttor,

rd iz proprammed after the last svert to bo

te Im & ©o Geoenp. E
This stops the do looo out the arapratn will seoc

repwated.
vl op.

o

- Becsauvse a subrooatine 12 4 "minit—orogramn', it mast have its
LW Enc statement, This erecs Lhe subrouting butr The proprar
vices ot Sh .
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Figure 12









2. Thee Ewtd button 1s usec altt the end of the main prooram to stoo
motion; it also returns the program to event 1.

F. RABP1D

This bBuettorn is used to enter RAPID moves into the orogran.
Rapid mocde will stay active until the FEED buttorn 15 pressed.

G. FEED

“he Feed buttorn has twe wuses. The first is to select the
fegedrate reqguired and irmsevit it into the pvrooram, The ather 1=
*o tell the machine to move at 8 selectea fFeedrate.

At arny time an X,¥ or 7 move 15 proagramoed, Feed o Rapid will
e indicated by an F oo B om the right si1de of the screern.

M. GBS/INC. (ABSOLUTE/INCREMENTAL)

This auttorn s used to tell the corntryal which tyoe of dimensicon
Yo o Wasn o use, The secord letter in a proprammed lire; witn
dimgrsiorns, will be A o T (Absalute or Ivncremertall). Care has
to be taken when oprogramnming 1n Incremental to sasure the
correct sigqrns {(plus or mirus] are osed, because this deternines
Lie ¢irection of the tool movement.

1. DWELL

The Dwell oputtoer a2s used as & programmed stop for moving clamos
o Lhe wWorkDiece o turning the woridmDniece over. Herr the Start
Button is pressed, the program will corntinue.

Dwell <am alzo be used as a tined dwell for operaticons such as
apot facing. Timed dwells can be used for mowving clamps,

meEasur.ng, 2 charging parts.

J. AUX (AUXILARY )

The Aux button iz used in the mairn program to cancse variatierms
i the starmcdard cortrol Tunctions. These wariatians are
as=igned numbers and entered itnto program orefixed by the AUX
Sutihon or Oy Lsing Ha2lp menu,

. F_ATOOLE

"his 1 used v two ways: to set tool lerngth of fsets ano to call
o offgets inm the program at the reEocouvired point. This will be
ayplained 1in more gcetail later.

L. ARC_CW_<CL OCHWISE )

Im cuttimpg inm a vivcular motion., this is used to tell the
marhine that 1t must move iv & clockwise directiron.

m. ARC CCW (COUNTER CLOCKWISE)

Same 45 above, excepgt counter clockwise imstead.
-1 9=




TRis huttow is uger with carned cvcies. Theze are grofgramns ;v
the corntral?s pecmanent menory., Thoe cperabor or grogrameer
tront information in order to mahke them work, THEEE Wiil ue
expidined in a iater section 1n getarl.

G. ¥ _{VARIABLES)

Yariables are uvsed witn Tne O codes arg sore ALY cooeses be root
nECcessary inforitatisn ara make cifferevt carnmee cycles sevfowvm
o your specrfLicaltiona,

—Zra—
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*»x %P ART ONE: CONTROL FHNCTIONS®#+

SECTI

S:__ THE SERIES - # CRY SCREEN

Whern reading Faig sestion., refer to toe folog-cawut afF ftrme C- sacer
Barign-m faceclate (Tigure i1 fto keen yvourself Fariliar wits b

BroreEsr Layooab,

Afier reviewlnt the Foliod—oui aliastrabior, you will SiShbiges tae
CRT goregern i Civaced into four cengral s=pamas wWhoon are oHe . e
. B2 anmg D v the crawmivyg. Thmes aroan wWlll b wptpeesgpn +
Lhrsuchoul tnis mareal 8o nela you [ogste agecitic olocws of
irformmat 1or mere ouic iy,

Area B tei:c the ogerator isnformaticon apnoot tae acsive evens
aumber, actuai frecvaie fanc oereenbace of proceamres Fescrate
at whaich the will i rammewnl) anc, Finaily, bthe active tolo

L] AR T Foosick clance at Aves A on o woor Soeresen ws 1l el L owoo.
2xactly woere thege opleces of 1nforpation are glaoiaven,

FArea B teils the opesratos i5e X, ¥ ang I aHis 1mTormas oo,

Area C pives the operator jmforsmatics: 20out t9e st we wodo o
operabion o Bt Firet 1 rne. The sECChl 1. 2xd a.rms wiEs e
ROl av FEED 1s active anc exclairs t-e stasus (208N e Dl
of tae axis Hi=0iays.

Ft oocwer wo, the taxrd lime of drea O peacis INC= Lares woi o,
change o MM Fore peiric wnes thal cimersiorine is res Ll TRC),.
Later, whern you Let prlbe absolute anc cnoeemnenta . PregreanneL s,
the worcs ABRS or IMCR will apoear Just im Fromt of che Ised-isomr
Locat iar,

The foarth live of Area O telis yod that the proaraw i
arl i% 1v vosition (DWW DOHNY, Pi oower ur, taere 15 a3
Time of 1mformation that reads COMBOE TR, Thais meaws t
wa= started coreectly. Pressiey Dhee MONGARL butlbeow wil
Lhye message to dicaznEar. Later, inforgation sdos oas ool
Zhavige o Evtor meessanes wili agpssre and Flrasa o thhin Fu Ft o
L T

Area I shows the preogran. Bt oower un, iine & 15 oc1omirootec
to shaow thrig biork 1z active. Aot oang "1V follow toas
Saghiighted namber, Thig area will

tvo o bhig maniaj,

Below Area D is a oW of eaight boxes wit® toe words FOEn, —35_J0
and W xvee boxes 5, 4 and 7, These bowes and jlabels rwdarmates
the charnginnh Furcizorms of the Softheys. TMe mafTt-<ey Famctiorme
orarpe acooedlmo tor Lhe oresent mode of ocoeEration.

be pxolaived i t=tai lae
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FREFORATION _FOR_PROGRAMMING
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DETERMINING A REFERENCE POINT
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TOOL SELECTION
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arameter g-illy anc Tool 3 oa L4068 end miil fFore
Ccanmter boriny (1t will alsc e uces to Wz
- 701 slaty,

The chio icats or speecs ane feerds o! the hbting toois are
REDQEAREC An 1rnches (o m1l]imeters PEr MINULE &Rt must pe
withair the nocsepower rar-ce 0F thne spircle. Tais rnformat oo
car be caitulated by vsink feeg &nc soeec caiculators o e of
the marny masniving hardbooks avallabie. Towalamp Fewmon amc
spesss weed in the exanoiss 1v this mavual are theuwtetical bug
FrEDTastnt @ nractieal raroe For the toolinc used.,

After the tooling 1s selectee, a lopics: SEOLSFMCE filst De
determined arnge Fel lcwen. o edarole, vou woulcd wmor orill s

hoie befor-e cprter frillirg S84 number tae tools ir $me orocer
they w:ll be used.

In thils secticor we wilil write A grodean Tt nove the mam- e Feoo

RIawi 1 otnry Doas showmr am Sieoure 13, Yo ol Llopeoceale hees X
ame Y axkis oniy anc use this Simo @ ENErClse to osconme Fanmiiaas
Wil erteriv onfoarmat 1ow, Rosclate zewve wiil be et at t e

itmes 1eft corner anc toe Eoindle wil: be oroorammer to thees o
poivde 1 o fows 5 oat S0 16M (IepRes Por Mirate)

H=s the rachirme moves to mointe 1=03 motice vou wil, cave pausec
the conterol to ssecute hreo ivgsie MaveEeE With thMe machirne: A

Aaris 1lAEET vE, A twWwo—akils ]ieear ewve {arcle)r arnc a Y-axis
LiTIBAr qOwve,

i orce- to kees the aronram In o DRe o and v Uncerstancac s e
Fioem, 1t o= pest to wreike it om11 down, The proceamm:nr sheotws
provides wit* thie mangal wi1il of fere Yol & logroa:, concise.
step by sten Farmatr to follow. The shemts car bo filed away For
future PEDIOLVAMITIAL Shouie the past ever preaiurw o Yo shon,
Orily fiie mreets that Ccortasr pocrawms tested and Frroved i dry
T LEFIa

The steps iv the Qroprarm are numjerec starting at 1 oand are
called "Evewmtgh, Lz to 10D Tk iy locaosed evertts Ccarnm be stopeer
LR Ty, This protram will have the following eventsg!

EVENTS SUNCT ICING

1.Fead 20G.0 This sets the feeg rate at #0 IDW,

Z. X0 YD Feed AES This moves the apincle to
ooirnt 1 {4l cimeEnsions are
apsalute umless ortherwise
moted).

.Y 2.000 Feped ARS Moves spimdlie to ooant 2.

Girce no X axis motion jo

-5



PROGRAMMING EXAMPLE

e 3.000 -

Figure 19



proprammed, the X axis does

ot move (srmole awxis lirncar
MovE. 2 .
i X 1.5000 Y 4. 000 Movess thie splincle fo oolint 5
Feed ABS Two awis linmar mowve foe

angle millimc?

3.X 3.000 Ya.000 Mowes the =soirdle toc DoLlt 4.

&.¥Y0 Feed ABS Mowes the tool %o ooret 5.
Roain, rmo % axis mobtion take:o:
ulace.

F.X0) Femd ABS Moves the tool Yo poant i.

B ¥ axis motiom Lakes place
(Single axie linear move).

B. END This ewnds the program anc
returns the orogram to Event
1. Ready for rext part to be

mach ived,

The same nMoves proorammed incrementaily are as Foliows:

Feed Z0,.

b R FEY
S, FI
X 1.9 Y &, Fi
S s e Fi
¥ —c. FI
X ~3. FI
END

G te tne control and enter this orogram using the instractions
iy Ltne followirng sectians.

Z. CLERRING _MEMORY

Before a prodram is entered, the orevious program must first be
cleared from memory. Menory can b2 cleared with the serwvo
motors on ar off, To ctlear memory:

1. Press PROSRAM CHECK.

£. Fress PROGRAM ENTER.

3. Press CLEAR five times. This will clear meEmory. To ensure
chetrk that memory 15 Cclesred press PROGRAM CHECK,

4. Press PROGRAM CHECK.

There should be rmothing showing in display. We are now ready to
enter the program shownm in Sectiorn O {(Bepirnming a Program).

F. PROGRAM_ENTRY

After the memory has been cleared and checked, the pragram can




be ertered, First cress PROGRAM ENTER 1 BEARCH. This w1l

4

e2turn Lhe comtrol to epvesnt 1,

NOTE
Fil o oworgs ge OG-y DE renreamet actyal «py etriape

o To ernier_evert I press: FEED 20, ENTER. Tris wiil store
2yvernt 1 1 i@y 3nC advance to pyeng o Evary Event migss
b snterac, Bm worl Oepsse DUt teares e anTormation w12 oomear
At Tae potton of sormer. When eriter 1t oressop it Wzl

Hitangear from Ghe Sotson aes GO 1t tie amt.ove ovent. F
“M2 Wrong information ie preooas sefore oressing SMTER, press
LLEFIR, TMi1s wWill clear oMe ovent So Lke correct informat: on

Cafm W DB oudt v ans prtered.

NOTE ;
The dimensicns Listar af thle wmarmual wake use of tre dec-mal
BoLmE ey, Therefore, waer "Z." is ceen it omust be entersd as,

"8 ang .M anstear of VI, 0,0,0, 0,

S. I entgr exenl, 2 oress; X0 YO. ook at LOg Bax or ine
riant ot fne screarn. Seconc lire should reac SeRD CrinD, e
Lairg Live strouid reas OBS IxO4. Lf it coss not reac as showr
oress FEED, AES ar INCH to Brany oontrol to correct

shatiis, Mow orecs ENTER.

2. Fo_erlber svernt = _Ere2se: Y 2. ENTER. “heva 15 ro B IOy 1w

X, therefore it does not FRULITE a1 &rtry.

“r lo_gnter evenc 4 oress: X 1.5 Y&, ENTER. Mt this time

evarnt 1 will oo of screen gec Bvernt 5 wWil! shaw g= tnpe Laai
Lite, reacy o fAave data erntered imtc 1%,

= _breszs: X 3. Y28. ENTER

r

B, T TS

Event & oress: END ENTER

Mo check tre proagram by pressint PROGRAM CHELCK 3 SEARCH., "rnis

wWiil retyrn fhe GO aEn To eyvend YOuU WL.: be anle sem 193
evearts st ore time, in this Rroc@am there are cwmiv B svants
Yaeretore, the whole MEIZTAEN Car D8 TRV Swed . I the cese of o

lavger Ercyrar, £o logd at the mext live siworly Dress NEXT,

I you rmeed Qo back orne Sive oreem PREV (Dreviaus), If wou

mEes to look A4t the reewn HALIE, Drrss Lhe dey under the arreow
Pintivg down O ECrEDE. Ta por Sacs a UADE, DrESS the wEv urcer
Areow golrtivg g, If am srror g frurd, siee editing

NS raCtions 1n et soct 1o,



G. EDITING

If arn error 15 Ffound while i orous&t Check, Dress the vueder of .
the event that nas Lhe erroe, Then press SEARCH, PROGRAM
ENTER. Press CLEAR ano ernter correct irformaticorn.

Wner ertering inforration, look at tne soreer befors ocressirg
ENTER. Cneck to ses that sverything wnics 1z syopose to ne
entered 1 the pvert ic cispiaved. Hiso, checw to ses tHas
mothimg 1 disolaved that soowle rot be, By lookimo ab toe
sSCoreen yol (farn see exsctily whai 19 beirng enterer, ang aiso the
three orevicous ePverts. I¥ this i tone you wiwl near.y always
enker correct infovrmalion.

Move nmformation on editing will e givern 1w another sechlor of
marncal . This will explain how to add arnd delote events,

Lower the krmee to 1nsure safe, unchstructec movemnesrnh. Gfter t-e
argeran has beer entered and checkeg, wse fthe marndsel o0 buttons
a st the absolute zero i the center of tne machine travelis

so Lie awie carn move Tar enouch to Bexecute the propran.

Turn on the servs wmohiors thhise Fas to be done before mact ovie ear
be 10oped. Aress SINGLE STEP 1 SEARCH. Thic will returrn tnme
combrol b o ewvent 1.

Preéss BTART. The control will read Event 1 which sets thne
feedrate., Preosz START again arncd the control will execute
event o, IT tche machive 15 mot at atsciuvte zeroy, 1t will feeo
to absolute sero,.

Notrice the event rumber thnat 12 flocwed it 1s the active evens,
thics will mormally be the tihzrd L1 down. Each time the ctari,
buttorn 15 pressed, orne event will be execcted. Bfter t-e control
bas completed event ¥ and sees thal event 8 is END, the comtrol
Will vezspt to evernt I Press AUTO then BTART to oo the

groaxgran in adtos I a limit switch i= tripped (error messape
woulg read "SERVL DISCOMNECT", mowve the abscliute zero to allow
The machine to sxeciste the program. The followinc chtiaobesrss will
outline several working examoies. These gramoles wili "wale you
thraouph" most of tihe Serien M's featic-es and will Familiarize
wioul with 1ts capabil:it:ies,

- -



I. CIRCULAR MOUTION

Figure 20 shows an example of circular motior from acarnt A te
point B taking several paths, The path we are to praopram is the
solid line.

Let's examine the arc we want to prajram, and determirne what
maxkes it umigue fram other ares which po from ooint A to poips
B. The start poimt (A ard fimish point (B are commor to each
are. If this is all that was programmed for the arco, the
Crussder M would mnot know which Fath to take, The divection -Ff
the arc we wart to program is Clockwise,

if tne start point, directicor cluockwise, ard end poirt werp
pgragrammed, it still would leave two possible paths, Exw
describing the X amd ¥ coordirate of the arc center t(which alse
determires the radius) the last incorrect patn ic elimimwaten.
It is because we must elaminate all ircorrect oaths that the
Tollowing rules are used.

Hll arcs must follow bhis format ., Each rule reoressrts ona
event ir the proogram.

1. Positicon the tool to the start peint of the arc (X arnc ¥y,

B Pozition the tool 1rtoe the workoiece 1if it 1= rfot already ai
the correct depth (7).

3. CW ARC or CCW ARC
4., Center paoint of BRC (X arnd ¥)
5. Fimish poirt of ARC (X and Y3

B. CW ARLC or CCW ARRC.

MOTE ¢
If a feedrate is mot sntered fot the ARC, the comtrol will
LEe the feedrate that was last entered 1rto tThe progranm. if

no feedrate was erntereg previously, the machime will rot rum
and dive ar error message or "ZERD FEED".

When thMe cemter Roivt o finish coint is described as  ar
iricrenertal dimension, the distarnce is givern from the start
poimt.

MNOTE s
Whern cutting two intersecting arcs, prooram the finicH pont
2f the first are as the center poinrt of the secoang radius,
The cutter will stop at the tangency poimt of the two arcs
{eee illustraticrm beiaw!.



CIRCULAR MOTION
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Figure 20: CIRCULAR MOTION




Use Lthe rules stated above 48 puwidelimes amd follow the Prog e an
written beicw to see how each rule is followed.

EVENT

P. X 1.35000 Y 1.5000 R (RAPID) A {ABSOL UTE)
Z. FEED 10.0

2. ARC CwW

4. X1.5 Y¥.5 FEED AR

5. X2.5 Y.S FA

E. ARC CwW

7. END

Erter ard execuies this Examol e, Use figores 21 amd =& Following
the format piver, du a fuil eircie 1in absolute using a .S00 end
Mm1ill. Erter art execute sach examole below {(NOTE: rno Z axis
move 18 progyammes as this is o demorstration onlys. Rem=maoar,
Yyou are arogramming the center of the tool,

Full Civcle (Gbsclute):

1. X3 ¥Y-1.25 Pesitiorn to start ooant.

2. ARC CW Arc Dirvectior.

2. X 3. ¥-3. Absolute position of Bre center,
4, X 3. ¥-1.25

. ARLC CW

£&. END

Full Cirple {ircrementai):

l. X 3. ¥Y-1i.25 Fg Fbsolute positior of s=tapt oint.

2. ARC CwW

. XD ¥—-1.75 F1I The distance to the center point of the
Aarc given feom the start point of thes
art.

4. X O Y 0 F1

5. ARC CW Fre firvaish commarnd.

&. END END of orogram.

Half Cireile (Absclute):

1. X 3. ¥Y-1.25 F@ Positior of staes,

E. Arc CH Are directiorn,

3. X3. ¥-3.00 Center Poiwt.

4. X3, Y-4_75 Rosolute pos:tiorm of erg poirt.
S. ARC CW Fro fimish command,

&. END Erd of oproogeoam.

_3[;._
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Figure 21




Figure 22




Half Circle

1 X
Z. ARLC
Z. XD
4, X0
5. Brc
&. END

¥Y-1.25 FA
Cw
¥-1.73 FI
CW

Cirmcvremental )

Position of gtart poirt.

Ao Dirvectiorn,

Distarce to center of arc given fram
start point of arc.

Distarnce fo finish point oiven
from start point of arc,

Arc firnlsh command,

Evid of program.

Mirmimum radivs that can be programmed 1s . O0O8,

NOTE

If twe consecutive arc’™s are being proorammed sc that the
point of the first arec is the start of the second, start

peint of second arc should not be prgrammed as a separates
event,

enct
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TION 7: PROGRAMMING EXAMPLE (DRILLING & SPOT DRILL ING)

A. EXPLANATION OF DRILL ING _AND_BORING CAMNED CYLES:

Prillsmg 1s orogrammed by usino 5 code carmed oveles. Fefore
programming & § code certain variables must be pout imto the
control, Alsw, after a 6 Code 1= proprammed, & 7 deqstm must be
programmed. These canred cycles can be put into the combtrol by
two methods; gither manually o by using the HELP wooe. Botr
methods will be explained later 1rv this chapter.

Drrilling and boring carnmned oyles are as foilicws:

GBo: Deactivates all drilling canned cycles, When the
last hole is drilled must be out into propram.

G&1s Basic Drilling Cycle: Feeds to ceoth,
Uses VED, V&1 & Vas,

382 LCounter—Boring or Spot Facing Cycle: Feeds to
depth, dwelis for programmed time, then rapids ocut.
LUees VWoh, VEl, Va2 & Ve,

S5B3: Peck Drilling Cyole: Feeds to geck deotn, rapids
Ut to R—plarme, rapids in, fesds irn, rapics —ut to
4-plane, raplids in, Teeds im, and cortinues reEpeatirnc
this orocess until firmal depth iz reached. Uses Vo,
VEal, V&I & vo4,

BAs5: Boring Cycle: Feeds to deoth, feeds out. Uses Wad,
VRl & VEa.

GA&: Boring in one Direction: Feeds to depth, proOgran
stop, rapids aut, Drogram stop. Uses ViEd, Vai, VWEE &
Wik,

BB7: Chip Break Cycle: Feeds to peck death, retracts

00", fepds to neErt oeck. retracts 0S0"rooDeats thic
nntil fimal depth is reachneoc and thern raoid
retracts. Uses Y20, V&1, VES & VEs,

589 ; Flat Bottom Boring Cycle: Fesds to depth, cwelis
for a proprammed time, thern feeds oout. Uees Vo,
o1, VEER & 4.
Before programming any of the drilling carnmed cyclies soecific
variahles have t¢ be put into the comtrol, These variables arecs

iicted below:

V0= Specifies feedrate for Z awis moves ar deallaing
carned oveles.




Va1 Specifies the heights above Work piece at which tocl
will start to feed down. This height must be
absolute.

NOTE 2
When using peck cycles, always set V21 at . 1000 above thes
actual work surface (Smm if programming in metric).
veo, Specifies dwell time wher using GBZ or GRT,
ve3: Specifies the maximum amount of each peck in peching

cycles, This distarce must bo OivEeEn as a posibive
incremertal dimersion. The control wWill adjust the
dimension to ensure that each Peck is of egual
distarice, but will wot exceed the maximum amount of
each pack that has been specified by operatord. Lised
in BB2 and GB7 anly.

V4 Specifies the height to which the tool will rapid
retract before moving to the next hole.

The best way to use this Example is to actually machine a blark
like the ore shown in figure 23 arnd use this orcgram ta spot
drill and drill holes.

After studyirg example 1, it has beern decided that the part will
be held in a vise with a Stop or the left side, The refererncse
poaint orn the print (X0 YO) is shawn in the upper ieft EOrrET
set absolute zero's inm the same plarce, The part will pit on
paraliels rno more tham S/1" thiclk.

From the blueprint it has been determined that Tl #1 owill
be a 90 degree Spot drill te certer hole andg tool #2 wrill pe
a .250 diameter dyrill.

Tl #1 will run at 000 R.P.M. and & IPM,
Teol #2 will run at Z.000 R.A.M. and 4 I pm,

This information, alono with the program, should always he
written dowr before entering it into the control.






The marbhining segquence iw tha program will be to first list the
tool and their of fsets. The guill will be retracted and moved
to X-3.000 Y, 1040, This 18 to move the spintdle so the part can
be locarded in the vise and tool #1 can be put ivn the spindle.
The program will stop ard wait for- the operator to do this,

The bgles will thern be spot deilled. The auili will retract and
mowe Bback to the tool chamoe positicn. I¥ a auick charpe
toolivg system is not available, a drill chuck can be used I
tihe spot crill and drill can be irserted to & dead stop of the
drill chuck to use as a reEpeatable stoo.

The first sectiowm of the programnmning sheet has already beer
Filled in with the setup imstructions arnd tool list that has
been gstablished.

The steps of the program will e numbered seguentially and
called "events™, The evert mumbers are located in the first and
seventh coalumns of the program sheet. The rest of the columns
show ertries to be mage irn epach event.

It is iwmgortant to establish a propramming format that keens
safety irm mind.

The first thing to do is create a table in the program to list
the tool angd their offsets. The wvalues for toonl length offsets
carnmct be determined by the programmer whern the program 1s
writter becausse the lermpth of tool is not Hnown. Offsetcs are to
be ert#red by the ooervator at the machine during set up.

EVERNT 1 Shows tool #1001, The "O1" is the toocl mumber. The
prefix "10% is telling the control you are setting
that taol offset.

EVENT & Is left oper for entering the value of that offset by
operator. £ = Tocl Diameter Z = Tool Length OFfset.

EVENT 3 Shows tool 1002, Apain, "02" represents the tool
rimber., The prefix "10" is again teiling the control

that wou are setting the offset fFor tool #He,

EVEMNT _ & s left oper for erntering the value of the of foet by
aperator for toel 20 X = Too! Diameter 7 = Teoi
Leroth Offset

EVENT & Bhows tool 0. This tells the control that no tool
offset is active at this time. This is dorne at the
beginning of each program to deactivate any offseat.



EVENT__E& Shows I0 &, A. This is dome to insure tool is im IO
retract positiorn at top of travel. This 15 a safety
measure to clear the part. Rapid (R} 18 chosean to .
move the guill ard absclute (A) was choser because 70
is arn absciute position, Setting 20 will be
described iv more detail latsr ain this sectian,

EVENT 7 Shows X—3. ¥ 1. RA. Thiz is a position off the
workpiece where the cperator can charvige tools, This
should be amy positicon that is cornvenient. In this
case, the spindle will wmove to a position of X -3,
(3" to left of part) and ¥Y2. (1" to back of gartl im
rapid arnd to an absclute position,

EVENT _8 Bhows Tool #1. This activates the offset far Tool
HI. This evernt will stop motion of machire armd al low
the operator to charpe tools, A tocl charge message
will flash or the screer.

EVENT_ S Shows VEO E. This is the feedrate for drilling,
which is & Ipn.

EVENT 10 Shows W21 .1, This 15 the distance anove too of the
part wnere the tool will start feeding into
Workplece,

EVENT_ 11 Shows V24 . 1. This 15 the height to which the tool
Wwill retract after orilling the holes.

EVENT 12 Shows G81. This wWill activate the canred cycle that
feeds iv ard rapoids Cut to soot drill the holes.

EVERNT 13 Shows 2 —. 130, Tris is the depth to which the SpPot
drill will feed down,

EVENT 14 Shows X, 500 ¥Y—, S00 AA. This is the position of toe
first hole., Because GBl iz actaive, the tool will
rapid tw the X, Y logation, rapid to YE1 dimensiorn i
Z 100 above workpiece), thern feed at the Vo0
feedrate (6. IPM} tw the Z depth (event 131, armd
finally retract to the V24 Fogition. G881 will stay
active unti1l vancelled by GAO.

EVENT 15 Shows Y-3. Rl. This 1s arn incremental rapid move to
haole &2, Since G811 is actiwve, the spot drilling
opeEration will be repeated and hole 2 will be spot
drilied automataically.

EVENT_16 Shows X4.% RA, This is arn absclute rapid mave to
hMole =, The spot drilling cycle will again be

repeated.,

EVERT 17 Shows ¥3. RI. This is arm ircremental rapiog move to
hole 4. The soot drilling eycle will again be
repested.
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EVENT i8 Bhows §880. This deactivates the drilling cycle.
This must be dorne after the last hole is drilled.

EVENT 19 Shows Tool €. This will deactivatm toel 1's offset.

EVENT 20 Shows Z D RA. This retract the Z-axis.

EVENT 23 Bhows X-3. ¥Y1. RA. This will rapid the tcol clear of
the workpiece to tool change position.

EVENT 22 Shows Taocl 2. This will activate the offset For tacl
e The machine will stop and alloaw the operator to
chavge tools. A taol change message wili flash on
the screen.

EVENT 23 Shows VY20 4, This is the feedrate foi drilling.

EVENT 24 Shows VY21 .1. This is the distance &bove the
workpigce at which the tacl willi start feeding intco
the part,

EVENT £5 Bhoms ViE4 .5, This is the height to which the tocl
will retract before moving to the mext hole
locatior. At the rext hole locaticorn the toao]l will
rapid dowr to Va1 height.

EVENT_PE Shows Gal. This activates the carred cycle to feedg
in, rapid out, to firish drilling heles,

EVENT 27 Shows Z-.35 FA. This is the depth to which the deill
will oo on the 7 axis,

EVENT 28 Shows X. 500 Y—. 500, This will rapid the tool te the
XY location of the first hole. Because GAL 1s
active, the tool will] vrapid to .5 (V24) above the
part., It will then rapid to .1 (V=13 above the part,
feed at 4, IPM (V20) to Z-. 3% and rapid back ta .5
above the part.

EVENT 25 Shows ¥Y-3, RI. This is an ircremental rapid move to
hole &, Because G81 is active, the second hele wil!
be drilled as described,

EVENT 30 Shows X4.3 RA. This is an absolute rapid move to
hele 3. Again the drillivg eyele will be
autcmati:ally repeated,

EVENT _21 Shows ¥ 3. RI. This is an incremental rapid move to
hole 4. dgain the drilling will be repeated.

EVENT 32 Shows G580, This deactivates the drilling ocyele to
stop the feed in, rapid out motior,

EVENT 33 Show Tool 0, This will deactivate tool 2?'s affset,

EVENT 34 Shows 20 RA. Thig will retract the guall.
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EVENT 35 SBhows % —3. Y1 RA. This rapids tha tool to the tool
charnge positicorn.

EVENT_ 36 Shows ENMD. This fimishes the program and resets the
Series-M to evart 1. The machine will stop whern this
evernt is rearched.

C. ENTERING PRDSRAM_INTO_COMTROL

Now that the program is written, it is time to put it into the
Seriec-M corntrol, Just follow the step—by—step irstructions
below.,

Wher the comtrol is started up it will come up 1n manual. Fress
PROGRAM CHECK and thern DPROGROM ENTER. The screern will read
PROUGRAM ENTER an liwe 1, Ares C. Mext, press the CLEAR buttor

S times. This will clear memory arnd return controal to Event 1.

The program is to be entered exactly as on the program sneets e
use them to follow this SEeEQUenCe. Singe th:is program is
dimensiorned in inches be sure line 3, Area L reads inches.

EVENT__1 Hress T 1001 and ENTER. This stores the cgisplay
information irnkc memory and advarices to pext. Mok ce
that there are two ovent 1's. When Tiool is
gragrammed it appears on the lower of the two lires,
Whers ENTER := pressed the irnformation will transfer
to the top line amd EVENT 2 will pe ready to rereive
dgata,

NOTE:
IF wrong imformation is Aressed before prescing
EMTER, Just press CLERR orice. This will clear the
event =0 the rorrect irnformation carn row be enterag,

= A tool diamoter must bhe entered 1m the X—awxic, Fress
X.31285 and mrecs ENTER. Later, a I dimersicr will
be enrteren 1n this event fFor the tool length offaet
>f tool #1,

EVENT = Fress TI1Q02 ENTER,
EVENT 4 Press X.23 for tool diameter ang ENTER. The tcol
lergth offset for teol #2 wiil e entered lateor.

EVENT 5 Press T O ENMTER

EVENMT & Press I 0. Lame &, firea C should read REPID. if
it doez mot, press RAPID. The third lime should
show ABS (Absclute). If not, press the ABS/ING
buttomn. Eress ENTER wher all infTormation is
correct, This lirme of irnformation should loak as
follows Z +.000 R A,

— 3 -



Yi.
Press ENTER.

Press X —3.
ard fAbsolute,

EVENT 7

EVENT B Presas T 1. ENTER.

S NOTE :

lines will be put in using
press 81. The contraol
fradrate (VZ20). Fress .1 ENTER. The
dantd the ¥ plane (V24 15 1. Contral
and ask for 7 depth (which

Fress —. 13 ENTER.

The next 5
HELP; press B;

Fow all guesticons are answered.
revert bBack to the wnormal

iw event 13

Preacss ENTER ard control
progranming screen at Event 14,

Motice Area C s511] shows Rapid

HELR MODE, Pres:s

will ask for the

R plane (V&l? is .1

will meow put 1n GBI
irn the program.

will

eSS

wsaing bBHeElL R

!‘.5‘ T a 35

EVENT_14 Press X .5 Y-.5 ENTER.
EVERMT 15 Press ¥ —3. Press ABS/INC button. The letters on
the end of this iine should read RI. IFf so,
ENTER.
EVENT 1& Press X 4.5 and then press the ABS/INCG buttan.
The letiers on the end of this lime should read RA.
If 52, press ENTER.
EVENT 17 Press Y3, and then press ARS/INC. The end of this
lirg shauld read RI. 1f sco, press ENTER.
EVENT 18 Press GB0O ENTER,
EVENT 15 Fress T O ENTER.
EVENT B Press I 0 and then press ABS/INC. The ernd of
thiz lime should read RA. 1¥f =0, press ENTER.
EVENT 21 Hresa X-3. ¥Y! ENTER.
EVENT 2 Press T 2 ENTER.
EVENT 23 Event 2& throogh Event 27 will be put in
MODE. Press HELP BBI. Ther fill in the following
variables:
Vo &, ENTER
o e I S, | ENTER
YZ4: .3 ENTER
G881l is auwtomatically entered. The 2 depth
ENTER.
EVMENT 28 Press X.5 Y-.5 ENTER.
EVERT =3 Press ¥ —3. INC ENTEA.
EVENT 30 Frezs X 4.5 ABS ENTER.




EYENT 31 Press Y 3. INC ENTER.

EVENT 32 FPrecs GA&0 ENTER.

EVENT 33 Prass TO0 ENTER.

EVENT 34 Press Z0 ABS ENTER.

EVENT_35 Aress X—-3, Y1. Press ENTER.

EVENT 36 Preses END ENTER,

Afier a program has beer entered into the comtroal, 1t should
always be checked before attempting to rur the part. Ta checl:
the program, precss PROGRAM CHECK 1 SEARCH, You can now ses

the limes 1 tg 15. If the information is coarrect in these lires
press the button urder the arrow pointing down.  The control
will row snow lines 15 to 29, Compare gach event with your
program sheet o ensure the information is correct,

By pressing the button under the arrow pzximting ue, the program
will scrall bhack & page {ie, if you're on line 15 to £9, press
arrak polnting up and you will get lives @ to 153, IF wou armly
want to move one event at a time press NEXT to go forward,

PREV to go back one evernt.

If &4 mistake is Fourd while im Program Check, then press
PROGRAM ENTER, the appropriate event mumber, armd SEARCH.

The event 11 error will acpear on the botbtom of the sorsern ang
cCarn riow be carrected. Pressing ENTER returns the screen to
Propram Check mode.

To edit an axis dimensiorm, the control must be in Program Enter
fode and the lime that reeds gditing must be at the bottom of
the screpon. Press the axis that needs to be changed twice {(the
first press clears the old dimenzicn, the sgcond press
reactivates the axis)., Now, irnsert the rnew dimersion and Aress
ENTER.

I case a Toal, 6 Code, Aux code, V¥ code, Dwell, Call or

Subroutive reeds to be thanged, press CLEAR and 1nput the mew
information. Now, press ENTER.

— G
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€. ADD_EVENT
To acd a single event, put the cortral into Hroopram Enter mode.

Select the Event at which you meed to acdd ap everit. Presg .
INSERT ENTER. Thais will oper a gao in the programn and shift

Every evenl after this down by one (ie, if trkerting at EVIENT

12, this will row become event 13 and 13 will Se 14 ard sq and.

Iri cage mare than one event reeds to pe irserted (ig.. 100 Bverto
need to De imserted at Event 9). Bress INSERT 9 INSERT 8

ENTER. This will coern up a 10 event gap irn tne program and

Will move gll events behirnd this ug by 10

If tne Helo menu is used to add evearnts, themn you oo rot nesd to
TPern A Oal. Just faring the event (that you reed to irsert frond
to tne bottoam of the screer. MNow, prese HELP ard seiect the G
coce o BUX code required ang enter information a5 previously
described. When all imformaticr has beer irnserted and ENTER

it oressec, the Deries — M owilil automatical ly 1msert this data
imto thne orapram.

F. DELETE EVENT

Tm nelete ore evernt set the comtrol to Iropram Entme mode,

Bring the event to be delsted to the bottom of the screer, oress
DELETE ENYTER, this evert will mow be removed from Seoagran.

Rl events behivd this will move uo By one ramber.

The control can also Ma=zss Deipte. For example, to delete lines
10 through 20, Wse the following orocegure: 5o to Propeam Ernter
rnoEies . Frecs DELETE, 10, DELETE, &0, ENTER. This will delgte
lires 111 throuch F0.

G. MACHINE SET up

The fead of the machine snould be teammeds o0 cdeoress to the X
anc ¥ axit and the vise should be parailel tor hhe X awxis, [
workpiece 2too stould be on the left side,

Flace the part in the vise arnd agasirst the worksiscs stop o
rarallels rot thicuer tham %716, Put arn edge finder ir the
solindle, Using the hand wheels o the manuail Jrey buttorns, Fing
the left edge of part. Press MAMUAL, ther set zero by

pressing X, O, ENTER.

Hai1se the edge firder above the top of the workplece arigd, UElrtg
the readout cisciay, move the edpe fincder a distanmce half ofF its
diameter cver thne workoiecs, Set Y0 by pressing ¥, 0O,

ENTER. If you move over the too left correr of the part, tna
vreadoul will dieplay X (3 and v C.




H.

SETTING TO0L LENGTH_OFFSETS

Toal offsets can be seat With motors on. It the motors are, the
guill will have to be moved mariually,

To set the taool lernth affsets for programeing exarole 1, follow
the step-by-step imstructions below:

10,

Put the spot drill and .250 drill each in their owe auick
charge holder,

Turrm on the servos arnd press MANUAL, evern if the cormtrol
alveady repads Marual, to clear any previcous commands,

Jzg the ouill up rear the top limit. If the limit switeh iz
tripped, lower the ouill by harmdt until Youl are Just off the
top limit switch ard re—start the servoc,

Hress TOOL O START, to ensure mo offset is active.

Press Z0 ENTER to cet this &s the 20 ful] retract
positior.

Plare the lowvoest tool in the sbingle arnd set the taple
Meight using the knee, —Rave about 1/8 inmch between, Thez
t1o of the tool amd the top of werkplece,

I the toaol in the Spindle g vot £ool #l, vreoiace it wzt+
tool #i.

dog the tip of the tool dowe to the top of the oart, Tir Cia
tnis select Marnual mede press L, ard seiect tre twoe of
movemeEnt rescired {ranid, feed, 3jop 3, oo & o Jon 10, o
3 woult! be oood to start, s¢ oress the Hand Puttore urmEad

the screen reacs JOB 3 on iire g, Ares . As the tuool pet:.
clomer to the gart, Jop increments shouid be changeo.

Presz: PROGRAM ENTER. Lire 1 in Frea C snould reasc MANUSL
ENTER. Press 2 SEARCH, this will tisclay event 2 f(whipn
1= emply] ov the bottom of the aQronran.

Precs DISP POSN, This will turr on the display and show

the absolute pesitior. Press 7 ENTER. Check the Dot tom

live of the propram ersure that oriy the 7 axis is lit. I¥ X
aridlor ¥ dis lit, then press the X ang/cr Y butteon, Thic wiill
take the absolute position in the Z axis drisplay and erter
it as tool #1's offset in event o This is our digtance ~F
compensat 1om for tool #1, The contirel mow krows where the
too of the part is when using tool #1.
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1}, Weirp the Jjon puittorns, razse the tool off fhne workpiece and
clace tool #2 iv the soivdle.

iz, Jog tool #2 gown o the too of the part.

13, Press 4 SEARCH. Press F ENTER. This enterz tne
aosxliute position of I axis am= the offmet Ffor tococl #2 1m
evernt 4.

I. REVIEW OF PROGRAMMING FORMAT

Let's review our orocedyre soo far, a5 this snould B2 a stancart
format o esach Job to be done writh arny THNE,

Wex fairet peamined the prant to firg the best way fto bold B0
ocart. we then se.eckted & point to set absolute zero, seliecter
gur taoelinog, ang thought aboot a lagical sedtuence. MNext, we
wrotes the progeam. wsin a fFormat of resractimn the ool l o an
Mowities to o a tool phange gosttion Firsi,

Firairly, we grbered thae pgraoram ivts the pemory and checwssd 1%
to mser 1f 1% was entered correctly. X and ¥ zero was set, then
the too: lensth offseits wizre entered. If Lthese steps have Soer)
followed correctliy, we are resdy fo rurr Lhe part in a dry run
oradhices mode,

¥.. CHECKING PROGRAM WITH GRAPHILS

Im order to run graphics, the EMERBENCY STOP buttor must e
pulied mut., There pas to by a oropram 11 meEmcyy, tool O mosh Des
the acIive tool, ame the control Mas to De ar aragean Cheew
mode, TF fowni O jg ozt aclhive, presc MANUDAL T O START.

T enter graphics, oress Lhe soft ey which has the word
DRAW above :t (far lefrt soft keyl., We are rfow in craohilices

foader arvgd have fFiwve parameters o set,

i. Thez first oarameter that reens b0 be set i tne position of

absolute zearo. Fress 1 ancd the screern will Dmive seweral
oot ions Ffor ZzeErs lacement. For tm18 part we rmees pomnibiorn
£ ftupber left coemer), =o Dress £ and & "erosst owilll

appear 1m too left coroer of Stne coreer. This shows woo
where 2ero i Set. MNow, oress EMTER.

na

Iv: order to fit part 1rmto the screern ares o ScaAlE SiLPe Fesds
to be determined. Hress 2. 8t startup the scale sife will

be set to 1, hbut Ffor this part we meso L0 sel Lhe sooaie o

. B, o press DELETE .8. Crechk to see that you hawe

enbered correct value and nress ENTER.

e THme rext parcameter tro set s Bitart Event anc Finish Event.
S press 3. At start up the starlbing event wi:li be met at
1, which we neec. Howewver, The finisen evernt will D set ail
D whaich is incorrect. Prress NEXT and thne cureer will
mowve dowre o Faimish Ewvernt. Uress DELETE 36 ENTER. Chers

to s that you bhave entered this nombes coreecltly ang

oress  ENTER.




Tnese arse the only parameters that rneed setting for this part.
We can now run oraohics, but first ensure that the Emergency
Stop iz owut.

Press START and the control will rnow start to run graphics,
If servo motors are running they will autamatically turn off at
this time.

If HOILD buttow is pressed the graphics will &top. They car be
rectarted by pressimg START. By pressing SINGLE STEP the
grachiecs will run one step at a time. Wher a STEP message i
flashed in bottom right corvvier, press START to go to the pexkt
MY E.

Views may be charnged at anytims by pressing AUX 1 (X, Y viewm),
Sl 2 view) and 3 {Y 7 viewd.

Whar graphies are complete press END to pet back to Prog=am
Cheock.

Light lires are rapid moves. Dark 1ines arae feed moves, Wher
grillivg, ard in XY view, heoles will show as a cross on the
SCTEBEn.

K. RUNNING_THE PROGRAM
Mo that we have checked the pProgram using grachics ang it looks
correct, wWwe can run it om the machirne. Remsve the part from bhe
vise, Fe roady to press EMERGENCY STOpP while doing this dry
.

Turrn on the servo motors. Press the SINGLE STEP button. Thew
Eresces 1 SEARCH. This will insure that we start from tnhe
begirming of the pProgran. Hress the START buttom to execute
everty 1-8, Each time the start butten is pressed the control
will execute cne move of the prooramn.

kher the sixth event is executed, the qQuill will retract if o
already retracted. Evant 7 will move the guill ta the tool
charge position, Evernt & will display that the operator iz to
put tool 1 in the spindle {(the program sheet tells us that the
tool should ruw at S, 000 RPM},

Turrn on the spindie and Fress START to proceed through each
step of the program. Check each move to see that the mach i ne:
movers to the correct position at the corrert feedrate. Whern
tool 2 is called iv the program, put it in the spindle and
cantinue through the program. IF erpers are found, edit the
Bronran.

Urce this is done, put the machime irn AUTD and put the part in
vise. Preoess 1 BEARCH START. The machire will move to the

tcal thampe position and stop. But Taool 1 1 the spindle, ture
it an and press START to certer drill part. After Tosl 1 3s

ity g



firusnhed the guill will retract and the machine will go to the

tiool charoe oogitioe. Eharmpge the tool.

Press ETART and the part will be drilled. B completion of
drallimg, the ouill retaets and machime will go to tool charge

position and reset propram to Evernt 1.
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SECTION 8: DRILILING EXAMPLES
This section will explain in detail how the ooerator may uze the
crusader Ssries-M corntrol to deill irmto a workoiece. Several
features and furnctiomns are explaired; such as peck tHrillinn, oo
lyops, subroutines, ste.

. DRILLING FORMAT RULES

Wher orogramming the GBC drillivmg cycles, these are six basic
rules that must be fol lowed, The example ir fipure 24 will be
gsed to illiustrate these rules in oractical form.

EVENT: FUNCT10OM:
1. Tool 10061 Offuset for- Tool 1.
= Offset valug entered a2t set
wo.
Z. Tool 0O De—activate offsets.
4., ¥ O RPE Retract cuill.
. i—-t. ¥l. RRA Reoid to2 a tool change:
oosEitiorn.
B. Tool i Activate "omal 1| of fset,
oropram stops,
F. W2 B, Set drilliing feecrate.
8. Voi .10 Eelt drillimp start heinoht.
%, GBi Aot ivate drillivg.
10, X1. ¥i1 Z-.58 RA First bole location and 7
depth.
iy WEE WeN Secornd hole locatilom.
1z, X3, ¥iE. Third fhole location
15, Gan De—activate crillsrmg.
14, Foaoi O e~ activate tool offoetol
15, ZC BA Retract auill.
1&. %X-1. ¥Y1. RA RaJig to btool chanoe
pos it ion,
17. ENG Ere Beogram.

1. HJrogram a Teedrate ac & W, o exwample, Va8, will b a
feetrate of B inchexs per minuite whern usirg the BAD se-ies,

= Frogram a dimensiorn iv W21 a5 the neiont whipon ywol waet bne
tool to start feedine ieto The woruprlece., This wiil also be:
the poirnt which the tocl will retract to. if GBI o 587 iz
wsen, tThis dimension moast be 100 above tre sorface whoio-o
will be drilled into. V21 L1 wikl! Her the tistance at | L00
abhowve Ierc,. Thise dimewmision must always pe an apsoidte
walue,

3. If BEZ o B&% is poing to be used, procram VEZ ang bthe ©lme
(in seconds) trat the Yool will dwell at Ehe Dotton of - he
nole, VEZ 1.5 will cause a 1.0 secoro dwell at the bottom
2f pach hole whern usimo EEE o BRI, O IT anmy obher GBRO zeraies
coce it used. A dweil 1= rot performed, thereforee, VYiI7 does
teuz need to bR entered, T ernterec, VWEE muast b posihiwve,

— T
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&, If a pecking cycie B3 or 387 s nSec, the maximum pecs is
Qiven as WEE, The control will make sach peci equai and
will rot ewceed the depth giver. WVEZ 160 will set the
maximum pecx at .180. This distance is Biver &% a positive .
irerementai valoe,

o Prooram the aporapriate B coge. f listimg of all $BO seriec
codesn and a descrintion of mach is civen in Section .
G. Program the X Y coardinates anc 7 depth of tme fipst hode.

This move shouwld be in Rapid. When this evert 1g executed,
the eortrol will rapid irn X and ¥ te the programmed
RosSition, rapid the 7 axis to the point givern irm V21 as the
reicnt to =tart driliing from. It will thern drili the heale
and retract to the starting Fe1ght.

lList the ¥ andsor ¥ positions for the remairninog holes to be
grilled, Each time a rew positicm is reached, the G code will
Become active &nc the hole will ne orilleg. Rfter the last
bhoLe, orgoram o G8U to gEactivate the drilling oycle. s 1w
cvent Bearch or charnginmg modes (except changing from Single Stan
T Aulbod will also deactivate any orillino cycle.

Wher canned cycles are beirg executed, disregard the svent
mumber keing displaved. The event rombers displayes are eventm
thav the interrnal software uses.

I a feed rate is riot erntered or Your maximum peck is larcer:
thar the total deoth drilled, the machine will cweli upen
executron of the camed cycle. If the machime does this, checw
your peogram for oar ervor wusing Program Chech.

When oeck drillinmg is weed, the cortraol will assume that the Vo
dimemsi1or 1% ., 100 (&,mm in metric! above the top of the

W Ho Lo, The contreoi then adds this distarnce t—= the first
2eCk S0 taat all secus are soual valiue and all pecHs are into
Lrne workbiecs,

E. DD_LOOPS PRUGRAMMING EXAMPLE

Figure 23 shiows a part with 2aually spated holes. The same
procecures cubtlined 1vn gsection A should be fallowed For pach
oart, The first 3 steps agairn will bes 1) how the part 15 Reld,

2} where zero will be set, ard 3} what tooiimg will be used.
Since the part is small and rectarmgular, hold 1t in & vise.

fhouivte zero will be set at the wpper left corree. Tool 2 wiill
De & spot dvaiil, Tool #2 will be a . oS50 diameter dyilil.




X ;f- } TOOL CHANGE POSITION

O_:_ .25 DIAMETERA THRU
I 1.000
ok . -
X0 750 + 100
® w1

'E'F———e}%f > ¢
' +4-

P& -9 ¢
RERR R

D & -G

iR
MATERIAL: 375 x 4.000 x 5.500 ALUMINUM

Figure 25



Tre orogram will first list the offsets. then retract the oguill
and move to the tool charice pDositiorn, The firet FHole will be
spot drilled usinc G81. The remaining 4 hPoles in the first row
will be drilled wusing a do—1lono. After all holez are
center—drilled, the B coce will be cdractivated, the ouill
retracted and moved to the tool charnpe position. Toel & will
driil the holes, apain using 581 arc a series of co-loops.

Refer tg figure as vwou oo throuoh the progran.
EVENTE FUNCT ION
1. TOOL 1 Set offset #1.
= Ooen wevent for value of

offset %1,

2. TooL 100z Set offset W

&, Opern event for value of
offoet #2.

S. TOOL O Deactivate affsete.

€. 0 RR fetract cuill.

7. ¥-2. ¥i. RA Tool charmece bositior.

a. TOooL 1 Activate offset #H1.

9. W0 14, S5et the feedrate at 14, 1P,

1o, Vil Sgts the dri1lling start
heipht.

il1. GB1 Fctivate driiling oyvcle for

spot grrli.

12, .75 ¥Y—.900 7—.14 RA The XY locatiav and 2 desth
af the first bhole. The event
1= programmec in Ranid tud
pecause GR1 is active, thne 7
amnis will rap:c to the start
height ther feed o the 7
axis deoth.

= =



1.

16,

17,

18,

DO 4

Xi. R

EhL

¥-1.0 RI

Do 4

A-1.0 RO

A—l.0C HE

Bl

G 8O

TOOL 6

20 &R

K—2. Y1,

R

Do loop for the ist iive of 4
holes,

Incremental distarice betwaer
toles (GA1 is active to dril
gach increment). Tre do leop
Wwill rcause 4 holes to be sgot
orillied at j§. inorements,

End for do loop. The orogream
Wwill contirnue bDecause this
gvert otily erds the do 1o,
Incremertal mowve o rext line
(3 81 is =t3:1 attive oo
First hole is E0oh driligg.

Do lmog for vreyt livme o
herles,

Iricremenrtai Clstarice iw he
negative divpctiarn,

End for oo igon.
Ircrevmerntal move ta the thirc
live of heoleco, (BBl =stili
attive s first fole 1% spot

grilley,

Do loog For mewi itne o
holes,

Irncremaentai cistarce.
End of do logps

Imcrement ai move to Jast 1ip:
of holes,

Do loon for last Pive.

Iricremental distarice irn the
regative directiorn,

Evid oF de laop,
Deactivate gdriiling cycle.
Deactivate toel offeet
Fetract owili.

Yol charmpe posityon,

— S



T & Activate offset For tool #2,
sftoips Drograr., .
VD 1, Sptes foedrate at 10 1 PM.
VEL L1 Eets drillinc start neioht.
5 At Rt ivate driliing owele,
X, 790 ¥—_Sond - 500 KA I¢ the X %Y location ama I

dentn of the first hole.
DL o vy loap.

¥l.490 mR [ Incramert. (G881 act:ve crills
4 holes at 1. increments, i

ERD EWD for go 1oop.

v—1., =HiI incremental move anc drilils
First ROole ™ HIEx:T U

LI Do Perop.

Ke—di, 0 HI Increamant.

eI Ewmd deo leop.

¥—1.0 RIi Iricremertal mowve dowr.
Ll % Do lcaoo,

1.0 R I Increment.

END End do ioop

¥Y—1,¢a R ¥ Ircremental mowe cown,
Di: 4 Do lonsn.

¥—1.0 2 1 Iricremernt.

EmD Enc oo loep.

G 80 Deactivate ori.linc ovole.
TOO_ Deactivate tool offset.
2 RA Retract oigili.

¥X—£. Yl. RpR Tool chanpe oosit)loan.
&Lk Erig zf orogran.

[
n
o

[



Enter thisg prpram and see how the do looos WoTH wWith thes
drilling cycle. It will be good practce.

C. SUBROUTINES PROGRAMMING EXAMPLE
Figure ZE shows how te apoly & subroulire to the SAME Ofrcgrae.,
Iri the last orogram only £ tools weee used, With timis program
We will use the 3 tools that are described on the toml shest.

Hawever, by grotiorvie 0o looss in a suhrautine bhe Rreocram will
be shorter thar the lacst examnnle evern though you added anct Fer

Tl .,

Subreutine | wiil be the series of go losos used to positicorn the
Tahis to e Aois LAt igres, Tite same sooroutine will bBe uysed

to soot drail, se3ll are cournterbore the hoies, Llee figure
For refevence as you examine the oeocram.

When writims a3 subroutine ensure the information 1w tqe Sup hasg
Crily The $RIings vaua want repneat sc, s av examoie, thiz Sup walli
JE LSed W1ttt all the toocls, Each tosi gqoes to the =ojwe lacat ion
St BACN will have a dlfferenct foecrate, will use o 21t ferprt
Carm@c CyClE and Wwilil macH:re oA gafferent degin. S, thece
Sre Thirns trat you wot i TEE out T the Sotlrecut 1 ne,

e things t3at wil: nbe VEPEALEr are:  the co looos for sgea
~irme of holes: the rroremartal move G 2acn llrge of Roles: anc
tarcellation of tAs cavmed CyCle whern all the ArEiliorins ioves

are Cconolete. Mz matber whai too] yvou are LWELTID. WOW W L. mEe
o CEact:vate thne tool c¥Fset, vetract the cuill ancl mave To b b
trrol chavpe Dostzon. Because (nese 1rnstruch o wilil he

regeated with eaco tool., the=e imstructions will pe i the =i,

Bivica you Alreacy wrste the oragiiale wibthogt SGG"s, torre bace e
Sxamdle ¥ anc look az evenis 15 {5rougn 3t ang 37 throant 5T,
ThEy @ BHACE 1w the coage. That 1% wiat the SULMAUT L ME W §
ook like,

Ore morve thing to rememcer., A subrovutine s Alwave entered irmto
the evernts that follow the maim program. Sf the paiv orsorar i
From eveant 1 tarcugh evernt 2%, the BLDTOUEI e wWodld be en:erou
abt event 30, To gearch For a Sooroctine when ed:tirc, precs
SUBR 1 EVENT SEARCH.

|
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18,

13,

HH
L]

TOOL 1002
TEOL 1042
TOOL 14003
TOCL ©

I RO

X—-=, ¥ 1.
TOOL 1
Vo LE,
VL.l

E81

L.=. 140 FHA
AL 1
Yoo 2
VEO 10,
WMElo1

G&al

2—.5 RO

RA

-

-
-

Set offset #i.

Open event for value of
offaet #1.

Set offset #E,

Upen event for valoue of
offset w2,

Set offoet #3.

Cper evernt for value of
aoffeet: & 3,

Deactiviate ary tool offset.
Retract cuill.
Move to tool Ccharmoe pomit:on,

Activate offset #i.
Bets oot driling rate at (5
1P,

et drillivg start heigat,

Roctlvates carnmed drilling
oy ie.

Depth to pe soot drilied.
The GBI drillivmg cycle will
ot talke effect urtil am X
ang/s/or ¥ poardinate 1s
executed.

Exll subroucting #1. Trvies
will soot fdriii all heolesg
tecanse 5—8B1 19 artive. G
to BUB 1 argd Follow the
pr>oram to se@ MowWw the [olews
wWili Be spot drilled. After
the sub is executer, the
progran Wwill return to Evernt
16.

Hetivate offset #2,

Sete drililimg feedrate at i
IPm.,

Sets Orilling start heicht.

Aoctivates canner grillimo
Cytcie.

Depth to b orillsd,



Hl

M

Chao_ 1 Eall suorout ime #1. Thies
driils all holes pecause GBI .
i= active,
IO X Aotivate offset Bl
Yzo A, Sets counterboring feepdrate
at 8 Jam,
b =R Sets coumterooring start
depth.
Mez 2. Sets dweil time at 2 1= Tl T a0

at bottem of courterpore,

s B2 Larmed counter horing oyeole,
EL 280 RS Deoth to e courter borad,
Eatl 2 Call subroutine #i., Toyvis

will couynter-hbore ali holeo
Cecause GAZ is actiwve.

i~ ML End of prooram.

=08 L Label thig patterr as
Susroutine 1.

XLFR0 Y- 500 RO Fires X ¥ location 1+
natterin.

B o4 Do ioop for 4 noles.

¥—i. 0 RI ircremental vistarnce in ¥

axis toc mext livne oF holess,
o ) el for oo lenon,

¥—i.0 RI incremental distance 1w ¥
axiE T2 rsxt liwve of holes.

— Sl —~
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Z6. DD 4 Do loop for 4 holes,

37. A-1.0 RI Megative irncremertal cistarce
acrosn X axis betweern halies,

8. END Emd for do leoap,
3=, w-1.0 RI Iveremental distarce 1m Y

gaxis to mext line of Moles,
40, DO 4 Do loop For 4 noles.

H1. XK1.0 RT incremevtal distarce in ¥
a¥1s to next [irme of Holec,

47, &nD =re oy ao  lewon,

G5, ¥=i.0 RT Ircrenertal distarece 1w ¥
axis to rext linme oF el =s,

G4, DO 4 Lo ilcom fFor 4 Salee,

4. X—-1,0 RI Megative i1rcremnertal Cistance
SCross X AHis beLwesn Moips,

4E. ERD End for do loep.

47, G. BG Dractivate canmrmed dea i ling
oycle,

48, T{ZOL 0 Deactivate tooi offoet.

42. I0 RA Retract acilil.

S0. X-Z2. ¥l1. RA Move to tool change posit:on.

SJl. END Erd of subroutine.

By nsing subrout ines, wyou cet Ghe orepran from S5 everts (s ing
2 toolis) to %1 events {using 3 tooles, ) You saves T pvents arnc
Bic one combletely rew operat 1o,

D. NESTING PROGROMMING EXAMPLE

Im this program, we useod "nesting!. Maestinmn is suttivmg a
catterm irgide of arzt her patterr, Our do lomps wers the £3ogh
patterns. But by grouping them in a subroutine, we put oy
Firet patterr inmto a sab patterr that car be callec ariytime we
nead it.



Autting oo loops ivte EaSrcui imes ic cee Form of mectlowp.
Hrother form as to cail 8 subrautine ang e that =ubroutine cait
g =econd subrout i ne. There is rno limit ncow fa- you can rmect
with tne Lrusacs:r,

£. PECK_DRILLING_PROGRAMMING EXAMPLE

Ir this exampie, you will use the GES {Decw dr-illing! cooe te
make the oart =hown 1n fapure 27. The micdle row of Aol es will
bee listed 1n subroutine 1. The cubtside gattern wiil Be Iisted
ais SUDPLatine .

£ spxt-ograli (tool 1) will usse both subroutines are will
spot—arill each hole using the 58T coge, The second ftooel, a
L2250 drill (fool 22, will use subroullvEe 1 oanc will Feck aridl
the center raw of holes usino GE83. H 373 dr1ll dtool 3y wild
use subroutime 2 ang Will peck orill the sutsi1de oattern of
noies Lsing the 582 code.  fn explanation of each evenmt For bl
orograx is :isted beloaw:

L. TG, 1001 Set offwoet #1,

= a Open event for value oF
offoet #1,

. TOOL 100g Set aoffsst #He.

4, Oper event for wvalue of
ocffset #2.

SD. TOOL 19303 Set offset #3,

C. Ooen event for wvalue of
offset #3.

F.o TA0L Q Deactivates of feet.

A, 20 "R Retracts guilil.

F.i-g. ¥Y1. RA Hapids to tool change
oDoSitian.

10, TOOL t RBctivate tool L's offset,
stops oragram-

il. Vad, 4. Sets drillivnog feedrate.

12, V&1 .1 Bets starting height.

- —
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1 8.

13,

=

HA
M
n

0 Bi
2=. & RR
CHL. &2
£ 1 35
CALL 1
YO &
Ven B,
LVt R |
VEloL1
G B3
=0 1
CALy 1
TOOL. =
Vo 10,
LT B

R

Activates carmed cyole.
Driiiaves deot,

cHerutes HLE 2, spot orall
cutsige nole malbtess,

Sets rew Sr1ll oeotn Toe
middie row of hRoles.

Execute suo 1, spob dreall
middle row of noles, carnce.ls
crirliimp, cancels toaol
offses, moves to tool change.

Activates tool & offset,
SLO0s orogran.

Sets feedrate at B [ Dr,
Sets startivo neight.

Sets maximum peck at .13
oes0, The comtrol will
caleulate how deep to mabe
each peck so that each ocme 18
ar 2aual denoth anc does not
eHoeed the total depth.

F

Activates carred pecw
gri1llivny ocvele. The tool
Will retract to the starting
1einnt afier each peci,

Setes driiling cdegts.
Txettes uwub I which peck
dr:illis wmicelle row of fioles,
ceactivates GAZ, deact:ivates
Yool lewpth offset, retracts
Culll anc moves to teeod

chianoe position,

Artivates tuol 2 of fuet,
staps oronran,

Sets fuedrate at 10 I0M,
Sets starting height at . 1.
Setw. max peck at .2

Fctivates carmed Deow
drillirp.

N
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&,

47 .

“B.

=
=1,

.
HE.
i)
e L

o,

L

A2.78B0 ¥Y—, 375 RO

Y—o 00 RI

Kl. ¥Y—.E9S RO
£, 500 ¥y—2. RA
Xi. ¥Y—3. &% RA
K&, RA

X, 0 Y2, RB
¥4, ¥—,Z27% RO
END

Sets drilling depth.
Executes SUR

which peck drills outs ide
patterrs of holes,

Deactivates G 83,

Deactivates tool lerigth
sffzet.,

Retracts guiil.

Fapids to tool chanpge
location.

Erd of orogram,

Start of suoroutine 14

Moves to top hoie of mipgdle

Ol

Sets do loop to be repeates &

times,

Incremental distanco bet weer

holes,

EMND of (i [l ll::rl'.:rﬂ.

Deactivates carmec crullimg

cycie,

Deactivates tocl leernctn of T

s&t.
Fetracts ooi 1],

FRasicde *o too coanos
D1t ot o,

Evo of subroutine 1.
Etart of subroutine =,
Events 48-52 jist ¥ ¥
locations of the =T~

cuagranl mrattern oFf
holes.

Erid of sunrouat)rve o,

-



F. MIRROR_IMAGE PROGRAMMING EXAMPLE

Mirror image is used to change Sigrn of & dimersiown, such as
chanping X+ to X—. This feature is helpful for many
Anslicatians such as left ang right handed parts or moic

=R T THe part showm for- Example #5 (Figure 28} las, a mole
agitern that i1s the same on each side of the zere reference
goint. By wWritivg a subroutine wath the hole locatismms For ores
Ruarter, that pattery can be fl:ipoed using BAux codges X and ¥
forether! from plus to mirmos o pieds to ologs.

The pragram for Examole 5 will be weittern usinmg & subroutines,
the firet will have all the hole iocabions in the upper riging
cuaclant. Thre cuatrant iz chosern because all the dimercionsg

are X+ Ye amd yoo 0o owaod Rave (o renember o polt @ i 5 a

i

BUE # wWill cail SUE I whicr will positior toe tool teo o all Lo
~Cirat toms n Lhe ggoer riabt guadrand. BUL & will positior bher
Lowl %o all the lecations in the vooer riaoht ouadicant, ELE =&
wiii ther ackivats fOus 100 Lo misrer @&ll bhe ¥+ ocomemnssoes be K-
arnd oail ZUE L apgarrn. This will ormi1ll %me holes ir +me ¥— Y4
ooeacrard, HUX 200 o thern to be procradmes o mirese the
rattern 1n the Y awis. Riair, S ! will be caiisac, Thus owlLoo.
grgls: Lhe molss 19 the X+ Y= coadrant, WERKT, We [MisT mitror @ hes
mriglral catbern acrGss X oano ¥ oaned agailr easll SU5 L, SR
grille Lhe hoies ik LAe X- Y- guadrant,
He QLUK AOD L5 orcorammes Lo out oo slCvs [+ o - DED- f
L] P T The EBI and offuel are cesctivabec. the o Ll e
cELanbes and ol to kool charnpe oos:tioe, Yro tig may Wz e
el HUR O to spod wrnll o then Hriliothe setgee Cart.

De. TOD_ 100y Sete offoet 1,

i Coer event For yalop o

(L = &
o fopt 1,

e TADL w00z Sulsg offaet HE,

L doen avent for wva,.s of
af fget,

g, SRRSO Deactivares tool offgele,

. 20 ORE dgtracts o131

To K-30% YOO ORA Rapid & tool oharnpe

e A I S

H. TOGL 1 ABriiwvates tool i offset,
T oOvapt stoos,
9. MEDG LD, Sets drilliirog feecrace.,




! STSDRILL THAYU TYP,
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e 2000 =t

1
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MATERIAL: .50G x 5.000 x 5.000 AL LUMINUM

Figure 28
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LY

il
M

Yal oLz Sets dralliimg start heiohs.

el Fetivates drilling carnmec
CyYolE.

2= ARG Bets oriliivro ceoth.

2. O ) Executess HUBE & which mirraors

SUE L to geill entire part,
See SUBE & for details.

OO & Botivate=s toecl 2 offcet.

FC o e Sets feedrate at 15 19O,

WE sl Sets drillimo ~ start heickr.
WEE AR Sets maximum peck ciohavice.
&3 Fotivates peow carill ovele.
Z—. RS FO Eets or2lilne deciha.

R 2 Ewecutes SUHR 2 o peey crilli

art,

EWD Enc T g ncran,
Subn 1 Start of sub i,

¥ Yo oZL R Everntg &3—2B i1st bhe ¥

SndSoe Y lomations For the
holes i bhe K+ Y Ccuadrars.

XoD00 ¥, B30T RE

xe. b

LD E-c oof BubB L,

Sl = Erart of SUR &,

a1 Erxecutes S5HB 1 whicn erills
aoies in Y+ cuaadrant.

LXK 100 Inmstructs the comtrol to.

charige thne sign of X amis
cdimensicars from hera o,




QHTDH DRWG. # £xnerme £ 52 iy Jerigg PROGRAMMER

SHEET

ANILAM CRUSADER PROGRAM SHEET

57 DATE 2-/3-8°
TOOL LIST OFFSETS SETUP INSTRUCTIONS
Toow 10 3ear S s @y Bgern apipe (T T N G -
B aben RIS spor @ summm domwe | OO0 UPOR ®ag
=l LN & o
T
il 8 | 1 R EE
1 1Tooc (@O 131 Exr
2 1y o Z il 1A 22| Sup 1
3 | o0 ids 2 23 | y. 5 i | A
4 |y 2722 2t | 7 b |2 )y 2 £ |1
P e Lo 25 fyis 1Y.S5 N
6 zZ & A 128 | y i Y. | £
7 |x-2.3 Y & e |a % |y, 3 Y. S e
5 |7, p 28 | 7. ar
8 { v2o 1S, 29 1 Eup
[add g | i [ Y] Z
1l et | ;] 2| Cace 2.
I 2 Z RS @1 A |22 | Ruvy | OO
B ] W 2 33 | Cace 1
: Too L 2 24 | Auy 100
51 vira P 351 Chace 1
6 | o { 26 | Aux | oo
| 2z 2 7| Cree | 4
8 | 2z 2B Aoy Hoo
/9 651 ¢ A 13¥* | £80
20 | e 2 0 | Tococo @




SHEET__ 2 OF 2

ANILAM CRUSADER PROGRAM SHEET

\ART OR DRWG. # Axamerq Sz /7l Trraco PROGRAMMER BIT DATE _2-/8 -&< ®
TOOL LIST QFFSETS SETUP INSTRUCTIONS
Sprr 4s swser 4 Qputh #S SHEFT {

i z @ A1

2 |x-3.5 | ¥¢ 21A]®

t3 | EnD 3

#4 4

- :

w6 &

w7 | 7

w8 8

«9 9

$0 0

31 1

32 2

3 3

4 4

5 5

56 6

57 7

58 B

79 g

) 0




33.

Sk

7.

Caul 1

ALY 200

CAL. 1

ALY 3ao

CRl_L 1

Aux 800

Ef=14]

TOOL D

Z0 RA

A—3.5000 YO RA

cMND

Fuecutes SUE 1 with ALY 100
acttive, drills holes in X-
guadrant.

Changes the sigr of ¥ axis
Combta il s .

Expcutes SUER L with RAUX 2040

act ive. Deills moles in X+Y-

gUuadrant .,

Changes the signs of X— ano
¥—= commands.

Executes subh 1| witn Rux 300
active. Drills noles 1n X-
¥— nuadrarnt.

Dpactivates Mirvor IMRDE.

Peactivates drilling oyocie.

Deactivates tocl lemphh
offset.

Retract=s oulli.

Rapids to tool change
po=1itiorn,

Ewmd of SUB £
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EXAMPLES

It is recessary to understand the format rales that are used
with %Me Crusacer Series-i Theese vies were extlained eparl ise
i sectionm 6-1, Pleaze review that informatior ogrior to
reading the following examcles.

5, CIRCULAR MILL ING PROGRAMMING _EXAMPLE

Tool #% 1o a 500 emd mwill., It will be useg at 1800 REF with &
fepdrate of 10 P The part is screwed to a Fixture aolate, X
and ¥ Tero is set 1n the lower left nand corner of the part.

[ =
Aerember Ehat you are programreing tne center of the ta0: so
v e proorammet ragius of sach gorrmer wiil be the part raciut
+ or = the cutter radius.

You will use the upper left hand corner for the start Doint anc
w2zll i mo il areound the pari. The bmel wili be wmomitioned So
the cu*tirms edge is on the ftoz sdpe of tne sart anc 100 off t4e
left c:de cof The part. (Thiis s Tor Cigarance S0 Lhe ool does
riot Ccrasa anto the sioe of the woirikpliece. Tmim oas Miliinmg
Hogsitiogrn @o

Eaot milliwmg posttiom i numbered 1w the order im wnilch would wil:
ragichimes the oart. Resview frioure 2% ang ase iy for reference as
Yol wrrite tRe oropran.

Tha sel—un &mc ool l:st are out at the too of the Sroorammiag
cheet. Events 1-6 are 4Lhe stancard formal for stavtinn a

v O T AN The offeets are listed, the guill is rectracted anc
rrwed to She tool shamce aosition. Taot 1's offset is
artivatecd.

Ewert i Weowes the towa! 1n razic to oosltaior 1.

Ewprt B: Rean: oo Lhe tool bBg L i00 aorowve Lhe Yop off Bhe aart.
Ewert 51 Serts the feedwvrats to 10,0 180

Evarnn 0 Feedys the tool to culting deoth.

Ceapee the tocol to comition & {(eoles 1 ams & For
circuigr mikling from Sectiom 2.

Zyeni 11

Evernt Lo: DeEscr I hes arvc and divecticn Sk o (rale 2.
Event 1.5 Describes LR arp center (Pule &),
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SHEET __

ANILAM CRUSADER PROGRAM SHEET

OF

IQTUH DHWG.#F'-*““'” oo b ifmeats o4 e s PROGRAMMER ARy DATE 2-2:- % -
TOOL LIST OFFSETS SETUP INSTRUCTIONS
T{"f‘!f_ f SOFYS e R o, i - e T B
Se- ¥ & o J
Fmd . i
R R P v R
T Tome P 121 e ce e
g {48 7 Too AN S 28 s |
31 Ton & 23 |y,7350 = A
| 4 2 e 124 | Gec g §
@ |1 Y 3. gl |28 ix.750 | ¥.75 <l
6 | 7o i 26 ly-23 V.75 sk
| T fy=3250| Yé.23 A P2 P
8 g, 7 |~ |8 s | F
| 9 |Fess =2 122 1 flec £
ad BRI I FE 30 {y.5 N3 L
N |nez, i o 8 138 je.s VR T #
2 | o s 32 1 Ave ) -
iy Vi aond | VEgE = o |23 Y .
4 by w3 | 375 = F B34 {Toor & i
5] Gge i 33 Z @ | £
'8 Y. 75 = A f36 e o £ T
Ty &, | A =7 = s
’37 Flise Crr 2B
I » o TIEe sl B
20 N -.75a¢1 Y-.354 SN Lo

1 P T s S L o L]

ety AT T

o




vl

zvert

cwveart

Twvant

Eveart

Sk

T Y

=wert

SR

CwoaeT

RYY TR S

ERRPEELNE

PRI Jo

TWER T

vl

R TI=h ah A

T ETIE

1B:

19s

O i Y
s )
. M

m
-

fur
[

e

L]
5

-
i
~E
1]

[
m

I
ii
B
"

i)

T

i
i

L

L]
Lul

L
r
[T

1]
Ln

Cescrilbwes the Finish point of the are (roie S
The laszt arc event (rule &),

Temds the tool to position 4.

Tpeds the tool to position =, This is meesec o move
the tool o the start point of the arg {(rule 1 anc
&

Describes arc anc dirvection TCW (wuie 3.
Leseribesn The arc center. Tt i= described
irmoraprertally fronm the start poavet. Tie cemter oount
ard Bhnc oint masnt be defirec ag @ & Aaxis position
irule &Y.

Ngsoribes tae firisk poirmt of the arc (rule S,
TME rasl ars Byent,

Fgeoe the tool to oositicor: 7.

s g Toal to positiorn B

Dwev g hee arec anc Cirecticorn W,

LHEsEcribes Ther st cantee-

Describesn the aro firmisEn DoLimt,

“ha la=t aro evert.

Feedys the ol 0 posaitioys LU,

Dezmocriioen ary and gimection Tw.

Uescrs e the arc center.

Deancribes the ar: Finish pornt.

-

g lawst are event.

I
T
H

Fe: p=tre@mental mowve to ge:t the tool o 1 hez

WOT HLDLIECE.

ractivates tocl 1's of foet.

Retracts the guill.

Rapids the tool back to the toel chamce oos) boon.

Evids: the program.




Frter ant checd tnils program anto memory. Yo, Cari out a8 sreEel
= maper or boe table and 8 per in the suindle o oraw treE tocl
pakvh to checw Lt To do thas, =t the too. offset when Lthe pem
Lo i the spaper and chanpge event 10 to Z0FA 5o you do naw folve
e pEe oL a85l 1rnto the paper.

E, MIRKDR_IMAGE PROBRAMMING EXAMPLE

-

Tmin examrple (Figure 30 has four siots (D00 wide that oo
throupn the part. A J5S00 erg mill wiil be used. Hirmoe tne
sicots are the same width ans lemgth, the dimersions of Ene cfot
will be Put iroremestal ly 1nte a8 subroutive an wmilceos lmage wili
we usmpcd ko 1vvert the direction that the slo? moves.

Te. o triam suDroutite, alomng with thne mowes Lo ouh the =slat, woul
wl. atmo pot the mowves that will fesc the cutter arnto tne
WiTE i L B ER, Winer, e siof has besr cut, tMis will also move o

custer uo out of Lhe plece. Tivaily, you wiil out n oar HdX G0
to: depackrvaete ary oboer mireor 1mMabe.

T Fare o Frgure Boat begirnirnc of fthis manual faor a drajrarn

P e mirTor—imMacE Cuadrarnt S

Tump: =01 ThEse eventce have the same Format s 2>l the
orel rams.

SwarT 7 Moo toe cotbter to the abooluate cosibkroar of o
starting pornt For the First zlot.

Lwart £ Umgatiovme the cuther 100 azowes thie oart.

B, q: TealiLe sumepontime #io%a mactanes the slot.

Twgng 10 Demm s fmre Lae cuktrer o the apsciute oositicr: of the
suarting goink For the mert slot.

Ewersn 13 Torrors thg X=~aris Cimnenslons.

T s EA 1 Tai e egbyecat nmes #i.

Svert 13: Puosisiearse o the start poirt of ftne rnext sLot.
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SHEET
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/

ANILAM CRUSADER PROGRAM SHEET

DATE _//~ /€ -é’-?.

KAD

TOOL LIST OFFSETS SETUP INSTRUCTIONS
Toor L: 5 Borrom COTTrarg ARDHILC, Roace net 1o VIEE wiTH Locdrag
@ Liow 201 BY R Liin s
Ssr X, ¥ '@ v uPPTZ LEFT cobnidi?
OF PRET
| |

SVENT RAPID mmlwﬂn '= RAPID | INCR
NO. JFEED | /ABS | NO. {FEED | {ABS
V| Tooe | toes 18 -2 Y 1 e A
2 |v. % Zice | A4 72| Eum |
3 Tz, & 23 [ Sop g !
s Z0 1 A1M I Feen 75
5 Ix=2. | Y 1 7 | A |25 -3 i F
b | Tomc Fi " 1 26 {x-\.z235 | Y-Lzg = T
7 |xig25 | ¥=373 24 |27 | =.4 | 7 |h
8 | = . { V4 s Qo
¢ | (Bee 1 | “ND
0 1x2.3725 | Y5375 4 ‘;
't THux 1o0 I | |
"2 | Chee { :
'3 |¥2.375| Y-3.425 Vi |
41 Box 200 |
‘s Chce {
B ¢ hdas|VY-%é2s 4 |
7 | Aoy 200
18 | Che e 1
il WELTS &
20 Z P &




Figure 30: MIRROR IMAGE MILLING



rmwErrt L4 Mairears the X and ¥ amis dimernsicons.

Zveant 153 Dalis subroutinse #1i.
Event 1&: Positicons to the start poirt of the last =lot,

Evert 17: Mirrors the ¥ axis dimersions.
Event 18: Calle subrodtine 1.
TweErnt

1
2 beactivates ftooci offset, retracts ouill,., foves o the
tool chamoe positiorn and ercs the orogean.

Twent £3: L_Labels sdabroutine #1.,

Cwvard Dy Fgoorate.

EveEnt 25 Feafs tool irmto the pari.,

CwEnt 2o Xoarnl ¥ omnwve b ek bEhe s1laot.

Tweml o Feede bococl cut af ftnp pace,

Ewert 2&: RUX code to turm aff Al mireor imanes.
Twerh 29 Ends tne sozrouloe.

. X_and_Z_CONTOURING PRDGRAMMING EXRMPLE

The progran For Ffioare S 4sBs 8 00 1osz b cowmicour e the 1 oasoc
£ 2H1I=. Flrry cort ol tr SMe X2 or ¥? zwis must be come wrtiy &
Dalimise gric mill or @p BNE KL LI owlikh & Ccormer rac 1ils. =

AssiEe thas the pary mas besr ooupoed ook ang tls orocran wioo.
tare 2 Finisa cut,

Toe =no m1il will fee! Ccown alonz thae aope oFf the part, oonToos
Erne raciue, ferrc 7 bthe center of £t othies wangius, contooe,

TERG wm giovg the edoe to Toe too of the pars. The gutter wul
Loern Lneresmers L0582 10 bre ¥ gxle @i o0 LU Brllre SESCENCE 16
TEWErSE. This BrIiirg seouence s reoeated 25 tines to move a
Lotan distarece of 20000 pveches; 2 ow 033« 200 = Z0 0000
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TOOL CHANGE POSITION ' [
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Figure 31: CONTOURING
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Evert 1-G6: Defimes the taol offset, retracts the curl oo woves
to the tool change position and activates tool #Hi'c
aoffset.

Evernt s Fogitions the center of tne tool insice tos lefs
ecce of the conitour.

Evert 8-11: Feeds the toczl to the start point of the fuirs:s a-c
and staris the do looo msousnoe,

Evert 12~15: Corntours tne first arc., MNote that you are
programming the center of the ball emg miil, nou
the bottom oFf the cutters.

Gyt LE~20: Feods the tool bo next arc start polint arnd [aTil) oL b o WY
it.

Evert £l-73: feeds the tool to the tos of ihe pavrs, inoravento
LSO im bhe Y oaxis, SMern feeds down to the Stact
aownt of the next arc.

Evert S4-3I4: Dortoors the arc, Teecs the tocl o the rnerl aro
and contaurs it. The tool tnen feecs oo tng oo oF
the part ard ivcrements 1rv Y . 050,

Ewers 25: Epds the co—-ioop wiich was staried on event 10, L
thic way everything betweern evernts 1O and 22 wl..
e repeated by Using & Co—1000.

Cyaprt Te=329: Deactlvaies toonl #i1*s offset, retracts the cuzll,
rapices to the tool! changes oostilor: ano 2Ros ©
|0 ae.,

e

wig T -






This feature should rot be used until all functions of the
contrel, discussed so far, are understood. It is strongly
recommended that yvou use the comtirol at least ong week before
using cutter diametey compensat 1om.

Previously, you have had to program the tool center. If a
different size cutter is going to be used hesides the one which
wag programmed, the program would have to be edited for the e
tool size, Mow, cutteyr diameter compensation can be used and
the comtrol will calculate the new dimernsions for the new tool
path. The program does not have to be compietely edited.

Cutter diameter compersation can also be used to compernsate for
the full size of the cutter. Ey programming the part edge and
using cubter diameter compersat ion, the mew tool path at the
center of the cutter canm be calcylated by the contrel. All of
these situations will be covered in the Following examnles, The
default condition for cutier compensation is that it is active
in the X¥ plane. If a hall—ose end mill is used, ocubtter
compensaticon can be used in the ¥7F or %7 plane.

All of the following examples show ornly XY plane cperations -
but the same rules apply to X7 or Y7 plare compinations.

To select the plane ¥You wWish to use cutter compersation in,
program one of the following rodes prior to programming 541 or
G4&:

517 — {(default) selscts XY plane.
518 - selects XZ plane.
519 - selects ¥Z plane.

Each of these three codes are modal and stay active until one of
the other codes are orogrammed .,

H rew toal path o1s calculased Dy Toe ontrcl tao the left e
Piohat 0f the deicinal orouramnes oceto, I Midures 36—35 wou car
ATSuUME N8 part gdoe was oroneanmer), Therefore, tas part ecoe
it tme ceicinal orogrammed ceath, im Aiture 32, :f the ooart waon
pediiranned feon posvns A fe aoird & oane comt s naec SFDUTL ThE e
an that gireotion, Ghe cutter woulio Mave te be placed om the
ety of the origiral patn te ont arciingd toe outside of tne

rmart, The oonmasrnd to coreosncate tr the left 15 B4l

if the pari was tragranmes fron sosmnt B obo acint B osemo oo e e

aroune the aart ain thar dleection tae in Fagure 3%, the cutoes
woillel nave bo o Me olamed on ERe rrcht FTog oracieasl prOoesanes
dath Sy out aroury Lthe cuteioe of ©he Lar . The ocommand Lo

rompensate to toe riught ie Gag,






Stucy Figures 34 arnd ZD. If the part edoge were programeiEc.
Write down the correct commant (B 41 or B 42! to move the cutter
as shown from oposition & ©To B, The answers are DE L. Rlso
write dowrn the comnmard (6 41 cor B 42 o move the cutter as
ghown Ffrom B Ge A

Frgure 34: From A to B: G 41
Freame B oto Ay & &0
Frgure 30: From A o H: G 4]
Freom B to A B 42

The distarce the cutter 18 to stay away from trne programmec oath
will deperd or the size of Lthe cutter being used and the way the
part 1= programmed. In Figure 364, the part edoe Was procoammes
and cutter compermsation is used for the full diameter of Lhe
cutter, The wvalue of compensaticr in this case is 790 (the
full diameter of the cufterl.

When orogramming the part edge, the diameter of the cutter being
used will be the wvalue of the offset. In this exampie, & 750
cutter was programmed.

Wher the program was rum, & /2D cutter was all that was
available. Cutter compersation could be used tao calcouiate the
neEw tool path. The offset wvalue will be 025 (the differerce
between cutter sizes. When a full size cutter is procranmeds
ard ar undérsize cutter used, the differerce in their diareters
iz the wvalue of the of fset. In this example, L DES 15 thie
offset and 542 (cutter to the right of the programmeo pathl is
used.

Irr Example 3EC, the tonl path was ogrogrammed for a 750 tismeter
cutter. HWhnemn the propram was ran, a (B7% cutter was choser.
Cutter compernsation could be used to calculate the rew tool
path. The offget walue wili be ,128% (the amount the cutter ic
oversize.) When a full size cutter 18 programmea anc arn
oversize cutter is usec, Lhe differermce inm theivr diamaters is
the value of the offset. In this examnle .125% is the offszet

armd E41 f(cutter left of the programmed path!) is uses.
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These cutter diareter offset values are usually evtered inmto the
orogram by fme gperator whern the actual toocl mize is meacurad
durint the machine set up. 1ust as the tool! length offoets are.
The offset wvalue 1s ertered in the same event that the tonl
lesgth offset value is entered. For a cutter ciameter of Faet
value of 750 for tool 1 and 2 tool lenpth offset of -, 913, the
everts would be:

1, Taol 1001
2. X. T8O I-.7319

The cutter diameter offset value 12 out inm the program as an X
walwe 1r the evernt followieng the tool 1O0L {or tool 1002 For
tool 2, etco.

i TURNING COMPENSATION ONM_AND OFF

The cutter diameter offset value 1s entersd in the orooras asfher
TODL IO, Thiz offset must thew be activatec later by
grogramminog TOOL 1, Tne TOOL t event will temil t=2e cortrol to
nea the offsets descrited for TODL .

If no offeeics were piven in thne event follow:zvg TOOL 100, tme
cortrol wiil assume an of feet of zers, Fafter the tool iz
programmnmed, the control will mase the offagte active, BT AP

iength offset wiil become avtive immediately. FOSeL o 4G muss
2 orogramiied so the control 4vows 1T compensatilovn s e taee
wilace on the left or owm the right. The G41 or G482 event
activates the cutter diameter offset during the rext ¥ angdeoen ¥
move , This wili: e called the "ramg on® move.

In Fipure 37, arn offspt value iz pilven for tool 3 armd is
acrtivated by programming TOOL 1. The taol is grogramned o move
to oosition A and a G41 event is ertered. During the rexs X, ¥
move to oosifion B, bthe cutter diawveter compensatiorn wilii taxe
affect,

After a G41 or G422, the cernter of the cutter w:ii Alwavs raml—or
to a2 goint perpendicular to the rext X ancsor ¥ move. Tei Ficuges
47 th:is poant is Bi, which is aercendicular to tRe rext 1Y Move
Froom B tao C. If we had programmed the tool to start at sositzorn
G and ramp—on to position By it wsuic stall have moveo fo goome
B 1. It the cutber was at cutting ceoth iv the workolece, 1%
Wonlg cut the corner 0FfF the workpiece as shown. From thuis
edanpie 1t iy evident that urderstarncing the rasip—on move woee
ivaatiating vatter diamatey compernsation is critical =o that wa o
ramp=on naves will be programmed.
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Tipcuwre 2R shows what bhagens ahes cabter ocomosnsatlor s Luemern
afF, Ga4tt s used o fwernm ofFF compernsation. Bfter the ePvent t.
rove e hodl to gositior: Bowas enterec, a OHI war erniterec. L=
G4t causese the cuiter to stoo at a Jositson (2 1) whico s
nerpendicuzar to the orevious X oancSor ¥ omowe. The orevioWs X0V

move was from B oto E, =0 e tool will stoo at E O,

SFips L S48 evert. e cutter will weawve away Trom Lthe pard
durins dhae reuxb ¥ oand /o ¥ oproave.s Thigs wi:il e Ccaxlec the
rama—e T Bove, ok iter thE paetn the tool would take From ooint E
1T o ooomit F. If oroocrammed from soimt E o poainmt 5 owitin e
cutter at cuttiro deobl, (6 wouic ocul Lee cormer off the

Ao rupDlECE.

L. COMPENSAYING AM_INSIDE POGKET

Froure 2

' the correct way to oroDean an inS1loR pocHetD.
Pooami Bomust

|
It
A
O
i £
m o

at ieast e gutcer rediuvs akay Trom the oorner:
af the acchked,  The aocket was oroporammzas oourt By Baz, poivt
B, C, B. . ¥, B, B43 and bacs tc £. Follmwing SMe vLles a0ove.
Mg rama-an mowve 15 the ¥Y=axis tool mobion From & ko B Tre
teagl mtops at B L owhigh 1s oceroendicular Yo BOO, BT T 15 %The
next XI—axis mnove. iThe tool will aijsc stos at 8 1 woen Gal ois

procrammed afther nhe aove from Fote B

Fipure 40 shows wWhat woulc hezper iF you grogracmed the vamo—on

mowe  Fron & te T Foliowint rules, the tocl woolg move to DL
w—ich 1= =weragerdicualr to fthe next ¥ awis nove o D fto I )

simiiar nrobien wouid cocedr 1T a2 Bl was meoprannen efter olovine
froam F oto O The kool wowid shtoo at L2, oersendicular Ba o
rpoves Foto C.

“he gsame oart whioch was driiled 1m Erxamole i, will be osec Lo

deraonstrate cubtter diameter comsersat  oon. See Ficure &i. s
parl e@bze will be orogramaec from B to 5,5, D2, F, 6B Tags R

ciameter of the cutter (3750 will b the ofTsetr walue ard
cuther diareter conzensation w1311 38 tuvrnec on between Soint D
grol B cmansing the tool o ge fearm point £ e Bl 8L, DL, EL. Fi.
=1. Comaersat iov Wikl 22 turned of F Hetween B anc H waasls Wil

ca.s Tre Lool to mowve o ocint H. e the cart ool Lled
Tyamole @ oant out this shaoe into the oart usino catter Ciamete-—
coroensation ard an aval ianis o Fooabe érg m:li. Enter its

d:ameier ard lerngtn offsets in Event Z.
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STOP

"\\_ -250 DIA HOLES THRU! PART
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Figure 41



Evert

Event

Event

Event

Ewvant

Erwrerst

Evert

Evemnt

Ewvent

cveant

Evert

fwvert

cwernt

Evernt

Event

Event

Evernt

Event

Event

Ewvernt

Ever:t

Ewvent

Event

{1

Gt

23

Tool 106017 1= tool 1's offsel definition.

{ oft ooen For operator to enter offset wvalues.
Deactivates offsets,

Retracts ouaill,

Rapids to tool charvige position.

Betivates tool 1's offsets.

Rapids tool to positiom A,

Rapids tool to cubtting deoth.

Artivates cutter compensatior to the left.
Setz the milling fesdrate.

Causes the tool to move to moint Bl oecause G4l 1=
active. This is the ramp om event,

Twmo: feeds to point Ol

Topl feeds to point Dl

Adjusts feedrate feor constant sur-fACe BGOSR,
Starts arc ocounter clookwise.

Defires arc cenber.

Definss arc Finish poini.

Are: ent command.

Set= feedrate bacwm to 4 1R,

Tool feeds to point Fl.

Ceeds tool to ooint Gl becuase a G40 1= orogrammed
before the meEdt K Y move.

Deartivates cutter diameler comoensabiorn.

Tool feeds to peirt H. This iz the ramp—off event.
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Evernt #6: Deactivates tool offsets.
Everit 25: Retracts guill.

Event Z&: Rapid to tool change positiaorn
Evernt 27: Enc of program.

E. CUTTER COMPENSATION PROGRAMMING EXAMPLE

Figure 42 show2 a hex—shaped part which will be orogramwed using
cutter conmpensat iorn. The part edge will be programwed and the
full diameter of the tool will be ertered as the of faet value.
The part will be held imm & fixkturs and absolute zero will be =etb

ir the center of the part. The spesads angd Teeds will be sekt for
a .37% gciameter cutter put actual cutter diameters can be
erntered and used with cutter diameter compensatior. The actual

cutter used should be as close to0 375 as possible to use the
sragranmed feeds and speeds,

The tosol change position will be at X-2.000 angd ¥ 2. 000

absolute. Tha tosl will be programmed to move to ooints
A, B,C,D,E,F and back to A using cutter compensation. GO&1 wilil
be turred on at point 1. As the previcus rules in section 3

=tate, the cutter will ramp-on during the mext X ¥ nove to pcind
A arg stoo at boirnt 2 which 1s peErperndicualar to the next XY
move From A to B, The tool will stay at the compensated
distarnce away from the part arcund points 3, 4,5, 6,7 and 8. The
program wiil be the dimensions of poiwts A throuph F oarnd back to
R.

At point A, G40 is= programmed. THig will rause the cutter to
stop at ooint B. FBgairn, this follows the rules of turning
compensat iorn of f. Point & is perpendicular to the prevaicus X Y
move froom F to B, The tool ramps-of f after G40 during the mext
Y move from 8 to 1.

Event 1: TOOL 1001 defires tool 1's offeets.

Evant Z: Left oper For entering the cutter
diameter offset value in X amd tne tool
lergth affset in £,

Ewent 2~-E: Retracts the guill, moves to the tool
charige position and puts Tool 1's
offsets in effect.

Ewvert a Moves the tool — 400 below the top of
the part.

Event 8: Gets compensatiorn to the laft.

Event 9z Sets the fesdrate.
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Eveart 10: Tha ramp—on move in which the tool will
move o position E.

Event 11-—-1&: The remaining coordinates calculated for
peoirits B through A.

Eveanrt 17 Deactivates cutter diameter compEnsation
(not tool length compernsation.}? The
tool will stop at point B,

Event 18: The ramp off mowve back to X—2. Y.

Event 13-—21: Retracts the quill and end= the program.

Examine the illustrations to see how the tool path is adpyusted
when using B4l and G432, The eolid lirnes represent the
programmed path, the dashed lires represernis the tool path.

F. RULES OF CUTTER DIAMEYER COMPENSATION

These rules apply ornly when using cutter diameter compgensation:

1. The offsat value iz given as arm X axkis dimemsion after the
TOOL 1001 (or TOOL :100ZF etoc.) definition evant.

2. Teol 1 (or Tool 2, etc.) must be programmed before 541 o
Béag so the contvrol will krow which tool number's of feet is
act twe.

3. The cutter ramps—on during the mext X and/or ¥ move afier a
541 or BaE.

4. The cutter ramps—-orn perpendicular o the next X and/or Y
move.

5. There must be at least one straipght line move after G4l or
G422 befors cutting am arec.

&. An arc can only be followed by & straight lire move or
arcther arc, B4) is not permitted immediately feoellowing ar
arc.

7. Z-axis moves are permitted at any time.

8. Chawnging tool rmumbers (including charnging to Tool O o
ending the program) is rnot permitied until after the

ramp-off move following G&Q.

3, G40 causes the tool to stop perpendicular to the last X
and/for ¥ move.

10, Each compensated move must have an intersection.
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The part in figure 42 has a window which is rougnly cast. =]
rodgkr cut antd finish ecut is reouired to finish the part. A L2350
diameter ernd m1ll will be used. Thne tocl path at the cernter of
the cutter will be meacrammed ir a sub—routine. The cutter will
be defined azs having a . 0F0 cutter diameter offeet for the rouanh
cut, This will leawve 010 oy a si:de forr the firmish cut. Wwith
ED ofFfmet sctive, the sub—routline will e called to rough ot
the wirndow., The offzet wvalue wili be charged to zera awnmd the
same routing wili e called to finish the wingdow. In £this way
the same tool and subroutine can be used with dit'ferent anountss
of compensation Lo rough and fimish a part.

To illuastrate thig, the tool path is plotted aut 1n bthe botteom
drawing in fFigurs 44, The too]l path inm subroutiree 1 wili OE
acimts 2, 3,4, 5,6, 7,8, back ts 3, then =.

A G41 will be crogrammec between & and 3 causing the cutter to

ramo—or arnd stop at point IR For the rouoht cubs Compensat o

will take place a211 the way arournd the part. After soamt 3R Is
reached after cutting the window, 8 540 will be entered and the
toamy wWill ramp~off hack o point £

Compersation can be used hecausse the cuitter coes ot ramo—oft”
immediately following am arc.

Evert 1 Tool 1001 to dafine tool 1's offsets.

tvent cha X 020 sets the offset to rough oul £0e
part with 010 materi;al left for a
Fimisn cui. The tool iength affset will
be erntered during set up,

Event 2-6: Retracts the guill, moves to the tocl
cMarere fosition antd actiwvates kool 17
ocffsets.

Event 7: Rapids the tool to posaition 2,

Event  H: Rapide %ne tool to cuitinmg desti. The

window 15 cast in the part and LThe tool
raoids througn the window.

Evernt J: Sets the feedrate for radghing at 10201
IPM.
Ewert 10: Ealls subroutine 1 whach roughs the

wirndow with 080 cutter diameter
compensat ior. The subrouative irnitiates
G 4., ramps on, contours around bthe
wirndow, Ccancels using G 40 armd ramos
off, back to point Z.

Redefire=s tool 1's of fsets.

[Ty
[y
(1]

Ewvart

- -
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Figure 43: POCKET CUTTER COMPENSATION



Evert 12:%

Event 13

Event P4

Evant 15

Event L5

Ewvernt =iy

L
-
-

Event

R
fl

Event

Ewvent =i-

Event 39t

This causes the tool to
2 arnd stap at 38. With
stop at point 3.

Event &0

Ewvernt 41z

Se2ts the tool dianeter comnbensation Lo
zero bFo finish the wirndow. ThHe tool
lerigtn offset must be reentered during
zet up in this event sisc.

Activates the rew offset for tool I
Becausge the same tool pumber 1S
programmed twice consecutively, the
ocrogrdan Wwill wmot stoo.

Sets the feedrate to &0 I6WM for the
fimished cut.

Executes the subroutine with zero
diameter offgel for a Finish out-
Retracts the guill amd ends the prograr.

Start= mubroutine with zero diameter
offeet for a finish cut.

Activates Ga&l, cutter left.

Ramp on mowve to point 3 or 3/ depewding
art which af fzet is actiwve. With zZera
of fspt active, the cutter will move (o

poirnt 3. With 020 offset active, the
cutter will move to point 3A.

Foves the cutter arocuwnd the windoWw in
the part. The offset which is active
wili determine which points the tool
moves to,

Deactivates G541,

stop perpendicular to the move from 3 to
zera offept in effect the tool woonid

The ramp off move to point 2.

Ends the subrouting definitidan.
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G-Codes sre programs tnat are stored v tne cortral*s permarent
memory antd are gernerally referred to as canned Cycles. G—Corets
are designed to make propramming easier.

Eefore we enter a B-code we Tirst have to enter variables.
These variables assign values that make the macnirne oroduce the
part shape and s1:ze required,

Each—5 code will! be explained in this section in detail. The
Heig mooe can be used for all G—cococe programming. How © usez
Helo will be explaired inm & later section of this marnual.
Please rote that ail whole rumbers must be entered with the
decimal! ooint in the correct place.

[t is mot mandatory to use the Help mode in oroer to icad a2
carnmned cycle 1nto the progran. Wher rnot using Help press W, W
code rumber (ie., ¥Z4), wvalue reguired and ENTER.

611 V codes mist be entered first, followed by the aporopriate (3
code wnumber.

5 CODE LISTING FOR SERIES — M

GOS Ellinpse

GG Spiral {(Helical ar Rlaner!

G10 Rapid polar move from curréent Dositror
Gi1l Feed polar move from current position
Fiz Rapid polar move wWith center specified
E13 Feed polar move with cernter soecified
G177 Select plane XY i(gefault)

G118 Select plane

G519 Select nlane Y7

G4G Cutter compensatiorn OFF

G4l Cutter compensation OM j=aft

G4 Cutter compersatior ON right

G4&4S Mold rotation X

G4 6 Mold rotation ¥

E47 Mold rotation £

Gas Conical cavity millimp (forocid?

G439 Elbow cavity milling

G551 PFealar rotation activate

G5e Polar rotation deactivato

GE3 Scalinmg activate

BS54 Scaling deactivates

G75S Frame milling

G76 Hole milling

G77 Eircular pochet milling

G778 Rectangular pocket milling

G793 Bolt hole civcle orilling

Gao Deactivate drilling cycle

G&1 Easic drilling cycle

G&= Counter boring cycle

Gz Pecw drilling cycle

~FS—-




GB3 Peecx drilling oycle

GAS Boring cycle

Gk Eoring one direction cycle
GAa7 Chip breaking cycle

583 Flat bottom boring cycler

B. GOUS_(Ellipse)

Eefore programming arn 2lliose (fig. 44, the cutter must be at
the reguired starting point in all axis (i, ¥ arnd ). Ali
dimensions are irncremental. Cutter compensation carnot be usec
with this camaed oycle, because 1t hasg 1its dwn Buili—in cutter
compensat ior. The following variables must be orogrameed before
GOo.

NOTE 1
Whern cutting am ellinse, the control calculates dimensilorns o
the center of the cutter which is a true fliipse. The lencth
and width will be produced as programmed, but arcs will be
larger cocrn exterrnal and smaller on internal arcse. This must be
taken irmtoe acocount whern cutting arm ellipse. The resson 135 a
lirne drawn parallel fto an ellipse 1s not arn ellipse.

MOl Directiomn of cutter movement. A courntercloohwiSe foves
i« determived By a + sigr. ClockiWise movement is a -
s5igmn. If no sign is entered, the control will assume &
plus sign (CCW) . Flare selection: XY = 1, XI = 2 arnc
¥YZ = Z. EXAMALE: ~1. eoualzs CWXY.

WO Incremental distarmce from startimo poimt on 2lliose to
ceriter of ellipse orn X aMis.

WVird Ircremental distance from startimo point on slilipse to
center of ellipse on ¥ axis.

WVO4 e Ivicremental distance from ctartinmg poiwnmt to finash
point X.

VOB Incremerntal distarmce from start to finisnh goimt Y.

WO . Length X

WO T Width ¥

Y4 Is used imside, outside or on livme of programmed

=llipse (+1. equals Outside; —1. egual=z Inside; amd
O gguals In Line.

The following program wiil cut above sllipser

Yo -1 Ch, XY axis

Vo 1. Start to center ¥ axim

WO E o Start to center ¥ axis
Vi & SBtart to end point X axis

.-Bcl-..-



(VO3 VOd, \I5)

Figure 44




YOGS o Start to end point ¥ axiwm
UnOg g ienpth X

V7 1.5 Width Y

Va3 ¢ Cutting — on Iine

8505 Active Ellipze Oyole

(PLANER OR HEL I1EAL)

C. BO& SPIRALS

(2 axwisl] and heiica:r (A&
¥ and 2 positions before

There are two types of spirals: clarner
artsi. The cutter must be lorcated at X,

programmning this carmed eyole.
im this carmed cyecls.

figure 43,

Cutter compensation

The following variables moesi be programmed.

Vi

MO

BT

Wl

R

WOE O

Ve o

1o, Eog

Direction and plame 11 which =piral is to

Incremental distance from start to X axis

Iricremental distance from start to ¥ axis

Irvervemental distarnce from start to X axacs

lrneremertzl clistarntce from start to ¥ asxis

distance from start I point to
Wher cutting & oDiliarngr spilra

Ivnicrenmental
finishn goint,
Woulod be 0.

dMumber of times the cutter
throuoh the cemter and stariinc point.
the line is mpot codnted as crossing.

S5t
o

RFoctivate panred oyocilie.

Starting poilrnt,
£ Depth

Direction and olarne.

From start to center X

From start to genter ¥

Fraom start to Ffinish i

From start to finigh Y

Frooe: start to fimisn 7

MNumber of ti1mes crossed starta
aHix line.

Activate canved cyoie.

...El_

All dimensicons are incremental
cannmcot bBe used.

Seen

be cnut.

ceEnter.

cernt Sir.

finish.

fFinish,

i
1 thaim

crosaes the lirve orawr

P A g

(Irncremental?

{Ircrementall

{Incrementatl

{lrncrementai?l

(Irmcrement al)

vig Y
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D. Bil0: RAPID SDLAR_MOVE WITH _SPINDLE AT POLAR _CENTER.

A polar move is wsed in Qraer t0 save havivpg %o Calcourate
coordinates., Givern arn angle amd 2 radius a positaion ocarn DE
located using Gidh,

NOTE &
All angles must be mesasured from the S o'clock position vy
relatiors to the polar center) a clochwise pove from thoe =
erolock positiorn is entered as a minus dimensior A counter

clotkkwise move is a plus dimension.

This carmed cycle is used whewn the tool is positirorned at the
pelar center (pocint A in figure 47 avo 4B V14 13 the radius

—

dimernsion and Y1% iz the angle from the 3 o'clock.

In fFigure 47, a rapid move From X¥l. Yi. to & point 50 deoress
and 1.12% would be proprammed v the following order:

14 1,125 radius
V1S 30 Angle
G1OQ Activate radius polar move.

Figure 48, a rapid move from X2, Y&, to a point 135 and 875
would be programmed as Follows:d

W14 875 Radius
V15 —13=. Anpgle
Gl Rt ivate

Mote that the argle is entersed as a rnepative dimensiorn bECcauwse
it i=s beiow the 3 o'olock position 1m the fipure arnc is
therefore rotating clocHwise.

€. B11: _FEeED POLAR _MOVE WITH SPINDLE AT POLAR CENMTER.

Gtl works similar to Gid. The wvariahles are all entered 1rn the
same order esxcept the tool motion is made 1n FEED at current
feedrate. See the order of programmed steps below (see figure
45 % 2

FEED 13, Feedrate

Vi 2.3 Kacius

Vi3 ~B3. 0 Angle

511 Activate feed polar move,

F. Gi2: RAPID POLAR MDVE WITH CENTER _SPECIFIED

Thiz B codge works whern you reed to make a polar move bBut the
oresent tool location i riot a2t the polar center. These V codes
must be enteread pricr to grogranming G1lE. Review the orogeam
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steps below. This will show how to move from X3, Yi. to a point
at 133 degrees from poclar center (point A to Bl See figure S0,

VI 1. Polar center X

viz 1.3 Folar cernter Y

Vi3 O Index argle

Vig . & Radius

Vw15 135, Angle from O

Gt Rapid move activated.

E. Gi13; FEED PO AR MOVE WITH CENTER SPECIFIED

Gl3 works similar to G1E, except the move i1s made ivn Feed at the
current feedrate. The move from X1. YO Tt Lthe goint 15 1S' Feont
Iridexr Arigle of the 90 to polasr center (point A to BY isg
programmed as follows {see ficure S1}):

FEED 20 Fegdrate

Vil Z. Eanter X

ViEg 1. Cemter ¥

Vi3 Sa. Index Arcle

V14 L4375 Radius

Vis —15.25 Fng le

G123 Fesed move activated

¥You may alse use G613 so that the end point of anm arc can be
reached with a polar move. The format for makiwmg the arc is the
same as it would be if wou krew the XY coordimnates of the erc
point, Hoever, irstead of programming the XY end point, the
polar command Gl3 is used. See figure 52 and refer to the
program steps below to gee this capability im a=es

FEED %. Feedrate

¥ OI.E68S Yi1.FA Feed to start af are
Yil 1. Canter X

viz 1. Canter Y

V13 Q. Arngle measured Trom O degrees
V14 L6285 Hadius

Y15 36. Mng le

ARC CCW Az Commarnd CCW

¥ 1. ¥ 1. FR Firc Center

Gl13 Polar move to ernd point
HRC FArc Fimish Comnmand

Because the Arec CCW commarnd is active, the tool wWwill mowe in a
circular rather tharm lirnear motion.

B35~
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7 6_CODES RELATED YO CUTTER COMPENSATION
The G177, G188 arnd G199 codes are tTo sgelect the cliane 1rn o woloeis
cutier compernsatiom 15 To be used.

7 XY uiare cefault:d
B XL wmiarne
9 Y7 oLane

PO 13

L 0L
- pr B

840: CUTTER COMPENMSRTION OFF

G41 and B42: CUTTER DIAMETER LOMPENSASTION

Cutrter compensaticr has oeen [ladlssen v cetsil 1+ sect o or
= this manual.

L. G45, G4t AND G47: _MOLD ROTATION

Tnese canmed cyCcles allow Us to ftace a orofile ang rotaze @
Srocilmd & aX 1S

G4 Rutates aroumsd X axzs.
Gab: Rotates arcurc ¥ auwisc,
F&471 Aotates araund 7 awras,

Bgair, specific variables nave o pe srtpreon,. Ieeo amt . € 1S SEC
from where tne orogram is written. prgles piver as a plus are
countar glockwlse, angles Cive as a8 MIinus Ao CLi0S Wl e, T
St ines Nawe toc be writter. Greg wiil ot the 3-ofile _= oo
directicmn armd the otiner will cut 1t 1n the Guaos.aTe Ciyeshooe
Mil dimermgions must Be incremental., The rumnLnery oF menolete
cyoclas 15 egual to a subroctive iv eacn directioe,

Figure 53 snows a cevity tast has to be procured. T ouare D4
snoks The ocuttier path that has ta me orocorammec 1m oroee Lo ond,
TnE cavity wsinn a 32/78" 2i1a hall eee mitl. There 1 Lol arg
information reculrrec for rmuw tMis propran whic we i BE ooove sl
later.

Y oo N O ROy Mowes tool to stact oogaitilorn ocoirt
Z .25 Rt Mowes tool o o OESTS abowve Jart.

Z 0 F& Moves ool fowe tnto oot

MEi oo START RANELIE. s

1w Lol oxmoac bkt
starting soasitidm, the ancle jo O,
Veo —180, FINIEH ANGLE. In tnis case, The
robtation recuirec 1 CLODHWLGE, S0 S
4 mirnuc angle,

WS 9. AldMEeER OF COMR_ETE CYCL_ES. Tap btocl
will mare 18 pa=ses acrosg toe part: =
1M each olirectilcr.
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WL 10 AlhEW SuHR, Thaig iz the subrodtine
rizmboer 1n forward dicect ior.

WL 11. REY SZupBR. This im the suprocbive 1n
reverse direct 0.

G4t Aetivate vroftatiorn (Y—axigl.

£nMD

SUBEAR 10 MNumber of Forwargd Subrodtines,

X—. 187 ¥—1.959:3 FI Mrowe from poart 1 to point 2,

ARLC CCuW Counter—clackwise arc statenent.

A 16T Y—,. 407 FI Incremental cistance From oeind O
istart of arcy to point & {Fimish of
arel .

O ¥—. 814 =1 Ircremental crstance from QolvT 2
{start of are! £ oDoint & (Finxsh ov
ATy w

L RC Fre g2od ctatemnent.

xoLteE? ¥ —1.593 L Imeremental ciatarce frowm oozt 4 oo

go.rt Bl

AUX D030 s cf £ oratation ovelsas

o0 Y =4, 7 0 Fa Sepouition nove.

ERD o of suorodt dne,

SLE 11

¥X—.18% ¥ 1, E9B=E =T IrereEmnantal distance from woant O otco

N b

AR T Bro start statemnent,

¥ J1ET Y L &07 = ipceamenta. Ccistamce From 2oant 4 Lo

[

el & docentes ofF oarni .

X 00y _Bid i Inerementa. olstarGe Froam point &
tstart of arcl o asiret 2 (finrsh of
argcd o,

A= Erd arn steatenent.

¥ 157 ¥ 1.793 Fl thovement o]l distance fraom ooirt 2 to
noinl 1.

aLx SFG30 Torrs ofF rotaticre.



¥ ooy O IO A Rpnositior mowve.
el Evig =f suaroutine,

More exampies of Mold Rotation ave at the bacx of thisz mamnasi.

5. BaB: CONICAL CAVITY MILLING CYCLE

Uoer for ocuttime sbralgnt conical, concaves of Coavexsr ractial
SiAES. A ball ere mill fas to e used in oroer to aorotolce a
YOS L kLS 11 pimensicons are o the cernter of the putter, e
vt ber msst DBe 3% starting poasition X Y ard 7 before
areprammaal thais oyelie. Sge figure B5.

The following variabies must be proorambedd

WD Arigle at whaich Cone 15 to be ot R N A =
arncle.

WEE Langtkh of cwiinuer. Cernter of cutier do cenber oF
LT TEr.

Ve Number of cycles. Ome oyifie 1= esidial a cut o n esln
Cireotlon arrass the gavity.

W Indt ial radius. Ra'iae Lo o pcut misas tre wasiuen oF
the cutter.

WET Sinal radius, Sadiun to be it mirnus cubteEr cariuc.

WEE Cancave = & Comneeax = 1.

E48 ARctivates Cyole

The fallowing profrar will oot the pavity shiok 1 F1noowin
gmlow, us.mwy & /8" bai. eno miil.

X SEEeEERS Yo S Start positicoe of cutter,
2 - iE?T F ooEath mimos radiids of ol her
VRl 4D, Coves to b Uit at 4% deprees counter

LT ML R,

Vo2 =000 Levigtt of cylirader.

VE T i B Mumber of pyoies. Torite woule tawp Zo aoroe
tie ramEer 16 1T BACT CITEDT RO

WEG s T, Irithial TACILuS. Rac.usn fo bE oragoTes 1S . D
radios of cotter 1= . 2875, Thesefore, LT.iLIO
macius etuals o 5o— 18T s L 30T

WEE e R Tiraml el e L. Qa0 4t Lo e QodRUCED 0B . S5
vactus af cunter 1o . L1875, Therefoes. Yaqoa,
e EOoL L @S e 25 - 18FE w [ ORTD
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VEE a Cormcave = 0,

Vw73 1. Cavity is to be cut in a counter clochwise
rotaticon.

G495 Activated cyrcle.

L. Si:_ POLAR ROTATION

Polar Rotation is used when you meec to rotate a program., or
Juet a portion of a proogram, arcund a poirng. The aoperator car
rotate hales, sloats ar milled shapes argurnd a point.

For example, in Figare 57, it is recessary tTo miblis & pockets aws
SN, Once the dimernsions for pocket "A" are srogrammed, the
caerator can use Palar Rotationm twite to rotate a oocket 120
gepgress around the center paoint. This would elimivate the need
to calculate anmd program the dimensions of pocket B and C. G52
caluses every motion commarnd to be rotated untii 8 GOE is reached
iv the program. B51 works for X andsor ¥ moves only.

MNOTE &
The firet X ¥ mowve after 331 must be ar abisoiate move.

The fallowing variaonlies must be erntered before programming a
Gol:

Wit {DPolar Center X)

Viz (Palar center Y}

V13 {Irdex arngle of rotatiorn?

V13 {(Angle w»obtated)

WIi and VY12 will describe the point which tne pgrograr will
rotate around. W13 describes the amgle from which the probram

wiil rotate. Zero arngle iz 3 o'clock, but if prozram s writtan
in such & way that the firvst subroutine s cut at 12 o'ocliooe
then V13 would still equal zevo. Wi5 is the angle at whica the

cufiroutine is cut the secornd time, A plus angle rotates 1t 1A
counter clochwise direction ang & minus arngle rotates it in a
clockwise directior.

I figure 57, the ocperstor would put the dineEnsions oF sicob 'AOC
ivr & sworowtime (SUR. D). Yhe orogram to execute amd rotate GHhie
.0t to positions "B" arnd YCY would be as Tol lows:

NOTE ¢
Eutter compensation must be torned of fF petweesr rotations.

cCAt.. 1 Executes BUR 1| positicw "AY,
W11 i Cernter X.

iz 1. Center Y.

V13 a. Irdex Ancle.

Y15 1z0 Hngle of rotatiom: 180

(351 Activate RAotation

—A -
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ChaLL. 1 Euwerutes SUR 1 position UEY

V11 1. Cernter X

Wiz o Cernter ¥

V13 0 Imcmes arngla

Wig o~ —120G ez le of rotation: —120
GDl Aotivites rotatiorn.

CALL i Eumecutes SUE 1 oositien L.
Goe

Spe Tigure T8, The dwillea rolas in this exawmole are to b
rotated 4% degrees from Bositiors 1,2,4, Aand 4 to oositions

a,B.C, . The program below Wwill exolai= ine oroCed nre.
YED R Feevratae for ferliling.

WEL | Drilliwsg starting nesghi.

Wk L Z retract helght.

Gal fictivate oriliing tanred oycle.
Vil 1. Canter of rotaticon X.

ViE 2. Center of ratation Y.

Via & irdex ardie

WiE 45, fnple «of rotatior.

Gl firtiwvates rotatiom.

i, 189 ¥i.5 7-3 RA ¥Y poordivabtes ang I cepts hole 1.

X FTo Rl Lacation of hole 2.
B 1 faocation af hole H.
GEE Deractivate yroTatior,
GO0 Peactivate driilivmo ovecie.

nOTE:
Ty thae example the & holes were to hbe rotabec arly O
it i rot necessary to create a sudroutine. PF otoe 4 nolen were
tm be rotated more thas onoce, 1t owoulnc bBe wise Lo mgt hne Ricle
difersiors in a subroodine. Trmat WOl CEOUUSE TR DD &ImLT
ELE0S,
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The program section written below for figure ©59 shows now polar

rotaticon can be dsed with

curved s=lot (at the 3 o'clock position) will
ot to be reoeated 7 times to produce 7 slots.

Ji12= diametey end mill.

1. GE5e2

2. T 10401

3. ¥ Tool Diameter
. Toml O

2. I0 RA

&, X0 ¥-3. RA

O S

B, Wil . ool

9. Vig 1.

ih, Vi3 0

11. VIS L

12. DO ¥

12, E51

14. X. 3. 2185 ¥1. RA
b s A
1&. Feed 10.

17, 2 -~ 05 FA

ig&. ARC CW
19, X.4379 ¥O F1I
=0, X.875 YD FI

21. RRLC CuW

ed. L1

cRk. M1E 30,
=k, END

25. Eez

28, Toocl O

#7. ZD

<8. X0 ¥Y—-3. RA
29. EMD

a do loeop to

Depactivate rotation.
Taoaol 1 defined,

Toal 1 offset.,
Deactivate offsets.

Retract Quall
Rapicd to tool
Activate Taol
HZet center of
Set center of

Set anogle rotated

Actirvates do

be put
Tool 1 is a

increment an argle.

The

irnto a cia

charipe position

1 offset.

rotation (X axisl.
rotatiorn (¥Y—axis).
Set index angle.

looo repaset

Fetivates rotatiorn.
Rapid to end of slaf.

Fapid 2 to .1 above part.

Eet Fesdrate.
Feeds 2 axis

into part.

Start ARL clocuwises
Defines RRC END poirnt.
Defines PRC erd point.
ARLC e&rnno statement.
Rapids tool .1 above part.
ABdjust V132 by Z0.

Evd of do loop.
Deactivates rotatior.

Tepactivates tocl offaspte.

Fetract guill.

Rapids t= tood
Erd of program

NOTE »

The do loop started with V1E arng VIS s
Fvernt 13 arctivates rotatiorn but tne
slot 18 retated O in the First lacao.

first slot ie not rotated.

Event 23 adjusts V12 te 30 deogrees.
imap, each slok 1s thern »otated 30 degrees because

activated.

st to zero

Starting with

Hatatiown can take place in the X and ¥ axkis only.

carmriot be roctated.

G5&: This G—rcode deactivates polar

M. _G53: SCALING

Thig feature allows the operator to
Just a portion of a progeam, up and down to effect

the part bEinog made.

—S50—

rotation

{see note)

7 times.

Charmoe posit: Onhs
resets to event 1.

DERCausE

the

the zeconc

Eoi 1=

FE oaxis

the size

T W e

srale the entuire program o

of
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Fart scalirg i1is act:wvated 5y B53. Foawever, the followsrne
variables must be erntered before G232 15 propgravmed:

Il {EBocale center X))

Vid 1Brale center Y1

Y13 (Seale certee 1)

Yib {Boale fackor X)

W17 {Brale factor ¥

W18 {(Bcale factor L}

Bear ivi mind that the first XY move after procrammincg 553 code
mosat be an absolute mave,

Figure &0 shows the dimensicons of a largs box to be scaled Zown
to smaller box.

The steps below shaw Mow this showld e orogerammer inlo $he
Crusader Seri:ss—i.

1. wii o center X

Z. Wiz L] Center ¥

2. Wiz ] Center £

4, WiE . Scale Factor X

S, W17 e Srale Factor Y

6. Wig8 Lk Scale Factor 7

V. 5532 Aerivate Scalirng

g. X ¥O Fg Tzl startimg point
3. ¥ = s Origiral Coordirnate
ia. Y 1.5 FA Origivmal Coorocinate
il. X @ £n

ig. ¥ 0 FEx

12. B354 Deactivates scalking.

Figure 61, awndi the orogram stepe BeElow show how Lthe operator may
scale garch inpividual axis with different scaie faciors., This
example uses Cimensions srcaled from o certaln oolnt,

MOTE =z
Scaliirg of circles iz Dermittec if the scale facter for eacm

Axils ism the same.

_91__
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1. Feeg 2. fAntivates Feedrate
a00¥ 1.% ¥Yi. RA  Move tool to center
3. W11 e Center X.

. WIE 1.0 Center Y.

B. W13 0O Center .

S. Wie 2. Srale Factor X

7. W17 & Scale Factor Y

8. vig 1. Brale Factor 2

F. G932 Arctivate Scalang
1. ¥ 2. 0¥ 1.% FE DODviginmal Start Point
11. ¥-1. FI Origirnal Coordinates
12, X-1. FI Ori1ginal Coordinates
13. ¥ 1. FI Original Coordinates
14, X 1. F1I Origivwal Coordairnates
15. BS54 Deactivate Scaling

This program will take the 1 inch sauare box arnd make 1t a 2 x 2
irnch rectangular box.

:

This G—code will deactivatae Becaling.

N. G675: FRAME MILLING

The programmer uses this canned cycle to mill a rectangular
frame. The followiwmg variables must be entered before G75.
fActivate frame milling cycle) is programmed.

V4 7 axis dimernsion .1 above the top surface of the part
too be milled.
V4l The incremental X distarce of the
inside af the framsa.
Vago The incremental ¥ distance of the
inside of the frame.
WA Absolute 7 depth of fFramg.
Vi h Covrmer radius on 1nside of frame
Va4 Maximum ivcremerntal step aver for
gach pass in X and Y.
Va4g Mawmimum incramental 2 pack depth per
pass,
Vi 7 Stock to be left on sides and botitom for finish pass.
Valg Feedrate for finish pass.
Vol Incremental width of frame.

The tool must first be positioned cover lower ieft inside corner
of frame. The program showr below will machine the frame. The
shown in Figure &2

1. ¥ 2.000 ¥ 2,000 L1000 RA Rapid to start point.

2. Feed 10, Roughing feedrate.
3. v40 .1 Starting height
Ho WAL E.00 Length X.

-
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5. Wag £.5 Wigith ¥,

B, W&IZ -, 500 Dectn %

7. Va4 o L 500 Corrner Radius

8. wai 500 Madimum X ¥ steopover

9. V48 850 Mawimumn 2 peck [Er pDaASH

10, Va7 . OoE0 Firmish Stonk

11. w48 15, Feedrate finish pass.

ie. WSO 1.5 Frame wicth

13. G735 Activates frame milling coycle.

The operator grograms the tocl to move to position 1. Uporn
axecution of G795, the tool will rapid to V4O dimension, ranid to
position 2, slope to position % at the first 7 peck depth, feed
to position 4 and T antd continue arcurd the frame bachk to
pomition 3, feed to position & for the rext pass arcound the part
until the full width of the frame (nMinus the finish stock) 1€
machined. The patterr is vepeated until the finish deoth (minus
the finish stock} is reached. The finish pass i1s then made at
the V48 finish feedrate.

0. @76z HOLE MILLING CYCLE

The hole milling cycle code (B76) can be used to mill & hole
throagh a part or to do a counter hore. The aperator must enter
the fallowing variable before BY6 is orogramnmed s

ViBa (hole diameter).

The operator must position the tool at the cernter of the hole
and have it placed at the reguired depth. Wnen G7E is executed,
the tool will follow the path shown in figure 63. The tool will
First move 45 degrees, then approach the hole diameter on A
tangent, contour 360 degrees, leave on a tangent, and then move
back to center orn a 45 degrees angle.

To mill the hole shown in figure €3, put tne tool im the center
of the hole location and at the correct depth, then follow the
pragram shieps below.

via 1. Q000 Hole diameter

Gv7E fictivates hole milling

P. G77: CIRCULAR POCKET MILLING

This cycle, which i=s sctivated by a 677 code, (s used o mill
circular pockets and eliminate extersive prooramming on the part
of the operataor.

The mperator must enter the followimg variable before G777 is
programnined :

Wl 7 awis dimersion .1 apove the top surface of poChet
area. This 15 an absolute cimensicn.
Vil Packet center X.

-9
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Figure 63: HOLE MILLING CYCLE (G76)
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WEE Pocket cemter Y.

Wi d Pauckat depth 2 absolute.

W Pocket diameter.

V&S Maximum ircremental step over for each pass.

V&g Maximum 7 Dec- DEr PASS.

Vel Gtock to be left for firish cot on sides ant botton.

Vag Feadrate for finisn cut, and V50 {0 if finlsh pass
required and 1 1if rnot reouvairedl.

Yo 0 = Fimish Pasg: 1. = No Fimish Pass

The program So cut pochet =hokes in Figure B4 would be written as
follows:

Feed 10, Rouching feedrate

Vad . 100 Startarrg height

Vil &, 20 Pocket center ¥ ABE

Wil 1.750 focket center ¥ ABDS

VA E =i Poochet center I AES

Vi Ca Pocket diamebenr

Y& 5 i Maximam step owver

V4G s Maximum Z depth pers pas@:
W47 . O Stoop 1eft for firnish ouat
Waf 15, Feedrate fTirnish Dasts

LAy 0 Firmish tut readired

G777 Gotivate circular pockel pilling oycle

Upon executiorn, the tool Will masic to the ¥ ¥ center {(point 1D
and raomig to the V&L Cimemnsian. It wr1l tnen fged fo too of
work piece, slooe to the edoe of pocket (poirnt 2 ) — miTias
fimisic srack at First deptitn. The too: will tnewn conmtows 5660
deprees, step over to ooint 3y, oontour FE0 ceprees unt1il theE
center :s reached.

If more roubning CULE a8re Creculred, the slape—1rn ant pDECk-OVEr
cecuence is repeated. Bfter Lhe pocHet s sougned oubl, the
fimnish fepedrate pecames achtive ang the Fivaawmn oWt 13 ta=ern on
the sice and bottom. The V40 dimernsion must e . 190 {2l aADove
the too of work DLIECE.

MNOTE 2
The tooi wiil passe for a few mpCcoride Upoor e@xecat ion of
G77-G7Y9 because the corntrol is doing carcitlationg. if an
yriprogrammed Sweil occours then and ercror Mas been mace
the input data format.
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. BG78: RECTANGLILAR POCHET MILL ING

The ooerato- uses this cyrle lactivated by B78) Lo mili
rectanpular pockets without extenczive programining. The opErator
nmust enter the following variabies before programmivg the E78
coge:

Wi O £ arige dimensicorm o1 apove the tap
surface of the oocuet.

Vil Ireremental Iemgth in X.

WaE ¥ anizs sbsolute depith of poriket.

Vi3 Absolute ¥ deonth.

Wby Pocket cormer radius,

Ya g Incremental maximum step aver for
each pass inm X arnd Y.

VAE Ircremental maximum I peck deoth Ffor
each pass.

Va7 Stock to be left on sides arme Dottom Fer fFinish gass.

WO Finish oass feegs rate.

NS Set = to zero 1f a8 fimish pass is
reguired. Het = to 1., if mo Firmish

pass required.

The ooerator must First position the cermter of the tool a2t the
lower left corner of the ooclet. The proprasm Shaws Beiow waill
machirne the pock=Et shown in figure 635

.75 ¥.5 HRA Hosition center of tool over lower lefi
corner of pocket,

Feed &.0 Rcugh feedrate

WO « 1 Starting heignht above pocket.

Lia e Lewaoth in X axis {incremental)l
Wg = 2. 375 Width in ¥ axis {irncremeriall

Va2 . D Depth in ¥ axis {abscluted

Wb - 375 Corrner radius

V&S, . 550 flaximum X and ¥ sten over

V4 E 250 Mawimum 2 peck per pasc
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VAT . Qe Fintsh pass stochk

Va g 1S, Firisn pass feedrate.

LG ol Commnltete Finish pase,

G7 & Activabtes rectansular oacket willing ocyole.
NOTE:

MaS (whioh i= the step—owver! shoulf not be preater tnar FO% of
tite tool ciamebter o the too)l will not clearm ail of Lhe cooxed,
See figure EbB.

The tool must First be oomiticmer iw lower eft correr of oocuxet
fossrbion 1) upow edecntion of G778, “*he tocl will va$ig to the
certar Of the corner rasiag (gositiorn 21, Tt o will thern rasmid ter
The VaD gimension, feEed to Lhe too of the wori piece, siope 1 5
axtis tc pomiticon 3 to tnme fivetr peck ceath, “ne toxl bhen

macrines Lhe oooret by movieg B0 AT ontrl the foa: is oat Ghe
sochket edoe {(virnws finish pasgss stooid.

Tais seduernce Will be reoezates uritil the Fimal ceostn {mimoo b ee
firnlsn pacsg!? is reached. The Firish feecrate will tnew becone
active ard the firnal Finiom pass taxer, TRE ool wilil orebeach

to the Vol gdirernz.orn ang move [0 bae lower 1sFt corses taas in
started Friom,

if val is emsered A% A plus value, -He ool will move i 2 olimb

mili: motiom Ffor sioe of aoowet. If Wall in griered aus a mepative
valwe, the tool will moave in a direct o conventicorald 130
motion insige of pocket.  The firieh pass will &iwayvs b o Ckoian
miil ouk. e corntrol Wil always ac just the max:imua shten move
Lt mawe each pass eouas. Yhe I peck will alss oe ad-usted to

rig ke each oeck egdal. For 1nsTavce, in this wxamole, toe
maximum Deeck Sistance g 23, the tobal cesbth 5005 and Lne

Fimisn stocs o OF0. The cornbrol wili made two @ pegsc al L2400
eawit, then the finisn stocw  GE0 pass.

If a corner ractive of G100 o less s calouiated, a sktraipot
laeme move at 44 deprees will DE mace insteac of a conbouri
mrherese thae corner rad:i wWill bhe contoured suicaatically.



_CIRCLES

. 573: BOLT HOLE

The boit hele circle is orogrammes using the {73 cooe. =
implenent this fEature, bthe operator moast Flest enter & cr1llsini
cycle (81, GB2, G&3, GRS, BAs, GBY or G833 arnc a § deoth to De
dril ied. The ocoerato= must then erter the Followint wvariables
nefore proogramming a 5791

Mil Bolt circle center I

yiz Bolt circle cernter Y.

Vi3 index awnnle, shifted O anple feom B
a'Ccloock positiorn.

Vis Bngle of first hole relative to O deprees.

Vige Arigle —of tast hole.

Vi7 Nomber of holes to be dreilled.

Yig Diameter aof Dolt circie.

G749

The followiwg program wodld center drill tne oDattern of moles
ancuwn in Fipure B7 @

Voo 1. Drillang feedrate
vzl - 1an Drill feed startinc helohi
VEah . S Drill rapio retract height
Ga: Activate arilling cyole
Z-.130 RA Drilling deoih
W1l = Certer X
Wiz =5 Center Y
Vi iU Index anple
V15 45, Argle frrst hole
Y1k ~3. or
2740, Argle last hole
V17 &. Number of holies
Yig 2. 250 Diameter of bolit circle
G73 Activates boalt cirolie routbtine
GBG Carcels drilling cyecle
MNEOTE

The toeol will alwavs nove in & counter clockwWise direct ion
around the bolt circle, and the Moles will aiways be sonally
spaced between the start angle ara finish ariple. The tool can
be at ary oosition when B79 1s activated. Sirce GBI is actiwvey
the too]l will mot drill a hole at its present location when thne
? depth is piven, but will drill hole crnily when the nExt X
andsor ¥ locatiorn 1s reacned.

5. HELICAL INTERPOLATIGN

Helical irnterpolation 1s used to wmove the X anc Y ax:s in a
circular moticm and the Z axis up or down 1n a straight line,
a1l at tne =mame time. Thread milling or fam—blade millaing are
amonn the most common eses for helical interpeclatlion.

The prograi writter below will move the tocl from peint A ta
ooint E in Melical motion as shown in figure &8.
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Figure 68: HELICAL INTERPOLATION




EVENT ‘N FUNGTION:

e Tool 31001 Tooil 1L offset defirmition ovent,
=, I -1.123 Tool 1 offsat.

. Toal O Deactivare offcets,

4, £ O RA Retract cuilil.

5 X 0¥ C RA Rapid to tool charnge positior.
E. Tool 1 foctivate Tool 1's of fzet.

V. X.625 1.250 RA Rapic to aoint 4.

a. .05 RA Raoid tool 0% above Dart.

3. Feed 3 Set feedrate.

ig. I-.125 FA Feed tomi to starting ceotn.
ti. ARC LW Describes are cirection.

ic. X 685 Y .85 FA Describes arc center,

i3, Wag O, Sets the rnumber of comolete 350 depree

revolutions to be gome.  Since orly 90
degrees i Zeing cut irn this example,
Y4z 1% set o zero,

Ph. X 1.375 Y .5
Z—. 5 FA Describes awvs eng point on ali 3 axes.
iZ., ARC Arc Fiplash commarnd.
i€, Tanl O Deactivates of fepta.
7. I 0 RA Retracts cuill.
A, X O Y 0 Beturns to part onance positror.
2. END Ends progran.

In the weyl sxamole (Ffipare 53, 1he tonl wil., mowve 19 hel:oad
metion to Sroduce & threao wWith a thvead miiling cutter, Five
taveacs zer anch will bBe aroduaced by sStarit.rg and gncLinc 81T bk
same X Y ooorcivate, se@itins boe number of revoiuticms 2t 5 arne
Mmaviro They ¥ oawic orne wvoh,

15 Teol 1001 Tionl 1 afTeet gefivmiticr pyaet,

I i —-1.123 Toc!l oFfeet.

e Tool © Deactivaite offse=ts,

. i O RO Retratcts oozl .

=i Xx-2. ¥ 2. Heoid to toomi ghants cositian,

&, Tacl i Activate Tool 's of Foet,

7. ¥ .5 Y 0 RA Raoids to XY gtart oosition.

5. I .05 RA Asoids to L% azove cars.

9. Feerd 2.0 Set= feedrate.

0. I O FA reed ¢ to too of oart.

1i. RARE Cl Descrises are c:rectior,

ic. X OY QO FA Descrioes art cernters.

. Vag T, Bets comnlete FEO depres revo.uh:one
to B,

i, X .5 Y O F —-1. FA Decorines arc pre 9Cint 1m all I axkes.

:%. ARLC Arec Tirnien ecnrsanc.

1. ¥ -.5 FA Ceecis tool off aaer.

7y Taxl O DPeactivates ftooil ofFfsetg,

*BE. 2 0O FA Retracts Go_l..

15. X —2. ¥ 2. RA Racices to too oMAarnCE J081T150.

=1, END TrHCE BUOdTARS.

-
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Figure 69: HELICAL INTERPOLATION







SECT1ON L2: UNDERSTANDING THE HELP MENU

Help can be used in two modes: MEMUAL arnd PROGRAM ENTER. Heip
iz entered by oDressing the Help softhey indicated om the screen.

Wher help 1o pressed the screen will read as Foilowar:

Push B for rMelp § code

Push AUX for Help AUX code

Push Raplid for Help RS-Z3f&

Fush ARC for Help ARC and Helix
Fush T for Help tool setting

Yo ricw choose wWhich of the five you reed help with.

. B-CODE HWELP

If B is pre=sed the screen will list the B codes in numerical
T ETT . Wrerm the softxey below the arrck poimting cdown 1S
precced the next oage af B codes comes up on BEhe SCorEen. Thera
are three pages total. Praess the scftkey under the arrow
sointing down and the list wWill Dack up onE page.

wihen youi have determined which 6 code is reguired, then press
that ramber {(1.e. 00 gives ¥ou Ellipses!. If irn Manuwal the
cmmtral will Just list all the variables reguired 1n thiz canned
cycle. v Propgram Enter it will ask for informaticon one lime at
g time. Irnsert the mecessary information, press ENTER ard go

to the riext line.

Ir CAasSE youd are ot BUrE abocut what is reauvired, press the
GRAF softkey ant the control will go to a grathioc screern and
show you wWhat each ¥V code 1S, The softkey that reads BRAF
will niow read ENTRY, sco to get back to stCreen to enter
irFermation press this softkey apain.

Whern all information has been inserted, oress ENTER and this
will put all variables and G codes imto the propgram. If an
srror nas beern made in gnterinc a W cooe  you can bsck oup
tavough the VY codms by pressing PREY. Whern you o=t to the one
that reeds to be changed procss DELETE ard enter the rew
smformation. MNow, press ENTER. Ta get back to the WV code you
wore at, oress NEXT until that one is veached.

Wren adding a ganmned cycle irmto a program it is not peccessary

e oparn & gas 1n the program. This is done automatically by the
corntrol.

=100




C. Aux CODE HELP

If AUY 215 pressed while in Hels moce e Comtvrol wiil liss ai:
AUX Furetions. With some of these furctions the ooy el has ta
e iv Mardal mofe 1w srder to enter them. S22 AU0Y codes will: be
discussed in next sect:orn. Pace over as greviously oescribed
usinid softkeys pEpicow arrow.

D. RS-2322 HELP

While irn nelzx wmode, press BAZID, This wiil list tne BUX codes to
St un For RE-Z2E2 (BUX £700 smprios). Thess ave e-tered 1mbo
tonteol in Manuasl mode.

E. ARC HELP

#rEes either ARC CW o ARC CCW to access #H:w ~@2iD soction,
You Yok W.ll have to select fhe tyeoe of ave reouirec (313
clochwise Arec, {(2) courter clochwise are, {(3) meiix clocHmise,
o (41 helix connter clocowwise, TrEsSE Tar be erntered imio the
DDy Al 11 Same wWay a5 G oooss,
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R. AUXILIARY CODES

The AUY button is used irn the main program to cause variatilons
in the starndard comtrel Functionss. These variations are
assigrned numbers and are entered into the program prefised by
the AGUYX bution (i.e. BUX GOO7, AUX 0400, AUX 2500, mtc.). EBe | o
is & listirg of all ALX codes and their furnctions.

AUX 0001 See OEM mantal

ALY 00Oz See ODEM marual

AUY D003 Spindle CW

ALIX D004 Spirndle CCHW

/UIX 0005 Sgirdle OFF

ALY OO0 See 0EM marual

ALY o007 Coglant 0N

ALY 0008 Cooclamt OFF

BUX OO09 See OEM manual

ALY GO10 —0099 See OEM marwal

RUX G100 Mirror X

RUX D200 Mireor Y

ALY O304 Mirrar X arnd Y

AUX GH00 Mirecor £

AU OO Mirvor X and &

ALY Q&0 Mirror ¥ ard 7

AUR 0700 Mireror %, ¥ and ¢

AUX o800 Deactivate mirror

ALY 100 Ne deceleration (contouringd

AUX 1101 Zero shaft

ALl 111c¢ Outer software limits OFF

ALX 1112 Ernable outer scftware limit

AL 1113 Set cuter software limits

ALY 1114 Disable i1rnrmer software limit

ALY 111& Ermable ifnmer software limit

agx 1117 Get inrner software limit

ALY 1150 Disable shifted outer software limit
ALY 1158 Ermable shifted ocuter software limit
ALY 1153 Zet ghifted quter software limitc
ALE 1154 Digable shnifteg iwrer software Limdt
ALX 1156 Eriable shifted inmer saftware i1mit
aux 1157 S2t shifted inrmer software limit
ALY 1400 Feedrate awverride

Aldx 140t Feed amd ragidl overside

ALY 1410 Carngel wvector rapid mode

ALY 14113 5t wector rapid mode

Frigx 1420 Dlear & and feed irmhibit

AL a2l Sept 7 move iphibit

PLX 142¢ Cigar £ move l:bibid:

BLiy 1423 et feed irmhrioit

ALY 1424 Ciear feed imhkibiic

Aux 1425 SBet 7 and fTeed inmhibit

Qisx 1500 Uriyzod propran enter

Abix 1501 Lock program enter

(Listimg is= comtinued on mext paoe. ..}
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RUY 102 Simulation off

AUX 1604 Eirulation an

ALY 1605 Beeper OFF

BUX 1806 EBEceper ON

AaLXx 108 Digplay free memory

BUX 1900 Single step one event
AUX 1301 Single step one moave
AUY 2000 Comtouring OFF {cancel AUX 10407
AUx [030 Cancel plarne rotation
ALK 90321 Flarme rotation around X
ALY F0IE Plarne rotatiom around Y
AUX S033 Plarne rotation argund I

ir the foilowing sections, the AUX codes will be explained in
more detail as neEcCeSIary-

NOTE :
This rote i= forr AUX 2031, 9032 and 033, Whern any of the QUX
codes listed above sre being used and are intervupted, thern
before trying to move the machine in Marnual mode, you must first
cancel Rotation. To do this, select MANUAL mode; press AUX S030
and STRRT, The machine car now be meved manually with no
oroblemns.

E. MIRROR IMAGE AUX CODES

Gux 100 = 800 affect the Mirror Image feature of the control.
These mirror image AUX codes will reverse the plus or minus
aingns of the programmed dimensions tao oroduce an opposite part.

£ mireor image will stay active ontil deactivated by RUX £33
{eee listl or another mirror 1inage. The hole patterrnsz and
milled shapes 1n figures 74, 7! arnd 72 vould be programataed Using
miero 1MATQEe.

guUx 100: feverses the sighns of the X aras dimernsions.

AUY 200:  Reverses Lhe sipes of the ¥ amis cimensiots.

e

ALIX 300: Reverses the signs of the X and ¥ axais timErsians.
ALY SO0 Reverses the signs of the I axis dimernsions.
AU S00: Reverses the siprns of the X and & aunils dimensions.

AUX &00: Reverses the sigrns of the Y and I axis dimernsicns,
alx 7o00: Reverses the signs of the X, ¥ and Z axis dimensians.

U ao0:  Turns the mirroe image off. Ertered inta program as
an svent.

C. AUX_1000: CONTINUOUS PATH.
This should enly be used for contcouring continuous tangent lines
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AUXILIARY MIRROR IMAGE

o ©O O 0
O O O O
O
O O O O
O o ©O

Figure 70




(ALUIX 100; CHANGE X+ TO X -)

X+,¥+

O
Q
®

O

{AUX 300; CHANGE X+ TO (AUX 200; CHANGEY + TOY —)

X— ANDY+ TOY-)

X—.¥- Figure 71 X+,Y -




Figure 72: AUXILIARY MIRROR IMAGE




and circies and snould be turned off immediately after use. T
i 1ot to be used in rapid or whern Joing consecutive stra:ght
iire moves or over 40 inches per minate o feed. This comMmmand
1= meadal awd becomes active for mext motiorn command. 1t caulses
pre-proacessing to take place, so the machirng does't pause
Fhotwoeer moves but instead executes confinuous mek 1o, 1A
turred off with BUX 2000 and is automatically erntered into the

orooran as an event.

i
P

D. ©ux_1103; ABSOLUTE_ZERO SHIFY

This feature allows the programmer to move absaluate zero From
goimt to poant on the table. When the operatwr is usimp several
vises or is holdirng several workpieres in a large fixture, thar.
+the Absoluke Zers Shift fFeature is useful. The operator arily
“as to program the part once, them after each program is
copolete orm owe part, he simply shifts the apsalute zero point
o the rext workpiece and runs the program agein (Figure 73},

GUY 11011 foliowec by X 3. ¥ O (teool length offset currently
meing wsed) will shift absclute zere to those %X, Y and 2
cosrimates. 7 1= the tool lemgth offset. To shift the zero
bacv to the original absolute zero, grogram ALXLILIOL, then X3,
¥El, IO, A1 zer= snifts are measured from the originael absolute:
i — el The zero shift informatiorn must be restated after each
temz]l change, ingluding charging TOOL O

r. AUX CODES_FOR_SOFTWARE LIMIT SETTINGS

Seftware limits ailow the programmer to gefine a "oox” From
wHicn the tool]l cannot move out, Collisions beiween wisEs,
Fintures amd torling, alorg wWitn camrage to the maching itsel’,
car, be avoided. Crice these limits are set and actiwvatec, the
too?l will mot mowve past them in any mode.  Software limits car
be useg as a saftety stop to avead drilling inta Lhm mamhine
tazie, FfiMture or parailels. If a psrt cvernangs the table,
imits car be set €t stop 1t from orashing into the columre of
tne machirne. 1f the cperator tries to move past the liwits set,
the drive motors Wwill ceass to move the machine.

AUX 1110 NMisables outer software limits

Oux 1113: Set ocuter software limits. Tris forms a "Dow”
From which the spindle wili not move oot whzle raimits
are active. The too] must be i1nside pox before limits
are activated. A1l dimensiorns are absciste feom X0,
¥O.
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Figure 74: SOFTWARE LIMIT
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The followinp varianles must be included when proeramming wis':
AUX 1132:

Wil T
WaE (+X3
VO3 L
RRE (+Y7
VOS5 LI
prlal (+70
The mimus cimemsion can pe aregramnet as a olus Ziaessdoen, See

tihe prooramming exampie and figure 74 beiow:

Wil .o
i e B
VOE . D
o 1.5
VOIS =t
VOE k.

While saftware limits are aciive, the center of tRe soincle on X
and ¥ wi1ll not worh outside the "oon",

AUX 111f8: Activates software Linits orevicusly
established by AUX 1213, Piiows copracoe o
activate whernever reces=ary.

AJX 1114; Dizsables i1rnrer softwars limits,

AUX 1117: Septe inmer software lirats, Worwe Lae some
as ALX 1113 except mow ceEnter i oF L
spindie on X & Y wil: rnot o INSTDE tne
shaded areg while active.

AUX 13116 foetivates irrmer gfoftware fimitse. ThE SarE A
ALY 1112,
ARUX 1150, 1153 and 1152: These wor= the came as ALY 1110,

l1t35 ard 1118 mut arg wsed whers
ALY 110t {absclute zeve sShHifRY is
i effecs, The same dimersicn
would be used as in 33X 1113,

AUX 1154 1157 ard 1156&: Thnegse wordw the samg ac GU% 1114,
317 armd L11E.

F. BUX_CODES_FOR_BACKLASH COMPENSATION

APUX 1160: Deactivate hachkliasn compensatjiom

ALX 1i1&ta Sete and wmables harcd.iash COMDEBMISAT 1o T
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following variables must be set before RUX 1161 is orogrammned.

Yo2: Amount aof backlash X
WG s Amcunt of backlash Y
WHOHE & Amount of bBacklash ¢

The values should all be ertered a= plus dimensions. This AU
tode is modal, therefore once set and enabled it daes rmot need
to be evntered on every progranm. After entering these values
it machime a move in the pius direction should be made. This
setc the control so that it will compensate any moves
thereatter.

This AUX ceode is emtered in Manual arnd retaind until changed.

AUX 1i62: Reactivate backlash compensation, If backlash
compensation had been turned off this AUX ecode will switch it

pack .

G. RAUX_1400: _FEEDRAYE_OVERRIDE

FEED % override for feed maves only. Rapoid moves will be made
at rormal rapid rate. THiz AUX code is active at start dp.
This command is modal.

H. AUX 1401: FEED_AND RAPID DVERRIDE

WhEr this AUX code is entered into the comtrol botn feed ant
wanid can bhe controlled by FEED % buttons, This commawmd is
mogtal.

I. AUX 14103 CANCEL VECTOR RAPID

Causes rapid motion to be executed in & straight lire. This is
a modal command and is active at start up.

J. PUX_1411: SET VECTOR RAPID

Bllows ali exis o run at maximum rapid speed whern a vapid move
te groorammed. The toecl will mot travel in a strsaipght line whem
this ALY cooe 1s active. This is a modal commard,

M. QUX_1500 and 1301: _PROSRAM_ENTER_LOCK

These GAUX codes allow us to protect a program that has been
emtered into control. First control must be in manual mode and
fgrea C line £ has o read COMMAND (Mmoo . Ppress ¥ 8 3, enter a
Aamber (any mumber) and press STRRT.

Next, press ARUX 1 85 © 1 START. Erogram Enter mode is nowW

locked out amd orogram can not be charnped.
Te unlock, reverse this procedure and use ALIX 1500,

L. AUX_160%_and_1606: BEEPER_OFF/ON

ALY 16095 turns beeper of f, AUX 1606 turrns beeper on. This i=
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dore i Yhe Marnual oo, Precs MAREL AJX 1 &6 © 5 ETLERT amd
HMegper e rio aongeEr gChlves The same orocess 15 Uses to tarn 1y
or BExCEOY RUX 1606 is grtered anto contool. Nefauit at sta-t uo
iw opoger O,

M. AUX :608: DISPLAY FREE MEMORY

Trhis ALY code allows you to seE how many rore events voill Fave
“g¥t o use, after enterinz the orogean Press WMANJIL., Abx I & O
B STARYT. The cowmtrol, afisr a sooet aevioo of fime, will
CimEcLey A nensape in Preas D othal reacs FREE MEMORY BILODH: XXXX
o BUX 1900: SINGLE STEP (EVENTY

Sinole Sten mode wi:ll gxecate one avenl eact time the Sta-t
outtor 15 pressed.

0. BUx_1301: SINGLE STEP (MOVE)

Tais qmofe Wwili eBxecute ocRE XY or 2 mowve eacn tilime the STARY
ot bor, 14 orpsgez {antive at gower ugl.

P. AUX_2000: Capcels AUY 1000 {actiwve at power upl

weed to gancel AUX''s S031, S03I2 ased 053

R, AUX 9031, BG32 and 9033: Plane rotation

4 Rotates aroont X axit
H Robages around Y S»15
H Rotatze araoung ¥ oadais

A QoA
Fuy P00
Quw OIE

Thess H0X coresn are used $o rotate a orofille or shace acdoann ar
avwis=. Poimt fryom owhich it is rmtaiimg must as . Snane o
proafaig must De progranmes lncrerental e Cubueer Ooefaniat oo
canrot e uses with alarns rotab ko,

Tre Followitn stape (Fipoave FE) owas ool menrg Floax 0322 07 0 ane
wotatiormd. Orely the Firvsg AD czgreps sgcment was JIrooranmec.
Tihie aowda; oeagram used is detalilec = Followss

Lo Tome 1001

(Al

- X ano & ovfz=et RO

L

. Tonoiio ik
&, 7 O RO
2, Tool 1

B. X O % i.875 RE Move T Sbtarl aocl1iion.
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Figure 75

PLANE ROTATION
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16.

i7.

259,

Feedg 10

Z-.1) F#i

Call 1

VED —45.

Call &

YEO -390,

Call &

Vet —135.

Call &

VED —180

Call &

VEO —225.

Call &
VED =270
Call =
VB —31%
Cail &
ALY 030
£.1 FhA
Tl O

Z 0 RRA
EmND

Mowe tool dowr

Call subroutire namber one.

Anple profile te he rotatec.

Calil subroutirne numbsr two.

Ample secomnd rotation.

Srigle third rotaticon

Anmgle fourth rotation.

Frgle fifth raotation.

Annle siWth rotation.

Angle severnitn rotstiorn.

Cancel rotaticon.

{Subroutirve 1 Part Praofile)

—_

St

Bl

2.

SuUB

FRrc T

X0y — 37

=1 G



33,

T

43,

i . 35462

PAre G

Arc CCW

X .18853

£ . 3683

Arc CCld

Arc O

¥ 3376

X .E027

Ao OW

=D

{Subrout ine

b4,

G,

47,

48,

SUB E

Pux J033E

Call 1

Faoax 9030

Erg

¥

-. 4381 FI

—.e5e F1

-. 1528 F1

—. 1634 F1

L1017 F1

=4

Actavates Z plane rotation
Calls subroutine 1

Canceis rotatiocmn
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To get into graphics the following steos must fFirgs oe
establ ished:

1. Lowtrol must be in Program Cheow moce,
= Contror must have a orogram in mern ey

3. Tool O wust 52 the active teol, Becticrn A (-ipot siger wiis
ind:cate the active tool number,

4, Emergancy Stop must be pullec T,

i Press DRAW, This 15 tne far lef:t seft My The Summarw

screen wWill vow aooear on the CRT

Set the NECESSAary Daraneters o *ne SLMarty SoreeEr Oy faolier
the follwuwing stepc:

B. ZERG_ SET
In this step, you will deterrine whers 4o Eet zgrc aw hng
graphics screon, At start up, the zera'c are Aiwawvg in deait
Mositior, waicn 1= botbtem lest chrmer aof apirpern, Uigase rcE
graghics area iv ¥ 5,87 and ¥ 3,45,

&) Te pet 1rnte Zero Set edit mode crecz 1,

=0 Arece the IN/MM Luttcorn to select 1nghes e Y,
Default is to inghes.

c! There 15 row 3 MESRA0E O sCreen Saying select -5, 5
1-5 is selercted a4 cross will ADDEar o thne scoresr at
the selected poimt. If & is selected, the screew
will charnge.

bine 1 will contairn ¥ axis dimersion fir your zero poirt, - R
Eowrlii cormtain Y—arxig gimensicon, Firne 2 o will comitairg 7 o@wie
SiMBrZicor. Ling & will have a mMEssane: “SHOW POSITION ZERO ON

SCREEN. " VYou canm now out zevc EryWhere o or OFF scaogpr.

Presc 1 DELETE, t49:i= will grase the Dresent X adis dimecsor
Erter the rew valus aro oress ENTER. A Plus wiil mowve X o+

the right. minig will onove 1% to the left (=fFf Lthe sopresr, i
¥ oaxis is to pe changed, oress 2 DELETE new value ENTER. Fioo
SifErsions nove 1o, Minus oves S mff the sereon,

Pl TMat X oand Y axis 0 have boen SR press 4, This w. !
oW you wers you Rave sositiones 1% Im tne case zerc 15 of
the soveern a messape will flash “FERD 1€ O OF BRAPHICS
ARER. " Limer zewvo ;s Fiaced :r cEsSired positicrn, press= ENTER
o rebare to SUnmMmary screwsr,
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C. SCALING
Circe the screesrn siFpe 1s Sometimes smal ler o Larger inan
%he actual part, 1t may he recessary to scale the Sary
dipeEnsicn Uy or Cowrn i order o Fit it inTo the scresn,

al Rrecs . This will out you into the srale sulitaing
modeE.
1l T§ the present scale factor needs o be charnjed, oress

DELETE. Enter this rew erale factor (Ffor half-size,
tre mcals factor wouwld be D7 Cher« to see that Tthe
sopie faoctor 19 correct.

() trens ENTER and the pomtrol wiil revert mack to the
poria Ll Summary soTesn.

NOTE:
Sealinn cues TOf affect X0, ¥O, IO positicn on graphlims BETEE™

T.. EXECUTE BLOCHKS

w 1= =gctlon deterntlings which bBiocch of thE prozyam wiii De
orashical iy illustrated omn the soreer. The compiebte or@Ciman
o 1ust a portion of i can be rur.

£ Prpos 3 to enter the anecute bloack mode.

ki TF phe starilng nlack wumbeEr 1s Ccorrect, DTesh NEXT.
(1€ 1t needs to be charnced, DYess DELETE anc enter
t e Ccorrech DIook nanber. n-ecss ENTER, ther Dreass
MNEXT).

c) Nfirer pressin NEXT the Fimisn biock wili have tne
curger flashing besicde ti. sgr the same pr-CeECUre

decomibed above o change the Hlook YILEDET . s
ENTER agairn te pes Dace to Sofmary SCTEeT.

NLCTES
TfF cempletE orogran 1= being Yun and subroutivnges are b2lng USSR,
bre Bac micek of Yhe main progroan is the Finish oDlock For
e agh1lfhs.

. CUTTER_COWPENSATION (ON DR _OFF)

1f catter compersatation is bBRINZ nEed 1n the DeoBeai, 1t
car be Crawn ShowRint part orwfile (CoMe OFF) oo cuftter path
(COmP ShNY.

at Orpne & to enter Cutter Compensalbiorm Ecdit mode.
ol The cowmand selected will be flashing. HE the Dottom
mf Lthe screern arsa pommand selections Fop OM or {5 Iv

1he cutier compensation je off and rneeds to bhe O,
aress tne softhkey directly bDglow the word ON, o
visp—versa. i¥ pe Cchange 1S NMECEsSary, nress Enter.
Fither way, the control automatically reverits back to
SAmnary BCretii.
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. BPEED

Thie sectiorn cetermirne
T laTia

at Crpss S %0 o
il Smierot  mLoaeEr

T Rhe moammar

ENMTER.

Mouw tSat o t-

TF the HCLD battor

=t oo, DrEasl n

wWhile ograo-ics &
by oressLlni Single
has bo be aregnen

Ec ¢t -
Sy e e

Wleass rote oAt ot
Haoir moves., heavy
MEAYY inpm are 2

~

PLames, way ailsas be
Preas bivg QLY bey

BGIE S AL rst T he

that 18 preseni v

Chance, trreess bt

that wiew.

& YhEe saEed 2t o WhLioh o won owant oeatslos ho

B odiwmbo Sgmes Zort mocde.

rEsuLEEs and Dhae cornbroi winll o orevert ocacie
¥ OBCTEEN. T fmere are o charces, orUrEES

BoodieFormat oy iR TortECT L wau o aw ram e

]
time Emergency Stop iz Tulle

= oo, Vool
s BTART. Thae grastiecs will ostart inoa

b,
:.;f?'l‘ I '

PUUREL LR wod 23 Switon Feogn BT fe TUED
=tep. WTEF. 1 Slirnnlie ETEo, start

aA¥ihpr ggct shea (BTEP will flas+ g Ltne

rriet coprner of bhe soveen whiern o nas conclet=s an

sxt steo. Thiz oan be switoned bace and

P pranhiics.

oot Limes o the peaghios 1wans are
are Feed moves (2 arig] arng veryy
=4

O movieEs.

e LiI
LiTyet

EKLIE &

charced while graphics are runmind.
anci {1y X ¥Wp () X 23 {3 ¥ T wi.l

nxttom of Ltre soreenn, The dlarne sSE1ECL o0
autive wliil 22 fizsaireg. To o maka & alane
runoer desieed ar: the screen wWwil, Folza fou

th
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The tape rcassetbte is uysed to siore a oratvan waich Has beer
erntered tn the Beries “"M" meEmory so that wvou can ecepsat bhe same
oropram st & later time. Reccrc grocrams only after it nas hese
orever antd wher Lhere will be me more chanoes.

To recorec & progream on tape From Serigs-— memory i

1. Prees PROGRAM ENTER.

e Press EMERGENCY STOP.

i Put a cassetite tave in the recorcer anz CIose %99
sprincg—loades flig-out coore.

i, “recs RECORD.

rTeEY” &
short time this wessage will charmese to SERRCA TARE a=s t
rENlncs, Mext RARER O, laime 9 will flacsh RECORDIMNG wmict mears
tt 1g recording Dharnrel 1. Wher that is cocmpletec 1Lt will flage
SEARCH TARE agair and rewind tape. It will ther “lasn DAYV ING
at which time it is weErifyirng Charnvel 1 avt wreitiv: Sharmmel .
“irally fSregas O, life 5 will flass TRPE DOMNE, ThHe oroDiraln 18 S
recorcecd and cassette carn be venoved Trowm taoe nlawver ard storeo
in o a safe oiace.

At this time, RECORD wili flasn 1w Sres L. Laive 5. 8T
= OB

Thears are © sides 1o gach taoce and o d:fferent Crogram ose o
recorded on esach side. Iderntify the tape Dy writirnpg the oaard
rrumber o rob rnumber from thae prosram sheet on cascetis Caso.

T play & cassette back into Serigs—M mercory:

1, “resc PROGRAM ENTER and oress CLEAR 5 times to clear

MEMNaTY.
2. Wrons EMERGENCY STOP.
= Put cassette tape in Ehe recorcer enc cloze tae asrino

loadec Flip=—oul ooy,
L Orecs PLAY.

At this Sime Area C, live S wili Fiasn 2_9Y. It w2l wmen Flas-
SEARCE TRPE ag it igs rewiwicirng. The mnext message 1= DLBYIak ac
1T i% playing iwto memory. Afrer this 18 Comaleis bng rmessage
Will reac "TRRPE DDONE, Program it now ir memnory. Trwess PROGRAM
CHECH to wverify fthat $he orogram has lcaded 15 mamoey

correctly.

TT woa have & mesfran on & taoe anc record @nother Do an o
The sane side, the first program will be erased,

The comtroite menory will accent more than onp DrogRan. RTINS
doree ow Olayirng Lhe first tape as oreviously describec and
playiny seccrnd teape 1wmts the memary im the normal way. T
seeord program wi il pasth the first propram forther oo oin the
MErgcrey, It 15 therm oossible to recorc Soth pragrams on o
tane.

TS



WOTE =
Do mot pat the tape close to a magnet. This will erase the
groorams sStored on 1%,

The foliowing is a list of error MESSAgEs related to olayimd o
wacearding Tapes:

1. THRE DDWER Mo cassette recorder DOWer. The
cassette unmit does rot have power o
Py the tape windivng mecharnism.

2. NG TRERE Cassette has moc tope. Door wmot cliosed
on Ccassette,

Z. RECORD TARE Program cannot be recorded because
safety tab is in Wrond position.

4y, £ Ay ERRDOR The tape has mot played correctly.
imok at the program in Prooram Checok
arnd reclay the tape if it is not
correct.

=, THRS STOPPED Mo progran on the cassebte you are
trying to play or cassette has
ctopped. Doy of cassetite has heen

opered wnhile playing or recording.

5. RELCURD ERRDOR The program gid not record O the
tape, try agsain.

e D PROSRAM Mo program in memory To rescatd.

= mitAL Y EXSEEDED Mot enough SHatEe 1n menory for gropran
tnat is trying to be gplayed into
HIBPACIT Y o

E. RS—-232 AuX_CODES

The following ic & iist of AUY coces to use RS—-23F, tnme From
parh of the mix numbered sectiove would have Lo bs entered Lmio
comtvyal in order to send From o receive intoc control. In ovcer
s erter these, the Emergency Btop buttor must be oulled cut.
Pross MANUAL, AUX and the rnumber recuired. PAUX 2700, 2701

or 2708 (whichever applies) would be entered last. Afte- tne
Firgt AUX code is entered, press the (BUY) buttorn twice before
entering second mUumber.

1. ALY 2700 Write to RS-Z32C dewvice in RS=£74 format (B
codel.
gLy, =701 Read from RS-232C cdevice in kG~=7E farmat
aux 270z Write ta RS-—232C deviwee 1n Rnilam format
. ALY 2754 Ume EIf character set
— ElUx 2758 Use ASCLL
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3. Al BPES Set
allx BEVEG Set
Ay ETETY Set

hits ners Ccharacter
Bitsn Der haracte-
hy ks pe- charastes

o~ M &n

Ry =7E8 Geb pitn pet oharacter
o, Aalx 2970 Bes ©o no parity
RLX 2771 Set tooodd perity
—3ur 7T Sl b EwErs DEsr LUy
- e mBTaL Sot bhacd rate to LD DntalfesnoTc
LK =TEL Set baud rate o 150 Datedserne
SN 7 as Eet baud rate tso I pitsSeEnanc

oLy, =783 et omad rate oo S0 hits S seoons
ALx 2784 Eot btauc rate Tt 1200 hoiws/serono
oLy oVEE Szt LDaws rate (o LR Sits/seconl
JLx 278E et bacd rate to SLIHD DlitsSfoecond
@iy 2FRT Sot bauc rate Lo ARG slitsfseoons
—2.x =Z7AaR Set band vabts io BHGC ortsfEecorid
Moy 2Ta% Set caur rate to 18700 piisSoamon

-

Ay soeec —izher bhar 12060 Bits/lsecond Wil framnstTer f3ta 1™
[Barets dmasi e mandehakel,

E. agy Z7AG Set il nanoshasg
_— kN I et g.afhware hanczhake (4 O 2 TrF3
ALY ¥ 9E Set narcwares tarndshaiks (DTR, DET

“he Ceusaces Serigs—T nas tas asiii iy To oran Trocrats The exoper

the yrit's menory cadaziiity. TAie im cagiliec Conbilvicus
Bkl oal . Trhe oropranry will b branswittecs Toomoan RE—o 8y
devire o the Degcacer Soecaes—T, Tivaet, cextarr paranetaEro 75T

be et LSlrp OUX codes manual ly procradEed anio The Seprma g@o—,
The Ccraractor set (=28 o BSCETF, 9Sris asp mharatiar, oad Ty,
Bike ner coCond [oa.s raLel ard aandstake st omatom that b

frgrnenititimyg CevIC®.
T0 SET THE RS-2322-C PARAWMETERS FOR TRANSFER:

[Bet the Sories—™ irn manaal ooe. Mepags Y Z7ES

e LA

Fomr BETHAT t- select ASCIT (35-39&) o ZIA (=b—S44-H) charantar

frene BLX STEER ano STV0, tnew SVSRT o oselew: B BEivd Lar
craranter wihhouh Dariby, . oo, orees RoX BYEY ane 2770 (or
2772}, then STERY to s=lect 7 bits oEr characiEn (PRl SR B W
ever Laritw.

Smee ALY 2780 (or 2781, S7RS, ZFEI. BT84, VAT, VAL wner
START %o emipp: 10 {or 196, 200, £40. 1200, 18006, F4UC) Duts
pEr mectnn, resasctively, g mall rate must nob gxceed D400
bi%s Der Seganc.

Demoy SUY SFED then STARYT to select soefiware oF DaRCCWATE
hancdsbale, Pt BUA 271 imte bhe asgr omemsry 1 Dloacs o,
arter the BLT0 moge ant oress 1, BRARDo, G AET.

“he Serie=—v will walt For the Sransmitbtine Comzuber o Send
its orecTan. “ne orogram must De civided 1nid GRCLLONSE TTAT
winet Fit im “Me avaiitaie memory of the Seruies-—V, Eamn sectior.
et =tart with & aerceat (%) sm:ohn oand be tepaarates ¥oheE Sang
WaY . Fracrams mosk vt contain any CRLL, DC, SWBER o ARD
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statements, Wher the transfer of a section is completen, the
SZpries— will put the tramsmitiing comouier orn Rold ant wil:
start executing the section oFf orogram ust locaded from Lt he
RE—ZZ&~LC tTimk.

whern the Seraies-r reacnhnes the end of a sectaiorn. 1% wall
yeguest and accept more data from the RE-238-C cevice. It i=
important to urnderstand that the comntyrol will pauce while
accepting more arnformataan. Im thisa way, retracticon af She
auill betweerr prograin Secticons carn be orogramned.

Wher the end of tThe Drogran is encodntered, executi1on stoos
armd the RE-2ZIZ~C link iz interruoted.

C. SERIES—M_ERROR CODE MESSAGES

INVALID 2700 Wronmg cooge grnterec into contro..

RE—232 ADBURT If emergency StoD 1S DressSec CUrLTE
tramemissionr, this messate wilil appear.

RS—-232 ViRl Contral memory exceeced.

R5—232 READ Flayimg irnto control.

R5—232 WRITE Playing cut of comtrol.

BUF-FER OVRARLL Trarsmitting data too fast.

ERROR MESSAGES:

Excess Digit Tox many numbers or letters prte-en.

Circle error Circle formats incorrect.

No Intersect Wher using cufter comoensation cuiter canvaob
pet to next ooint.

Limit Switch Ere axis iz on a limit switon,

Z mot rapad Z commarnoo too fast.

Excess Accel Focelaration toox high.

MNeg Velocity negative wvelociliv. Copoosinc cistarnce anc
velaolty commantis.,

iag Error Fallawing evros Increasinh too fast.

Excess Vel Excess vElacity. Velocity comsmarnt too facso.
Na cut comp Cutter cowmoemmation mol ailowed with oreseny
carmer] cyole programmnec.

Tool Def Errc No tool diamwmeter 1in ofFfz=et event
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Zaro feed Mo feed programmed.

Neg Sgrt MNegative sguare roct.

Pos Drill Positive drill. 2 dimewsion irn wrong
directior.

Complete Control has beer turnad on correctlv.
Failed Control has mot come up correctly.
Drift ReEgister I+i1ift repisters being checked.

Ervor Register Error registers being checked.

Emergency Stop Emergency stop is depressec.

Dwell Forever Dwell forever. Either tHere is & dwell
pragrammed o there is an errar irnn a carnmerc?
cycle.

Tocl change Tool chanpgs oeodrammed.

HOLD Hold Buttom has beern pressed.

X + Limit ¥ + software limit.

X - Limit X - goftware limit,

¥ o+ Limit ¥ + saftware limit,

Z + Limit 2 + soaftware limit.

Z — Limit 7 - goftware limit.

E. DIAGNOSYTICS:

Before entering diagnostics, be sure to tade any proogrant® an a
cassette. Some of these tests will cliear the memory and o
will lose any programming information contained imn the mMEMTTY.

Te ernter diagrostics, the control must be in tme DROGRAM EWNTER
mode. Prass the TEST soft key. frea [ on the sCreen will fow
display a series of letters and riumbers that are for software
identificationr. 1f TEST is pressed again, the control woll oo
ivtn diagpnostics. If END ie presseo, the control will reve-st
back to the mormal prograMiing SCreen in Marual mode.

Whern control is put irnto ciagrnostics mode, there will he a 1.5t
of tests that rcarn be selected and performec.

The first screen will check the GBODO Processor (503 anc S0
Boarcsd and the following lists of tests Wiil apbpesr:

0. 8083 DIAGNOSTICS Chrarnoes screen and allows BOED
oraceEsest to be checked {513 boaral.

i. EPROM CHECHSUMS

2. LYSTEM RAM TEST

3. DISPLAY RAM TEST

4., LSER RAM TEST

5. DUART TEST

6. 6840 TIMER TEST

7. HEYBOARD TEST

8. LCRT PATTERN There are two patterrs. Prese any HEY
For second pattern.
9. CONT INUOUS TEST This does &l Lthe akove tests 1m

SEOQuUENCE.



If "O" is pressed, the control will charmge screens arnd tne
B0AT processor Ccar rrow be chechked. The followirng lists of test
will appesr orn the screen:

0. EXIT TO 68000 DIARNOSTICS
1. EPROM CHECKSUMS

2. SYSTEM RAM TEST

3. Il.D. REQUEST

4. USER RAM TEST

5. APU TEST

£. COUNTER TEST

7. CONTINUOUS TESY

1 there 15 an error while rurmming ary of these test, thern a
Failure message will be displaved on the screen. To return to
splecticon soraem while in a8 test (or when tests are cowmpleted’,

press END.

Te oretury control to regular operating modes, first the cortra:
mast bhe in GAEOOG DIAGNDSTICS. Then press the Softkey =on the
far right, COMPLETE will flash in Area C, lire 5.

If furtner help with diagroztics is= reguired, call vour rearsst
Rrilam representative; or call the Bnrilam Serviee Hot—Line in

Miami at:
1-800-327-6340

et b= =i
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PLANE ROTATION DEMLU

- 4.000

p————— 3,452 ————

. - 1,381
— -~ 1,00
o e 274
S DEG
/ * R0,1250
S L3182 L1 R0.4490 T
ﬁ - * 10 DEGREES
. 3.000
52 DEG T
e 16 peq | | 59
rmﬂmu 1466 . {
-~ | = 79 —~{ | = 7687
3010 ——=

Flgure 76



4. PLANE_ROTATION DEMD PROGRAM (Figure. 7623

Tool #1 1/4in Evemill

Tool #2 — #5 1/4in Ball endmall

i. TOOL 1601

= ¥ .25 Z=1.0000 RA

3. TOOL 1002 Towmls 2-5 are the
&, X JEE5CG 2=1.0D000 RA sama tool, the

S TOOL 1003 diaweter has oser
= ¥ 5000 2—1., Q000 RA chamoed to aliow

7. TOOL 1004 zame tool to be

. X L E3TED 25,0000 RA wsed for cougn anc
3 TOOL 10035 fimish cuts usire
10, X L2500 F—1.0000 RA cutter como.

114 TOOL. O

1z. I L0000 RA

13- £=-1.375 Y. 7000 RA

14, TO0OL 1

i, FEED 1(.

16, LLE ¢ I |

17, LEES | ca FO0

i8. VaEe 1. 3000

19. Va3 -, 3500 Regulagr rectarpular
2. Wby . = nooHet Cycle

v Vag « 17

ot VaE W L7ED

=3 V&7 . QOO0

Ci. V4B » QIO

=0, VEG 1. D000

ZE. G78

27, TOOL o

=8, Z .0 R

29, X—5. QDD ¥i.0000 B

30, TOOL S

31. AUX 1101 Fers shift to move
2. ¥—-1.5700 ¥ &S00 F—1.0000 RA zero to bottom lefth
A3, ¥ L0000 ¥ L0000 RE cornger 5f oocxeb.
S, i 1000 RA Thi= is necessary
25. Vao « 1000 irorder to rotate
5. Wil 3, 1420 nocHet.

27, Wi 1. 2650

28, Va3 -, 5100

39. Vi 4 « G530

A0, VaS « OBE5 Rotated rectaniguiar
41. Wag » B100 pocket eycole.

4. Va7 PR slslelel VED = fngle to o
43, VaB = D00 ratated

iy, Vo 1, 0000 ALX 903 Amtivate
47, Ve 10, D000 rotation

44, ALIY 9031 araung X

47, 78

L8, ALY 39030 AU 9020 Deactiwvate

rotation



43,
=
91
a2,
S53.
4.
55.
SE.
Sv.
8.
=9.
=1
&i.
Be.
B3.
Ed.
E5.
=18
E7.
&8,
£9.
7a.
F1l.
TE.
T3
T,
75,
7E.
V.
74,
7.
B0,
81.
Bz.
83.
B4 .
BE.
8&.
B7.
as.
a89.
30,
21,
9.
3.
Sy,
9.
35,
37,
98,
29,

160,

TOOL ©

PN u 14 1414
TOOL &2

ke « D000
7 L1000
Fi « QOO0
O =

7 —. 1030
CALL 1
EMND

7 . 10040
TOOL ©

Z o OO
TOOL 2

X L0000
2 L0000
[

I —. 1030
CALL 1
END

72 . 1000
TOOL ©

PN [ 5 L] &
TOOL 4

¥ L0000
AR 16 18 14
Do s

2 ~—. 1030
cAaLL 12
EnD

Z . LGO0
TOOL ©
TOOL &

S o 1Ta T2
PR s w800
Do 5

2 . 1030
CALL %
END

Fi « 1000
TOOWL O

7 L D000
X-5. Q000
END

SUE L
Y&

ALY SDEL
IEER Y

¥ JoBR1n
¥ 1.3715

X 1.59715

X 1.E735

FF

REFY

¥ 1.2500 RA
RA

FI

Fa

¥1. 2500 RA

RA

FI

2A

R

¥l 00m

10, OG0

Rotate folloawing
mowves arcund X adis

FA
Fi
¥i. 4700
Yi. 7710

B
Fey




LOE, ARC LW

1035, X 1.5313 ¥1l.6330 FA
104, ¥ 1.27¥04 YE. 1410 FR
105, &aRC

INE. X -~ Caal ¥, ZROO  SA AT 3

107, X -, 3450 Yoo, 3810 F8 Al ¥ axis dimernsions
t0E, r—i.247C Yo, 2eoh  FA have Desn adf rustec to
1ag, ARC CCk allow for (0 deprge
i1d.  X-i.E0ad ¥Yi.B8280 TR arncle.

1131. X—i.6S0Z ¥i, 3957 FR

11&. £RC
113, r=1. V60 ¥
114, ¥X-1.5713 ¥ .58:10 FR

115, Y LS00 Fa

L6, 40

g g Wil.2on o

1:8. ALY 9030 anoel mobtat low
119, ¥ OO0 Yi1.2900 &5

130, EnD

—12E-



- — EE'S

LNIOd

1NIOd
ONILAYLS A3L10NT

ONIHSINI 5
d4314N3

ANITIIN ALIAYD 40 31dWeX3




B, CAVITY

Tool #1: 2% b
X0 ard ¥YO: Fotto
i. TOOL 1001

2 X LET00

z. T ©

£, Lo D000 REA
s, TOOL 1

5. X 1.0000 b
7. AUx 1101

a. X 5. 3300 Y
=1 Vidg - TS0
1¢, V15 —60. 0000
1%, B10C

1z, r4 e —gwil]

T FEED 10,

i4. 7 L00an

s Yoo 20, GO

i1E. VEZ 3. 2500
17, Va3 ¥ 0000
1a, VE4 . BT7SB0
19, VES - 12540
&, VEE « GOO0
=1, G48

F=r= VoD —B20. GO0O0
=3, VE2 14, 0000
24,  WVEH . 1290
£5. VER - 3750
5. Vb « Q000
e VTS — 1. 00d0
=8, G549

9. Z  2ES0 RE

S0 ALY 1101

al. X oL 0000 ¥
Z&. TOOLL o

335 AR 10 1014 RE

Sy, -3, 0000 Y
- na i END

AND_ELBOW_COVITY MILLING PROG

all endmill
n left corner

Z1.0000 RA

3. 0000 R

S 0000 Z-1, 0000 RA

RA

Fa
Argle of cavity
Length of cawvity
Number of cycles
Initial radius
Firnish radius
Coancave
Acotivate cycle
Finish amgle
Number of cycles
Irnitial radius
Finish rad:us
Loncave

Clockwise direct ior:

Rctivate cycle

o QOO0 Z L0000 2]=]

- Q000 R

M_{(Faigure_ 77}):

2erg 2nift moves
to canter of arg
€loow cavity.

Raoid polar move

cutter

e
start poaint,




MOLD ROTATION EXAMPLE

} ~] — 1,500

1 { _ 0 R0.2945 ‘ !
2945 1
1.318

RLID34 —1=
———\3.112 ——-‘
5.2513

. 24,7181 RAD
CENTER ;

X23.7952
Y7.4957 7.906

— R1.4487 i

7.3225

106°*

f — 1,£533
| ]

\_ Ro.5835

Figure 78




C. MOLD ROTATION EXAMPLE (Figure 781
TOOL #1: .5 Diameter Ball Swmomil
¥0 arvd ¥O: Too cemter of nart
20: Set 2% beiow top surface (racius =F puttertd
T TOOL 1001
2 A . D00 L1, G0dixn lsl
S TOCL
&, AR 8 10 2a 0] RO
T =3, 0ol YE . D i
£ TOOL 1
T FEED gr
(=] Yoo OO0 Y- DO Bl
9. 7 . 3500 RA
10, Fid o TP 00 F
11i. YEL . oG Startivo anc.ie
1F. WEZ  1EQ. ODUD Fimishirng anglie
13. VEZ 100 OG0 Number of oyolews
14%. VD 1. CHOOD Subroutlne @umnser 1
15, VFL . God Subrout irs muamber &
1E. G&E
17 Z . S50 FFr
18. TOOL o
19, 2. 0000 Ry
. K= DO ¥, 0000 a5
=i END
VD subroutine #1
30, SUF 1 FI
1. ¥ 1. 2000
IE. ARC W
33, X L0000 Y—. 04485 F1
2y, X 0314 Yo OTEE Fi
39, ARC
A=Y ARC CLwW
27, X o1, 5804 Y=—3,0919 I
8. X 4613 Y—o. 5211 FI
i RRE
43, ARC CCk
41, x22. 7EDL ¥i1Q, 3423 FI
e % . 2200 ¥el, BoOZ Fi
43, ARC
Ly dy ARC EW
45, X¥=1. 0aES Y-, 5839 &1
46, X . 1050 ¥Y—. 2121 FI
&Y. arc
H8. A=, FEEL ¥—1.834% FI
49, ARC Ci
S, X—. 3207 Y 091 ZE FI

=lz6—



&0
&1,
B,
&3,
S,
&5.
BE.
&57.
(=12
&3,
TO.
71.
TE.
T3E.
T,
T,
7E.
77
7B.
7.
a0,
&1.
8.
B3.
a4,
B85,
8e&.

X—. ZE07
ARCI

X~1. 8533
AUX P0I0
X o O30

END

SUE £

¥ 1.2533
ARC CCW
R OO0
X . AB07
ARLC

b o |
RARC CCW
X=1.15z9
¥— . 1060
aRrc

ARC CW
A21. 8051
Xx— 9200
&RC

RARC CW

¥ Z.o817
X « BELE
ARC

ARC CCkd
= 0314
¥— L0294
ARC
X=1.5020
ALY 030
X L0000
END

¥ —. 24z
FL
¥—7.E9EQ

FI

¥ L3325
¥ . E4ZE
¥1 .B343
¥ . 3282
¥ o L,2121
¥YiE. LESL
¥ o 1l.8208
¥, S92
¥ Z.0211
¥ o L0216
¥ o LO76
¥ —. 2500

Deactivate rotatior
Reposition in
absociute

FARE o [uiols] FR

Y71 sabroutine #2

Fi
Fl

F1I
Fl

FI
FE

R
K1

=1
FI

epactivate rctation
Reposition 1w
abhsolute

P o6 [ Lu) L |

~1&5-




SHEET 0
ANILAM CRUSADER PROGRAM SHEET

F

@7 0A DRAWG. # PROGRAMMER DATE
TOOL LIST OFFSETS SETUP INSTRUCTIONS

5 JFED | 196 | Mo D | 1hs

1 1

2 2

3 3

4 4

5 5
& : ll b

7 1 7
| & 8
|9 3 {
& 1:

1 + 1

2 2

3 3

4 q

5 5

6 6

7 7

8 8

9

l
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