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TECHNICAL
BULLETIN PARKER COMPUMOTOR

No. 100 August 15, 1086

PRODUCT: 3000 Indexers

DESCRIPTION: Enhancements in 3000 Indexer C—revision software

SOFTWARE AFFECTED: 3000 controller, p/n 92-5003-01/11C;
1811 axis cards, p/n 92-3657-01/111

NEXT SCHEDULED RELEASE: December 1, 1986

The following is a summary of the additions and changes to Rev. C of the
3000 software. All items listed here have been incorporsted into the revised manual
and may be found in the index and table of contents (p/n 88—008181—04). To verify
the revision of software in your 3000:

1. turn off the 3000

2. depress the START key

3. turn on the 3000

4. after 1 second, release the START key

5. read the software revision in the display
MAIN MENU -

RESUME function. After the STOP key is pressed, and motor motion has
stopped, the RESUME softkey may be pressed to complete any moves that were stopped
and resume program execution where it was before being stopped.

EDIT MENU -
MODE command. Allows changing the axis mode at any point in the program.

The choices are NULL M_INC M_ABS E_INC E_ABS.
100MCDE M_INC E_ABS NurLlL £_Yhc

BOOST command. Allows boost output to activate or deactivate. The choices
are NULL, YES, NO, x (x is a 16 bit number). If & number is used, the auto boost

will be ennbled. The number will be the time in milliseconds of post accel/decel boost.
10030057 RQ NULL 25 YES

SHTDN command. Allow shutdown output to activate or deactivate. The

choices are NULL, YES, NO.
100SETDN NQ RULL NO YES

ON trigger. Whken a specified pattern appears on the input lines a subroutire call
is executed. Any moves in progress will not be terminated by the ON trigger GO™CO.
Only the Jast ONTRIG command encountered will be active, and it will deactivate when
its GOTO is executed. The sample rate is every 100 ms, and between commands.

1000N xx01 ook xxxx moox GOTO 5000
110MOVE 50000 NULL NULL NULL
12060T0 11

S0000MOVE 3TOP NULL NULL NMULL
S010DONE

Parker Compumotor Technical Bulletin #100, p. 1 p/n 88-006251-01



STOP parameter. Added to the MOVE and MOVI command. This will stop the
move in progress, at the deceleration rate defined prior to that move.

DATA statement as in BASIC. The 3000 will make moves on axis 1 of 50
steps, then 44 steps, then 56 steps, and then it will execute statement 300. Statement

300 will reset the data pointer, and Statement $10 will repeat the process again.
100DATA 30 &4 56 99

Z00INPUT Q1 = SRC3

205IF Q1 = 99 THEN 300

210M0VE Q1

240COTO 200

S00INPUT Q1 = SRCA

3106010 200

Note that if all the data numbers are ‘md up and another is requested prior to a
SRC4 input, the program will abort.

Note this includes adding SRC3S and SRC4 to the INPUT command.

IEPUT command. Inpat into varisble Qx from other sources. The format is
0100 INPUT Q3‘- SRCx where x is a number as defined below.

SRCO parameter. Front panel input (This is the default if no SRC is specified).
Forsﬁxégiplg 1C0INPUT Q5 will work the same as earlier versions because it will default
to .

100INPUT Q7 OF 100INPUT Q7 = SRCO

SRC1 parameter. Currently active remote port input (RS 232 or [EEE~488).
For example, 0200INPUT Q6 = SRC1 will print to the port "INPUT Q6?” and then
wait until & number is input. The number must be terminated with a semicolon. —
25,000;

100IRPUT Q7 = SRC1

SRC2 parameter. Trigger input. Inputs 1 through 16 will be in bits 0 through
15.

100INPUT Q7 = $RC2
SRCS parameter. DATA input. The next data number.

SRCU parameter. Restores data pointer to first dats statement. Q varisble used
will not be medified.

SRC6x parameter. Axis status input, where x is the axis number. This is a
direct result of the 1811 request status command ("83").
1C0INPUT Q7 = SRCS1

- Axis position input, here x is the axi :
1002 n&??&:‘rllmetu Axis position input, wwhere x is the axis number

sﬁcu,ﬂ"’““" Axis velocity input, where x is the axis number.
100INPUT Q7 = SRET

MATH command. Allow 81 bit integers in the MATH statement.

100MATH =Q/Q
IOMATE A e Q3 * Q1

Jn both cases QI can be & 31 bit sumber.

100MATE = Q) AFD Q1
100MATH =Q3ee Q1
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JOUMATE Q4 = Q3 XOR Q1

The boolean operators AND, OR, XOR are supported.

100MATR Qi; = COM

The contents of Q4 are complemented.

100MATE Q4 = BIX

The contents of Q4 are converied to a binary number. It will be assumed that
the number in Q4 prior to conversion to binary, was a 4 digit BCD number.

J00MATE Q4 = BCD

The contents of Q4 are converted to a & digit BCD number. It will be assumed
that the number in Q4 prior to conversion to BCD, was a binary number.

‘ command. Write to output the Q variable to the currently active remote
port (RS—-282 or IEEE-488). If the starting column number is higher than 40 and less
than 100, the contents of the variable will be sent to the port. Example: O100WRITE
0 0 50 Q25 Note that the other 2 parameiers are still required, even though they are
ignored. Note that string variables may be used: O0100WRITE O O 50 Q105

GOTO variable. The line number to GOTO can be a variable.

1006070 Q5

OUTPUT Q variable. Output to opto—22 pert:
01000UTPUT Q5 Q6

Q5" first 15 bits will be output to outputs 2 thru 16. Q8’s first 15 bits will be
the mask. If bit is 1 output will change, if bit is O output will not change. If Q8 not
specified, defaclts to no mask.

SETUP MENU -~

SETUP LIMITS function. -
8. Software limits for each axis. Upper limit, lower limit, and deceleration rate must
be specified for each axis. X the upper and lower limits sre equal, mo software limit
;xi.us.d Note that this requires 1811 software rev I or later. If not, setup will be
gnored.
b. Abort program on limits YES/NO. N any axis encounters & limit then
abort the 3000 program and stop all motion. The sample rate will be every 100

milliseconds.

SETUP GO HOME function.
s  Active level.
b. Active edge.
¢. 'Final approsch velocity as percentage of initial search valocity.
é. Final approach direction.

Modifled SETUP functions.
SETUP fanction. Fix conflict between OUTSTR and stall detect output. A mew
setup menu to allow enabling or disabling the outzat on stall. In the "SETUP AXES",

this setup submenu Jooks like "YES NO YES RO STALL=OUTPUT?". The remote
version must look like "YES NO YES RO OUTPUT;”. Tbe default is YES on all axes.
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Note that the OUTSTR command will still conflict with STALL if YES is used. Note
that all remote interface versions of the SETUP AXES command are of a slightly
different format:

INC M_ABS E_INC I_ABS PO; (positiening)
HQ YES RO  ABORT; (atalleabort?)
KO WO YES SIOP; (stall=-atop?}
NO YIS B0 OUTPUT: (stalisoutput?)
NO WO YIS PAUSE: (not dbwpause?)

To be compatible with some old software, the STOP parameters can be MOVE or
STOP instead of NO or YES.

SETUP position maintenance function. Also added is a setup for the position
maintenance gain constant and algorithm.

UNITS function. Extends the UNITS VELOCITY RANGE to 1 MHZ.
Note that this range is called "FAST" in the remote setup language.

5883

REMOTE command langnage. Some new Remote commands have been added to
the 3000, and the manual has been greatly expanded with examples for each Remote
command.

Q WVariables. A method is provided for reading and writing Q variables
asynchronously to the user's program.

Writing: - vARIASLE Q26 = 25000,

This is unchanged.
Reading: vamzasLr q26 = 1,

This will return the number stored in Q26. The number will consist of 11

characters. Leading geros will be sent as spaces. A semicolon will end the string.

If Q28 contains the number 25000 and text is off Q26 25000;_cre 1£¢" will be
returned.

If Q26 contains the number 25000 and text is on Q26 25000;_exe_Lfcmrur?™ will be
returned.

String Variables. = Maximum of ten variables, of no more 20 than characters.
These may only be loaded from the remote interface. These string variables will be
allowed with the INPUT command and with the WRITE command. They will be
Q100 thru Q109. Spaces may be included in the string but multiple spaces will be
truncated to a single space,

VARIABLE Q103 = This 1is a teat,

This will put "This is & test” in variable Q105. Via the remots port only.

The command "oi001nPuT Q28 Q105" will cause the string followed by a space to be
displayed on the lcd. When the operator inputs & valid number the program will
continue.

Documented commands.
Some Remote commands that have always existed are now documented in the

manual. ' VARIAXLE, LCD1, LCD2

Other ancements. :
on/Xoff incorporated for RS-232 recieve. A 600 character input buffer is wsed.

The R§—232 transmit retains Xon/Xoff recognition from earlier versions.
rolls around to other side of LCD when end is reached during cursor

right or cursor left movement.
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Entry errors. Attempts to enter numbers that are too large or contain decimal
points in the editor will be rejected and the operator will be informed that an entry
‘error has occurred.

EEPROM contains a CRC check. If & dats error is detected, the operator is
giver the choice of accepting the possibly flawed data.
ange the DELETE command. Allow the user to delete all lines between the
specified line numbers, even though the stated line numbers are nor used, i.e._, DELETE 0D0O
thru 9999 will delete every line in the program, even if the first line number is 10 and
the last is 250. Note that backward deletes will not be done. DELETE 570 thru 10 will do
nothing. Note that DELETZ 0100 thru 0000 will delete the single line 100. .

;ﬁ DISPLAY so that you can display three things such as velocity on axis 1,
position on axis 2, and line number even if you have only a two axis system. Note
that you still CANNOT display two items for the same axis st the same time, such as
position and status for axis 1. .

vent RECALL and SAVE from working during program execution.

Aliow IF/THEN to work with integers.
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TECHNICAL
BULLETIN PAREKER COMPUMOTOR

No. 101 August 15, 1986

FRODUCT: 3000 Indexers
DESCRIPTION: Known problems in 3000 Indexer software, revision C.
SOFTWARE AFFECTED: 3000 controller, p/n 92—5003—01/11C;
1811 axis cards, p/n 92-3657-01/111
NEXT SCHEDULED RELEASE: December 1, 1986

To verify the revision of software in your 3000:

turn off the 3000

depress the START key

turn on the 3000

after 1 second, release the START key
read the software revision in the display

NOTE
Revision C of 3000 software requires revision I software in the 1B11 axis
cards to work properly.

bl ol ol M

The problems are:

1. Software limits are mot fully implemented. Although they can be setup to
decelerate the motor upon encountering a software limit, the status of the
axis does not change, causing "Abort on Limits" to hang the 3000. Also, the
Go-Home "bounce—off=limits" feature is intermittent with software limits.

We recommend that software limits not be used in Revision C of the 3000
software,

2. The position display may be off by a few counts during velocity streaming.
The sctun! motor position is correct however. The reported motor position is
off whether the report is shown on the display or taken over a remote

interface.

The problems described here do not have any known side effects. By avoiding use
of these features you may operate all other functions of the 3000 with no adverse effects.
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TECHNICAL

BULLETIN  ruxxm conronoros

No. 103 | September 2, 1986

PRODUCT: 3000 Indexers
DESCRIPTION: New release of 3000 Motor Controller software,
‘ revision Cl.
SOFTWARE AFFECTED: 3000 controller, p/n 92—5003—01/11C1;
NEXT SCHEDULED RELEASE: December 1, 1986

To verify the revision of software in your 3000:

turn off the 3000

depress the STOP key

turn on the 3000

after 1 second, release the STOP key
read the sofiware revision in the display

Ll ol ol ol

‘Technical Bulletin 101 refers to striking the striking the START key to accomplish the

sbove procedure. It should say the STOP key.
Description:

The problems described below were fixed in revision Cl of the 3000 controller
software. The problems existed only in revision C of 3000 software.

1. IEEE-488 mode must be selected, saved and the 3000 powered down and back up
before & program may be loaded and executed over the remotr IEEE~488
interface.

If you are using the IEEE—488 option, programs loaded over the remote interface
will not run unless 8 SAVE has been executed with the indexer set for IEEE—
488 remote operation and the 3000 has been powered off and repowered. This
need only be done once. The uwnit will operate correctly from then on.

2. The LOOP command will not allow you to use s Q varisble to define the number
of iterations of the loop. The 3000 responds to the stiempt with the message
"Invalid data entered". Regular loops with numbers entered work fine.

Revision levels:
The letter suffix of $000 software indicates & major revision of the software. The

letter after the number indicates & minor revision. So «C on the end of the current
Model 3 software part number says & major revision has taken place (see Technical
Bulletin %100). The one in Cl indicates that & minor problem was fixed and was not

a major revision of the software.

NOTE
Revision C1 of 3000 software requires revision I software,
or higher, in the 1811 axis cards to work properly. (I is
the highest revision as of this writing.}
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| 88-010900-01

This errata is intended to accompany the 3000 Indexer software
part number 92-5003-01D4 and 92-68%7-01D4.

MANUAL CTANBES

CHAIN co#mand description

The CHAIN command is used to reset all stack pointers that the
3000 ONTRIG command may have misaligned. When the 3000 program
encounters LDOPs and BOSUBs it will save the line number it
should return to when executing ENDLOOPs and RETURNs. These
return addresses are stored using stack pointers.

I1f the 3000 gets the ONTRIG input, the program utilizes a 60TO
commard. | The 3000 exits any loops or subroutines it was
performing, but the stack pointers ARE NOT reset. This may cause
unpredictable errors in the program. In order to reset the stack
pointers, a CHAIN command should be executed.

EXAMPLE:

10 DNT#IG 1XXX XXXX XXXX XXXX 60TO 2000

200 LDOF S
210 LOOF 4

420 BOSUE 1000

490 ENDLOOF

S%0 ENDLOOF
560 GOTO 200G

1000 WRITE
1050 RET#RN

2000 CHAIN 2010 (THIS RESETS THE STACK POINTERS AND GOES TO 2010)
2010 OUTPUT 000 0000 0000 00GO

2020 MDVI STOP STOP

2030 GOTO 10

NOTE: A CHAIN command is not necessary if there are no LOOFs or
605UBs in a program.

The user| could also completely restart the program over with a
START cobmand.




ONBTOP c#mmand

(F2, Page %) The ONSTOF command controls the state (0 or 1) of
bits 2 through 15 on the 16-bit programmable output connector.
It functions identically to the DUTPUT command except that the
execution of the ONSTOF command is delayed until the program
stops. he bits can be programmed using 1‘'s, 0's, X'S, or Q
variables. When program execution stops for any reason, the bit
pattern will be output as specified. If Q variables were used in
the expression, the values of the O variable at the time
execution stops will be used (not the value of the 0 variable at
the time the ONSTOP command was executed). If an ONSTOP command
is not encountered during a program’'s execution the programmable
output bits will remain unchanged when the program stops.

ENTSTR C#mmand

The fellowing is & new description for the ENTSTR command. The
new command allows the user to initialize the contouring mode
coordinate system to position 0,0 or the current absclute
coordinates at the time the ENTSTR command is executed. Figure
4-4% is no longer current. It should now show:

OOR0ENTSTR YES YES ZERD

| YES ND ZERD  ABSO
| F1 F2 F3 F4 FS Fb
(fl, Fag: &) The ENTSTR command is used to set the absolute

velocity streaming mode for Axis 1 and Axis 2 when performing
Velncity!Prnfiling and Contouring. It caused the 3000 to set the
velocities on all the indicated axes to zero. This command also
ecstablishes a new x,y coordinate system for the Contouring mode
of operation. This new x,y coordinate system can be initialized
to 0,0 (using the ZERO option) or to the current absolute
coordinates at the time the ENTSTR command is issued (using the
ARSD option). 1If neither ZERD or ABSO are specified, the default
is ZERD. See Appendix B, Section B.2.1, Velocity Streaming, and
Section R.2.2, Contouring, for examples of programs using
ab501ute‘veloc1ty streaming.

|

NOTE:
application, refer to the discussion of Velocity Profiling
described in Section 4.3.5.2.

that is to begin absolute velocity streaming must be
S.

Each axi

For instguctzons on how to use the Streaming function in your
set to Yé

I ——| e S _ e e e e



|
WRITE cobmand

|
The manu%l incorrectly describes the WRITE command. If

WRITE S5 30 10 Qis

is entered, the manual-described command would clear columns 5

through 30 and put @i5 at column 10.

columns

What really happens is 30

re cleared starting at column 5. The Q15 response is

displayed starting at column i0.

LIMITS c
HOME com

The only
HOME com
home to

time. A
HOME com
specifie
all axzes
HOME seq
commard,

second 1i

OTHER CH

Allow sa
variable
variable
are not
repor ted

If a clo
would be
move wil
revision
level K
some ina
clpsed-l
move.

mmand
and
‘exception to the LIMITS=ARORT? YES option is during a
and. The HOME command allows the axis or axes going
everse direction when a limit is encountered the first
axis that encounters a limit for a second time during a
and will stop immediately and if more than one axis was
in the HOME command the program will not abort until
have finished (successfully or unsuccessfully) their
\ence. If only one axis was specified in the HOME
the program will abort immediately after encountering a

mit. )
ANGES
Qing of literals. By placing ~'s around a string

(Qin1 and greater), the variable is saved "as is". A
such as ~AS VS D12B0O0O G~ can be saved. The carets ()
saved as part of the string; i.e. the variable is
back as:

AS V5 Di2BOO 6 3

Led loop move was stopped and then resumed, the move
completed in motor steps rather than encoder steps.

1 now be resumed in one of twe ways depending upon the
level of the 1811 software. If it is prior to revision

the move will be resumed open-loop. This may lead to

ccuracy. The revision level K software introduces & new

pop resume command (37H) which is used to complete the

The
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1. INTRODUCTION
1.1. Overview

The Compumotor 3000 Indexing Systeml (Figure 1-1) is a programmable indexing
system capable of controlling up to four axes (motors) at one time. It is
programmed and controlled from the Front Panel using a keypad and an
alphanumeric 1iquid crystal display, which combine with a menu- driven
control program and non-volatile memory to allow you to enter and store
motion sequencss. It can alsc be controlled by a remote computer or
terminal via an RS-232C or I1EEE-488 interface. There are programmable
inputs and| outputs for each axis, compatible with OPT0-22 signal
conditioning products, that allow the 3000 to interact with the rest of your

system.

The 3000, which i{s actually a front end for up to four Compumotor Model 1811
single-board Indexers, will drive any size Compumotor motor/drive set or any
standard 200/400-step translator and stepper motor combination. Depending
on the particular Compumotor motor/drive used, a single rasvolution can be
subdivided into 1,000, 21,600, 25,000, 25,400, 36,000, or 50,000 individual
steps; Using the Indexer, you can rotate thc motor shaft to a preclu
position and stop; rotate at a constant velocity; alternate

‘back and forth between two angular positions; or use a combination of such

moves,

The 3000 is normally used for precise position contrel with no external
position feedback, An optional operating mode ' (Encoder Interface) is
available for closed-loop operation to further enliance the accuracy of
position control: and increase the "stiffness”™ of the motor. This 1is
accomplished by using an incremental optical Encoder and requires the use of

Model 1811 single-board Indexers.

A coobination of successive positions, motions, accelarations, deceler-
ations, and rotational velocities can be programmed. The commands are
described in detail in Chapter 4.

Note

The Compumotor Driver and the Compumotor Motor, which ars a matched
pair, are referred to as the motor/drive in this manual. They ars not

built into the 3000.

ltkeferrld to as 3000 throughout this manual.
1
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1.2. Ganeral Description

The 3000 consists of the

Compumotor M
contraller wvi
unic,

Front Panel, a controller, and up to four

podel 1811 single-board Indexers that communicate with the
a an IEEE-796 Multibus. Figure 1-2 is a block diagram of the
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op models are available, as listed in Table 1-1. The closed-
(-P) have provisions for connecting to a TTL-compatible
tical encoder. Table 1-1 also lists four open-loop models
nger being manufactured.

Table 1-1: Indexing System Model Numbers

f Axes Open Loop Model No. Closed Loop Model
3000-1 ' 3000-1-P
3000-2 3000-2-P
3000-3 3000-3-P
3000-4 3000-4-P

are saved using the SAVE command are loaded from Main Memory
's resident 4 Kbytes of electrically erasable programmable
ory (EEPROM), referred to as non-volatile memory (NVM).
have been saved can be recalled from NVM into Main Memory
LL command. This process is illustrated in Figure 1-3. The
ran statements or lines allowed depends on the number of axes
the unit, as shown {n Table 1-2. However, RS-232C or 1EEE-488
rage devices can be used to store larger prograns.

ble . 1-2: Maximum Program Steps vs Number of Axes

Number of Axes Maximum Nunber of Program Steps

W N

305
260
200
165

1.3. Optional Features

The standard

3000 configuration controls the motion of one axis (-1). The

«2, -3, and -4 versions control two through four axes, respectively. The
Encoder Interface option (-P) specifies that all axes are egquipped with
Model 1811 single-board Indexers.
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Figure 1-2: 3000 Indexer Block Diagram
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Figure 1-3: Main and Non-Volatile Memories
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1.4, Specifications

Performance, electrical, environmental and mechanical specifications are
presented in Tables 1-3 and 1l-4, Input and output specifications are
provided in Chapter 3.

1.5. How to Use this Manual

You do not have to be an expert in any field to use the 3000 Indexing
Systes. This manual contains all information you will need to install and
succeqsfully cperate the 3000. 1If a terminal or computer is intended for
contrgl, you will need access to the computer or terminal manusls that
define setup conditions for RS-232C or IEEE-488 operation of the respective
terminal or computer. This manual assumes that you have access to the
applicable equipment manuals.

Chlptei 2 presents the concepts and terminoleogy used in the manual. Read
this chapter completely.

‘Chapter 3 describes installation and checkout procedurss for the 3000.
Separate sections are included in Chapter 3 that describe installation of
the parallel nd serial interfaces, limit switches, and optiocnal features,

Chapter &4 describes programming and operating procedures and commands.

t

Appendix A lists the commands used to program and operate the 3000.

Appendix B contains programming examples.

Appendix C provides procedures for field installation of the Model 1811
single-beard Indexer.

Appendix D provides dimensions for installation.

1.6. Technical Assistance

If you need Technical Assistance, please contact your Compumotor distributor
or:

Custoner Ssrvice Dapartment
Conpumotor Corporation
1179 North McDowsll Boulevard
Petalums, CA 94952
(707) 778-1244 (Inside Califormia)
(800) 338-9068 (Outsids Califormis)

Do not ship the unit to tha factory for service until you have been given an
suthorization numbar by tha factory.




Model 3000 Indexing System
Table 1-3:
Parameter
Performance:
Stepping Accuracy
Velocity Accuracy
Velocity Repeatability

Velocity Range
steps/sec

Power (50/60 Hertz):

1Q0-130 VAC input

Table 1-4&:
Parameter
ad Size:
Height
wvidth
Depth

Veight Net
Shipping

Operating Temperature

Storage Temperature

Operator’s Manual

3000 Series Performance and Electrical Specifications

Value

40 Steps from Preset total
+0.02% of max rate
+0.02% of Set rate

0.017 steps/secto 1,092,000

1.0 Amps maximum

3000 Series Mechanical and Environmental Specifications

Value

8.5 in. (21.6)
16.0 in. (40.6 cm)
6.3 in. (16.0 em) -

17 (7.7) Pounds (Kg)
25 (11.4)

32 to 122°F (0 to 50°C)
0 to 95% Humidirty,
non-condensing

-

-22 to 18S°F (-30 to 85°C)

P/N 88-003181-05
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2. n@sm SYSTEM CONCEPTS
2.1. Overview

All (Indexer/Indexer System applications involve either rotation of a
Compumotor motor shaft to a precise angular position (nuzmber of steps) or
rotation of the motor shaft at a prescribed angular velecity (revolutions
per second). In most models the Indexer, Motor, and motor/drives are
separate assexblies. In some of the models the Indexer and Driver are
conbined into one assembly.

A technique known as microstepping, which 4is described in detail the
Compumotor Product Catalog, is used to obtain high-resolution rotary motion.
A standard translator/stepper motor can be stepped in equal increments of
200 or 400 steps per revolution (steps/rev), making each step equivalent to
1.8 dr 0.9 degrees. Microstepping permits as many as 50,000 steps/rev,
depending on the design of the motor/drive. You can choose from Compumotor
motor/drive options vranging from 1,000 to 50,000 steps/rev for your
application. Both the size and the ruolution of the Compumotor motor/drive
zust be determined for any given application. Refer to the Compumotor
Produil: Catalog for a discussion of motor characteristics, torgue
calculations, and selection eriteria.

Each time the Compumotor moter/drive receives one step pulse, it rotates
the m:tor one angular increment. You may choose to control either angular
position or angular velocity with a high degree of precision without any

external feedback:

Vhen ¢ommnnds are structursd for the system, it is necessary to think in
terms of the number of steps/rev; e.g., for a 25,000-step motor, 180 degrees
= 12,500 steps, 1 revolution = 25, 000 steps, etc. You must refer the
desirdd load motion for your application to rotation of the Compumotor motor
shaft, Shaft motion iz specified in terms of acceleration, angular

velocij!:y. and angular position.
2.2. Acceleration/Valocity Profiles
The motor moves in incremental steps. In practical applications, load

inertia tends to smooth the actual load motion. The small size of the motor
steps minimizes snd-of-move settling time at moderate acceleration values.

2.2.1. Acceleration/Daceleration

Acceleration/deceleration is defined as the rate of increass/decreass of
angular velecity 4n steps, or revolutions per second psr second
(rev/s\ec/nc) Vhen the Indexer drives the motor from rest to a given
vcloc:l\ty. a string of pulses is sent to the motor/drive.

Relatively high pulse rates are used to drive the high-resolution Compumotor
Motors; therefore, the shaft velocity buildup can be graphically portrayed
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by a straight line, as shown in Figure 2-1.

The cheletlt10n/dece1¢ration rate must be selected as a function of the
inertia of the load to allow operation within the torque limits of the
wotor. A margin of 50 to 100 percent of normal load torque requirements is
recommended. If the selected acceleration rate requires torques that exceed
the capability of the Compumotor motor/driver, the motor will stall without
any age to it.

The acceleration/deceleration rate can be varied betwesn broad limits. When
very high acceleration rates are used, there may be a tendency for overshoot
and loriger setting times., Normally the acceleration and deceleration rates
are sgual.

2.2.2. Motion Profiles

Refer to Figure 2-2. The trapezoidal motion pattern (Figure 2-2A) will
occur| vhen the angular distance to be covered is large compared with the
angular distance required to reach the specified angular velocity. Part of
-the motion occurs at s constant velocity. An example {s a move in which
one-fourth of the move time is acceleration, one-half of the time velocity

is constant, and one-fourth of the time is deceleration. The triangular
motion pattern (Figure 2-2B) occurs when the angular distance required to
reach the specified velocity is large compared to the angular distance to
the new position. In this case the motor shaft velocity continually
changes during the move, and there is mno constant velocity phase. The
averags velocity would be one-half the peak velocity.

2.3. Motion Characteristics
2.3.1. Motor Resolution

Motor resolution is defined by the motor/drive used with the Indexer (Table
2-1).
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Figure 2-1: Velocity Bulldup
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Figure 2-2: Motion Profiles
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| ' Table 2-1: Resolution Per Step

Equivalent Value Per Step
‘Hotor Resclution

(steps/rev) part of revt min of arc*
50,000 2.0000 x 10°7 0.4320
36,000 2.7778 x 1072 0.6000
25,400 3.9370 x 10°3 0.8504
25,000 4.0000 x 10°2 0.8640
21,600 4.6296 x 10°3 1.0000
4,096 2.4410 x 104 5.2734
1,000 1.0000 x 10°3 21.6000
400 2.5000 x 10°3 54.0000
200 5.0000 x 103  108.0000

* Rounded values

2.3.2. Velocity Range
Velo#ity ranges can be selected via the command interface.
2.3.3. Acceleration/Deceleration Range

The acceleration range can be selected via the command interface. The basic
considerations when selecting scceleration range are the torque capability
of the motor, risk of load overshoot, and the physical characteristics of
the mechanical transmission coupled to the motor/drive.

2.4. Analysis of Your Applications

The bhsic elements that are present in most applications are shown in Figure
2-3,

2.4.1. General Considerations

2.4.1.1, 1Llimit Switches

protsct the load. (See Chapter 3 for 1limit switch installation

In .:E cases you must determine vhether limit switches will be required to
ctions.)

inst
| 2.4.1.2. Encoders

Determine if Encoder feedback is required. Vhen you select the Encoder
Interface, you have a nuober of choices, as follows:

8. You can mount the Encoder at the locad and assure the proper
‘ positicaing of the load despite any geaxr play or friction effects
of the mechanical transmission betwsen the motor and the load.

12
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b. You can use & motor with the Encoder mounted on the motor shaft so
that the motor will resist movement induced by externally applied
torques.

€. You can use the Encoder as a stall detector to identify whether
the motor has stalled.

4. You can use the Encoder to independently verify the load position.

2.4.1.3. Discrete Inputs

Deternmine {f the discrete inputs for START, STOP, COUNTERCLOCKWISE LIMIT,
and CLOCKWISE LIMIT inputs are required.

2.4.1.4. Motor Steps

Deternine the number of steps required to reach a desired angular positicn
of the Compumotor motor shaft based on the angular resolution of your
syster.

2.4.1.5. Motor/Drive Sizing

The mgtor/drive must be sized for the application. ‘' Refer to the Compumotor
Product Cataleog for sizing guidelines.

2.4.2. Definition of Acceleration and Velocity

The desired load motion pattern must then be referenced to the Compumotor
motor shafe. The wmotor/drive acts as & relatively stiff drive source.
Theoretically you could use detailed mathematical analyses to determine the
proper values of position, acceleration, and velocity. In addition to
accelaration, velocity, and position, your analysis must include a
definition of any gear play, coupling effects, transmission elasticity, load
inertia, lcad friction, etc. In practical situations use of such detailed
analytic techniques is not necessary and is frequently wundesirable.
Alternatively, you can approximate an initial set of position, acceleration,
and velocity values. These approximations can then be tested in the actual

applichtion and revised as necessary.

A wmotor/drive will stall (without any damage) vhenever the performance
specified by a cormmand exceeds the capability of the motor/drive being used.
You can experimentally determine the actual wvelocity and acceleration
values. You can set the Indexer to the set of approximate values and then
adjust the values to achisvae the desirsd performance.

13
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Figure 2-3: Basic Elements to Be Analyzed
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2.5. Equipment Configuration Alternatives

2.5.1. Simplest Configuration

The sioplest configurstion (Figure 2-4) consists of a basic Indexer and a
Compugotor motor/drive connected to a load,

2.5.2. Limit Switches

Limit switches can be installed on the load (which is recommended) and
connected to the Indexer to protect the load from evertravel. This is shown

in Fi#u':‘e 2-5,

CONTROLS

ac maASIC
rov T I
UTPUT
ruLSES
r===-U-- .
| :
rov e B ]
t |
I |
[ rutses )
] |
]
: i CourLING
\/ |
|
] MECHANICAL
] noToR o oy
J
i |
L

Figure 2-4: Simplest Configuration
15
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Figure 2-5: Limit Switch Input
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Figure 2-6: Addition of Encoder Interface
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2.5.3. Encoder Interface

The Encoder Interface can be used, as shovn in Figure 2-6, to

a. Provide closed loop operation for improved load positioning
‘ accuracy. :

b. Independently verify position.
cL Increase resistance of the motor to perturbing external torques.

dL' Detect motor stall.

|

| 2.5.4. Indexer Controller
A programmable controller or computer can be used for contrelling the
Indexer, as shown in Figure 2-7.

One advantage of this approach is that command messages can be stored and
used repeatedly at different times. A number of programs can be stored and
then recalled in response to load conditions. Operation can be automatic
and interactive if the proper load sensors and process controllers are
installed.

2.5.5. Multiple Function Assemblies

Hultip}e function asseoblies are also available. Some specific examples
are: |

a, Basic Indexer plus power supply plus driver 1is one package (CX
f Series).

—

b, Local control panel plus basic Indexer p13. power supply plus
? Encoder Interface plus I1EEE-488 interfaces is one package (2100

Series)

ci Liquid crystal display control panel plus four basic Indexers plus
.~ power supply is one package (3000 Seriss).

Consul‘ with your Compumotor representative to select the proper esquipment

models and options for your applicatioen.

18
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Figure 2-7: Indexer Controlled by Programmable Controlled Computer
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3. INSTALLATION

3.1. Overview

This chapter provides installation and test procedures for the 3000 Indexing
Systen. Instructions for installing 1811 axis cards into the 3000 are

provided in Appendix C.
3.2. Inspection

Inspect the shipping carton carefully for evidence of physical abuse or
damage. " Report any such findings immediately to your receiving department
and to the carrier. Compumotor Corporation cannot be responsible for

in-transit damage.

Unpack the shipping carton and inspect thes Indexer for any damage, cracks
broken parts, or damaged cables, Save the packing materials until
functional checks have been completed,

3L3. Setup

Each 3&00 is ready to operate when removed from the packing container. The
unit is powered from 120 VAC, 50/60 Hz. The mounting ears on each side of
the unit are reversible, so the 3000 may be either rack mounted or bolted to
a2 flat surface (such as the back of a KEMA rack) ‘with tiie Contrcl Panel
ficing out. The 3000 is fan-cocled, and the areas around thc fan filters on
the lfkt and right sides of the unit must be left clear ano unobstructed.
The cover must be on during operation or the circuit cards can overheat due

to poor air flow.

The 3000 festures password-protected programming. This means that only a
limited number of operations may be performed after turning on the unit
withoui entering a password, These operations are: RECALL (a program from
non-volatile memory), RUN (a program), RESUME (a program), and ACCESS (enter
a password). The ACCESS command nust be performed before any programming is
allowed. After turning on the unit, press the function key labeled ACCESES
and enter the number 3000, followed by the ENTER key. Thes factory-set
access ! code is "3000," but you may change it if you desire (sese Section

4..3.3.4).

Note

e 3000 requires that limit switches or bypass jumpers be connscted to
each axis’ Auxiliary Connector. The 3000 will not move motors unless

this is done (Ses Figure 3-1).

20
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3.4. AC Pover Connector

AC power is applied to the Rear Panel of the 3000 via the standard three-
pole AC pover cord supplied with the unit,

3.5. Comsunications Ports and Programmable 1/0

The 3000's connectors are all located on the Rear Panel of the unit. There
are four connectors that are independent of the number of axes controlled by
the wunit: two programmable :lnput/output ports and two communications
inter nces (RS-232C and IEEE-488),

The -232C or 1EEE-48B interfaces can be used to communicate with a
computer, load programs from another 3000, send them to another 3000, or
print\t'hem on & printer. They can also be used to allow the 3000 to receive
or transmit parameters during operation. This powerful feature permits
real- {imc modification of parameters to accommcdate for tool offsets,
scaling, process variations, etc.

The programmable input/output connectors can be used to make your 3000
interactive with the rest of your system by accepting triggers caused by
external events or by providing a signal to trigger external events.

The four connectors are described in Sections 3.5.1 through 3.5.3,
3.5.1. IEEE-4B8 Interface

This [(25-pin, double-row, . leaf connector complies with the IEEE-488
spacification and connects to an 1EEE-48B bus device. The 3000 functions as
a talker/listener; its device address is specified with the SETUP Menu and
is stored in the unit’s non-volatile memory. Table 3-1 lists the pin
nsignknents for this connector.

3.5.2. R.S-2320 Connector -

This 25-pin, female "D" connector provides a three-wire RS-232C iInterface.
The interface can be operated at all standard baud rates between 110 and
19,200 and can be configured as DTE (Data Terminal Equipment) or DCE (Data
Comnunications Equipment). DTE and DCE operation differ in the pin used to
transmit and Teceive data. DIE or DCE operation is sslected with the SETUP
function from the Front Panel (Section 4.3.3.1), eliminating special cables.
The nunber of stop bits, number of data bits, parity, and baud rate are also
specified with the SETUP function and can be storsed in the unit’s

non-volatile memory.

The pin assignments for this connector are listed in Table 3-2.

21
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~ Figure 3-1: Limit Switch Jumpers
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Table 3-1: IEEE-488 Comnector Pin Assignments

Nuzber Signal
1 D101
2 D102
3 D103
4 DI04
L E01
6 DAV
7 NRFD
: 8 NDAC
9 1FC
10 SRQ
11 ATN
13 SHIELD (CASE GROUND)
14 D105
13 D106
16 D107
17 Dios
18 REN
19 SIGNAL GROUND (DC COMMON)
20 SIGNAL GROUND (DC COMMON)
21 SIGNAL GROUND (DC COMMON)
22 , SIGNAL GROUND (DC COMMON)
23 SIGRAL GROUND (DC COMMON)
+ 24 SIGNAL GROUKD (DC COMMON)

!

Table 3-2: RS-232C Connecter Pin Assignments

Pin Runber Signal
1 SHIELD (CASE GROUND)
2 TRANSMIT or RECEIVE
3 RECEIVE or TRANSMIT
7 SIGNAL GROUND (DC COMMON)
All other pins (N.C.)

3.5.3. Programmable Input and Output Connectors

There axe two 50-pin flat cable connectors on the rear of the 3000 that are
compatible with OPTO-22 optically isclated signal-conditioning panels and
can be used for programmable 1/0. The 3000 has 16 programmable inputs and
15 programmable outputs. The sixteenth output is a hard-wired machines
status output. This status output is ON (true) when the 3000 is operating
properly and OFF (false) vhen it is not.

23
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For most applications 1/0 is attached to the 3000 through the OPT0-22
signal-conditioning panels. One flat cable connects the 3000 to a signal-
conditioning panel used for input, and another flat cable connects the 3000
to another signal-conditioning panel used for output. These panels, or
*module mounting racks," are available in 8 and 16-line varsions. Separate

racks are required for input and output.

OPT0-22, Crydom, and Potter & Brumfield all manufacture signal-conditioning
products suitable for use with the 3000. Each position in the rack can have
any OPT0-22 I/0 module installed in it. These modules come in different
voltage' and current ratings. There are versions for interfacing with
signals ranging from 5 VDC to 280 VAC. Consult your local OPT0-22, Crydom,
or Potiter & Brumfield distributor for details. .

The £$1lowing OPT0-22 module mounting racks and flat cables work with the
3000:

a. Module mounting racks
(1) PB8 - B lines
(2) PBl6A - 16 lines
Note
 junmper must be placed between the "+" solder pad and the solder pad
ext to pin 49 on each module mounting rack (OPT0-22 board) for the
it to operate. This jumper provides +5 volts from the 3000 to pover

¢ board. If this jumper is not installed, you must provide +5 Volts
to power the board,

b. Cables

(1) OD-2 2 feet

(2) OD-4 - 4 feet

(3) Ob-8 8 feet

10 feet

 (4) O0D-10

Table b-3 1ists the pin assignments for both connectors. All even nunbered
pins are connected to logic ground (DC ground),

All 3000 outputs are driven with 7415240 drivers. All Snputs are
TTL-compatible. '

24
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3.5.3.1. Optically Isoclated Outputs

A schematic diagram of a typical optically isclated output circuit is shown
in Figure 3-2, These circuits are not part of the 3000, but are typical of
circuits available from other manufacturers. These circuits are opan-
collector, optically coupled transistors capable of sinking 100 milliamps
when switched ON. When OFF, they behave 1like an open circuit unless pulled
up through resistors to an external voltage source.

,Tablq 3-3: Programmable Input and Output Connector Pin Assignments

Flat Cable Pin No. Output Connector Input Connector

47 Output 1 (dedicated Input 1

; machine status output)

&5 Qutput 2 Input 2
43 Output 3 Input 3
&l Output 4 Input &
39 Output 5 Input 5
37 Output 6 Input 6
3s Output 7 Input 7
33 Output 8 Input 8
31 Output § Input 9
29 Cutput 10 Input 10
27 Output 11 Input 11
25 Output 12 Input 12
23 Qutput 13 Input 13
21 Output 14 Input 14
18 Output 15 Input 15
17 Output 16 Input 16

69 +5 VDC +5 VDC

3.5.3.2. Optically Isolated Inputs

A schrmatic diagram of a typical optically isolated input is shown in Figure
3-3. | These circuits are not part of the 3000, but are typical of circuits
available from other manufacturers. These inputs are current- sourcing
inputs and require sinking outputs or contact-closure type outputs to drive

thenm.| TTL output modules in a lov state exhibit the proper current-sinking

characteristics. Open-collector circuits also exhibit the proper current-
sinking characteristics.

Optically {solated inputs can be driven by switching them to ground or

sinking a 15-pilliamp current to ground. The inputs are pullad up to an
internal +5 VDC source. The same source i3 available on pin 49 (+5 VOLTS)

for external use.
Interﬁal blocking diodes allow input veltages of up to 30 VDC to be applied
25
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to the optically isolated inputs. The polarity of the input signals is set
at the factory for high - false, low = true. :

26




Model 3000 Indexing System Operator’s Manual P/N 88-003181-05

Figure 3-2: Typical Exanple of Optically Isolated Output
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‘ Figure 3-3: Typical Example of Optically Isolated Input
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3.6. Individual Axis Connectors '

There (are four connectors specific to each axis on the rear of the 3000,
These connectors are standard, female "D" connectors. There are cutouts con
the rear panel for up to four axes. Units with fewer than four axes have
cover plates installed over the connector cutouts. These connectors are
described in the Sections 3.6.1 through 3.6.4.
The electrical characteristics and functions described use the term LS TIL
equivalent load. This means an input at a TTL high level (2.0 volts to 5.5
volts) will source 20 microamps of current, and an input at & TTL lovw level
(0.8 volts to O wvolts) will sink 0.4 milliamps of current., All connections
listed as RETURN are connected to DC common.

|

Note

e Auxiliary, Moter/drive, and Encoder connectors are identical, and
an be inserted incorrectly. Be sure you attach each cable to the
TOoper connector. ’

3.6.1. Auxiliary Connector
The Auxiliary Connector is a 25-pin "D" connector. All outputs are 3.7 volts
nozinal, 60 rilliarp maximum sink or source, and short-eircuit protected,
unless otherwise noted. Inputs ars two LS TIL equivalent loads or less with
3.3 Koha pullups and 0.1 microfarad noise filter capacitors to ground,
unless otherwise: noted. Table 13-4 1lists the pin assignments for this

connector. '

i 3.6.1.1. SHUTDOWN
{Pin 22, Active Low) Activating this input will causs ths motor to shut
down, which disables the Driver’'s powver amplifier and leaves ths motor with
only szall amount of holding torque. This input is ignored if the motor
is moving.
j 3.6.1.2. CW LIMIT

(Pin ‘. Active High) This input is activated vhen the axis reachas the
extrepe mechanical limit stop. Activation of this input causes the Indexer
to stop any motor motion in the clockwise direction within 200 ailcroseconds.
The signal must remain active for a minimum duration of 75 microseconds.

29



Model #DOO Indexing System Operator's Manual P/N 88-003181-05

\ Table 3-4: Auxiliary Connector Pin Assignments

Pin Nunber Sisn.l
1 . TRIGGER 6 _
1 TRIGCER € RETURN
2 - CW LIMIT
15 CW LIMIT RETURN
3 CCW LIMIT
16 CCW LIMIT RETURN
4 TRIGGER 1
17 . TRIGGER 1 RETURN
5 HOME LIMIT
; 18 TRIGGER 5
1 6 TRIGGER 2
19 TRIGGER &
7 PROGRAMMABLE OUTPUT 2
20 PROGRAMMABLE OUTPUT 2 RETURN
8 FROGRAMMABLE OUTPUT 1
21 PROGRAMMABLE OUTPUT 1 RETURN
9 TRIGGER 3
22 SHUTDOWN IN
10 AUXILIARY CONNECTOR 45 VOLTS
23 SHIELD (CASE GROUND)
11 (N.C.)
24 (N.C.)
12 (N.C.)
25 (N.C.)
13 ' {N.C.)

|

CW LIMIT may be wired to a normally closed limit switch of suitable contact
rating The polarity (normally closed) is "fail-safe" in that an open
connection causes. the motor to stop if it is moving clockwise. If no limit
switch (1s cennected to this input, bypass jumpers sheuld be installed as
shown in Figure 3-1. On-board jumpers on each axis card (JU5 and JU6) are
provided and may also be used to bypass this input if no limit switch is
connected to the input. These jumpers must be removed vhen limit switches
are used and installed vhen limit switches are not used.

3.6.1.3. CCW LIMIT

|
(Pin 3, Active High) This is the same as the CW LIMIT, except that it
aﬁ'ect; motion in the counterclockwise direction.
Note

e 3000 Indexer uses normally clesed limit switches. This means that
unless limit switches are connected to the Auxiliary Connector ox
jurpers are installed in that Connector, your 3000 will not move the
moter(s). Two jumpers are required: one should connsct pin 2 to pin
15, and the other should connect pin 3 to pin 16 on the Auxiliary
Connector (refer to Figure 3-1).
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3,6.1.4. PROGRAMMABLE OUTPUT BITS 1 AND 2

and OFF with the OUTSTR instruction in velecity profiling. Refer to Section

(Pin F and Pin 7) These tvo TTL-compatible output bits can be toggled ON
'4.3.5.16 for cetalls on the operation of these bits.

3.6.1.5. HOME 1LIMIT

(Pin f. Active High or Low) This input identifies a HOME position that may
be used as a reference point. It is not used to stop motion as are the CVW
and GCW LIHMIT inputs. Exercising the HOME command causes the Indexer to
search for the HOME limit switch. In units with the Encoder Interface, this
input functions as HOME ENABLE, In this situation the switch should be
mounted in such a way that it is activated (closed) only during a single
revolution of the Encoder. The Encoder’s HOME channel will then be used as
the final HOME position.

3.6.1.6, +3 VOLTIS

(Pin 10) This 5-volt supply voltage is connected to the 3000's 5-volt power
supply through a l-ohm resistor. It is limited to 250 milliamps. It may be
used to power optically isolated limit switches or for any application

requiring a power source of this type.
3.6.1.7. GND

(Pins 14, 17, 20, and 21) : This is the ground reference for signals on ths
Auxilﬁary Coninector. It is connectad to the 3000's logiec (DC) ground,

3.6.1.8. SHIELD

(Pin 23) ¢onnected to the chassis ground. Cables (such as limit switch
cables) should be censtructed with shielded cable, with the shield connected

to this point.
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3.6.2. Encoder Connector

The Encoder Comnector is a 25-pin "D" connector, which is optional. It is
used only in Encoder Interface (-P) versions (utilizing the 1811 card). All
outputs are capable of driving twenty 1S TIL equivalent loads, unless
otherwise noted. Inputs are two LS TTL equivalent loads or lass with 3.3
Kohn pullups and a 0.1 microfarad noise filter capacitor to ground, unless
otherwise noted. Pin assignments for this connector are sumnmarized in Table
3-5.

Table 3-5: Encoder Connector Pin Assignoents

A stapdard 25-pin male *"D" connector (DB25P) is required to connect the
feedback encoder to the 2100 "POSITION SENSOR™ connector.

Pin | ‘ Signal
1 QUADRATURE CHANNEL A+ (+3 V TO 45 V SQUARE WAVE
REQUIRED)
2 QUADRATURE CHANNEL A- (OPTIONAL)
3 QUADRATURE CHANNEL B+
Y T QUADRATURE CHANNEL B- (OPTIONAL)
> 5 CHANNEL Z+ (INDEX)
6 CHANNEL Z- (OPTIONAL)
7 (N.C.)
8 SHIELD (CASE GROUND)
9 (v.C.)
10 ENCODER PULSE OUTPUT (X4 PULSE MULTIPLICATION)
11 . ERCODER DIRECTION OUTPUT
12 (R.C.)
13 HOME ENABLE
14 SIGRAL GROUND (DC COMMON)
15 SIGNAL GROUND (DC COMMON)
16 SIGRAL GROUND (DC COMMON)
17 SIGNAL GROUND (DC COMMON)
18 - SIGNAL GROUND (DC COMMON)
19 SIGNAL GROUND (DC COMMON)
20 SIGNAL GROUND (DC COMMON)
21 {N.C.)
22 (N.C.)
23 +5 VDC (150 MILLIAMPS MAX)
24 +5 VDC
25 +5 VDC

Shell: ITT %DB110963-3
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3.6.2.1. CHANNEL A+ and CHANREL B+

(Pin 1 and Pin 3) Thess inputs connect to TIL quadrature outputs of an
increpental optical encoder. The input impedance is 100 Kohms,

3.6.2.2. CHANNEL A- and CHANNEL B-

(Pin 2 and Pin &) High impedance (100 Koha nominal) input optionally
conn;l:ted to a complementary output of a quadrature encoder. Should be left
unconnscted if this input is not used or not required.

: 3.6.2.3. CHANNEL Z+

(Pin %) Identical to CHANNEL A+ (above) except that this input applies to
the HOME channel of the eancoder signal.

3.6.2.4. CHARNEL 2-

(Pin €) Connects to complementary output (if present) of encoder's HOME
channel, .

‘ 3.6.2.5. HOME ENABLE

rotary encoder. This input marks the encoder revelution in which the HOME
bit from CHANNEL Z s valid.

This tnput is shared with the HOME LIMIT input on the Auxiliary Connector
and therefore cannot be used if the HOME LIMIT 4input on the Auxiliary

Connector is being used.

(Pinr%” This signal is used with systems haﬁing CEANNEL Z connected to a

) : 3.6.2.6. ENCODER STEP OUT

(FPin h.O) This is the STEP output from the quadrature detector (active
high). This output can be used to monitor encoder pulses after the
quadrature detector has conditioned the quadrature Iinput signals, The
encoder circuitry is a times four detector; therefore, four pulses will be
seen for every line of the Encoder. Pulses are nominally 229 nanoseconds

wide.

3.6.2.7. ENCODER DIRECTION OUT
(Pin 11) DIRECTION output from the quadraturs detector. This cutput can
be used to track the direction of the pulses coming out of STEP OUT (above).
A junper on each 1800 board fnverts the polarity of this signal.

3.6.2.8. +5 VOLTS
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(Pins 23, 24, and 25) This supply voltsge is connected to the 3000's +5-
volt pover supply through a l-ohm resistor. It is limited to 250 milliamps
of current.

3.6.2.9. SHIELD

(Pin 8) Connected to chassis ground. Encoder cable shields should be
connected to this point and NOT to D.C. common.

Note

 Many commercial 25-pin *D" connector and cable assenblies are designed
| to be lused for RS-232C data transmission and have their cable shield
- connected to pin 1. Modify any cables of that type so that the cable
shield connects to pin 8.

3.6.3, Motor/Drivs Connector

The motor/drive connector is a 25-pin "D" connector. Outputs are 3.7 volts
‘nominal, 60- milliamp maxi{mum sink or source, and short-circuit protected,
"unless othérvise noted. Inputs are two LS TTL equivalent loads with 3.3
Kohz| pullup resistors and 0.1 microfarad noise filter capacitors to ground,
unless otherwise noted. The pin assignments for this connector are
suztarized | in  Table 3-6. A typical motor/drive-to-Indexing Systenm
connection Is shown in Figure 3-4.

3.6.3.1. STEP

(Fin 1) This 1s the step pulse output to the motor/drive (active high).
Pulse width is a function of chosen velocity range with minimum width equal
to 500 nancseconds st a maximum repetition rate of 1.0% MHz. Pulse width is
alvays one-half the perfod of the maxirum frequency out for the chosen
velocity range. (Velocity ranges are functions of the units selected by the
UNITE function. Refer to Section 4.3.3.3.)
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Table 3-6: Motor/Drive Connector Pin Assignments

Pin Number Signal
b | STE?P
14 STEP RETURN
2 DIRECTION
15 DIRECTION RETURN
3 CW STEP
16 REMOTE SHUTDOWN
4 CCW STEP
17 REMOTE SHUTDOWN RETURN
S SHIELD (CASE GROUND)
18 RESOLUTION SELECT
6 RESOLUTION SELECT RETURN
19 FAULT RESET RETURN
7 FAULT RESET
20 DpC COMMON
] MOTOR/DRIVE +5 VOLTS
21 DRIVE FAULT RETURN
_ | 9 DRIVE FAULT
: ‘ 22 SLIP FAULT RETURN
10 SLIP FAULT
23 BOOST RETURN
11 BOOST
24 SIGNAL GROUND (DC COMMOR)
& 12 SIGRAL GROUND (DC COMMON)
25 ! (N.C.)
13 (N.C.)

3.6.3.2. DIRECTION

expected and TTL low vhen motion in the counterclockwise direction is
expected.

(Pin g) This signal is TTL high vhen motion In the clockwise direction is

3.6.3.3. REMOTE SHUTDOWN

(Pin t) Compumotor Drivers will turn off current to the Motor's windings
vhen this signal goes active (high). This signal is activated by the
SHUIDOWN IN pin on the Auxiliary Connector.

3.6.3.4, CW STE?

(Pin 3) This is the same as the STEP? output, except that it is active enly
for clockwise motion. It is intended for driving non-Compumotor Drivars.

fhis output is an active-low, open-collector drive. A paximum pullup
voltage of 40 volts may be used, and it will sink a maximun of 300
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»111iamps.
| 3.6.3.5. CCW STEP

(Pin 4) This signal is the same as the STEP output, except that it is
active- only | for counterclockwise motion. It is intended for driving non-
otor Drivers.

Cormp

This |output 4is an active-low, open-collector drive. A paximum pullup
voltage of 40 volts may be used, and it will sink a maximm of 300

milliamps.
3.6.3.6. MOTOR/DRIVE +5 VOLTS

(Pin 8) This supply voltage is connected to ths 3000's +3-volt signal
through a l-ohm resistor. It is limited to 250 milliamps of current. This
line [{s reserved for the use of future Compumotor motor/drives and should

not be used in normal operation.

3.6.3.7. BOOST

-(Pin 11) Some Compumotor motor/drives provide extra current to the motor
‘when this signal goes high, vhich results in increasing the torque. This
signal is activated by the BOOST command during 3000 program execution.

3.6.3.8, SHIELD

(Pin #) This pin is connected to the chassis ground. Compumotor 3000-to-
motor/drive cables have the cable shield connected to this point.
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A

Figure 3-4: Motor/Drive-to-Indexing System Connection
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| 3.6.4. Joystick Connector

A 15.pin "D" connector is used for convenient connection to the Compumotor
twvo-axis Joystick, Model 852. All outputs are 3.7 wvolts nominal, 60
pilliamp maximum sink or source, and short-circuit protected, unless
othervise noted. All inputs are two 1S TTL equivalent loads or less with
3.3 Koehm pullups and 0.2 microfarad bypass capacitors to ground, unless
otherwise noted. Table 3-7 1lists the pin assignments for this connector.

 Table 3-7: Joystick Connector Pin Assignments

Number Signal
1 INDEXER REMOTE ENABLE IN
; 2 INDEXER DIRECTION IN
i 3 INDEXER AT ZERO IN
! &4 INDEXER STEP PULSE IN
5 (N.C.)
€ INDEXER REMOTE ACKNOWLEDGE OUT
7 INDEXER SHUTDOWN IN
8 SHIELD (CASE GROUND)
9 SIGNAL CROUND (DC COMMON)
10 SIGNAL GROUND (DC COMMON)
11 INDEXER +5VDC
12 (N.C.)
13 (N.C.)
14 cCw LIMIT OUT
15 CW LIMIT OUT

1

3.6.4.1. REMOTE ENABLE

(Inputi. Active Lov) This signal is used by the Joystick to request control
of t motor and is part of a handshake procedure between a HModel 852

Joystick and ia Model 3000 Indexer.
3.6.4.2. AT ZERO

(Input, Active High) %hen this signal is active, it tells the 3000 that
there are no motor pulses coming in the STEP IN line, so the Joystick is set
to zero velocity. This signal is required to warn the 3000 of possible
directional changes. This signal must be active for at least 4 milliseconds
before a direction change occurs (at DIRECTION IN) and for a least &
milliseconds after a éirection change occurs.

|

‘ 3.6.4.3. SHUTDOWN IN
(Input, Active low) This input causes the REMOTE SHUTDOWN signal on the
Motor/Drive Connector to become active. A command to the 3000 and the

SHUTDOWN IN on the Auxiliary Connector are two other ways that causs REMOTE
SHUTDOWN to go active. This input {s physically shared with the SHUTDOWN IN

s
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signal on the Auxiliary Connsctor. Therefors, 1f a Joystick is connected to
the 3000, the SHUTDOWN IN signal on the Auxiliary Connector cannot be used
and, vice-verse, if the SHUTDOWN IN signal on the Auxiliary Connector is
being used, a Joystick cannot be connected.

3.6.4.4. STEP IN

(Input, Active High) This is the input pulse train from a Joystick. The
pulse width is limited to 250 nancseconds and & repetition rate of 2 Miz.
The pulses are routed directly to the STEP output on the Motor/Driver
Connector when the Joystick has been enabled by the appropriate command to
the 3000. Therefore, the STEP output on the Motor/Driver Connector shows

the status of the input that enabled the Joystick.
\ ‘
There| is no 0.1 microfarad filter capacitor to ground on this input.
3.6.4.5. DIRECTION IN

(Input) - This is the direction signal from the Joystick. When this input
is high, it is interpreted as a raquest for motion in the CW direction.
Vhen this input is low, it is interpreted as a request for motion in the CCW
direction. gt is assumed that this signal will not change unless it is both
preceeded and followed by an active AT ZERO signal. The AT ZERO signal must
be active for a least &4 milliseconds before and 4 milliseconds after the

DIRECTION IN signal changes.
'I'herci is no 0.1 microfarad filter capacitor to ground on this input.
| 3.6.4.6. JOYSTICK +5 VOLTS

(Input) This supply voltage is connected to the 3000 +5 volt supply via a
l-ohmiresiltbr and is limited to 250 milliamps of current. The Model 852
Joystick uses this line to power opto-isolators.

3.6.4.7. REMOTE ACKNOWLEDGE

(Output, Active High) This signal is the other half of the REMOTE ERABLE
signal for the handshake batween a Model 852 Joystick and a Model 3000
Indexer. When the 3000 activates this signal, it gives control of the
Motor/Drive to the Joystick. The 3000 keeps track of pulses to the Motor/
Drive and continues to monitor the CW and CCV limit svitch inputs.
(Striking a limit switch will not disable the Joystick.) Disabling the

Joystick from the 3000 causes this signal to go {nactive.
| 3.6.4.8. SHIELD

It provides a shield ground point for external cables coming into a "D°
bulkhead conrector without splitting that wirs out of the flat ribbon cable.
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3.7. Linit Switches

The limit switches are connected to the Auxiliary Connector between pins 2
and 15 (CV LIKIT) or pins 3 and 16 (CCVW LIMIT).

linited-travel mechanism, it is essential that limit switches be iInstalled
to protect the mechanism. The motor itself can be stalled indefinitely
withoht damage.

1f 1I}1till iysteml tests are to be performed with the motor connected to a

Hall-effect devices. The easiest to mount and wire are typically the
mechanical-type switches. A normally closed contact is reguired for Indexer

Typical switﬁ:hes include mechanical contact closures, opto-interrupters, or
operation (high true).

DPisconnect AC power to the motor/drive and rotate the Motor by hand to
deterpine in vhich direction the mechanism moves for clockwise rotation of
the potor shaft. The sense of clockwise and counterclockwise motor rotation
is determined as if the observer were locking at the Motor from the mounting
flange end (see Figure 3-5).

x Note

nstall the limit switches so that there is room to stop. Wire the
OXMON (C) terminal to pin 15 or 16 (RTN) and the normally closed (NC)
erminal to pin 2 (CVW Limit) or pin 3 (CCW LIMIT)., Otherwise, the
otor will not move,

P

L

| Figure 3-5: Direction of Rotation Deteruwination
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$.0. Encoder Interface -
1 3.8.1. Encoder Interface Functions

Vhen jequipped with Model 1811 Indexers, the 3000 includes the circuitry
necessary to interface with an incremental optical encoder. Dual-channel
increpental encoders with quadrature and with single-ended or differential-
TTL outputs may bes used. The encoder may be used as part of a closed-loop
systen or as an independent means to verify position., The encoder may also
be used to detect whether a stall has occurred during a move. Tha functions
that are added when the Encoder Interface is used are:

. Encoder referenced positioning

. Encoder position servoing

. Motor stall detection

. Position loss detection
Multiple axis move termination

the encoder and setup of the appropriate parameters via the programming

Impleﬁcnt|t1¢n of the encoder functions listed above requires connection of
inputs. - The other functions listed may be implemented without sn encoder.

3.8.2. Encoder Signals

requirements are summarized in Table 3-8. A typical encoder input eircuit

The Indexer will supply power (up to 1 amp) to drive an encoder. Encoder
is showm in Figure 3-6.

nunber of encoder steps must be divided by the equivalent gsar ratio to
define the number of encoder steps received by the Indexer.

1f a%;educer is introducod between the potor shaft and the Encoder, the

For example, using a 25,000-step motor, a 1000-line Encoder, and a 10:1
reducer like the setup illustrated in Figure 3-7, the ratio of required
motor | steps to encoder steps would be changed as shown below:

#lzlmg;g; Encoder Direct 10:1 Reducer Betwaen
Mounted to Motor Hotor and Encoderx
ber sncoder steps
een by Indexer per
evolution 4,000 400
Required ratio motor
steps to encoder steps  25,000/4000 25,000/400
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Input Iopedance
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| Maxﬁmum Input Voltage
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Table 3-9: Encoder Signal Characteristics

Characteristic

2.7 volts with respect to
signal ground

2.3 volts with respect to
signal ground

113 Kohms
100 KHz

$ VDC
150 mA

v
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Figure 3-6: fyplcal'tncoder Input Clircuit
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Figure 3-7: Encoder with Reduction
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3.8.3. Motor to Encoder Steps Ratio

\

The nunber of encoder steps seen by the Indexer is equal to four times the
nunber of encoder "“lines.* For example, a 1000-line Encoder mounted
directly on the Motor will generate 4000 encoder steps for each revolution
of the motor shaft., A nminimum of two motor steps per encoder step is
required for successful operation of the Position Maintenance function. In
the example above, a motor resolution of better than 8000 steps/rev would be
required,

The ratio of motor to encoder steps is controlled with the ENCODER Command,
see Section 4.3.3.8.

The dwgault values are for a 25,000-step Motor and a 1,000-1line Encoder.

Note

four, should alvays be greater than the number of cncoder steps per

For best results, the number of motor steps per revolution, divided by
T4 volutibn (after reduction).

3.8.4. Encoder-Referenced Positioning

The standard 3000 normally operates using position parameters in units of
motor steps.  When the Encoder Interface is used, the parameters will be in
units 'of encpder steps. In this mode, vhen making a preset move, the
Indexer sends pulses to the motor until the correct number of encoder steps

is returned.

The power-on default setting is referenced to motor steps. Encoder
Teferenced positioning can bs used via the AXES command, see Section

4.3.3.5.

3l9. Operational Test

properly, perform the operational test described in the sections that

If you need to check your indexing system to be s-;:rc it is operating
follo;%

3.9.1. Test Sstup

nﬂ Mount an indicater with a distinctive visible mark on the motor
shaft of the axis or axes to be tested.

b. Position the motor(s) so that you can ses the mark on ths
1 1ndicator(s) and so that the mnotor(s) can 7rTotate without

interferencs.

¢. Cornect the motor/drive(s) to the 3000 as described in Saction
- 3.6.3.
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e

Connect AC input power to the 3000 as described in Section 3.4.

3.9.2. Test

Apply AC powver to the 3000 by pressing the Front Panel ON switch.
The POWER-UP Menu will be displayed.

Press the ACCESS function key in the POWER-UP Menu,

Enter the access code for your system (*3000" £f your system
access code has not been changed from the factory-set value). The
MAIN Menu will be displayed.

Press the EDIT function key. The first line of the program and
the first page of the EDIT Menu will be displayed.

Entcr the program listed in Appendix B, Problem 3 (or any other
proven program).

Press the MENU key. This will return you the MAIN Menu.

Press the START key. The program should execute as described in
Problemn 3 (or as previcusly experienced, 1f you used your own
program). 1f the motor(s) does not operate as intended, refer to
Section 3.10 feor troubleshooting procedures.

46




Model 3000 Indexing System Operator’s Manual P/N 88-003181-05
1 '

.10. t’rouble shooting

.‘.".

1f y%u' indexing system does not function properly, perform the following

checks:

;‘.

Make sure there is a program in Main Memory. The 3000 will not
oparate unless an operaticnal program is in Main Memory. This can
be done by using the EDIT Menu to enter a program, by loading a
program from a <remote source via ths IEEE-488 or RS-232C
interface, or by using the RECALL function (Section 4.3.2.4) to
recall an existing program from mon-volatile memory. If a data
error is detected during this operation, an srror message will be
dirplayed and you have the choice of recalling the program by
pressing ENTER or aborting the recall by pressing STOP.

Step through the progran to make sure that there are no
programming errors.

Check all rear-panel connector cables to make sure they are
properly connected at both ends. '

Check to make sure an 1811 Indexer is installed and properly
connected for each axis you wish to contrel. Be sure that sach
motor/drive cable is connected to the rear-panel connector that
corresponds to the 1810 or 1811 that controls that axis.

Make sure that al]l 1lipit switches connected to the Auxiliary
connectors are closed. JIf there ars no limit switches, bes sure
juzpers are installed on the limit switch connector pins (Figure
3-1). A mpotor will not move unless both limit switches (CW and
CCW) for the axis are closed or the inmputs are shorted to ground
by jumpers.

Make sure that the motor for the axis you wish to test is free to
rotate Iin both directions, then remove the top cover froam the 3000
and press the TEST switch (S1) on the 1811 Indexer that
corresponds to that axis (see Figure 3-8). The motor should
rotate clockwise one revolution, then counterclockwisze one
revolution. If this test executes properly, your Indexer and
motor/drive conbination are working properly, and the problem is
in your program or in the 3000 system. If this test does not
execute as described, perform step g.

Carefully remove the 1611 for the faulty axis and inspect to make
sure that all jumpers are correctly installed (vrefer to Figure C-

1).

1f you have performed all of the above checks and your 3000 still
doJ: not function properly, contact your Compumotor distributor or
further assistance as described in Section 1.6.
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3 " Figure 3-8: Test Switch (S1) en the 1811 Indexer
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4. PROGCRAMMING AND OPERATION

4.1.1. General

4.1. Overview
|

The 3000 can be programmed and operated by using the Front Panel controls
and indicators to enter commands or via a remote-control interface (RS-232C
or IEEE-488) from a terminal or computer.

The 3000 commands are functionally orgsnized into a set of menus. Each
menu permits you to select a function or command by pressing the appropriate
function key or sending the proper command over the remote- control
interface. Menus that have more than six commands have more than one page.
The next page of & mwenu is selected by pressing the ETC key, usually
function key F6. There are four primary menus as shown in Figure 4-1. The
menus are described in detail in Section 4.3, Appendix A lists each
comzand, both alphabetically and by menu, and briefly describes its
funct:l‘on. .

POWER-UP
MENV
‘ KAIN
MENU
EDIT SETUP
PENY MENU

Figure 4-1: Model 3000 Primary Menus

| 4.1.2. Operational Choices

terminal or computer. Operation from the Front Panel is typically more
convenient, but operation from a computer or terminal may allow you to use

You e$1 elect to operate the 3000 from the Front FPanel or from a ramote
larger and more complex programs.
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You can recall a program that is stored in the 3000’'s non-volatile, or
permanent, memory (NVM) and run that program without using any of the 3000's
programming capabllities. A typical operating session using a stored
program is sllown in Figure 4-2. All operations required to run an existing
prograp can be performed using the commands available in the POWER-UP Menu

{no access code required).

When you turn on the 3000, the POVER-UP Menu will be displayed. At this
point, you can choose to simply RECALL an existing program and run that
program, or perform the ACCESS procedure described in this section to enter
into EDIT session. If you are going to run an existing program, you need
oenly CALL the program into Main Memory, then RUN the program. A more
detailed description of the use of the function keys required to parform
these operations is in Section 4.3.1.
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1f yo(ﬁ elect to modify an existing program, change the setup of the 3000
configuration, or prepare new programs, you need to perform the procedures
outlined in Figure 4-3.

POVER.UP
MENV

I- v Guvee gl dmie Sl AN S RS A I G S ek e e Sk S S SRR S —l
| ACCERS /3TTUP/ ]
l w1t I
{ ascerss I

i ] ; '
: PAIN l
i2] I

|
i ' :
|
| |
| |
I ”?Ir '
) '
|
l I
I i
e e e e e o e e o e e —— -
START

- Figure 4-3: Basic Access/Setup/Edit Functions

The ACCESS procedure must be performed before you can edit a progran or
change the 3000’'s SETUP paraneters. The major elements of the ACCESS
procedure are shown in Figure 4-4. When you press the ACCESS key in the
P Menu (ses Section 4.3.1.1), the systemn will ask for the access
Vhen you enter the access code (the four-digit number "3000% is the
-set access cods), the MAIN Menu will be displayed. The MAIN Menu
(see Section 4.3.2) will allow you, among other things, to perform the EDIT
and SETUP procedures. Instructions on hov to change the access cods are

provided in Section 4.3.3.4.
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ACCESS

RLR3
ACCLS REY

MAIN MEND

.—-—-—-.—-— ——— — —

— ——— o —

UN-YOLATILE
T 10
MAIN MDORT

T |SETUP PROCEDURE
ilﬂ-——-b-

|

|

7O ChaNiE
SrTur

TLATURLS

?

Figure 4-4: ACCESS Procedure

After you have performed the ACCESS procedurs, you will be able to enter the
EDIT function. The basic components of an editing session are shown in
Figure 4-5 and are described in detall in Section 4.1.3. After performing
the EDIT procedures, press the MENU key to return you to the MAIN Menu.
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Perfor ing the ACCESS procedure also allows you to enter the SETUP function.
The SETUP function allows you to define the basic paramsters of your

systenm's opuﬁation (acceleration, velocity, ete.).

The basic components of

the SETUP procedure are shown in Figure 4-6 and are described in detail in

Section 4.3.3.
return the MAIN Menua.
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4.1.3, Introduction to Programming

A program 1is K cooplete set of instructions (commands) that you enter into
the 3000 teo cauu it to move the axes that it controls in the manner in
vhich you want ther moved. Instructions are contained in a series, or
ssquence, of statements, sach with its own line nunber. The 3000 begins
Progran exec tion at the first line of a program (the lins with the lowvest
numerical val e for a line number) and proceeds from one instruction to the
next, doing at sach one says to do, until it encounters a DONE statement.
1t then stops and waits for a restart or some kind of new operating session.
The liquid-c stal display on the Front Panel, referred to as "the display”
in this manual, displays one line of the program at a time on the upper
. 1ines of the 1sp11y. as shown in Figure 4-6. The lower line of the display
ind{cates the function presently assigned to each of the six variable

functi n keym.

Displa showd line 0040 of the program. By using either the LIST command
(Sectipn 4.3.12.1) or the cursor keys, you can scroll the program through
the display to show any line desired. In this example pressing the down
cursor key would display line 0050 of the program. When you enter an
Anstruction on a program line and press the ENTER function key, the next
line of the program will be displayed. The next line number in series (in
increments of 0010) will be assigned automatically to this next line if it

In tht exazple shown in Figure 4-7, the upper line of the Front Panel
is a nev line,

4.1.3.1. Analyzing Your Problem
Vhen a nlyzin your problem, you must first state its nature. Then you must
define the da a that you will be able to provide the 3000 (steps, velocity,
accele ation.‘etc ) and define the actions you expect the 3000 to perform
(refer also to Chapter 2). Finally, you must convert this Iinformation inte

an alg rithm the computations and logical processes the 3000 must perform
and t moti n it must initiate to convert the data you provide into the

actions you desire.
- 4.1,.3.2. Preparing a Flowchart
A flow+hart (#jn Figures 4-2 through 4-5) is a draving that portrays
a+ the means for providing data the the 3000,

tu the required actions to be taken by the 3000.

c; the | logical and arithmetic steps required to achieve the proper
‘ reﬂhlt.

A flowchart has tvo primary uses: to help you write your program by sexrving
as a " luepriﬁt' and to document the logic of the program for future usse.
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Flowcharts wuse specific symbols to represent different activities, and
vritten messages within each symbol explain the activity asscciated with
that | syzbol. Table 4-1 shows standard sysbols recommended for use vhen

designing programs.
4.1.3.3. Entering the Progranm

; | 3
Analyze your problem and prepare a flowchart to resolve it. Use your
flowchart as a guide. Refer to the command descriptions in this chapter teo
determine which command(s) to use and how to use them properly in your
program. rite your program on a sheet of paper; then, when Yyou are
reasonably #‘uu the progran is correct, enter the program into the 3000.
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PROGRAMMING AND OPERATION

4.1.3.4, zditiog the Prograa

There is a good chance ‘that the program you vwrite will not execute
peﬁfe-ctly 'the first time you try to run it. When this happens, covpare the
sctual execution of the program with the desired execution as presented in
your flovchart. Determine vhich steps or instructions are not working as
intended, then use either the cursor keys or the LIST comnand to step
through the program to the "trouble” steps and modify thenm so that the
progran wlill sun as intended. Repeat this procedure until 8ll steps are

correct a d the program executes as intended.

Table 4~1: Tlovchart Symbols

Symbol Kame ] Meaning
( ) Tarzinal Indicates start/end of program
7 Input /Output Indicates when an input or
output operation is to be
performed. .
‘ Process Indicates calculations or data
; _mnnipulation.
* Flovline Indicates flow of logic.
- j Decision Represents a decision point or
: question that requires =
' cheice of wvhich logical path
‘ to follow.
: O Preparation Indicates a preparation state~
! ment, as in the LOOP connand.

To changq the 1ine nunber of any line in your progras, &tep through the
program using either the up or down cursor keys or use the LI1ST to display
the desired line, position the cursor over the current line number, enter
the nev 1ine number on the keypad, then press ERTER. To enter a nev line
of program (for exsmple, to enter program line 0035 between lines 0030 and
0040), position the cursor at any point in the program, manually enter the
program line (including the new line number) on the keypad, enter the
appropriste conmand for that line, then press ENTER. This nev line will be
positioned in its proper Jocation within the program (betveen l1ines 0030
and 0040) and the line you "typed over” vhen entering the nev line will

renain unchanged.

&4-10
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|  4.1.3.4. Editing the Program

irst time you try to run it. VWhen this happens, compare the actual
exscution of the progranm with the desired execution as presented in your
- flowchart. | Determine which steps or instructions are not working as
intended, tﬁcn use either the cursor keys or the LIST command to step
through the program to the "trouble” steps and modify them so that the
will run as Intended. Repeat this procedurs until all steps are
t and the program sxecutes as intended.

There is a ?Fod chance that the progran you write will not execute perfectly

Table 4-1: Flowchart Symbols

‘Sym£01 : Rame Meaning
} Terminal Indicates start/end of program
Input/Output Indicates when an input or output
operation is to be performed.
Process Indicates calculations or data
panipulation.
Flowline Indicates flow of logic.
Decision '+ Represents a decisfon peint or

question that requires a choice of which
logical path to follow.

Preparntion Indicates a preparation statement, as in
the LOOP command.

To change the line number of any line in your program, step through the
using either the up or down cursor keys or use the LIST to display
the desired line, position the cursor over the current line number, enter
the nevw line number on the keypad, then press ENTER. To enter a new line of
Progr (for example, to enter program line 0035 between lines 0030 and
0040), position the cursor at any peint in the program, manually enter the
PIOgT line (including the nev line number) on the keypad, enter the
sppropriate command for that line, then press ENTER. This new lins will be
positioned in its proper locsation within the program (between lines 0030 and
0040) and the line you “"typed over” vhen entering the new line will remain

unchanged.
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4.2. Front Panel Operation

All Jpcrato# controls and indicators for the 3000 are located on the Front
Panel, Theﬂl controls, indicators, and their functions are listed in Table

4-2 and are

W

-3

Table 4-2:

MENU

F1-Fé6

shown in Figure 4-8.

3000 Indexer Front Panel Controls and Indicators

Description

This key can be pressed at any time during the
programming operation, followed by another key to otain
a description of that key. The help message is
displayed on the top line of the display one line at a
time. Press the down arrow cursor control key to
display the next line of the message. Hold the DOWN
cursor key down to cause the message to be scrolled
through at high speed.

The MENU key returns you to the previous Menu level.

Six function keys are located directly beneath the
bottom line of the display. The function of each key is
labeled directly above the key on the display. As the
programming menus change, the labels on the keys change.
This feature of the 3000 permits 4ts simple-
to-understand Front Control Panel to perform many tasks.
Pressing any of the six keys invokes the function
labeled by that key. The sixth key (F6) 4s usually
labeled ETC and is used to bring up the next page of the
menu ento the scresn

There are four cursor control keys to the right of the
display. ‘These ars used during programming and data
entry to move the curser left and right on the current
line. The up and down keys avre used during programming
to scroll through the program. The down cursor key
displays the next program statement and the up cursor
key causes the previous progran line to be displayed.

These keys enter the digits 0-9 on the display at the
cursor location.

This key places a minus sign at the current cursor
location. If a minus sign already exists, press this
key to change it into a plus.
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Table 4-2: 3000 Indexer Front Panel Controls and Indicators (Cont‘'d)

No.' Key
7  ENTER
8 C/E
9 .

10 | AXIS 1-4
11 sToP
12 START

! I
13 -
% JO6 HI
| |

15 <-=

Description

The ENTER key is used wvhen you are entering programs
into the 3000 in EDIT mods or vhen entering commands at
the MAIN Menu level. Each statement that is put on the
display must be terminated with the ENTER key in oxder
for the 3000 to store it in progranm memory.

This key places a space at the current cursor location.

This Xey places a decimal point at the current curser
location.

These keys serve several functions. When Yyou want to
JOG an axis, you must press the AXIS key corresponding
to the axis you wish to JOG, Vhen the operator is
entering a program, the AXIS key will tab the cursor to
the right column for entering data for the MOVE, ACEL,
and VEL commands. These keys are also used with the
TEACE command to select an axis.

Vhen the 3000 is executing a program, the display on the
AXIS key lights vhenever the corresponding axis is in
motion.

This key. causes the motors on all four axes to
decelerate to a stop and will stop program execution.

This key starts executing the program in the 3000’s Main
Memory. Program execution begins with the lowest
nucbered program line.

This 4s the JOG CLOCKWISE key. If the 3000 is not
running & program, pressing this causes the selected
Axis (1-4) to move clockwise.

A jog normally takes place at 2500 steps/second (0.1
rev/sec on a 25-Kbyte motor). When JOG HI is held down
followed by the activation of ons of the other JOG keys,
a jog takes place at 25000 steps/sec (1.0 rev/sec on a
25-Kbyte motor). The JOG and JOG EI spead may be
changed with the JOG SPEED SETUP.

This is the JOG COUNTERCLOCKWISE key. If the 3000 is
not running a program, pressing this causes the
selected Axis (1-4) to the counterclockwise. The axis

" to be Jogged is selected with one of the AXIS keys.
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Figure‘&-a: 3000 Indexer Front Panel Controls and Indicators
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4.3. Detailed Description of Model 3000 Menus
|

submenus that are accepted via the primary wmenus. Vhen you require a
function that 4is not available on the menu currently being displayed,
pressing the MENU key to the left of the display will move you "up”™ to the
next Jlevel., | For example, if you ars using the MAIN Menu, pressing the MENU
key will cnqu the POVER-UP Menu to be displayed, or pressing the MENU key

The ‘our pritmary menus were shown in Figure 4-1. There are additional

vhile you ars in the EDIT Menu will take you up to the MAIN Menu. The MENU
key, then, is used to move up in menu level. Moving down in menu level is
accomplished by selecting the desired menu while you are in the next higher
menu.| For example, pressing the SETUP function key while in the MAIN Menu
moves you down one menu level to the SETUP Menu,

4.3.1. POVER-UP Menu
Vhen the 3000 is turned ON, or if the MENU key is pressed vhen the MAIN Menu
is displayed, the POWER-UP Menu (Figure 4-9) will be displayed. The insert
of Figure 4-9 shows the relationship of this menu to the other three menus.

1

Z O\

ACCESS RUR RESINE RICALL ﬁ

[ [ [ [N

Figure 4-9: POVER-UP Menu

4.3.1.1. ACCESS Conmand

(F1) Pressing the ACCESS function key causes the 3000 to ask for the system
password, or access code. You must enter this passvord before access to the
SETUP]or EDIT Menu is permitted. Each unit shipped from the factory has the
four-digit number "3000" as its access code. You can change this passvord
to any other number with the ACCESS command in the SETUP Menu.

4.3.1.2. RUN Command

(F2) | The Rﬁn command is used to begin running a progras in Main Memory.
Pressing the RUN key will cause the line RUN FROM 0000 to be displayed.

Press the E key to cause program exscution to begin with the first line
of the program, or begin at another line number by entering that line number
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and p#essingi ENTER.

the CALL command ox by entering a program with the EDIT functien.

Ko progranm Tists in Main Memory upon power-on. You must put one there with
Pressing RUN without a program in Main Memory will have no result.

4.3.1.3. RESUME Command

|
| ‘
(F3) | Pre#sing the RESUME function key completes any moves that were
stopped when the STOP key was pressed, and resumes progranm execution at the
point vhere the program was halted,

Note

ecause velocity streaning must be entered using either the ENTSIR or

e RE#UHE command will not complete wvelocity streaming profiles
RISTR ommands

4.3.1.4. RECALL Command

The entire c ntents of the NVM is loaded into Main Memory vhen this function
key is pressed. The programs may then be edited with the EDIT function or

(F4&) This commsnd loads a program from the 3000's NVM into Main Memory.
executed with the RUN command.

v
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a.$.2. MAIN Menu

is shown in Figure 4-10. You c¢an use it to save programs that are in Main
Memory by putting them Into NVM, recall programs that are stored in NVM,
control communications over one of the two computer interfaces (IEEE-488 or
RS-232C), dafine sach axis' zero positicn, and select Information to be
displayed during program execution. The MAIN Menu is also used to invoke
the EDIT and SETUP Menus. Refer to Pi;uru 4-11 and 4-12 while discussing
the commands in this Menu.

The MAIN Hen%, vhich has two pages, is the 3000’s primary menu. This menu

MELM | ioir T auw save  atcall  1oaD ﬁ
Inuu r__jr_\l _...._ ’jr-\ <« u =>
T iy stTue r'zno DISTLAY = 0 =>
] [ ) ’jrﬁﬁm J

Figure 4-10: MAIN Menu

=

MLLP

ﬂDIT U SAVE RICALL L0AD tT

= S R [ R [N g

Figure 4-11: Page 1 - MAIN Menu
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4.3.2.1. EDIT Command

(F1, Page 1) This function key moves you down one menu level from the MAIN
Menu to the PIT Menu, The EDIT Menu allows you to enter programs into the
3000's Main Memory. Each statement in the program must contain a line
number. Enter programs by pressing the key that corresponds to the function
you want in your program. Each function is described in detall in Section

4.3.4

1 | 4.3.2.2. RUN Command

(F2, Page 1) Vhen you press this key, the line RUN FROM 0000 appears on
the display. You may key in the desired statement number and press ENTER,
and the 3000 will execute the program stored in its memory starting at the
selected statement number, or press ENTER without entering s line number and
the 3000 will begin program execution with the first statement in the
program (the first statement is the line with the lovest 1line number).

| 4.3.2.3. SAVE Conmand

| ‘

(F3, ge 1) The SAVE command causes the 3000 to save the p.rogram(s) and
SETUP parameters that are currently in the Main Memory by loading them into
the . ce the program is saved, it will not be lost if the 3000 loses

pover oxr is turned OFF. Note that any previous programs in the NVM will be
erase ‘

4.3,2.4, RECALL Command

|

(F4, Page 1) Press this function key to RECALL the program(s) and SETUP
paraneters stored in KVM into Main Memory. The 3000 doss not automatically
load the pro%rm from KVM on power-up. RECALL causes the entire contents of
the XVM to be -loaded into Main Memory, and ersses any programs(s) previously
stored in Mafin Memory. 1I1f a data error is detected during this operation,
an error message will be displayed and you have the choice of recalling the
program by pressing ENTER or aborting the recall by pressing STOP.

1 4.3.2.5. LOAD Command
|

(F5, [Page 1) The 10AD conmand instructs the 3000 to accept program
statements from the RS-232C or 1EEE-488 interface and store them in MAIN

Memo Statements pust not exceed 40 characters and must be terminated
with semicolon. The LOAD function is completed when a two-character line
consisting of an asterisk folloved by a semicolon is sent to the 3000. Each
statement must conform to the EDIT description (Section 4.3.4). Refer also

to Section 4.3.
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4.3.2.6. ETC Command

(F6é, Page 1) The ETC key, which 1is always function key Fé on any page of a
pultipage menu, is used to step to the next page of the menu. Fressing the
ETC key while the last page of a manu is displayed will cause the first page
of the menu to be displayed, starting the cycls over again.

_4(
=

NELP ﬂ
PRINT SETUP r2IRO DISPLAY  RESUME

= COCCC rﬁrﬁ g

Figure 4-12: Page 2 - MAIN Menu

4.3.2.7. PRINT Command

(F1, Page 2) The PRINT command causes the program stored in the 3000's
memory to be sent te the RS-232C or IEEE-488 interface with a semicolon, a
carriage return, and a line feed terminsting each statement. The entire
program is sent followed by a line consisting of an asterisk followed by a
semicolon, d carriage return, and a line feed. The PRINT and LOAD functions
may be used together to send a program from one 3000 to another.

4.3.2.8. SETUP Command

(F2, Page 1) The SETUP function key takes you down one menu level to the
SETUP Menu to set up operating parameters for several 3000 commands, as
described in Section 4.3.3.

4.3.2.9, RESUME Command -

(F5, Page 2) Pressing the RESUME function key completes any moves that
vere stopped when the STOP key was pressed, and resumes program execution at
the p;mt vhere the program was halted,

1 | Note

¢ RESUME command will not complets velocity streaming profiles
ecause velecity streaming must be entered using either the ENTSIR or

NISTR %omnnds .
|

4.3.2.10. PZERO Command

absolute zero position. That position then serves as the zero reference for

ent absolute positioning within & 3000 progran.

(F3, Page 2) This command defines ths current position of all axes as the
subse
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|  4.3.2.11. DISPLAY Comnand

(F4, Page 2} The DISPLAY function key allows the 3000 to display the status
position, v:locity. or program line nunber dynamically for each axis on the
upper line of the display whenever a program is running.

The format of the DISPLAY command is shown in Figure &4-13. The top line of
the 1sp1-yi is divided into four fields. You can select the information to
be displayed in each field by choosing one of five differsnt parameters:
position, velocity, axis status, blank, or current program line number,

[ '

=] R
HﬁTﬁTﬂﬁTﬂTﬂ

neel | DPISPLAY ros P0% vIL (3 111 ﬂ
BLANX r08 VIl ST Lrun

S LI — [0

Figure 4-13: DISPLAY Command Format

Select the parameter to be displayed for each axis with function keys Fl
throvgh FJ, Separate each selection by a space, using the C/E key.
Complete the command by pressing ENTER. The selections available are shown
in Figure &4:14.

VEL - current velocity in user units
POS - current position in user units
BLANK - nothing for this axis
INUM - the program line number currently being axecuted (IDLE if no
pi‘:ogrm is running)
STAT - the axis status. The possibilities for this display are:
STOPP%D - motor is not moving
MOVING - motor is moving
TRROR. - the axis is not responding; possible 1811 fallure
+LINIT - the CVW limit has been hit
-LIMIT - the CCW limit has been hit
LIMITS - both limits are active
HOME @ - the axis is in the home position
+CON'V£L - the axis is moving clockwise at constant velocity
.CONVEL - the axis is moving counter clockwise at constant velocity
+4ACCEL - the axis is accelerating in the clockvwise direction
.ACCEL - the axis is accelerating in the CCW direction
+DECEL - the axis is decelerating in the CW éirection
.DECEL - the axis is decelerating in the CCW direction

Figure 4-14: DISPIAY Selections
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For example, the DISPLAY Menu shown in Figure 4-15 will display the current
position for Axes 1 and 2, the current velocity for Axis 3, and the nuuber
of the program line being executed for Axis 4. The values are updated ten

tioes

The §

per second and are displayed continuously during program execution.

Em_, 0100  DisPLAY  POS P05 wm uax = || =

Figure 4-15: DISPLAY Example
4.3.3. SETUP Menu

ETUP Menu, shown in Figure 4-16, has two pages and is the menu you use

to configure the 3000’s operating parameters. You can use the ETC key to
toggle back | and forth between the two menu pages. The sastups that are

astab
4.3.2

1ished with this menu can be saved vith the SAVE function (Section
.3).

Figure 4-16: SETUP Menu
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4.3.3.1. RS-232 Command

(F1, Page 1) Vhen the RS-232 (Fl) key is pressed, the RS-232 SETUP Menu
is displayed.. The RS-232 command allows you to set the baud rate, parity,
data bits, end stop bits for the UART in the 3000. It also allows you to
select DTE or DCE configuration by selecting which pins of the RS-232C
connector are used to transmit and receive data. For use with most
terminals and printers, the 3000 should be DCE. When used as a peripheral to
a host computer, the 3000 should be DTE. Vhen you are dowvnloading programs
from one 3000 to another, the two 30005 should have different configurations
(if a 1-to-1 -232C cable 1is used).

Pressing the RS-232 key causes the lower display line to display the
selections available for the RS-232C interface, as shown in Figure 4-17.
The currently selected values for each of these parameters are displayed
directly above each word.

HEL?, 2400 2 BITS. & BITS - EIVEN ns: ﬁ
AbD 109 DATA  PARITY  RX/TX
) $

= Lo — 18

Figure 4-17; RS-232 SETUP Submenu

-

cause the unit to increment through the list of possible values for that
parameter. ressing ENTER will "freeze" the value displayed. The choices
for each parapeter are:

Pressing the ﬂfu’ncti.v.:u’x key for any of the five parameters (listed below) will

Baud Rate: 110, 300, 600, 1200, 2400, 4B00, 9600, and 19200.
Stop Bits: 1, 1.5, or 2.

Data Bits: 5, 6, 7, or 8.

Parity: 0dd, even, or none,

Rx : DTE receives on pin 3 and transmits on pin 2. DCE

mode transmits on pin 3 and receives on pin 2.
Note

Aithough?the RS-232C interface can accept baud rates as high as 19,200,
the incoming characters are buffered and processed at an effective
rate of F200 baud. Thus, it is possible that remote command execution

may fall behind the incoming commands.

parameters. Press the MENU key to return to the SETUP Menu.

Press FNTER to set up the RS-232C iInterface according to the displayed
70
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4.3.3,2. 488 Command

(F2, FPage 1) When the 488 (F2) key is pressed the IEEE-488 SETUP Submenu

: (Figure 4-18) is displayed. This command selects the 3000's IEEE-488 device
address and whether a service request (SRQ) is generated by the 3000 each

w.r

Tag.

time it wants to send a message.

MELP 1 OFF
ADDRESS $RQ 4

Figure 4-18: IEEE-488 SETUP Submenu
To se&ect the 3000's IEEE-488 device address, press the ADDRESS function key
&nd enter a number from 0 to 30 (followed by pressing ENTER). Pressing the
SRQ key toggles the SRQ flag ON and OFF. When the flag is ON, the 3000

generates an SRQ vhenever it wants to send data to the host computer. The
3000 generate an SRQ for each line of text it wishes to transmit. SRQs are
also generated if the 1811 Command Language is being used and individusl
1811 ‘oards have information to transmit (see Section 4.4.2), .

T E o

4.3.3.3. UNITS Command

age 1) When the UNITS (F3) key is pressed, the UNITS SETUP Submenu
gure 4-19) is displayed. This submenu allows you to specify distance,
ty, and acceleration parameters in useful units. For example, a
¢ being controlled by a 3000 might move .00l inch for every 12 motor

It may be more convenient to program the move distances in multiples
1 inch, rather than in motor steps. The 3000 allows you to specify a
ce unit of 12, useful for this example, so that programming a distance

will generate 12 motor steps and move the machine .00l inch. Note
he UNITS value may contain a decimal peint. The valid range for a
pecification is: 0.0001 to 65,535. The value may be a maximum of six

ters including the decimal point.

(F3,
in (F
veloc
machi
steps
of .
dista
of *
that
unit
chara
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12 1 5.67 1 POSITION {}
AXIS 1 AXIS 2 AXIE 3 AXIS 4 311

[_l =333~

Figure 4-19: UNITS SETUP Submenu

The ITS SETUP Submenu also allows selection of velocity (output pulse
frequency) ranges for each axis. Different velocity ranges determine top
speed, output pulse width, and resolution. Each axis can be programmed for
a different velocity range.

Note

The UNITS commend does not operate on default velocity and acceleration
. - values.

L

The upper display line shows the values for each axis for the parameter
1dentﬁfied by the keyword (the keyword is POSITION in the example shown in
Figure 4-19). There are four keywords for this submenu; each time you press
the EEC function key, the keyword will change to the next one in series and
the display for the four axes will change to display the values for the new

keyword.
The keywords are:

POSITiON - determines multiplier used for move distances in the MOVE, STRD,
or TEACH commands. The default value is 1.

Note

if fractional position units are used with one of the incremental
Eositioning modes, truncation will produce a cumulative positioning

rror.

VELDCiTY - determines multiplier used for velocity entries with the VEL,
STRV, and JOG VELOCITY commands. Default value is 1 step/sec. Changing
this balue to 2500 would result In units of 1/10 rev/sec for a standard

25000+step/rev Compumotor.

ACCEL - selects multiplier for acceleration values entered with the ACEL

command. Default wvalue is 1 step/sec/sec. Changing this value to 25000
would result in wunits of rev/sec/sec for standard 25000-step/rev

compumotors.
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RANGE ' VEL - selects the velocity range for each axis. There are five
possible values. Each range provides a different output pulse width on the

STEP line as follows:

Range (KHz)Output Pulse Wigdth Resolution (Hz)

0-1000 0.5 microsec 10.0
0-500 1.0 microsec 15.0
0-50 10.0 microsec 1.5
0-5 100.0 microsec 0.15
0-0.5 1.0 millisec 0.015

To change the keyword, press the ETC key until the desired keyword appears
in the upper right on the display. Change the POSITION, VELOCITY, and ACEL
units by pressing the appropriate function key to select an axis, entering
the number on the numeric keypad, then pressing ENTER, Change the velocity
range by first selecting the RANGE VEL keyword with the ETC key, then
pressing an individual axis function key several times until the desired
veloci#y-range appears on the upper line of the display. Press ENTER to
H"freezg“ the new value. The 0-500 KHz range is the default range. Standard
Ystepper translators require the 0-50 KHz range.

An exapple of this command was shown in Figure 4-19. The keyword POSITION
tells you that the parameter being displayed i{s the distance multipliier.
This example selects distance multipliers of 1 for the second and fourth
axes and a nultiplier of 12 for the first axis. Note that the third axis
has a g;xed-point. noninteger value for the multiplier., Fixed-point numbers
vith decimal points can be used for any of the UNITS multipliers.
‘Multipliers must not exceed the value of 65535 or be longer than six digits
“including & decimal point. Programmed distances, velocitlies, and
“accelerations will be multiplied by the displayed parameter, and the result
“will be truncated if it i{s noninteger.

To exiﬁ the UNITS function, press the MENU key to return to the SETUP Menu.
4.3.3.4. ACCESS Command

(F4, Page 1) Vhen the ACCESS (F4) function key is pressed, the ACCESS

SETUP Submenu (Figure 4-20) is displayed. The ACCESS function key in the

SETUP Menu {5 used to change the 3000's access code, or password.

Note

Remember that this is different from the ACCESS command in the POWER-UP
Menu.

Press the ACCESS key while in the SETUP Menu to display the password
currently in use, as shown in Figure 4-20.
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3000
ACQISS CODE &

Fﬂ CoC)CC - — (3

Figure 4-20: ACCESS SETUP Submenu

To change the password (shown as the factory-set "3000" in Figure 4-20),
enter a new four-digit number, then press ENTER.

Note

The new password will not be saved unless you press the SAVE function
kely in the MAIN Menu.
To exit the ACCESS SETUP Menu, press the MENU key to return to the SETUP
Menu,

4.3.3.5. AXES Command

(F5, Psge 1) When the AXES (FS) function key is pressed, the AXES SETUP
Submenu (Figure 4-21) is displayed. This submenu allows you to select
absclute or incremental positioning individually for each axis. The choice
of absolute or incremental positioning affects the mweaning of the distance
specified for the MOVE and MOVI commands in the EDIT Menu. For axes where
incremental positioning is specified, the distance on the MOVE or MOVI
parameter line is the distance and direction to move away from the current
position. For axes in which absolute positioning is specified, the distance
on the MOVE and MOVI parameter line is the position relative to the zero
reference position established on power-up or by the PZERO or FPDEF

functiobs.
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lgL, N ABS N ABS K ADS L INC rosITION 1}
AXIS 1 AXIS 2 AXIS 3 AX1S & 31

= T [ [ [ [N g '

Figure 4-21: AXES SETUP Submenu (Keyword POSITION)

The AXES SETUP Submenu also determines vhether distance units (before
multiplication by each axis' UNITIS multiplier) are to be specified as motor
steps or encoder steps. Encoder steps may be specified as the distance unit
for 3000s equipped with the Encoder Interface (-P option). 1f distance
units ?f encoder steps are selected with the AXES command, remember that the
3000’s  quadrature detector multiplies the Encoder’s standard line rate by 4,
50 a 1000-1line encoder produces 4000 steps/rev when used with a 3000.

’fihe keyword (shown as "POSITION" in Figure 4-21) can be POSITION, STALL =
STOP?, NOT DB = PAUSE?, STALL = ABORT?, or STALL = OUTPUT?. If the keyword

is POSiTION, the descriptors above each axis label indicate the following:

M_INC Motor steps, Iincremental positioning

M_ABS Motcr steps, absolute positioning

E+INC Encoder steps (after quadrature), incremental positioning
E_ABS Encoder steps (after quadrature), absolute positioning

¥1ike the UNITS VEL RANGE Submenu, pressing the function key for any axis
causes the upper line to scroll through the possible entries. Pressing Fl
will, for example, cause the display above AXIS 1 to change from M_INC to
M_ABS. Pressing it again will change the display to E_INC, etc. Entries
are "frozen" by pressing ERTER.

Remember that Encoder units for distance entries may be specified only on
3000s equipped with the Encoder Interface. Using Encoder units Iin open-
loop machines or without installing an appropriate incremental optical
Encoder will cause all move commands to be ignored.

Figure 4-21 shows a setup that specifies that the first three axes in the
machine are configured open loop, with distance units of Motor steps (before
multiplication by the UNITS multiplier) and absolute positioning relative to
each axis’' zero position. The fourth axis, equipped with an Encoder, will
interpiet all distance entries to be Encoder counts after quadrature detect
and will operate with an incremental coordinate system.
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Vhen you press the ETC function key so that the keyword in this menu is
STALL = STOP?, you can program the axes with the Encoder Interface so the
3000 will i{gsue a STOP to the specified axis vhen a stall is detected. This
will cause the axis to stop the move currently in progress. The 3000
program will continue to execute and this may cause the axis to start moving
again, Press the function key below each AXIS label to cause the YES and
vice versa). Press ENTER to "freeze" the new parameter. The example in
Figure 4-22 specifies move termination upon stall detect for Axis 4 only.
Specif&ing move termination without conmecting an optical Encoder to the
appropriate axis or axes will generate an {mnediate stall and move
termination. :
\

WELP ¥o N0 NO Yrs STALLeSTOP? ﬁ
AXIS 1| AXIS 2 AXIS 3. AX1S & rIc

= LI

Figure 4:22: AXES SETUP Submenu (Keyword STALL = STOP?)

Vhen yeu press the ETC function key so that the keyword in the menu is NOT
DB = PMJSE?, you can program the axes with the Encoder Interface so the 3000
will dause the program to pause until all axes selected are within the
user-definable deadband. Press the function key below each AXIS label to
cause the displayed value (NO or YES) to toggle to the other value (NO will
change to YES and YES to NO). Press ENTER to "freeze" the new parameter.
The example in Figure 4-23 specifies PAUSE for deadband for Axis 4 only.
Specifying PAUSE for deadband without connecting an optical encoder to the
sppropriate axis or axes will generate an immediate stall and the program
will pause forever.

76



Mode1§3000 Indexing System Operator’s Manual P/R 88-003181-05

ELP NO K0 0 YES KOT DB=PAUSE? ﬂ
AXIS 1 AXIS 2 AXIS 3 AXIS 4 I7C

= COC I — [

| " Figure 4-23: AXES SETUP Submenu (Keyword NOT DB = PAUSE?)

When you press the ETC function key so that the keyword in this menu is
STALL - ABORT?, you can program the axes with the Encoder Interface so the
3000 will terminate program execution when a stall is detected. Press the
function key below each AXIS label to cause the displayed value (NO or YES)
to toggle to the other value (NO will change to YES and YES to NO). Press
ENTER 'to "freeze” the new parameter. The example in Figure 4-24 specifies
program abort only if Axis &4 stalls.

Note
Specifying program abort without connecting an optical Encoder to the

aEpropriate axis or axes will generate an immediate stall and program
abort.

HELP KO NO N0 YES STALLeABORT? . ﬂ
"AXIS 1 AXIS 2 AXIS 3 AXIS & Tt

Z I [ [ [ e I

Figure 4-24: AXES SETUP Submenu (Keyword STALL = ABORT?)

Vhen you press the ETC function key so that the keyword in this menu 1is
STALL = OUTPUT?, you can program the axes with an Encoder Interface so the
3000 will enable or disable the output when a stall is detected. The
default is NO, disabling the output when & stall is detected. Press the
function key below each AXIS label to cause the displayed value (NO or YES)
to tog%le to the other value (NO will change to YES and YES to NO). Press
ENTER to "freeze™ the new parameter. The example in Figure 4-25 disables
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the output for all four axes when a stall is detected:
Note

1f YES is specified, this will cause a conflict between OUT 1 on the

Ahxiliary Connector and the OUTSTR command ocutput during velocity

ftreamimg or contouring because the same output is used for both
nctions

NO ) 0] Mo STALLe OUTPUT T ﬂ
AX18] AX182 AX18) AX15é I,

P R e T [N | B | [ Lo

Figure 4-25: AXES SETUP Submenu (Keyword STALL = OUTPUT?)

HELP

To exit the AXES SETUP Submenu, press the MENU key to return to the SETUP
Menu,

4,3.3.6, REMOTE Command

(Fl, Page 2) Vhen the REMOTE (Fl) function key is pressed, the REMOTE
SETUP Submenu (Figure 4-26) is displayed. The REMOTE comnand selects which
of the two available communications interfaces (RS-232C or IEEE-48B) is to
be used to control operation of the 3000 and whether a menu display will be
sent over the communications interface during remote operations,

KELP k8232 orF
DEVICE TIXT
t <~ =

= I (8

Figure 4-26: REMOTE SETUP Submenu
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Above the word DEVICE is the label RS-232 if the RS-232C port {s in use (as
shown in Figure 4-26) or IEEE-488 if the IEEE-488 port is specified. Above
TEXT i{s the word OFF or ON, depending on whether menus are to be sent to the
host device over the link (ON) or not (OFF). These menus are especially
useful if the 3000 is being programmed from a dumb terminal or terminal
exulator as they walk the programmer through each menu. TEXT ON will also
result in character echo when using the RS-232C interface. If the 3000 is
being | programmed from an external computer, this function is usually left
OFF. | When transferring a program from one 3000 to another 3000, TEXT must
be set to OFF in both units.

4.3.3.7. JOG Command

(F2, Fage 2) Vhen the JOG (F2) function key is pressed, the JOG VELOCITY
SETUP | Submenu (Figure 4-27) is displayed. The JOG VELOCITY SETUF Submenu
sets the low and high JOG velocities for each axis. Subsequent use of the
JOG keys on the Front Panel will move the axes at the velocities specified
by this command.

B =]
B O = =)=
HEL® 25000 23000 36000 36000 Joc M1 {}
AXIS | AXIS 2 AXIS 3 AXIS & . ITe e =
REKY n l I r2 I I 3 | I re l I rs l I ré I 0

Figure 4-27: JOG VELOCITY SETUFP Submenu
Note
This velocity will be scaled by the UNITS function.

The :yword for this menu is either JOG HI or JOG LOW, and the JOG
velocities for each of the two speeds are displayed for each axis above the

. AXIS function keys. The velocities are multiplied by the wvelocity UNITS
function scale factor, and the resulting product must be greater than 0 and

less than 500,000. To specify the JOG speed for an axis, press the ETC
function key. To select either JOG HI or JOG LOW, press the function key
that selects the desired axis, enter the desired JOG speed in velocity units
on the numeric keypad, then press ENTER.

In the example shown in Figure 4-27, Axes 1 and 2 have a high JOG velocity
of 25,000 velocity units; Axes 3 and 4 are set for 36,000 velocity units.
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To exit the JDG VELOCITY SETUP Menu, press the MENU key to return to the
SETUP Menu.

4.3.3.8B. ENCODER Command

(F3, Page 2) When the ENCODER (F3) function key is pressed, the ENCODER
SETUP Submenu (Figure &4-28) 4is displayed. Indexers equipped with the
Encoder Interface (-P option) require specification of the motor resolution
(in steps/rev) and encoder resolution (in steps/rev, after the 4x quadrature
detect |circuitry) for proper closed-loop operation. These values can be
different for each axis.

WELP 25000 23000 23000 25000 MOTOR SYLPS ﬂ
AX1S 1 AXIS 2 AXIS 3 AXIS & LTc

N [ o TR [ [ R [ e I

Figure 4-28: ENCODER SETUP Submenu (Keyword = MOTOR STEPS)

A [

ETC function key to change the display to show the number of encoder

The display shows the number of motor steps/rev for each axis. Press the
steps/rev (Figure 4-28).

000 4000 L000 4000 ENCODER STEPS ﬂ»
ELP :.us ] AXIS 2 AXIS 3 AXIS & e

Figure 4-29: ENCODER SETUP Submenu (Keyword = ENCODER STEPS)
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The nuzbers used here are representative of typical values. The number of
steps per revolution (motor steps) specified for each axis must be less than
65535 The same restriction applies to the encoder resolution (encoder
steps). The value 4000 would be used to specify a 1000-line encoder, which
yields 4000 counts per revolution (after quadrature) when connected to a
unit with the Encoder Interface. If the encoder is related to the motor in
a fashion that does net result Iin one encoder revolution per motor
resolution, that factor must be taken into account so that the motor and
encoder resolutions specified result in the correct ratio of motor counts to
encoder counts.
|

To c¢h nbe a value, move the cursor via the cursor arrow keys to select the
desired axis. Enter the new value on the numeric keypad, then press ENTER
to "freeze" the new value,

Press the ETC function key to change the display to show the number of steps
in the DEADBAND (Figure 4-30) to use with NOT DB = PAUSE in the AXES SETUP
submenu (Section 4.3.3.8). The number placed here is the width of the "in
position™ deadband region in encoder steps. The number must range from
0-65535.

“ :# e

25000 25000 25000 25000‘
AX1S ) AX1S 2 AX1S 3 AX1S
<« =

I_T*:l l’\l’\lﬁl’\ll’\lm i

Figure 4-30: ENCODER SETUP Submenu (Keyword = DEADBAND)

Press the ETC function key to change the display to show the number of steps
in thT BACKLASH (Figure 4-31) region,

This command identifies the number of motor steps allowed without seeing an
encoder pulse before the 3000 will determine that a stall condition exists.
This is default set to 250 motor steps, which should be adequate when the
Encoder is attached to the Motor. The backlash value must be between 0 and

65535.
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NELP 25000 25000 25000 sle 1}
AXIS 1 AX1S 2 AXIS 3 uzs &

3 eI

Press

Figure 4-31: ENCODER SETUP Submenu (Keyword = BLSH)

the ETC function key to change the display to show the maximum servo

correction velocity (Figure 4-32).

This

command sets the maximum servo correction velocity for the Position

Maintenance function. The units are in scaled velocity units, the same as

in pr
Motor

ogram velocity statements. The set velocity should be such that the
{;n start and stop reliably with no acceleration time.

KELP, 25000 25000 25000 25000

AXTS 1 AXIS 2 AX1S 3 AX1S &
Lo

A e )

Press
maint

This

Figure 4-32: ENCODER SETUP Submenu (Keyword = MCV)

the ETC function key to change the display to show the position
enance algorithm (Figure 4-33).

command creates a correction velocity based on the positional error of

the erncoder,. This error is the difference between the desired absolute

encod

er position and the actual encoder position. To correct this error,

choose| one of the three following algorithms by specifying the appropriate

elgor

ithm number:

dlegorithm Numbex Algorithm

1 correction velocity = K * error
2 correction velocity « K * (error)l/2
3 correction velocity = K * (error)
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K|is the correction gain constant, which is defined by the SETUP
ENC%DER Submenu (Keyword = GAIN) below.

Incie 2 2 2 2
| s AX152 AX183 AX1S4

i e el

Figure 4-33: ENCODER SETUP Subnmenu (Keyword = ALGO)

~ Press the ETC function key to change the display to specify the correction
:gainqconstnnt'for%he position maintenance algorithm (Figure 4-34). See the

ENCODER Submenu (Keyword = ALGQ) above.

This | command determines the correction velocity gain for the position
maintenance algorithm and may be any number from 0 to 235. If ¢ is
specified, no correction will occur. Increasing the gain increases the

. speed with vhich position maintenance takes place. If the gain is too high,

LAY 4

the Motor may oscillate. If the gain is too low, the Motor may take too
long to correct its position. The optimum setting is usually determined by
experimenting.

MELP 37 ¥ 37 3 CAIN ﬂ
AX1S51] AX152 AX153 AX184 | 2 { =

£ | [ | S [ R [

Figure 4-34: ENCODER SETUP Submenu (Keyword = GAIN)

Pres# the MENU key to return to the SETUP Menu.
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\
{ 4.3.3.9., AUTORR Command

(F4, Pige 2) Vhen the AUTORR function key (F4) is pressed, the AUTORR SETUP
submenu (Figure 4-35) is displayed. This function allows you to select the
RECALL | and/or AUTORUN feature. If the AUTORECALL feature (AUTORCL) 1is
selected, the 3000 will automatically copy the EEPROM contents into the
program space vhen power is applied to the unit.

1f the AUTORUN feature is selected, the 3000 will automatically run a
program from the first line number when power is applied to the unit.

Note

If you select AUTORUN, you MUST select AUTORCL.

Y

' RO NO
WELP AUTORCL  AVTORUN

2 | [ [ [ [ W e

1 Figure 4-35: AUTORR SETUP Submenu

To exi+ the AUTORR SETUP Menu, press the MENU key to return to the SETUP
Menu. ‘
|

4.3.3.10. REMSTSP Command

(F5, Page 2) Vhen the REMSTSP function key (F5) is pressed, the REMSTSP
SETUP. submenu (Figure 4-36) is displayed. These functions allow use of the
OPTO-2 input$ for remote start/stop inputs to stsrt or stop the program.
INPUT #1 is assigned to STOP (if selected) and INPUT #2 is assigned to START

the program.
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HELP, N0 NO
REMSTRT REMSTSP

= L) — 8

To exi
Menu.

Figure 4-36: REMSTSP SETUP Submenu

t the RMSTSP SETUP Menu, press the MENU key to return to the SETUP

4.3.3,11, LIMITS Command

(F1, P
SETUP

ge 3. WVhen the LIMITS (F1) function key is pressed, the LIMITS
ubmenu (Figure 4-37) is displayed. This submenu allows you to set

» the absolute position boundaries for motion for each axis so that overtravel
“will not occur. A deceleration value is associated with these boundaries
that causes the axis to decelerate at a specified rate converging towards

the bo
either

Limit Switches for information on hardware limits).

undaries. An abort option allows you to cancel the program vhen
a hardware or software limit has been exceeded (see Section 3.7,

»

HELP NO, NO ¥o N L1KIT-ABORT? {]
AX1S) AY1S2 AX153 AX1S4 ETC.

= COCCIC I —

Figure 4-37; LIMITS SETUP Submenu

Various commands affect the upper and lower 1limits and the deceleration

rate,
upper

The SETUP UNITS, SETUP AXES and MODE commands cause the value of the
and lower limits and the deceleration rate to change because the

parameters of these commands are multipliers for the SETUP LIMITS
parameters. The PZERO and PDEF commands change the absolute xreference
position of an axis causing the upper and lower limits to use this new
reference position. Although an axis can never go outside the limits during
a move, it is possible, using the PZERO and PDEF commands before a move has

begun,
always
should

to start a move outside the limits. If this happens, the 3000 will
move in the direction to get back within the limits. Therefore, you
check a1l of these commands when setting up your limits and

deceleration rate to see the effect they will have on the SETUP LIMITS
parameters.
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Note

The LIMITS - ABORT? YES option of the SETUP LIMITS command and the
DISPLAY STAT command can be used as programming tools to tell you when
your prograr has exceeded the limits.

The upper display line shows the values for each axis for the paranetex

identified by the keyword. The keyword LIMIT = ABORT? in the example

shown in Figure 4-37 is the first keyword you will see when you press the
UNITS| (F3) key. There are four keywords for this submenu; each time you
press the ETC function key, the keyword will change to the next one in
series and the display for the four axes will change to display the values
for the new keyword. The keywords are:

LIMIT = ABORT? - Determines whether the program will be aborted if a
hardvare or software limit is exceeded. The default is NO.

UPPER - Sets the absolute upper 1limit of motion an axis can travel. This
value can be positive or negative but must always be more positive than the
lower limit. The default is 0, or no limit set.

'LOVER |- Sets the absolute lower limit of motion an axis can travel. This

value can be positive or negative but must alvays be more negative than the
upper limit.  The default is O, or no limit set.

DECEL |- Sets the rate an axis will decelerate when approaching the upper or
lover boundary limits. The default is 2,500,000 steps/secz.

To change the keyword, press the ETC key until the desired keyword appears
in the upper right on the display. To enter the UPPER, LOWER, and DECEL
parameters, press the appropriate AXIS keys, enter the numbers using the
keypad, and then press ENTER. To enter the LIMIT = ABORT? parameters of YES
or KO, press the function keys under the appropriate axes until the desired
option appears, and then press ENTER. When all the parameters in all the
keywords have been entered, press the MENU key.

4.3.3.12. HOME Command

(F2, Page 3) WVhen the HOME (Fl) function key is pressed, the HOME SETUP
Subme (Figure 4-38) is displayed. This submenu allows you to define the
HOME input active position for each axis. VWhen an axis is directed to
search| for HOME by the HOME command, 1t will begin moving in the direction
specified in the HOME command at the velocity specified in the last VELC
command. VWhen the HOME input becomes active, the axis will decelerate and
backtrack if necessary to arrive at the HOME position. The HOME position
can be| either the "+" (CW) edge of the HOME input or the "-" (CCW) edge of
the ROME input. The final approach to that edge is at a specified
percentage of the initial search velocity, and the edge can be approached in
the CW direction or the CCW direction so that the HOME input is active when

the axis stops.
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HELP Low Lo LOM LOW ACTIVE LEVEL ﬁ
AX151] AX152 AX1S3 AT1s4 5 (N

Figure 4-38: HOME SETUP Submenu

The upper display line shows the values for each axis for the parameter

ident}
Figure
key.
, functi

fied by the keyword. The keyword ACTIVE LEVEL in the example shown in
4-38 is the first keyword you will see when you press the HOME (F2)
There are four keywords for this submenu; each time you press the ETC
on key; the keyword: will change to the next one in series and the

“display for the four axes will change to display the values for the new

keywor

ACTIVE
means
4-39 1

d. The keywords are:

LEVEL - Sets the active state of the HOME input to either HIGH, which
active high (TTL 1), or LOW, vwhich means active low (TIL 0). Figure
llustrates an active HOME input. The duration of the active state of

the HOME Input must be greater than 4 milliseconds.
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TTL high
\ /
\ 00 active /
\ /
ITL low \ /
< t | e——— -
t >= & msecs
TTL high
/ \
/ \
/ nontero active \
TTL low / \

Figure 4-39: Active HOME Input

ACTIVE EDGE - Specifies whether the edge of the active HOME input will be
the "+" (CW) edge or the "-" (CCW) edge. Figure 4-40 illustrates these

edges .

CW edge CCVW edge
CwW limit active HOME input CCW limit
Figure 4-40: Active HOME Input Edges

FINAL $VEL - Sets the velocity of the final approach to the edge of the
active |[HOME input. This velocity is a percentage of the velocity specified
by the last VELC command and can range from 1% to 1008. The lower the final
velocity is, the more accurate the home position will be.

FINAL DIR - Sets the direction of the final approach to the edge of the
active HOME input. 1f this parameter is CW, the final approach is in the
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ise direction towards the CW limit. If this parameter is CCW, the
approach i{s in the counterclockwise direction towards the CCW limit.

To change the keyword, press the ETC key until the desired keyword appears
in the upper right on the display. To enter the ACTIVE LEVEL, ACTIVE EDGE

and FI
until
SVEL,
and th
entere

NAL DIR parameters, press the function keys under the appropriate axes
the desired option appears, and then press ENTER. To enter the FINAL
Press the appropriate AXIS keys, enter the numbers using the keypad,
en press ENTER. When all the parameters in all the keywords have been
d, press the MENU key.

The following example explains what happens when Axis 1 searches and finds
its HOME position. Figure 4-41 is a diagran of this Homing move. The HOME
SETUP parameters for Axis 1 are:

ACTIVE LEVEL = LOW
ACTIVE EDGE = CW
FINAL sVEL = 20
FINAL DIR - CCW

, When |a - HOME command is -encountered’ in. the program, Axis 2 continues

“travel

ing at the velocity specified in the last VELC command searching for

the active low input. Vhen the "+" edge (CW) of the input is found, the
axis |starts to decelerate overshooting the HOME input edge. The axis

recovz
in th

rs from this overshoot, then travels at 20% of the beginning velocity
CCW direction until the HOME input edge is encountered.

’
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constant velocity

] \ 2) overshoot due

1) initial search II \\ to Qeceleration
/ A\YVA
sccelerating / \/ \
/ AV
/ !/ \ \ 3) recovery
/ / v
/ / A Y
/ / v\
/ ] 4) final \ \ __ approach
I’ approach , velocity
- |<-
(offset for graphic clarity)

sctive ROME edge

Figure 4~41: Boring Cycle
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The EDIT Menu

offer
4-43

commands on sach of its pages.

ETC k

4,3,4, EDIT Mernu -- Overview

P/N 88-003181-05

is used to enter and modify programs within the 3000. It

40 different commands, displayed on & menu pages.
how the relationship of the EDIT Menu to the other menus and the

to change the display to the next menu page,

Figures 4-42 and

As with the other menus, you must press the

Page 1

-nn.r? ;g" MOVI  ACIL  VILC HATH e =>
= (ot =18
Page 2

HELP BPANCH  OUYPUY ¥T P ﬂ =>
- ’\]rﬁrﬁr e o
Fage ;

) | d0sus artoaw  coto  mome VAIT P 1 =
B ’“ll’ﬁl’ﬁl’“n’ﬁr" g
Page 6

MUl | i3ire axrvr  rorr bise prrit  ET Jlem g =
ﬁmrﬁr‘ﬁrﬁr\ L

Figure 4-42: Pages 1 through 4 - EDIT Menu
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‘Page 5
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| @ a
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Page 6.
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Figure 4-43: Pages 5 through 10 - EDIT Menu
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To enter most numeric parameters associated with the EDIT Menu commands,

press
then
with

the desired function key, key in the value on the numeric keypad, and
press ENTER to store the number., Spaces between numbers are created
the C/E key, and the left and right arrows move the cursor left and

right relling around to the other side when the end iz reached. Quick entry
of paranmeters for different axes is accomplished by pressing the AXIS wx key

below the Display.

Note
Pressing any of the four AXIS # keys moves the cursor to the right
* place for entering that axis parameter.

Note
Nunbers that are toc large or contain decimal points are rejected
and cause the message "Invalid date entered"to be displayed on the

Front Panel Display.

The up arrow and down arrow keys to the right of the Display can be used
during editing to scroll forwards and backwards through your program. This
g2llows easy access to any part -of the program. - Press either key once to

“cause
next

the Display to show the previous program statement (up arrow) or the
rogram statement (down arrow), if any. Hold either key down to step

rapidly through the program.

Press
sessi

the MENU key to return to the Main Menu at the end of an editing
n.

The EDIT Menu commands are grouped together according te the functions they

perfo

Each

These functicons are:
a. Hotion Control
b. Motor/Drive Control
¢. Program Control
d. Position/Coordinate Reference
e. Arithmetic/Computational
£. Input/Output
g- Teach

h, Utilities

function and the commands associated with it are discussed in detail

below. Refer to Appendix A for a summary of these commands.
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4.3.5, EDIT Menu -- Motion Control

Fourteen commands are used to specify motion parameters: four commands
specify standard moves, which have trapezolidal or triangular wvelocity
profiles; six commands specify Velocity Profiling, which &llows complex
velocity prefiles within a preset move; and four commands specify
Contouring, which creates complex profiles by connecting line and arc
segments as part of a continucus move.

4.3.5.1, Trapezoidal/Triangular Moves

The standard motion-control velocity profile is a trapezoid or a triangle.
Trapezoidal moves accelerate the Motor to a specified velocity, maintain
that velocity for a period of time, and decelerate to a stop. HNoves of a
short | distance or with low accelerations may never reach the specified
velocity and begin decelerating when one-half of the programmed distance has
been traversed. These moves are referred to as triangular moves.

There | are two types of standard moves. Preset Moves move the Motor a
specific distance and require. an acceleration. parameter, a velocity, and a
distance or position, Slewing Moves require only an acceleration and &
velocity. A 'Slewing Move i{s one that accelerates to a specific velocity and
paintains that velocity until commanded to do something else.

Four commands are used in programming these moves:

a. MOVE - Commands the axis to move a preset distance or slew in a
particular direction. All motion initiated by a MOVE command
(that is, a preset distance or a new velocity for MOVE slew) nmust
be 'completed before the program will execute the mnext statement.
The distance moved is a function of the mode (absolute or
incremental) specified for each axis and the values are multiplied
by the scale factors defined by the UNITS command (Section

4,3.3.3).

b. MOVI - Like MOVE function except that the next statement in the
program i{s executed immediately after begimning the MOVI.

c. ACEL - Sets the acceleration and deceleration ramps for each axis.
The units are steps/second/second and are multiplied by a scale
factor if one is specified by the UNITS command.

d. . VELC - Specifies the velocity for each axis. This velocity is the
maximum allowed for subsequent moves until another VELC command is
executed. The values are in units of steps/second and the values
entered are multiplied by the scale factors specified by the UNITS

command.
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4,3.5.2, Velocity Profiling

The 3000 is capable of producing move profiles more complex than the
standard triangle and trapezoid. Velocity Profiling allows you to move a
preset distance with several different accelerations and decelerations and
at different velocities. You accomplish this by defining the beginning of a
profiled move with the ENTSTR command or the ERISTR command, which
initializes the "Streaming® function starting at velocity zero and position
zero (current position). These commands are followed by pairs of numbers
representing distances from the beginning of the move and the desired
velocities at those points. By specifying several velocity/distance pairs,
you can form complex profiles. The 3000 automatically calculates the
required accelerations and decelerations to reach the desired velocities at
the desired distances.

Note

Velocity Profiling works on Axes 1 and 2 only. The remaining axes can
3 perform only trapezoidal and triangular moves.

¥
An example of a profiled move is illustrated in Figure 4-44.

DISTANCE

At each "knee™, a new velocity and distance pair is used to
deterzine the next breakpoint.

Figure 4-44: Velocity Profiling
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Six functions are used to implement Velocity Profiling:

ENTETR - The ENTSTR command tells the 3000 that an absolute
velocity streaming move {s to begin and sets the velocity and

distence to zero.

ENISTR - The ENISTR command tells the 3000 that an incremental
velocity streaming wmove is to begin and sets the velocity and
distance to zero.

STRV - This command specifies the velocity half of the velocity/
distance pair, the velocity the Motor will be running at when the
position specified with the STRD command has been reached. This
command must always be followed at each occurrence with an STRD
command. Any command(s) between STRV and STRD will be ignored.

STRD - The STRD command specifies the distance half of the
velocity/distance pair. The distances are specified as absolute
coordinates relative to the position the axis is at when the
ENTSTR command is performed. It is alvays preceeded by a matching
STRV command, ]

EXSTR - The EXSTR (Eﬁit Stre#ming) command terminates Velocity
Profiling.

OUTSTR - The OUTSTR (Output While Streaming) command allows one or
two TTL output bits on each axis’ Auxiliary Connector to be set
high or low under program control at each breakpoint or "knee" in
Velocity Profiling. This can be used to trigger external events
when a particular distance or veleocity Is reached.

Kote

two axes are in Velocity Profiling mode, each pair of STRV and STRD

commands must take the same amount of time. If one axis is slower than
the other and does not finish its segment in time, it will receive a
discontinuous jump each time the STRV and STRD pair for the other axis

is completed.

4.3.5.3, Contouring

In addition to Velocity Profiling, the 3000 can be programmed for complex
contouring. In the Contouring mode, Axis 1 and Axis 2 of the 3000 move
simultaneously to produce line and arc segments &and to connect these

segments
tes the required accelerations and decelerations to traverse the

calcul

inte a continuous complex contour, The 3000 autematically

contour and to move from segment to segment within a contour at a constant

feedrate,

Note
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Contouring is possible only when the 3000 is in the Velocity Streaming
mode using the ENTSTR command or the ENISTR command.

A Cartesian x,y coordinate system is used by the 3000 to represent two-axis
contouring moves (ses Figure 4-45). The X coordinate represents Axis 1 and
the y coordinate represents Axis 2. Therefore, the two-motor axis position
in the x,y plane is always defined with two numbers, x,y, where X is the
position of Axis 1 and y 1is the position of Axis 2. All four axes can be
active at the same time. However, while Axis 1 and Axis 2 can perform all
types of moves, Axis 3 and Axis 4 can only perform trapezoldal or triangular

moves.

y(Axis 2)

0 ' x(Axis 1)

Figure 4-45: Clrteslaﬁ x,y Coordinates

To perform Contouring, the 3000 nust be programmed for Velocity Streaning
_using one of the following commands:

a. ENTSTR - Sets the 3000 in the absolute velocity streaming mode,

positioning the Motors’ coordinates at 0,0 in the x,y plane. This
location becomes the absolute reference point in the X,y
coordinate system for all segments of a contour that follow this

command.

b. ENISTR - Sets the 3000 in the incremental velocity streaming mode,
positioning the Motors® coordinates at 0,0 in the x,y plane.
However, unlike the ENTSTR command, the ENISTR command does not
maintain this peint as a reference point for all segments of a
contour. It uses this 0,0 location as the reference peint only
for the first segment of a contour and then it shifts the
reference point to the location where the next segment begins, and
so forth, until all the segments of a contour are completed. The
final reference point on the x,y ccordinates is the starting
location of the final segment.
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ommands are used to implement Contouring: two commands are associated

wvith line segment contouring and two commands are assoclated with are
segment contouring. The feedrate specified for Contouring uses UNITS

parame

(F1,

ters specified in the SETUP Menu. These functions are as follows:

STRL - The STRL comzmand specifies the feedrate required at the end
of a 1line segment. The next segment begins with the same
feedrate. If the beginning and ending feedrates are the same, the
segoent is traversed with a constant feedrate.

STRE - The STRE command specifies the x,y coordinates at the end
of a line or an arc segment. In the absolute velocity streaming
mode, the X,y coordinates represent the location in the x,y plane
with reference teo the 0,0 point, In the incremental wvelocity
streaming mode, the x,y coordinates represent the location in the
X,y plane with reference to the beginning point of the line or
arc segment being traversed,

Note

or an arc segment, the end point specified with STRE coordinates x,y
ust be on the are. If not, the 3000 will continue on an arc segment
o a point and then proceed with a straight line to the specified end
oint at a high velocity, vhich may cause the motor to stall.

STRA - The STRA command specifies the feedrate at which to
traverse an arc segment, The feedrate along &an arc segment is
alvays constant &nd must be equal to the end velocity of a
preceeding line segment to prevent & possible motor stall.

STRO - The STRO command specifies the %,y coordinates of the
center, or origin, of an arc segment. The 3000 uses these origin
coordinates to calculate the radius of the arc segment.

4.3.5.4. MOVE Command

age 1) The MOVE command (Figure 4-46) lets you enter the distance or

position of a Preset Move or the direction of a Continuous Move for each of
the four axes. The 3000 will start all axes (up to four) at once. Before
proceeding to the next statement, the 3000 will wait until axes without NULL

entri

s finish either Preset Moves or the acceleration or deceleration of

Continuous Moves,
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s

arap] | 0020 movE 25000 09 AL SLEW i}
FULL SLE SLEW- sTOP

Figure 4-46: MOVE Command

The MOVE parameter for each axis can be a number, a variable, oxr the words
SLEW+, SLEW-, or NULL. If the parameter shown is a number or variable, it
has one of two meanings. If the axis is set up for relative positioning, it
is the distance to move in motor steps relative to the current position.
" The distance.is a signed number. - Positive distances result "in clockwise
, negative distances in counterclockwise moves. If the axis is set up
bsolute positioning, that is the absolute position to wvhich to move.
sign is assumed to be positive Iif not entered. If the parameter is
SLEW+ or SLEW-, that axis will begin to move in the specified direction.
When| the set velocity is reached, the axis will continue moving at constant
velogity until directed to change velocity via subsequent VELC, and MOVE or
MOVI program statements. The motion may also be stopped using the MOVE STOP
command.

The NULL key (F2) can be used to indicate that no action should take place
on given axis. Use this key when you want to leave one or more axes
undisturbed in their operation vwhile initiating a move on another,

The Q key (F4) can be pressed, folloved by a numeric entry (1-99) and ENTER,
to specify that a variable (Q1-Q99) will be used to define the move distance

or pesition.

The STOP key (F6) can be pressed to stop the move in progress at the
deceleration rate defined by the ACEL command prior to the move.

¢ example shown in Figure 4-46, when the program executes statement
0020, Axis 1 will perform a preset move of 25000 counts (multiplied by any
scale factor established by UNITS command). Axis 2 will move a preset
distance specified by the variable Q9 (also multiplied by the UNITS scale
factor), whose value is established with an INPUT statement or with the MATH
function. Axis 3 will remain undisturbed and will continue to do vhatever
d been doing (or not doing). Axis & will slew in a clockwise direction
at the current acceleration specified for the axis (AGEL command) to the
velocity currently specified for that axis (VELC command).
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All Preset Moves must be completed and all Slewing Moves must reach their
programmed velocity before the next statement in the program will be

executed,

4.3.5.5., MOVI Command

(F2, Page 1) This command is identical in all respects to the MOVE command
except that the next program statement is executed immediately after the
coomand is executed. The MOVI command allows the 3000 to begin a move and
then proceed to the next instruction without waiting for Preset Moves to be
conpleted or Slewing Moves to reach their programmed velocity.

4.3,5.6. ACEL Command

(F3, FPage 1) The ACEL command specifies the acceleration and deceleration
rawps | for each axis. The entries may be a number, a variable, or the wvord
FULL, in vhich case the previously prograzmed value is used. The format of
the command is showvm in Figure &4-47. .

0
N L o) (e IO lia

[ =)

HELP

0230. AR 30500 30000 Qs ¥LL 1] -
Q FULL o '

Figure 4-47: ACEL Command

Remember that any value you enter will be pultiplied by the scale factor you
entered using the UNITS command.

Note

e 3000 will accelerate each axis at a rate of 25000 steps/sec/sec
nless you change that value by using this command. This default value
orresponds to 1 rev/sec/sec for a standard 25000-step/rev Compumotor.
efault values are not pultiplied by UNITS command scale factors.

The example shown in Figure 4-47 would set the acceleration for Axes 1 and 2
to 350000. 1f the UNITS scale factor is 1, this would cerrespond to an
acceleration of 2 rev/sec/sec vwith a standard 25000- step/rev Compumotor.
Axis 3 uses the value of variable Q4 and Axis &4 repains undisturbed from the
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previcus setting. If there was no previcus setting, the default value of
25000 will ba retained.

4.3.5,7. VELC Command

(F4, Page 1) The VELC comnand is used to specify the peak velocity for each
axis.| Entries may be a mumber, a variable, or the word NULL, in which cases
the previously programmed value is used. The format of the command is shown
in Figure 4-48. Remember that any value you enter will be multiplied by the
scale | factor you entered using the UNITS command. ‘

b

Figure 4-48: VELC Command

0030 YILL 100000 50000 NULL Q7 ﬂ

Note

The peak velocity for each axis Hill be 25000 steps/sec unless you
thange that value vwith this command. This default value corresponds to
1 rev/sec for a standard 25000-step/rev Compumotor, Default values are

not multiplied by UNITS scale factors.

The example shown in Figure 4-48 sets the peak velocity for Axis 1 to
100,000 and for Axis 2 to 50,000, This number will then be multiplied by
the velocity' scale factor set with the UNITS command. Axis 3 will remain
unchanged and Axis 4 will use the value of variable Q7 as its velocity.

4.3.%.8, ENTSTR Command

(F1, Page 6€) The ENTSTR command (Figure 4-49) 1s used to set the absolute
velocity streaming mode for Axis 1 and Axis 2 vhen performing Velocity
Profiling and Contouring. It causss the 3000 to set the velocities on all
indicated axes to zero. This command also establishes an sbsolute reference
point| in the x,y coordinates for the Contouring mode of operation. Sese
Appendix B, Section B.3.1, Velocity Streaning, and Section B.3.2,
Contouring, for examples of programs using absolute velocity streaming.
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B8

o000 PIsTR YES "o

B o e

Figure 4-49: ENTSTR Command

Sl=

Note

For dnstructions on how to use the Streaming functien iIn your
Pplication, refer to the discussion of Velocity Profiling described

n Section 4.3.5.2.

election of YES/NO is provided by F3 and F5. Each axii that is to
begin absolute velocity streaming must be set to YES. In the example shown
in Figure 4-49, Axis 1 is set up for absolute velocity streaming and Axis 2

Note

ly Axes 1 and 2 can be set up for Velocity Profiling or Contouring.

4.3.5.9. ENISTR Command

Fage 6) The ENISTR command (Figure 4-50) sets Axis 1 and Axis 2 of
0D to 'the incremental wvelocity streaning mode. VWhen this command is
ed, the velocities of the two axes are set to zero and a relative
nce point is established in the wvelocity-distance coordinates for
ty Profiling and in the x,y coordinates for Contouring. Unlike the

command, the ENISTR command does mnot maintain the initial

ENTST
coordinates’ reference point as a permanent reference point. The reference
coordinates always shift to the beginning point of the distance or the

t being traversed.

ental velocity streaming 4s useful in applications requiring
tive moves, such as vinding wire. The iIncremental approach requires
programming statements than the absolute approach, vwhen programming
vely simple, repetitive operations. See Appendix B, Section B.3.1,
ty Streaming, and Section 3.3.2, Contouring, for examples of programs

using these two approaches.
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weeel [ @020 EsisTR YES "o i]

The s

begin | increzental velocity streaning must be set to YES.
shown | in Figure

and

(F4,

running vhen the corresponding distance spec

reach

properly.
velocity values must be positive and

Figure 4-50: ENISTR Command

lection of YES/NO is provided by F3 and F3. Each axis that is to
In the example

4-50, Axis 1 is set up for incremental velocity streaming
is 2 is not.

Note

rogramming with the STRD command, and the LINE and ARC commands
epends on the command used to enter velocity streaming. Appendix B
hows exarples of programs using the STRD, the LINE and the ARC
ommands when entering velocity streaming with the ENTSTR command or

he ENISTR command. = '
4.3.5.10. STRV Command

age 6) This command specifies the velocity at which an axis should be
ified by the STRD command is

d. STRV and STRD must always occur as a pair for profiling to work
Any command(s) between STRV and STRD will be ignored. The
less than 8 digits long. The format of

the comtand i{s shown in Figure &4-51.
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i ‘oo:o sV 25000 as 0

Figure 4-51: STRV Command

The STRV parameter for each axis can be a number (up to eight digits long)
or & | variable. if a number is desired, enter the number(s) in the
appropriate position using the left and right arrov keys or the AXIS keys,
then press:. ENTER to enter the number and increment the line number in
preparation for the next command. If a variable is te be used, press Fl,
enter a number describing the variable then press ENTER.

ple Display shown in Figure &4-51 calls for a velocity value of 25000
for Axis 1 and a velocity equal to the value of Q6 for Axis 2 (remember that
these numbers are multiplied by the UNITS velocity scale factor).

4.3.5.11, STRD Command

(F5, |Page 6) The STRD command defines the distance half of each
velocity/distance pair required for profiling. The parameter may be entered
as either a number or as a variable and it must be no more than eight digits
in length, including the sign. Distances in profiling are absolute with
respect to the point at which profiling was entered. Positive distances
specified in conjunction with a veloeity in the corresponding STRV command
yvield clockwise motions, and negative distances result in counterclockwise
motion. You cannot program a profile that changes direction (e.g., from a
positive distance to a negative distance) while the axis i{s in motion. If
the previous program statement did not end with a velocity of zero, then a
velocity/distance pair with a zero velocity must be entered. The format of

mmand $s shown in Figure 4-52.
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Igng [ ooro s 25000 Qb g
B COCIC T

Figure 4-52: STRD Command

The distance entered for each axis can be a number (up to eight digits long)
or variable. If a nuzber is desired, enter the number(s) in the
appropriate position (using the left and right arrow keys or the AXIS keys
to position the cursor), then press ENTER to enter the number and increment
the line number in preparation for the next command. If a variable is to be
used, press Fl, enter a number describing the variable, then press ENTER.

The example shown in Figure &4-52 specifies a distance of 25000 for Axis 1
and a distance equal to the value of variable Q6 for Axis 2 (both multiplied
by the UNITS distance scale factor).

4.3.5.12. STRL Command

(F3, | Page 7) The STRL command specifies the feedrate at the end of a line
segment., Only the ending feedrate is specified because the beginning
feedrate of the next segment must always be the same as the ending feedrate
of the preceeding segment. 1f the beginning feedrate of a segment 1is
different from the ending feedrate of the same segment, the
acceleration/deceleration values are automatically computed to adjust the
velocity of Axis 1 and Axis 2 to move the load in a straight line. If the
feedrate is a negative value, the sign is ignored and its absclute value is
used

If the STRL command is omitted from the program, the feedrate of the last
segment traversed will be used and the line segment will be drawvn at a
constant velocity. The format of the command is shown in Figure 4-33.
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MELP ODIO STRL Q1

J
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Figure 4-53: STRL Command

pareameter must be either a variable defined by the MATE command or
a number from 1 to 8 digits in length. If a variable is used, press Fl,
numbeyr that will be the variable number, and then press ENTER. I1f a

ple Display in Figure 4-53 shows the feedrate equal to the value of
ieble Ql. The value assigned to the variable or the number entered

directly to. d4indicate the feedrate are wmultiplied by the UNITS
velocity/distance scale factor resulting in the actual feedrate for the two
aAXes

4.375.13. STRE Command

ge 7) ' The STRE command specifies the x,y cocrdinates at the end of
or an &rc segment. If the 3000 entered velocity streaming using the
command, the x,y coordinates of the end of a segment are referenced

origin or 0,0 of the x,y plane, If the 3000 entered velocity
ng using the ENISTR command, the x,y coordinates of the end of a

ere always referenced to the beginning point of the segment being
ed, thus computing the coordinates on a contour Iincrementally for

grent.

The position unit value used by the STRE command i1s specified with the SETUP
UKRITS Menu.

The format and Display example of the STRE command is shown in Figure 4-54.
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Figure 4-54: STRE Command

The STRE parameter can be specified with a number or a variable. 1f a
variable is specified, press Fl, enter the number that will be the variable
number, and then press ENTER. 1If a number is used, position the cursor to
the appropriate location using the arrow keys, use the keypad to enter the
number, and then press. ENTER.. . :

4.3.5.14. STRA Command

(F2, Fage 7) The STRA command specifies the feedrate at which to traverse
an arc segment. The feedrate along an arc segment is always constant.
Therefore, .care’ should be taken to match the ending velocity of a line
segment with the ‘specified feedrate of a following arc segment, othervise
the discontinuity between the line velocity and the arc feedrate may cause
the mator to stall.

1f the feedrate is a negative value, the arc 1is traversed in a clockwise
(CW) direction. If the feedrate is a positive value, the arc is traversed
in a counterclockwise (CCW) direction.

The format of the STRA command is shown in Figure 4-55.
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weer] | og:o STRA Q) )

Figure 4-55: STRA Command

a number from 1 to & digits in length. If a variable is used, press Fl,
enter a number that will be the variable number, and then press ENTER. If a
number is used, position the cursor to the appropriate location using the
arrow Keys, use the keypad to enter the number, and the press ENTER.

The ST?A parﬁmeter must be either a variable defined by the MATH command or

The example in Figure 4-55 displays the feedrate equal to the variable Ql,
vhich {s multiplied by the UNITS scale factor of the SETUP Menu.

4.3.5.15. STRO Command

(F4, Page 7) The STRO command specifies the X,y coordinates for the center
of the circle that overlaps with an arc segment. The X-coordinate indicates
the position of Axis 1 and the y-coordinate indicates the position of Axis 2
. of the origin, or center, of an arc segment. The 3000 uses the origin’'s x,¥y
coordinate values to compute the radius of an arc segment.

The x,y coordinates of the origin of an arc segment depend on the command
used to enter velocity streaming. 1f the ENTSTR command is used, the value
of the| x,y coordinates of the origin of an arc is fixed. This origin is
always referenced with respect to the 0,0 position in the x,y plane. 1If the
ENISTR command is used, the X,y coordinate values of the origin of an arec
segment depend on the x,y coordinates of the beginning point of that arc
segment. For an example of arc contouring using both programming methods,

see Appendix B, Section B.3.2, Contouring.

The format of the STRO command is shown in Figure 4-56.
\
\
%
|
|
1
|
|
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NELP o::o sTRO © ° ﬂ
2 S R TN g B

Figurc 4-56: STRO Command

The STRO parameter can be represented by a variable or a nunber. If a
variable is used, press Fl, enter a number that will be the variable number,
and en press ENTER. If a number is used, position the cursor to the
appropriate location using the arrow keys, use the keypad to enter the

number, and then press ENTER.
The e+amp1= in Figure 4-56 displays the origin of the arc segment.

} 4.3.5.16. OUTSTR Command
(Fl1, Page 7) This command controls the state (0 or 1) of two TTL-
corpatible cutput bits on each axis' Auxiliary Connector. Each bit can be
programmed to go low, go high, or remain unchanged when the distance
specified by the velocity/distance pair is reached. This feature ig very
useful for ;{nchronizing external machine functions. The following signals
appear on following pins on the Auxiliary Connector:

Qutput Rin
1 8
2 7

The format of the command is shown in Figure 4-57.
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0050

HELP,

B )

Figure 4-57: OUTSIR Command

The value entered for each axis can be any combination of 0s, 1s, or Xs.
The first character specifies the desired condition of output 1; the second
character refers to output 2. Entering a 0 tells the 3000 to put a 0 on
that output {logical low); entering a 1 outputs a 1 (logical high); entering
an X causes. that output .to remain unchanged.

The example shown in Figure 4-57 sets Output 1 on the Auxiliary Connector
for is 1 to a "1", sets Output 2 on the same connector to a 0, and leaves

the bits associated with Axis 2 unchanged.

110




Model| 3000 Indexing System Operator’s Manual P/N 88-003181-05

Nete

The OUTSTR output 2 (OUT 2) located on pin 7 of the Auxiliary Connector
nd the BOOST output on the Motor Drive Connector share the same 1811

control line. To control OUTSTR OUT 2, install jumper JU3 and
emove jumper JU4. To control the BOOST output, install jumper JU4 and
emove jumper JU3. These two Straps are mutually exclusive, The 3000
efault strapping is with jumper JU3 installed, thus selecting OUTSTR
UT 2. Any attempt to invoke the OUTSTR OUT 2 function if the control
ine is strapped to select the BOOST output, will affect the BOOST

unction not the OUTSTR function, and vice versa.

[
‘ 4.3.5.17. EXSTR Command

(F3, Page 6) The EXSTR command is used to terminate Velocity Profiling.
The final velocity/distance pair preceding this command must call for a zero
velocity on both axes. This command has no parameters or variables
associated with it. The command is of the form shown in Figure 4-58.

Ela

Figure &4-58: EXSTR Command

There must be one EXSTR command for each ENTSTR command. They may not be
nested, but placing an entire profiling sequence within a loop (refer to the
L0OP | and ENDLOOP commands) permits repetitive profiling and complex

profiles. .pa
4.3.6. EDIT Menu -- Motor/DPrive Control

The amount of torque on a Motor can be controlled by the motor/drive using
the following commands:

BOOST - Applies extra torque to a Motor and removes extra torque
from a Motor.

a,

b. SHTDN - Removes regular torque from a Motor and reapplies regular
torque to a Motor.
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4.3.6.1, BOOST Command

(F2, Page 5) The BOOST command allows you to apply extra torque to some
compumotors (e.g.,P-Drives) by increasing the current to the Motor. This
can be used to prevent oscillation at the end of acceleration or
deceleration, to overcome slow accelaration and deceleration of a load, or
any other appropriate application. The format of this command is shown in

Figure 4-59.

NELY 006D  BOOST YIS YIS KULL ¥o ﬂ
¥ULL

‘ YES NO
p2ady I F1 H 2 ' F3 | Fu ” rs ” ré l ,B

Figure 4-59: BOOST Command

The BOOST parameter must be either NULL, YES, NO, or a number from 1 to
65,535, If NULL is selected, the torque remains unchanged. If YES is
selected, extra torque is  applied to a Motor. 1f NO is selected, extra
torque applied to'a Motor by a previous BOOST YES command 1is removed from a
Motor. If a number is entered, torque {s sutomatically applied to a Motor
st the beginning of acceleration or deceleration and remains applied after
scceleration or deceleration for the nuzber of milliseconds specified by
this number. A BOOST command with a YES or NO disables this automatic
torque,.
o
’ Note
en using the YES parameter, remenber that the P-Drive Motor can only
ve extra torque applied to it for 20 seconds and must go back to
ormal torque for 40 seconds before extra torque can be reapplied to
t. I1f these limits are exceeded, the Motor will automatically go back

o its normal torque,

To enter the BOOST parameter for each axis, position the cursor at the
desired axis using the left and right arrow keys or the AXIS keys, press the
appropriate function key or enter & nuzber using the keypad, and then press

ENTER.

The e‘ample shown in Figure 4-59 applies extra torque to Axis 1 and Axis 2,
and removes extra torque from Axis &. The torque on Axis 3 remains

unchanged.
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Note

OST output on the Motor Drive Cennector shares the same 1811 TTL
1 line as the OUTSTR OUT 2 output on the Auxiliary Comnector. To
1 the BOOST output, Iinstall jumper JU4 and remove JU3. These two
rs are mutually exclusive. The 3000 default strapping is with
- JU3 installed selecting OUTSTR OUT 2. If the 1811 TTL control
is strapped to jumper JU3, any attempt to invoke the BOOST

unction will result in affecting the OUTSTR OUT 2 output.

|
(F3, L!’ngc
activating

holding to
command is

4.3.6.2, SHTDN Command
5) The SHTDN command removes regular torque from a Motor by
the SHTDN {input on the motor/drive. This can be used to renove

tque to allow manual positioning of a load. The format of the

shown in Figure 4-60,

HELP

YIS KULL o]

TES KD
r3 | F& ll Fs I' ré I

0020 SETDN

KULL

]

TES

- The SHTDN
the torgue

Figure 4-60: SHTDN Command

parameter must be either NULL, YES or NO. If NULL is selected,
remains the same, If YES is selected, regular torque 1s removed

from a Mot

or. If NO is selected, regular torque removed from a Motor by a

previpus § TDN YES command is reapplied to the Motor.

To enter

he SHTDN parameter for each axis, position the cursor at the

desired axis using the left and right arrow keys or the AXIS keys, press the

appropriat
ENTER.

The e
2, an
uncha

ampl
d re
nged.

function key or enter a number using the keypad, and then press

shown in Figure 4-60 removes regular torque from Axis 1 and Axis
pplies regular torque to Axis 4., The torque on Axis 3 remains
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} Note
i

orque can also be removed from a Motor by a device connected to the
uxiliary Connector or a Joystick connected to the Joystick Connector.

15 is done via the SHUTDOWN inputs on these connectors. The SHTDN
ES command disables these SHUTDOWN inputs preventing torque from being
emoved by these devices. The SHTDN NO command re-enables these
HUTDOWN inputs allowing torque to be removed by these devices. Torque
an never be removed from a Motor from any source while the motor is
unning, and a Motor cannot be moved if torque has been removed from
t by any source.

1 4.3.7. EDIT Menu -- Program Control

The 3000 executes the statements or commands in the program segquentislly.
irst program statement (the one with the lowest line number) is
ly executed first, followed by the program statement with the next
t line number, etc. Each command is executed in turn until all have
ed, then the system awaits further instruction. This simple program
ure is adequate for many tasks. ..

pplications however, are repetitive, require synchronization with some
al event or need to respond to different situations with different
s. These applications require program control functions that allow
ejuence of command execution to be more complex than the simple
ion described above. '

control commands alter the flew of command execution in a variety of
ways.| The loop command instructs the machine to perform a sequence of
commands a number of times -- perhaps indefinitely. Subroutines provide a

neat and orderly way to "call up” a frequently used set of instructions.
Branch comnmands cause the program to jump to a specific place if a series of
external conditions is matched. Trigger functions cause the 3000 to halt

PIOEY execution until a specific external bit pattern is sensed. The
DWELL| command causes the 3000 to pause for a predetermined amount of time.
These commands allow relatively small yet very powerful programs to be
written with considerable ease.

The 3000 offers the following program control commands:

DVELL - Causes the 3000 to pause for a programmed number of
milliseconds before executing the next command.

LO0P - Defines the beginning of a group of commands to be
performed a number of times.

———

ENDLOOP - Defines the end of a group of commands in a loop.

ey
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BRANCH - Jumps to a specific program statement if a specific bit
pattern is present on the OPTO-22 compatible inputs. The’
bit pattern is examined once when this command is executed.

ONTRIG - Jumps to a specific program statement if a specific bit
pattern is present on ths OPT0-22 compatible inputs. The bit
pattern is examined every 100 milliseconds and between commands.

IF THEN - Compares two variable and, if the result is true, the
program branches to a line number specified by the command.

9YRIG - Causes the 3000 to pause program execution until a specific
bit pattern is present on the OPTO-22 compatible input lines.

COSUB - Instructs the 3000 to jump to a subroutine that contains a
series of frequently used instructions.

RETURN - Returns from a subroutine to the main program.
GOTO - Causes the 3000 to jump to a specific line number.
VAIT - Causes the 3000 to pause until the specifi?d axes have

finished their moves before proceeding to next command.

4.3.7.1.  DWELL Command

(F5, Fage &) _The DWELL command causes the 3000 to wait for a‘specifiéd

amount
format

of time before executing the next statement in the program. The
for this command- is shown in Figure 4-61.
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L
‘0050 DWELL 1500 HILLISECONDS ﬁ

HELP

B (8

.

Figure 4-61: DVWVELL Command

In this example, the 3000 is to wait 1500 milliseconds before continuing
‘execution. This number can be entered from the keypad or can be a
variablé. Pressing F1l followed by a number and ENTER causes this command
the specified variable. If you enter the number from the keypad, it
e less than 1,073,741,824. The time delay will not start untll the
ctions for any previous line statement are cemplete. For example, if
a Preset Move is being performed in the previocus line, the Motor must

4.3.7.2. L00P Comnmand

age 2) The 3000 will repest the Instructions that occur between the
and ENDLOOP statements a specified number of times. The LOOP and
ENDLOOP commands must always be used in pairs. The 3000 allows the loops to
be nested. That is, you can have a loop within a loop, nested to eight
The format is shown in Figure 4-62, vwhere nnnnn is the number of

times to repeat the statements within the loop.

o090 Loor nenn

= oL C )

Figure 4-62: LOOP Command
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The nugber nnnnn cannot exceed €5535. If nnnnn equals zero, the 3000 will
repeat the group of statements forever. A variable (Q1-Q99) may be used.

------------ ccc-mcssemnecacssanaSTART EXAMPLE--~v»rr-cvccacncsccenccmenmmmmomos
Examplﬁ

0100LO0P 10 '

0110MOVE ' 25000 o 0 o

0120DVELL 1000 MILLISEGONDS

0130ENDLQOP

01400UTPUT XXX 0D XX XXX1

0150DORE

------------ decassssemmcencssa-END EXAMPLE--w+----cevocmorarmsumosensanns

In the |example shown above, a 25000-step/rev Motor connected to Axis 1 will
move one revolution and then will wait for one second. This sequence will
be repeated 10 times; then the 3000 will set Output Bit 16, leaving the
state of all other output bits unchanged.

4.3.7.3. ENDLOOP Command

(F2, P 3i'25 ' The LOOP and ENDLOOP commands are always used in pairs. See
Section 4.3.7.2 for an example of how to use this command at the end of a

4.3.7.4. BRANCH Command

(F4, Page 2) = The BRANCH command allows you to examine the state of the
programmable interface bits and execute one of two different program
statements based on the state of those bits. If the bit pattern matches the
pattern in the BRANCH statement, the 3000 will then jump to the statement
nurber | specified on the BRANCH statement and continue program execution
beginning with that statement. 1f the pattern does not match, the 3000 will
execute the next statement in the program. The bit pattern is examined once
when this command is executed. An example of the BRANCH command is shown in

Figure 4-63.

NCE  0JXX D03 XOX XXXX  THEX 500
uee] | 190 lo i}

Figure 4-63: BRANCH Command
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The four groups of digits following the word BRANCH represent the 16 input
bits the programmable interface, numbered 1-16 from left to right. The
number to the right of the THEN statement is the line number the program
will § to if the Input state matches the compand. Zeros represent logic
1(high) inputs and are specified by pressing function key F2 when the cursor
is under the desired bit location. Ones represent logie 0 (low) and are
selected with F3. Xs are »don‘t cares,” and no comparison will take place
on bits marked with an "X" (selected with F4).

In the example shown in Figure 4-63, if Trigger Bit 1 is OFF (high) and
Trigger. Bit 2 15 ON (low), the 3000 will go to statement number 5000. If
those two trigger bits are in any other state, the 3000 will execute the
statement following nuzber 0100. The condition of Bits 3-16 are jgnored in
this example.

4.3.7.5. ONRTRIG Command

(F4, Page B) The ONTRIG command allows you to continuously examine the
state of the programmable interface bits and, if the bit pattern matches the
pattern in the ONTRIG command, the 3000 will jump to the statement number
specified in the ONTRIG command and continue program execution beginning

The 3000 begins to check the bit pattern 2as soon as the ONTRIG command 1s
executed and continues examining the bit pattern every 100 milliseconds and
between the execution of commands. The bit pattern is checked until one of
ollowing conditions is met: the bit pattern is found, the program
terminates, or another ONTRIG command with a different bit pattern is
encountered in the program stream. In the last case, the 3000 starts
looking for the new bit pattern.

Rote
hen the bit pattern is found, any command in progress is completed
efore 'branching occurs, except for the DWELL, TRIG, MOVE, HOME, and

AIT commands. The 3000 will abort the DWELL and TRIG commands and
then branch, but will branch while the MOVE, HOME, and VAIT commands

are still in progress.

An example of the ONTRIG command is shown in Figure &4-64.
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o080 ON DIXX XKXX XX JOOX GO0 1O 3000 ﬁ

2 R [ A | R [N e

Figure 4-64: ONIRIG Command

r groups of digits following the word ONTRIC vepresent the 16 input
£ the programmable intexface, numbered 1-16 from left to right. The
nutber to the right of the GOTO statement is the line nurber the program
will jump to if the input state matches the command. Zeros represent logic
1 (high) ig}ts and are specified by pressing function key F2 wvhen the
cursoy| ik under the desired bit location. Ones represent logic 0 (low) and
are selected with function key F3. Xs are sdon't cares", and no comparison
will ¢ RF p}afe on bits marked with an "X" (selected with function key F4).

In the example shown in Figure &4-64, if Trigger Bit 1 is OFF and Trigger Bit
2 is ON, the 3000 will interrupt wvhatever it is doing to go to statement
number] 5000. 1f those two trigger bits are in any other state, the 3000
will continue the execution of the program. The condition of Bits 3-16 are

ignored in this example. '

4.3.7.6. 1F THEN Command

(F3, Fage 8) The IF THEN command (Figure 4-65) compares two variables and,
based on the result of this comparison, will either jump to a new line
number in the program or continue executing the program sequentially. If the
comparison is true, the execution of the program centinues with the line
nusbey found to the right of the IF THEN command statement. If the
comparison is false, the program execution continues sequentially. The

format of this command is:
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F Qn operator Qu THEN nbr

ere.;

Qn, Qom Any 2 of the 99 Q variables, or an integer may be

| used instead of the Qo variadble.

nbr The statement number in the program to be executed
if the comparison is true,

operators

- If Qn iz equal to Qm, go to statement "nbr";
otherwise, execute the next statement.

<> If Qn is not equal to Qm, go to statement "nbr";
otherwise, execute the next statement.

< If Qn is less than Qm, go to statement "nbr";
otherwise, execute the next statement..

> If Qn is grester than Qm, go to statement “nbr";
‘othervise, execute the next statement. T

< If Qn is 1¢£§ than or'equal to Qm, go to statement
"nbr"; otherwise, execute the next statement.

D - If 'Qﬁ is pgreater _thaﬁ or equal to Qm, go to

- +-statement  "nbr";. -otherwise, execute the . next
statement,

OR If the logical OR of Qn and Qm results in a non-
zero value, go to statement "mbr". If the result
is zero, execute the next statement.

AXD If the logical AND of Qn and Qm results in a non-
zero value, go to statement "nbr". 1If the result
is zerc, execute the next statement.

., 00SD IF W - o TEEK ]
LN e - < > AND or 1]
<« =1 |
e (= =3~ [0
Figure &4-65: IF THEN Command
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In the following example, Axis 1 makes a 25000 step move five times and,
. vwhen the IF THEN statement becomes true, the operation stops.

---------- eem-ecce-ecccececaccoSTART EXAMPLE----c--ceccmemcecnmeecacaneana.

0130MOVE
0140MATH
0150G0TO
0300DONE

{F3, Page 2)

QL =35

Q2 =0

Q2 =~ Q1 THEN 300
25000

Q2 =Q2+1

0120

4.3.7.7. TRIG Command

The TRIG command (Figure 4-66) instructs the 3000 to wait

until the bit pattern on the 16-bit programmable interface matches the

patte

set in the TRIG Menu.

It will wait forever until this condition is

met before executing the next line of program. Refer to Section 4.3.7.4 for
details on setting the comparison cendition for each bit,

HEL?P

0110 TXIC Dln m XXX mx (1-16)

*jr‘“nr’ﬁrﬁr“r?m 7

Figure 4-66: TRIG Command

------------ ceeemmeececececern-START EXAMPLE-ceccecnaneecomcmcennaomeannanns

0100MOVE
0110TRIG
0120;§VB
0130DORE

10000 o 0

O1XX XODIX DX XXX1

25000 0 o

0
0
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In this example, Axis 1 completes a move of 10000 steps then, waits until
Input Bit 1 goes high and Inputs 2 and 16 go low. Then the 3000 will move
Axis 1 25000 steps. The state of Input Bits 2-15 will not be examined,

4.3.7.8., GOSUB Command

(F1, Page 3) This command causes the 3000 to jump to a subroutine., When
the statement is executed, the 3000 remembers where it is in the program and
then jumps to the statement number specified in the GOSUB command. When the
3000 encounters & RETURN statement, it will come back to the next statement
after the GOSUB. GOSUB statements may be nested; that is, you can GOSUB to
a subrountine, which in turn does a GOSUB to another subroutine, etc., to a
depth of eight levels. Once a subroutine is defined, {t can be called with
the GOSUB command as many times as needed. The format for this command is
shown | in Figure 4-67, vhere nnnn is the first statement number in the
subroutine,

| o
- %%‘r-—:m@’&@

0100 COSUB  nnnn 1]
Le—] [ —o

3 I

I

HELP

Figure 4-67: GOSUB Command

------------------------------- START EXAMPLE---cccacccoroncccaanncacamanann-
0100GOSUB 5000

0110MOVE 1000 o 0 o

0120DONE

' S000MOVE 0 25000 0 O

S010DWELL = 1500 MILLISECONDS

5020RETURN

----------- eeeccececaeccccccnn=vEND EXAMPLE--ccvceesrecccccaccarroromanacns

When the 3000 executes the program shown in the example above, it will go
from line nunmber 0100 to line number 5000, which performs a 25000-step move
on Axis 2, wait 1.5 seconds, and then return to line nunber 0110 to perform

a 1000-step move on Axis 1.
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4.3,7.9. RETURN Command

(F2, FRage 3) This command is used in conjunction with the GOSUB command,
It causes the 3000 to return to the program statement following the CGOSUB
statement that caused the program to move to the subroutine. Refer to the
Section 4.3.7.8 for an example of how this command is used.

4.3.7.10. GOTO Command

(F3, Page 3) The GOTO command causes the 3000 to jump program execution to
the rogram  statement specified in the command and begin executing
instructions starting with that line number. Either a numeric value or a
numeric  variable may be used to specify the program statement number. The
format for this command i{s shown in Figure 4-68.

I1f a 0 is specified, the program execution will jump to the beginning of the
program. If a non-existent program statement number is specified, the
program will abort. 1If a negative program statement number is specified by
the Q |varisble, the program will also abort, A negative program statement
number| cennct be entered directly. .

| lugie] 1 0200 coto0 5000 {]
Q
MERY n I | r2 | I T3 ' I 4 I | s I m 0

Figure 4-68: GOTO Command

le shown would cause the program, upon hitting line 0100, to jump
directly to line number 5000 and begin executing at that line. Program

4.3,7.11. VAIT Command

(F5, Page 3) The WAIT function instructs the 3000 to walt for specific
axes to have completed their Preset Moves or to have completed acceleration
or deceleration of Continuous Moves. Each axis may be specified to wait or
not wait individually. The next program statement will not be executed
until all axes specified to WAIT have finished. This command is intended to
be used in conjunction with the MOVI command te allow flexibility in
sequences of moves on multiple axes. The WAIT command {s shown in Figure

4-69.
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weoe] [O130 A ™™ Yym Y/ YW 1]

Figure 4-69: WAIT Command

In Figure 4-69, y/n is one of the following:

n -- KO, do not WAIT on this axis
y -- YES, WAIT for this axis to finish

To specify the conditions for each axis, move the cursor with the left and
right arrT:s to the location corresponding to the axis and press F3 or F3

followed by ENTER,
------------------------------ START EXAMPLE--vvescrcocccccccernmnanan-aces
0010%0VI 25000 $0000 0 0
0020¥AIT | YES - NO - . NO NO
0030M0VI 25000 NULL O (o]
0040WAIT | YES YES NO NO
Q0SOMOVE -36000 22525 0 0
----- eeecleccecesescemacaeccecesEND EXAMPLE---cccccacrrracacccccccnnsannnns

In this example Axes 1 and 2 both begin Preset Moves of different lengths.
The 3000 will wait for Axis 1 to finish its first move and will start Axis 1
in its second move before Axis 2 has finished its first move. The 3000 then
waits for both axes to finish before starting the final pair of moves.

.3.B. EDIT Menu -- Position/Coordinate Reference

The 3000 Has one command that you can use to select absolute or incremental
positioning of each axis and two commands that you can use to establish the
sero| location for axes that are being used in absclute mode {(refer to the
UNIT$§ command in the SETUP Menu). Axes being used in absolute mode
reference all positions to a zero position. Preset Moves in absolute mode
move | to the command position, which 1s relative to zero. This is different
from| incremental positioning, where the distance command specifies the

amount to move.
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The thres referencing commands are:

a, MODE - Set absolute or incremental positioning.

- Search for the HOME input active position.

F - Set the current absolute position. This command can be

0) or it can be used to declare the current position to be some
nonzere position. This latter feature is useful for specifying

The HOME command can also be used when programming in incremental mode to
establ{sh a mechanical reference. This is usually done once at the beginning

of a progr

(F2,

i 4.3,8.1, MODE Command

Ppge 5 The MODE command allows you to select either sbsolute or

incremental |pesitioning. for each. axis at .any point. in. the program. - The
choice of absolute or incremental positioning affects the meaning of the
distante specified for the MOVE and MOVI commands in the EDIT Menu. For
axes vhere incremental positioning is specified, the distance on the MOVE or
MOVI parameter line is the distance and direction to move away from the
current position. For axes in which absolute positioning is specified, the
- distan¢e on the MOVE and MOVI parameter line is the position relative to the
zero reference posit:lon established on power-up or by the PZERO or FPDEF

functions.
' 1 T_INC
HELP 0110 uonz M_ARS " m':': ARS " u: A . e £ ms ﬂ
<« =>
[rand ’\]r ‘|r > ][ 3= [ ] J

Figure 4-70: MODE Command
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ODE command also determines whether distance units (before multipli.
by each axis’ UNITS pultiplier) are to be specified as motor steps or
er _steps. Encoder steps may be specified as the distance unit for
equipped with the Encoder Interface (-F option). If distance units of
er steps are selected with the MODE command, remember that the 3000's
ature| detector multiplies the Encoder’s standard line rate by 4, so a
1000-1ine encoder produces 4000 steps/rev when used with a 3000.

escriptors on the second line of Flgure 4-70 indicate the following:

Description

No change

Motor steps, incremental positioning

Motor steps, absolute positioning

Encoder steps (after quadrature), incremental positioning
Encoder steps (after quadrature), absolute positioning

To enter the MODE parameters for each axis, position the cursor at the
desirled axis using the left and right arrow keys or the AXIS keys, press the
appropriate function key, and then press ENTER. :

Figure 4-70 shows a setup that specifies that Axes 1, 2, and 3 in the
machine are configured open loop, with distance units of Motor steps (before
lication by the UNITS multiplier) and absolute positioning relative to
axis' HOME position. Axis 4, equipped with an Encoder, will interpret
istance entries to be Encoder counts after quadrature detect and will
te with an incremental coordinste systen.

4.,3,8,2. HOME Command

Page |3) The HOME command allows you to program the 3000 to search
idually for the HOME input active position for each axis. Those axes
ted to search for HOME will begin moving in the specified direction at
elocity most recently specified in the VELC command. When the HOME
becomes active, the axis will decelerate and backtrack if necessary to
e at the HOME position. The HOME position is a function of the active
, asctive edge, final approach direction, and final approach velocity.
f these parameters can be defined using the SETUP HOME function,

ormat for the HOME command is shown in Figure 4-71. Each axis in the
ommand has three possible entries:

. 0 - do not do the HOME move
b. ES- - start HOME in the "-" directicen
c. 'ES+ - start HOME in the "+" direction.

The *+* direction refers to clockwise shaft rotation when the Motor is
viewed from the mounting flange end.
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NELP N140 HONE YES~ YIS+ Mo NO 1]
YES+ ND YES~-
’ L] =
ENU n " r2 l | 3 ' ra I rs I | re U !

e - Figure 4-71: HOME Command

In the example shown in Figure 4-71, Axis 1 will begin the HOME move in the
counterclockwise direction and Axis 2 will begin motion in the clockwise
direction. | Both Axes 1 and 2 will start at the same time. Axes 3 and 4
will fot move HOME, The next statedent in the program will not be executed
until| Axes| 1 and 2 have either successfully found the HOME inputs or
encountered both "+" (CW) and "-" (CCW) limits.

shows the Homing cycle starting initial search for the HOME
input {{1). | When the active edge of interest is found (2) either at constant
veloc{ty or during acceleration; - the 3000 will begin to- decelerate the
Motor This results in overshoot due to deceleration (3). The 3000 notes
the distance it has overshot and will perform a recovery move (&) to get
back to the approximate location of the HOME position. Then the final
approach (3) to the HOME position will be performed.

Figure &-7

¥
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Figure 4-72: Homing Cycle

1 INITIAL SEARCH
(CONSTANT VELOCITY)

3 DECELERATION
OVERSHOOT

VELOCITY
5 FINAL
| APPROACH
— = —-o—| == APPROACH
VELOCITY
0 F Y
. ACTIVE HOME EDGE
] 4 RECOVERY
MOVE
VELOCITY ACCELERATING

DECELERATING
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4.3.8.3, PDEF Command

(F3, Page &) The PDEF command (Figure 4-73) is used to define the current
motor | position as a given absolute position. PDEF assigns an sgbsoclute
position value to the present position. Each axis may be given a different
value, a number or & variable. Any variable or number will be multiplied by
the ppsition scale factor specified with the UNITS command, Any axis may
have the entry, which indicates that it is left alone (not redefined).
Axes that do not have a NULL entry must be stopped vwhen this command is
ed. If Incremental positioning is being used, the PDEF command
has nb immediate effect. However, if the MODE command {s used later, the
ference is that which is established by the last PDEF command.

seee] || 0350 roEY 1000 @y wuiL NULL
NULL

2 N T R 0T i 1 e

13

Figure 4-73: PDEF Command

The féur sets ofsparameters define the value for the absolute position for
each bf the four axes. To enter a numeric value for position, enter the
nuzbey on the keypad and press ENTER. To choose a variable, press function
key Fl followed by the variable number (entered on the keypad).

The ekample in Figure 4-73 specifies that the present position of Axis 1 is

to be| declared absolute position 1000. The present position of Axis 2 is
declared to be the value of varisble Q9. Axes 3 and 4 are left undisturbed.
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.3.9. .EDIT Menu -- Arithmetic/Computational

‘ 4.3,9.1. MATH Command

(F5, Page 1) The 3000 is capable of processing numbers and variables. The
MATH command allows you to specify parameters with numeric variables instead
of fiixed bers and perform arithmetic operations on these variables, You
can wuse this command to dynamically alter the distance traversed, the
number of times a loop is executed, the length of a dwell, etc. Numeric
variables can be defined dynamically during program execution with the INPUT
command (see Section 4.3.10.1) and can be scaled, offset, converted, etc.
with the MATH command. The MATH command is a powerful computation function
that permits the following operations:

Operator

+ Addition

- Subtraction

/ Divisicn

* Multiplication ]
AND Boolean Multiplication
OR Boolean Addition
XOR Boolean Exclusive Addition
CcoM “ Complement of a Binary

- RNumber
BIN Conversion of Binary Coded
Decimal to Binary

BCD Conversion of Binary to

& A Binary Coded Decimal

Up tq 99 variables, labeled Ql through Q%9, are stored internally as 32-bit
integers, giving each variable the range of -1 billion to +1 billion.
Varigbles lcan be used by a variety of commands (MOVE, VELC, ACEL, DVELL,
LOOP, STRA, STRE, STRL, STRO, STRV, STRD, IF THEN, GOTO and BOVI), but they
must {be defined with a FATH command prior to their use in one of those
commands .

Varisbles may be read into the 3000 "on-the-fly" while the program is
execyting in the 3000 Remote Command Language.

The fiormat| for the MATH command is shown in Figure 4-74. 1In this example On
is tHe variable Q1 through Q99, operand#l and operand#2 are numbexrs or other
varigbles, snd operator is one of those listed in the above table. Press
the ETC function key to display all the operators that can be used with this
commind. The operator and operand#2 are not required for all forms of this

command.
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Model 3000 Indexing System

- o] 00000
HELP ogao HAT!‘QOO 02 00 + . p LT, 1]
HENU 3 ” ra . | I F3 I | re I | rs | | re l 3

Figure 4-74: MATH Command

The operators AND, OR, and XOR perform Boolean operations on Operand#l and
These operations can be used with the INPUT Qn = SRC2 command to

greater flexibility in conditional branching.

perators COM, BIN, and BCD perform different types of conversions on
and .are-used primarily with the INPUT Qn = SRC2 command and the

OUTP Qn Qm command. Operand#2 is never present vhen using these
operdtors.

COM fpomplements all 32 bits of Operand#l. BIN converts a Binary Coded
Decinal number specified by Operand#l into binary. The number must not

d 4 digits or 9999. . If any of the 4 four-bit digits exceed 9 or if the
order 16 bits are not eero, the Q variable is set to 0. BCD converts a
nugber specified by Operand#l into Binary Coded Decimal. If the
rsion results in a number greater than 9399, the Q variable will be set

Note
There must be a space on either side of the operator for the statement
to be interpreted correctly.

------------------------------ START EXAMPIE---c-ceccerrccccrrcccvvacncccnr-n=~
0010§ATH Q1 = 250000

0020MATH Q6 = Ql

0030MATH Q4 = Q1 * S00

O04OMATH Q5 = Q4 / Q6

O0S0MATH Q6 = Q6 + 1000

O06ONATH Q10 = Q4 - Q1

0200100P Q5

0210MOVE Q1 Q& O O

0220DWELL Q10 MILLISECONDS

e END EXAMPLE----vr-ccevm-memmmensc=onsonmns
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Note

Numeric variables must be defined with the MATH function before they
pre used by the rest of the program.

4.3.9.2, Indexed Variables

The 3000 allows the use of indexed wvariables. The format of an indexed
variable is:

QQn
Vhere: Q= Q

Qn = the value of the variable defined by the MATH command,
which becomes the variable number of Q.

To i1lustrate how the 3000 treats variables and indexed variables, let's use
the Eﬂmpl below for one indexed variable. When the 3000 encounters

varizble Q10, it replaces this varisble with 20. Vhen the 3000 encounters
d variesble QQ10, it does the following: first it replaces Q10 with
20, thus indexed variable QQl0 becomes variable Q20; then it replaces
varisble QZ0 with 50000, causing the axis to move 50000 counts.

0100M
01104
0120M

Using s¢

0100M
011014
0120M]
01304
0140E
0150D
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.3.10. EDIT Menu -- Input/Output

ands are used to assign values to a specified variable from

ks sources during program execution and, display the value of a
fied variable and the status of each axis on the Front Panel Display.

NPUT - Assign a value to a specified variable

ATA - Store the values to be used by the Q variable in the INPUT
n = SRC3 command

ITE - Display the value of a specified varisble on the Front
anel Display

DISFLAY - Displays parameters associated with the status of each
axis

QUTFUT - Places a specified bit pattern on the programmable output
connector

4.3.10.1. INPUT Command

4) The INPUT comnand allows you to assign a value to a wvariable

program execution from one of several different sources. The format
INPUT command is shown in Figure 4.75.° Qn refers to the variable

be assigned a value and SRCx refers to the source of that value.

5,,_.,_?, 0020 IKrT7 00 : )
lm:[n”lrz”n”’;'n\”rs”mr..gaz:>

Figure 4-75: INPUT Command
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The following lists all the values for SRCx and their functions:

SRCO - |Requests that the value of the variable be entered from the Front

ts that the value of the variable be entered from the remote
al or computer,

SRC1l - |Reque

he input 16-bits of the programmable interface as the value

SRC2 - (Sets
of the variable.

SRC3 - [Sets the next value specified in the current DATA command as the
value of the variable. '

SRC4 - [Resets the DATA command pointer to the beginning of the first DATA

d, but does not change the value of the variable.

SRC5x - Sets | the last byte of the two-byte response of the 1811 Indexer 88

nd of the axis specified by x as the 8 low-order bits of the
ble.

SRC6x -/ Sets|the current position of the axis specified by x as the value

e variable.

the current velocity of the axis specified by x as the value
e variable.

SRC7x -| Sets

SRCO causes the 3000 to display the message ENTER DATA Qn = 0 on the Front
Panel Display, which requests that you enter a value for the variable using
the keypad on the Front Panel. SRCl {5 the same as SRCO except it causes
the message INPUT Qn? to be displayed on the remote terminal or computer a&nd
expects| the response to be entered from one of these devices. String
variables may be used with both of these INPUT commands to explain what the
variable fepresents. The following statement will cause the message SAMPLE
NUMBER? | instead of ENTER DATA Q7 = 0 to be displayed on the Front Panel

Display

0200IRPUT Q7 = SRCO Q100
Note
Stying variables can only be defined remotely using a terminal or
cogputer However, once defined, they can be used directly by the
3000.

SRC2 uses the input 16-bits of the programmable interface as the value of
the wvarfiable, These bits can be set by thumbwheel or other digital
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equiphent and are in Binary Coded Decimal form. If the device sets the bits
to 1 by being connected to ground, this is cslled a negative logic device.
If the device sets the bits to 1 by being connected to VCC, this 1g called a

positive logic device.

In order to perform any arithmetic operations with the variable, it must be
in negative logic binary form. This conversion is done using the MATH
command, The following example converts a negative logic Binary Coded
Decimpl nunber to binary:

0100INPUT Q7 = SRC2
O110MATH Q7 = BIN

converting a positive logic Binary Coded Decimal number to binary,
omplement must be taken to convert negative logic and the 16 high-
order| bits must be masked off. 1n the following example, statement 0110
compléments the 16 input bits producing 32 bits, statement 0120 masks off
the high-order 16 bits, and statement 0130 converts these bits to binary:

0100INPUT Q7 = SRC2
O110MATH Q7 = COM

. O120MATH Q7 = Q7 AND 65535
0130MATH Q7 = BIN

SRC3 |causes the 3000 to get the value of the variable from the DATA
d(s). Therefore, when using SRC3, at least one DATA command must be
ed in the program. SRC4 resets the value to be used for the variable
first valué in the first DATA command, but does mot assign this value
variable. Refer to Section 4.3.10.2, DATA Command, for a detailed
sion | of the relationship between the DATA command and the INPUT

command,
SRCSx| requires x. to be a value from 1 to 4 representing one of the four
axes The| second byte of the 1811 Indexer 88 command represents the move

of the axis specified by x. The following defines each bit of this
byte:
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it o ->1 the + direction 1limit switch is asserted
-> 0 the + direction limit switch is not asserted
itl->1 the - direction limit switch is asserted
-> 0 the - direction limit switch is not asserted
it 2 ->1 the HOME limit switch is asserted
>0 the HOME limit switch is not asserted
it 3/ ->1 the direction of motion is - direction
-> 0 the direction of motion is + directioen
it 4|->1 the motor is moving
> 0 the motor is not moving
it 5->1 the motor is at constant, nonzero velocity
-> 0 the motor is not at constant, nonzero velocity
it 6 ->1 the motor is accelerating
>0 the motor is not accelerating
it7/>1 the motor is decelerating
-=> 0 the motor is not decelerating

SRC6x and SRC7x require x to be a value from 1 to 4 representing one of the
four laxes. The current position and velocity in the units specified in the
URITS submenu for the specified axis is used as the value of the
le. | These:are the same values that the DISPLAY command displays on

ront Panel Display.
4.3.10.2. DATA Command

Page 5) The DATA command stores the values to be used by variable Qn
e ‘INPUT Qn = SRC3 command during program execution (see Section, INPUT

TA command may contein as many numeric constants as will fit on a line
ny nugmber of DATA commands may be used in one program. The 3000 treats
onstents in all the DATA commands 4in a program as one continuous list

the
of items or one continuous DATA command. Each DATA command is placed in
ordey by 4its line number. When the 3000 encounters an INPUT Qn = SRC3

nd during program execution, it uses the constants in the DATA commands
fter another each time it encounters the Qn variable used in this INPUT

one
command. An INPUT Qn = SRC4 command causes the 3000 to return to the first
constlant in the first DATA command, but does not assign this value to the

The flormet for the DATA command is shown in Figure 4-76.
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HELP

0040

DATA O

Each
by a
space|

The
and 5

IHENUI

J

Figure 4-76: DATA Command

ATA parameter must be a number from 1 to 31 digits in length separated

pace

Enter each number using the keypad, separate each number with a

by pressing C/E, and then press ENTER.

rogr

steps, and then jump to statement 0300.

s below show the use of the DATA command to move Axis 1 50, 44,

The first program resets the

DATA command to the first constant 50, whereas the second program does not.

0100D

018

02001
02051
0210M
0240G
03001
0210V

0100D

0180

02001
02051
0210M
02406
0310V

TA 50 44

-9

PUT Q1 =-
Ql = Q4
VE Q

T0 200
PUT Ql =
LC 25000

TA 50 44

-9

PUT Q1 -
QL = Q4
VE Q

T0 200
L 25000

56 99

SRC3

'THEN 300

-,

SRC4
2500

56 99

SRC3
THER 300

2500

IR RN NI .--.o-t..m EXAMPLE"“‘"'"'"""""“'" """""""
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Note
1f the Qn variable in the INPUT Qn = SRC3 command is encountered during
program execution after all the DATA command constants have been used

e program will abort.

4.3.10.3. WRITE Command

Page 4) The WRITE command displays the value of the variable on the

Panel Display, or the remote computer or terminal. For the Front
DPisplay, you can also specify the location of the number on the
a region of the Display to be cleared. The format is shown in
, where the first parameter specifies the beginning column to be

ed and the second parameter specifies the number of columns to be
ed (there are 40 columns on the Display). The beginning column the

111 be displayed into is specified by the third parameter, If
jeter is greater than 40, the variable will be édisplayed on the

this par
remotle terminal or computer. The vsariable to be displayed is specified by
QCO0. Each parameter must be separated by a space and the command
incorporated by pressing ENTER.

‘ 00)0 WRITE 00 00 00

HELP q {]

‘ Lo =>

MENU r ” r2 ” r3 Imml ré |

Figure 4-77: WRITE Command

Both numeric and string variables may be displayed. A string varisble is

left [justified, and a numeric variable is right justified converting leading

zero

s to blanks. When displaying variables on the Front Panel Display, "Qn

=" always preceeds the variable value. Vhen displaying variables on a

term
foll
the
selec|

al or computer, only the value of the variable is shown. The
ing example displays several variables on the Front Panel Display on
ame line by executing several WRITE commands, where each command

ts a pgifferent part of the Display to be written into:
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----- deweeeevoccuccacesneaaase-START EXAMPLE-cecccocavmmcconsammmmmmmncannn
0020WRITE 1 20 1 Q
0030WRITE 20 40 20 Q2

The flirst WRITE command will clear columns 1 through 20 on the Display and
displ y‘tht value of Q1 starting at column 1. The second command will clear
columhs 20 through 40 and display Q2 starting at columm 20. In this manner
two variables can be displayed at once.

Note

Then using the Front Panel Display, if your starting column number does
ot allow for the maximun size of your variable plus the variable name
17 characters), those characters that cannot fit will be written on
op of each other in the last column (column 40). Thus, all of the
haracters that are written over will be lost and only the last digit
r character will appear in coclumn 40. '

4.3.10.4. DISPLAY Command

age 4) This command is identical to the DISPLAY command in the Main
except that in the EDIT Menu the DISPLAY command can be given a line
ané placed in a program to trigger changes in the display format
program #xecution.. Refer to Section 4.3.2.10 for a detailed
discussion [of the use of this command. '

4.3.10.5. OUTPUT Command

(F5, Page 2) The OUTPUT command (Figure 4-78) contrcls the state (0 or 1)
of the optically isolated output bits on the 16-bit programmable output
connector. Fifteen of the sixteen output bits are programmable, the first
bit (output bit 1) is hard-wired as the machine status output; it is OFF
(high) when the 3000 is operating correctly and ON (low) when it 1is not.
The sitatus| of this bit is indicated by the STATUS lamp on the Front Panel.
ommand is useful for triggering external events at predetermined times

program execution.
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WELP 0010  OUTPUT X10 XXXX DX XXXX (2-16) {]

Figure 4-78: OUTPUT Command

The flour groups of digits following the word OUTPUT represent the 15
programmable output bits of the programmable interface, numbered 2-16 from
left to right. Zeros represent logic 1 (high) and are specified by pressing
function key F2 wvhen the cursor is under the desired bit location. Ones
repregent logic 0 {(low) and are selected with F3. Xs are "don't care,™
snd bits marked with an "X" will remain unchanged from their previous state-

In the example shown in Figure 4-78, output bit 3 is set to 1 (ON, true) and
output bit 4 is set to 0 (OFF, false). The status of the other bits will
remnsin unchanged.

variahles is OUTPUT Qn Qu vhere Qn is the bit pattern of the ocutput bits and
Qu is|the mask. These varisbles must be defined as decimal numbers by the
MATH command before referencing them in the OUTPUT command. These decimal
nuzbexrs are converted to binary by the 3000 to produce the desired bit
pattern and the mask. The maximum decimal number allowed is 32767.

The oytput bits are sent to digital equipment that expects this output to be
in Birary Coded Decimal form. This equipment can be either negative logic,
vhich [sets the bits to 1 by being connected to ground, or positive logic,
vhich [sets the bits to 1 by being connected to VCC. The 3000 uses binary
negative logic, therefore, these bits must first be converted to Binary

Coded Decimal by the MATH command as follows:

O100MATH Q7 = BCD
01100UTPUT Q7

The fdllowing example outputs to a positive logic machine. Statement 0100
converts the bits to Binary Coded Decimal, statement 0110 complements the
bits producing 32 bits, statement 0120 masks off the high-order 16 bits, and
statement 0130 outputs the bits to the positive logic machine:
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100MATH Q7 « BCD

110MATH Q7 = COM

120MATH Q7 = Q7 AND 65535
1300UTPUT Q7

.3.11. EDIT Menu -- Teach

8) The 3000 has a powerful command that you can use to *teach”
re axes a series of positions. These positions can then be
, at any speed and acceleration, over and over again under progranm
This function is useful for robotics, inspection, and general
tasks. The TEACH command is used in conjunction with the AXISwl
I1S#4 keys and the JOG keys to select an axis, move it to a mnev
and store that position. The Joystick may also be used to move
during TEACH. Each axis being “taught” must be in absolute mode

Sections 4.3.3.5 and 4.3.8.1) or the results will be

dictable, The format of the TEACH command is shown in Figure 4-79.

;tLP 0190 TIACH
, <~

Figure 4-79: TEACH Command
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To teafh the 3000 a serlies of position:

ke sure each axis is in the absolute positioning mode (Sections
3.3.5 and 4.3.8.1).

ess the TEACH function key.

ess one of the four AXIS keys (directly above the START and STOP
ys) to select an axis.

ing the JOG keys or the Joystick, move that axis to the desired

desired, select another axis and repeat steps c and d to JoG it
a new position.

en all axes are in the desired positions, press ENTER. This
uses the 3000 to generate a program line with a MOVE instruction
llowed by the current absolute positions for each axis.

Repeat steps 2 through 6 as many times as you wish to teach the
3000 & sequence of moves (limited by the avallable number of
program statements, as shown in Table 1-2).

Vhen the program is run, each axis will make the moves specified using the

velocikies
preceding

nd accelerations specified by any VEL and ACEL instructions
the MOVEs. You may then go back and EDIT the program to fine-

- tune the positions or to change the accelerations and velocities for each

axis,
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semssesmcmcccccccnan START EXAMPLE---cvcccccccrancnmcrecccccrcansaa

e the 3000 commands an X, Y table with Axis 1 controlling the X-

(dimension horizental) and Axis 2 centrolling the Y- (motion vertical). A
rectahgulay motion is desired that graphically looks like:

60000

20000

40000 90000

Press| TEACH, JOG to the first point (lower left), and press ENTER to log in
the first ;oint. Press TEACH again, JOG to the upper left point, and press
ENTER|again to enter the second point.
Contihuing around the finally returning to the first position at the lower
left ¥ill generate a series of MOVEs that look like:
0010MOVE 20000 40000 0 0
0020MOVE 60000 40000 0 0
0030MOVE 60000 %0000 0 0
O04OMOVE. 20000 90000 0 0
0050MOVE 20000 40000 0 0
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%.3.12. EDIT Menu -- Utilities

other useful commands in the EDIT Menu are used to 1ist a line of the

a.

b,

[ <P

Page

tam in Main Memory on the Front Panel Display, delete program lines, and
tate the end of a program:

LIST - Display a specific line of the program on the Front Panel
Display.

DELETE - Erase lines of the program.

DONE - This command indicates the end of a program.  The 3000 will
cease program execution when this statement is encountered.

4.3.12.1. 1IST Command

8) This command instructs the 3000 to display the program line

specified, This command is different than others in the EDIT Menu in that

it 1

The| LYST

erformed immediately; it is not stored in the program as a statement.

command is useful vhen programning, as it provides a way to refer

to & previously entered command for reference.  The LIST command does not

alte

Vhen LIST

is

program 1

indi

(F4,

or p
in Figure

the
dele
the
the

presg ENTE

the.

command listed in any way.

{s invoked, the Display says LIST 0000 and is displayed the cursor

sitioned at the beginning of the 0000. Enter the line number of the

cated

Page

last

line
examp

fne to be listed followed by ENTER. The Display then shows the
program line. ,

4.3.12.2, DELETE Coumand

8) The DELETE command is used to erase one oI more statements,

rogram lines, from the program. The format for this command are shown

4-80, where 0010 is the first statement to be erased and 0500 is
statement to be erased. All coomands tetween these two will be

ted as well. To delete only a single statement, use the keypad to enter

nurber for that statement in the first field (occupled by 0010 in
le shown in Figure 4-80), leave the second field all zeros, and

R.
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DILETE 0010 THAV 0500

0 0 T [ [N i

Figure 4-80: DELETE Command

4.3.12.3, DONE Command

(F2, (Page 8) This command is placed at the end of a program to finish or
terminate |a . program. More than one DONE. statement can be placed in the
30001s memory, which allows different programs to coexist In memory. When
the [DONE command 3s encountered, any axes in motion will immediately
decelerats to a stop. - The RUN function key or the START button must be

pressed in order to begin running again.

----- secefcccacgperreacaceero-START EXAMPLEr-=-crovrorocmcocccvocomonroncns
0010DWELL 200 MILLISECONDS

00204OVE 2500 -350 0 0

O030NONE

O5004OVE 355 -27000 0 0

0510N0ONE

diffdrent program endings in memory. If you enter line 0010 after pressing
the HUN key, the 3000 will execute statement 10, then statement 20, then the
DONE | command in 1line 0030. If the machine is started at a line number
beforde to |line 0500 or branches to line 0500, then the DONE statement in

line (0510 terminates the program.
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The 3
advant
all t}
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Panel

Remote Control Operation

rol operation can be divided intc two groups: the 3000 Remote
; guage, which allows you to implement the 3000 control functions
teruinal or computer; and the 1811 Remote Command language, which
you| to independently control each 1811 Indexer from a terminal or
er.

reinal or computer must be connected to the 3000‘s RS-232C or IEEE-
terface. The REMOTE Submenu in the SETUP Menu is used to select the
erface, The REMOTE Submenu alsc has a TEXT ON or TEXT OFF
select whether the 3000 displays prompts on the terminal or

terface selected with the REMOTE Submenu is always active and commands
1ssued to the 3000 at any time, even when a program is running in the
Commands sent to the 3000 will be inserted concurrently with
cution and both program statements and variable values can be
ny time. ‘

Varning

f a new program is downloaded while another.progr;m is running, the
i1l begin executing the new program. :
.

s are terminated with a semicolon (;). When the semicolon (;) is
3000, it responds with a carriage return <CR> and line feed <LF>
that it is awaiting input. '

with the control-H character is allowed as long as It occurs
semicolon (;) command terminator.

.4.1, 3000 Remote Command Language

lemote Command Language was designed to allow you to take full
age of the 3000 festures without using the Fromt Panel. This includes
te MAIN Menu contrel functions, program creation, SETUP functions, and

.ay. Table 4.3 summarizes the 3000 Remote Command Language.
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fommary

HELP;

MENU;

LOAD;

SETUPR;

START

Table 4-3:

d

RUN FROM <num>;

RECALL;

FZERO;

AGCES

S <num>;

PRINT <um>

THRU

<nam>

DISPLAY;

REPORT;
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3000 Remote Command Language Commands
Description

Explains the two types of remote command
languages used by the 3000 and how to display the
commands used with sach language.

Lists all 3000 remote language commands on the
remote terminal or computer.

Instructs the 3000 that the following statements
are program lines to be added to the program in
MAIN Memory.

Allows machine configuration. This is similar to
the SETUP Menu on the Front Panel,

Tells the 3000 to begin running the progranm,
beginning with the lowest numbered statement,

Starts executing at the line number specified by
<num>.

Commands the 3000 to stop executing the program and
decelerate all axes to a stop.

Causes the 3000 to resume executing the program
that was halted by the STOP command.

Specifies that the program currently in Main Memory
is to be saved in the unit’'s non-volatile EEPROM

memory.

Instructs the 3000 to load main program memory from
the EEPROM.

Defines the current position as absolute zero.
Allows access to the MAIN Menu.

Czuses the program statements specified to be
sent over the interface.

Sets up the real-time display on the Front Panel.

Displays one line of status information on the
remote terminal or computer. This is a "snapshot”®
that is identical to the contents of the Front

Panel Display.
147




Model 3000 Indexing System Operator’s Manual P/N BB-003181-05

Table 4-3: 3000 Remote Command Language Commands {Cont'd)

ommand Description

VARIA Defines, changes and displays values of
Q<alun> =<<num> varisbles.
or Q<n or

Displays the top or bottom line of the Front
Panel Display on the remote terminal or
computer,

The 3000

Remote Command Language is generslly the same in function and
synt as| the corresponding Front Panel functionms. Each command is
descriibed below with an example. Only the first 4 letters of each command

are tequired. The SETUP and LOAD commands are multiple lined and require
additional| lines to be entered below them to complete the necessary

information.
4.4.1.1., HELP Command

The HELP c¢ommand displays the power-up message describing the two remote
conmand languages and shows the commands used to list command summaries for
each.| The following example will display the text shown below it:

ELP;

The 3000 has two types of remote command Ilanguage. The 1811 command
language is used to send commands directly to the specified 1811 axis. The
3000 [command language is used to send 3000 commands which perform the same
functions found on the 3000 Front Panel. BEoth command languages input one
line at & time, with backspacing allowed, and lines terminated with a

senicplbn.| Control characters are ignored, Use the following commands to
displpy the menus.

HELP; - displays thls description

™, - displays 1811 command language menu

MENU; - displays 3000 command language menu
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4.4.1.2. MENU Command

and lists all the commands of the 3000 Remote Command Language.

3000 COMMAND LANGUAGE
o ™/" in front, all capitals, end with *;"

description

displays language descriptions
display this menu .

TART start 3000 program

I0M <num>; TUn 3000 from statement
Tesume program

save program in EEPROM
recall program from EEFROM

AD; load program from remote
RINT |<num> THRU <pum>; print program lines

EETUP <func>; setup selected function

DISP

ZERO set position = O all axes

CCES$ <num>; enter access code

I0P; stop motors, program execution
VARIABLE Q<num> = <num>; set/get variable value

vefune> <func> <func> <func>; display functions

REPORT; . ... report current display values
LCD <pum>; - send current display of LCD<1 or 2>

4.4.1.3. START Command

The $TART 'command causes the 3000 to begin program execution starting with
the [lowest program statement number. The following example will start
progtam execution
START;
4.4.1.4. RUN Command

The |RUN rommand allows you to begin program execution at a specified
statement number. The following example will cause the 3000 to start
exechiting the program at statement number 500 or, if SO0 does not exist, at
the next higher nunbered statement:

RUN FROM 500;
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4.4.1.5. RESUME Command

The SUME| command causes the 3000 to resume progran execution that was
‘halte@ by the STOP command. Any moves that were stopped by the STOP command
will be completed before the next statement I1s executed. The following
example 'will restart program execution:

RESUME;
. 4.4.1.6. SAVE Command
The SAVE command causes the 3000 to store the current program and setup

param ttrs:in EEPROM. Although the Front Panel SAVE command asks if it is
"OK tp SAVE?", the remote SAVE conmand does not., The following example will

save the current program:

AVE;

4.4.1.7. RECALL Command

The RECALL command causes the 2000 to copy the program and setup parameters
stored in/| EEPROM into working wemory. Although the Front Panel RECALL
coumaind asks if it is "OK to RECALL?", the remote RECALL command does mot.
The following example will copy the program and setup parameters from EEPROM
into workipg memory: . .

CALL;

4.4.1.8. PRINT Command

The PRINT command causes the 3000 to 1ist the specified range of statements
on the remote terminal or computer. Incoming commands will be buffered but
not xcuEed while the FPRINT command is executing. The range specification
is o tIonll. The following example prints the entire 3000 program:

PRIRT;

The neht- xample prints all program statements from the beginning of the
program uﬁeto and including program statement number 500:

PRINT O THRU 500;

The hext gxample prints &ll program statements starting at statement nupber
1000| and ending with the last statement in the program:

PRINT 1000;
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4.4.1.9. PZERO Command

The PZERO command sets the absolute encoder step positions and the absolute
motof step positions of all axes to zero. It does not cause the motors to
move,| Tha following example sets all step positions to zero:

PZERO;

4.4.1.10. ACCESS Command

The GLES_ command asks you to enter the system password, which allows you
to cha ge;the Front Panel from the POWER-UP Menu to the MAIN Menu, or vice
e following example uses the default password to change the Front

ACCESS 3000;

R 4.4.1.11. STOP Command

The STOP command causes the 3000 to stop all motors and program execution.
The UME command will begin program execution where the STOP command left
off, e following example stops all motors and program execution:

STOP; '

4.4,1.12. VARIABLE Command

command allows you to define, change, or request the value of a
Q variable at any time, independent of program execution. Variables Ql
throygh QY49 are numeric variables and cannot exceed 11 digits. Variables
Ql00 | through Q109 are character string variables and cannot exceed 20
chardcters, Spaces may be included, but multiple spaces will only produce
one FEppce, Indexed variables, described in Section 4.3.9.2, are also

The VARIAB

supported., Variable values are assigned or changed if the parameter to the
right of the equals (=) sign is an integer or another variable. A variable
valud is reported if that parameter is a question mark (7). The 3000 will

report a maximum of 11 characters, changing leading zeros to blanks.

The following are examples of assigning values to and reporting values of
varisbles using the VARIABLE command:

Assigns the value "1234" to variable Q5:

VARIABLE Q5 = 1234;
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value of variable Q6 to Q5:

ARIABLE Q6 = Q5;

Assiﬂnj the character string "board length" to variable Ql05:

ARIABLE Q105 = board length;

Reporits the value of variable Q5:

The DISPLA

Front

4,4.,1.13. DISPLAY Command

command allows you to display information about any axis on the
Display. See Section 4.3.2.10 for the parameters that can be

displiayed |using this command. The following example will display the
position of Axis 1, the velocity of Axis 2, the status of Axis 3 and the
program lihe number currently being executed for Axis 4:

The
value

displayed

an ex

ISPLAY POS VEL STAT 1LNUM;

4.4.1.14, REPORT Command

PORT | command causes the 3000 to display the DISFLAY command parameter
on the remote terminal or computer being used. These values will be
¢ven if the Front Panel is not currently active. The following is
le of this command and what would be displayed 1f the above DISPLAY

‘parampters’ had been requested:

REPORT;

»100555 25002 +CONVEL 120;

4.4.1.15. LCD Command

The D| command displeys the specified line of the Front Panel Display and
can b 1ss§:d st any time. A "1" will display the top LCD line and a "2"
will [display the bottom LCD line. The following example will display the

top LCD line:

Icp 1;
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The LD ct
are formati
pultiple-1

responds W
terminated
asterisk (
- statements

4.4.1.16, LOAD Command

mmand allows program statements to be loaded Into the 3000. They
ed the same as when programaing from the Front Panel. This is a
ne command, After the 3000 receives the LOAD command and
th a <CR> and <LF>, program lines may be sent. Each line must be
with a semicolon (;). The LOAD command is terminated by an
) followed by a semicolon (;). The following example will load
0010 through 0050 into the 3000:

AD;

010VELC 100000 25000 25000 75000
020ACEL 500000 S00000 S00000 500000;
0D030MOVE 100 -350 25000 12500;
040MOVE -100 -350 25000 0;
O0SODONRE;

»

4.4.1.17, SETUP Command

applilcation. You can use all the 3000 Front Panel SETUP functions except
the RS-232)and the 4B8 functions. (See Section 4.3.3, SETUP Menu for a full
descrjiption of the SETUP functions, their use, their submenus, and their
parameters.)

The RrEFUP- command &llows you to configure the 3000 to your specific
i

The EiUP'command is a multiple-line command, The format of the SETUP
command 1is.

SETUP <function>;
<submenu>;

{ENTER; ]
whkre

function = UNITS
ACCESS
AXES
REMOTE
Jog
ENCODER
AUTORR
REMSTSP
LIMITS
HOME

submenu = the top line of the Front Panel Display
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Some |8 TUP functions have several submenus, which are distinguished by the
keywor‘ in the upper right-hand corner of the Front Panel Display. For
remotle operation, the submenus can be entered in any order and the keyword
can he abbreviated by entering the first two letters. The word SETUP and
its functipns can be abbreviated by entering the first four letters of each
word.|  Some SETUP functions require the word "ENTER;" as the last line.
Each [SETUF function is described below with examples of all the possible
submenus flor that functien. The keywords are abbreviated and "ENTER;" is

used where necessary,

Note

When changing SETUP functions with more than one submenu, change only
the appropriate submenu.

UNITS

and scceleration values, and to set the velocity range for each axis. The
following LIs an example: '

The qNﬂTsi unction allows you to set scale factors for position, velocity,

SETUP UNITS;
5 40.96 12.5 125 PO;
250  409.6 125 1250  VE;
500 4096 1250 12500 AC;
IGH  KID LoW FAST  RA;

In the sbove example, PO = Position, VE = Velocity, AC = Acceleration, and
RA = Range

50| KHZ,5 KHZ, SO0 HZ, and 1 MHZ. The corresponding parameters for the
SETUP UNITS are: HIGH, MID, 1LOW, SLOW, and FAST.

ACCES

The CqESS function allows you to change the access code. The following
examp echjn;es the access code to "1234":

SETUP ACCESS;
1234;

AXES

The $ function allows you to set the mode of all the axes. The following
is ani example:
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EIUP AXES;
|_INC M_ABS E_INC E_ABS P0;
0 KO YES RO AB;
0 NO NO YES 57T,
0 RO YES NO ou;
0 NO NO YES PA;
NTER;
In ¢t fbo_e example, PO = Positioning Mode, AB = Stall = Abort?, ST = Stall
= Stop?, OU = Stall = Output?, and PA = Not Deadband = Pause?.
REMOTE °
The MDTE| function allows you to change the remote interface set from the
Front Panel and to choose whether prompts will be displayed on the terminal
or cdmputer being used. Both interfaces can be connected and one will
resig ontrol to the other as socon as the semicolon (;) of the second line
of th OTE function is received. The following example selects the RS-
232C Interface and requests prompts be displayed:
gz'rur REMOTE;
ERIAL ON;
The following example selects the IEEE-488 interface and requests no prompts
be disp ayjd:
! ETUP REMOTE;
' FARALLEL OFF;
Note
Inl Front Panel operation, the interfaces are designated as RS232 and
,88. | The corresponding terms for the remote command are SERIAL and
PARALLEL.
JOG
The JOG function allows you to specify the JOG HIGH and JOG LOVW speeds for
each jaxis.| Speeds are in the velocity units that were previously set up.
The fpllowing is an example:
ETUP JOG;
0 20 30 40 HI;
: 4 6 8 L0;
NTER;
In the above example, HI = JOG High Speed, and LO = JOG Low Speed.
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ENCODER
The ENCODER function allows you to specify the motor and encoder
resolitions, the position maintenance function, deadband, and backlash. The
folloving is an example:

.  SETUP ENCODER;

} 5000 4096 16384 200 ¥0;

: 000 400 1000 50 EN;

; kO 4 10 1l DE;

j 500 409 163 20 BA;

r 35000 4096 16384 200 MA;

3 2 3 2 AL;

¥ 50 37 10 GA;

| NTER;
In the ibowe example, MO = Motor Steps, EN = Encoder Steps, DE = Deadband,
BA = Backliash, MA = Maximum Correction Velocity, AL = Algorithm, and GA =
Gain.
AUTORR
The UTOo function allows you to automatically recall and/or run the
program sayed in EEPROM on power-up. A YES as the first word of the second
line this function will automatically recall the program; a NO will not.
A YES as| the second word of the second line of this function will
automaticajly run the program; & NO will not. The following example

auto atﬁca

1y recalls the program but does not run it:

ss;
e! Ba
A

+o be used as a remote STOP line;

EETUP AUTORR;
ES NO;

Note
You cjgnnot automatically run a program without automatically recalling
15. | Thus, NO YES; as the second line of the AUTORR function 1is
illegpl.

vhether the 3000 will use INPUT #l
k Panel for a remote STOP 1line and INFUT #2 for a remote START

S as the first word of the second line of this function selects
a NO deselects INPUT #1 as a

A YES as the second word of the second line of this
lects INPUT %2 to be used as a remote START line; a NO deselects
s a remote START line. The following example causes INPUT #1 to
a remote STOP line and INPUT #2 not to be used as a remote START

function allows you to select

| SETUP REMSS;
~ NES No;
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LIMIT

The LIMITS function allows you to set the absolute position boundaries for
motioh for| each axis so that overtravel will not occur. A deceleration
value|is ssgsociated with these boundaries that causes the axls to decelerate
at a |specified rate converging towards the boundaries. An abort option
allows you to cancel the program when either a hardware or software limit
has been exceeded. The following is an example:

SETUP LIMITS;

250000 40000 100000 409600 UP;
| <250000  -40000 -100000 -409600 1O;
. 250000 40000 100000 409600 DE;
| s -~ NO YES NO AB;
NTER ;
In the abo example, UP = Upper Bound, LO = Lower Bound, DE = Deceleration,
and Abort on Limit?. ,
HOME
The HPME function allows you to specify the HOME input active level, the
activ dge, the final approach direction and the final approach velocity
for H for each axis. See Section 4.3.3.12, HOME function, for a detailed
descriptioni of these parameters. The following is an example:
SETUP? HOME; .
HIGH Low HIGH LOW 1E;
t cw - ccw cw ccw ED;
acw cw ccw cw DI;
i Y0 20 30 40 VE;
i  ERTER;

béve example, LE = Active Level, ED = Active Edge, DI = Final Search
ion, and VE = Final Search Velocity &.

4.4.2. 1811 Remote Command Language

11 Remote Command Language allows you to send commands to, and recelve
is irectly from, the 1811 Indexer controlling each axis of the 3000

is allows control of each 1811 in the 1811 Command Language and
211 the features and commands available with the 1811. Refer to the
?11:0perator's Manual for details. In addition, you may reset each
ft 3000 and examine the status port of each axis. The Remote

Comma d’Laﬂguage is intended to be used with either a remote terminal or
computer. If you select operation with a terminal, a command summary will
be displayed on power-up, and the prompt

INPUT?
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will bq displayed when the 3000 is ready to accept input. Each character
will be echoed as it is typed, and descriptive messages will accompany any
error| ¢odé that the 3000 sends. 1f cooputer operation (TEXT OFF) is
selected, the menu and prompt are not displayed, characters are not echoed,
and errvor codes are not accompanied by descriptions. Only 1811 responses
and 300D error codes are sent to a remote computer,

4.4.2.1. Syntax

The following command syntax must be used to allow yeu to comrunicate with
an individbal 1811. The 1811 Command Language rules must be followed, and
you should have a copy of the Model 1811 Operator‘s Manual. 1In addition,
the fpllowing format is expected by the 3000:

|/®C XX XX ... XX ;

ternminator (semicolon)

bytes (if required)

3000 command letter

axis number (1-4)

/ front delimiter

starting with / and ending with ; will be processed by the 3000.
e characters between the delimjters, the following will be ignored:

111 delete the previous character. All command letters must be
by the axis number of the 1811 they are referring to. An exception
_ommand, which merely displays the command menu. If the letter

4.4,.2.2. Functions

ing 1ist gives the command letters allowed and a description of
ion.

Note

ommand must be preceded by the / character and the axis number.
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C xx %X xx...; send 1811 command described by xx xx xx.

get 1811 pending message
display remote command Menu

display 1811 status port
reset 1811

E XX XX XX...; send 1811 command and display response
Hl

These cbmmand letters are described in Table 4-4.,

4.4,.2,3, Responses

The 3000 will send 1811 response from the L and R commands to the remote
interfare In the following format:

BEEXRAXXXXAXAXXXXXXXXXXXAXXAXKKY 3 {CRY (LF}

—— end of line

semicolon

16 pairs hex (bytes)

1811 ha
respons

n¢

£l

3000 fs| set

* preceeds output

’

4.4.2.4, Error Responses

» message when one is requested via the L or R command. The error
srmat .is. shown below. The error text is not displayed when the

The SDOE will send error codes in response to input syntax errcrs or if the

up to operate with a computer,

1XX; <error message text> (CR) (LF)

end of line

optional text

senicolon

2 char hex error code

: preceeds output

Six errbr codes may arise during operation. These are listed and described

in Taple 4-

5.
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Table 4-4: 1811 Command Letters
Description

This command expects a string of bytes to follow and will
send this string to the 1811 as a command. This command
should be used to send 1811 commands that will not generate
an 1811 response or wvhose response may not  come before
another 1811 command needs to be sent.

This command will display an 1811 response 1f one is pending.
Otherwise it will display an error code and message. This
command should be used to get 1811 responses from request
commands sent via the ¢ command.

This command displays the remote 1811 menu if the user 1is
operating in terminal mode. If operating in computer mode,
the output is suppressed.

This command expects & string of bytes to follow and will
send it to the 1811 as a command. This command should be
used to send 1811 request commands; that is, 1811 commands
that will generate an immediate 1811 response.

This command is used to display the value of the 1811 status
port, which allows the user to deteruine if t