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BASIC_SPECIFICATIONS

O .

NO. BPECIFICATION

1. CONTRD_LED AXES Twe Axes (X & Z).

£. SIMUTANEDUSLY CONTROLLAELE Both Axes iv RAPID, FEED &
AXES MANUAL operaticr.

| -
ad

INCREMENT SYSTEM Inputs 0.0001"/, 00Zmm,
000S" /. Olmm

I 4, MAXIMUM PROGRAMMAELE += 999, 9993 inches
= DIMENSIONS += 9993, 999 mm
S DECIMA_ PDINT PROGRAMMING Data can be input with
decimal poirt,
€. RAPID TRAVERSE RATE RAPID traverse at 240 irchec
. per minute (1PM)
7. FEED RRTE : 0.0001" IPR
. ©0.1" tc 8O" IPM
8. RAESDLUTE/INCREMENTAL Axis moves may be absclute
PROGRAMMING or incremertal, but may rct

be mixed ir the same evert.

S. AX IS ZERDING Rry Axis may be zeroed at its
preserit lcocatior, cr preset
tc ary dimensior.

10, POSITIDONING IN RARPID A RAPID command moves the
machirne at RAPID Traverse tc
the positior specifies. The
machine deaccelerates tc a
stop, and an ir. position
check is made befcre
execution corntinues.

11, LINEARR INTERPOLATION R straight line move is made
tc the next X, Z, or X2
position at the programmed

feedrate.

iz. CIRCULAR INTERPOLATIDON Any ARC betweer, 0 and 360
degrees may be programmed, CW
or CCW.

13. DWELL Execution of a DWELL command

stops the program from
running until the start
buttor is pressed. A timed
DWELL will automatically
restart. Time may be 0.1 to
999 9 seconds.

SO e e O e e e




14,

is.

17.

i8.

13,

20,

23.

24,

CANNED CYCLES (G CODES)

RUXILIARY (AUX CODES)

TOOL FUNCTION

HSLD

SINGLE STEP

EMERGENCY STOP button

OVERTRAVEL

MANUAL, FEED OR RAPID MOVES

JOG MOVES

DO LOOP

SUBROUT INES

PROGRAM PROTECTION

A variety of miscellanecus
canred cycles are accessed by
& £-digit G Code.

Variocous features (absolute
machine zerc shift, turrn on
scftware limits etc.) are
activated by a & digit AUX
code.

Tool offsets are called by a
2-digit tcol number (01-32).
Tool offsets are set by a
4-digit number (2001 thrcugh
2032).

The movement of either onrne or
both Axes may be stopped &
resumed by usirg the HOLD &
START buttors.

Commarids may be executed
evert by evert or move by
move.

Wher the EMERGENCY STOP
buttor ie pushed, both Serve
moctors and the spindle moctor
will stop.

Both Axes are equipped with
Limit switches, which will
stop all RAxes movemert and
show ar errcr code when
activated.

Moves may be made by pressing
MOVES arnd hclding down the
x+' Z"'. x"'Or‘ z— k.yso

Positioning in incremertal
amounts can be made as
follows:

Jeg 1t 0.0002 " or 0.002 MM.
Jog 2: 0.002" or 0.02 MmMm.
Jog 3: 0,02" or 0.2 MM,

A sequence of events may be
repeated from O to 995 times.

A subroutine may call a
subroutine tc a rested depth
of 32 levels.

10 miriutes battery backup of
program and positior with
ability to use program saver,




OPTIONS

1. LINE VOLTRGE 110 VRC cor g20 VAL,

[

c. RS 232 Liriks coritrol tc other
peripherals.

ABBREVIATIONS USED IN THIS MANUAL

J
i
_
ki
! ARC Circular move
! RUX Auxiliary
. CHAM Chamfer
! CCw Courter Clockwise (Directicrs of ar. ARC)
- Ci Clockwise (Directiors of ar ARC)
! DISTE pDeEnN Diesplay Position
. DC Do Leop
Fa Feed Absclute
. FlI Feed Incremental
INCH Irches
. INCR Ircremental
. IN PDEN Iri Positior
1em Iriches per miriute
. I1ER Inches per revolutiorn
M Millimeters
. RAD Radius
; RA | Rapid Absolute
1
RI Rapid Iricremertal
. RPM Revolutions per minute
SUER Subroutine
.' TPRI Threads per inch
TV Variable (V Code)

Explariations of the above terminology will become apparent wher
reading the manual.

.»\-




. QUICK REFERENCE LIST
| for primary G CODES and AUXILIARY CODES

G-CODE_REFERENCE_LIST

1 5403 Turns of f tool nose radius comoerisation
I G41: Tool nose radius compersatiorn (ieft)
| G422 Tool nose radius comperisaticon (rignt)
M G81: Rough turning/boring canned cycile '
|f G8¢2: Rough facing carmed cycle
[ G84: External/Internal longitudinal compcurns threacing cannec
I cvcle
' 58%5: Face plunge threadivio cannec cycle
G86: External/Internai iongitudinal compoound tnreacinog canveo
cycilie
Ga7: Face compound threading carmed cycle
Gas: External/Internal lonpitudinal prooving carmed cycie
G5893: Face Grooving canned cycle
G34: Inches/mm per minute programming
G95: Inches/mm per revolution programming

AUX 1000: Turn orn corntiriuous path
AUX 1110: Cancel saftware limits

ALUX 1111: Set software limits

AUX 1400¢: FEED % overrigce

AUX 1401: Feed and RAMID % coverrice
AUX 1900: SINGLE STEP by event

AUX 1901: SINGLE S57TEP by X or Z move
k. AUX 2000; Cancel cortinudous gath

AUX O003: Spirdel CW

AUX 0004 2 Spircel CCW

] AUX QO00S: Soingel stop
‘ aux o0007: Coclant on
i AUX Q008 Coclant off
AUX 1000: Turrs or contlriacus ©atn orogrammivin
! AUX 1101: Zero shift
AUX 1110:; Software limnits of f (auter)
AUX li1i2: Eriablie software limits (cuter)
ALX 3F113: Set software limite (outer)
RUX 1114: Pisable saftware ilimits tinner)
AUX 1116: Eriable software limits (irrer)
AUX 1117: Set suftware limits {(irnrner)
ALGX 11&60: Disanle backlash compensation
AUX 1i&1l: Set & emable backlash compernsation (kx axis)
AUX 11Eez: Set & ernablie backlasn comoensaticn (2 axis)
AUX 1400: Feedrate % overrice active
ALX 14013z Feed & rapid % averrice active
ALX 1500: rilock oragram enter
AuX 1501: ~CC~ Drogran enter

AUX 1605: Beeper off
ALX 1E06: Eeepner on

AUX 13900: Sirngie sten one event
aAux 1501 : Siriple steo one move R
fLX 200G: Turns of f contirous path grooramming
.._a‘ﬂ._*""“—'— =—x e = == —— — S s
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SAFETY NOTICE

For clarity purposes, the drawings in this manual have beer:
illustrated without protective puards in place.

When applying this control in a retrofit application, you are
converting a manually controlled machine. Consideration must be
given to meeting applicable safety and guarding standards. These:
standards car be obtained from:

1. "Safety Requirements for the Constructiorn, Care arnd Use of
Drilling, Milling and Boring Machires", ANSI Standards Institute,
1430 Broadway, New York, New York 10018.

2. "Point of Operation Guardirip" Section 1910.212, U.S.
Occupational Safety arnd Health Admirnistration.

3. "Power Transmission Guarding" Section 1910.219, U.S.
ODccupatioral Safety arnd Health Admiraistraticr.

-_—

Publications & and 3 are boath available from the U.S. Department of
Labor.

(Informatiorn 1ivn this marual is subject to change without rnotice.)

= INTRODUCTION & GENERAL NOTES
The Crusader IIL Control you have purchased utilizes the latest
advances in microprocessor techrolopy. This, topether with Anilam’s
machine shopo orientation, ernables you to beoin production almcst

immediately. Very little schocling in propramming techrnigques will be
reguired.

The keyboard is easy to understand arnc simple to use. [t is mace of
& stuwrdy, chip-resistant mater:ial. The switches are completely
sealed and work via a rewly cevised metnod, combiriing the best of
touch tore, with pressure techriigues. Whern a butten 1s depressed a
torne is generated, telling the cperator he has made the corntract as
reguired.

All programming may be carried cut at the machine, or alterratively,
arn off—line propramming system may be purchasec.

S B B O O O O O =

NOTE:
As with any CNC machine, the operator should be familiar witm
correct machaininp practices arnd macharne shop terminclagy. Thas
marual has been written under these assumnptions.

L
=

This marnual has beer arrarnved in two barts. The first part covers
all furictions of the Crusader IIL control.

-
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The second part cortains example programs and practical applicatiors
that are specific to the tooling arranpement on the Anilamn
Lathemate. This section sncould be used as a training aid by the rew
programmer. It is graduated from simple to more comolex programs anc
covers basic kriowledge (such as coordinate systems) that will be
needed for programming.

We ericourage you to study, enter and dry-runm each examsoie oroaram.
Use the front sectiorn for quick refererces to any furctior or
command of which you are unfamiliar.

CNC programming is a never—ending learnivnip experience. UOrice the
basics are mastered, each new Job will add to your expertise. 0Our
toll—free telephone service 1s available to help you witn any
programming problem, whether elementary or hiphly complex. Please
take advantape of this service:

TOLL-FREE SERVICE HOT LINE
1-8Q0-327-6340

For your own safety and the protection of your ecuipment, always
remember the proprammer's cardinal rule: Dry run every program
thoroughly with one hand on the EMERGENCY STOP switch!

TURNING THE SYSTEM ON

POWER_SUPPLY
Power is supplied to the Crusader IIL throush a 115 velt (2320 vaolt
cptional) power supnly cabie. The cahle ocutlet from the corsole is
igcated on the lower right side whern facing tne control.

Power must be constarnt at a miviamum of 105 volts PAC awmd it must bes
oroperly grounced. Trne opower cord can row be pilupoed in to an AC
oower source. '

CRUSADER_IIL_START-UP

To pain access to the back of the Crusacer Ilc controi, The coerator
should oper the cabinet oy swircing the frornt parel forwarcs. See
figure 1.

To turn the covtrol on, place the DN/DFF toogle switcn (lao
the back of the control) i1vm the CN position.

tec orn

m

Now, ernsure the Emergency Stop buttorn is out. Tais is cnecxes oy
turninpg the button cioccrwise as i1ndicated by the arrcows.

Now push the RESET Switcon. This is locatecd om the cabiret asove
the Prooram Saver.




I At this point, The MANUARL, IN/MM, HOLD, DISPLAY POSITION, RAPID, ard
i IN POSITION lights should be on. The digits 1.00 will show in the
fl FEED % display and the axis displays should read all zero.

If some lights are off or on which should not be, or if some of the
. digits are only partially lit, then turn the control off and call
I your Anilam representative. Or call the Anilam Service Hot-line at:

| 1-800-327-6340
I If no lights at all appear, refer to the spare fuse listing inside

the cabinet. Spare fuses are in the pocket located on the inside of
the door at the rear of the cabinet.
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a#2 PART_DONE: CONTROL _FUNCTIONS @&+

SECTION 31
THE ALPHR-NUMERIC KEYBORRD

Wher. readirg this manual refer tc the foldout of the Crusader IIL
keybocard (Figure &) to keep ycurself familiar with the key
prsitions,

R. DIMENSIONING KEYS

The buttors X, Z, 0O to S, +/- and the decimal point, are used for
programming dimensions.

E. DISP POSN

Wher. the light 1r. the upper left correr of the display position
button i1s cr, the actual position of the tool is showr., This
pcesitior 1s relative to RAbsclute Zerc whern teool length coffsets are
active (see Sectior 8). Wher riot illuminated, the display shows the
current commarded positior. Rt ary time-ir any made, the operator
may depress this buttor to kriow either the program event positiorn or
the currert actual positior of the tccol.

€. DD

This buttor, is used for starting a repetitive sequerce (DD LDOP).
The DO commarc 18 always entered with a number of 1 to 999, Thas
number determines how many times the loop will be repeated. See

section 18.
D. CALL

This buttor is used to call & subroutine for execution. The CALL
command is always entered with a number from 1 to 999. This numbe:-
determirnes the subroutine that will be executed (or CALLed). ARfter
executing the subroutine, the program will return to the event
facllowing the CALL and continue the program execution. Gee secticn
i18.

E. BSUBR

This buttor is used with an identification number from {1 toc 9999 to
specify the start of a subroutine. See Section 18.

F. END

Thas buttor is used tc define the erd of a Do loop, subroutine, or
the erc of the mair programn.




G. RAPID/FEED

This butteor ivdicates ir which mode the machire is beirng

programmed. The upper light indicates RAPID moves and the lowe:-
light irdicates FEED mcves.

H. INCR

Wher, 1it, this buttor irdicates that the move being programmed is 1iv
the incremertal mcde. Wher not lit, the system is ir  the absolute
mode. For ar expleriatior of absclute/incremental, see Sectior 2.

1. DWELL

This buttorn causes the machine tc remain stationary ir its presernt
location (wher reached in AUTD mode). I1f a timed dwell is requirec,
a number irn seccornds must be ertered. For example:

DWELL 2.0 : R dwell of two seconds.

DWELL 0.5 : R dwell of cre-half second.

J. AUX

The Auxiliary button ard a four digit code number is used tc access
special features of the control. For example: AUX 1401, allows
operator tco contral the RAPID rate of the machire.

K. CW/CCwW

This buttor is used to specify the directior of the tool ivi ar ARC
commarid, ei1ther clockwise or counter clockwise. For ari explarataior
of RArc programmivg see Section 7.

L. ARC

Used with the CW/CCW buttor, the ARC buttor erables the operator to
program a cut in @ carcular motion.

M. TOOL

This buttor is used tc set tocol length offsets, tool radius
compensatior, and to call tool numbers irn the program. See Sections 8
ard 9 for ar explanation of tocl length offsets and tool nose radius
compensat ion.

N, V

This button is used to enter V-codes (or Variables) used in the
carned cycles. The V is pressed, followed by two digits to identify
the variable. Further key presses will be entered into the 2 axis
display. (For example: To enter V51 = 1.2500; press V 5 1 1

‘s .
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The G buttorn or B code is a preparatory code arno prepares the
machine to accept data in a particular form. For example:
B34: inches per minute feedrate programming.
G35: inches per revolution feedrate programming.

G codes are alsc used to identify the use of carnned cycles. For a
list of primary G codes, see the Quick Reference List in the .
beginming of this manual. For the use of canred cycles, see Secticn
10.

P. EVENT ENTER

This button only functions in the PROGRAM ENTER AND MANUAL modes of
cperation. Orce all the information in an event is programmea,
press EVENT ENTER and that block of information will be stored in
the memory with the correct event number. The Crusader IIL will
theri automatically advarce to the next evert number for further
information irput.

The EVENT ENTER button is alsc used to preset any position into the
displays irn the MANURL mode. To preset X and Z to zero (establish
Absclute Machirne Zero), simply press X Z O EVENT ENTER and this will
reset the X and Z displays to zero.

Q. EVENT CLERAR

This button is used to clear ar event withirn the program that 1s rno
longer required. EVENT CLERR is also used to clear an erntire
program from the memory. Press PROGRAM ENTER and then bpress EVENT
CLEAR five times. This will clear the memory.

R. ADD EVENT AND DELETE EVENT

These buttons are used for addinp everits or deleting everts from a
program in memory. For futher explanatior see Section 17.

S. EVENT SEARCH

This button is used to look at information withiri & specific evert
without having to step throuph the program from Event 1. EVENT
SEARCH can be used i1rn any mode other tharm MANUAL. For further
explaration ano usace see Section 17.
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SECTION 2
MODES OF OPERATION

Wher readirg this section refer to the fold-cut illustraticn of the

Crusader IIL keybcard. This will'help familiarize you with the key
positions.

A. PRDGRAM ENTER

This mode is utilized for programming ard editing. It is ivn this
mode that the operator enters or chanpes data in the memory.

B. PROGRAM CHECK

This mcde is utilized to verify data in the program. In this mcde,
no data car be entered or changed.

C. SINGLE STEP

This mode is utilized when the operator wishes tc execute one evert
of data. Ir the SINGLE STEP mode, wher the START button is pressed,
the machirne will execute one evert of the program theri stop until
the START button is pressed again to execute the next event.

D. AUTD

Iri this mode, wheri the START buttor is pressed, the machine will
execute each evert of the program automatically.

E. MANUARL

This mode is utilized to allow the operator complete flexibility in
setting up the machine or moving any Axis individually.

Each of the above modes will be dealt with fully in the fallowirng
sectiors.
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SECTION 3
MACHINE RXIS FORMAT AND LAYOUT

Figure 3 illustrates the basic axis format for a manual engine lathe
wher viewed from the operator's positior. A1l programs in this
manual are referenced from a back-tooling positior.

| The arrcows indicate the direction the tool will move for a plus or

mirius sigried command.
R. DEFINING ABSOLUTE AND INCREMENTAL DIMENSIONING

Absclute and Incremental are the twoc modes in which the Crusader IIL
car. be programmed. The two modes differ in that absolute
programming utilizes a set datum point from which all the programmec
ccordinates relate (see figure 4). Incremertal uses the presernt
tcol position as a datum point and all coordirates are programmed
from that pcint (see figure 5).

B. RABSOLUTE DIMENSIONING

As with Rbsclute Programming, RAbsclute Dimensioning alsc utilizes a
kriowr, datum point from which all dimensions relate. In figure 4 the
datum point is the center line of the component ard the front face
of the compcnent. This datum point can be used or almost every
component.

C. INCREMENTAL DIMENSIONING

Irncremertal dimersioring dcoes rict use a set datum pcirt from which
all dimensicns relate. Instead, each dimension relates to a previous
pcirnt (see figure 5). Therefore, if you wish tc cut the diameter irn
figure 5 back to the farthest Z dimension, you must first calculate
the distarce from the front face of the componert. The calculaticrn
for the example would be 2.5" + 2" + 0.5" + 0.5 = 5.5, If the
dimensioriavng had beer givern in absclute the Z distarce 1€ known
without havirg to calculate, therefore eliminating a possible error.
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SECTION &

MANURL AND JOG MODES
R.  mMANUAL OPERATION

The MANUAL Ccperaticr mode of the Crusader I1IL erables the cperator
to move the slides independently from any pProgrammed moves. This
mode is used mostly for settirg purposes Such as wher a tocol has to
be moved teo 8 positicn to set absolute machine zero or tool length
offsets. Sce Secticr 8,

Te operate the Crusader IIL ijr the MANUAL mcde, press the MANUAL
button, which lights wup.

NOTE:
Rt start “P, the Crusader is iri MANUAL mode with feedrate ir
RRPID. D1mens:on1ng 1s in AESOLUTE ard iri INCH.

B. MOVEMENTS 1IN RAPID AND FEED

Wher. mAnNUAL 3¢ selected, the feedrate is ir RAPID as irdicated by
the light. The tool can be moved ir RAPID along either axis by
Pressirg the relevart axis pbuttor (X+, X=, Z+ or Z-). The tool will
continue to move until the button ig released.

By Pressirg the HAND buttor, the feedrate moves to FEED ard the FEED
light ccmes or. The feedrate Perceritage can be adjusted by the FEED
percent buttors, Moves car ther be made ir FEED alorng either axis,

C. SLIDE JOGGING (Manual, Rapid and Indeterminate distances)

Simple Joggirg of the slides enables the operator to position the
slides ard tcel Post tc the most corvenient place for tocal chariges.
It is also used tc set Absclute Machine Zerc (see Sectior 8),

D. MANUAL JOGGING

Tc move the slides, the Crusader I1IL must be irn the MANUAL mode cf
operatior. Press the MANUAL key. This will light the red lamp,
Signifyivng the mcde of ocperation. Set the feedrate to 100% for full
rapid traverse (240 inches per minute) or to any other Percentage of
this rate. Settings are variable ir 5% incremerts from 0-120%. The
feedrate Percertage car be read at the top left window of the
control marked EVENT/FEEDX.

AUX 1401 must be active ir order to control the RAPID rate. See
the Quick Refererce List at the beninning of this manual for al)
AUX codes. ;

Press the appropriate key tc move the slide in the required
directior., The slide will cont irue moving until the key is
released. Repeat as necessary.

- Towards the spindle,

2+ Away from the spindle.

:
H

X= : Towards the machine center line.
¢ Away from the machine center line.

X+
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E. JOGGING THE SLIDES TO SPECIFIC INCREMENTS
To move the slides a specific incremernt the control must be ar
the MANUAL mode of operation. Select the amount to be moved:
JoG 1 = 0,0002" /0,002 mm

or JOG 2 = Q. 002"/0.02 mm

or JOG & = 0,02"/0.2 mm
Press the HAND symbeocl to select the desired increment distarnce. The
red indicator lamp will show the selected increment (Jog 2
selected). Using the X and Z direction keys the slides can be moved

the selected amournt. Each strike of the key will pive one
irncremerital move of 0.002"/0.02mm. Repeat as necessary.

F. SINGLE STEP MOVES IN MANUAL

A sinple move in MANURL can easily be entered and executec. For
exampie, to move in 1.0" steps in the X+ directiocn in RAPID: First
turrn off DISP POSN so that informatiorn erntered car be seen, arnc tnen
press X 1.0 RAPID INCR. Then, each time START is opressed, the tool
moves by 1.0" irv the X positive direction. Ta clear this move prests
EVENT CLERR. Ary programmable move can be macde as a Single Step,
Manual move.
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SECTION_S

FEEDRATE PROGRAMMING AND FEEDRATE OVERRIDE

A. FEEDRATE PROGRAMMING

Irn the Crusader IIL control there are two methods of orogrammivng a
feedrate; G394 or G95:

G34: Feeding in Inches (or mm) Per Minute (IPM)
G35: Feeding in Inches (or mm) Per Revolution (IPR)

Simce all manual lathes use IPR as their methed of feeding, it 1i1s
sugoested the IPR be used when programming with the Crusader IIL
control (IPR refers to the distance moved by the tool for each
revolution of the spindle). The contreol monitors the spindie speed
via a rotary encoder attached to the spirndle, therefore it can
accurately feed at any rate from .0001" to the maximum RAPID rate of
the machine.

B. PROGRAMMING IN IPR

Inch Per Revolution (IPR) is set arnd activated by a B—-coade (G335).

You must first enter Variable 21 which contains the amount of feed
per revolution. The rnext event must be B3E8. This will remain in

effect for any feed move until it is chanced i the program. Here
is an example of how to program in IPR:

Event # Command

1= TOOL 1 Activate Tool #1 coffsets.

D VEi 008 Feedrate seiecteg at .008"
14, G395 Feedrate seliected in 1.P.R.
195 X-1.0 Z2-1.0 FI X & Z Axes to feec -1.0 at

Q08" per revoliutiorn of the
spincle.

NOTE:
Always program a feedrate after a tozsl call.

C. PROGRAMMING IN 1IPM

Inch pér Minute (IPM) is set ard activated by a B-code (G34). This
will allow entry and change of feed rates using the FEED ~“ey anc
will remain in effect until V21 and (95 is programmed. “The
followirng is an example of how to proogram in IPM:

Event # Command

1=. TOOL 1 Activate tcoal #1 offsets.
13. 594 Feedrate selected irvi I.H.N.
14, FEED 20.0 Ffeedrate selected at =0.0"
e X-1.0 Z-1.0 FI X & Z Axes to Feec -1.0 at

20, C inches oer minute.
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D. FEEDRATE OVERRIDE

Withir the Crusader IIL control is the ability to adjust the
feedrate without having to edit the program. This is an important
feature wher proving a component program. For instance, if a cut is
beinc takeri and the feedrate appears to be too fast, the cperator
car lower the feedrate during the cut and obtair the correct chip
control, by using the FEEDRATE % override. In the same marmer the
operatcr can alsc raise the FEEDRATE % override.

The FEEDRATE % override has a rarnpe of O to 120% For example, if
0.01" I.P.R. has beer programmed ard the override is set at 100%,
the feedrate will be 0.01" IPR. With the override set at 60%, the
feedrate will be 0.006" IPR. The override is adjustable irn 5%
increments using the FEED % buttons located at the top of the
control panel to the left of the X and Z directioral buttors.

Whers the FEED % button is pressed, the actual percerntape of FEED iss
displayed in the EVENT/FEED % window at the topo left of the control

E. IN POSITION LIGHT

This light indicates that a commard has beeri completed. For exampble,
if a command causes the machine to move ar axis, the IN POSN lipht
will come on wheri the machire reaches its target pasiticor. This
lipht is located below the FEED % buttcons. ‘

F. INCH/MILLIMETER BUTTON

The INCH/MM button and its lights indicate in which mode (irch or
mm) the machine is being programmed and which mooe the machire
cisplays are showing. It is possible to pragram in INCH o MM, but
the mode canncot be changed within a sincle program.

NOTE:
Do riot charpe the mode guring a cycle of the program or when 1w
AUTO.




SECTION 6
SYSTEM STATUS SECTION AND POSITION DISPLAY

The left side of the Crusader IIL displays the appropriate
irformatior during programming or cperatior.

R. SYSTEM STATUS SECTION

The system status section at the top left hand panel cof the Crusader
IIL consists of two sets of displays. These are used throughout the
programmirng process tc show the status of the everit beirg
programmed.

The left half is used to show the everit number during programmirg,
Single Step and Auto operations. Ir MANUAL it displays the feedrate
percertage. It car alsc display the feedrate percentapge in cther
mcdes, if either FEED % buttor is pressed. Rfter a few secords it
reverts to the everit number.

The right half displays the actual feedrate at which the tool is
moving. If ari Ruxiliary (AUX) number, Do Locp, Subroutine or Dwell
has beer: programmed, this information is displayed instead of the
feedrate.

Ar Auxiliary (AUX) number is displayed wher the block containing it
is current. 1f a Do Loop is being programmed, the number of times
the lcop is tc be repeated is displayed. Subroutires are assigned a
number and when they are initiated that number is displayed. The
number of seconds remaining ir a timed Dwell is alsc displayed here.

B. POSITION DISPLAYS

In the lower half the 3 large displays show, from top:
X Axis positicn: either actual or commanded position.
Z Axis positior: either actual or commanded positicor.

Note:
DISP POSN sets either actual or commanded position.

The lower display shows two separate functions. The left of the
display shows the active tool number. The right of the display shows
the machine spindle speed.
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SECTION_7
CIRCLES AND ARCS
A. CIRCULAR MDOTION

Wher a tccl is required tc cut in
everts that erable the machine to
‘ARC Statemert'. Four
Statemenrt:
1. The directior of the circular move, clockwise or courter
clockwise (CW/CCW).
2. The center point, in both X ard 2 Axes, of the ARC radius.

3. The end point in both X and Z Axes, of the ARC or radius.
&, ARC (Used tc end the ARC St atement.

& circular motion, the programmec
move in this mode are known as ar
events are required to make up the RArc

The Crusader I11IL requires these four everts so the tool will move
alcorg the correct path (See Figure 8).

Without programming the direction of the arc the Crusader has four
Possible routes from Poirt A to Point B, so we tell the Crusader
that the arc is to be cut counter clockwise (CCW). This still
leaves two possible routes that the tool can take, so we Bive the
Crusader the center point of the arc. The Crusader row knows the
peirt about which tc swing the arc. Because the tcol is or the start
peint of the arc, the Crusader knows the radius of the arc.

Now the Crusader must be giver the ernd pocint of the arc, o
it will assume the move is a complete circle. The Crusader now
kriows the directior of the arc, the point about which te swing the
arc, and the poirt at which to end the arc. The last step is to end
the ‘Arc Statemert® by programming ARC.

therwise

The same format is used ir any type of radius or ARC programming, nc
matter if the radius is less thar 90 degrees or more thar 90

degrees. Study the examples to become accustomed to programming
arcs and radii.

B. ABSOLUTE & INCREMENTAL ARCS

Wher. programming arn arc in absolute, the center point and end point
of the arc must be programmed with cocordinates relating to the
component zero point. Normally this is the center line of the
component and the front face (see figure 6).

However, when programming an arc in incremental, the center point
and end point of the arc are coordinates relating to the starting
pesitiors of the tool. Both absolute and incremental coordinates can

be used withir the Rrc Statement, but cannot be programmed in the
same everit. The center point of the are could be programmed in
absclute and the erd point programmed in incremental. The type of
dimensioning used or the componert drawing will dictate
converiient method of programming the arc,

the most




4 POSSIBLE ROUTES FROM PONT A—B (1) THRU' (3)
PROGRAMMING (ARC CCW) ELIMNATES ROUTES (1) & (@)
PROGRAMMING  CENTER PONT (XO Z-1.0) ELIMINATES
ROUTE (). PROGRAMMING END POINT (X 1.0 Z-0) " \
ELIMINATES A 360° ARC. 8 / @
A

AS SEEN IN THE PROGRAM.’ COMPONENT ZERO

EVENTT COORDINATES
2. XO 20 FA. FEED TO START POINT.
13 ARCTGCW DIRECTION OF ARC.

4 X0 Z=FO FA.
W5 7-10 FA.

CENTER POINT.
END POINT.

"""“““”"

6. ARC. END OF ARC STATEMENT.
085
- ABSOLUTE L st PROGRAM FROM A—B
Lo ARENSIONING. B | r e ! ABSOLUTE [ INCREMENTAL |
oasR | 2l. X04 Z-01 FA| X0l Z0Il Fi
0.85° 22. 05 FA 204 Fi
j A 23. ARC Cw ARC Cw
| 1 o  24.X0B5Z-05 FA| X025Z0 Fi
- i i 25. X065 Z-0.75 FA | X025 2-0.25F|
0.25 / : ‘1 j ;
% * l/' + l 01° 26. ARC - 2 ARC
; | ‘ 27. X0.75 FA| XOI
_JI. pedh 28. X085 Z-085FA| XO.I Z2-0.
01" x 45 025" 04" , 047 %
INCREMENTAL e
DIMENSIONING Figure 6
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SECTION &
SETTING ABSOLUTE ZERD AND TOOL LENBTH OFFSETS

R. ABSOLUTE ZEROD

Absclute Machine Zerc is a2 pocsition used for a tool change or
component change. ARAbsoclute lero can theoretically be set anywhere
within the movement of the X and Z slides. Although it is possible
tc set RAbsolute Zero anywhere, the component dimensions will dictate
the most advantageous setting pasitior.

The factors that the coperator must take into consideration are: the
diameter ard length of the component; the ease of access for
chariging both tocls and components; and the distance that ~the tool
must mcve before reaching its start pcint. -

S

B. SETTING ARBSOLUTE ZERO PDSITION

"Wher. @ positiorn has beern selected for the Absclute Zero position,
mariually move the X and Z slides to that point. Follow the steps
below tc set RAbsclute Zero:

Press MANUAL (even if the MANUAL lamp is lit) to clear ary

previous command.

2. ‘Press TOOL O and START tco deactivate any tool lergth offsets
that may be active from a previous program,

3. Press X 0O Z 0. By pressing the above keys the existing
figures in the X and Z Rxes are re-defined ac X zero and Z
zero.

4, Press EVENT ENTER.

(-
A

Bl

At this time, the X and Z Axis displays will read zero and the
Absclute Zeroc position wWill be set., Any time wher there are no tool
lergth offsets active (deactivated by programming TOOL 0), the X ard
Z Rxes car be programmed to return to Rbsolute Zero (i.e., when
chariging tocls). For example, a move to Absolute Zerc is programmed,
before each tcol change or at the end of a cycle. :

Figure 7 shows twc positions'at which Absclute Zerc can be set.
Example A indicates the correct setting position for the component
showr.

I

-« The slides are sufficiently clear of the component so the
operator can safely change both the tool and part without
risk of injury.

* The slides do riot have to move ar excessive distarce before
reaching the start position for a cut. This makes for a
faster cycle time.

- (==

NOTE ¢
Figure 7 is illustraded showing the tocling position on the
Ariilam Lathemate. Whether ycur lathe is equipped with the
Lathemate or nct, the safety prirciples discussed here still
apply.

[

=
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Example B indicates arn ircorrect setting for the Absclute Zerco
positaor.

* The slides are pcsitiored tcoco close to the component. The
operator cannot charige the tcocol without risk of irgury.

- The X Axis is positiored below the diameter where the first
cut would cccur. Therefore, the operator would have tco
program are X+ move before positiornirng for the fairst cut.
Similarly wher returrnirng to Absolute Zero, the tocl would
have tc be proprammed to mcocve Z+ befcore moving in the X RAxis,
otherwise the tocl would move divectly intoc the component.

C. TOOL LENBTH OFFSETS

The tcocl length cffset (TLD) is the distarce from the tocl tip when
the slides are at the Absclute Zerc position to the frort face anc
certer lire of the comporernt (or comporernt zero point). The contraol
rieeds these distarces so that Rbsclute programming can be utiiizec.

TJool lerigth offsets are eritered at the begirming of the program
during set up. The offset distances are ertered using & 4 dig:t
tocl command. For example, if the offsets for the turrning tool
(Figure 8) were =-Z.000 iri the X Axis ang =-2.000 irn the Z Arxis, the
offeets ernterecd intc the contrcal at the beginnirng of the program
would be as follows:

Everit # Prcgram Data
1. TOOL 2001 (to be explained)
2. X =2.¢ Z -2.0 RA

1f the cffsetse for the boring tool (Figure 8) were =2.3500 ir the X
Axie arnd -1.000 iv the Z Axis, the offsete ertered intc the control
at the begirmning of the program would be as follows:

Evert # Program Data
3. TOOL 200z
4, X -3.5 2 -1.0 RA

The 4 digits are interpreted as fcllows., The first 2 digits (20)
are used tc signify that tocl length offsets are being set. The
last 2 digits (01, 0z, 032, etc., through 31), identify the TOOL
number to which the offset is set. The actual tool offsets will be
erntered by the operator during set up.

If two tocls are to be used for a piver compornent, wher the operator
eriters the program, evernits 2 arnd 4 are left empty for tool length
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cffsets to be entered during set up. See the example belaw:
Everit # Program Data

1. TOOL 2001
2. (Empty; data tco be ertered during set up.)
3. TOOL 200z
4, (Empty; data to be ertered during set up.)

D. SETTING TOOL LENGETH OFFSETS

The tcol lergth offset (TLO) data should be the first irnformaticr ir
the program. Each TLOD is set using a & digit TOOL riumber follcowed
by the TLO value (distarice from the Absclute Zerc pocsiticr to the
componerit zerc point).

TLOs are established by the operator during set up as follows:

1. Load arn unmachirned compornent irto the chuck.
I 2. Set the tccls irtc the tccl holders.
3. Clamp the tool holder on the tocl post.
_ 4. Set the Absclute Zerc positiorn (see Settirg Rbsclute Zerc
Position).
' S Press MANUAL.
6. Using the slide directicnal keys, move the tcol tc a
position to take a light cut or the diameter cof the
I comporierit.

Note:
Use FEED % to cortrol the feedrate of the slides.

7. Write dowri the distarice moved iv the X Axis (the distarice is
displayed in the X Axis daisplay). Measure the diameter that
has beer cut and divide by 2 to give the radius of the part.
The radius can now be added to the distarce ir the X Axis.
The arnswer will be the distarce from the Absclute Zerc
position toc the center line of the machine, which is the tocl
length offset for that tocl ir the X Rxis.

8. Using the same tocl, take a light cut dowr the frornt face of
the componert arnd write dowr the distarce moved ir the Z Bxis
(Z Axis display). The answer will be the distarice from the
Absoclute Zerc position to the front face or the comporent,

, which is the tocl length offset for that tool in the Z Axis.

i g, The same procedure is used tc obtain the tool lergth offset
values for subsequent tools but the cuts do not have to be
taken. These tocls can be broupht intc position using the
‘slide jogging®' procedure and just touched against the twc
machined surfaces.

moving in & minus direction. Therefore, tcol lergth cffsets are

NOTE s
l Wher: the tocl length offsets are being set both the X ard Z Axis are
l always mirus values and are entered irn the program as minus values.




SECTION 9

TOOL NOSE RADIUS COMPENSATION

A. G40, G41 AND Ba2

The programmer always programs the path cof thecretically sharp
pointed tocls. The differerice betweer the theoretical sharp point
ard the actual paint of the tcol radius car be compernisated for by
using G41 and G4z (toocl nose radius compensation codes). Both G412
and G42 are mcdal ccdes arnd stay irn effect until cancelled by G40
{tool nose radius compensation off).

Two codes, G411 ard G422, are riecessary because the cortrcol must krcw
if, whern viewed irn the direction of travel, the tocl is to the left
or tco the right of the component. Figure 9 is arn easy to follow
guide giving the correct G code to use for a specifiec directior.
Wher tool rose radius compernsatiorn is ro longer reqguired it is
‘cancelled by G40,

E. WHY IT 1S NECESSARY

If all the tcols used in a cutting operaticn had perfectly sharp
points there would be no need for tozl nose radius compensaticr. A
preblem arises only whern a tool has a tip radius, and ever ther conly
under certain situations.

R tcol tip radius will not cause any problems if the work corncsists
of straight facirg, square shoulders ard straight turring. However,
wher arigles, chamfers, arcs or any simultarecus two-axis moves are
required, then ari errcr will be seen i the firished part. This
errcr will depend ori the size of the tocol tip radius arc the
particular mcve beirng done. The larger the tip radius, the larger
the error. '

Figure 10 shows how an errcor occurs orn & chamfer-type move. The
cross-hatched area is material that will rnot be removed urless
radius compensatiorn is used.

Figure 11 shows how tool nose compensation would automatically
correct this problem.

Irn a similar fashiorn, arcs programmed without using tocl tip
compensation, and combiriatiors of arcs, tapers, etc., will all show
scme loss of true form. Whether comperisatior should be used will
depend upori the tolerances involved and the size of the tcol tip
radius. Wher, it is needed, it is a very powerful programming tccl,
automatically doing all the necessary trigorometry ard mathematics
for you.
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C. DESCRIBING THE TOOL

Whers compersaticor ig used, mcre informaticor about the tool is
required tharn just the tocl lenpgth coffsets. Feor example, 1ir TOOL.
12301 the first digit tells the cortrecl that & tip radius is tc be
ertered. The second digit is the TOOL location code number, ard the
last two give the TOOL rumber (01 to 32). The locatiorn ccde is the
direction that the trol tip is pointec (see Figure 12).

This is followed by the tip radius, ertered under the X addresc
(always & positive number). Thus the complete entry for TOOL 1 with
a4 tip radius of 0.032" is as follows:

Event # Commang

1. TOOL 2001 Tool number.

2. X =2.94% Z =-2. 472 Toocl length offsets.
3. TOOL 1Z=201 Tool locaticor offset.
&4, X .032" Tool tip radius,

< TOOL 200Z.....etc.

D. TURNING COMPENSATION ON AND OFF

Rlthough the tool]l nose radius comperisation is entered after the tool
lerigth offsets as above, it i1s nct put inte action until the tocl
nose comperisatior. codes are programmed (641 or G42). The locaticor
number alters the tcol lergth offsets tc be at the tip certer rather
thar, at the tip edge, and B4l or BG42 instructs the cortrol to make
compensation to the left (or right).

The 641 or B4Z command brings ir the compensation during the next
move in X and/or Z. This is called the ‘ramp or' move. The ramp on
mave always takes the tip center to a poirt perpendicular to

the next X 2 move, ard the displayed positior while comperisaticor is
iv. effect is always that of the tip center positiorn though the
programmed mave is alcrg the comporent profile.

It is importart tc urderstand the ramp=on move wher initiating
tcol nose radius comperisaticor sco safe ramp—ori mcoves carn be
programmed.

Hher, comperisation is to be cancelled, G40 is ertered tc carcel
either B41 or G4Z. The next X Z move ‘cancels'’ the conperisatior,
and is knowr. as the ‘ramp-off' move.

Study figure 13 and notice how the positioning of the tool tip ir,
relation to the programmed ccordirate dot is affected by G42 ard
640. Figure 13-R shows how the part shoulder would be cut into by
ramping off tcc scor. A peneral guide tc use is to ramp on the work
perpendicular tc the first two compensated moves and ramp off
perpendicular tc the last two compensated moves.
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E. EXARMPLE OF TOOL NOSE RADIUS COMPENSATION

Figure 14 shows a component with ar arc ard a taper to be programme:

using tccol nose radius compernsaticor.
followed by @ finish cut using comperisatior.

0. 1000" cuts,

and FEED informaticr is to be included in the program.

the part drawing is the program and description of the everts.

Evert #

1.
2.

3.

4.
S.
€.

7.

e.
9.

12.

16.
17.

i8.
19.

20.
21.
2e.
23.
24.

as.
2€.
a27.
ea.

29.
30.
31.

Commanrd

TOOL 2001

‘X Z RRA

TOOL 1201

X .032 RA
TOOL ©
X 0O Z 0O RA

TOOL 1

vel .01e
G35

X 1.35 Z .1 RA

VSO -, 225
VSl -2. 60

vsez -. 10

V53 -2. 60

Vo4 0

cal

X 1.1 2 .1 RAR

V50 -, 225
VSl -2. 35

vsz -.10
vs3 -1.0
VsS4 0O

Gel

X .65 RA

Z -1.0 FA
X .75 FRA
Z .1 RA

X .352% RA

Z -.875 FA
ARC CwW
X .12 Z O F1

it

is tc be rough tuwrned using
A1l TOOC.
Following

Call tocol nrumber 01,

Tool length offsets for tool
number Q1.

Assigr location 3 to tocol
number 01,

Tool tip radius size.

Carcel arny active T L O.
Rapid to Absclute Machire.
lero.

Assign tcol 1 tccl length
offsets.

Set feedrate at 0.012.
Feedrate set ir irches per
revolutior.

Rapid to start position for
Canned Cycle.

See Secticr 10 for Carned
Cycle V Code defiriticons.

Rctivate Carrmed Cycle.
Rapid to start Position for

ernd Carnried Cycle.

See Secticrn 10 for Carred
Cycle V Code defiriiticn.

Rapid to start Positiorn for
roughing cut.

Roupgh cut iri the Z Axis.
Feed out ir the X Axis.
Rapid return.

Position for roughing 0.5"
diameter and 0.125" radius.
Rough cut in the Z Axis.
ARC direction.

Center point of the ARC
incrementally.
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32.

33.
34.
35-

37.

33.

39.
40.

41.
42.
43.
44,
43.
46.
47.
48.

49-

S0.

S1..

Sa.

a33.

Fe

The tool nose radius value 1s always piven as ar X AXis dirmensiov
and the lccation number is always the secord digit inm the TOOL 5

38
X .125 Z -.125 F1I End point of the ARC
incrementally.
ARC End of ARC statement.
Z .1 RA Rapid Return. :
X .4 RRA Position in the X Axis for
: ramp on move.
V21 .008 Re—-set feedrate for finishing
cut.
695 Feedrate set in inches per
revolution.
642 Compensation Call tool nose radius
X .5 Z0 FA Ramp on move.
Z —. 875 FA Feed to start of radius and
ramp on MOVEe.
ARC CW
X .125 Z O F1 ARC statement in incremental.
X .125 2 —-. 125 FI
ARC
X .75 FA Feed to start of taper.
X 1.0 Z -2.25 FA Feed up the taper.
Z -2.50 FA Feed to shoulder.
X 1.25 FA Feed up the shoulder.
G40 Cancel tool nose radius
compensat ion. 2
X 1.35 FA Ramp off move.
TOOL © Cancel tool length offset fo
tool #1. - ‘
X OZ O RA Rapid to Absolute Machine 3
. Zevro 5
END End of Program. ;i

RULES FOR TOOL NOSE RADIUS COMPENSATION

1000 code.

TOOL 1 (o TOOL 2, etc.) must be proprammed before BG41i or B4S =o

that the corntrol Knows which tool offsets are active.

The ramp—on move 1s always to a position perperdicular to the

next X ancd/or Z move, and at least the tool rose racius size. el
Example: Using a .032" tool nose radius the ramo on move mbst Se LA
at least .032" in both the X arnd Z Axis. i ¥
The ramo-off X Z move follows G40.

There must be at least ore straight line move after Pronranm v

G41 or G422 before cuttirig ar ARC.

An ARC car conly be followes by a straicht lire move cr arnotiter

ARC. G40 is rnot permitted immediately folliowirng anm ARC.

Charcing the tool number (irnclucing charging to TOOL O o erc v

the program) 1s mnot permitted until after the ramo-off move

follawing G540.

540 causes the tocl to stop peroerdicular to the iast X, Z move.

Ar uncomoensated move must take place betweer G40 and the ewe oF

tne orogram.

e Ss g




SECTION 310
CANNED CYCLES

Belcow is @ list of the Canried Cycles available irn the Crusader I11IL.
L

R carmed cycle is a series of cuts the machine can make irn a
predetermined manner. The canred cycles allow the cperatcr to make
the cuts without having tc program every individual move. The
lergths ard depths of the cuts are determined by propramming
‘Y-Codes’ or variables. The assipgred 'G' code determines the type
of canried cycle to be used (i.e. GBl: Rough Turningj or GB3Z: Deep
Hole Drilling; ete.).

The canrned cycles cari be used both externally and irterrally or arny
compcorerit, the signs (+ or =) pgive the directior the tcol will move
wher takirig the predetermined cuts. ;

NOTE ¢

For clarification of V codes the cperator should read the
explaraticons and study the diagrams.

GBi:
Gae:
Ge3:
G84:
G&S:
Gét:
Ga7:
Gasa:
6és:

A.

Rough Turning/Boring cycle, with or without feed irv angle.
Rough Facang cycle, with or withcut feed in argle.

Deep Hole drilling cycle. '
External/interral longitudinal plurige threading.

Face plurigpe threading.

Exterral/interral lorgitudinal compound threading.

Face compound threading.

Extermnal/interral longitudinal greooving cycle.

Face grooving cycle.

681: ROUGH TURNING CANNED CYCLE

The GB1 Canred Cycle is a series of hcorizontal cuts, ir the Z Axis,
taker: tc reduce the diameter of a comporernt. The GB81 cycle has ©
V-codes that have to be programmed. The definition of the V-ccodes
is as follows (figure 15):

¢
m

&
E:'

The ircremertal distarce that the tcol will move from the
ocutside diameter of the component to the finished diameter of
the ccmponernt irn the X Axis (- value external, + value
internal).

The ircremertal distance from the tool starting position to
the final end point in the Z Axis (- value whern cutting
towards the chuck).

The ircremental maximum depth of cut for each pass (- value
external, + value internal).

The ircremertal ‘distance from the tool starting position to
the final end point ir the Z RAxis before the 'pull out? in
the X Axis (- value wheri cuttirg towards the chuck).

The incremental distance from the todl starting position to
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V53 e




the Z Axis “pull in® lergth (- value wher cuttirg towards the
chuck).

Gé1i: Ccoe programmed tc activate the Canred Cycle.

NOTE:
Wher. ertering the Canned Cycle intc the Crusader 1IL, the above
format must be fallowed VS50 through VS4 followed by G81.

E. 682 ROUGH FARCING CANNED CYCLE

The G&z Canried Cycle is a series of vertical cuts ir the X Axic
taker to reduce the diameter of a comporent.

The G8Z cycle has S V-codes that have to be programmed. The
definiticr of these V-ccdes is as follows (figure 1€):

VE0: The incremental distarice that the tool will moave from the
frort face of the comporert to the finished face cof the
componert irm the I RAxis ( — value when cutting towards the
chuck).

V51: The ircremerital distarce from the tcol starting position to
the firal end point ir  the X Axis ( - value exterral, + value
interral).,

Vae: The ircremerital maximum depth of cut for each pass (- value
wher cutting towards the chuck). ; -

VS3: The ivicremertal distarce from the toc) starting positicr tc
the firal end poirt ir the X Axis before the ‘pull cut’ ir
the Z Axis ( - value exterral, + value interral).

V34 : The incremental distarce from the tcol starting position tco
the Axis ‘pull ir' lergth (- value external, + value
interval).

Gaz: Ccde programmed tc activate the Canred Cycle.

NOTE s
Wher. eritering the Carried Cycle intc the Crusader 1IL the abcve
format must be followed: VSO through V54 followed by G&=2.

C. ©683 DEEP HOLE DRILLING
The GB3 Carned Cycle is a series of gdrilling ‘pecks' in the 2 Axis,
taken tc drill a hole in a component. The Pecks allow for chip

clearance wher: drilling a deep hole.

- The G822 cycle has 2 V-codes that have to be programmed. The
definitior. of the V-ccdes is as follows (figure 17);

VSO:V The incremental distance that the tool will move from the
frort face of the comporent to the bottom of the hole (always
a — value),.
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The actcelsraticon cictarce 13 & lerain that i1s arco-ammsd 3re:eec1V;
the start of the tharead cutting. Tnis i

feedrate. {(tne zitoen of the f-reac) *
coarse threac) the creater tihne acceleratior cistarice neeos: tu ! =
The chart below pives a pererail cuige to foilow:

ercih i1s ceoencent ov the

F. ©GB84: LONGITUDINRL PLUNBE THREARDING

The B84 Carned Cycle 1s a series of passes cor a ciamete nav

proaressively cut ceeper to form a thread. e

The toc: must be bositiones &t the starting point shown. The GB4
cyclie has seven V-coces that have to be orogrammed. The cdefinitior
of the V-codes :1s as follows (fipure 18):

V4 i

or :

V&4E s Citner V41 or V4E;:an be programmed, oub rot Duvn. Vil
pitch of the thresc.. Vac: Ihreacs per inchiaiVEi-ghcule
always be used whenl_rngremmxntéxn metiric, since netrac

_threads are alwaysigiven wi ﬁ;tcﬁ cimensicrs.

VEO: The incremertal distarce i Z Axis that the towol will
move from the tool starti it ior, ITo theElenc ocoivt as
full depoth of thread. (- valueswhen cuttirg towarss tne
chuck). Lokl Sk

VSl The incremental fuil desth uf oreac froms,the ecusicos toe

; component (— value exterrnal, + valwve irterral). £

VS Tne cdesth of the first DaSS, wHicn 1s used to caiculate the
valume of eacnh pass (— va;ue xiernai, + value internai).

V53 The incremental ceosts of aper i{zerc if ro tacer? in tae
X Axis. Note: The anoie cF 2, taner carnat exceec 45

; cdegrees I+ value exterhal;‘;”vélue interral).

VE4: The maximrum incremental d'%péhce the tocol will move alorc The:

£ Axig while pulling cut EmT ne nreadl (-ovalue whaern cutting

towarco The chuew), S :
e The vnumber of ‘soring tne oserator may u-coram ad
full gesntn of threac, mave tool ceflewtion or Gurrs.
THERE MUBT CRICR MINIMOr GELONE S
84 s Code oroovammed to activate vhe Canrnez Cvoile.

_"._‘ ssscer Ii. The azcve
_‘:;Auwen oy Cgn.,

kWhen ernterivrc the
rmat aust b2 fol ;ow

h
n

ed:

ne faster tne feedrate {(a more
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V53

0.1" or 2mm

684

A = ACCELERATION DISTANCE

V55 = NUMBER OF PASSES AT _
FINAL DEPTH

—_—' V54 —

V50

01" or 2mm

Figure 18

ﬁ NOTE: ALL UNASSIGNED V CODES MUST BE PROGRAMMED AS ZERO

;-_.'.




Note
When entering the Canned Cycle into the Crusader IIL, the above
format must be followed: VS0 through Vs followed by &83.

D. THREADING CANNED CYCLES

A1l threading Carreg Cycles oroduce & threag UElry a muiticie
Passes. Each PaSS will remave the same CNio laag (or voliime af
material) by adjusting the cepth of the cut. The totai ceptn of
thread arng the first deoth of cut are procrammec. The Cortrol +mher

Total Deotk of Thread = = nidrberv of Jasses
Depth of The First Pags

The first fass should pe deep ericush to oroduce a reascorable rumoer
¢f passeg, For exampie, stardard 14 Tp:1 thread should tawe
appwoximately 8--1Z passes to cut. Example: I1¥ the taota: cdeptn of
threac ig 0.042" apg the first Pass depth ig 0. 003", then:

(0.042 b = 136 passes

0.003
A racore reasoriasle f:%st bass cdeptn wWotla be O,013¢ WAICY woulg
oroduce :j Passes,

Co Q4= = = 1008464 e 11 nasges
0. 083

To obtain & set number of taszes for g Liver trreac uee the
follawzng formuias

Firci Dant~ of Toread = 15t pacy ceatn of ot
ecuirec

Sxamples D, = 0,o12en

Therefore Q. Giggs = VZs Variao.s,

£. ©~ ACCELERATION DISTANCES

When threacding witn the Crusacer 12k 9% s esserniia. that tne
SZirndle revoiutior ang the feecrate at whkich the thresc wiii be curx
are cocordirnates. The S3ircdle soeec ang f2ecrate muist 9e civer s
acceleratiorn ctistarce cr ‘ramn timesr For thea STincie and sl.ce 1o
Teach the correct valocity to et the Carrect tavears b e 2
acceleraticr fistance j= Net orasrammes ther the ¥fiwei tw
threads couigc be of & smaller piten tharn Srogararnes -
still Trying ta attain {he Correcs velooity,

W

)

Or toicess

=y s =
CaLse [+ le

<i

(4]

r
ir
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Feedrate in Acceleration Feedrate in Acceleration
Inches/Min. Distance (Inches) MM/ Min. Distance (M.M.)
120 0. 22 3000 S.E
100 0. 18 2500 4,5 § /i
(1) 0. 14 2000 3.6
€0 ¢.10 1500 £.5 i
40 0. 07 1000 1.7 A=
20 0.02 500 0.7 3

To calculate the feedrate ir irches/mm. per minute use the followinu
formula:

1 x RPM = Thread feedrate in ivn/mm
Threads per inch/MM per minute.

Example: The thread tc be produced has 14 threads per incﬁ and the
RPM will be 900, therefore_1 x 900 = 64.28 1IPM

14
Acceleratiorn distarice equals 0.11°,

G. 6G86: LONGITUDINAL COMPOUND THREARDING

The GBE Canred Cycle is a series of passes or a diameter that
progressively cut deeper tc form a thread. When using compound
threading the Crusader lIL performs similar to & manual machine.
The tcol will feed in to depth at ar angle (normally 60 degrees for
stardard threads) and ther cut or the leading edge of the tool,
progressively getting deeper until full depth of threac is reachec.

The GBE cycle has 8 'V-codes' that have to be programmec. The
definition of the V-ccdes is as follows (see figure 19):

V&l Either V41 or V4Z can be programmed, but rneot both. V&1l

or equals the pitch of the thread. V42 equals the threads per

Vaz: inch. V41 should always be used when programming in metric,
gsince metric threads are always given with pitch dimensiors.

VS0 The incremental cdistarce iri the Z Axis that the tool will

move from the tcocol starting positiorn, tc the erd pocirnt at
full depth of thread .(- value when cutting towards the
chuck). .

VEi: The ircremental full depth of thread from edge of the
component (- value external, + value internal),

vSas The depth of the first pass;, which is used to calculate the
volume of each pass (— value external, + value internal).

Vo 3: The incremental depth of the taper (zero if ro taper) ir the
X Axis. Note: The angle of the taper cammot exceed 45
degrees (+ value external, - value interrnal).

VSas The maximum incremental distance the tool will move along the
Z Axis while pulling out of the thread (- value when cutting
towards the chuck).

\%~1-1 The number of ‘spring passes' the operator may program at
full depth of thread to remove tool deflection or burrs,

. THERE MUST BE A MINIMUM OF ONE.
V36 The angle of thread.
Géé&: Ccde programmed tco activate the Canned Cycle.
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NDTE: -
Wher ertering the Carned Cycle antc the Crusader 1IL the abcve |
format must be followed: Va4l through V5&, fcllowed by G&e.

H. B85: FRACE PLUNBE THREADING

The G&8S Carnried Cycle is a series of passes on a face that
progressively cut deeper tce form a thread.

The tocl must be positioned at the starting point showri. The BGBO
cycle has 7 V-ccodes that have tc be programmed. The definiticon of
the V-codes is as follows (see figure 20):

Véil Either V41 or V42 can be programmed, but nct both. V&l
or equals the pitch of the thread. V42 equals the threads per
V&4e: inch (TPI). V41 should always be used wher programming in

metric, since metrac threads are always given with pitch
gimensicns.

VEQ: The ircremental distance in the X Axis that the tool will
move from the tool starting position to the end point at full
dgepth of thread (- value wher cutting towards center line).

VvEi: The irncremertal full depth of thread €rom the face of the

comprorierit (= value when cutting towards the chuck).

VS Yhe depth or the first pass which is used to calculate the
volume of each pass (- value wher. cutting towards the
chuck),

L VT A The iricremental depth of the taper (zero if no taper) in the

7 Axis. Note: The anple of the taper canrict exceed 4O
degrees.

Vo4 The maximum incremertal distance the tool will move along the
X Axis while pulling out of the thread (- value whern cutting
toewards the center line.).

VES: The number of 'spring passes’ the operator may program at
full depth of thread to remove tcol deflectiorn or burrs.
THERE MUST BE A& MINIMUM OF ONE.

Ges: Ccde programmed to activate the Canrned Cycle.

NOTE:
Wher ernterirg the Canned Cycle intc the Crusader IIL the above
format must be followed: V&l throuph VSS, followed by Gaet.

1. 8873 FACE COMPOUND THREADING

The G87 Canned Cycle is a series of passes or a face that
progressively cut deeper to form a thread. Wher using compound
threading the Crusader 1IL performs similarly to a manual
machine. The tool will feed in to depth at ar angle (normally 60
degrees for standard threads) and ther cut on the leading edge cof
the tcol, progressively getting deeper until full thread depth is
reached.
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Figure 20

V41 = PITCH

or

V42 = TP

V55 = # OF SPRING PASSES

V41 = PITCH

or

V42 = T.P.I.

V55 = # OF SPRING PASSES
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The G887 cycle has & V-podes that have to be programmed. The 51
defiration of the V-codes is as follows (see figure 20):

V41 Either V41 or V42 can be programmed, but nct both., V4l

or equals the pitch of the thread. V42 equals the threads per

V&2 inch (TP1). V41 should always be used whern programming in
metric, sirice metric threads are always piver with pitch
dimensions.

V50 The ircremertal distarce ir the X Axis that the tcol will
move from the tool starting position, to the end peint at
full depth of thread (- value wher cutting towards center
line).

V51 The iricremerital full depth of thread from the face of the
component (= value when cutting towards the chuck).

voa: The depth of the first pass, which is used tc calculate the
volume of each pass (= value when cutting towards the chuck).

Vo3 The iricremental depth of the taper (zeroc if nc taper) in the
Z axis. Note: The angle of the taper carmcot exceed 4So.
VSa: The maximum ircremental distance the tool will move alcrng the

X Axis while pulling out of the thread (- value wher cutting
towards the center line).

VvES5: The number of 'spring passes’ the cperator may program at
full depth of thread toc remove tool deflecticor or burrs.
THERE MUST BE A MINIMUM OF ONE.

VZE: The arigle of thread.

G87: Code programmed to activate the canned cycle.

NODTE :
Wher eritering the Canned Cycle intc the Crusader IIL the above
format must be followed, V41 through V&, followed by G87.

J. 688: LONSITUDINARL GROOVE CUTTING

The G888 Canred Cycle is a series of plunge cuts made on the
diameter of a comporiert tc produce a groove. The Carmed Cycle
allows any width of groove to be cut with any knowr size of groovang
tccl. The GBB cycle has 4 V-codes that have to be programmed. The
defirniticrs of the V-codes is as follows (see figure 21):

VS0z: The iricremertal lerigth of the groove (- value wher cuttinrg
towards the chuck).
VS1: The iricremertal depth of the pgroove from the cutside of the

component to the bottom of the groove (- value external, +
value internal).

voe: The width of the grooving tool (no sign).

VS3: A timed drill at the full depth of the groove. The dwell is
entered in seconds (ie: 1.000 = |1 second).

Gés8: Code programmed tc activate the Canned Cycle.

NOTE:
Wher, entering the Carrned Cycle intc the Crusader IIL the above
format must be fcollowed: V30 through V33, followed by G88.
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K. BB89: FACE GROOVE CUTTING ﬁ
|

The GB3 Carmed Cycle is a series of plurpe cuts made or the face cf I
a componert to produce & groove. The Canried Cycle allows any width |
of procve to be cut with a krown size of grocving tool. The BG83

cycle has & V-codes that have to be programmed. The definitione of

: ¢the V-codes is as follows (see figure 21):

{
VS0:" The incremental length of the grocve (- value wher cuttino !
l

towards the chuck).
Vo1l The incremertal depth of the groove from the face of the
componert to the bottom of the groove (- value).
Vvoe: The width of the grooving tool (nc sigr). {

VS3: A timed dwell at the full depth of the groove. The dwell 1%
' ertered ir seconds (i.e., 1.000 = 1 second).
Ges: Code programmed to activate the Canned Cycle.

NOTE :
Wher erntering the Canred Cycle into the Crusader 1IL the above
format must be fcllowed: VSO through V53, fcllowed by GB83.

L. CANNED CYCLE ERROR CODES

I1f ar, invalid value is programmed in & canned cycle, ar error code
will be displayed wher the program is executed. The error light
will come cori and the number will be displayed in the upper right
display. :

ERRDR 80: The values for turning, facing or threading variables
have arn input format error. Check the relationship
petweer VS0-VSE for incorrect entry.

ERROR 81: Drilling depth for GB83 entered incorrectly.

ERRDR Bz: Teol width is greater than the groove width in the
grocving cycle. d

ERRDR BZ3: Feed per revclution is less thar or equal tc zerc, or

is greater than 993S.
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AUXILIARY CODE LISTING

variations in the standard control functions. These variations are
assigrned numbers and are entered into the program prefixed by the
AUX button (ie. AUX 7, AUX 400, AUX 2500, etc.). Below is a list of
all the RUX codes and functions available in the Crusader IIL:

j The Auxiliary (AUX) button is used in the main program to cause

f

L ; AUX 1000 Activate Continuous Path. This should only be used

t for contouring contirnucus tangent lires and circles

ﬁ' and should be turned off immediately after use. It

| is not to be used in RAPID or when doing consecutive

- straight line moves or over 40 inches per minute in

FEED. This command is modal and becomes active for
the next motion command. It causes pre-processing to
take place, soc the machire does rict pause between

moves but executes continuocus motior. l

J AUX 1400 FEED% caverride for feed moves conly. Rapid moves will

| be made at 240 IPM. Whern the control is turred on,

J this function is automatically active each time.

[ AUX 1401 FEED% override for Feed and Rapid. Both Feed and
Rapid moves will be affected by FEED% override.

AUX 1410 Causes rapid motion to be executed irn a straight
lirne. This is a modal command arnd is active at power
up.

AUX 1411 Rllcws all axis to rurn at maximum rapid speed when a
rapid move is programmed. The toocl will rmot travel
iri a straight lire when this AUX-code is active.

This is a modal command.

AUX 1160 Deactivate Backlash Compensatiorn (default).

AUX 1161 Set ard activate Backlash Compensation. The
following variables must be set before this AUX-cocde
is activated:

VO1: <000 (The amcount of backlash in the X Axis).
VO3 - 000 (The amount of backlash in the Z RAxis).

AUX 1i1ez Reactivate Backlash Comperisation using variables
established irnm AUX 1161. 4
AUX 1900 SINGLE STEP moce will execute orie event each time the
START button is pressed.
AUX 1901 SINGLE STEP mode will execute ore X or Z move each
time the START button is pressed (active at power
. up)d.

AUX 2000 Cancels AUX 1000 (active at power ud).




AuX
ALX

AUX.

AUX
AUX
aLx
AUX
aux
AUX
AUX
ALiX

“aux

AUX
ALX
AuUX
AUX
AUX
AUX
AUX
fUX

Ary

“he foliowwnZ
onlys

2700
£701%
2702
2765
2768
2767
2768
2770
2771
g277&
2780
2781
278&
2783
2784
=785
2786
=787
£788
=78%

spee

Hursts.

ST S
ALX
ALX

2730

27391
&73=

d hacgher

R

Uy 2700 series are active with ReEE&-C

Write to RSE2Z2-C cevice iy RBE74 format.
Read from rRgz32-C device in Rge74 format.
Write to rRgz32~LC device in griilam formas.

Set
Set
Set
Set
Set
Set
Set
Set
Set
Set
Set
Set
Set
Set
Set
Set
Set

Set

Set
Get haraware mnaricshake

5 bits oper character.

€& bits per character.

7 bits per character.

8 bits per character.

to no parity.

to odd parity.

to even parity.

paud rate to 110 bits/secanc.
paucd rate to 150 bits/seccont.
paud rate to 300 bits/second.
paucd rate to €00 bits/seconc.
paud rate to 1200 bits/secaornc.
paugd rate to 1800 birts/secorit.
paud rate to 400 bits/secornc.
paud rate to 4800 bits/secont.
paud rate to 900 bits/secovic.
bauc rate to 13,200 bits/secont.

NOTE:

than 1Z00 bi1ts/secarnt will transfer cata
rust use nangshakre.

Lgl= hardshake.
saftware hancenake
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MISCELLRNEOUS

A. ERROR LIGHT RAND ERROR CODE LISTINGS
This lapht (along witn a number iSplaves 1nm the riph:t naif o+ g
Sisplay at the too ieft of the CuﬂS“iE) incicates that an orros Sax

{ | beer mace ard i1centifses it The following list

numoer iricdicates:

cefines what ear-

> & TS many cigits ertereo into tne kevooard, The cormtro! wili
wr:ly accept cimersicns fram 3999. 9923 to OO, CGOOL™ (3595, 39 o
0000, O1mm) 1irvi the axis tisolay registers.
2. No casseitte recorder nower. The cassette unit Coes Mot Dave
E ] Jocwer To turn the tape wxﬂd1n rechanisn. :
| . o |
i Sa Cassette tape riot ir blace, or no taoe in Cassette recorcer
’ i L % ey E :
E 1 r
| N
|| 4. Irogram cannoct be recardec. because’ tne safety tasz 1¢
i‘ MmisSsivc. After a tame ‘has” bPeh Drovern, tne tape carriot ke
h erased or charnged once this tab i1e renoveo.
[ A No praogram iv the memoary to record,
6 and 72 The tape has rnot Fiayed correctly. LM AT ToE Ironran
using Prooran Check and replay the tape 1f it 1% i/
correct.
=2 Tanse stozpec. Cheok “ce comtecs recordins/olaying srocedare.,
¢
[ Ll Trne orocres dag ROt TEDort o the casserte.
' T A cocrcinates are ert eved iwmcurrectiy, Zitner orly oorne
AX1s Was cescribes or Ume Hre Btatersrni was armitted after wmg
’ end oount,
)
l_
{ & Scftware iimit reached,
| S Conmuensated elemerte - vooloanierset woer cgirer STHNOEY RAT Lo
! it act:ive,
l
it Avceieratiorn too aysna,
|
! 0= X N omotior, ceer oy the cormtroil wiaiee a oo HSMEaNC 1& Livarn.
l Urobavie causes are:
EW Zricoder cable tisconivacted.
. D/G sigria: Sisrorrneciten.
r c. Servo ans fuse blown.
i Ge . Molor discorrected.
- e, Puiiey or osit rot fontdon L vig,
| . 5i9 wivip too tipht,
| L Ballscrew inoperabie.
f
| - - v -
! i9: Folicwlirio ervor inoreasing too fage,
|
e —— e e e e 8 - — e e — T
E = g = . i = e
e i .
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203 Velccity commard too facst.

A H Non—existant AUX 2700 Code.

31: User abort cf RE-232 data transfer by pressing Emergercy
Stop.

e Program memory overflow while readirng RS-232 data.

33 Input error while reading RS-Z3Z data.

34 3 Irput errcr while outputting the program usirg X orn, X off,
and using RS-Z3z.

35: Buffer overflow wher  using RE-232.

80: VEZS or V54 greater that V31, while using GB81 and GB2 cycles.

81: VS0 has beer programmed as & positive number while usang GBZ.

8z: Tool width is great than groove width.

8=: Feed per revoclutior number is less thar or equal to zerc or
greater than 93933,

84: Feed per revolution calculated tco be more thar the machine

limat.

B. DIAGNOSTIC MODE

The Crusader IIL has a diagnestic or self test feature, which can
check throuph all the furctiorns of the system.

—— —— ————————— —— —— ————— 1

1. Make sure that ary importart program is reccrded on

’ cassette. AR diaprnostic check erases everything froam the
memncry.

. Press EMERBENCY STOP.

2. Discormect the X, Z ard Spindle Ercoder cables from the rear
of the Crusader conscle.

4, Press PRDGRAM ENTER.

S. Press the DECIMAL PODINT (5 times).

6. Press STRRT.

The Diagrcostics will rurn for approximately 30 secords and ther stop.

- - —— - - —

"1, Press DECIMAL POINT,
2. Press START. .
3. Reset EMERGENCY STOP. g
4. Press RESET button tco start the drive motors. While conscle
is runming irn the diagnostic mode, the displays show chanping
numbers as each furnction is checked. If a fault is detected,
the same number flashes continuously, In such & cese, please
ccoritact the Service Department at Arnilam Electrorics Corp.,
Miami and quote the flashinpg number,




C. CRUSADER IIL GUIDELINES

By following these simple guidelirnes, the programmer or cperatcor
. ghould reduce costly programming errors and downtime.
i. After preogramming tcool rumbers and their assigred tcocl lergt!
offsets, always prcgram TOOL O, followed by X0, IO RAPID RES.
Thie ersures that the tccl post 1s at the tocol change
positicr before any operation begins. This must alsc be used
betweer, tccl charges, arnd at the end of the propram.
2. Prcgram a feedrate after each tocl change, even 1f it is the
same as the precedinpg feedrate.
Se Subrout ines must be entered after the main program.
4, Always write the program dowrn and update the writter ccpy
after editino.
<. Write RAPID or FEED and the mcvemernt mode (Absclute or
Ircremertal) for every program event that causes motiorn.
€. Prcprem tcols in the sequerce they will be used startirng with
TOOL. 1. Keep a written record with the description of each
! tccol or 1t ard the spindle speed arnd feedrate used for that
tool.
| Ts Fcr ARC's which start and end on gquadrants, iricremental
i programming Jusually eliminates calculaticrns.
8. Ornly ARC certer and erd pcints, RES or INCR and FEED may be
proprammed betweer: the first arc (CW or CCW) and the final
! arc (ernd of Arc Statement). Charges in feedrate or any cther
] command must not be programmed between the arc commarids.
| Q. After G40 has beer, programmed there must be arnn X or I move
i pefore the end of the program.
| 10. Remember tec program RAPID moves separately when retracting
i from a bore.
i 11. Always start the program either at Everit #1, cor a Tocl O,
i before the tool charge at which 1t 18 required to start.
w 12. 1f irn doubt, read the relevant secticn of the marual and
I fully understand it befocre starting to program.
' 13. THINK'




Wher: plarning a component it is recommended that a set format 1%
followed. Ey following the recommerded procedure, time consuming

a2#+ PART TWO &#x |
(Programming with the Crusader 11l i

SECTION 13 |
PROGRAM PLANNING

set—up errcrs can be avcided, thereby increasing productivity.
Fcllow the steps detailed below:

1.

n

o

From the component drawing, the programmer or operator decaides
the machiviing Sequerce, tooling reguirements and speeds and
feeds to be used. This information can then be documented or &

Plarming/Tocling sheet, as shown ir the example.

Working from the Plarming/Toxling sheet and the component
drawirnig, the program is written.

The program is then loaded irn the Crusader I11IL control.

The tool coffset values fcr each individual tccl are ther set and
ertered intc the progran.

The program can then pe stepped through evert by everit (program
proving in the SINGLE STEP mcde) to ensure there are vo obvious
programming errcrs.

Next, a blank is loaded irtc the machine and cut. ARgairn, the
SINGLE STEP mode is used to check for errcors. 1f arny errors are
fourd, the operator or programmer Car stop the machire arnd make
the correcticons necessary to complete the component.




PROGRAMMING

A. POSITIONING MOVES IN RAPID

Rapid moves can be used wher a tool has to be positioned either
before or after a feed move, or any time wheri the tonl is rnot to
contact the comporent (ie. returning to Absclute Machirne Zevro,
positioning to take a cut, repositioning after a cut, etc). It 18
important when using RAPID that the operator or programmer coes riot
rapid directly to the component, but allows cleararce between the
tool tip and comporernt. An ideal and easily remembered figure is
0.1" or 2mm (see figure 22).

Taool 1: Turning position is . 1" (2mm) from front face.

Tool £ Facing position is . 1" (2mm) above componernt giameter.
Tcol 3: OGrooving positiorn is . 1" (2mm) above groove diameter.
Tzol 4: Boring position is . 1" (2mm) from front face.

The distarce .1"(2mm) is alsc ideal sivce all carred cycles have to
begirn .1"(2mm) from the cutting surface (see Secticn 10).
Therefore, this figure carn become a cornstarnt.

To program a positicning move to X 1.5 Z O use the follaowing
steps:

1. Press PROGRAM ENTER.

=i If the contral 1is ir the MM mode, select INCH.

3 Press X 1 (decimal point) S Z Q.

4, I1f the RAPID/FEED button is displaying FEED, press the
buttor to echarge 1t to rapid.

S. Yress EVENT ENTER. The evert riumber (top left cisolay

wirndow) will advarnce by cre, signifying that the system nac
entered the command into memory,

NDTE: Absclute zerc ard tool lenoth offsets must be set nefcre
programming the above steps.
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Before attempting to enter a new program into the control manually,
the first twc steps from the 'Program Plarring® secticrn should be
These tw: steps are importarnt because they help elimirnate
costly errors during the set-up procedure.

After the program has beer planned arnd written, the procedure 1%

fol lowed.

as focllows:

- Step 1.

Step Z.

Step 2.

Step 4.

Step S.

ENTERING THE PROERAM INTO THE CONTROL

SECTION 315

Press PRDGRAM ENTER. The contrcl has tco be
irm the PROGRAM ENTER mode to clear or load
programs.

Press EVENT CLERR five times. Arny previcus
data stored in the corntrol memory 1S Now
deleted.

fs a check to ersure the memory has been

cleared press PROGRAM CHECHK and then START.

The orly display, shculd be the advancing |
event in riumbers wheri STRRT is pressed.

After checking that the memcry is clear |
press PROGRAM ENTER. The cartrol is rnow in |
the correct mode for entering the program.

Review the program example for manual entry

below:

Evert_# Program_Data

1. Tool €001

. (Empty for tocol lerngth
offsets to be erntered durirng
set up)

. Tool 200z

4, (Empty for tocl lergth offset
to be entered curing set up)

<. Tocl O

€. X0 ZO RA

7. X2 I0.1 RA

8. va1l 0. 012

S. G35

10. Program continued.

To erter EVENT 1 press TOOL then press
digits &, O, O, 1 and EVENT ENTER. When
EVENT ENTER is pressed the event number
autcmatically advarces ore event. For event
2 (which at this stage is left empty) press
EVENT ENTER this will advarce the program to
Evert 2. Cortiriue the above procedure, to
eriter the whole program.




R. RECORDING AND RE-ENTERING RECORDED PROGRAMS

ffter a prograr. has beern erntered intc the cortrol marually, and
crover. to te correct, the Lathemate has the ability to reccrd the
de+ta for subsequert run offs of the same component. Located at the
front of the cantrol conscle is the Program Saver miri-cassette
reccrcer. The Program Saver is alsc utilized for the re-entry of
vecordec programs.

E. RECORDING PROCEDURE

Step 1. Prees PRDGRAM ENTER.
Press Emergerncy Step. If the EMERBENCY ET0GP
is riot depressed, the servc motors will

automatically shut dowri wheri PROGRAM SAVER
is activated.

ny

Stey

Step

S Put a cascsette tape intc the recorder and
close the cassette leoading door,
Step 4. Prese RECORD irvn the PROGRAM SAVER unit. The

red Indicator lamp will light.

At this time, the tape will rewind, ther the MANUAL irdicator lamp
will light. The PROGRAM CHECHK indicator lamp will blink, meaning
that Charrmel 1 is be:rg reccrded or, and stop blirkirng wher Charrel
i1 has completez its reccorcing. The PROGRAM CHECHK lamp will blink
agairn wher Charmel & is being reccorded or, the tape will then
rewlirc.

Now, the PROGRAM ENTER irdicatcr lamp will blink mearang that
Charrels 1 arnd & are being compared to the memory. The tape will
ther again rewind arnd the MANUAL lamp will shut coff. AR tore will
sourd sigrniifying the recording sequerce has beer completed.

NOTE :
1f ar. errcr coce i1s displayed during the sequence, refer tco the
errcr code listirgs at the end of this sectacr.

C. RE-ENTERING R RECORDED PROGRAM INTO MEMORY

Step 1. Press PROGRAM ENTER.
i Step 2. Precss EVENT CLERR five times. By pressirp
E EVENT CLERR, any previcus data held ir_the

control memory is deleted, and the memcory
becomes clear.
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Step :Z=. Press EMERGENCY STOP. If the EMERGENCY STO®
is rict deprecssec, the servoe motors w:ill
automatically shut dowr whers the PROGRAM
SAVER wuriat 18 activated.
Step 4. Put the pre-reccrded cassette tape intc the
recorder and close the cassette lcadirnp
docer,

Press PLAY ivi the PROGRAM SAVE unit. The
red indicatcr lamp will lipht.

(L]

Step

At this pcint, there may be a slight pause ther the PLAY light will
come o and the tape will rewind, The MANUAL indicator lamp will
ther light. At this time the PROGRAM ENTER irndicator lamp will
blirk while the reccrded program is being enterec i1nto the memcory.
The tape will rewird agairn, ard the MANUAL irdicatcor lamp will shut
off. A tocre will scunc sigrifying that the propram has beern playeo
ints the memory.

Te check that the program has beern erntered, press PROEBRAM CHECK arc
the first evert of the program will be displayed or the control.
Cortirnucuse key strikes advarnces the program evert by evernt.

NOTE :
If curing the sequerice an error code is displayed refer to the
error code listings in Secticon 12,

C. ERROR LIGHT

Wher certeir errcors are made a tone will sound, the errcr light will
come or, argd arn error number will be displayed in the upper right
wirngdow, To cdemcvistrate this, press PROGRAM ENTER ang preses RECORD.
Do rict put @ tape ir the cassette lcading door. The ERROR light
will come orn and erveor number 3 will be displayed.




SECTION_16

ABSOLUTE AND INCREMENTAL PROGRAMMING
Fey a basic k#nowledge cf absclute and irncremental dimensicmivii,
please review Section 3. It 1e important that the coperatcr have &
solid understanding cof absciute anc ircremental gimensiming and |
programming when working with the Crusader IIL. |

A. ABSOLUTE PROGRAMMING

Iv. figure 2 the conporiert 1s shown with absclute dimersicns. The

program below shows how easily the co-ordirates carn be taker, from

the prirnt anrd ertered intc the program. irn the example the tool is
positicned at a tocl charnge prsition (or Absclute machine zerc).
Taie positicon in the X Axis is 2.5" from the certer live and 1.5
from the front face (2 Axis). These cistances are kriowr as tool
lergth offsets. cee Secticn 8 for an explariaticr.

The program will take the tcol from abs=olute machirne zerc thrcounh
points 1-%.

Evert # Command

10. TO0L 1 @ctivate Tool #1 cffeets

p R L Val. 008 celect a feedrate of O, 008"

1z. G35 select feedrate in 1.P.R.

1z X0 20.1 RA Rapic positicning move (see
Sectior 9)

14. Z © FR Feec to point (D

iS. x 0.25 FA Feed to point (2)

16. z2-1.0 FR Feed tc point (3)

p iy X 0.5 FR Feed tc point (4)

i8. Z-..5 FR Feed tc poant (%)

19. X .75 FR Feed to point (€)

20. 2-2.7% FR Feed to point (72

1. ¥ 1.05 FA Feed to poant (8)

cc. x 1.5 Z-3.125 FA Feed tc point (9

E. INCREMENTARL PROGRAMMING

The programming example below will show figure 22 programmed in the
Incremertal mode. The tocl is positioned at Absclute Machine Zerc
(as in the previcus gbsclute example) arnd will mcve through the same
points.

Event # Command

10. TOOL 1

i1. va21.008

12. G35

12. . x-2.5 Z-1.4 Rl Rapid positicring mave

incremertally
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14, 2-0.1 F! Feec tco poirnt (1)
is. X 0.2% F1I Feed to poart (&)
1€. 2-1.0 F1I Feed tc pocirt (3)
17. X 0.2% F1I Feed tc point (4)
18, Z2-0.% F1 Feed to poarnt (5)
15. X 0.2%5 F1I Feed tc poart (&)
c0. Z-1.25 FJ Feed to point (7)
5 X 0.3 F1 Feed to poirnt (8)
&L X 0.45 Z-0,.375 F1 Feed to point (9

The program illustrates how the tool takes the preserit positicri as a
datum pzint, ard moves from that peoirt to the next.

Both Absclute and Ircremertal programmirg can be used withir the
same program but camnot be mixed ir the same event.

Programming iv Ircremerntal ceould Ccreate difficulties because any
errcr in calculating a point is carried throughout the program. Each
mive relsates to the previcus move.

C. CUSTOMER PROGRAMMING EXAMPLE

Figure &4 shows a part that ycu can program in both Absclute and
Iricremertal. Check your program against the correct programming
showrn in Section 1€-D.

ARBSOLUTE

Evert # Commard
10, TOOL 1
11. Veil.008
1&. G9S
13. X RAY
14, z FA
1%, X 2 FA
1€. 2 =]
17, X 2 FR
18. rd FAR
19. X z FA
20, z FA
21. X 2 FR
2e. X FAa
£3. X Z FR
24. Zz FA
25, X 4 RA

INCREMENTAL
Event # Command
10, TOOL 1
11, : val .008
iz, G35
13, X RI
14, Z FI
15. X F 4 FI
1€. Z F1I
> (7 M X Z FI
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i
18. Z Fil
19, X Z Fl it
z0. z Fl i
Bis X z F1 |
£e. X Fl
2. X yd Fl ‘
ch. 2z ' Fl I
2s. X yi RI |
D. RANSWERS FOR ABSOLUTE AND INCREMENTAL TEST PROGRAMS
ABSOLUTE
10. TOOL 1 Activate Tocol #1 offsets.
11. vl . 008 celect feedrate of .008".
iz. G9%S Select feedrate in IPR.
13. ¥ .1 RA Rapid peositicnind move.
14. Z O FR Feed to poant E.
i%. X .2
i€. z -.= FA
17. X .3 2 =5 Fe
16. z -.7 FR
15. ¥ ol T =l FA Feed moves arcund the comnt our
of the comparnent.
z0. zZ -.9 FR
21. x .2 2 -1. FR
<. X .4 FR
P-3Cm x .5 7 -1.1 FAR
ch. 7 -1.c FAR
F 25 x .&£ Z .1 RR Rapic return tc Poant A.
INCREMENTAL
10. TO0L 1 Activate Tool #1 cffsets.
11, vel 008 Select feedrate of . 008",
1 ic. G35 Select feedrate cof I1PR.
'ﬂ 13. X -.5 RI Rapid peositicning move.
14, Z -.1 F1 Feed tc Pcant E.
; 18, X .1 2 -.1 FI
&- i1€. Z -.& F1
17. x .1 2 —.& Fl
_ i1B. z -.2 F1
lg 19. x -.1 2 —.1 F1
L= 20. z -.1 Fl Feed moves arcund the contour
A of the component.
| ei. X «1 2 =al Fl
i 2z, X .1 FI
23. X .12 -.1 Fl
e 24 . Z -.1 FI
| 25. X .1 2 1.3 RI Rapid return tc Point R.
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PROVING R PROGRAM
A. PROGRAM PROVING IN SINGLE STEP MODE

SINGLE STEP propram provivg is a safety procedure in which the
operator systematically checks the validity cof the program.

Program proving is carried cout ir the SINGLE STEP mode of operatacr:
7 that wher. the STRART key is pressed, the corntrcl issues cnly cre
everit of commards, Ori the completicn of the single event the
| machire carrct proceed urnitil the START key is agair pressed. This
| sequerce of operaticn is repeated urtil the end of the program 1s
reached.

This proced.are car 1nitially be dore without a compornent to provide
visual caorfirmatiorn that the cormmarded movements ¢f the slides are
in the irterntez marmer of the program. The same procedure carn then
be wses to cut the first compznent event by evernt.

Provirg & procram iv the SINGLE STEP mcde is not, however, simply a
matter of repeatecly precssing the START key tco see what happens.
Before pressirng START to acticorn one event, the coperatcr should
alweyse stucy a copy of the program, component drawing and...

¥ Articipate what will happer irn the event.

=48 Decide 1f the commanded mcovements carn be executed safely.
3 Decide if the commaride are in fact the commards required.
4, Rlter iricorrect commands 1f necessary.

The operatcocr mairntains complete controal of the machirne throughout
the ertire program proving procedure and can at ary time...

1. Stop the cycle.

b= Cverride the control commands.

3. Mornitor the displays of the X and Z Axis.
4, Modify the program.

E. PROGRAM MODIFICATIONS

After a program has beer writter ard erntered intc the control it is

esseritial that the program is checked and proven to be correct. Do_
rot _assume_that_a_program_is_correct until jt_is_proven. By

following the program proving sequence, time corsuming errors carn be
elimirated.

Below is a summary of cperations that may be necessary wher proving
a program. A detailed explanation of each operatior can be found or

the focllowing pages.




|

e

C. EVENT SERRCH

To initiate aw EVENT SEARRCH (i.e; Jump to a specific evert vnumber)
the console may be ir ary mode of cperatiori but the following
sequerce must be adhered to:

1. Presse EVENT CLEAR.

2. Insert the desired evert viumber for the example we will use
evert number 241). The evert rumber entered will be
displayed irn the tcp left correr marked EVENT.

2. Press EVENT SERRCH. The cortrcl will search for the desired
evernt (£41).

D. ADD EVENT

The ADD EVENT feature allows the operator to insert additicral
everits within the progran. When this is done the everit rnumbers
automatically move down to accomodate the rew evernt, therefore
keeping a numerically sequerncial format. Tco add ari event:

Step 1. Press PROGRAM ENTER. Propram ernter is the
mode ar which all program modifications are
made.

Step Z. Search for the place in the program where

the everit rieeds to be added. Press RDD EVENT
(Everit 8¢ will be used in the example). The
presently displayed event will moave dowrn by
orie everit riumber. Focr example:

Programmed Prcogrammect
Evert_# Deta______ Evert ¢ Data______
20, X1.5 2-2.0 FA 20. X1.5 Z-2.0Q FA
ci. X1.7% Z-2.€S FR 1. X1.75 Z-2.25 FA
2c. TOOL © ae. (The Added Event)
e3. X0 Z0 RRA e3. TOOL ©
24. X0 20 RR
Whert ADD EVENT is pressed event 22 becomes
empty and the following events move dowr by
one event number. The data to be entered in
the new event is: Xz.0 RA.
Step 2. Input the new data.The red lamps will

indicate RAPID or FEED. Absclute is
determined by the lamp ori the incremertal
key. If the lamp is not lit the mcde of
cperation will be absolute.




Ster 4. Press EVENT ENTER. This will erter trne riew
data intc everit number 2:2. Example:

Evert_# Pregrammed_Data
20. X1.5 Z-2.0 FA
21. X1.75 2-2.25 FA
2z. X&. 0 RA

z:3. TOOL ©

24. X0 ZO RA

E. DISPLAY CONTENTS OF EVENTS

The display of everits cortained in a program cari be carried cut
by two differert methods.

1. Display the contert of each evert ir their rumerical
sequerice. (i.e., event by evert) or...
e Display the conterts of a specific evernt.
Method 1:
Step 1. Press PROGRAM CHECK.
Step 2. Press START. Pressing START advances the
prcgram by cne event. Subseguent key

strikes advance the program everit by evert.

, NOTE :
Wher ir the PROGRAM CHECHK mcde the program can be moved forwards
¢r backwards evert by evert. The START key moves the prcogram
forwards. The HOLD key moves the program backwards.

Method g2:
Step 1. Press PRDGRAM CHECK.
Step 2. Input evert number tc be displayed. Example: ;

Evert number 126.

Step 3. Press EVENT SEARCH. The control will row {
display the contents of evert 12€.

F. DELETE EVENT

The DELETE EVENT feature allows the operator tc delete urwanted
everits withirn the program. When ar evert is deleted the event
NUMEERS autcmatically move up, therefore keepirg a numerically <
sequential format.
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73
To delete an evernt:

Step 1. Press PROGRAM ENTER. PROGRAM ENTER 1% the
mede in which all program modi ficaticns are
made.

Step £. SERRCH for the uriwanted event. prese DELETE

EVENT. The presently displayed evernt will
pe deleted and the following events will
move up by one event number.

G. EVENT MODIF ICATIONS

Wher: an event medification 1% rnecessary the contrel must be in the
PROGRAM ENTER mode of operatior. The cperatcr is urable to edit any
informaticon in the program urless he is 1im the PROGRAM ENTER mode.

Ary changes that have to be mace tc an event can be listed under
¢three heacings: '

i add data to an everit.
= Edit data in an event.
3. Delete data from an event.

H. ADD DATR TO AN EVENT

Step 1. press PROGRAM ENTER.

Step £. gearch for the evernt tc pe modified. Input
the evert number to be changed (for example
EVENT 72). The evert number will be
displayed ir the top left side window marked
EVENT/FEED *.

Step 3. press EVENT SERRCH. Whers EVENT SEARCH 1is
pressed the program gsearches for the event
to be changed (i.e. EVENT 72). |

Step 4. The additicnal data can now be entered intco
the contreol. See the example below:

Evernt_# Program_Data
| 72. Xg. 125 2-3.7%
73. X2.25 (Z=4.3)
74- 2-4. 5 ’
Additional data (Z-4.3) was entered into
] Event 73.
Step S. Press EVENT ENTER. The additional data is

riow entered and storec in the progran.




I. EDIT DATA IN AN EVENT

Tr ecit data in ar evert fcllow stepe (1-3) in the 'RAdd Data to &r
Evert' secticr, ther corntirue with the following:

Step 4. Wher steps 1-3 have been completed the
coritrol will display the everit to be editec.
For example: EVENT 73 should read X2.25
2-4.3. The 2 figure is incorrect.

Step ©. Press the Z key twice. The first strike
deletes the existing inccrrect value, and
the second strike makes Z ready for the
correct value to be inserted.

Step E. To insert the correct Z value follow steps
(4) and (5)from the "Rdd Data' secticr. The
editing sequerce is now complete and the
correct Z value is in the program.

J. DELETE DATA FROM AN EVENT

Te delete data from ar event follow the steps in the secticon "Rdd
- Data To Ar. Evert' from 1-4. When step 4 is reached the operator
f orly has tco strike the Z key orice, this deletes the urwarnted data.
! The deletion from the everit is now complete.
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SECTION 18
PROGRAMMING EXAMPLES OF DO LOOPS & SUBROUTINES

ir. this sectior. the examples cover the use cof DO LOOPS arnd
SUBRDUTINES, which can simplify the program whern varicus coperaticns
are repeatec anc help by reducing the chance of propramming errors
occuring in repetitive moves.

A. DD LOOPS

Wher: the same cperaticn or series of operaticns has tc be dore
several times, the DO LOORP becomes important. Only the first
complete sequerce is programmec and this 18 ther repeated as many
times as required. This is done by pressing DO and then the number
of times the routine is to be repeated. Next, the information is
preogrammed that has to be repeated, and then END is programmed.
Note that END is nct the end of the program, but only of the DO
LOOP. A DO LDOOP must fanish with ar END statement. Rt any t ime:
wher. the same commands are tc be used at egqual irncrements & Do Leoop
car. be used. See faigure &5.

E. THE USE OF R DD LOOP

Ir. the program portion pelcow, Everits 34-42 is the actual Do Loop
sequernice for the example shown.

Evert # Commang

30. TOOL 1 Assigr tocl length offsets to
tocl #1.

31. vl 003 Sclect a feedrate.

3c. G339 Feedrate in inches per
revolution.

332. ¥ 1.1 Z -.4% RA Rapid to start position.

34. DO 3 i Iritiate the DO Locp arnd
number of cycles.

35. X .85 FR

3€. X 1.0 RR

37. Z -.025 FI Moves within the DO Loop.

38. X -.025 2 .025 FI

39. X 1.0 RA

40, J Z .02° F1

41. | X -, 025 2 -.025 FI

4e. X 1.1 RA

43, END

C. SUBROUTINES

A SUBRDUTINE can be used to repeat a mini-program which otcurs
several times during the main program. This mini-prcgram is ertered
intc the memcry after the erd of the mair, program, is labeled as a
SUEROUTINE, and can then be called whenever it is required. For
example, if the mairn program has 137 everts the SUBROUTINE cculd
start at event 138 or any later number. Any number of SUBROUTINES
car be programmed withim the memcry capacity.
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As a pereral rule, features which are repeated several times at setl
pitches car be programmed as Do Loops, and features which are
repeatec at arbitrary positicrs lend themselves tc Subroutires. £
Subrcutire carn be used in corjguction with & Do Loop.

Figure Z€ 1s arn example of a Subroutine for tapered grooves.

To call Subrcutive 1 in the appropriate place in the main program,
the CALL butteon is pressed with the Subroutimne number. Irn the
example, if & Subrcutine is required immediately after everts £4, £€
and Z8, the everits below (25, 27 and 29) are programmed CALL 1. At
each everit where the Subroutine is called the cortrcl Jumps to the
Subroutine and follows the programmed moves. The control reads END
(last evert ir the Subroutire) arnd thern Jumps back to the main
program ard tc the event following the CALL command (2€, 28 & 30).

Evert_¢# Command
2l. TOOL 4 Assign tocl lenpgth
cffsets to tool @4,
£, VZ21.004 Select a feedrate.
o Ges Feedrate irn ivriches per
revolutiorn IP.R.)
24. . X 1.1 2 -1.2% RR Position tc starting
. point for SUER 1.
£5. cCAaLL 1 Call SUE 1 for first
grocve.
cE. Z -2.5 RR Pesiticor to starting
point for SUE 1.
c7. CALL 1 Call SUE 1 for second
grocve.
28. Z -3.7% RA Position tc starting
point for SUE 1.
9. caLL 1 Call SUB 1 for third
greove.
=0. TOOL O Cancel T L 0.
31. X 0 Z O RA Rapid to Absclute Machirne
' Zero.
3c. END. Erd of program.
Subroutine_1 (Brooving):
33. SUB 1 Assigr rnumber 1 to
subroutine.
34, X .75 RR
35. X 1.0 RA
36. Z -.25 F1
37. X -.25 Z .25 Fl1 Grooving sequerce of
events, in both absclute
and incremental.
38. DWELL £.0
39. X 1.1 RA
40, Z .25 F1
41, X .75 FA
4z. X 1.0 RA
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4€,
47,

End of subroutire.

D. CASTING STOCK REMOVAL USING AR SUBROUTINE

Wher. it becomes riecessary tc machine a castivig, & Subroutine car be
utilized tc remove the stock without having to program each

ivdividual mcve.

Figure 27 below shcows both & casting and the

programmirg steps needed to rcugh and firnish turr the diameters:

- ———

15.

1€.
17.

isg.

19.
20.

el.

ae.
22.

24.

G3S

X .7 2 .1 RAR

CALL 1

X .& RR
CALL 1

vel .008

G35

X .55

CALL 1

TOOL ©

X 0Y O RA-

END

Assigr tocl length
cffsets toc tool #1,
Select a roughing
feedrate.

Feedrate in IPR.

Rapid tc start point.
Subroutine call for first
pass.

Positiori for second pass.
Subroutine call for -
second pass.

Select a finishing
feedrate.

Feedrate irn IPR.

Position for finishing
pass.

Subroutire call for
finishirg pass.

Cancel TLO.

Rapid tc Absclute Machire
Zero.

End of program.
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Evert _# Command

2. SUE 1 Assigrn number 1 to
subroutine.

et. Z O FR Feed in Absclute to front
face.

e7. X .22 -.79 F1

28. Z -1.0FI Comporert profile in
incremental moves.

£9. ¥ 1.0 Z =-.75 FI

30. Z -2.0 F1

31. X .2 FI

3. Z .1 FA 7 Axis returrn in Absclute.

23. END End of Subroutine.

E. CORNER BREAKING WITH A CHAMFER OR RADIUS USING R SUBRDUTINE

Or. almost every comporent, the component drawing will ask for all
sharp corrers to be removed. Using the 2 Subroutines below, & cormner
car be removed with either a chamfer or radius.

Figure &8 below shows a comporient where the corners have tc be
removed:

Evert ¢ Command ;

11. TOOL 1 Aesigr tocl lerngth coffsets to
tool @1,

1= vl . 00S Eelect a feedrate.

13 G3SS Feedrate in inches per
revolutior.

14, X .875 Z .1 RR Rapid start point.

1S. Z 0O FR Feed tco frort face.

1e. CALL 1 Subroutivne call for chamfer.

17 Z -1.625 FA Feed tc &nd chamfer.

18. caLL 1 Subroutine call for chamfer.

19. 2 -2.2% FR Feed to 90 degrees shoulder.

20. X 1.62%5 Feed to start of radius.

21. CALL & Subroutine call for the
radius.

2c. 7 -2.37S FA Feed to 90 degrees shoulder.

2z2. X 2.375 FR Feed tc start of 3rd chamfer.

24. CALL 1 Subroutine call for the
chamfer.

e5. TOOL O Cancel TLO

2¢€. X 02 0 RA Rapid to RAbsclute Machire
Zero.

27. - END End of prcgranm.

SUBROUTINE 1: (Chamfer)

8. SUB 1 Assigr number 1 to
subroutine.
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30,

33.
34.
3.
36.
F. COMBINING DO

A Do Lccocp can be

would be dore if & repeat feature occurs in

X «1 Z =,1 F1

END

SUBROUTINE £

SUE 2
ARRC CCW

X O 2 -.125 F1

X .125 Z -.1285 FI

ARC
END

LODOPS AND SUBROUTINES:

programmed withirn & subroutine.

a shaft (see fipgure 29).

Event &
40,
L1,
4z,
43.
&4 .
45,
4€ .
47.
48.
49.
50.

Si.
Se.
S53.
S4&.

Ss.

Command

X .75 Z .1 RA
Z -.5 FA
CALL 1

Z -1.75 FA
X 1.0 FR
CALL 1

X 1.25 FR
TOOL ©

X 020
END

SUE 1

Do 3

X -.1 2 =.25 F1
X .41 F1

END

END

Feed at 45 degrees 1im
incremertal to chamfer.
Ernd of subrouvtire.

(Radius)

Assign number & tc
subroutine.

Program directiorn of the:
radius.

End point of the radius
incremertally.

End point of the radius
incrementally.

End of Arc Statement.
Erid of subroutine.

Rapid tc start poant.
Feed to start poirnt of sub
cCall subroutine 1.

Feed to start point of Sub
Call subroutine 1.

Evrid of main progran.
ARssigrn number 1 to
subroutine.

Ernd of Do Loop
Erd of subroutine

For example, this
a number cof places along

1.
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G. PROGRAM FOR EXAMPLE COMPONENT

Review figures 30 - 32. The following is ar example program that
shows the operator how the component in figure 30 would be
programmed intc the Crusader 11IL.

Figrue 31 details the machinirg sequerce for this comporernt ard
divides it intoc two cperations. Figures 32 ard 33 show the tcocoling
that is required for Operaticns Ore and Tw> respectively.

EBelow is the program for Operatior One:

Program 1, Operation 1

Event # Eeommand

i. TOOL 2001 Assigrn tocl number 01 to
roupgh turning tool.

2. xZ Tool offsets for rough

TOOL 2002

turning tccol.
Rssigrn tocol rnumber 02 to
center drill,

4, XZ Tool offsets for cernter
drill,

s. TOOL 2003 Assign tcol number 032 to
drill.

€. xZ Tool offsets for drill.

e TOOL 2004 Assigrn tocl number 04 to the
boring tocl.

8. Xz Tool offsets for boring tool.

9. TOOL 1504 Assigrn locaticr number 5 to
tool 04.

10, X .03 Boring tool tip radius of
0. 032".

11. TO0OL 2005 Rssiqn tool number 0S5 to
finish turrnirng tocl.

iz. Xz Tool offsets for firish

: turming tccl.

13. TOOL 1305 Rssign location number 3 to
tocl OS5,

14, X .032 Finish turning tool tip

& radius of 0.032".

15, TOOL 2006 Assign tool number 0Ot to
grooving tool.

1€. X2 Tool offsets for grooving
tool.

17. CALL 1 Subroutine to return tool to
Absclute Zerc positior.

i8. TODL 1 Activate tool #1 offsets
(Rough Turning tocl).

1%, vel .010 Set the feedrate

£0. 695 Feedrate selected ir inches
per revolution.

21, X £.6 Z .10 RA Rapid to start position (5.2"
diameter, 0.01" from firish
face).

2z. X -.035 FA Feed dowrn front face .035"

past center lire.
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FACE COMP

ROUGH TURN ANGLE
GB1 CYCLE

DRILL THRU

FINISH TURN

FACE TO LENGTH

ROUGH TURN
SUBROUTINE

FINISH TURN

MACHINING SEQUENCE

=t

"

13

12

ROUGH TURN O
GB1 CYCLE

CENTER DRILL

ROUGH/FINISH BORE
Ge1 CYCLE

GROOVE

ROUGH TURN 0
G81 CYCLE

CHAMFER THE BORE

THREAD
GB4 CYCLE




TOOLING FOR OPERATION ONE
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TOOLING FOR OPERATION TWO

01

03
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Figure 33
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24,
2%,
£€.
27
c8.
£9.
30.

31,
3.
33.
34,
35.
3€.
7.

38.

39.
40,

43.
44,

45,

4€.
47.

48,

49.
5(’.
51-

Sa.
S3.

S4.
SS.

S6e.

S7.
S8.
S9.
60.
é1.
6c.
63.
64.
&S.

X 2.6 7 .01

VS0 -, 75
V31 =-1.35
VSe -.125
Vo2 -1.35
VZ4 ©
Gei1

X 1.85 RA

VSO -, 5
vVS1 -1.0
VvSe -. 125
VS3 -, 8%
VsS4 O
Ga1

CALL 1
TOOL &

vl L.00S
G35

X0 2Z .1 RA

Z .1 RA
CAaLL 1

TOOL 3

vl .00%S
G35

X02Z.1RA

Va0 =3.5
v&l -1.0
G83

CALL 1
TOOL 4
vai .01
GSS

X .3844 2 .1 RA
vS0 .25
V31 -1.85
vseg .10
V33 -1.6
V54 ©
Gail

val .006
G9SS

X .9 RR

RA

Rapid to start peositicrn for
canned cycle (Ge1).

G81 carrec cycle variablecs.

Activatior of canned cycles.
Rapid to start pcsition for
canrned cycle (G81).

Canned cycle variables.

Rctivatior of carnred cycle.
Return tocl to ARbsclute Zerc
Pesiticr usirng subroutine 1.
Activate tocl @2 cffsets
(certer drill).

Set feedrate.

Feedrate selected ir inches
Per revolutior.

Rapid to center lirme and O,1"
from frornt face.

Feed in Z Axis te certer-
drill compcriert.

Rapid cut ir 2 Axis.

Returr tool to Absclute Zerc
Position using subroutine 1.
Activate tool #3 of fsets
(drill).

Set feedrate.

Feedrate selected ir inches
per revolutior.

Rapid to center line and O0.1"
from front face.

G83 Canred Cycle variables.

Activatior of canned cycle,
Return tool to Absclute Zerc
position using subroutine 1.
Activate tocl #4 offsets
(boring tool).

Eet feedrate.

Feedrate selected in IPR.
Rapid to start point for
canned cycle.

G81 canred cycle variables,

Rctivatior of carred cycle.
Set feedrate.

Feedrate selected in I1PR.
Rapid to start position for
finishing cut of the bore.



b ey

&E.
€7.
&e8.
69.
70.

71.
7e.

73.
74.
73.

7€.

écs.

éc.
87.
8.
89s.

S0.
S1.

9e.
83.
94.
95.

S6.
97.

e8.
9S.

100.
101.

G4l

X .85 2 0 FA

X ° 75 z —i 1 FA
X -1.5 FR

Z .52 -1,75 FAR
X =3.3 FR

G40

X .45

r P |

CALL 1

TOOL S

vzl .006

G3SS

X .7 2 .1 RA

Gaz

X «3- 2 =:1 FI
Z -.75 FR

X 1.75 Z 1.85 FR
X 2. 3375 FAR

X .12 -.1F1
2 -¢.125 FR
G40

X £.& FRA
CALL 1

TOOL &

va1 .003

G35

X 1.35 Z =.374 RA

X 1.15 FA
DWELL 2.0

X 1.25 RA

X -,02 2 .02 F1
X 1.25 RAR

Activate Tool Nose Rad:ius
Comperisation.

Feed to cut 45< chamfer.
Feed tc cut 0.1 " chamfer.
Feed dowri the bore.

Feed dowri the anple of the
bore.

Feed through the bore.

Cancel tocl nose
compensaticon.

Ramp off bore.

Rapid out of the bore.
Return toocl to Rbsolute Zerc
positiorn using subrcocutive 1.
Activate tocol #% offsets
(firnish turning tool).

Set feedrate.

Feedrate seleted in 1PRK.
Rapid to start position for
finishing cut.

RActivate Tool Nose
Compensaticr.

Feed on to front face ramp
(=1 41

Feed up the face to start of
the chamfer.

Cut the .1" x 4So chamfer in
incremental mode.

Feed across the £.5"
diameter.

Firnish cut the 45c angle.
Feed up the face to start of
the chamfer.

Cut the .1" x 45c chamfer in
incremental mcde.

Feed across the 4.8735" 3
diameter.

Cancel tool nose
compensatior.

Move off the component.
Returrn tool to Absclute Zerc
position using subroutine 1.
Activate tool #E offsets
(grooving tocl).

Set feedrate.

Feedrate selected in 1IPR,
Rapid to start position for
grooving tool.

Feed to groove diameter.
Dwell to clearn up bottom of
the groove (2 seconds).
Rapid up to 2.5" diameter.
Feed to positior for
chamfering left side of
groove.

Cut chamfer .02 x 45o.

Rapid up to 2.5 diameter.




102,

103,
104,
108,

106,

110,
111,

iia.

Z .02 F]1

X -, 02 2

=.02 FI

X 1.3% RA

CALL 1

END

SUB 1
TOOL ©
X02Zo

END

(SUBROUT INE

92

Feed tc Positiorn for
chamfering right side cf
groove,

Cut chamfer « 02" x 45-

Move out g, X axis,

Returr toel to Absclute Zerc
Positior Using subroutine p 8
End of Operation #i.

e1)

Assign number 1 to
Subroutine,

Cancel any active tool lerngth
offset,

Rapid to Absclute Zerc
pPositior,
End of subroutine.




H. PROGRAM FOR EXAMPLE COMPONENT

Rgairy

dimensions,

review figures 30,

following program examples

14,

15-
i€,

17.
i8.
19.
20.
21.
ee.
23.
24.
25.
2¢&.
e7.

28.

21 and 32.

93

These figures will detail the
machining seguerces and required tccling for the

Progranm 2, Operation 2

Command
TOOL 2001
X 2
TOOL 2002

X 4
TOOL 1502

X .032
TOOL 2003
X z
TOOL 1303
X 032
TOOL 2004
X Z
CALL 1
TOOL 1

vel .010
GSS

X 2.6 Z .01 RR
X -.035 FAR

X 2.6 Z .1 RA
VS50 -.8125

vE1l -1.1

VSE -l

vE2 -1.1

VsS4 ©

G681

X 1.5 RA

CALL 2

Z .1 RR

Assign tocl number 01 tc
rough turning tool.

Tool offsets for rough
turning tool.

Rssign tool number 02 to the
boring teocl.

Tool offsets for boring tocl
Assigrn Locatior number O teo
tool O2.

Finish boring tool tip radius
of 0.032".

Assign tool rumber 03 to the
firnished turning tocl.

Tool offsets for finish
turning tccocl. ;
Assigr locatior number 3 to
tool 03.

Finish turning tool tip
radius of 0.032".

Assign tocl number 04 to the
threading tcocol.

Tool offsets for threading
tccl. ;
Subroutine tc return tcol to
Absolute Zerc Posrn.

fctivate tcocol #1 offsets
(rough turning tccl).

Eet the feedrate.

Feedrate selected in inches
per revolution.

Rapid to start Posn. ready tc
face Comp. to size.

Feed down front face 0.035"
past center line.

Rapid to start Posrn. for
Carnned Cycle (G81).

G&1 Carnned Cycle variables

Activatior of Canned Cycle
Rapid to start Posn. to rough
the 0.25" radius.

ist roughing pass using a
Subroutine.

Rapid back te 0.1" in the 2
Axis.
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S0.

33.
34,

35.
3€.
37.
38.
39.
40,
41.
42.
43,

L4b,

45.
46.
47.

48.
49,

S0.
S1.
Sa.
33.
S&.

SS.

;i 56 -

X 1.375 RA

CALL &
CALL 1

TOOL &

vei . 0086
G3IS.

X .55 Z .1 RA
Gel

X .60 2 0 FA

X =15 Z -.15 F1
G40

X . 40

Z .1 RA

CALL 1

TOOL 3

v21 . 006
G35

X .45 Z .1 RR
G4z

X .50 Z O FA
X 1.275 FRA

X 1.375 Z -.1 FA
CALL 2

X 2.337S FR

ARC CCW

-X 2.3375 Z -1.1 FA
X 2. 4375 Z -1.1 FAR

ARC

94

Pcsr. in the X Axis for &nc
roughing pPass.

Second roughing pass usinQ
a Subroutine for the
radius.

Return tool to Absolute
Zero Posr. using Subroutine
1-

Activate tool #2 offsets
(boring tool).

Set the feedrate.

Feedrate selected in inches
per revolution.

Rapid to Posn. ready tc
chamfer the bore.

Turn on tool nose radius
compensation.

Ramp on to the front face
(beginning of the chamfer).
Feed at 45¢c to chamfer in
incremerntal.

Cancel tcol nose radius
compernisation

Ramp off the bore.

Rapid clear of the bore.
Return tocl to RAbsolute
Zerc Posn. using :
Subroutine 1.

Activate tocl #3 offsets
(finish turning tcol).

Set the feedrate.

Feedrate selected irn inches
per revolution.

Rapid to start Posrn. for
finishing cut.

Turn on tocl nose radius
compensationr.

Ramp on to front face. 3
Feed up the face to the
start of the chamfer.

Cut the 0.1" X 450 chamfer.
Use Sub 2 to finish the 2

"3/4" Dia. & the 0.25"

radius. !
Feed up the face to the
start of the 0.1" radius.
telect the RRC direction of
counter clockwise.

Define the center points of
the radius.

Define the end points of
the radius.

Complete the RRC statement
for the radius.




i)

S7.
Se.

S53.

€0.

6i.
éc.
63.
&4.
€%.
6t.
67.
€e.
€5.
70.
71.
7e.
73.

T4.

100,

101.

102.

103.

X 2.5 FAR
G40

X &.55 FA
cALL 1
TOOL &
vel .05
G%S

X 1.475 2 .14 RA

v4z 12.0
vEQ -, 83
vVE1l -, 048
Ve =-.014
VEZ O

VE4 O
vES 1.0
G8a4

CALL 1

END

SUBROUTINE 1
SUB 1
TOOL ©

X & Z O RR

END
SUBROUTINE 2
SUE 2
Z -.75 FR
ARC CW

X 1.625 Z -1.0 FR

ARC
END

Mmove of f the diameter.
Cancel tcol rnose racius .
compensatior. {1
Ramp off for tool
compensaticr.
Return tcol to ARbsclute |
Zero Posrn. using Subroutire {
i. :
fActivate tool #4 offsets |
(¢hreading tocl). !
Set the feedrate for ;
pesitioning when threading. i
Select feedrate in inches
per revelutior. ‘
Rapid to Posrn. for
threading Carrned Cycle.

G884 Carned Cycle variables.

fctivation of Carmed Cycle.
Returr tool to Absolute
Zeroc Posri. using Subroutine
1.

End of program & operation
#E .

Assigr number 1 to
Subroutinre.

Cancel any active tocl
lergth offset.

Rapid to Rbsclute Zerc
Posri.

End of Subroutine.

Assigrn number 2 tc
Subroutine.

Turn Dia. to beginning of
the radius.

Assign direction of radius.
Define the center points of
the radius.

Define the end points of
the radius.

Complete the ARC statement.
Evd of Subrocutine.
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SECTION 19:
O.E.M. CONTROL FUNCTIONS

NOTE:
Rll machine functions that are specific to particular O.E.N.
requirements may be described and explained withir, this secticr
by the 0.E.M. company. Rnilam requests that all programming
explarations be as clear ard concise as possible.
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