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Change Summary

6000 Series Programmer’s Guide
Rev D

Rev D — summary of changes (minor)

* Removed references to the Motion Architect User Guide. Motion Architect no longer
ships with the printed manual. An on-line Adobe Acrobat PDF version is available from our web
site (http://www.compumotor.com).

¢ Clarified Command Value Substitution guidelines with a “rule of thumb” (see page 6).

« Error programming correction: DO NOT use the ERRORP CLR command to cancel the branch to
the error program (see page 31).

e DLL documentation clarification and correction (see pages 51-62):

- WN956000.DLL isa32-bit DLL to be used for Windows 95.
- TheDLL functions SetNTParam, SetNTMultiCardAddress, and SetDevice return FALSE (“0") if
the function is successful and TRUE (non-zero value) if the function is unsuccessful.

e Sending ERRLVL1 to the first unit in an RS-232 daisy-chain does not set all other units to
ERRLVL1. You must send ERRLVL1 to each unit individually. (see page 72)

» GOWHEN correction: A preset GO command that is aready in motion can (not “cannot”) start a
new profile using the GOWHEN and GO sequence of commands. (this istrue as of rev 4.1 firmware)

Rev C — summary of changes (MAJOR)

» Updated to accommodate 4.x firmware enhancements (see topics below) and the ZETA6104.

e The presentation of programming examples was modified so that you can copy them from the
Help system (in Motion Architect) or from the PDF file (on our www.compumotor.com web
site) and paste them directly into your program.

« Added documentation to support all 6000 products.
 Incorporated the Following User Guide (see Chapter 6).
¢ New sections:

- Programming  SCeNAriO..........occivvuiiiiieiiiiiiiiieeiiiee e Page 8

- Controlling Multiple Serial POrtS..........ccoviiiiiiiiiiiiiiiene, Page 70
- RS485 MUlIti-0rop....ccuiiiiiiieiie e Page 75
- Setup Parameters (list of commands for common setup parameters)........ Page 78

- ZETAG610n Internal Drive Setup.......coovnviiiiiiiiiiiiii e Page 82
= SBIVO  SBIUP .ttt it Page 98
- RP240 Remote Operator Panel ..........c.cooveiiiiiiiiiiiiiiineeeen, Page 130
- Host Computer Interface.........cocoveviiiiii e Page 143
- Graphical User Interface (GUI) Development Tools.................... Page 144
- Compiled Motion Profiling........cccoooeiiiiiiiiinniiiei Page 163
- On-the-Fly MOtioN ..., Page 178
- Registration. ..o Page 182
- Synchronizing MOtiON ........ouiviii e Page 186
- Chapter 6: Following (incorporated the Following User Guide) .......... Page 191
- SatuS ComMMANAS .. ..viveee et Page 232

» New back cover with quick-reference material.

READ ON ...

for a summary of the enhancements implemented in firmware revision 4.x.




Topic

Description

Commanded Direction
Reversa (CMDDI R)

Enhancement: The commanded direction polarity reversal command (CMDDI R) is available for the
615n series, the 6270, and all stepper products (610n, AT6n00, 620n). The CMDDI R command
allows you to reverse the direction that the controller considers to be the “positive” direction; this
also reverses the polarity of the counts from the feedback devices. Thus, using the CMDDI R command,
you can reverse the referenced direction of motion without the need to (a) change the connections to
the drive or motor and the feedback device, or (b) change the sign of motion-related commands in
your program.  (SEE PG. 97 OR 101)

Compiled Motion

New Feature: (SEEPG.163)
Related commands (new):

FCLRN\F ... .Numerator of Final Slave-to-Master Ratio, Preset Moves
GBUF...... Store a Motion Segment in Compiled Memory
PLN......... Loop End, compiled mation

PLOCP...... Loop Start, compiled motion

PQUTA...... Output on Axis 1, compiled motion

PQUTB...... Output on Axis 2, compiled motion

PCUTC...... Output on Axis 3, compiled motion

PQUTD...... Output on Axis 4, compiled motion

..... Number of Segments Available In Compiled Memory
TSEG........ Transfer Number of Segments Available, Compiled Memory
V.o Final Velocity

Existing commands, modified to support compiled motion:

GOMEN.....Conditional GOs alowed in compiled motion
PCOWP...... Pre-Compile a Program
PRUN........ Run a Pre-Compiled Program
PUCOWP .....Un-Compile a Program
[ SS]...... Bit #29 set if compiled memory 75% full, bit #30 set if 100% full
Bit #31 is set if a compile (PCOWP) failed; cleared on power-up,
reset, or after a successful compile. (See Status Reporting,
Additions below for alist of typical causes.)
TRGAN...... Execute GONHENS or start new master cycle in compiled motion
TSS......... (see[ SS ] description above)
Contouring (Circular Enhancement: As of Rev 4.1, contouring is now available for all multi-axis products, steppers
Interpolation) and servos.  (SEE PG. 153)
Continuous Command Enhancement: On-The-Fly changes (pre-emptive motion). In addition to velocity (V),

Execution Mode
(CAVEXCL)

acceleration (A & AA), and deceleration (AD & ADA), you may now change the positioning mode (MC &
MA), the distance (D), and the Following ratios (FOLRN & FOLRD). These changes will affect the
subsequent GO command executed while moving; thus, this new enhancement is referred to as “pre-

emptive GOs.”  (SEE _PG. 178)

When pre-processing subsequent moves, the subsequent move may now be executed as soon as the
next GO command is executed. Previous to revision 4.0, the subsequent move could not be executed
until all moves on all axes were completed.

Drive Configuration
& Reset

Enhancements:
New commands added to set up the drive component of the 610n:
DACTDP ... .Enable/disable active damping for speeds greater than 3 rps.

(config. procedure: see the ZETA6104 Installation Guide)
DAREN...... Enable/disable anti-resonance. Anti-resonance is inhibited at or
below 3 rps, and if active damping is enabled.

DELM S....Enable/disable electronic viscosity for speeds at or below 3 rps.
(config. procedure: see the ZETA6104 Installation Guide)

DAUTGS ... .Enable/disable automatic current standby mode in which current
to the motor (& torque) is reduced by 50% if no pulses are sent
for 1 second. Full current is restored upon the next pulse.

DV ND.....Motor inductance (used only for active damping—DACTDP).

DMISTT ....Motor static torque (used only for active damping—DACTDP).

DWAVEF ... .Motor waveform (required for matching the motor to the drive).

615n only: As of Rev 4.1, you may use the new DRESET command to reset the internal drive
independent of the internal controller. The purpose of the DRESET command is to clear fault
conditions with the internal drive.

Encoder Polarity Reversal
(ENCPOL)

Enhancement: The encoder polarity reversal command (ENCPOL) is now available to all 6000
stepper products (AT6n00, 620n, & 610n). Previous to 4.0 the ENCPOL command was only
applicable to the 6270. The ENCPOL command is used to reverse the polarity (counting direction) of
the encoder feedback counts. Thisis an alternative to reversing the A+ and A- connections to the
encoder. (SEE_PG. 97 OR 100)
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Topic

Error Checking

Description
Enhancements: (SEE PG. 31)

Conditions + 610n: The drive fault error (reported with error status bit #4 and axis status bit #14) can be caused
by any one or combination of the factors list below. To ascertain the exact cause, use the extended
axis status (TASX or ASX):

- Motor fault (disconnected/faulty motor cable or short in motor) — bit #1

- Low-voltage (power) — hit #2

- Maximum drive temperature (131°F, 55°C) exceeded — hit #3

 Error status enhancements

- Error bit #8 is set if a stop input (assigned with | NFNCi - D) is activated.

- Error bit #10 is set if the target position specified for a pre-emptive GO or a registration move is
not achievable at the time the pre-emptive GO command is executed or the registration input is
activated. This condition also sets bit #30 in the axis status register (reported with TAS & AS).
To clear error bit #10 and axis bit #30, execute another GO command.

- Error bit #16 is set if abad command was detected; clear with TCMVDER.

* Related commands:

[ ER] ...... Error Status (assignment or comparison)

ERRCR..... Error-Checking Enable

ERRORRP.... Error Program Assignment

TER......... Transfer Error Status

Fast Status Correction: The bit assignments for the Limits status in block 5 are not the same as those for the

(bus-based products)

TLI Mreport.
Clarification: The input buffer is 256 bytes.

Following

Enhancements:

* The new Following Kill (FOLK) command allows you to limit what will kill the Following profile.
That is, it allows the slave to remain in synchronization with the master even after the occurrence
of adrive fault, user fault input, excess position error, or enable input. Servo products only.

* The new Numerator of Final Slave-to-Master Ratio, Preset Moves (FOLRNF) command designates
that the motor will move the load the distance assigned in the preset GOBUF segment, completing
the move at afinal ratio of zero. FOLRNF applies only to the first subsequent GOBUF, which marks
an inter-mediate “end of move” within a Following profile. The FOLRNF command is only useful

for compiled Following moves. (SEE PG. 166)
e The Following User Guide has been incorporated into this document (SEE PG. 192).

Homing

Clarification: Avoid using pause and resume functions during the homing operation. A pause
command (PS or ! PS) or pause input (input configured with the | NFNCi - E command) will pause the
homing motion. However, when the subsequent resume command (C or ! C) or resume input

(I NFNCi - E input) occurs, motion will resume at the beginning of the homing motion sequence.

Memory Management

Enhancements:

e Compiled Memory status commands:
- System status (TSS & SS) bit #29 is set if compiled memory is 75% full,
bit #30 is set if compiled memory is 100% full
- TSEG & SEG report the number of available segments in compiled memory
« All stand-alone products are shipped with 150,000 bytes of memory. The -M option has thus been
eliminated for these products.

» The second field in the MEMORY command is re-defined to be for “compiled memory” (i.e., anything
compiled with the PCOMP command).
« These commands are automatically saved in non-volatile memory: (SEE PG. 33)
CMDDI R.... Commanded Direction Polarity (6104, 615n, 620n, 6270 only)
DMT1 ND.... Motor Inductance (6104 only)
DMISTT.... Motor Static Torque (6104 only)
DRPCHK.... RP240 check (6104, 615n, 620n, & 625n only)
ENCPCQL.... Encoder Polarity (6104, 620n, & 6270 only)

On-The-Fly Motion
(AKA: Pre-Emptive GOs)

Enhancements: (SEE PG. 178)

» The two basic ways of creating a complex profile are with compiled buffered motion, or with pre-
emptive GOs. With compiled buffered motion, portions of a profile are built piece by piece, and
stored for later execution. Compiled buffered motion is appropriate for motion profiles with
motion segments of pre-determined velocity, acceleration and distance. With pre-emptive GOs, the
motion profile underway is pre-empted with a new profile when anew GOisissued. The new GO
both constructs and launches the pre-empting profile. Pre-emptive GOs are appropriate when the
desired motion parameters are not known until motion is already underway.

Continued on next page
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Topic Description

On-The-Fly Motion * Affected Commands:

(continued) QOMEXC.....COVEXC1 mode allows pre-emptive motion with buffered commands
(C O NI Allows pre-emptive D, MC, MA, FOLRN, & FOLRD changes
TAS& AS. .Bit #30 is set if the load has aready passed the target position

(D) specified in a pre-emptive GO. (also sets error status bit #10)

TER& ER. .Error status bit #10 is set if axis status bit #30 is set.

Registration Enhancements: (SEE_PG. 182)

* New Commands:

REGLCD....Registration Lock-Out Distance. Establishes a lock-out distance (measured from
the start of motion to the current actual position) to be traveled before a
registration move is alowed.

REGSS...... Registration Single-Shot. Allows only one registration move on the specified axis.
Prevents other triggers from interrupting the registration move in progress.

o Axis status bit #28, reported by the TAS and AS commands, is set to 1 when a registration move
has been initiated by any registration input (trigger). Bit #28 is cleared (set to &) upon the next GO
command for that axis.

« If, when the registration input is activated, the registration move profile cannot be performed with
the specified parameters, the 6000 controller will kill the move in progress and set axis status bit
#30 (see TAS & AS). If error-checking bit #10 is enabled with the ERROR command, the controller
will also set error status hit #10 (see TER & ER) and branch to the assigned ERRORP error-handling
program. Axis status bit #30 and error status bit #10 are cleared (set to &) upon the next GO
command for that axis.

« As of revision 4.1, Registration is now available all 6000 products (previous to 4.1, Registration
was available only for stepper products).

Serial Communication

Enhancements: (SEE PG. 70)
« BOT command was created to control the beginning-of-transmission charactersfor all
responses from the 6000 product.
o XONOFF command (new) enables/disables XON/XOFF ASCII handshaking.
< Additional featuresto control multiple serial ports on stand-alone products:
[correeeennnn. Send response from the subsequent command to both ports.
| T Send response from the subseguent command to the alternate
port from the one selected with the most recent PORT command.
DRPOHK ....Configuresthe serial port (specified with the last PORT command)
to be used with an RP240, or 6000 commands, or both.
PORT........ Determines which seria port is affected by the subsequent DRPCHK, E, ECHO,
BOT, ECT, EQL, ERRCRK, ERRBAD, ERRDEF, ERRLVL, and XONOFF commands.
¢ Asof 4.0, the ECHO command was enhanced with options 2 and 3. The purposeisto
accommodate an RS-485 multi-drop configuration in which a host computer communi cates
to the “master” 6000 controller over RS-232 (COM 1 port) and the master 6000 controller
communicates over RS-485 (COM2 port) to the rest of the units on the multi-drop. For this
configuration, the echo setup should be configured by sending to the master the following
commands executed in the order shown. In thisexample, it is assumed that the master's
device addressis set to 1. Hence, each command is prefixed with “1_" to address only the
master unit.
1_PORT2... Subsequent command affects COM 2, the RS-485 port
1_ECHC...Echo characters back through the other port, COM1
1_PORT1... Subsequent command affects COM 1, the RS-232 port
1_ECHGCB... Echo characters back through both ports, COM1 and COM2

Servo Updates Changed
(Servo Products Only)

(see SSFR command description for full explanation of table contents)

Servo Sampling Update Motion Trajectory Update | System Update
#of Axes SSFR | Frequency Period Frequency Period Frequency Period
(I NDAX) Setting | (samples/sec.) (usec) (samples/sec.) (usec) (samples/sec.) (usec)
1 1 3030 330 3030 330 757 1320
2 5405 185 2703 370 675 1480
Default, Single-Axis 1 4 6250 160 1563 640 520 1920
1 8 6667 150 833 1200 | 417 2400
2 1 2353 425 2352 425 588 1700
2 2 3571 280 1786 560 446 2400
Default, Two-Axis 2 4 3571 280 893 1120 | 446 2400
2 8 3571 280 446 2240 | 446 2400
3 1 1667 600 1667 600 555 1800
3 2 2222 450 1111 900 555 1800
3 4 2353 425 588 1700 | 588 1700
4 1 1250 800 1250 800 417 2400
4 2 1667 600 833 1200 | 417 2400
Default, Four-Axis 4 4 2000 500 500 2000 | 500 2000
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Topic Description

Status Reporting Enhancements: (SEE_PG.232)
* New transfer (display status) commands:
TASX....... Transfer extended axis status. Bit assignments are as follows:
Bit #1: Motor fault (6104 only)
Bit #2: Drive low voltage fault (6104 only)
Bit #3: Drive over-temperature fault (6104 only)
Bit #4: Drive fault input is active

TSEG....... Transfer number of segments available in compiled memory
* New assignment/comparison operators:

SEG .......... Number of segments available in compiled memory

ASX ... Extended axis status information

Pre-emptive Motion and Registration status:
TAS & AS ... Axis status bit #28 is set if a registration move occurs.
Bit #30 is set if the profile specified for a pre-emptive GO or registration move
is not possible at the time of the GO or the registration input
(also sets error status bit #10).
TER& ER....Error status bit #8 is set if astop input (I NFNCi - D) is activated.
Bit #10 is set if axis status bit #30 is set.
Bit #16 is set if abad command is detected; cleared with TCVDER.
Compiled profile status:
TSS& SS....System status bit #29 is set if compiled memory is 75% full.
Bit #30 is set if compiled memory is 100% full.
Bit #31 is set if a compile (PCOVP) failed, cleared on power-up,
reset, or after a successful compile. Possible causes include:
- Errors in profile design (e.g., change direction while at non-
zero velocity, distance & velocity equate to < 1 count/system
update, preset move profile ends in non-zero velocity)
- Profile will cause aFollowing error (see TFS & FS status)
- Out of memory (see system status bit #30)
- Axis aready in motion at the time of the PCOMP command
- Loop programming errors (e.g., no matching PLOOP or PLN,
more than 4 embedded PL OOP/END |oops)
TSEG& SEG  Report number of available segments in compiled memory.
Drive Fault Input Status. As of revision 4.1, extended axis status (TASX & ASX) bit #4 is now
available to check the drive fault input status whether or not the drive is enabled (DRI VE1) or
disabled (DRI VE@). Previous to revision 4.1, the status of the drive fault input could only be
checked while the drive was enabled (DRI VE1) and was reported only with axis status (TAS & AS) hit
#14 and error status (TER & ER) bit #4. The branch to the error program has not been changed—the
error program is called only if the drive fault occurs while the drive is enabled.

e The |l NDUST command (which allows you to create your own custom status word based on other
status registers) now alows you to use the status bits from the extended axis status (see TASX
description above). In the syntax | NDUSTI - i c, the options for “c” (the status register source) now
include L, M N and O, representing the extended axis status registers for axes 1, 2, 3 and 4,
respectively. For additional details on creating a custom user status word, refer to the | NDUST
command description.

» Asof Rev 4.1, the TVELA command is now applicable to all stepper controllers using encoder
feedback (previously only for servos). For steppers, the TVELA command reports the current
velocity (in revs/sec) as derived from the encoder. The reported value is not affected by scaling.
The VELA assignment/comparison operator for TVELA is now available as of rev 4.0.

Target Zone e The Target Zone mode allows you to define what the controller considers a “ completed move,”
based on specified end-of-move distance, velocity, and settling time parameters. As of revision
4.0, the Target Zone mode is now applicable to all 6000 products (previous to 4.0, the Target Zone
mode was available only for servo products). NOTE: Steppers reguire encoder feedback (and ENC1
mode) for this feature.

e Target Zone Commands:

STRGTE.... Target Zone Mode Enable/Disable
STRGTD.... Target Distance Zone

STRGITT.... Target Settling Timeout Period
STRGTV.... Target Velocity Zone

Change Summary, page 5



New Commands in Revision 4.x (including product compatibility)

o o o o

S 28 2 s 55 5 ¢
Command Name < T 2 2 2 g § g ¢
[ Send Response to All Ports X X X X X
] Send Response to Alternate Port X X X X X
ASX Extended Axis Status X X X X X X X X
BOT Beginning of Transmission Characters X X X X X X X X X
DACTDP Active Damping X
DAREN Anti-Resonance X
DAUTCS Auto Current Standby X
DELM S Electronic Viscosity X
DVITT ND Motor Inductance X
DMISTT Motor Static Torque X
DRESET Drive Reset X
DRPGK Remote Port Check X X X X X
DWAVEF Waveform X
FQLK Following Kill X X X X X
FCOLRN\F Numerator of Final Slave-to-Master Ratio X X X X X X X X X
FOLSND Following Step & Direction S S X X X X X X X
QBU- Store a Motion Segment in a Buffer X X X X X X X X X
PCOWP * Compile a Program X X X X X X X X X
PLN Loop End, Compiled Motion X X X X X X X X X
PLOCP Loop Start, Compiled Motion X X X X X X X X X
PCRT Designate Communications Port X X X X X
PQUTA Output on Axis 1, Compiled Motion X X X X X X X X
PQUTB Output on Axis 2, Compiled Motion X X X X X X
pPQUTC Output on Axis 3, Compiled Motion X X
PQUTD Output on Axis 4, Compiled Motion X X
PRUN * Run a Compiled Program X X X X X X X X X
pPUCOWP * Un-Compile a Program X X X X X X X X X
REA.CD Registration Lock-Out Distance X X X X X X X X X
REGSS Registration Single Shot X X X X X X X X X
[ SEG] Number of Free Segment Buffers X X X X X X X X X
TASX Transfer Extended Axis Status X X X X X X X X X
TSEG Transfer Number of Free Segment Buffers X X X X X X X X X
[ VELA] Velocity (Actual) Assignment S S X X X X X X X
\= Final Velocity X X X X X X X X X
XONCFF Enable/Disable XON/XOFF X X X X X

*  Modified to support compiled motion (previously, these commands supported only path contouring).
S Applicable only to the standard (not OEM) version of the product.
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About This Manual

V. | E W

This manual is designed to help you implement the 6000 Series Product's features in your
application. Detailed feature descriptions are provided, including application scenarios and
programming examples. For details on each 6000 Series command, refer to the 6000 Series

Software Reference.

Organization of This Manual

The feature descriptions are grouped into chapters as listed bel ow.

Chapter

Information

Chapter 1. Programming Fundamentals

Chapter 2. Communication

Chapter 3. Basic Operation Setup

Chapter 4. User Interface Options

Chapter 5. Custom Profiling

Chapter 6. Following

Chapter 7. Troubleshooting

Discussion of essential programming guidelines and standard
programming features such as branching, variables, interrupts, error
handling, etc.

Communication considerations, such as using Motion Architect,
DDE, DLL and OCX tools, bus communication registers, PC-AT
interrupts, DOS Support Disk communication files, RS-232 daisy-
chains and RS-485 multi-drops, etc.

General operation setup conditions, such as number of axes, scaling
factors, feedback device setup, end-of-travel limits, homing, etc.

Considerations for implementing various user interfaces such as
programmable 1/O, a joystick, an RP240, etc.

Descriptions of custom profiling features such as S-Curves, timed
data streaming, linear and circular interpolation, compiled profiles,
on-the-fly motion profiling, registration, and synchronized motion.

Feature descriptions and application examples for using Following
features.

Methods for isolating and resolving hardware and software
problems.

(OET-TaNCTI AN STl T '@l Please send your comments to our email address: 6000user @not or . com
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Programming Examples

Programming examples are provided to demonstrate how the 6000 product's features may be
implemented. These examples are somewhat generalized, due to the diverse nature of the
family of 6000 Series products and their application; consequently, some attributes, such as
the number of axes used or the I/O bit pattern referenced, may differ from those available with
your particular 6000 product.

Additional sample programs can be found in the APP_PRGS sub-directory of the Motion
Architect directory (MAB000\APP_PRGS). These files may be opened and edited in Motion
Architect's Editor module, then downloaded using Motion Architect's Terminal module.

TIP: From the Help menu in Motion Architect and from our web site (www.compumotor.com),
E:LDS f;l';e'p you can access the online versions of this Programmer's Guide and the Software Reference. You
Help index can copy the programming examples from these online documents and paste them into Motion

Architect's Program Editor. Then you can edit the code for your application requirements and
download the program using the Terminal Emulator. For additional tips on using the Editor and

Terminal, refer to page 2 in this manual or to the Motion Architect User Guide.

BO00 Software Reference

About Motion Architect...

Reference Documentation

This document is intended to accompany the documents listed below, as part of the 6000
product user documentation set.

Reference Document Information

6000 product installation guide Hardware-related information specific to the 6000 Series product.

Product description

Installation instructions

Drive information (packaged controller/drive products only)
Hardware reference

ONLINE ACCESS:

Online versions of this
Programmer's Guide and

the Software Reference
are available from the Help
menu in Motion Architect.

INTERNET ACCESS:

These documents are also
available to view and print
from our web site

(www.compumotor.com).

6000 Series Software Reference *

Motion Architect User Guide

RP240 User Guide

User guides for optional software tools:

Troubleshooting procedures
Servo tuning (procedures for tuning without Servo Tuner™)
Electrical noise reduction techniques

Detailed descriptions of all 6000 Series commands. Quick-
reference tables are also provided:

¢ Product-to-command compatibility table
« X-t0-6000 language compatibility table
* ASCIl table

Overview and user tips for Motion Architect features, and
guidelines for using the dynamic link library (DLL). This manual
is only available in Acrobat PDF format from our web site.

Detailed user instructions for the RP240 remote operator panel
(optional peripheral device for serial based products only).

Motion Builder Startup Guide
Servo Tuner User Guide
CompuCAM User Guide
Motion Toolbox User Guide
Motion OCX Toolkit User Guide

OoOooond

* Also available as an on-line hypertext utility, accessed from the Help menu in Motion Architect.

Assumptions of Technical Experience

To effectively use the information in this manual, you should have a fundamental

understanding of the following:

« Electronics concepts such as voltage, switches, current, etc.

« Motion control concepts such as motion profiles, torque, velocity, distance, force, etc.
» Programming skillsin a high-level language such as C, BASIC, or Pascal is helpful

» IBM/compatible bus architecture and communication protocol (bus-based products only)

« If you are new to the 6000 Series Programming L anguage, read Chapter 1 thoroughly.

6000 Series Programmer's Guide



Product Name References (What's in a Name?)

This document sometimes uses one product name to reference an entire subset of the 6000
family (e.g, “AT6n50" refersto the AT6450 and the AT6250; “AT6Nn00" refersto the AT6200
and the AT6400). Unless otherwise noted, references to a standard product are applicable to the
OEM version aswell (e.g., AT6400 and OEM-AT6400; 6200 and OEM6200).

Before You Begin

Before you begin to implement the 6000 controller's features in your application you should
complete the items listed below.

» Complete al the installation and test procedures provided in your 6000 product's
Installation Guide.

* If you are using a servo control product, complete the tuning procedures. If you are using
Servo Tuner, use the instructions in the Servo Tuner User Guide. If you are using
an empirical tuning method (not Servo Tuner), refer to the procedures provided in the
Tuning appendix of the product's I nstallation Guide.

» Keep the 6000 Series Software Reference close at hand to answer questions about
specific 6000 Series commands. If you are new to the 6000 Series Programming
Language, read Chapter 1 (Programming Fundamentals) thoroughly.

Support Software

These software development tools are available to help you program your 6000 Series product.

» Motion Architect, and these add-on modules:
- Servo Tuner (tuning and data capture)
- CompuCAM (CAD-to-Motion)

» Motion Builder (graphical icon-based programming software)
» Motion Toolbox (Motion Visfor LabVIEW)
» DOS Support Software

Motion Architect®
All 6000 Series products are shipped with Motion Architect, an intuitive Microsoft® Windows™
based programming tool. A brief description of Motion Architect's basic featuresis provided
below. For more detailed user information, refer to the Motion Architect User Guide.

» System Configurator and Code Generator: Automatically generate controller
caode of basic system set-up parameters (1/0O definitions, feedback device operations, etc.).

e Program Editor: Create blocks or lines of 6000 controller code, or copy portions of
code from previousfiles. You can save program editor files for later usein BASIC, C,
etc., or in the terminal emulator or test panel.

* Terminal Emulator: Communicating directly with the 6000 controller, the terminal
emulator allows you to type in and execute controller code, transfer code filesto and from
the 6000 product. If you are using a bus-based 6000 controller, you can use this module
to transfer (download) the soft operating system.

e Test Panel and Program Tester: You can create your own test panel to run your
programs and check the activity of 1/0, motion, system status, etc. This can be invaluable
during start-ups and when fine tuning machine performance.

* On-line Context-sensitive Help and Command Reference: These on-line
resources provide help information about Motion Architect, as well asinteractive access
to the contents of the 6000 Series Programmer's Guide (this document) and the
6000 Series Software Reference.

* Dynamic Link Libraries: DLL device drivers are provided for bus-based controller
customers who wish to create a Windows-based application to interface with the controller.

Overview ii



Motion Builder™

Motion Toolbox™

Add-On
Modules

Add-on modules for Motion Architect are available to aide in other programming and setup
tasks. These modules are available from your local Automation Technology Center (ATC) or
distributor. For detailed user information, please refer to the respective user guide.

e Servo Tuner ™ (Tuning and Data Gathering Tool): Tune the servo drives and the 6000
servo controller and receive instant data feedback on customizable displays.

e CompuCAM ™: CAD-to-Motion (CAM) software allows you to translate DXF,
HP-GL, and G-Code filesinto 6000 Series Language motion programs.

Motion Builder, a Microsoft Windows-based iconic
programming environment, allows expert and novice
programmers to easily program Compumotor’s 6000 Series
products without learning a new programming language or
syntax. Use Motion Builder to completely configure the
motion controller; program the motion with drag-and-drop
visua icons; compile, run and debug the program.

HERBEDIREE
EEEREE
e IR ]

Motion Toolbox isalibrary of LabVIEW® virtual instruments (V1s) for Compumotor's 6000
Series controllers. Motion Toolbox alows LabVIEW programmers to develop motion
control systems for awide range of applications including automated test and manufacturing,
medical and biotech, metering and dispensing, machine control, and laboratory automation.

Motion Toolbox provides devel opers with these capabilities:

» Motion control, including velocity, acceleration, deceleration, go, stop, kill, etc.

* Setup, control, and command file transfer

 Counter and timer configuration and control

* Indexer, encoder, and drive configuration

* Home, hardware limit, and soft limit configuration

* Jogging and joystick configuration

* 1/O setup and function configuration

* Fast status querying of 1/O, limit, home, motor and encoder position, velocity, etc.

DOS Support Software

Details about these
software tools are
provided in Chapter 2,
Communication.

In addition to Motion Architect, support software written for the DOS environment is
available for all 6000 Series products.

The 6000 DOS Support Disk, which provides a program for terminal emulation and program
editing for serial (“stand-alone”) products, is available from your local ATC or distributor.

Bus-based products are shipped with a DOS support disk (see diskette |abeled with the
product's name) that includes the soft operating system (.OPS file) and programs that
demonstrate how to communicate with the 6000 product.

Technical Support

iv

For solutions to your questions about implementing 6000 product software features, first ook
in thismanual. Other aspects of the product (command descriptions, hardware specs, 1/0
connections, graphical user interfaces, etc.) are discussed in the respective manuals listed above
in Reference Documentation (see pageii).

If you cannot find the answer in this documentation, contact your local Automation
Technology Center (ATC) or distributor for assistance.

If you need to talk to our in-house application engineers, please contact us at the numbers
listed on the inside cover of this manual. (The phone humbers are also provided when you
issue the HEL P command to the 6000 controller.)
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CHAPTER ONE

Programming
Fundamental

IN THIS CHAPTER

This chapter is a guide to general 6000 programming tasks. It is divided into these main topics:

e Motion Architect programming environment............... 2 e Restricted commands during motion.................... 18
e Command SYNEAX .....vuvneeeieiiieiiieee e e 3 e Using Variables. ..., 18
« Creating programs (program development scenario)...... 8 e Program flow control ..............cccoiiiiiiiins 23
e SLOMNG ProgramsS. .. ..veeie e ee e eaeaens 12 e Program interrupts..........ccooeiiiiiiiiiiiiiiiiiieeiis 29
e EXecuting programs. ......ccoeveviiiiiiiiiiiiieeeeeaaaan 14 e Error handling..........oooooiiiiiiii 30
e Creating and executing a set-up program..................... 14 « Non-volatile memory (stand-alone products) ......... 33
e Program SeCurity.........ccoovviiiiiiiiiiiiiiieeieeeeeee, 15 e System performance considerations.................... 33

e Controlling execution — programs & command buffer ....16




Motion Architect Programming Environment

Every 6000 Series controller is shipped with Mation Architect, a Windows-based
programming tool designed to simplify your programming efforts. The main features of
Motion Architect are briefly described below. For detailed user information, refer to the
Motion Architect User Guide.

» Setup Module: Provides dialog boxes for you to select basic system setup parameters
(I/0O definitions, position feedback, etc.) and then automatically generates a fully-
commented “ setup program.”

» Editor Module: Create blocks or lines of 6000 controller code, or copy portions of
code from previousfiles. Y ou can save program editor filesfor later usein BASIC, C,
etc., or in the terminal emulator or test panel.

e Terminal Module; Communicating directly with the 6000 controller, the terminal
emulator allows you to type in and execute controller code and transfer code files to and
from the 6000 controller.

» Panel Module: You can create your own test panel to run your programs and check
the activity of I/O, motion, system status, etc. This can be invaluable during start-ups
and when fine tuning machine performance.

* On-line Help and User Documentation: Under the Help menu, you will find
user information about Motion Architect, as well as interactive access to the contents of
the 6000 Series Programmer's Guide (the document you are reading right now)
and the 6000 Series Command Reference.

Add-on modules for Motion Architect are available to aide in other programming and set-up
tasks. These modules are available through your local Automation Technology Center.

e Servo Tuner™: Tune your servo controller and the attached servo drives and receive
instant data feedback on customizable displays. For detailed user information, refer to the
Servo Tuner User Guide.

e CompuCAM ™: CompuCAM alows you to import 2D geometry from CAD
programs (DXF), plotter files (HP-GL), or NC programs (G-Code), and then trandlate the
geometry into 6000 motion programs. These programs can be further edited in Motion
Architect's Program Editor module and dowloaded to the 6000 controller from the
Terminal Emulator or Test Panel modules. A typical use of CompuCAM isto automate
the process for devel oping 6000 Series contouring code for an application. For detailed
user information, refer to the CompuCAM User Guide.

Side-by-Side Editor and Terminal Windows (see illustration below)

2

This side-by-side
technique is
demonstrated in the
programming
scenario on page 8.

Typically, the programming process is an iterative exercise in which you create a program,
test it, edit it, test it ... until you are satisfied with the results. To help with this iterative
process, we suggest using Motion Architect's Editor and Terminal modules in aside-by-side
fashion (open an Editor session and a Terminal session and re-size the windows so that you
can see both at the same time). In doing so you can quickly jump back and forth between
editing a program (Editor function) and downloading it to the product and checking
programming responses and error messages (Terminal functions).

6000 Series Programmer's Guide
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Command Syntax

Program Editor: Create and edit
programs, save them, and then
download them from the Terminal
module.

Z Terminal Emulator: Communicate directly with the

6000 controller. Download files containing
stand-alone commands and/or complete programs
or subroutines. Check system responses. Upload
programs from the 6000 controller.

Overview

The 6000 Series language provides high-level constructs as well as basic motion control
building blocks. The language comprises ssmple ASCII mnemonic commands, with each
command separated by a command delimiter. Upon receiving acommand followed by a
command delimiter, the 6000 controller places the command in itsinternal command queue.
Here the command is executed in the order in which it isreceived. The command may be
specified as immediate by placing an optional exclamation point (! ) in front of the command.
When acommand is specified as an immediate command, it is placed at the front of the
command queue, whereit is executed immediately.

The command delimiter can be one of three characters, a carriage return, aline-feed, or acolon
(: ). Spaces and tabs within a command are processed as neutral characters. Comments can be
specified with the semicolon (; ) character — all characters following the semicolon until the
command delimiter are considered program comments.

There is no case sensitivity with the command language. For instance, the command TSTAT
isthe same asthe command t st at .

Some commands contain one or more data fields in which you can enter numeric or binary
values or text. The A command (syntax: A<r >, <r >, <r >, <r >) isan example of a
command that requires you to enter numeric values (e.g., the A5, 6, 7, 8 command assigns
acceleration values of 5, 6, 7, and 8 units/sec? to axes #1, #2, #3, and #4 respectively). The
DRI VE command (syntax: DRI VE<b><b><b><b>) is an example of acommand that
requires binary values (e.g., the DRI VE11 @3 command enables drives #1 and #2 and disables
drives#3 and #4). The STARTP command (syntax: STARTP<t >) isan example of a
command that requirestext (e.g., the STARTP pow up command assigns the program called
“powr up” asthe start-up program).

Chapter 1. Programming Fundamentals 3



Description of Syntax Letters and Symbols

The command descriptions provided within the 6000 Series Software Reference use
alphabetic letters and ASCII symbols within the Syntax description to represent different
parameter requirements (see example below).

INEN
Type

Syntax Symbology |:| LSJ)I'/]?ttsax
Range
Default
Response

See Also

Input Enable

I nputs or Program Debug Tool s Product Rev
<! >| NEN<d><d><d>. . . <d>> AT6n00 10
d=¢g 1, E or X

, AT6Nn50 1.0
@ = off, 1 = on, E = enable, X = don't change 610n 10
£ |
| NEN: *| NENEEEE_EEEE_EEEE_EEEE_EEEE_EEEE_EEEE g%gﬂ 18
[ N ], INFEN, INFNC, INLVL, INPLC, INSTW TIN 625n 1.0

6270 10

Letter/
Symbol

Description

a

Represents an axis specifier, numeric value from 1 to 4 (used only to elicit a
response from the indexer)

Represents the values 1,&, X or x; does not require field separator between
values.

Represents a character (Ato Z, or a to z)

Represents the values 1,& X or x, E or e ; does not require field separator
between values. E or e enables a specific command field. X or x leaves the
specific command field unchanged or ignored.

Represents a numeric value that cannot contain a decimal point (integer values
only). The numeric range varies by command. Field separator (, ) required.

Represents a numeric value that may contain a decimal point, but is not required
to have a decimal point. The numeric range varies by command. Field separator
(, ) required.

Represents a string of alpha numeric characters from 1 to 6 characters in length.
The string must start with an alpha character.

Represents an immediate command. Changes a buffered command to an
immediate command. Immediate commands are processed immediately, even
before previously entered buffered commands.

Represents a field separator. Commands with the symbol r ori in their Syntax
description require field separators. Commands with the symbol b or d in their
Syntax description do not require field separators (but they may be included).
See General Guidelines table below for more information.

Represents a global specifier, where only one field need be entered. Applicable
to all commands with multiple command fields. (e.g., @/1 sets velocity on all
axes to 1 rps)

Indicates that the item contained within the < > is optional, not required by that
command. NOTE: Do not confuse with <cr >, <sp>, and <I f >, which refer to the
ASCII characters corresponding to a carriage return, space, and line feed,
respectively.

[ ]

Indicates that the command between the [ ] must be used within the syntax of
another command, and cannot be used by itself.

The ASCII character b can also be used within a command to precede a binary number. When the b is
used in this context, it is not to be replaced with a @ 1, X, or x. Examples are assignments such as
VARB1=b1@Z1, and comparisons such as | F(| N=b1@&Z1X1) .
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General Guidelines for Syntax

Topic

Guideline

Examples *

Neutral Characters:
» Space (<sp>)
* Tab (<tab>)

Using neutral characters anywhere within a
command will not affect the command.

(In the examples on the right, a space is
represented by <sp>, a tab is <tab>), and a
carriage return is <cr>.)

Set velocity on axis 1 to 10 rps and axis 2 to 25 rps:
V<sp>1@ <sp>25, , <cr>

Add a comment to the command:

V 1@ 25, , <tab> ;set accel <cr>

Command Delimiters:
» Carriage rtn (<cr>)
* Line feed (<If>)

e Colon (;)

All commands must be separated by a
command delimiter. A carriage return is the
most commonly used delimiter. To use a line in
a live terminal emulator session, press ctrl/J.
The colon (: ) delimiter allows you to place
multiple commands on one line of code, but
only if you add it in the program editor (not
during a live terminal emulator session).

Set acceleration on axis 2 to 10 rps2:
A 1@ , <cr>
A 19 , <If>
Alg, :

Vv, 25,, D 25044 , : @XO<cr>

Comment Delimiter (;)

All text between a comment delimiter and a
command delimiter is considered program
comments.

Add a comment to the command:
Vigktab> ;set vel ocity<cr>

Field Separator (, )

Commands with the symbol r ori in their
Syntax description require field separators.

Commands with the symbol b or d in their
Syntax description do not require field
separators (but they may be included).

Axes not participating in the command need
not be specified; however, field separators
that are normally required must be specified.

Set velocity on axes 1-4 to 10, 25, 5 and 10 rps,
respectively:
V1g 25, 5, 1@<cr>

Initiate motion on axes 1, 3 and 4:
QLA L <cr>
L, g 1, 1<cer>

Set velocity on axis 2 to 5 rps:
Vv, 5,, <cr>

Global Command
Identifier (@

When you wish to set the command value
equal on all axes, add the @symbol at the
beginning of the command (enter only the
value for one command field).

Set velocity on all axes to 10 rps:
@/1d<cr>

Bit Select Operator (. )

The bit select operator allows you to affect
one binary bit without having to enter all the
preceding bits in the command.

Syntax for setup commands:
[ comand name] . [bit #] -[binary val ue]

Syntax for conditional expressions:
[ command name] . [ bit #] =[ bi nary val ue]

Enable error-checking bit #9:
ERRCR. 9- 1<cr>

IF statement based on value of axis status bit #12:
| F(1AS. 12=b1) <cr>

Case Sensitivity

There is no case sensitivity. Use upper or
lower case letters within commands.

Initiate motion on axes 1, 3 and 4:
QLA 1 <cr>
gol@l<cr>

Left-to-right Math

All mathematical operations assume left-to-
right precedence.

VARL=5+3* 2<cr>
Result: Variable 1 is assigned the value of 16
(8*2), not 11 (5+6).

* Non-visible characters are represented: space = <sp>, tab = <tab>, carriage return (or enter key) = <cr>, line feed = <If>.
NOTE: The command line is limited to 80 characters (excluding spaces).
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Command Value Substitutions

Many commands can substitute one or more of its command field values with one of these
substitution items (demonstrated in the programming exampl e below):

VARB...... Uses the value of the binary variable to establish all the command fields.

VAR....... Places current value of the numeric variable in the corresponding command field.
READ...... Information is requested at the time the command is executed.

DREAD..... Reads the RP240's numeric keypad into the corresponding command field.

DREADF .. Reads the RP240's function keypad into the corresponding command field.

TW........ Places the current value set on the thumbwheels in the corresponding command field.
DAT....... Places the current value of the data program (DATP) in the corresponding command field.

Programming Example: (NOTE: The substitution item must be enclosed in parentheses.)

VARL=15 ; Set variable 1 to 15
A5, (VAR1),4,4 ; Set acceleration to 5,15,4,4 for axes 1-4, respectively
VARB1=b1101XX1 ; Set binary variable 1 to 1101XX1 (bits 5 & 6 not affected)

G VARBL) ; Initiate notion on axes 1, 2 & 4 (val ue of binary
; variable 1 makes it equivalent to the Q01101 command)
QUT( VARBL) ; Turn on outputs 1, 2, 4, and 7
VARS1="Enter Velocity" ; Set string variable 1 to the nmessage "Enter Vel ocity"
V2, ( READL) ; Set the velocity to 2 on axis 1. Read in the velocity for

; axis 2, output variable string 1 as the pronpting nessage

; 1. Qperator sees "ENTER VELOO TY" displ ayed on the screen.

; 2. Qperator enters velocity prefixed by !" (e.g., !'20).
HOW2, 1, (TWL) ; Set homing velocity to 2 and 1 on axes 1 and 2, respectively.

; Read in the hone velocity for axis 3 fromthunbwheel set 1
HOW2, 1, (DAT1) ; Set homing velocity to 2 and 1 on axes 1 and 2, respectively.

; Read hone velocity for axis 3 fromdata program 1.

RULE OF THUMB

Not all of the commands allow command field substitutions. In general, commands with a
binary command field (<b> in the command syntax) will accept the VARB substitution.
Commands with a real or integer command field (<r > or <i > in the command syntax) will
accept VAR, READ, DREAD, DREADF, TW or DAT.

Assignment and Comparison Operators

Comparison and assignment operators are used in command arguments for various functions
such as variable assignments, conditional branches, wait statements, conditional GOs, etc.
Some examples are listed below:

« Assign to numeric variable #6 the value of the encoder position on axis #3 (uses the PE
operator): VAR6=3PE

» Wait until inputs #3 & #6 become active (usesthe | N operator): WAI T( | N=bxx1xx1)

 Continue until the value of numeric variable #2 is less than 36: UNTI L( VAR2<36)

« |F condition based on if atarget zone timeout occurs on axis 2 (uses the AS axis status
operator, where status bit #25 is set if atarget zone timeout occurs): | F( 2AS. 25=b1)

The available comparison and assignment operators are listed below. For full descriptions,
refer to their respective descriptions in the 6000 Series Software Reference

(be sure to refer only to the commands in brackets—e.g., A is the acceleration setup command,
but[ A] isthe acceleration assignment/comparison operator).
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* denotes operators that
have a correlated status
display command.

(e.g., To see a full-text
description of each axis
status bit accessed with
the AS operator, send
the TASF command to
the 6000 controller.)

See page 232.

Bit Select
Operator

Binary and Hex
Values

A, Acceleration

AD......... Deceleration

ANI ........ Voltage at the ANI analog inputs (servos with ANI option) *
ANV........ Voltage at the joystick analog channels *

AS......... Axis status *

ASX........ Extended axis status (additional axis status items) *

CA......... Captured ANI analog input voltage *

CNT........ Counter value (steppers only) *

Dot Distance

DAC........ Digital-to-analog converter (output voltage) value (servos only) *

DAT........ Data program number

DPTR...... Data pointer location *

DREAD....Data from the numeric keypad on the RP240 (stand-alone products only)
DREADF... Data from the function keypad on the RP240 (stand-alone products only)
ER......... Error status *

FB......... Position of current selected feedback sources *

FS......... Following status *

IN......... Input status (input bit patterns provided in Chapter 3, page 107) *
I NO........ “Other” input status (joystick inputs, and P-CUT or ENBL input) *
LDT........ Position of the LDT (hydraulic servos only) *

LI M....... Limit status (end-of-travel limits and home limits) *

MOV........ AXxis moving status

NVCY...... Current master cycle number *

OuUT........ Output status (output bit patterns provided in Chapter 3, page 107) *

PAN ...... Position of ANI analog input, at 819 counts/volts unless otherwise scaled (servos) *
PC......... Commanded position (servos only) *

PCA........ Captured ANI input position (servos with ANI option only) *

PCC........ Captured commanded position (servos only) *

PCE........ Captured encoder position *

PCL........ Captured LDT position (hydraulic servos only) *

PCM........ Captured motor position (steppers only) *

PE......... Position of encoder *
PER........ Position error (n/ato OEM-AT6400) *
PM......... Position of motor (steppers only) *

PMAS...... Current master cycle position *

PSH-...... Net position shift since constant following ratio *
PSLV...... Current commanded position of the slave axis *
READ...... Read a numeric value to a numeric variable (VAR)

SEG........ Number of segments available in Compiled Profile memory *
SS......... System status *

TI M....... Timer value *

TW......... Thumbwheel dataread

S......... User status *

Vi, Velocity (programmed)

VAR........ Numeric variable substitution

VARB...... Binary variable substitution

VEL........ Velocity (commanded by the controller) *

VELA...... Velocity (actual, as measured by a position feedback device) *
WAS...... Current velocity of the master axis *

The bit select operator (. ) makesit easier to base a command argument on the condition of one
specific status bit. For example, if you wish to base an | F statement on the condition that a
user fault input is activated (error status bit #7 is abinary status bit that is“1” if a user fault
occurred and “@' if it has not occurred), you could use this command: | F( ER=bxxxxxx1) .
Using a bit select operator, you could instead use thiscommand: | F( ER. 7=b1) .

Side Note: You can use a hit select operator to set a particular status bit (e.g., to turn on
programmable output #5, you would type the OUT. 5- 1 command; to enable error-checking
bit #4 to check for drive faults, you would type the ERROR. 4- 1 command). Y ou can aso
check specific status bits (e.g., to check axis 2's axis status bit #25 to seeif atarget zone
timeout occurred, type the 2TAS. 25 command and observe the response).

When making assignments with or comparisons against binary or hexadecimal values, you
must precede the binary value with the letter “b” or “B”, and the hex value with “h” or “H’.
Examples: | F(I N=b1x@l) and| F(I N=h7F) . Inthebinary syntax, an “x’ simply means
the status of that bit isignored. Refer also to Using Binary Variables (page 22).
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Related
Operator
Symbols

Command arguments include specia operator symbols (e.g., +,/, &, ' , >=, etc.) to perform
bitwise, mathematical, relational, logical, and other special functions. These operators are
described in detail, along with programming examples, at the beginning of the Command
Descriptions section of the 6000 Series Software Reference.

Programmable Inputs and Outputs Bit Patterns

/O pin outs,
specifications, and
circuit drawings are
provided in each 6000
Series product's
installation guide.

The total number of inputs and outputs (I/0) varies from one 6000 Series product to another.
Consequently, bit patterns for the programmable I/O also vary by product. For example, the
AT6400's TRG-A trigger input is represented by programmable input bit #25, but the 6104's
TRG-A trigger input is bit #17. Bit numbers are referenced in commands like

WAI T( I N. 13=b1) , which means wait until programmable input #13 becomes active. To

ascertain your product's I/0O offering and bit patterns, refer to Chapter 3 (page 107).

Creating Programs

Debugging Programs:
Refer to page 231 for
methods to isolate and
resolve programming
problems.

A programis aseries of commands. These commands are executed in the order in which they
are programmed. Immediate commands (commands that begin with an exclamation point [! ])
cannot be stored in aprogram. Only buffered commands may be used in a program.

A subroutine is defined the same as a program, but it is executed with an unconditional branch
command, such as GOSUB, GOTQ, or JUMP, from another program (see page 23 for details
about unconditional branching). Subroutines can be nested up to 16 levels deep. NOTE: The
6000 family does not support recursive calling of subroutines.

Another kind of program isacompiled profile. Compiled profiles are defined like programs
(using the DEF and END commands), but are compiled with the PCOVP command and executed
with the PRUN command. A compiled profile could be a multi-axis contour (a series of arcs
and lines), an individual axis profile (a series of GOBUF commands), or a compound profile
(combination of multi-axis contours and individual axis profiles). For more information on
contours, refer to Contouring in Chapter 5, page 153. For more information on compiled
individual axis profiles, refer to Compiled Motion Profiling in Chapter 5, page 163.

Program Development Scenario

1. Set up Motion
Architect.

To best understand the process of developing 6000 programs, we invite you to follow along
on a program development scenario. The scenario covers these programming tasks.

1. Set up the programming environment (using Maotion Architect's Editor and Terminal).
2. Create a simple motion program in the Editor.

3. Download the program, viathe Terminal, to the controller.

4. Execute (run) the program from the Terminal.

5. Edit the program, redownload it, and run it again.

Typically, the programming process is an iterative exercise in which you create a program,
test it, edit it, test it ... until you are satisfied with the results. To help with this iterative
process, we suggest using Motion Architect's Editor and Terminal modules in a side-by-side
fashion (open an Editor session and a Terminal session and re-size the windows so that you
can see both at the same time). In doing so you can quickly jump back and forth between
editing a program (Editor function) and downloading it to the product and checking
programming responses and error messages (Terminal functions).
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B ZETAB104 Editor - [Untitled2] M=l B3 || — ZETAG104:COM1 Terminal - [EXAMPL. TER] =] 3
D File Edit “iew “Window Help = ﬁ'lﬂ = File Edit Setings Transfers View Help _|ﬁ'|5|
NEEEEEEEE HEEBEEIEEEE
Program Editor Terminal Emulator
1. Create program file(s) and save to disk. « Communicate directly with the controller.
2. Download files via the terminal emulator. » Download files containing complete 6000
3. Repeat steps 1 & 2 to edit the code. programs or stand-alone 6000 commands.
« Check system status responses.
* Upload programs from the controller to disk.
4 » 4 »
FarHelp, press F1 [Ingert |Line 1 [Calumn2 | ForHelp, press F1 [Insert [Line 1 |Calur

2. Define a program. Typein the commands as shown in the Editor window below. The Editor window also shows

program comments to help you understand the purpose of each command and the implications
of executing motion. Notice that the comments are placed after the comment delimiter (; ).

NOTE: Thisisaprogramming example for single-axis motion. When programming
multiple axes, you would use the additional command fields. For example, the command for
setting the acceleration on axes one and two to 12 units/sec? and axes three and four to 25
units/sec?2 would be A12, 12, 25, 25; and setting axes one and two to preset positioning
mode and axes three and four to continuous positioning mode requires the MCZIZL1 command.

B ZETAB104 Editor - [EXAMPL.PRG]

=] B3 || - ZETAG104:COM1 Terminal - [EXAMPL.TER] =10]x]

DEiIe Edit Yiew ‘Window Help _|ﬁ||1| @ File Edit Seftings Transfers Yiew Help _|ﬁ||5|
NEEBEREER C R EE @)
USG theSe * <<WARNING:>> This program exscutes motion. =
i ;*# If you coupled the motor to the load. make = The program is deleted (DEL EXAMPL) before it is
commands: ;x sure it is safe to move the load without = defined; this is done to avoid program errors and
;% damaging equipment or injuring perscnnel. = R .
‘% Be ready to enter the ctrl- K command (from * unexpected motion when downloading the program
DEL EXAMPL ;% the terminal) to kill motion. * to the controller.
: Make a habit of deleting before defining.
DEF EXAMPL DEL EXAMPL :Delete the program called EXAMPL 4—/
LDEF EXAMFL ;Begin defining the program EXAHPL‘\
DRI VEl DRIVEL ;Enable the drive
HCo ;Select preset positioning mode
HAD :Select incremental pozitioning mode - - - "
MCO TH? ‘Enable hard end-of-travel limits Program definition begins with the Begin Program
D¢ <UARNING»> If wou are not using Definition (DEF) command followed by a program
;hardware end-cf-travel linit inputs name of < 6 characters (e.g., DEF EXAMPL).
IVAO ;wou can instead use the LHO command
;to disable the limits, but USE -
LH3 (or LI—D) 'CAUTION =o that you do not move the The End Program_l_)eflnmon (END) command ends
:load too far in either direction the program definition.
A25 A25 :Set acceleration to 25 unitsssecssec
315325 ;get delfel ) to 55 gmtg:s?c/sec All buffered commands that you enter after DEF
=1} veloclty o unlitsssec H
AD25 D000 St dictonce to 8000 wnits and before END will be executed when the program
;< <WARNING:> Make sure this is a safe IS run.
V5 ;distance if you disabled the end-of-
ctravel limits (LHO command) above
G0 ;Execute the move
D8000 END :End definition of progran EXAMPL
(€e) A All text between the comment delimiter ¢ ) and the
1 carriage return are considered “program comments.”
END The warning at the beginning of this program file -
5 5 comprises 8 lines of comments. _’I_I
For Help, press F1 [Insert [Line 31 [Column 2 | ForHelp. press F1 Insert |Line 1 |Calun
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3. Download the

10

program.

FIRST: Before you can download the program, you
must save it to your hard drive (select File/Savein the
Editor). Thefileissaved with a“.PRG” extension. In
the Save dialog box, name the file “EXAMPL.PRG".

Follow these steps to download the program file to the
controller:

1. Power up the controller. Notice the power-up

message (like the one shown below) display in your

terminal emulator window.

2. From the Transfers menu in the Terminal window,
select Send Motion Program(s). From the dialog box,
select the EXAMPL.PRG file and click OK. Thefirst
time you download the file, you will see two messages
display: “*UNDEFI NED LABEL” and " DELEXAMPL”
(on subsequent downloads of the same file, you would

instead see the message “NO ERRORS”).

Save the program first (Editor).
Edt View window Help

Hew Clrl+t
Open... Chil+0
Cloze

Save fs..

Frint... Chl+P

Dieimk Demi siminn

Download the program (Terminal).

v LConnect
Send| [ perating Systenm...

TIP: If the controller is executing a program when you try to download a program
file, the program(s) from the program file will not download and the contents of the
program(s) will be displayed to the terminal emulator window. To prevent this error,
“kill” program execution (and motion) before downloading the program file— use
the ! K command or the ctrl/K command (ctrl/K is an easier keystroke combination).

3. To verify that the EXAMPL program resides in the controller's memory, type the TDI R

command and press the carriage return or enter key.

<|| 3 4

{3 ZETAG104 Editor - [EXAMPL PRG] M [=] B3| = ZETAG104:COM1 Terminal - [EXAMPL TER] [_ O] =]
DEiIe Edit Yiew ‘Window Help —|®|x|| m File Edit Settings Transfers iew Help == x]

SEEEEEEEE

Sl = EEEEEEEE

-

controller.

>
| *TNDEFINED LABEL
Messages for first-time download /—. > *DELEXAMPL
(subsequent download will yield the

message ‘NO ERRORS”). : TDIR

3-line response. The first line shows N
the the EXAMPL program resides in
memory and uses 50 bytes. The
second line shows the status of
memory available for program
storage (this is where EXAMPL is
stored). The third line shows the
status of memory available to store
compiled motion profiles (programs
compiled with the PCOMP command).

-

*PARKER COMPUMOTOR 6104 — SINGLE AXIS INDEXER-DRIVE j
—| *HO REMOTE PANEL
Power-up message for the ZETA6104 *EXPANDED MEMORY OPTION HOT INSTALLED

\*1 — EX&MPL USES 50 BYTES
%21350 OF 21400 BYTES (99%) PROGRAM MEMORY REMAINING
The TD Rstatus command yields a %258 OF 258 SEGMENTS (100%) COMPILED MEMORY REMAINING

-

3

ForHelp, press Fi [Insert [Line 31 ForHelp, press F1

[Insert [Line 19 |Calumn 4
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Other methods of
executing programs are
listed in Executing
Programs (page 14).

5. Edit the program.

to the load, make sure it is safe to move the load without damaging equipment or injuring

Run the program.  \W ARNING: Executi ng this program will cause motion. If you coupled the motor(s)

personnel.
{3 ZETAB104 Editor - [EXAMPL PRG] M [=] E3J| = ZETAB104:COM1 Terminal - [EXAMPL TER] =] 3
D File  Edit Wiew ‘Window Help _|ﬁ||1| m File Edit Seftings Transfers Wiew Help _|ﬁ||1|

EEEEEEEIEE

EEEBEEERIEIEE

ST :

-
j *PARKER COMPUMOTOR 6104 — SINGLE AXIS INDEXER-DRIVE
*N(O REMOTE PANEL

*EXPANDED MEMORY OPTION NOT INSTALLED

>

*UNDEFINED LABEL

» *DELEXAMFL

>

> TDIR

*1 - EXAMPL USES 50 BYTES

*21350 OF 21400 BYTES (99%) PROGRAM MEMORY REMAINING
#2508 OF 258 SEGMENTS (100%) COMPILED MEMORY REMAINING

» EXAMPL

> To run the program from the terminal emulator, type

the name of the program (in this case it is EXAMPL)
and press the carriage return or enter key.

If you are using a stepper, the default resolution will
most likely be set to 25,000 steps per rev; therefore,
running the EXAMPL program should move the motor
about 1/3 rev.

If you are using a servo, the default resolution will
most likely be set to 4,000 counts per rev; therefore,
running the EXAMPL program should move the motor
about 2 revs.

i T o

-

FarHelp, press F1 [Insert |Line 31

Far Help, press F1 Insert [Line 19 [Colurmn 4

To demonstrate the iterative nature of programming, let’'s change distance of the movein the
EXAMPL program, redownload the EXAMPL .PRG file, and run the EXAMPL program.

{3 ZETAE104 Editor - [EXAMPL.PRG]
[[JEle Edit View Window Help

BEERIEES

-3 x]
=@ x|

— ZETAG104:COM1 Terminal - [EXAMPL. TER]
m File Edit Settings

BECER

Wiew Help

Connect

»» This program executes mno
ot

downloading it to the controller.

:: If Troa ol L. ot b Ll 1 d
9 Click this toolbar button to save the ~ fitl
-3 EXAMPL.PRG file before =0
o4 nd
o3

DEL EXAMPL ;Delete the program called E
LEF EXAMFL ;Begin defining the program |
DRIVEL ;Enable the drive

HCO ;Select preset positioning me
HAD :Select incremental position:
LH3 ;Enable hard end-of-trawvel 1:
J<<WARNING: > If wou are not 1
chardware end-of-travel limi-
;wou can instead use the LHO
;to disable the limits, but |
SCAUTION =o that you do not
;load too far in either dire
425 ;Set acceleration to 25 unit:
ADZ2E ;Set decel to 25 unitsssec=
Ve :Set welocity to § units-=ec
Dis000 ;Set distance to 16000 units
J<<WARNING: > Makedbure this
;distance if you Aisabled the
stravel limits Hil command)
GO ;Ezxecute the m
EHD ;End definiti of program E

Double the distance (©) command
value from 8000 units to 16000 units
(change the comment as well).

KT ,

Y

M=l B3
=@ x|

Send |0 perating Systen. .

*PARKER COMPTUMOT
*N(O REMOTE PANEL
*EXFANDED MEMORY

NDEXER-DRIVE

Mation Program(z]...
eceive Mation Pragram(s)...

*
*UNDEFINED LABEL Send (download) the EXAMPL.PRG

» *DELEXANEL program file to the controller.

>

» TDIR

*1 - EXAMPL USES 50 BYTES

*21350 OF 21400 BYTES (99%) PROGRAM MEMORY REMAINING
#2508 OF 258 SEGMENTS (100%) COMPILED MEMORY REMAINING

> EXAMPL Message indicates successful
download, overwriting the previous
i *H0 ERRORS / version of the EXAMPL program that
exists in the controller's memory.
»
> EXAMPL
A

-

’ D Enter the name of the program (EXAMPL) to run
the program and execute motion.
If you are using a stepper with default resolution
settings, the motor should move about 2/3 rev.

If you are using a servo with default resolution
settings, the motor should move about 4 revs.

EIn| )

FarHelp, press F1 [Ingert [Line 31

Download file of 6000 program(s)  Insert |Line 25 [Calumn 4
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Storing Programs

Programs and compiled profiles are stored in the controller's memory (non-volatile memory
for stand-alone products and volatile memory for bus-based products). Information on
controlling memory allocation is provided below (see Memory Allocation).

Storing Programs in Stand-Alone Products

If you are using a stand-alone (serid interface) product, programs and compiled profiles are
automatically stored in non-volatile memory (battery-backed RAM).

More information on other items that are stored in non-volatile memory is provided below.

Storing Programs in Bus-Based Products

If you are using a bus-based product, programs
and compiled profiles are stored in volatile S —
RAM memory (not battery-backed). Therefore,

1M otion Architect: [AT6400-ALK1)

— ATBA00-AUX1:768 Terminal - [Untitled1]

you should backup your motion @ Ele Edit Setting: QEENEEEE Yiew Help
programs to your computer's hard disk or o] =] = < Comize!

floppy disk to ensure their safety. Thisis _
easily done with the Receive Motion Program 2ond Motion Programie)..
function of Motion Architect's Terminal i

Send Dperating Spstem...

r2 Motion Program(z)...

Emulator module (see diagram at right).

In general, your programs may already be stored on your computer, since most programs are
created with Motion Architect's Editor or with the 6000 DOS support software package (see
Program Devel opment Scenario starting on page 8).

Application set-up parameters such as drive setup, feedback setup, 1/0 configuration, etc.,
should be placed in a set-up program that is called/downloaded and executed before performing
any other controller functions (see Creating and Executing a Set-Up Program on page 14).

Memory Allocation

Y our controller's memory has two partitions: one for storing programs and one for storing
compiled profiles. The allocation of memory to these two areasis controlled with the
MEMORY command.

“Programs” vs. "Compiled Profiles”

Programs are defined with the DEF and END commands, as demonstrated in the Program

Development Scenario starting on page 8.

Compiled Profiles are defined like programs (using the DEF and END commands), but are

compiled with the PCOMP command and executed with the PRUN command. A
compiled profile could be a multi-axis contour (a series of arcs and lines), an
individual axis profile (a series of GOBUF commands), or a compound profile
(combination of multi-axis contours and individual axis profiles).

Programs intended to be compiled are stored in program memory. After they are
compiled with the PCOVP command, they remain in program memory and the
segments (see diagram below) from the compiled profile are stored in compiled
memory. The TDI R command reports which programs are compiled as a compiled
profile (referred to here as a path).

For more information on multi-axis contours, refer to Contouring in Chapter 5, page
153. For more information on compiled profiles for individual axes, refer to Compiled
Moation Profiling in Chapter 5, page 163.
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MEMORY NEMRYW W Memory allocation for Compiled Profiles (bytes).
command t Storage requirements depend on the number of
syntax i ; -
segments in the compiled profile (1 segment consumes
(example) 72 bytes). A segment could be one of these commands:
Memory allocation for ) ) .
Programs (bytes). Contouring: Compiled Motion:
Storage requirements PARCM QCBUF
depend on the number of IEARCC'VI PLOCP y
. AR X P (; VW-E]\] QBUF commands
ASCII characters in the PARCP TRGEN may require up o 4
program. PLIN POUTA | segments.
PQUTB
PQUTC
PQUTD

The following table identifies memory allocation defaults and limits for 6000 Series products.
When specifying the memory allocation, use only even numbers. The minimum storage
capacity for one partition area (program or compiled) is 1,000 bytes.

Feature AT6Nn00 AT6n00-M AT6Nn50 AT6n50-M All Other Products
Total memory (bytes) 64000 1500000 40000 150000 150000
Default allocation 33000,31000 | 63000,2000 39000,21000 | 149000,1000 | 149000,1000
(program,compiled)

Maximum allocation for 63000,1000 | 1499000,1000 | 39000,1000 |149000,1000 | 149000,1000
programs

Maximum allocation for 1000,63000 | 1000,1499000 | 1000,39000 | 1000,149000 |1000,149000
compiled profiles

Max. # of programs 150 4000 100 400 400

Max. # of labels 250 6000 100 600 600

Max. # of compiled profiles | 100 800 100 300 300

Max. # of compiled profile | 875 20819 541 2069 2069
segments

Max. # of numeric 100 200 150 150 150
variables

Max. # of string variables | 100 100 25 2 2

Max. # of binary variables | 100 100 25 25 25

-M refers to the Expanded Memaory Option

When teaching variable data to a data program (DATP), be aware that the memory required for
each data statement of four data points (43 bytes) is taken from the memory allocation for
program storage (see Variable Arrays in Chapter 3, page 120, for details).

CAUTION

Using a memory allocation command (e.g., MEMORY39@AZ 122) will erase all existing
programs and compiled profile segments. However, issuing the MEMORY command without
parameters (i.e., type MEMORY <cr> to request the status of how the memory is allocated) will
not affect existing programs or compiled segments.

Checking Memory Status

To find out what programs reside in your controller's memory, and how much of the available
memory is allocated for programs and compiled profile segments, issue the TDI R command (see
exampl e response below). Entering the TMEMcommand or the MEMORY command (without
parameters) will also report the available memory for programs and compiled profile segments.

*1 - SETUP USES 345 BYTES
*2 - PIKPRT USES 333 BYTES
*32322 COF 33000 BYTES (98% PROGRAM MEMCRY RENMAI N NG
*500 OF 500 SEGMENTS (100% OOWPI LED MEMCRY REMVAI NI NG

Sample response
to TDI Rcommand

Two system status bits (reported with the TSS and SS commands) are available to check when
compiled profile segment storage is 75% full or 100% full. System status bit #29 is set when
segment storage reaches 75% of capacity; bit #30 indicates when segment storage is 100% full.
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Executing Programs (options)

Following isalist of the primary options for executing programs stored in your controller:

Method Description See Also
Execute from a terminal Type in the name of the program and press enter. page 11
emulator
Execute as a subroutine Use an branch (GOTO, GOSUB, or JUMP) from the main program page 23
from a “main” program to execute another stored program.
Execute automatically Stand-alone products only. Assign a specific program as a startup ~ page 14
when the controller is program with the STARTP command. When you RESET or cycle
powered up power to the controller, the startup program is automatically

executed.
Execute a specific program  Define programmable inputs to function as BCD select inputs, page 110
with BCD weighted inputs each with a BCD weight. A specific program (identified by its

number) is executed based on the combination of active BCD

inputs. Related commands: | NFNC - B, | NSELP, | NFEN.
Execute a specific program  Define a programmable input to execute a specific program (by page 115
with a dedicated input number). Related commands: | NFNGi - i P, | NSELP, | NFEN.
“Call” from a high-level Using a programming language such as BASIC or C, write a page 143
program program that enables the computer to monitor processes and

orchestrate motion and I/O by executing stored programs (or

individual commands) in the controller.
Execute from an RP240 Execute a stored program from the RUN menu in the RP240's page 134
(remote operator interface)  standard menu system.
Execute from your own Bus-based products only. Use a programming language such as page 51
custom Windows program  Visual Basic and the DLLs provided on your Motion Architect disk

to create your own windows application to control the 6000 product.
Execute from Motion Use Motion Architect's Panel module to create a test/operator Motion
Architect's Panel module panel screen to execute programs and monitor the controller's Architect

status (I/O, motion, axis, system, Following, etc.) User Guide

Creating and Executing a Set-up Program

14

In most applications, you will benefit by having a set-up, or configuration, program that is
executed before performing any other controller functions. The set-up program contains
various set-up parameters specific to the general operation of your controller. Examples of
these parameters include scaling factors, 1/0 definitions, feedback device configuration, homing
operations, end-of-travel limits, drive configuration, program execution modes, etc. (more
detail on these featuresis provided in Chapter 3, Basic Operation Setup, page 77).

Use Motion Architect's Setup module to help you
create the basic configuration program. By simply responding
to aseries of dialog boxes, a program is created with a specific
name (asif you created it in the usual process with the DEF
and END commands, as demonstrated on page 9). You can
further edit this program in Motion Architect's Editor module
if youwish. How you execute the set-up program depends on
which product form factor you are using: stand-alone or bus-
based.
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Set-up Program Execution for Stand-Alone Controllers

Example

If you created the set-up program in Motion Architect's Editor, you need to download it to the
6000 controller's non-volatile memory viathe Terminal Emulator module (see Send Motion
Program under the Transfers menu). If you created the set-up program in the terminal
emulator, asin the example below, it is already stored to non-volatile memory.

Now that the set-up program is available, you can cause it to be executed automatically after
the 6000 controller is powered-up or reset. To do this, you must assign it as the power-up
start program with the STARTP command (see fourth line in example below).

DEF setup ; Define program setup

TREV ; Report software revision

END ; End of program setup

STARTP set up ; Define programpwup as the power-up program
RESET ; Reset the controller

; After reset, you shoul d see a nessage |ike this:

; * PARKER COMPUMOTCR 6201 MOTI CN CONTRCOLLER

; *NO REMOTE PANEL

If the program that isidentified as the STARTP program is deleted by the DEL command, the
STARTP isautomatically cleared. If you wish to prevent the assigned STARTP program from
being executed, without having to delete the program, issue the STARTP CLR command.

Set-up Program Execution for Bus-Based Controllers

In most cases you will require the parameters in the setup program to be executed as soon as
possible so that subsequent parameters are based on the setup program. This can be done using
Motion Architect. A set up program can be defined (in Motion Architect’s Setup Module),
saved, and then downloaded in the Terminal Module (see Send Motion Program under the
Transfers Menu). Once the setup program has been stored in the controller, it may be run by
issuing the name of the setup program.

An dternative method would be to not store the setup parameters in a setup program, but have
them execute upon downloading to the controller. This can be done be defining the setup
parameters in the Setup Module of Motion Architect, but not specifying a setup program.
Thiswill remove the DEF and END statements from the setup file, which you will download
the same way in Motion Architect’s Terminal Module. Because the statements execute upon
downloading, there is no need to issue a program name.

Program Security

Issuing the | NFNCi - Qcommand enables the Program Security feature and assigns the
Program Access function to the specified programmable input. The“i " represents the number
of the programmable input to which you wish to assign the function.

The program security feature denies you access to the DEF, DEL, ERASE, MEMORY, and

I NFNC commands until you activate the program access input. Being denied access to these
commands effectively restricts altering the user memory alocation. If you try to use these
commands when program security is active (program access input is not activated), you will
receive the error message * ACCESS DEN ED.

For example, once you issue the | NFNC22- Q command, input #22 is assigned the program
access function and access to the DEF, DEL, ERASE, MEMORY, and | NFNC commands will
be denied until you activate input #22.

To regain access to these commands without the use of the program access input, you must
issue the | NFENGZ command to disable programmable input functions, make the required user
memory changes, and then issue the | NFEN1 command to re-enabl e the programmabl e input
functions.

Chapter 1. Programming Fundamentals 15



Controlling Execution of Programs and the Command Buffer

The 6000 controller command buffer is capable of storing 2000 characters waiting to be
processed. (Thisis separate from the memory allocated for program storage — see Memory
Allocation, page 12.) Three commands, COVEXC, COVEXK, and COVEXP, affect command
execution. Three additional commands, COVEXL, COVEXR, and COVEXS, affect the
execution of programs and the command buffer.

COMEXC (Continuous Command Execution)

The COVEXC command enables the Continuous Command Execution Mode. This mode
allows the program to continue to the next command before motion is complete. Thisis
useful for:

« Monitoring other processes while motion is occurring
 Performing calculations in advance of motion completion

» Pre-emptive G0s — executing a new profile with new attributes (distance, accel/decd,
velocity, positioning mode, and Following ratio ) before motion is complete: The
motion profile underway is pre-empted with a new profile when anew QQisissued. The
new GO both constructs and launches the pre-empting profile. Pre-emptive GOs are
appropriate when the desired motion parameters are not known until motion is already
underway. For adetailed description, refer to On-The-Fly Motion on page 178.

* Pre-process the next move while the current move isin progress (see CAUTION note).
This reduces the processing time for the subsequent move to only afew microseconds.

CAUTION: Avoid executing moves prematurely

With continuous command execution enabled (COVEXCL), if you wish motion to stop
before executing the subsequent move, place a WAl T( AS. 1=b@) statement before the
subsequent GOcommand. If you wish to ensure the load settles adequately before the
next move, use the WAI T( AS. 24=b1) command instead (this requires you to define
end-of-move settling criteria — see Target Zone Mode on page 105 for details).

In the programming example below, by enabling the continuous command execution mode
(COVEXC1), the contraller is able to turn on output #3 after the encoder moves 4000 units of
its 125000-unit move. Normally, with COMEXC disabled (COVEXCY), command processing
would be temporarily stopped at the GOL command until motion is compl ete.

Programming Example (portion of program only)

COMEXCL ; Enabl e conti nuous comrand executi on node

D125000 ; Set di stance

2 ; Set velocity

A10 :Set accel eration

coll ;Initiate nmotion on axis 1

WAl T(1PE>4000) ;Wait for the encoder position to exceed 4000

QUTXX1 ; Turn on progranmmabl e out put #3

WAl T( AS. 1=b0) Wit for notion to conplete on axis 1 (AS bit #1 = zero)
QUTXX0 ; Turn of f programabl e out put #3

COMEXK (Continue Command Execution on Kill)

This feature is applicable only to bus-based products. The COMEXK command
determines whether the commands following a Kill (K) command in a block write will be saved
after the (K) command is processed. Upon receiving a (K) command, or an external kill input

(I NFNGi - ©), dl commands in the command buffer are eliminated. If there are any other
commands contained within the data block during the Kill (K) command, these commands will
also be eliminated from the command buffer, unless Continue Execution on Kill (COVEXK) is
enabled. Thisalso holds true when aKill input is received.
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COMEXL (Save Command Buffer on Limit)

The COVEXL command enables saving the command buffer and maintaining program
execution when a hardware or software end-of-travel limit is encountered. For more
information on end-of-travel limits, refer to page 90.

COMEXP (Pause Command Execution Until In Position Signal)

Thisfeature is applicable only to stepper products, excluding the OEM-AT6400, 6104 and
6201. The COVEXP command enables waiting for the in-position signal (DRIVE connector
pin 4). While enabled, the next command will not be processed until the in-position signal
becomes active. Thisonly affects the command processing of motion commands.

COMEXR (Effect of Pause/Continue Input)

The COVEXR command affects whether a pause input (i.e., a general-purpose input configured
as a pause/continue input with the | NFNCi - E command) will pause only program execution
or both program execution and motion.

COVEXRZ Upon receiving a pause input, only program execution will be paused; any
motion in progress will continue to its predetermined destination. Releasing
the pause input or issuing a! C command will resume program execution.

COMEXRL: Upon receiving a pause input, both motion and program execution will be
paused; the motion stop function is used to halt motion. After motion has
come to a stop (not during deceleration), you can rel ease the pause input or
issuea! Ccommand to resume motion and program execution.

Other Ways to Pause
* Issue the PS command before entering a series of buffered commands (to cause motion,
activate outputs, etc.), then issue the ! C command to execute the commands.
« While program execution is in progress, issuing the ! PS command stops program
execution, but any move currently in progress will be completed. Resume program
execution with the ! Ccommand.

COMEXS (Save Command Buffer on Stop)

The COVEXS command affects saving the command buffer and maintaining program execution
upon receiving a stop input (a general-purpose input configured with thel NFNCi - D
command) or astop command (! Sor! S111).

COVEXS@: Upon receiving a stop input or stop command, motion will decelerate at the
preset ADY ADA value, program execution will be terminated, and every
command in the buffer will be discarded (exception: an axis-specific stop input
will not dump the command buffer).

COMEXSL: Upon receiving a stop input or stop command, motion will decelerate at the preset

AD/ ADA value, program execution will pause, and all commands following the
command currently being executed will remain in the command buffer.
Resuming program execution (only after motion has come to a stop):

*  Whether stopping as aresult of astop input or stop (! Sor! S1111)
command, you can resume program execution by issuing an immediate
Continue (! C) command or by activating a pause/continue input (a
general-purpose input configured with the | NFNCi - E command—see
COMVEXR discussion above).

» If you areresuming after astopinput or a! S1111 command, the move
in progress will not be saved.

» If you are resuming after a! S command, you will resume the movein
progress at the point wherethe ! S command was received by the processor.

COMEXS2: Upon receiving a stop input or stop command, motion will decelerate at the
preset AD value, every command in the command buffer will be discarded, and
program execution will be terminated, but the | NSELP value isretained. This
allows external program selection, viainputs defined with the | NFNCi - B or
I NFNGi - i P commands, to continue.
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Restricted Commands During Motion

Variables

When motion isin progress, some commands cannot have their parameters changed until
motion is complete (see table below).

For the commands identified in the table, if the continuous command execution mode in
enabled (COVEXCL) and you try to enter new command parameters, you will receive the error
response MOTI ON | N PROGRESS. If the continuous command execution mode in disabled
(COVEXCW), which is the default setting, you will receive the response MOTI ON | N
PROGRESS only if you precede the command with the immediate (! ) modifier (e.g., ! V2@); if
you enter acommand without the immediate modifier (e.g., V2@), you will not receive an error
response and the new parameter will be ignored and the old parameter will remain in effect.

All of the commands in the table below, except for | NDAX and SCALE, are axis-dependent.
That is, if one axis is moving you can change the parameters on the other axes, provided they
are not in motion.

Command Description Command Description

ANI input Polarity JOY e Joystick Mode Enable
Commanded Direction Polarity Joystick Acceleration
Drive Resolution Average Joystick Acceleration
... Drive Shutdown ... Joystick Deceleration
Encoder/Motor Step Mode Average Joystick Deceleration

Encoder Polarity Joystick Velocity High
... Encoder Resolution ... Joystick Velocity Low

Position Maintenance Max Velocity LDT Polarity

Following Mode Enable LDT Resolution

... Feedrate Enable

Initiate Linear Interpolated Motion
Go Home

...Home Acceleration

Average Home Acceleration
Home Deceleration

... Average Home Deceleration
...Home Velocity ... Distance Scale Factor
....Home Final Velocity ... Velocity Scale Factor
... Participating Axes * SSV..oiiiiiins Start/Stop Velocity
-..Jog Mode Enable

...Jog Acceleration

... Average Jog Acceleration
... Jog Deceleration

-... Average Jog Deceleration
...Jog Velocity High

Jog Velocity Low

-..Hard Limit Deceleration
Average Hard Limit Deceleration
Soft Limit Deceleration

... Average Soft Limit Deceleration
Establish Absolute Position
Enable/Disable Scale Factors
... Acceleration Scale Factor

*

* If any axis is in motion, you will cause an error if you attempt to change this command's parameters.

NOTE: Variables do not
share the same memory
(e.g., VARL, VARB1, and
VARSI can all exist at the
same time and operate
separately).

6000 Series controllers have three types of variables (numeric, binary, and string). Each type of
variable is designated with a different command: VAR (numeric variable), VARB (binary variable),
and VARS (string variable). The quantity available for each variable type differs by product:

Variable Type AT6n00  AT6n00-M All Other 6000 Controllers
(with expanded memory) (regardless of -M option)

Numeric (VAR) 100 200 150

Binary (VARB) 100 100 5

String (VARS) 100 100 i)

Numeric variables are used to store numeric values with arange of - 999, 999, 999. AFATIATATtO
999, 999, 999. 99999999. Mathematical, trigonometric, and boolean operations are performed
using numeric variables. Y ou can also use numeric variables to store (“teach”) variable datain
variable arrays (called data programs) and later use the stored data as a source for motion program
parameters (see Variable Arrays on page 120 for details).
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Stand-Alone Products:
» All 3 types of variables

are automatically storied
in non-volatile memory.
6270: Numeric and string
variables may be
displayed with the RP240
(see page 133).

Binary variables can be used to store 32-hit binary or hexadecimal values. Binary variables can
also store 1/0O, system, axis, or error status (e.g., the VARB2=1 N. 12 command assigns input
bit 12 to binary variable 2). Bitwise operations are performed using binary variables.

String variables are used to store message strings of 20 characters or less. These message
strings can be predefined error messages, user messages, etc. The programming examplein
the Command Value Substitutions (page 6) demonstrates the use of a string variable.

Converting Between Binary and Numeric Variables

Using the Variable Type Conversion (VCVT) operator, you can convert numeric valuesto
binary values, and vice versa. The operation is asigned operation as the binary value is
interpreted as atwo's complement number. Any don't cares (x) in abinary valueis interpreted
asazero (9.

If the mathematical statement's result is a numeric value, then VCVT converts binary values to
numeric values. If the statement's result is a binary value, then VCVT converts numeric
values to binary values.

Numeric to Binary Example Description/Response

VARL=-5 Set numeric variable value = -5

VARB1=VCVT( VARL) Convert the numeric value to a binary value

VARBL *VARB1=1101_ 1111 1111 1112 1111 1111 1111 1111
Binary to Numeric Example Description/Response

VARB1=b0010_0110_0000_0000_0000_0000_0000_0000
VARL=VCOVT( VARBL)
VARL

Set binary variable = +100.0
Convert binary value to numeric
*VARL=+100. 0

Using Numeric Variables

Some Numeric Variable Operations Reduce Precision
The following operations reduce the precision of the return value: Division and Trigonometric
functions yield 5 decimal places; Square Root yields 3 decimal places; and Inverse
Trigonometric functions yield 2 decimal places.

Mathematical The following examples demonstrate how to perform math operations with numeric variables.

Operations Operator precedence occurs from left to right (e.g., VARL=1+1+1[B sets VAR1 to 9, not 5).
Addition (+) Example Response
VARL=5+5+5+5+5+5+5
VARL *VARL=35. 0

VAR23=1000. 565
VARL1=VARL+VAR23

VARL1 *VARL1=+1035. 565

VARL=VARL+5

VARL *VARL=+40.0
Subtraction (-) Example Response

VAR3=20- 10

VAR20=15. 5

VAR3=VAR3- VAR20

VAR3 *VAR3=-5. 5
Multiplication (*)  Example Response

VAR3=10

VAR3=VAR3* 20

VAR3 *VAR3=+200. 0
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Division (/)

Square Root

Trigonometric

Operations

Sine

Cosine

Example Response

VAR3=10

VAR20=15. 5

VAR20 *+15.5
VAR3=VAR3/ VAR20

VAR3 *+0. 64516
VAR30=75

VAR30 *+75.0
VARL9=VAR30/ VAR3

VARL9 *+116. 25023
Example Response
VAR3=75

VAR20=25

VAR3=S(RT( VAR3)

VAR3 *+8. 660
VAR20=SCRT( VAR20) +SQRT( 9)

VAR20 *+8.0

The following examples demonstrate how to perform trigonometric operations with numeric
variables.

Example Response
RADI AND
VARL=S| N 0)
VARL *VARL=+0. 0
VARL=S| N 30)
VARL *VARL=+0. 5
VARL=S| N 45)
VARL *VARL=+0. 70711
VARL=S| N 60)
VARL *VARL=+0. 86603
VARL=S| N 90)
VARL *VARL=+1. 0
RADI ANL
VARL=S| N 0)
VARL *VARL=+0. 0
VARL=S| N[ Pl / 6)
VARL *VARL=+0. 5
VARL=SI NPl / 4)
VARL *VARL=+0. 70711
VARL=SI NPl / 3)
VARL *VARL=+0. 86603
VARL=SI NPl / 2)
VARL *VARL=+1. 0
Example Response
RADI AND
VAR1=C05( 0)
VARL *VARL=+1. 0
VAR1=0085( 30)
VARL *VARL=+0. 86603
VARL=CC5( 45)
VARL *VARL=+0. 70711
VAR1=C05( 60)

*VARL=+0. 5
VARL=0085( 90)
VARL *VARL=+0. 0
RADI AN
VARL=00§( 0)
VARL *VARL=+1. 0
VARL=CCS( PI / 6)
VARL *VARL=+0. 86603
VARL=CO5( Pl / 4)
VARL *VARL=+0. 70711
VARL=COS( Pl / 3)
VARL *VARL=+0. 5
VARL=CO5( Pl / 2)
VARL *VARL=+0. 0
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Tangent Example Response

RADI AND

VARL=TAN( 0)

VARL *VARL=+0. 0
VARL=TAN( 30)

VARL *VARL=+0. 57735
VARL=TAN( 45)

VARL *VARL=+1. 0
VARL=TAN( 60)

VARL *VARL=+1. 73205
RADI ANL

VARL=TAN 0)

VARL *VARL=+0. 0
VARL=TAN( P! / 6)

VARL *VARL=+0. 57735

VARL=TAN( P! / 4)
VARL *VARL=+1. 0
VARL=TAN( P! / 3)
VARL *VARL=+1. 73205

Inverse Tangent ~ EXample Response
(Arc Tangent) RADI ANO

VARL=SQRT( 2)

VARL=ATAN VARL/ 2)

VARL *VARL=+35. 26

VARL=ATAN . 57735)

VARL *VARL=+30.0

Boolean 6000 Series products have the ability to perform Boolean operations with numeric variables.
Operations The following examples illustrate this capability. Refer to the 6000 Series Software

Reference for more information on each operator (&, | , *, and ~).
Boolean And (&  Example Response

VARL=5

VAR2=-1

VAR3=VARL & VAR2

VAR3 *VAR3=+0. 0
Boolean Or (| ) Example Response

VARL=5

VARZ=- 1

VARB=VARL | VAR2

VAR3 *VAR3=+1. 0
Boolean Example Response
Exclusive Or (*) ~ VARL=5

VAR2=-1

VAR3=VARL N VAR2

VAR3 *VAR3=+1. 0
Boolean Not (~) Example Response

VARL=5

VAR3=~( VARL)

VAR3 *VAR3=+0. 0

VARL=-1

VAR3=~( VARL)

VAR3 *VAR3=+1. 0
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Using Binary Variables

22

Bitwise And (&)

Bitwise Or (] )

Bitwise Exclusive
or(®)

Bitwise Not (~)

Shift Left to Right
>>)

Shift Right to Left
(<9)

The following examplesiillustrate the 6000 Series product's ability to perform bitwise
functions with binary variables.

Storing binary values. The 6000 Series Language allows you to store binary numbers
in the binary variables (VARB) command. The binary variables start at the left with the least
significant bit, and increase to the right. For example, to set bit 1, 5, and 7 you would issue
the command VARB1=b1xxx1x1. Noticethat the letter b isrequired. When assigning a
binary value to abinary variable, only the bits specified are affected—all unspecified bits are
left in their current state.

Example Response
VARB1=b1101XX1 *VARB1=1101_ XXLX_XXXX_ XXX XK XK XK XXX

Storing hexadecimal values. Hexadecimal values can also be stored in binary variables
(VARB). The hexadecimal value must be specified the same as the binary value—|eft isleast
significant byte, right is most significant. For example, to set bit 1, 5, and 7 you would
issue the command VARB1=h15. Notice that the |etter h isrequired. NOTE: When
assigning a hexadecimal value to a binary variable, al unspecified bits are set to zero.

Example Response

VARB1=h7FAD

VARB1 *VARB1=1110_1111 0101_1011_0000_0000_0000_0000
Example Response
VARB1=h1101
VARB1 *VARBL=1101_ XXX XXX XXX XK XXX XK XKXX
VARB1=VARBL & bXXx1 1101
VARB1 *VARBL=XX01_ XX0X_ XXX XK XK XK XK XXX
VARB1=h0032 FDA1 & h1234 43E9
VARB1 *VARB1=0000_0000_1100_0000_0010_1000_0101_1000
Example Response
VARB1=h32FD
VARB1 *VARB1=1100_0100_1111 1011_0000_0000_0000_0000
VARB1=VARBL | bXXx1 1101
VARB1 *VARB1=11X1_1101_1111 1X11_XXXX_ XXX XXX XHXXX
VARB1=h0032 FDA1 | h1234 43E9
VARB1 *VARB1=1000_0100_1100_0110_1111 1111 0111 1001
Example Response
VARB1=h32FD ~ bXXX1 1101
VARB1 *VARBL=XXX1_1001_ XXXX_XXXX XXX XXX XK XHKXX
VARB1=h0032 FDA1 " h1234 43E9
VARB1 *VARB1=1000_0100_0000_0110_1101_0111_0010_0001
Example Response
VARB1=~( h32FD)
VARB1 *VARB1=0011_1011 0000_0100_1111 1111 1111 1111
VARB1=~(b1010 XX11 0101)
VARB1 *VARB1=0101_XX00_1010_XXXX_XXXX_XXXXK_ XXX XKXX
Example Response
VARB1=h32FD >> h4
VARB1 *VARB1=0000_1100_0100_1111_1011_0000_0000_0000
VARB1=b1010 XX11 0101 >> bll
VARB1 *VARB1=0001_010X_X110_101X XXXX_XXXX_XXXX_XXXX
Example Response
VARB1=h32FD << h4
VARB1 *VARB1=0100_1111 1011_0000_0000_0000_0000_0000
VARB1=b1010 XX11 0101 << b1l
VARB1 *VARB1=0XX1_1010_1XXX_XXXX_XXXX_XXXX_XXXX_X000
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Program Flow Control

Program flow refersto the order in which commands will be executed, and whether they will
be executed at all. In general, commands are executed in the order in which they are received.
However, certain commands can redirect the order in which commands will be processed.

Y ou can affect program flow with:

« Unconditional Loops and Branches
 Conditional Loops and Branches

Unconditional Looping and Branching

Unconditional The Loop (L) command is an unconditional looping command. Y ou may use this command

Looping to repeat the execution of agroup of commands for a predetermined number of iterations. You
can nest Loop commands up to 16 levels deep. The code sample (portion of a program) below
demonstrates aloop of 5 iterations.

MAD ; Sets unit to Increnental node
A0 ; Sets acceleration to 50
\5 ; Sets velocity to 5
L5 ; Loops 5 tines
D2000 ; Sets distance to 2,000
coll ; Executes the nove (o)
T2 ; Delays 2 seconds after the nove
LN ; Ends | oop
Unconditional There are three ways to branch unconditionally:

Branching GOTO.  The GOTOcommand transfers control from the current program being processed to

the program name or label stated in the GOTO command.

GOSUB: The GOSUB command branches to the program name or label stated in the GOSUB
command; however, the GOSUB command returns control to the program where the
branch occurred (resumes at the next command line after the GOSUB).

JUMP:  The JUMP command branches to the program name or label stated in the JUMP
command. All nested | Fs, WHI LEs, and REPEATS, loops, and subroutines are
cleared; thus, the program or label that the JUMP initiates will not return control to
the line after the J UMP, when the program compl etes operation. Instead, the
program will end.

If an invalid program or label nameis entered, the branch command will be ignored and
processing will continue with the next line in the program.

The 6000 family does not support recursive calling of subroutines.

Using labels: Labels, defined with the $ command, provide a method of branching to specific
locations within the same program. Labels can only be defined within a program and executed
with a GOTO, GOSUB, or JUMP command from within the same program (see Example B below).

NOTE
Be careful about performing a GOTOwithin a loop or branch statement area (i.e., between
L&LN, between | F & NI F, between REPEAT & UNTI L, or between WH LE & N\VH LE). Branching
to a different location within the same program will cause the next L, | F, REPEAT, or WH LE
statement encountered to be nested within the previous L, | F, REPEAT, or WHI LE statement
area, unless an LN, NI F, UNTI L, or NMHI LE command has already been encountered.

** To avoid this nesting situation, use the JUMP command instead of the GOTO command.
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Example A

Example B

DESCRIPTION: The program cut 1 is executed until it gets to the command GOSUB

pr onpt . From there it branches unconditionally to the subroutine (actually a program) called
pr onpt . The subroutine pr onpt queries the operator for the number of parts to process.
After the part number is entered (e.g., operator entersthe! ' 12 command to process 12 parts),
therest of the pr onpt subroutine is executed and control goes back to the cut 1 program and
resumes program execution with the next command after the GOSUB, which is MAGZ

DEL cutl ; Delete a programbefore defining it
DEF cutl ; Begin definition of programcutl
HOML1 ; Send axes 1 and 2 to the hone position
VAI T( LAS=bOXXX1 AND 2AS=b0XXX1) ; Vit for axes 1 and 2 to cone

; to a halt at hone
GOBUB pr onpt ; CGo to subroutine programcall ed pronpt
MAOO ; Place axes 1 and 2 in the incremental node
A10, 30 ; Set acceleration: axis 1 = 10, axis 2 = 30
ADB, 12 ; Set deceleration: axis 1 =5, axis 2 = 12
\5, 8 ; Set velocity: axis 1 =5, axis 2 =8

D16000, 100000 ; Set distance: axis 1 16, 000; axis 2 = 100, 000
aQJr. 6-1 ; Turn on output nunber 6
5 ; Vit for 5 seconds
L( VAR2) ; Begin loop ( the nunber of |oops = value of VAR2)
[coik] ; Initiate noves on axes 1 and 2
T3 ; Wit for 3 seconds
LN ; End | oop
QJr. 6-0 ; Turn of f output nunber 6
END ; End definition of programcutl
DEF pr onpt ; Begin definition of program pronpt
VARS1="Enter part count >" ; P ace nessage in string variable #1
VAR2=READL ; Pronpt operator with string variable #1,

; and read data into nuneric variable #2
; NOTE: Type !'" before the part count nunber.
END ; End definition of program pronpt

This example demonstrates the use of 1abels ($).

DEL pi ck Del ete a programbefore defining it
DEF pi ck Begi n definition of program pick
Q01100 Initiate motion and axes 1 and 2

between | F and ELSE.

| F(VARL=5) If variable 1 = 5, then execute comands
: Q herwi se, execute comrands between ELSE and N F

QOrO pi ckl Goto | abel pickl
ELSE H se part of IF statement
Q01O pi ck2 ; Coto | abel pick2
N F ; End of IF statenent
$ pickl ; Define | abel for pickl
Q0011 ; Initiate notion on axes 3 and 4
BREAK ; Break out of current subroutine or program
$ pick2 ; Define | abel for pick2
01001 ; Initiate notion on axes 1 and 4
END ; End definition of program pick

Conditional Looping and Branching
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Conditional looping (REPEAT/UNTI L and WHI LE/NWHI LE) entails repeating a set of
commands until or while a certain condition exists. In conditional branching

(I F/ELSE/NI F), a specific set of commands is executed based on a certain condition. Both
rely on the fulfillment of a conditional expression, a condition specified in the UNTI L,

VHI LE, or | F commands.

A WAI T command pauses command execution until a specific condition exists.
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Flow Control
Expression
Examples

Numeric and Binary
Variables

Inputs and Outputs

Current Motion
Parameters and
Status

This section provides examples of expressions that can be used in conditional branching and
looping commands (UNTI L, WHI LE, and | F) and the WAl T command. These expressions
can be constructed, in conjunction with relational and logical operators, with the following
operands.

* Numeric variables and binary variables e Error, axis, and system status
* Inputs and outputs  Timer and counter values
 Current motion parameters and status » Dataread from the serial port (stand-alone)

 Current motor & encoder position (steppers)  Dataread from the RP240 (stand-alone)
 Current commanded and actual position (servos) ¢ Following conditions

A numeric variable (VAR) can be used within an expression if it is compared against another
numeric variable, avalue, or one of the comparison commands (see list on page 7). Note that
not all of the comparison commands apply to every 6000 controller. When comparing a
variable against another value, variable, or comparison command, the relational operators (=,
>, >=, <, <=, <>) and logical operators (AND, OR, NOT) are used.

Expression Description

( VARL<VAR2) True expression if variable 1 is less than variable 2

( VARL>=2500) True expression if variable 1 is greater than or equal to 2500
(VARL=1AD) True expression if variable 1 is equal to the decel of axis 1

(VARL<VAR2 AND VARA>1PE) True expression if variable 1 is less than variable 2 and variable
4 is greater than the value of encoder 1

A binary variable (VARB) can be used within an expression, if the variable is compared against
another binary variable, or avalue. When comparing a variable against another value or
variable, the relational operators (=, >, >=, <, <=, <>) and logical operators (AND, OR, NOT)
are used.

Expression Description

( VARBL<>VARB?) True expression if binary variable 1 is not equal to binary
variable 2

(VARB1=b1101 X111) True expression if binary variable 1 is equal to 1101 X111

(VARB1<VARB2 AND VARBA>hF) True expression if binary variable 1 is less than binary
variable 2 and binary variable 4 is greater than the
hexadecimal value of F

An input or output operand (I N, I NO, LI M QUT) can be used within an expression, if the
operand is compared against abinary variable or a binary or hexadecimal value. When making
the comparison, the relational operators (=, >, >=, <, <=, <>) and logical operators (AND,
OR, NOT) are used.

Expression Description
(I'N 12=b1) True expression if input 12 is equal to 1
(LI M>h3) True expression if limit status is greater than hexadecimal 3

Motion parameters consist of A, AD, D, V, VEL, status MOV. The motion parameters can be
used within an expression, if the operand is compared against a numeric variable or value. The
motion status operand must be compared against a binary variable or a binary or hexadecimal
value. When making the comparison, the relational operators (=, >, >=, <, <=, <>) and
logical operators (AND, OR, NOT) are used. (Following conditions are addressed below.)

Expression Description

( VARL<1VEL) True expression if the value of variable 1 is less than the
commanded velocity of axis 1

(1AD=25000) True expression if axis 1 deceleration equals 25000

( MDv=b00) True expression if moving status equals @9 (axes 1 & 2 are not
moving)
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Current Motor and
Encoder Position
(Stepper Products
Only)

Current Commanded
& Actual Position
(Servo Products
Only)

Error, Axis, and
System Status

Timer and Counter
Values (Counter
available on
stepper products
only)

Data Read from the
Communications
Port

Data Read from the
RP240 (Stand-
alone products

only)

The current motor and encoder positions (PCE, PCM PE, PER, PM PNVAS, PSHF, PSLV) can
be used within an expression, if the operand is compared against a numeric variable or value.
When making the comparison, the relational operators (=, >, >=, <, <=, <>) and logical
operators (AND, OR, NOT) are used.

Expression Description
(VARL<1PNM True expression if VAR1 is < commanded motor position of axis 1
(2PE=25000) True expression if axis 2 encoder position equals 25000

The current commanded and feedback device positions (ANl , CA, DAC, FB, LDT, PANI , PC,
PCA, PCC, PCE, PCL, PER, PE, PMAS, PSHF, PSLV) can be used within an expression, if
the operand is compared against a numeric variable or value. When making the comparison,

the relational operators (=, >, >=, <, <=, <>) and logical operators (AND, OR, NOT) are used.

Expression Description

(VARL<1FB) True expression if the value of variable 1 is less than the actual
position (position of the assigned feedback device) of axis 1

(2PC=4000) True expression if axis 2 commanded position equals 4000

The error status, axis status, and system status operands (ER, AS, SS) can be used within an
expression, if the operand is compared against a binary variable or abinary or hexadecimal value.
When making the comparison, the relational operators (=, >, >=, <, <=, <>) and logical
operators (AND, OR, NOT) are used. Refer to page 232 for alist of status bit functions.

Expression Description
(ER 12=b1) True expression if error status bit 12 is equal to 1
( AS=h3FFD) True expression if axis status is equal to hexadecimal 3FFD

The current timer and counter values (T1 Mand CNT) can be used within an expression, if the
operand is compared against anumeric variable or value. When making the comparison, the
relational operators (=, >, >=, <, <=, <>) and logical operators (AND, OR, NOT) are used.

Expression Description

(VARL<TI M True expression if the value of variable 1 is less than the timer
value

(1ONT>23567) True expression if the value of counter #1 is greater than 23567

The READ command can be used to input data from the RS-232C serial port or the PC bus
into a numeric variable. After the data has been read into a numeric variable, that variable may
be used in an expression.

Example Description

VARS8="ENTER DATA" Define message (string variable 8)

VARZ2=READS Send message (string variable 8) and then wait for immediate
data to be read (into numeric variable 2)

1'88.3 Immediate data input (must type ! ' before the numeric value)

| F (VAR2<=100) Evaluate expression to see if data read is < or equal to 100

N F End of | F

The DREAD and DREADF commands can be used to input data from the RP240 into a numeric
variable. DREAD reads a number from the RP240's numeric keypad. DREADF reads a number
representing a RP240 function key. After the data has been read into a numeric variable, that
variable may be used in an expression.

DCLEARD ; A ear RP240 displ ay
DR TE'HT F4" ; Send message to RP240 displ ay
VAR3=DREADF ; Read data froma RP240 function key into
; nuneric variable 3
I F (VAR3<>4) ; Evaluate expression to see if function key F4 was hit
DOLEAR2 ; Qear RP240 display line 2
DMR TE'TRY AGAI N' ; Send message to RP240 di spl ay
N F ; BEnd of IF
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RP240 Data Read
Immediate Mode
(Stand-alone
products only)

Following Conditions

Conditional
Looping

The DREADI 1 command allows continual numeric or function key data entry from the RP240
(when used in conjunction with the DREAD and/or DREADF commands). In thisimmediate
mode, program execution is not paused (waiting for data entry) when a DREAD or DREADF
command is encountered. Refer to the DREAD and DREADF command descriptions for
programming examples.

NOTES
< While in the Data Read Immediate Mode, data is read into numeric variables only (VAR).

< This feature is not designed to be used in conjunction with the RP240's standard menus;
the RUN, JOG, and DJOG menus will disable the DREADI mode.

« Do not assign the same variable to read numeric data and function key data—pick only

one.

These Following conditions are available for conditional expressions: Axis status bit #26
(AS. 26), Error status bit #14 (ER. 14), Following status (FS), NMCY, PMAS, PSHF, PSLV,
and VMAS.

Expression Description

(2AS. 26=b1) True if a new motion profile on axis 2 is waiting for the GOANHEN condition to
be true or a TRGFNC 1XXXXXXX trigger.

(1ER 14=b1) True if the GOWHEN condition on axis 1 is already true when the subsequent
QO, &AL, FSHFC, or FSHFD command is executed.

(3FS. 7=b0) True if the master for slave axis 3 is in motion.

(2NMVCY>200) True if the master for axis 2 has moved through 200 cycles.

(1PVAS>12) True if the master for axis 1 has traveled more than 12 units.

(1PSH->1. 5) True if slave axis 2 has shifted more than 1.2 units.

(3PSLV>24) True if slave axis 3's commanded position is more than 24 units.

(1WWAS<?) True if the velocity of the master for axis 1 is less than 2 units/sec.

The 6000 controller supports two conditional looping structures—REPEAT/UNTI L and
WHI LE/NVHI LE.

All commands between REPEAT and UNTI L ar e repeated until the expression contained
within the parenthesis of the UNTI L command is true. The example below illustrates how a
typical REPEAT/UNTI L conditional loop works. In this example, the REPEAT loop will
execute 1 time, at which point the expression stated within the UNTI L command will be
evaluated. If the expression istrue, command processing will continue with the first command
following the UNTI L command. If the expression is false, the REPEAT loop will be repeated.

VARS=0 ; Initializes variable 5to 0
DEL progl0 Del ete a program before defining it

DEF progl0 ; Defines program progl0
| NFNC1- A ; Input 1 is not assigned a function, used with IN
I NFNC2- A ; Input 2 is not assigned a function, used with IN
I NFNC3- A ; Input 3 is not assigned a function, used with IN
| NFNCGA- A ; Input 4 is not assigned a function, used with IN
QUTFNCL- A ; Qutput 1 is programmabl e
A0 ; Acceleration is 50
ADG0 : Deceleration is 50
A% ; Sets velocity to 5
D25000 ; Distance is 25,000
REPEAT ; Begi ns the REPEAT | oop

co!] ; Executes the nove (o)

VARS=VARS+1 ; Variable 5 counts up fromO

UNTI L(I N=b1110 OR VARS>10) ; Wen the inputs 1-4 are 1110, respectively or
; VARG is greater than 10, the loop will stop.

adri Turn on output 1 when finished with REPEAT | oop
END ; End programdefinition
RWN progl0 ; Initiate program proglO
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Conditional
Branching

All commands between WHI LE and NVWHI LE are repeated aslong as the WHI LE condition is
true. The following example illustrates how atypical WHI LE/NVWHI LE conditional 1oop
works. In this example, the WHI LE loop will execute if the expression istrue. If the
expression is false, the WHI LE loop will not execute.

VAR5=0 ; Initializes variable 5to 0

DEL progl0 ; Delete a programbefore defining it

DEF progl0 ; Defines program proglO

| NFNCL- A ; Input 1 is not assigned a function, used with IN
I NFNC2- A ; Input 2 is not assigned a function, used with IN
| NFNC3- A ; Input 3 is not assigned a function, used with IN
| NFNCA- A ; Input 4 is not assigned a function, used with IN
QUTFNCL- A ; Qutput 1 is programmabl e

A50 ;. Acceleration is 50

ADG0 ; Deceleration is 50

\5 ; Sets velocity to 5

D25000 ; D stance is 25,000

WA LE(I N=b1110 OR VARS>10) ; Wiile the inputs 1-4 are 1110, respectively or
; VARG is greater than 10, the loop will continue.

co] ; Executes the nove (o)
VARS=VARS+1 ; Variable 5 counts up fromO
N LE ; End WH LE conmand
agri ; Turn on output 1 when finished with WH LE | oop
END ; End programdefinition
LR EEE RS S SRR EE S EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES
; * To run proglO, execute the "RUN progl0" command *

khkkkhkkkhkhkkkhhkkhhhkhhkhhhkdhkhhhkdhhhhkdhhhhkhhhhhkdhrdxdhrdxdhxdxx
’

You can use the |l F command for conditional branching. All commands between | F and

EL SE are executed if the expression contained within the parentheses of the | F command is
true. If the expression is false, the commands between ELSE and NI F are executed. If the
EL SE is not needed, it may be omitted. The commands between | F and NI F are executed if
the expression is true. Examples of these commands are as follows.

DEL progl0 Delete a programbefore defining it

DEF progl0 Def i nes program progl0

| NFNCL- A Input 1 is not assigned a function, used with IN
I NFNC2- A Input 2 is not assigned a function, used with IN
I NFNC3- A Input 3 is not assigned a function, used with IN
| NFNCA- A Input 4 is not assigned a function, used with IN
A50 Accel eration is 50

AD50 Decel eration is 50

5 ; Sets velocity to 5

| F( VARL>0) IF variable 1 is greater than zero
D25000 D stance is 25,000
ELSE H se
D50000 D stance is 50, 000

N F End if conmmand

I F(1 N=b1110) If inputs 1-4 are 1110, initiate axis 1 nove
a Execut es the nove (o)

N F End | F conmand

END End program definition

; LR EEE RS SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEE]

; * To run proglO, execute the "RUN progl0" command *

khkkkhkkhkhkkhkkhkhkhkhkhkhkhkhhhhhhhhhhhhhhhhhhhhdhhhhhhhhhkdrdrhhdrdxx
’
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Program Interrupts (ON Conditions)

Situations in which
ON conditions WILL
NOT interrupt
immediately

While executing a program, the 6000 controller can interrupt the program based on several
possible ON conditions: programmable input(s) status, user status, or the value of numeric
variables#1 or #2. These ON conditions are enabled with the ONCOND command, and are
defined with the commands listed below. After the ON conditions are enabled (with the
ONCOND command), an ON condition interrupt can occur at any point in program execution.
When an ON condition occurs, the controller performs a GOSUB to the program assigned as
the ON program and then passes control back to the original program and resumes command
execution at the command line from which the interruption occurred.

Within the ON program, the programmer is responsible for checking which ON condition
caused the branch (if multiple ON conditions are enabled with the ONCOND command). Once
abranch to the ON program occurs, the ON program will not be called again until after it has
finished executing. After returning from the ON program, the condition that caused the branch
must evaluate false before another branch to the ON program will be allowed.

SETUP FOR PROGRAM INTERRUPT (see programming example below)

1. Defined a program to be used as the ON program to which the controller will GOSUB when
an ON condition evaluates true.

2. Use the ONP command to assign the program as the ON program.

3. Use the ONCOND command to enable the ON conditions that you are using. The syntax
for the ONCOND command is ONCOND<b><b><b><b>, where the first <b> is for the ONI N
condition, the second for ONUS, the third for ONVARA, and the fourth for ONVARB.

ON conditions:

ONIN............ Specify an input bit pattern that will cause a GOSUB to the program
assigned as the ON program (see programming example below).
ONUS............ Specify an user status bit pattern that will cause a GOSUB to the ON

program. The user status bits are defined with thel NDUST command.
ONVARA........ Specify the range of numeric variable #1 (VARL) that will cause a GOSUB

to the ON program. For example, ONVARAQ, 2 establishes the condition

that if the value of VAR is <0 or =20, the ON program will be called.

ONVARB........ Thisis the same function as ONVARA, but for numeric variable #2 (VAR2)

Programming Example: Configures the controller to increment variable #1 when input #1 goes active. If

input #1 does go active, control will be passed (GOSUB) to the ON program (onj unp), the commands within

the ON program will be executed, and control will then be passed back to the original program.

DEF onj unp ; Begin definition of program onjunp

VARL=VARL+1 ; Increment variable 1

END ; End definition of program onjunp

VARL=0 ; Initialize variable 1

CN NL ; Wien input 1 becomes active, branch to the ON program

CN\P onj unp ; Assign the onjunmp programas the ON program

ONOCONDL000 ; Enable only the ONN function. Disable the ONUS, QOWARA
; and ONVARB functions, respectively

These are situations in which an ON condition does not immediately interrupt the program in
progress. However, the fact that the ON condition evaluated true is retained, and when the
condition listed below is no longer preventing the interrupt, the interrupt will occur.

*  While motion isin progress due to GO, GOL, GOWHEN, HOM J OY, JOG, or PRUN and the
continuous command execution mode is disabled (COVEXCQ).

* WhileaWAl T statement isin progress

» Whileatimedelay (T) isin progress

e Whileaprogramis being defined (DEF)

* Whileapause (PS) isin progress

* While adataread (DREAD, DREADF, or READ) isin progress
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Error Handling

The 6000 Series products have the ahility to detect and recover the following error conditions:

 Steppers Only: Stall detected on any axis (error bit #1) -- not applicable to OEM-AT6400
» Hardware end-of-travel limit encountered on any axis (error bit #2)

DEBUG TOOLS  Software end-of-travel limit encountered on any axis (error bit #3)
For information on . . . . .
program debug tools, * Drivefault input activated any axis (error bit #4)
refer (o page 231. « Commanded kill or stop (error bit #5)

« Kill input activated (error bit #6)
 User fault input activated (error bit #7)
« Stop input activated (error bit #8)
» Steppers Only: Pulse cut-off (PcuT) input not grounded (error bit #9)
Servos Only: Enable (ENBL) input not grounded (error bit #9)
* Profile for apre-emptive GO or aregistration move is not possible (error bit #10)
* Servos Only: Target zone settling timeout (error bit #11)
» Servos Only: Allowable position error (SMPER) exceeded (error bit #12)

* Servos Only: GOWHEN condition already true when the subsequent GO, GCOL, FSHFC, or
FSHFD command was executed (error bit #14)

e Hydraulic Servos Only: LDT position read error (error bit #15)

Enabling Error Checking

To detect and respond to the error conditions noted above, the corresponding error-checking
bit(s) must be enabled with the ERROR command (refer to the ERROR Bit # column in the
table below). If an error condition occurs and the associated error-checking bit has been
enabled with the ERROR command, the 6000 controller will branch to the error program.

For example, if you wish the 6000 controller to branch to the error program when a hardware
end-of-travel limit is encountered (error bit #2) or when adrive fault occurs (error bit #4), you
would issue the ERRORZLZL command to enable error-checking bits #2 and #4.

[0 Helpful Hint: Within your program structure, you can use the | F and ER commands to
conditionally enable the error-checking bits that will in turn call the
ERRORP program (refer to the programming example below).

Defining the Error Program

The purpose of the error program is to provide a programmed response to certain error
conditions (see list above) that may occur during the operation of your system. Programmed
responses typically include actions such as shutting down the drive(s), activating or de-
activating outputs, etc. Refer to the error program set-up example below.

Using the ERRORP command, you can assign any previously defined program as the error
program. For example, to assign a previously defined program named CRASH as the error
program, enter the ERRORP CRASH command. To un-assign a program from being the error
program, issue the ERRORP CLR command (e.g., asin this example, it does not delete the
CRASH program, but merely unlinks it from its assignment as the error program).
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Canceling the Branch to the Error Program

If an error condition occurs and the associated error-checking bit has been enabled with the
ERROR command, the 6000 controller will branch to the error program. The error program
will be continuously called/repeated until you cancel the branch to the error program. (Thisis
true for all cases except error condition #9, PCUT or ENBL input activated, in which case the
error program is called only once.)

There are three options for canceling the branch to the error program:

* Disable the error-checking bit with the ERROR. n- @command, where "n" is the number
of the error-checking bit you wish to disable. For example, to disable error checking for
the kill input activation (bit #6), issue the ERROR. 6- @command. To re-enable the
error-checking bit, issue the ERROR. n- 1 command.

 Delete the program assigned as the ERRORP program (DEL <name of prograne).
« Satisfy the How to Remedy the Error requirement identified in the table below.

NOTE

In addition to canceling the branch to the error program, you must also remedy the cause of
the error; otherwise, the error program will be called again when you resume operation. Refer
to the How to Remedy the Error column in the table below for details.

ERROR Branch Type to Error
Bit # Cause of the Error Program How to Remedy the Error
1 Steppers Only: Stall detected (Stall Detection and Kill | Gosub Issue a GOcommand.
On Stall must be enabled first—see ESTALL and ESK|
respectively) n/ato OEM-AT6400

2 Hard Limit Hit (hard limits must be enabled first—see | If COVEXLQ then Goto; Change direction & issue GOcommand on the axis
LH) If COVEXL1, then Gosub | that hit the limit; or issue LHZ

3 Soft Limit Hit (soft limits must be enabled first—see If COVEXL@, then Goto; Change direction & issue GOcommand on the axis
LS) If COVEXL1, then Gosub | that hit the limit; or issue LS@

4 Drive Fault (enable Input Functions with | NFENL; and | Goto Clear the fault condition at the drive, & issue a
set Drive Fault Level with DRFLVL) n/a to OEM-AT6400 DRI VE1 command for the faulted axis.

5 Commanded Stop or Kill (whenever a! K, <ctr| >K, | If! K then Goto; No fault condition is present—there is no error to
or ! Scommand is sent) If 1 S & COVEXS@, then clear.

Goto; ;
y If you want the program to stop, you must issue the
If I S & COVEXS1, then
Gosub, butneed ! C ! HALT command.
Kill Input Activated (see | NFNG - C) Goto Deactivate the kill input.
User Fault Input Activated (see | NFNG - F) Goto Deactivate the user fault input, or disable it by
assigning it a different function (I NFNC).

8 Stop input activated (see | NFNG - D) Goto Deactivate the stop input
Steppers: P-CUT input not grounded Goto Re-ground the P-CUT input (steppers) or ENBL input
Servos: ENBL input not grounded (servos), and issue a DRI VE1111 command.

10 | Profile for pre-emptive GOor registration move not Gosub Issue another GOcommand.
possible

11 | Target Zone Timeout (STRGIT value has been Gosub Issue these commands in this order:
exceeded) STRGTEQ®, D& GO, STRGTEL

12 | Servos Only: Exceeded Max. Allowable Position Error; Gosub Issue a DRI VE1 command to the axis that
(set with the SMPER command). exceeded the allowable position error. Verify that

feedback device is working properly.

14 | GOMHEN condition was already true when the Goto Issue a ! Kcommand and check the program logic.
subsequent GO, GOL, GSHFC, or FSHFD command Use the TRACE and STEP features if necessary.
was executed.

15 Hydraulic Servos Only: Gosub Depending on cause, connect LDT, replace faulty
LDT position read error due to bad connection, LDT LDT, or increase the LDTUPD value. Then issue
failure, or LDTUPD value too small. DRI VEL1 to the affected axis. To enable an axis

without an LDT connected, connect GATE+ to GND.

16 | Bad command was detected Gosub Issue the TCMDER command to 1.D. the command.

Reserved Bits: Bits 13, and 17 - 32.

Branching Types: If the error condition calls for a GOSUB, then after the ERRCRP program is executed, program control returns to the point at
which the error occurred. To prevent a return to the point at which the error occurred, use the HALT command to end program execution or use the
GOTOcommand to go to a different program. If the error condition calls for a GOTO, there is ho way to return to the point at which the error occurred.
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Error Program Set-up Example

32

Step 1

Step 2

Step 3

The following is an example of how to set up an error program. This particular exampleis
for handling the occurrence of a user fault.

Create aprogram file (in Motion Architect's Editor module) to set up the error program:

R R S o S S R R Rk o kR R R Rk ok R bk R Rk R R R R R R Rk R ok R R S R R R

; * Assign the user fault input function to programmabl e input #1. *
; * The purpose of the user fault input is to detect the occurrence of *
: * afault external to the 6000 controller and the notor/drive. *
; * This input will generate an error condition. *
: LR E R E R RS SRS S S E SRR RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE]
| NFNCL- F ; Define programmabl e input #1 as a user fault input

| NFENL ; Enabl e input functions (For the purposes of this

; set-up exanpl e, make sure programmabl e input #1 is
; not activated.)

khkkkhkkkhhkkkhkkhhhkhhkkhhhkhhkhhhkhhkhhhkhhhhhkhhhhhhhhhhhhrhhdhrdhdhrdhxdhrdxdhrdxdhx

; * Define a programto respond to the user fault situation (call the *
; * programfault), and then assign that programas the error program *
; * The purpose of the fault programis to display a message to *
; * informthe operator that the user fault input has been activated. *

R R R S E RS SRR S S SRS SRS SRS ESEE RS SRS R SRR R SRR S EEEEEEEEEEEEEEEEEEEEEEEE T

DEL fault ; Delete a programbefore defining it (a precaution)
DEF faul t ; Begin definition of programfault
| F(ER 7=b1l) ; Check if error bit 7 equals 1
; (which means the user fault input has been activated)
VR TE' FAULT | NPUT\ 10\ 13" ; Send the nessage FAULT | NPUT
T3 ; Vit 3 seconds
N F ;. End | F comrmand
END ; End definition of programfault
ERRCRP faul t ; Assign the programcalled fault as the error program

Rk R Sk S R R Rk o R R R R R Rk ok R R R R R R R Rk R R R R Rk S R R R R R

; * Enable the user fault error-checking bit by putting a “1” in the *
; * seventh bit of the ERRCR command. After enabling this *
; * error-checking bit, the controller will branch to the error *
; * programwhenever the user fault input is activated. *
: LR R E R RS SRR SRR RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE]
ERRCORO000001 ; Branch to error programupon user fault input (As an

; alternative to the ERRCRO000001 command, you coul d al so

; enable bit #7 by issuing the ERRCR 7-1 conmand.)

Save the program file in the Editor module. Then, using the Terminal module, download the
program file to the 6000 controller.

Test the error handling:

1. Whileinthetermina emulator, enter these four commands:

L ; Loop conmand

WR TE'I N LOCA 10\ 13" ; Send Message "IN LOOP' to the terninal display
T2 ; Wit 2 seconds

LN ; End the loop ("IN LOCP" will be displayed

once every 2 seconds)

2. Whilethel N LOOP loop is executing in the terminal emulator, enter the! | NEN1 command.

The! 1 NEN1 command disablesinput #1 and forcesit on for testing purposes. This
simulates the physical activation of input #1. (Since the error program is called
continuously until the branch to the error program is canceled, the message FAULT | NPUT
will be repeatedly displayed once every 3 seconds.)

3. Whilethe FAULT | NPUT loop is executing in the terminal emulator, enter the ! | NENE
command. The! | NENE command re-enablesinput #1. The message! N LOOP will not
be displayed again, because the user fault input error isa GOTO branch (not a GOSUB
branch) to the error program.
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Non-Volatile Memory (Stand-Alone Products Only)

When using stand-al one serial-based 6000 controllers the items listed bel ow are automatically
stored in non-volatile memory (battery-backed RAM). Cycling power or issuing a RESET
command will not affect these settings.

Item 610n 6150 620n 625n 6270
Absolute position reference (PSET).......ccccccevvininene n/a na n/a na .
Commanded direction polarity (CMDDI R)................. . . . n/a .
Compiled profiles (PCOVP) — see note below *........ . . . . .
Device address (ADDR) .......c.cccerriereemcenccnenes . . . . .
Feedback device polarity

ANI polarity (ANl POL).......coooereriinenieneeee e na n/a na n/a .

Encoder polarity (ENCPOL) ........cccccoveveuererenennn . . . n/a .

LDT polarity (LDTPQOL)......cccerveereireenieeeieeieneenes n/a n/a n/a n/a .
LDT gradient........cccccrueuenereeeenerieesesieeesesee e n/a na n/a .
Memory allocation (VEMORY ) . . . .
Motor inductance (DM ND)........ccooeereneeereienenienns n/a n/a n/a n/a
Motor static torque (DMTSTT) ...ccoreeerererereererereneenens . n/a na n/a na
Power-up program (STARTP)......cccccuvireneiinieninenns . . . . .
Programs (defined with DEF & END)..........cccccevununee . . . . .
RP240 check (DRPCHK) .......coeeiriririeririeieeririsesesieeens . . . . na
RP240 password (DPASS ) ......c.ccceemeemeenccnenes . . . . .
RS-232C baud rate ..........ccovueeerreereereererreerenreeeennenes . . . . .
Servo gain sets (SGSET) ....ccocvreverrieenereeieresieeneins na . na . .
Variables: (VAR VARB, and VARS)........ccccocecevenne. . . . . .

* Compiled contours are always saved in the Compiled portion of batter-backed RAM.
However, compiled individual axis profiles (GOBUF profiles) are removed from Compiled
memory if you run them with the PRUN command and later cycle power or RESET the
controller (you will have to re-compile them with the PCOVP command).

A checksum is calculated for the non-volatile memory area each time you power up or reset
your 6000 controller. A bad checksum indicates that the user memory has been corrupted
(possibly due to electrical noise) or has been cleared (due to a spent battery). The controller
will clear all user memory when a bad checksum is calculated on power up or reset, and bit 22
will be set in the TSS command response.

System Performance

Several commands (listed below), when enabled, will slow command processing. This
degradation in performance will not be noticeable for most applications. But for some, it may
be necessary to disable one or all of these commands.

¢ SCALE (enable/disable scaling)

* | NDUSE (enable/disable user status updates)

* | NFEN (enable/disable drive fault and programmable input functions)
QUTFEN (enabl e/disable programmabl e output functions)
» ONCOND (enable/disable ON conditions)

Servo Products: Changing the | NDAX and/or SSFR command values affects the servo
sampling update, the motion trajectory update, and the system update rate. The system update
rate istherate for 1/O updates, input debounce, timer resolution, fast status update (bus-based
products), and LDT position update (6270). For more information, refer to the SSFR
command description.
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CHAPTER TWO

Communication

IN THIS CHAPTER

This chapter will help you understand these aspects of communicating with your

6000 Series product:
¢ Motion Architect™ communication features...........cccovvvevivevieeineesineenn 36
¢ DOS support software for stand-alone products............ccceeveiiieiiineennnnnne. 37
¢ DOS support software for bus-based products.............ccooeevveiiiieiieeiinen, 38
e PC-AT bus communication registers — bus-based controllersonly ............ 43
« DDE6000™ (Dynamic Data Exchange server for 6000 products) ................ 50
e Dynamic Link Library (DLL) — bus-based controllersonly...................... 51
¢ Motion OCX Toolkit™ (OCX controls) — bus-based controllers only........ 62
e PC-AT interrupts — bus-based controllersonly...........ccccooveviniiiiinnennnnn, 63
e Controlling multiple seria ports — stand-alone controllers only................ 70
¢ RS-232C daisy-chaining — stand-alone controllers only.........c.ccecvvenee. 72
¢ RS-485 multi-drop — stand-alone controllersonly...........ccccooevvvieeinne. 75




Motion Architect Communication Features

36

Motion Architect provides easy terminal emulation support in the Terminal, Panel, and
Controller Tuner modules:

e Terminal emulator window.

» Communication setup parameters (board address and interrupts for bus-based controllers,
and COM port selection for stand-alone controllers).

» Download the bus-based product's soft operating system (prerequisite to connecting,
programming, or sending/receiving motion programs).

» Download mation programs (file from your hard drive) to the controller. The program is
immediately executed with it is received by the controller.

» Upload motion programs from the controller.

For more in-depth user information, refer to Maotion Architect’s online help system.

TIP: Try re-sizing the Editor and Terminal windows to be viewed side by side (see example
below). In doing so you can quickly jump back and forth between editing a program and
downloading it to the product and checking programming responses and error messages. The
program devel opment scenario on page 8 uses this side-by-side technique.

|v|A

= Motion Architect: [6250)

Product Setup Editor Terminal Panel Utilities Help

=| 6250 Editor- [DAY2.PRG] |~ |+ |= 5250:C0 erminz e d -«

=| File Edit ¥Yiew Window Help =| File Edit Settings Transfers VYiew Help

re re
- -

50 = O 1 =0 A e I = N 1

TIMSTO +||> TDIE +
L2 *] — SETUP USES 245 BEYTES
L& *2 — BOE USES 110 BYTES

D-13286 *3 — DAYZ TUSES 143 BYTES

YAR1=1PC-18285.0 *33497 OF 39000 BEYTES (98%) PROGRAM MEMORY
COMEXCL *15 OF 15 SEGHENTS (100%) COMPILED HEMOREY
SGEHEZ
=01 >
WAIT(1PC<VARL)
SGENEL

COMEXCO

T0.040

LH

D—-18284
VAR1=1PC-18283.0
SGEHEZ

S0l
WAIT(1PC<VARL)
SGENEL

COMEXCO

T0O.040

LH

TIHSTFE

END + +

N*II / [>] J[«] | / [+

FDrHelg,/press F1 Insernt Line 26 Insert Line 127 Calumn

Far Help, p;/esa F1

Z Program Editor: Create and edit
programs, save them, and then
download them from the Terminal
module.
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DOS Support Software for Stand-Alone Products

The 6000 DOS Support Disk, which provides a program for RS-232C terminal emulation and
program editing for stand-alone products, is available from your local ATC or distributor (or
contact Compumotor at the numbers listed on the inside cover of this manual).

This program is designed to communicate to a Compumotor 6000 Series stand-alone product
viayour computer's RS-232C port.

Installing and Running the Program

Install...... Place the disk in drive A. Change to drive A by typing “A:". At the DOS prompt for
drive A type “INSTALL".

Run......... Type “6000” at the DOS prompt.

Pressing the ENTER key will move you down alevel into the program, and pressing the
ESCAPE key will move you up alevel. At any point in the program you can get help
information by pressing F1.

The main menu gives you a choice of selecting Editor, Terminal Emulator, Set-Up, or
Quit. The choices are described below.

Menu Item Description

Editor Allows you to create motion control programs for use in your 6000 Series product.
Programs can be stored to disk and recalled from disk. Programs may be downloaded
to the 6000 Series product.

F1 - Help: Help is always available by pressing F1.
F2 - Upload: Upload a program from a 6000 Series product.
F3 - Download: Download a program to a 6000 Series product.

F4 - File:  Recall a stored program from disk

» Save the editor's contents to disk

* Delete a program

* Insert a stored program into the editor at the cursor position

* Print the editor's contents

» Specify the current working directory for the above file operations
» Specify a file pattern for the above file operations

F5 - Commands: 6000 Series programming commands and their descriptions.

F6 - Clear: Clear the editor's contents.

Terminal Emulator  Puts the computer in communication with a 6000 Series product. The computer is
emulating a dumb terminal. When in this mode, commands entered are directly sent to
the 6000 Series product.

The 6000 DOS Support Program requires a 3-wire RS-232C interface (Rx, Tx, and
GND). When entering the Terminal Emulator, the RS-232C interface is automatically
verified. If the interface is not functional, go to Set-Up to set the proper RS-232C
parameters and to verify the interface.

Set-Up Allows modification of important Editor and Terminal Emulator parameters:

Editor Size (64 K)

Baud Rate (default for 6000 Series products is 9600)

Data Bits (set to 8)

Parity (set to NONE)

Stop Bits (set to 1)

COM1/COM2 (select a communication port)

Command Delay (adjustable delay between commands from the Editor's
Download function)

* Check Out (test for proper serial connection to the 6000 series product)

Quit Quit the program and return to DOS.
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DOS Support for Bus-Based Products

38

NOTE
This section uses a generic reference (“AT6nnn") to represent all 6000 Series bus-based
products. When referring to the file names and programming examples, substitute the name
of your product where you read “AT6nnn". For example, if you are using the AT6450, type
“AT6450".

Exceptions:
* OEM products: Use the root name of the product (e.g., if using an OEM-AT6400, type “AT6400").
* AT6200 and OEM-AT6200: Type “AT6400".

Bus-based products are shipped with a DOS support disk (see diskette labeled with the product's
name). Upon installation, the support disk is divided into seven sub-directories, in addition to
the root directory (seeillustration below).

AT6NNN

— AT6nnn. EXE
— AT6nnn. OPS
I~ FASTTERM COM
— DOWNLOAD. EXE
[~ START. EXE
— DISK. ID
— I NSTALL. EXE
— I NSTALL. DAT
T I 1 I I |
| FASTTERV | | MB@IERM | | MB@TRM | | QBASTERM | || TQ@TERM | | TPS@TERM
FASTTERM COM MC6@TERM H MC6@TRM . EXE QB45TERM EXE TC2@TERM ASM TP5@ALI B. PAS
FASTTERM ASM MC6@TERM EXE MC6@TRM . C QB45TERM BAS TC2@.1 B. ASM TP5@ALI B. TPU
FASTTERM MAK MC6@TERM C MC6@TRM . H QB45LI B. BAS TQR2A.1B.C TP5@PLI B. TPU
MC6@LI B. C MC6@LI Bl . H MAS1M.I B. ASM TC2QTERM H TP5@TERM EXE
MC6@LI B. H MC6@LI Bl . C TC2A.1B. H TP5@PLI B. PAS
MA51SLI B. ASM TAL1Z5LI B. ASM TA1@LI B. ASM
TC2@TERM EXE TP5@TERM PAS
TC2@TERM C
SAVPLES
L
I T T 1
| D5 | [ TCg | [ @45 | [ Mpg |
L DOS5@ZBAS. BAS | TC2@FAST. C QBASFAST. BAS  MC6@FAST. C
TC2@AVOVE. C QB45MOVE. BAS - MC6@MOVE. C
TCQ2@AB. C QB45LI B. BAS MC6@LI B. C
TC2AL1B. H @ MC6@LI B. H
TP5@ZFAST. PAS
FTPSQI\D\/E. PAS
TP5@PLI B. PAS

Theroot directory contains all of the operating system files required by the bus-based
controller, and an installation routine which will copy all the files from the support diskette to
your computer's hard drive.

Stepper products only: The root directory on the DOS support disk also contains a test
program (TEST. EXE) designed to help you test most of the motion and 1/O capabilities of the
stepper controller. Refer to your controller's installation guide for instructions.

The sub-directories contain programs that demonstrate communication with the controller
using different programming languages. The languages used in each sub-directory are listed
below.

Sub-directory Language

FASTTERM Microsoft ASSEMBLY 5.1

MC6 @TERM Microsoft C 6.0

MC6 OTRM Microsoft C 6.0 (Demonstrates Interrupts)

QB45TERM Microsoft QuickBASIC 4.5

SAMPLES QUIckBASIC 4.5, Microsoft C 6.0, Turbo C 2.0, PASCAL 5.0
TC2QTERM Borland Turbo C 2.0

TP5@TERM Borland Turbo PASCAL 5.0
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Downloading the Operating System

Downloading
Error

Downloading
Methods

Download upon
System Power-up

Download from a
Batch File

Before you can use the bus-based controller within your application you must first download
the operating system (6000 Series Command Language). Thefile called AT6nnn. OPS on
the supplied DOS Support Software Diskette contains the operating system. Use thefile
called AT6nnn. EXE to download the operating system.

As an example, to download the controller's operating system, type AT6nnn at the DOS
prompt and the operating system (AT6nnn. OPS) will be downloaded from the PC-AT to I/O
address 768 (300H), the default address for bus-based controllers.

If the controller is addressed other than the default (768), then a command switch is required.
Instead of typing AT6nnn, type AT6nnn / por t =addr ess, wheretheword “addr ess” is
replaced by the address value that you set with the DIP switch on the controller's PC-AT card
(refer to your product's I nstallation Guide for optional DIP switch settings). For example,
if you set the address to decimal 800 (320H), then you would download the operating system by
typing AT6nnn / port =822

If you would like to suppress the messages displayed when downloading the operating system,
type AT6nnn / qui et .

If you would like to pause after downloading the operating system and wait for an operator to
press any key, type AT6nnn / pause.

If the operating system is not located in the default directory or in the same directory asthe
AT6nnn. EXE file, the path is not searched; this would require you to specify the path of the
operating system on the command line. The path must be specified before any other command
switches. Instead of typing AT6nnn, type AT6nnn \ pat hnane\ AT6nnn. OPS. For
example, if the operating system was |located in the sub-directory pr oj ect 1, then type
AT6nnn \ proj ect 1\ AT6nnn. OPS.

If the operating system does not download properly, an error message will be displayed. This
error can result from an invalid address or an incompatible transfer mode. Downloading error
codes are listed on page 243.

If the error isaresult of an invalid address, verify the address DIP switches on the controller's
AT card (refer to your product's I nstallation Guide for details).

If the error is aresult of an incompatible transfer mode, change DIP switch #8 on DIP switch
bank #1 on the controller's AT card from ON (16-bit mode) to OFF (8-bit mode). The 8-bit
mode may be required for reliable bus communications. By switching to the 8-bit mode,
communication between the controller and the PC-AT will be slowed. Refer to your product's
Installation Guide for details.

There are three ways to download the operating system within your application. The operating
system can be downloaded upon system power-up, from abatch file, or from the application
program itself.

From within the AUTOEXEC. BAT file, execute the AT6nnn. EXE file. Thiswill require
specifying the path in which the AT6nnn. EXE fileislocated. Refer to your DOS manual for
more information on the AUTOEXEC. BAT file.

For example, the | NSTALL. EXE program provided with the DOS Support Disk places the
AT6nnn. EXE filein the sub-directory AT6nnn. The following statement would be placed in
the AUTOEXEC. BAT file: \ AT6nnn\ AT6nnn. EXE \ AT6nnn\ AT6nnn. OPS

/ port=768.

Create a batch file that contains the command to download the AT6nnn operating system
(AT6nnn) and the application program name itself. Refer to your DOS manual for more
information on batch file operations.
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Download from the
Application Program

This section describes how to download from C and PASCAL programs.

Downloading from a C Program: To download the operating system from a C
program, a child process must be created. The C command spawnl is used to create a child
process in which the operating system is downloaded (see code example below).

#i ncl ude <stdi o. h>
#i ncl ude <process. h>

voi d mai n()

int error_code 0;
char *pathnane = "C \\ AT6nnn\\ AT6nnn. EXE";
char *args[] = { " AT6nnn. EXE',

"C \\ ATénnn\ \ AT6nnn. CPS",

"/ port=768",

"/quiet",

NULL

b
error_code=spawnl (P_WAI T, pat hnare, args[ 0] , args[ 1] , args[ 2], args[ 3] , NULL) ;
i f(error_code==-1) {
printf("Could not | ocate AT6nnn operating systemn");
exit(0);

else if (error_code > 0) {
printf("Failed to downl oad ATénnn operating systemn");
exit(0);

Downloading from PASCAL: To download the operating system from a PASCAL
program, a separate process must be executed. The PASCAL command exec isusedtorun a
Separate process in which the operating system is downloaded (see code example below).

Pr ogr am downl oad;
uses Ot;

begi n
swapvect or s;
exec(' \ AT6nnn\ AT6nnn. EXE , ' AT6nnn \ AT6nnn\ AT6nnn. OPS /port=768 /quiet');
swapvect or s;
if Doserror <> 0 then
begi n
witeln(' Dos error # ,Doserror);
end;
end.
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Terminal Emulation

Once the operating system has been downloaded, an application program can be run on the
controller. The DOS Support Disk provides six terminal emulator programs to allow direct
communication with the controller (see table below).

Directory Terminal Emulator Program Name
FASTTERM FASTTERM COM
MC6 OTERM MC6@TERM EXE
MC6 T RM MC6@TRM . EXE
QB45TERM QB45TERM EXE
TC2QTERM TC2@TERM EXE
TP5@TERM TP5QTERM EXE

To initiate any one of the terminal emulator programs, simply change to the directory that
contains the terminal emulator program you wish to use, and type the name of the terminal
emulator program at the DOS prompt.

All of the terminal emulator programs, except MC6@TRM . EXE, provide the same interface to
the controller, and are all written in different programming languages. MC6@TRM . EXE
provides aterminal emulator interface to the controller; however, this program takes advantage
of the controller's interrupt capability. To use aterminal emulator program (i.e.

FASTTERM COM MC6QTERM EXE, etc.) to download atext file containing the 6000 Series
commands, simply invoke the terminal emulator program and press function key 1 (F1).

Downloading Application Programs from the DOS prompt (C: \ >)

Example

To use the DOWNL QAD. EXE program, place the display option, the address, and the text file
name on the command line (syntax is DOANNLOADL 768 textfile.nme). For a description of
the display options, type DOWNL QAD without any command line arguments.

Once atext file has been downloaded into the controller, the programs contained within the
text file can beinitiated by either typing the name of the program when in aterminal
emulator, or by using the START. EXE program contained on the DOS Support Disk.

For example, assume the text file MYPROG. TXT contained these three 6000 language
programs:

Program: appl e Program: pear Program: peach
DEF appl e DEF pear DEF peach
Ald 13 13 14D AL 132 108 18D appl e
Vi 1,1,1 Vig 14 14 10 pear
D2AAAD, 2B888, 6BA8D, 6XAND D133 1842 588, 58D appl e
Q111 111 pear
END Q1D END
[ce%7ikl
END

To initiate the program called peach after it has been downloaded via atermina emulator,
simply type peach within the terminal emulator.

To download and initiate the program peach from the command line, or from a batch file,
simply state:
DOMLQAD <display option> <device address> textfile.1 textfile.2 textfile.3 ...
START <device address> program_name

e.g. DOMLQADL 768 MYPROG TXT
START 768 peach

Display Options (<display option>)
&= No error messages will be displayed on screen.
1 = All commands and error messages will be displayed.
2 = Error messages only, if any, will be displayed.
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Creating Your Own DOS-Based Application Program

Creating a program to control an application can often be difficult. To ease the programming
burden, Compumotor has provided communication interface routines for ASSEMBLY, BASIC,
C, and PASCAL. The routines are supplied in the seven sub-directories on the DOS Support

42

O

Preventing the output

buffer from filling up

Disk (seetable below).
Directory File to use Function of the file
FASTTERM FASTTERM ASM Shows how to communicate with the controller using ASSEMBLY.
MC6@TERM MC6@TERM C Shows how to communicate with the controller using Microsoft C. The
MC6@LI B. C file MOB@TERM C shows how to use the subroutines created within
MC6@LI B. C.
TC2@TERM TC2@TERM C Shows how to communicate with the controller using Borland Turbo C.
TC2AL1 B. C The file TC2@TERM C shows how to use the subroutines created within
TC2ALI B. C.
TP5QTERM TP5QTERM PAS Shows how to communicate with the controller using Borland Turbo

TP5@PLI B. PAS

Pascal. The file TP5@TERM PAS shows how to use the subroutines
created within TP5@PLI| B. PAS.

QB45TERM QB45TERM BAS Shows how to communicate with the controller using Microsoft
QB45LI B. BAS QUuickBASIC. The file @B45TERM BAS shows how to use the
subroutines created within QB45L1 B. BAS.
MC6 @TRM MC6@TRM . C Shows how to communicate with the controller using Microsoft C. This
MC6@LI Bl . C file also shows how to use the interrupt capability of the controller. The
file MCB@TRM . C shows how to use the subroutines created within
MC6@LI Bl . C.
SAMPLES
DOS59 DOS5@BAS. BAS Shows how to communicate with the controller using DOS QuickBASIC.
TC29Q TC2QFAST. C Shows how to use the controller's fast status area (Borland Turbo C 2.0).
TC2AVOVE. C Shows samples of basic moves (Borland Turbo C 2.0).
TC2ALI B. C Command routines for the controller (used with TC2@MOVE. C)
TC2AL1 B. H Command routines for the controller (used with TC2@MOVE. C)
TP59Q TP5@FAST. PAS Shows how to use the controller's fast status area (Borland Turbo Pascal
5.0).
TP5@MOVE. PAS Shows samples of basic moves (Borland Turbo Pascal 5.0).
TP5@PLI B. PAS Command routines for the controller (used with TP5@VOVE. PAS)
QB45 B45FAST. BAS Shows how to use the controller's fast status area (Microsoft QuickBASIC
4.5).
QB45MOVE. BAS Shows samples of basic moves (Microsoft QuickBASIC 4.5).
QB45LI B. BAS Command routines for the controller (used with QB45MOVE. BAS)
MC6 D MC6@FAST. C Shows how to use the fast status area (Microsoft C 6.0).
MC6 OVOVE. C Shows samples of basic moves (Microsoft C 6.0).
MC6@LI B. C Command routines for the controller (used with MC6@MOVE. C)
MC6@L| B. H Command routines for the controller (used with MC6 @MOVE. C)

The above sample programs (“ SAMPLES” directory) utilize the functions

SendAT6nnnBl ock( par an, par an2) and RecvAT6nnnBl ock() to communicate with the
AT6nnn product. The two parameters that are passed are the board address (in decimal) and a
string. In SendAT6nnnBI ock( addr ess, command) , the “commrand” is either a 6000 Language
command string or a string variable representing a 6000 Language command line. In
RecvAT6nnnBl ock( addr ess, r esponse) , the“r esponse” isastring variable containing the
response from the card.

It isimportant that the responses are read from the controller when sending commands;,
otherwise, the output buffer of the controller will fill up and the card will not accept any more
commands until the output buffer isread viaRecvAT6nnnBl ock() . Thiscan happen
when the default error level, ERRLVL4, is set (all prompts and error messages are returned).
Each time avalid command is received by the controller, a prompt (ERRORK characters) is
returned, indicating that the controller is ready for another command. If the output buffer is
never read, it will eventualy fill up with the ERRORK characters. If you do not want to read a
response each time a command is sent to the controller, then set the error level to ERRLVL1
or ERRLVL@ With these two settings, no error messages or prompts are generated by the
controller, but bear in mind that all requested data (such as TPE, TAS, etc.) will be returned
with minimal formatting.
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PC-AT Bus Communication Registers

Address (defaults in parenthesis)

Function

Base, Base+1

Base (300h).......c.cccceenrerreeneene

Base+1 (301h)......ccccoeenerurunnne

.............. Write

Read/write data to/from controller

= Send data to controller (HB)
Read = Receive data from controller (HB)

.............. Write = Send data to controller (LB)
Read = Receive data from controller (LB)

Base+2, Base+3 (302h,303h)

Read/Write Fast Status area

BaSE+2 ... Write = Set fast status pointer
Read = Fast status byte
Base+3 (303h) .....cccovrerenineererieeneienne Write = reserved
Read = Fast status byte
Base+4 Controller Status
Baset+4 (304h) ......ccccoveereiiireieeieieienen Write = Set/clear status to controller
Read = Read status from controller
Base+5, Base+6, Base+7 Reserved

Fast Status Register (Base+2, Base+3)

A fast status register is available to read various controller status data. The fast status register
occupies two bytes and is addressed two locations above the base address. For example, if the

TIP:

The DOS support disk that
ships with your product
contains sample programs
(see SAMPLES sub-
directory) that access the
data in the fast status
registers (see table on
previous page).

base addressis at 300 Hex (768 decimal), the fast status register is at 302 Hex & 303 Hex
(770 & 771 decimal).

The fast status register differs between stepper products and servo products. Each has eight

2-bytes blocks, but with differing information (see tables below). Ancther differenceisthat
you may customize blocks 7 & 8 on stepper products, and blocks 3-8 on servo products (refer
to Customizing the Fast Status Register, page 48, for details).

Fast Status, Steppers HEX Offsetin ~ Description Size
=lEpPers Fast Status Area
> 00 Motor Position (steps) Axis 1 —see TPM 2 words
S 02 Axis 2 2 words
o o4 Axis 3 2 words
m 06 Axis 4 2 words
N 08 Encoder Position (counts)  Axis 1 — see TPE 2 words
S 0A Axis 2 2 words
o 0C Axis 3 2 words
@ OE Axis 4 2 words
™ 10 Velocity (steps/sec) Axis 1 — see TVEL 2 words
S 12 Axis 2 2 words
o 14 Axis 3 2 words
@ 16 Axis 4 2 words
N 18 Axis Status Information Axis 1 — see TAS 2 words
S 1A Axis 2 2 words
o 1C Axis 3 2 words
o 1E AXxis 4 2 words
* Limits Bit Assignments: = 0 20 Input Status for 28 inputs (bits 0-27) —see TI'N 2 words
‘13_— s 11 Positive T]a“(jj I|I'm|'tt ~ 2 Output Status for 24 outputs (bits 0-23) — see TOUT 2 words
5 = axis 2 pogﬁi\',\ge h;& “:mt' 3 24 Limits — see side note for Limits Bit Assignments * 1 word
3 = axis 2 negative hard limit o i) Other Input Status — see Tl NO 1 word
4 = axis 3 positive hard limit 2 Analog Voltage, channel 4,3,2,1 — see TANV 2 words
5 = axis 3 negative hard limit
6 = axis 4 positive hard limit © 28 Interrupt Status — see Tl NT 2 words
7 = axis 4 negative hard limit x 2A System Status — see TSS 2 words
8 = axis 1 home limit 8 2C User Status — see TUS 1 word
9 = axis 2 home limit m 2D Time Frame Mark (2ms timer, starts on computer powerup)* 1 word
i(l) z gi:: i Egm: “m:} 2E Programmable Timer Value — see Tl VBT 2 words
These bits report the current ~ 0 Motor position captured with trigger A, axis 1 —see TPCVA 2 words
state of the input — not % R Motor position captured with trigger A, axis 2 2 words
necessarily whether a hardware S 34 Motor position captured with trigger A, axis 3 2 words
limit has been encountered. ) 36 Motor position captured with trigger A, axis 4 2 words
® 33 Motor position captured with trigger B, axis 1 —see TPCMB 2 words
% 3A Motor position captured with trigger B, axis 2 2 words
o 3C Motor position captured with trigger B, axis 3 2 words
m 3E Motor position captured with trigger B, axis 4 2 words
* Timer starts on computer powerup; rolls over; updated once 2 msec update.
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Fast Status, Servos

Reading The Fast
Status Register

Step 1

Step 2

Step 3

Step 4

Step 5

HEX Offset in Description Size
Fast Status Area

> 00 Commanded Position (counts), axis 1 — see TPC 2 words
S 02 Commanded Position (counts), axis 2 2 words
o o4 Commanded Position (counts), axis 3 2 words
o0 06 Commanded Position (counts), axis 4 2 words
N 08 Feedback Device Position (counts), axis 1 — see TFB 2 words
S 0A Feedback Device Position (counts), axis 2 2 words
o ocC Feedback Device Position (counts), axis 3 2 words
o OE Feedback Device Position (counts), axis 4 2 words
™ 10 Commanded Velocity (counts/sec), axis 1 — see TVEL 2 words
S 12 Commanded Velocity (counts/sec), axis 2 2 words
o 14 Commanded Velocity (counts/sec), axis 3 2 words
m 16 Commanded Velocity (counts/sec), axis 4 2 words
~ 18 Axis Status Information, axis 1 — see TAS 2 words
S 1A Axis Status Information, axis 2 2 words
o 1C Axis Status Information, axis 3 2 words
o0 1E Axis Status Information, axis 4 2 words
0 2 Input Status for 28 inputs (bits 0-27) —see TI N 2 words
x 2 Output Status for 28 outputs (bits 0-27) — see TOUT 2 words
3 24 Limits — see side note Limits Bit Assignments on page 43 1 word
o 25 Other Input Status — see TI NO 1 word
26 Analog Voltage, channel 4,3,2,1 — see TANV 2 words
© 28 Interrupt Status — see TI NT 2 words
x 2A System Status — see TSS 2 words
3 2C User Status — see TUS 1 word
m 2D Time Frame Mark * 1 word
2E Programmable Timer Value — see Tl M5T 2 words
30 ANl input value, input 1 (ADC counts; 819 counts/volt) — see TPANI 1 word
~ 31 ANl input value, input 2 (ADC counts) 1 word
- 3R ANl input value, input 3 (ADC counts) 1 word
g 33 ANl input value, input 4 (ADC counts) 1 word
o A Commanded DAC value, axis 1 (DAC counts; 2048 counts/10 volts)— TDAC 1 word
3H Commanded DAC value, axis 2 (DAC counts) 1 word
36 Commanded DAC value, axis 3 (DAC counts) 1 word
37 Commanded DAC value, axis 4 (DAC counts) 1 word
co 33 Position error, axis 1 (counts) — see TPER 2 words
S 3A Paosition error, axis 2 (counts) 2 words
o 3C Position error, axis 3 (counts) 2 words
o 3E Position error, axis 4 (counts) 2 words
* Timer starts on computer powerup; rolls over; updated once per system update (see SSFR).

Below is a step-by-step procedure for reading information from the fast status area.

Request that the information contained within the fast status register be updated. Thisis
accomplished by writing the byte 48 Hex to the status register, located four address |ocations
above the base address.

Wait for the information in the fast status area to be updated. Thisis accomplished by reading
the status register (bits 0 - 7) until bit 3 is set.

Point to the information you wish to retrieve. Thisis accomplished by writing the hex offset
value (1 byte) shown in the table above to the fast status register (2 address |ocations above
the base address).

Read the information from the fast status area, one word (two bytes) at atime.

Asyou read each word, (by writing to Base+2), the internal pointer will automatically
increment to the next word in the block until ablock boundary isreached. A block boundary
occurs every 8 words, starting from the first word. Once ablock boundary is reached, step 3
above must be repeated; otherwise, the pointer will wrap around to the beginning of the same
segment.

If two words are required to be read in order to obtain al the information, the first word read is
the most significant in terms of value.

After the word(s) are read, each word must swap its most significant and least significant bytes.
These steps are illustrated by the source code examples below.
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Retrieving information from the fast status area using C: The source code
example below iswritten in Turbo C. If you are using Microsoft C, replace “i nport” with
“i npw’, replace “out por t ” with “out w’, replace“i npor t b” with “i np”, and replace
“out port b” with“out ”. Thisexampleis also provided on the DOS Support Disk in sub-
directory SAMPLES, files TC2@FAST. Cand MC6ZFAST. C.

#i ncl ude <stdio. h>

#def i ne STATUS 4

#def i ne FASTSTATUS 2

#def i ne REQ STATUS 48

#def i ne CS_UPDATED B

#define AXI S1_OWD 10/ 4%1]

#def i ne 1 NO_STATUS @25

unsi gned int address; /* gl obal address */

voi d request _stat us(voi d)

{
out port b(addr ess+STATUS, REQ STATUS); /* request fast status update */
/* wait for fast status information to be updated */
whi | e(! (i nport b(addr ess+STATUS) &CS_UPDATED) ) ;

}

void set_pointer(int status_offset)
{

out por t b( addr ess+FASTSTATUS, status_of fset);
}

voi d read_status( unsigned int * status_hi gh; unsigned int * status_| ow

unsi gned | ong * status)
{
/* read fast status information */

* status_high = inport (address+FASTSTATUS);
* status_| ow = inport (addr ess+FASTSTATUS) ;
/* build status because of |ow high ordering */
* status_high = (* status_hi gh<<8) + (* status_hi gh>>8);
* status_|low = (* status_| owk<8) + (* status_|l ow>>8);
* status = * status_high;
* status = (* status<<16) + * status_|ow
}
voi d mai n(voi d)
{
unsigned int word_high, word_l ow, ino_bits;
unsi gned | ong fast_stat us;
char pos_storage[ 29 ;
char * pos_ptr = &oos_storage[d;
int i;
address = 768; [*default address */
request _status();
set_pointer (AXI S1_QW);
for(i=0;i<4;i++){ /* using auto increment feature of fast status */
read_status(&ord_high, &wrd | ow &fast_status);
Itoa(fast_status, pos_ptr, 19;
cput s(pos_ptr); /* display axis 1, 2, 3,and 4 commanded positions */
cputs("\r\n");
}
set _poi nt er (| NO_STATUS) ;

read_status(&ord_hi gh, &ord_| ow, &fast_status);
ino_bits = word_high;
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Retrieving information from the fast status area using PASCAL: The
following is a source code example written in Turbo PASCAL. This source code exampleis
also provided on the DOS Support Disk in subdirectory SAMPLES, file TP5@FAST. PAS.

Programtestfast;

uses Ot;

const
BASEP = $0300; { AT6nnn base port address }
REQ STATUS =  $48; { AT6nnn fast status update }
CS_UPDATED = $08; { ATénnn card status update }
FASTSTATUS = 2; { fast status offset }
STATUS = 4; { set/clear status offset }
AXIS1_QWD = $00; { pointer to axis 1 commanded position in fast
status }

var
i :integer;

addr ess: wor d;

word_hi gh, word_| ow wor d;
fast_status:real ;

pos_st orage: stri ng;

procedur e request _st at us;
begi n
port[ addr ess+STATUS] := REQ STATUS, {request fast status update}
{wait for fast status information to be updat ed}
whi | e((port[address+STATUS] and CS UPDATED) = 0) do
begi n
end;
end;

procedure set_pointer(status_offset:integer);
begi n

port [ addr ess+FASTSTATUS] : = status_of fset;
end;

procedure read_status(var status_high, status_|l ow word; var status:real);
begi n

stat us_hi gh : = portw addr ess+FASTSTATUS] ;

status_| ow : = portw addr ess+FASTSTATUS] ;

status_high := (status_high shl 8) + (status_high shr 8);

status_|low := (status_|l ow shl 8) + (status_|l ow shr 8);

status := status_high * 256.0 * 256.0 + status_| ow
end;

begi n
addr ess : = BASEP,
request _st at us;
set _pointer (AXI S1_QOWD);
for i :=1to 4 do
begi n
read_status(word_hi gh, word | ow, fast_status);
Witel n(fast_status: 10: 0);
end;
end.
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Retrieving information from the fast status area using QuickBASIC: The
following is a source code example written in QuickBASIC. This source code exampleisalso
provided on the DOS Support Disk in subdirectory SAMPLES, file QB45FAST. BAS.

DEFINT A-Z

DECLARE SUB request st at us()

DECLARE SUB set poi nt er ( st at usof f set)
DECLARE SUB readst at us()

DECLARE SUB creat eposi tion()

'--- AT6nnn defaul t address.
QONST BASEP = &H0300

QONST CSUPDATED
CONST REQSTATUS
QONST AXI S1OVMD

&H8 " ATénnn card status update
&HA8 "tells AT6nnn that you want a status update
&H0 "Axis 1 commanded position in fast status area

--- AT6nnn address of fsets.

COONST FASTSTATUS = 2 "offset to fast status area
QONST STATUS = 4 'offset to set/clear status
'--- Qobals

COMMON SHARED Address, Status4, Status3, Status2, Statusl
OOMMON SHARED Posi ti on#

LR Sk R R R R kU R Sk R R R AR R Rk Sk R R R R R R R R R U R R R Rk R Sk Rk R R R R R Rk R

' VAN PROGRAM

T hhkhkkhhhkhhkkhhhkhhkhhhdhhhhhdhhhhhhhhdhhhhdhhhhdhhhhkdhdhdkdhdhhdhrdhxdhrdxdhrdxrdxx

addr ess = BASEP

request st at us

set poi nt er (AXI S1OVD)

readst at us

createposition

print "Axis 1 Commanded Position = "; position#

END

SUB request status STATIC

LR Sk U R R R Sk kU R R R R R Rk S Rk Sk Rk R R R R R R R Rk R R R R SRR R Rk R R R R R R R R

' SUBPROGRAM :  request st at us

RS S S SRR S S S EEE S SRR RS S SRR S SR ER RS SR REREE SRR R R R R R R R R EEEREREEEEEEEEEEEEEES
QUT addr ess+STATUS, REQSTATUS

whil e (I NP(addr ess+STATUS) AND CSUPDATED) = 0O

wend

END SUB

SUB set poi nt er (st at usof f set) STATIC

T hhhkdhhhhhkhhhdhhdhhdhhddhdhdhdddhdhdhddhdhdhdddhddddhdrdddddxdddddxdddddxddrdxddrdxrdxx

' SUBPROGRAM :  set poi nt er

R S R R R R R R R R R R R R S R R R S R R R R SRR R R R RS R R R R R R RS R RS E SRR SRR R EEEEE SRR R RS R R
out addr ess+FASTSTATUS, st at usof f set

END SUB

SUB readst at us STATIC

LR Sk R R R R Rk Sk U Rk R R o Rk Sk Rk R R R R R R R ok R bk o R R Rk R R R R R R Rk R

' SUBPROGRAM : readst at us

T hhkhkkhhhkhhkkhhhkhhkkhhhkkhhhhhdhhhhhhhhhhhhhdhhhhdhhhhdhhhhdhrdhdhrdhxdhrdxdhrdxrdxx

stat us4 = | NP(addr ess+FASTSTATUS)
stat us3 = | NP(addr ess+FASTSTATUS+1)
status2 = | NP(addr ess+FASTSTATUS)
statusl = | NP(addr ess+FASTSTATUS+1)
END SUB

Continued on next page ...
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Customizing the
Fast Status
Register

QuickBASIC Source Code Example (continued)
SUB creat eposition STATIC

UE SRR R R R R R R R R R R R R R R Sk R R Sk R R Rk kR R S

' SUBPROGRAM : createposition

PURPCBE : Manipul ate the 4 bytes received fromthe fast status area into
a position value. Only call createposition after calling readstatus.
This function should only be called when readi ng conmanded position
or encoder position.

REQU RES : The 4 status bytes returned fromreadstatus - statusl,
status2, status3, status4.

RETURNS : Position in global variable position#.

Thdhhkhhhdhdhdhdhdhdhdddhdhdddhdhdddhdhdddhdhdddhdhdddhdhdddhdhdddddrdhdddxddddxddrdxddx

I F (status4 AND NEGATI VEMASK) THEN ' If negative take the two's conpl erment

status4 = 255 - status4

status3 = 255 - status3

status2 = 255 - status2

statusl = 255 - statusl

negval ue = 1

ELSE

negval ue = 0

END | F

hi ghwor d# = status4 * 256# + status3 "Oreate high word (upper 2 bytes)
| ownor d# = status2 * 256# + statusl "Oeate |owword (I ower 2 bytes)

position# = highword# * 256# * 256# + | ownord# ' Create position (4 bytes)
I F (negval ue = 1) THEN

position# = position# + 1 "Must add 1 for two's conpl enent
position# = 0 - position# ' Val ue shoul d be negative

END I F

END SUB

The number of customizable blocks differs between servo and a stepper products:

AT6N50: You can customize status blocks 3-8 (blocks 1 & 2 may not be changed).
AT6N00: You can customize status blocks 7 & 8 (blocks 1-6 may not be changed).

The FASTAT command syntax is FASTAT<i >, <i >. Inthefirst datafield (“<i >"), enter the
number of the status block you wish to change. In the second data field, enter the number of
the content option (see table below). For example, the FASTAT5S, 6 command configures
block #5 to report the position error.

To check the current configuration of all blocksin the status area, type “ FASTAT” followed
by a carriage return; the controller will respond with the current option number selected for
each block. To check the configuration of one block, type “FASTATI ” (i = number of the
block in question) followed by a carriage return.

It takes one system update period to process the FASTAT command and re-configure the fast
status blocks. If using the AT6n50 (servos), refer to the table in the SSFR command
description to determine the system update period (affected by the SSFR and | NDAX). For the
AT6N00 (steppers), one system update period is 2ms.
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Option Information Equivalent Size Stepper Servo

# Provided * Status Command (words) (AT6n00) (AT6n50)
1  Commanded velocity (counts/sec) TVEL 2x4 . .
2 Axis status TAS 2x4 . .
3 Programmable input status (including triggers) TI'N 2x1 . .

Programmable output status (including aux. outputs) ouT 2x1 . .
Limit status (hardware end-of-travel and home) kexk 1x1 . .
Other input status (joystick and enable) TI NO 1x1 . .
A/D analog input voltage (joystick connector) TANV 2x1 . .
4 Interrupt status TI NT 2x1 . .
System status TSS 2x1 . .
User status TUS 1x1 . .
Time frame-mark (system update units — see SSFR) n/ a 1x1 . .
Timer value (milliseconds) TIM 2x1 . .
5 ANl input counts (ANI option only) (counts, not volts) **  TANI 1x4 .
Commanded DAC counts (counts, not volts) ** TDAC 1x4 .
6  Position error (counts) TPER 2x4 . .
7  Following status TFS 2x4 ok .
8  Actual velocity (feedback device counts/sec) TVELA 2x4 .
9  Captured commanded/motor position via trigger A (counts) TPCCA/ TPCVA 2x4 . .

10  Captured commanded/motor position via trigger B (counts) TPCCB/ TPCVB 2x4 . .

11 Captured commanded/motor position via trigger C (counts) TPCCC/ TPCMC 2x4 . .

12 Captured commanded/motor position via trigger D (counts) TPCCD/ TPCVD 2x4 . .

13  Captured actual position via trigger A (counts) TPCEA 2x4 . .

14  Captured actual position via trigger B (counts) TPCEB 2x4 . .

15  Captured actual position via trigger C (counts) TPCEC 2x4 . .

16  Captured actual position via trigger D (counts) TPCED 2x4 . .

17 Captured ANI value via trigger A (ADC counts) TPCAA 2x4 .

18  Captured ANI value via trigger B (ADC counts) TPCAB 2x4 .

19  Captured ANI value via trigger C (ADC counts) TPCAC 2x4 .

20  Captured ANI value via trigger D (ADC counts) TPCAD 2x4 .

21 Following master cycle position TPMAS 2x4 ok .

2 Following master cycle number TNMCY 2x4 el .

23 Following net shift TPSHF 2x4 ok .

* Motion data in the fast status area is never scaled.
Any data that is not applicable (e.g., 3 and 4" axis information for AT6250 & AT6200) will be zeros.
** ANI counts: 819 counts/volt; DAC counts: 2048 counts/10 volts.
*=*  Available for stepper product revisions 3.0 and higher.
**x  Refer to the Limits Bit Assignments note on page 43.

Card Status and Interrupts to/from PC-AT (Base+4)

Status Read D7 |D6 |D5| D4 | D3 | D2 | D1 DO‘Function

X Datais in controller's output buffer:
1 = data in buffer, 0 = buffer empty

X Controller ready to receive commands (256-byte buffer):
1 = buffer full, 0 = ready to receive

X Status of controller general purpose interrupt:
1 = interrupt exists, 0 = no interrupt

X Status of controller status area update interrupt to PC-AT:
1 = status updated, 0 = status not updated

X Status of controller master interrupt enable:
1 = interrupts enabled, 0 = interrupts disabled

X Kill has been requested, not yet executed:
1 = kill requested, 0 = kill not requested

X Controller operating system successfully loaded:
1 =not loaded, 0 = loaded

X Bus controller successfully loaded:
1 = not loaded, 0 = loaded
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Status Write

(interrupt/status set/reset)

Status Write

(interrupt enable/disable)

D7 D6 D5 D4 D3 D2 D1 DO Function

1 0 0O 0 O 0 0 1 Executetherequested kil

0 1 0 0 0 O 1 o0 Tellthecontrollertoread datafrom the input buffer.
0 1 0 0 0O 1 0 0 Clearthecontrollerinterrupt.

0 1 0 0 1 0 0 0 Requestfaststatusupdate.

D7 D6 D5 D4 D3 D2 D1 DO Function
0O 0 1 X Interrupt when output buffer has data:

1 = enable interrupt, 0 = disable interrupt
0 0 1 X Interrupt when input buffer empty :

1 = enable interrupt, O = disable interrupt
0 0 1 X General controller to PC-AT interrupt:

1 = enable interrupt, 0 = disable interrupt
0 0 1 X Card status updated interrupt:

1 = enable interrupt, 0 = disable interrupt
0 0 1 X Master interrupt:

1 = enable interrupt, O = disable interrupt

Reading and Writing to the 6000 Controller

Source code routines are provided for the 6000 Series controller on the DOS Support Disk;
these routines are proven and debugged. We strongly recommend that you use these driversiif
your application is based in a higher level language. Four languages are supported—C
(Microsoft 6.0 and Borland Turbo 2.0), BASIC (QuickBASIC 4.5), and PASCAL (Borland
Turbo). However, we understand the need in some applications to know the data transfer
protocol to and from the controller. Consequently, we have provided (below) a step-by-step
process for communicating with the controller.

The controller transfers datain Word lengths to its Read/Write registers at Address+0 and
Address+1 (the upper 8 bits of the word are at Address+0). The handshaking for the data
transfersis performed at Address+4 (Status Register). Bits are described below from 0 - 7.

Sending Commands to the Controller:

1. Wait for bit #1 (second bit) to go low at Address+4 (256-byte buffer is empty).

2. Sendthe datato Address+0 and Address+1 one word at atime, ending the data block
with anull character.

3. Set bits#1 and #6 at Address+4 (data waiting to be read).

Receiving Responses from the Controller:
1. Wait for bit #0 (first bit) to go high at Address+4 (output buffer has data).

2. Read aword of datafrom Address+0 and Address+1.
3. Repeat until bit #0 islow, or until 128 words are read.

DDEG6000™ (Dynamic Data Exchange server)

TO ORDER

To order DDE6000,
contact your local
Automation
Technology Center
(ATC) or distributor.

50

Multiple 6000 products
may be accessed
simultaneously with
the DDE600O.

DDE6000 is a Dynamic Data Exchange (DDE) server that you can use to facilitate
communication between a Windows application and your 6000 product family. For example,
you might use DDE6000 with a third-part factory automation software and operator interface,
such as Wonderware's In-Touch™. DDE6000 supports NetDDE, which allows operation over
aWindows for Workgroups, Windows 95, or Windows NT network.

The DDEG00O server, a Windows program, provides access to 6000 controller data that can be
useful to other Windows programs (DDE clients). DDE6000 supports three types of
“conversations’ with a DDE client:

e Cold Link.....Allowsaclient to directly request a particular dataitem from DDEG0QO.

e Hot Link....... Allows aclient to be automatically updated when a particular dataitem
from the DDE6000 has changed.

« Warm Link....Combination of cold link and hot link, where a client wants to be
informed of changes in the DDE6000 data without immediately receiving
the new dataitem.

For more information, refer to the DDE6000.HLP file on the DDEG00O diskette.
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DLLS (Dynamic Link Libraries)

The information in this section is designed to help experienced Windows application
programmers create Windows-based applications to interface with bus-based 6000
Series controllers.

To help you develop your own Windows applications, Compumotor provides dynamic link
libraries (DLLs) for Windows 3.1, Windows 95, and Windows NT. The DLLscontain
communication functions for use with all of Compumotor's bus-based 6000 Series control
products; functions include sending commands to the controller, fetching responses from the
controller, and polling status information from the controller's fast status area (detailed
function descriptions provided below).

Windows 3.1 driver................. WIN6400.DLL
Windows 95 driver (32-bit)....... WN956000.DLL
Windows NT driver................. NT6400.DLL

These DLLs are part of the Motion Architect installation options and are placed in your
Motion Architect directory (default location is c\AMAG000\DRIVER). NOTE: If these
directories do not appear in your Motion Architect directory, reinstall Motion Architect and be
sure to select the desired support files from the “Custom Installation” dialog box during the
installation process.

[:l MA6000

— Driver
IJ:j € Directory Contents:
"""" D Nt35 <«— NT6400.DLL; sample Visual C++ application for Windows NT 3.5 (& higher) *

-------- D Vb30 <— WIN6400.DLL and NT6400.DLL; sample application for Visual Basic 3.0

"""" D Win31 <— WIN6400.DLL; sample Visual C++ application for Windows 3.1 *

-------- D Win95 «<— WN956000.DLL; sample 32-bit Visual C++ application for Windows 95 *

* README files are provided in these directories.
They help instruct you on how to use the DLLs
and the sample applications.

Instructions for using the DLLs with Visual Basic and Visual C++ are provided below.
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Visual Basic™ Support

Visual Basic declarations for all DLL functions and subroutines are described below. Note that

NOTE some functions are not applicable to al DLLs, and that the syntax for the SendAT6400Block
To demonstrate how to and RecvAT6400Block functions is different when using WN956000.DLL.
use the DLL functions,
T e a\ieal | TIP: Beforeyou invoke Visual Basic, copy the desired DLL file (WIN6400.DLL, _
Basic 3.0 project using NT6400.DLL or WN956000.DLL) and your controller's .OPS (operating system) file
X!'S'eﬁi-,‘??a?btfaﬁ‘sefer to from your Motion Architect directory to the Visual Basic root directory.

DLL Functions SYNTAX EXPLANATION
(using the “SendAT6400Block” function as an example)

Declare‘Function SendAT‘64OOBlock% Lib "wn9‘56000.dll" (ByVal address%, ByVal cmd$, I?vVaI irgnum%)

[ [
Visual Basic (VB) Function name Tells VB to find the Pass by| | Variable Additional arguments
command for declaring function in the library value name required for the function
an external function “%" means that the called WN956000.DLL (arguments are separated by
function will return an (the 32-bit DLL for “%" means that comma and space)
integer Windows 95) the variable is an
\ integer
NOTE: For some functions, the syntax (excluding the library call) is
identical for all DLLs. For these functions, we've used the “ dir
convention to indicate that you can insert the name of the DLL you are
Bold type represents reserved using (WIN6400.DLL, WN956000.DLL, or NT6400.DLL).

Visual Basic commands or notation.

NT6400.DLL ONLY - | p|| Function: SetNTParam

Description:  Initializes Windows NT driver for one card only. Call this function before any other
communications with the 6000 product, including loading the operating system. If you are using
more than one 6000 card in your computer, use the SetNTMultiCardAddress function.

Syntax: Declare Function SetNTParam% Lib "nt6400.dIl" (ByVal address%, ByVal irgnum%)
“address”..... Board address of the 6000 controller card (must be evenly divisible by 8).
“irgnum”....... Set to zero (used internally by Motion Architect for interrupt support).

Return Value: Returns FALSE (“0”) if function successful. Otherwise, TRUE (non-zero value).

NT6400.DLL ONLY - | D|| Function: SetNTMultiCardAddress

Description:  Initializes Windows NT driver. Call this function before any other communications with the 6000
product, including loading the operating system. If you are using more than one 6000 card in your
computer, call the SetNTMultiCardAddress function once for each card address.

Syntax: Declare Function SetNTMultiCardAddress% Lib "nt6400.dIlI" (ByVal address%)
“address”..... Board address of the 6000 controller card (must be evenly divisible by 8).
Return Value: Returns FALSE (“0") if function successful. Otherwise, TRUE (non-zero value).

WN956000.DLL ONLY DLL Function: SetDevice

Description:  Initializes Windows 95 driver. Call this function before any other communications with the 6000
product, including loading the operating system.

Syntax: Declare Function SetDevice% Lib "wn956000.dIl" (ByVal devhum$, ByVal address%)

“devnum”..... Device number assigned to the card. The first card addressed must be assigned
device number zero (0); the next cards must be assigned consecutive numbers
(ie., 1,2,3, etc.).

“address”..... Board address of the 6000 controller card (must be evenly divisible by 8).
Return Value: Returns FALSE (“0”) if function successful. Otherwise, TRUE (non-zero value).
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DLL Function:
Description:

Syntax:

Return Value:

SendAT6400Block

Send a block of up to 256 characters to a 6000 bus-based product. SendAT6400Block will wait
until the 6000 controller is ready before sending. By default SendAT6400 will wait forever until
the 6000 controller is ready. SetTimeout allows control over this waiting period.

For WIN6400.DLL and NT6000.DLL:

Declare Function SendAT6400Block% Lib " dII" (ByVal address%, ByVal cmd$,
ByVal irgnum%)

For WN956000.DLL:

Declare Function SendAT6400Block% Lib "wn956000.dII" (ByVal address%, ByVal cmd$)

“address”......Board address of the 6000 controller card (must be evenly divisible by 8). The
default address on the 6000 controller (selected with DIP switches) is 768; to
change the address, refer to the product's Installation Guide.

“‘emd”............ Pointer to a null-terminated string that contains one or more 6000 series
commands. Commands must be separated with a carriage return or colon. The
buffer that cmd points to should be 258 bytes in size.

“irgnum”....... Set to zero (used internally by Motion Architect for interrupt support).

“-1" indicates that the operating system is not loaded.
“-2" indicates that the function has timed out (see SetTimeout).
SendAT6400Block also returns the number of bytes sent to the 6000 product.

DLL Function:
Description:

Syntax:

Return Value:

RecvAT6400Block
Poll the controller for any response it may have in its output buffer. Fetches a block of up to 256
characters (block is terminated with a null).

For WIN6400.DLL and NT6000.DLL:
Declare Function RecvAT6400Block% Lib " dilI" (ByVal address%, ByVal resp$,
ByVal irgnum%)

For WN956000.DLL:
Declare Function RecvAT6400Block% Lib "wn956000.dll" (ByVal address%, ByVal resp$)

“address”......Board address of the 6000 controller card (must be evenly divisible by 8).
“resp”...ceene. Pointer to a 258 byte response buffer.
“irgnum”...... Set to zero (used internally by Motion Architect for interrupt support).

“-1" indicates that the operating system is not loaded.
“-2" indicates that the function has timed out (see SetTimeout).
RecvAT6400Block also returns the number of bytes received from the 6000 product.

DLL Function:

Description:
Syntax:

Return Value:

osload
Download the operating system to the controller.

Declare Function osload% Lib " diI" (ByVal address%, ByVal options$, ByVal
handle%)

“address”......Board address of the 6000 controller card (must be evenly divisible by 8).
“options”...... Pointer to a string of operating system loader options:

» “at6400.0ps” downloads AT6n00 operating system (same operating system
for the AT6200, AT6400, OEM-AT6200, and OEM-AT6400)

» “at6250.0ps” downloads AT6250 operating system

» “at6450.0ps” downloads AT6450 operating system

» “/port=768" allows operating system to be sent to a particular address

» “/quiet” keeps osload form displaying the meter dialog and error messages

“handle”........ Parent window handle for osload's meter dialog and message boxes. For no
parent, set to zero.

“0” indicates that the operating system downloaded successfully.
Value greater than 0O for error conditions (see enum osload_errors in WIN6400.H).

DLL Function:

Description:
Syntax:

Return Value:

IsOSLoaded
Determine if the operating system has been loaded to the 6000 controller.
Declare Function IsOSLoaded% Lib " dll" (ByVal address%)

“address”......Board address of the 6000 controller card (must be evenly divisible by 8).

Returns TRUE (non-zero value) if the 6000 operating system has been loaded. Otherwise,
returns FALSE (“0”).
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Syntax:

Return Value:

request_status

Tell the controller to update the information in its fast status area. This function will wait until the
fast status area has been updated. See set_pointer.

Declare Function request_status% Lib " dil" (ByVal address%)
“address”..... Board address of the 6000 controller card (must be evenly divisible by 8).

“-1" indicates that the operating system is not loaded.
“-2" indicates that the function has timed out (see SetTimeout).

DLL Function:
Description:

Syntax:

Return Value:

set_pointer

Set a pointer to the data to be retrieved from the fast status area.

See page 56 for fast status structure.

Declare Sub set_pointer Lib"___.dII" (ByVal address%, ByVal status_offset%)
“address”...... ...Board address of the 6000 controller (must be evenly divisible by 8).

“status_offset".....Offset into fast status area.

NONE

Return Value:

DLL Function: read_status
Description:  Fetch a fast status data item (4 bytes) pointed to by set_pointer. See set_pointer.
Syntax: Declare Sub read_status Lib " dll" (ByVal address%, status_high%, status_low%,
status&)
“address”............ Board address of the 6000 controller card (must be evenly divisible by 8).
“status_high".......Pointer to word that will contain the high word of the retrieved fast status data.
“status_low"........ Pointer to word that will contain the low word of the retrieved fast status data.
“status”........coee... Pointer to a double word that will contain the retrieved fast status data item.
Return Value: NONE
DLL Function: IsAT6400Ready
Description: ~ Check to see if the controller's input buffer (256 bytes) is empty, thereby being ready to receive
another command.
Syntax: Declare Function IsAT6400Ready% Lib " dlI" (ByVal address%)

“address”..... Board address of the 6000 controller card (must be evenly divisible by 8).
Returns TRUE (non-zero value) if 6000 input buffer is empty. Otherwise, returns FALSE (“07).

DLL Function:
Description:

Syntax:

Return Value:

SetTimeout

Set the timeout value for SendAT6400Block, GetFastStatus, and GetExFastStatus, and
Request_Status.

Declare Sub SetTimeout Lib " dll" (ByVal timeout&)
“timeout”...... Timeout value in milliseconds. A value of zero sets the timeout to infinity.
NONE

DLL Function:

Description:
Syntax:

Return Value:

Delay
Time delay in milliseconds.

For WN956000.DLL and NT6000.DLL:
Declare Sub Delay Lib " diI" (ByVal timedelay%)

For WIN6400.DLL:

Declare Sub Delay Lib " dll" (ByVal timedelay&)
“timedelay”..... Time delay in milliseconds.

NONE
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DLL Function:
Description:

Syntax:

Return Value:

SendAT6400File

Downloads a file of 6000 Series commands to a 6000 series product (one line at a time). Before
downloading the file, ERRDEF and ERRCK are set to zero. After downloading the file, ERRDEF
and ERROK are set to their default values.

Declare Function SendAT6400File% Lib " dlI" (ByVal handle%, ByVal address%,
ByVal irqgnum%, ByVal filename$, ByVal options$)
“handle”........ Parent window handle for SendAT6400File's message boxes. For no parent,
set to zero.

“address”......Board address of the 6000 controller card (must be evenly divisible by 8).
“irgnum”....... Set to zero (used internally by Motion Architect for interrupt support).
“filename”.....Pointer to filename of file that is to be sent to the 6000 product.

“options”...... Pointer to options string. Set to null string (") to get the message boxes.
Set to “/quiet” to keep SendAT6400File from displaying the hour glass cursor
and message boxes.

“-1" indicates that the operating system is not loaded.
“-2" indicates that the function has timed out (see SetTimeout).

“-3” indicates that the file (“flename”) could not be opened.
SendAT6400File also returns the number of bytes sent to the 6000 product.

DLL Function:
Description:
Syntax:

Return Value:

GetFastStatus
Fetches Blocks 1 through 6 of the 6000 fast status area. See page 56 for fast status structure.
Declare Function GetFastStatus% Lib " dlI" (ByVal address%, faststatus As

AT6400INFO)
“address”......Board address of the 6000 controller card (must be evenly divisible by 8).
“faststatus”...Fast status structure.
See page 56 for fast status structure (defined as “AT6400INFO”).

“1” indicates no errors.

“-1” indicates that the operating system is not loaded.

“-2" indicates that the function has timed out (see SetTimeout).
GetFastStatus also returns the number of bytes sent to the 6000 product.

DLL Function:

Description:
Syntax:

Return Value:

GetExFastStatus
SERVOS ONLY Fetches Blocks 7 and 8 of the 6000 fast status area.
Declare Function GetExFastStatus% Lib " dlI" (ByVal address%, ByVal block7%,

ByVal block8%, faststatus As AT6400INFO)
“address”......Board address of the 6000 controller card (must be evenly divisible by 8).

“block7”........ Integer code representing data type in Block 7 of the fast status area (see enum
exfaststatus in WIN6400.H).
“block8™........ Integer code representing data type in Block 8 of the fast status area (see enum

exfaststatus in WIN6400.H).

“faststatus”...Fast status structure.
See page 56 for fast status structure (defined as “AT6400INFO”).

“1” indicates no errors.

“-1” indicates that the operating system is not loaded.

“-2" indicates that the function has timed out (see SetTimeout).
GetExFastStatus also returns the number of bytes sent to the 6000 product.
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Sample file for fast status structure, function declarations, and global variables (WIN6400.DLL):

SEE ALSO: Driver\vb30\AT6400.BAS

' Get faststatus structure -- also provided in DRIVER VB30\ AT6400. BAS
Type AT64001 NFO
Mot or Pos(1 To 4) As Long ' commanded position (counts)
EncPos(1 To 4) As Long ' actual position (counts)
Mot orVel (1 To 4) As Long ' conmanded velocity (counts/sec)
AxisStatus(1l To 4) As Long ' axis status (TAS)
IntStatus As Long " interrupt status (TINT)
SysStatus As Long ' system status (TSS)
User Status As |nteger ' user status (TUS)
Timer As Long " timer value (TIM - mlliseconds)
Counter As |nteger " time frame counter (2ms per count)
Progln As Long ' programmabl e i nput status (TIN)
ProgQut As Long ' progranmabl e out put status (TOUT)
Limts As Integer " limt status (TLIM
O her As |nteger ' other input status (TINO
Anal og As Long ' lo-res anal og input voltage (TANV)
PosOf fset (1 To 4) As Long ' position offset (68000-DSP)
EncVel (1 To 4) As Long ' actual velocity (counts/sec)
XEncPos(1 To 1) As Long ' extra encoder position (counts)
ANl (1 To 4) As Integer ' hi-res anal og I nput voltage (TAN)
ANl Of fset(1 To 4) As Long " hi-res ANl of fset

' conmmanded DAC count (TDAC)

PosError(1 To 4) As Long ' position error (TPER - counts)

Mast er Cycl eNun{1 To 4) As Long ' followi ng master cycle nunber (TNMCY)

Mast er Cycl ePos(1 To 4) As Long ' following master cycle position (TPMAS)

Fol I Status(1 To 4) As Long " followi ng status (TFS)

PosShift(1 To 4) As Long ' follow ng net shift (TPSHF)

MasterVel (1 To 4) As Long ' follow ng master velocity (TVMAS)

TPCCA(1 To 4) As Long ' captured comranded position via trigger A (counts)
TPCCB(1 To 4) As Long ' captured conmanded position via trigger B (counts)
TPCCC(1 To 4) As Long ' captured conmanded position via trigger C (counts)
TPCCD(1 To 4) As Long ' captured comranded position via trigger D (counts)
TPCEA(4) As Long ' captured actual position via trigger A (counts)

4 .

DAC(1 To 4) As Integer

As Long captured actual position via trigger B (counts)
As Long captured actual position via trigger C (counts)

As Long captured actual position via trigger D (counts)
TPCAA(1 To 4) As Long ' captured ANl value via trigger A (counts)

As Long ' captured ANl value via trigger B (counts)

As Long ' captured ANl value via trigger C (counts)

As Long ' captured ANl value via trigger D (counts)

df VAR11 As Long ' variable VARL1

df VAR12 As Long ' variable VARL2

df VAR13 As Long ' variabl e VARL3

df VAR14 As Long ' variable VARL4
End Type

' Wi n6400.dl | FUNCTI ON DECLARATI ONS

Decl are Function SendAT6400BI ock% Lib "wi n6400.dll" (ByVal address% ByVal cnd$, ByVal irqgnuntg
Decl are Function RecvAT6400BI ock% Lib "wi n6400.dll" (ByVal address% ByVal resp$, ByVal irqgnun?g
Decl are Function osload% Lib "w n6400.dll" (ByVal address% ByVal options$, ByVal handle%

Decl are Function |sOSLoaded% Lib "w n6400.dl1" (ByVal address%

Decl are Function request_status% Lib "wi n6400.dl 1" (ByVal address%
Decl are Sub set_pointer Lib "w n6400.dl1" (ByVal address% ByVal status_offset%
Declare Sub read_status Lib "wi n6400.dll" (ByVal address% status_high% status_|lowg status&)

Decl are Function |sAT6400Ready% Lib "w n6400.dl1" (ByVal address%

Decl are Sub SetTimeout Lib "w n6400.dll" (ByVal timeoutg&)

Declare Sub Delay Lib "wi n6400.dl1" (ByVal tinedel ay&)

Decl are Function SendAT6400Fi|e% Lib "wi n6400.dl1" (ByVal handl e% ByVal address% ByVal irqgnuntg
ByVval filename$, ByVal options$)

Decl are Function SetNTParan® Lib "w n6400.dl 1" (ByVal address% ByVal irqgnun®g

Decl are Function GetFastStatus% Lib "wi n6400.dll" (ByVal address% faststatus As AT64001 NFO)

Decl are Function Get ExFastStatus% Lib "w n6400.dl1" (ByVal address% ByVal block7% ByVal bl ock8%
faststatus As AT6400l NFO

' dobal Variables Used

d obal response As String * 258 'response for the RecvAt 6400BI ock

d obal address As |nteger ‘device address for the at card

d obal faststatus As AT64001 NFO "structure holding at6400 info

d obal cmd$ "command string to send in SendAt 6400Bl ock
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VB 3.0
Application
Example

To demonstrate how to use the DLL functions, we've provided al the files for a sample Visual
Basic project using WIN6400.DLL for VB3.0 (see table below for list of files) Thefilesare
located in the MAGOOO\DRIVER\VB30 directory. The project was designed to be executed
from Visual Basic 3.0 with no modifications.

Project File (*.MAK) Forms (*.FRM) Basic Modules (*.BAS) Icons (*.ICO)

AT6400.MAK ADDRESS.FRM AT6400.BAS ADDRESS.ICO
AT6400.FRM AT6400.1ICO
AT_ERROR.FRM BLKLIMIT.ICO
INFO.FRM ERROR.ICO
RECEIVE.FRM NO_LIMIT.ICO
STARTUP.FRM REDLIMIT.ICO

TSTPANEL.ICO

To initiate the application, invoke Visual Basic and open the AT6400.MAK file by choosing
Open Project from the File menu. Then select Start from the Run menu to initiate the
application. The application follows the structure illustrated below.

START

l r» EXIT
- - ——=| STARTUP.FRM INFO.FRM
|
i i \
AT6400.BAS |«- - ~| ADDRESS.FRM ERROR.FRM
(Global)
' /
|
L _ _ _ | AT6400.FRM RECEIVE.FRM
EXIT

The global module, AT6400.BAS, contains code necessary to declare the functions and
subroutines contained within WIN6400.DLL. The declarations for those functions and
subroutines are provided earlier in this section.

Subsequent calls to these declared functions and subroutines alow for communication between
the Visual Basic application program and the controller. Examples of each function and
subroutine are provided within the “forms” of the project. Refer to the form next to the
function or subroutine in the table below for specific calling information.

Function or Subroutine Form Object Event Procedure
SendAT6400Block STARTUP.FRM BTN_Yes Click
RecvAT6400Block AT6400.FRM MNU_Rev_Update Click

OSlLoad STARTUP.FRM BTN_Yes Click

IsOSLoad STARTUP.FRM BTN_No Click
Request_Status AT6400.FRM TIM_Update Timer
Set_Pointer AT6400.FRM TIM_Update Timer
Read_Status AT6400.FRM TIM_Update Timer

The starting point for the application is the form STARTUP.FRM. Thisis established by
choosing Select Startup Form under the Run menu.

For a complete listing of the Visual Basic application described above, open the project file
(AT6400.MAK) by choosing Open Project from the File menu. Then select Print from
the File menu, and print out all forms and code.
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Visual C++™ Support

DLL Functions

NT6400.DLL ONLY -

NT6400.DLL ONLY -

WN956000.DLL ONLY -

Visual C++ declarationsfor all DLL functions and subroutines are described below. Note that
some functions are not applicable to all DLLs, and that the “irgnum” variable is not part of the
syntax for the SendAT6400Block and RecvAT6400Block function when using WN956000.DLL.

TIP: Beforeyou invoke Visual C++, copy the desired DLL file (WIN6400.DLL,
NT6400.DLL or WN956000.DLL) and your controller's .OPS (operating system) file
from your Motion Architect directory to the Visual C++ root directory.

SAMPLE APPLICATIONS: Within each DLL's subdirectory are source files for sample
applications that exploit the DLL's functions. Refer to page 62 for details.

Refer to the Header (.H) file

The primary purpose of this section is to identify the sequence and purpose of the variables
used in each DLL function. The function declarations below are also provided in the respective
header file (WIN6400.H, WN956000.H, or NT6400.H). Refer also to the header file for the
structure of the fast status area.

DLL Function: SetNTParam

Description:  Initializes Windows NT driver for one card only. Call this function before any other
communications with the 6000 product, including loading the operating system. If you are using
more than one 6000 card in your computer, use the SetNTMultiCardAddress function.

Syntax: nt6400.dll.......... BOOL WINAPI SetNTParam(DWORD address, DWORD irgnum)
Variables: “address”.......... Board address of the 6000 controller card (must be evenly divisible by 8).
“irgnum”........... Set to zero (used internally by Motion Architect for interrupt support).

Return Value: Returns FALSE (“0”) if function successful. Otherwise, TRUE (non-zero value).

DLL Function: SetNTMultiCardAddress

Description:  Initializes Windows NT driver. Call this function before any other communications with the 6000
product, including loading the operating system. If you are using more than one 6000 card in your
computer, call the SetNTMultiCardAddress function once for each card address.

Syntax: nt6400.dll.......... BOOL WINAPI SetNTMultiCardAddress(DWORD address)
Variables: “address”.......... Board address of the 6000 controller card (must be evenly divisible by 8).

Return Value: Returns FALSE (“0”) if function successful. Otherwise, TRUE (non-zero value).

DLL Function: SetDevice

Description:  Initializes Windows 95 driver. Call this function before any other communications with the 6000
product, including loading the operating system.

Syntax: wn956000.dll.... BOOLEAN WINAPI SetDevice(long devhum, short address)
Variables: “devhum’.......... Device number assigned to the card. The first card addressed must be assigned
device number zero (0); the next cards must be assigned consecutive numbers
(ie., 1,2,3, etc.).
“address’.......... Board address of the 6000 controller card (must be evenly divisible by 8).

Return Value: Returns FALSE (“0”) if function successful. Otherwise, TRUE (non-zero value).
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DLL Function:

Description:

Syntax:

Variables:

Return Value:

SendAT6400Block

Send a block of up to 256 characters to a 6000 bus-based product. SendAT6400Block will wait
until the 6000 controller is ready before sending. By default SendAT6400 will wait forever until the
6000 controller is ready. SetTimeout allows control over this waiting period.

wn956000.dll.....short WINAPI SendAT6400Block(short address, LPSTR cmd)

nt6400.dll..........short WINAPI SendAT6400Block(short address, LPSTR cmd, short
irgnum)

win6400.dll........ int FAR PASCAL SendAT6400Block(WORD address, LPSTR cmd, int
irgnum)

“address”.......... Board address of the 6000 controller card (must be evenly divisible by 8). The

default address on the 6000 controller (selected with DIP switches) is 768; to
change the address, refer to the product's Installation Guide.

“‘emd” e Pointer to a null-terminated string that contains one or more 6000 series
commands. Commands must be separated with a carriage return or colon. The
buffer that cmd points to should be 258 bytes in size.

“irgnum”............ Set to zero (used internally by Motion Architect for interrupt support).
“-1" indicates that the operating system is not loaded.

“-2" indicates that the function has timed out (see SetTimeout).
SendAT6400Block also returns the number of bytes sent to the 6000 product.

DLL Function:

Description:

Syntax:

Variables:

Return Value:

RecvAT6400Block

Poll the controller for any response it may have in its output buffer. Fetches a block of up to 256
characters (block is terminated with a null).

wn956000.dll.....short WINAPI RecvAT6400Block(short address, LPSTR resp)

nt6400.dll........... short VV)INAPI RecvAT6400Block(short address, LPSTR resp, short
irgnum

win6400.dll........ in? FAR PASCAL RecvAT6400Block(WORD address, LPSTR resp, int
irgnum)

“address”.......... Board address of the 6000 controller card (must be evenly divisible by 8).

B CE] Pointer to a 258 byte response buffer.

“‘irgnum”............ Set to zero (used internally by Motion Architect for interrupt support).

“-1" indicates that the operating system is not loaded.
“-2" indicates that the function has timed out (see SetTimeout).
RecvAT6400Block also returns the number of bytes received from the 6000 product.

DLL Function:

Description:
Syntax:

Variables:

Return Value:

osload
Download the operating system to the controller.
wn956000.dll &

nt6400.dll........... short WINAPI osload(unsigned short address, LPSTR options, HWND
handle)

win6400.dll........ int FAR PASCAL osload(WORD address, LPSTR options, HWND handle)

“address”.......... Board address of the 6000 controller card (must be evenly divisible by 8).

“options”............ Pointer to a string of operating system loader options:

* “at6400.ops” downloads AT6Nn00 operating system (same operating system
for the AT6200, AT6400, OEM-AT6200, and OEM-AT6400)

* “at6250.0ps” downloads AT6250 operating system

* “at6450.0ps” downloads AT6450 operating system

» “/port=768" allows operating system to be sent to a particular address

» ‘“/quiet” keeps osload form displaying the meter dialog and error messages
“handle............. Parent window handle for osload's meter dialog and message boxes. For no

parent, set to zero.

“0” indicates that the operating system downloaded successfully.
Value greater than 0 for error conditions (see enum osload_errors in WIN6400.H).

DLL Function:

Description:
Syntax:

Variable:

Return Value:

IsOSLoaded
Determine if the operating system has been loaded to the 6000 controller.
wn956000.dll &

nt6400.dll........... short WINAPI IsOSLoaded(short address)
win6400.dll........ int FAR PASCAL IsOSLoaded(WORD address)
“address”.......... Board address of the 6000 controller card (must be evenly divisible by 8).

Returns TRUE (non-zero value) if the 6000 operating system has been loaded. Otherwise,
returns FALSE (“0").
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DLL Functions for DLL Function:

Visual C++ .

(continued) Description:
Syntax:
Variable:

Return Value:

request_status

Tell the controller to update the information in its fast status area. This function will wait until the
fast status area has been updated. See set_pointer.

wn956000.dll & nt6400.dll......... short WINAPI request_status(short address)

win6400.dll int FAR PASCAL request_status(WORD address)
“address’.......... Board address of the 6000 controller card (must be evenly divisible by 8).

“-1" indicates that the operating system is not loaded.
“-2" indicates that the function has timed out (see SetTimeout).

DLL Function:
Description:

Syntax:

Variables:

Return Value:
Example

set_pointer

Set a pointer to the data to be retrieved from the fast status area.
See header file (WN956000.H, NT6400.H, or WIN6400.H) for fast status structure.

wn956000.dll &

nt6400.dll.......... void WINAPI set_pointer(short address, short status_offset)
win6400.dll........void FAR PASCAL set_pointer(WORD address, WORD status_offset)
“address’.......... Board address of the 6000 controller (must be evenly divisible by 8).

“status_offset”.. Offset into fast status area. See header file for fast status structure.
NONE

/'l request fast status update
request _st at us(address)

/1 point to block 5 of fast status area
set _poi nter(address, | NPUT_STATUS);

/] fetch TIN status

read_status(address, &word_high, &word_|low, &fast_status);
dwProgln = fast_status;

/1 fetch TOUT status

read_status(address, &word_high, &word_|low, &fast_status);
dwProgQut = fast_status;

/1 fetch TLIM and TINO status

read_status(address, &word_high, &wrd_|low, &fast_status);
wLimts = word_high;

wQ her = word_| ow;

/1 fetch TANV status

read_st atus(address, &wrd_high, &wrd_|low, &fast_status);

dwAnal og fast _status;

DLL Function:

Description:
Syntax:

Variables:

read_status
Fetch a fast status data item (4 bytes) pointed to by set_pointer. See set_pointer.
wn956000.dll &

nt6400.dll.......... void WINAPI read_status (short address, LPWORD status_high, LPWORD
status_low, LPDWORD status)

win6400.dll....... void FAR PASCAL read_status (WORD address, LPWORD status_high,
LPWORD status_low, LPDWORD status)

“address’.......... Board address of the 6000 controller card (must be evenly divisible by 8).

“status_high”.... Pointer to word that will contain the high word of the retrieved fast status data.

Return Value:

“status_low" ..... Pointer to word that will contain the low word of the retrieved fast status data.
“status”............. Pointer to a double word that will contain the retrieved fast status data item.

Return Value: NONE

DLL Function: IsAT6400Ready

Description: ~ Check to see if the controller's input buffer (256 bytes) is empty, thereby being ready to receive
another command.

Syntax: wn956000.dll & nt6400.dll.......BOOL WINAPI IsAT6400Ready(short address)
Win6400.dll.........coeurueurrirnnns BOOL FAR PASCAL IsAT6400Ready(WORD address)

Variable: “address”.......... Board address of the 6000 controller card (must be evenly divisible by 8).

Returns TRUE (non-zero value) if 6000 input buffer is empty. Otherwise, returns FALSE (“0”).

DLL Function:
Description:

Syntax:

Variable:
Return Value:

SetTimeout

Set the timeout value for SendAT6400Block, GetFastStatus, and GetExFastStatus, and
Request_Status.

wn956000.dll & nt6400.dll.......void WINAPI SetTimeout (DWORD timeout)

Win6400.dll........c.cceeveurreiennees void FAR PASCAL SetTimeout (DWORD timeout)
“timeout”........... Timeout value in milliseconds. A value of zero sets the timeout to infinity.
NONE
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(continued)

DLL Function:

Description:
Syntax:

Variable:

Return Value:
DLL Function:

Description:

Syntax:

Variables:

Return Value:

Delay
Time delay in milliseconds.

wn956000.dll &
nt6400.dll........... void WINAPI Delay (int delay)
win6400.dll........ void FAR PASCAL Delay (DWORD delay)

“timedelay”....... Time delay in milliseconds.
NONE
SendAT6400File

Downloads a file of 6000 Series commands to a 6000 series product (one line at a time). Before
downloading the file, ERRDEF and ERRCK are set to zero. After downloading the file, ERRDEF
and ERROK are set to their default values.

wn956000.dll &

nt6400.dll........... short WINAPI SendAT6400File(HWND handle, short address, short
irgnum, LPSTR filename, LPSTR options)
win6400.dll........ int FAR PASCAL SendAT6400File(HWND handle, WORD address, int
irgnum, LPSTR filename, LPSTR options)
“handle”............. Parent window handle for SendAT6400File's message boxes.
For no parent, set to zero.
“address”.......... Board address of the 6000 controller card (must be evenly divisible by 8).
“irgnum”............ Set to zero (used internally by Motion Architect for interrupt support).
“filename”......... Pointer to filename of file that is to be sent to the 6000 product.
“options”............ Pointer to options string. Set to null string (") to get the message boxes.

Set to “/quiet” to keep SendAT6400File from displaying the hour glass cursor and
message boxes.

“-1" indicates that the operating system is not loaded.
“-2" indicates that the function has timed out (see SetTimeout).

“-3” indicates that the file (“flename”) could not be opened.
SendAT6400File also returns the number of bytes sent to the 6000 product.

DLL Function:

Description:

Syntax:

Variables:

Return Value:

GetFastStatus

Programs and fetches Blocks 1 through 6 of the 6000 fast status area.
See header file (WN956000.H, NT6400.H, or WIN6400.H) for fast status structure.

wn956000.dll &

nt6400.dll........... short WINAPI GetFastStatus(WORD address, LPAT6400INFO
IpAT6400Info)

win6400.dll........ int FAR PASCAL GetFastStatus(WORD address, LPAT6400INFO
IpAT6400Info)

“address”.............. Board address of the 6000 controller card (must be evenly divisible by 8).

“IpAT6400Info”...... Fast status structure. See header file (WN956000.H, NT6400.H, or
WINB6400.H) for fast status structure — defined as “AT6400INFO”.

“1” indicates no errors.
“-1” indicates that the operating system is not loaded.

“-2" indicates that the function has timed out (see SetTimeout).
GetFastStatus also returns the number of bytes sent to the 6000 product.

DLL Function:

Description:
Syntax:

Variables:

Return Value:

GetExFastStatus
SERVOS ONLY: Programs and fetches Block 7 and Block 8 of the 6000 fast status area.
wn956000.dll &

nt6400.dll........... short WINAPI GetExFastStatus(WORD address, short block7, short
block8, LPAT6400INFO IpAT6400Info)

win6400.dll........ int FAR PASCAL GetExFastStatus(WORD address, int block7, int block8,
LPAT6400INFO IpAT6400Info)

“address”.............. Board address of the 6000 controller card (must be evenly divisible by 8).

“block7” .Integer code representing data type in Block 7 of the fast status area (see enum

exfaststatus in header file).

“block8".........c....... Integer code representing data type in Block 8 of the fast status area (see enum
exfaststatus in header file).

“IpAT6400Info”...... Fast status structure. See header file (WN956000.H, NT6400.H, or
WING6400.H) for fast status structure — defined as “AT6400INFO”.

“1” indicates no errors.
“-1” indicates that the operating system is not loaded.

“-2" indicates that the function has timed out (see SetTimeout).
GetExFastStatus also returns the number of bytes sent to the 6000 product.
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Visual C++ Source code for sample Windows applications are provided for each DLL. (For additional
Sample information, refer to the README.TXT files in the respective sub-directory.)

Applications « WN956000.DLL
- Directory is MAB000\Drivers\win9s
- Windows 95 (32-bit) application is called “Mawin95”
- For details about each sourcefile, refer to the README.TXT file.
- The application must be compiled using the 32-bit version of Visual C++.

* NT6400.DLL
- Directory is MAG00O\Drivers\nt35
- Windows NT 3.5 application is called “Motarcnt”
- For details about each sourcefile, refer to the README.TXT file.
- The application must be compiled using the 32-bit version of Visual C++.

« WIN6400.DLL
- Directory is MAG000\Drivers\win3l
- Windows 3.1 application is called “Oppanel”

- The application is an operator panel that allows you to start and stop motion on
each axis. Also, it continuously displays motion and limit status.

- You can compile the Oppanel application using the Microsoft C compiler (6.0 and
above) and the Microsoft Windows SDK.

- Sourcefiles: Make File........... OPPANEL.MAK

CodeFiles.......... OPPANEL.C
OPPANEL.H
OPPANEL.HH
WIN6400.H

Resource Files..... OPPANEL.RC
OPPANEL.DLG
OPPANEL.ICO
EOTLIMIT.ICO
HOMLIMIT.ICO
NOLIMIT.ICO

Link Files.......... OPPANEL.LNK
OPPANEL.DEF

Library Files....... WINB400.DLL
WIN6400.LIB
METER.DLL *
NT6400.DLL

Executable File.... OPPANEL.EXE

* METER.DLL provides a meter dialog for the 6000 operating system
download process via osload. If this DLL is not present, an hourglass
will appear during the download of the 6000 operating system.

Motion OCX Toolkit™ (bus-based products only)

The Motion OCX Toolkit provides 32-bit Ole Custom Controls (OCXs) designed to run under

TO ORDER Windows 95 or Windows NT. Controlsinclude:

(T)Oc f)J(ff_ireofot"flﬁ,'\gggg;ct » Communications Shell — control basic communication with the 6000 product, including
¥%%L L?(%lg ‘y\“ct%rr?ti?m rat;rr;t;:t S:ns; : lr:gr;] and sending/receiving fllaal |

(ATC) or distributor. . - g — poll the 6000 product's fast status register (see page 43 for
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description of fast status area).
» Terminal — terminal emulator.

The OCX controls can be used with Visual Basic 4.0, Delphi 2.0. Visual C++ 4.x, or any 32
bit development environment that can contain OCX controls.

For more information, refer to the Motion OCX Toolkit User Guide.
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PC-AT Interrupts

NOTE

This section uses a generic reference (“AT6nnN") to represent all 6000 Series bus-based
products. When referring to the file names and programming examples, substitute the name
of your product where you read “AT6nnn". (e.g., if you are using the AT6450, type “AT6450")

Exceptions: For the OEM-AT6400, AT6200, & OEM-AT6200 products, type “AT6400".

This section describes how to write PC-AT software that exploits the interrupt capability of
the bus-based 6000 Series controller (AT6nnn). To best understand the interrupt function, this
section is organized as follows:

e AT6nnn interrupt path

» How to use interrupts

* Practical Example: Using the interrupt-driven terminal emulator (MC6@TRM ) provided
in the DOS Support Disk

AT6nnn Interrupt Path

The 6000 Series controller is capable of interrupting the PC-AT. When interrupted, the 80x86
processor executes an interrupt service routine (ISR). The path that the controller interrupt
takes to get to the 80x86 processor is shown below.

AT6nnN 8259 80x86 80x86 Interrupt
AT6NnNN Service
Interrupt Interrupt - Interrupt " Maskable " Interrupt " Routi

Enable Enable Interrupt Enable Vector Table ((I)gér;e

Notice that the AT6nnn interrupt must get by three different interrupt enables before the 80x86
processor can be interrupted:

1. Interrupts must be enabled within the AT6nnn.

2. Appropriate PC-AT hardware interrupt must be enabled within the 8259 interrupt
controller.

3. Theinterrupt flag must be set within the 80x86 processor.

When the AT6nnn interrupt arrives at the 80x86 processor, the address of the interrupt service
routine must be in the interrupt vector table so that the 80x86 processor knows where to
handle the interrupt.

AT6nnNN Up to four different kinds of interrupts can be enabled within the AT6nnn:

Interrupt Enable » Interrupt PC-AT when AT6nnn output buffer has data
* Interrupt PC-AT when AT6nnn input buffer (256 bytes/characters) is empty

* Interrupt PC-AT when AT6nnn hardware interrupt condition occurs (see description of
I NTHW command in 6000 Series Software Reference)

* Interrupt PC-AT when AT6nnn status has been updated

AT6NNN interrupts are enabled/disabled by writing to the AT6nnn interrupt enable register
(AT6nNNn base port address + 4).

Also, DIP switch package S2 on the AT6nnn card must be set to the appropriate hardware
interrupt request line (IRQO0-IRQ15). Refer to the table below. IRQO-IRQ15 are signals that
reside on the PC-AT bus. Setting a switch to the ON position connects the AT6nnn interrupt
line to a PC-AT interrupt request (IRQ) line. Make sure only one switch is ON at one time.

Interrupt Request Line AT6nnnN Interrupt DIP Switch

IRQ3 S2.1

IRQ4 S2.2

IRQ5 S23 Refer to your product's Installation Guide
IRQ7 S24 to locate the DIP switch.

IRQ10 S25

IRQ11 S2.6

IRQ12 S2.7

IRQ15 S2.8
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8259 Interrupt
Enable

80x86 Maskable
Interrupt Enable

80x86 Interrupt
Vectors
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The PC-AT has two 8259 interrupt PC-AT Hardware Interrupt Interrupt
controllersthat allow up to 15 different ~ (Nighestto lowestpriority)  Function
hardware devicesto interrupt the PC-AT. IRQ0  (highest)...........covvvvvvve Timer

The first 8259 (at base port address 20H) Keyboard
handles interrupts IRQO-IRQ7. The Reserved
second 8259 (at base port address AOH) 22:;'23 clock
handles interrupts IRQ8-IRQ15. The Reserved
table below liststhe PC-AT hardware Reserved
interrupts by precedence (from highest to Reserved

lowest priority). Programming of the

Math co-processor
8259 controller establishes this

Hard disk controller

precedence. Reserved
. COM2 serial
PC-AT hardware interrupts (IRQO- COM1 serial

IRQ15) are enabled/disabled by writing to
the 8259 interrupt mask register (8259
base port address + 1).

LPT2 printer
Floppy disk controller
LPT1 printer

The 80x86 processor is capable of disabling all maskable hardware interrupts (IRQO-IRQ15).
However, it cannot disable a non-maskable interrupt (NMI), such as a memory parity error
interrupt or a divide-by-zero interrupt.

Y ou may want to disable interrupts to protect portions of code from reentrance. For example,
if afunction is being executed at the time an interrupt occurs and an interrupt service routine
(ISR) is called, the ISR may attempt to execute that same function. If this happens, the
function is said to be reentered. Keep in mind that most INT 21H functions should not be
called within an I SR because most DOS functions are non-reentrant.

PC-AT maskable hardware interrupts (IRQO-1RQ15) are enabled/ disabled by the 80x86
instructions STI and CLI . STI setsthe 80x86 interrupt flag, enabling interrupts. CLI
clears the 80x86 interrupt flag, disabling interrupts.

Interrupt vectorstell the 80x86 processor where to go to handle an interrupt. Interrupt vectors
are stored in low memory. Because the 80x86 processor works with memory in 64K-byte
chunks called segments, each vector comprises two words: a segment value and an offset into
the segment.

The table below shows the vector address table for PC-AT hardware interrupts. 1f you decide
to let the AT6nNN use IRQ5, for example, then you must replace the vector at address
0034-0037 with the vector of your interrupt service routine (ISR).

Interrupt Number Vector Address Interrupt Description

08 0020 - 0023 IRQO (Timer)

09 0024 - 0027 IRQ1 (Keyboard)

0A 0028 - 002B IRQ2 (Reserved)

0B 002C - 002F IRQ3 (COM2)

oc 0030 - 0033 IRQ4 (COM1)

0D 0034 - 0037 IRQ5 (LPT2)

OE 0038 - 003B IRQ6 (Floppy disk)

OF 003C - 003F IRQ7 (LPT1)

70 01CO0-01C3 IRQ8 (Real-time clock)
71 01C4-01C7 IRQ9 (Reserved)

2 01C8 - 01CB IRQ10 (Reserved)

73 01CC - 01CF IRQ11 (Reserved)

74 01D0 - 01D3 IRQ12 (Reserved)

s 01D4 - 01D7 IRQ13 (Math co-processor)
76 01D8 - 01DB IRQ14 (Hard disk)

Vg4 01DC - 01DF IRQ15 (Reserved)

Fortunately, there are DOS services that permit you to easily modify the interrupt vector table.
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How to Use Interrupts
This section leads you through the following steps for using interrupts:

O Install address of interrupt service routine (ISR) in 80x86 interrupt vector table
0 Enable hardware interrupts (IRQO-1RQ15) within 8259 interrupt controller

O Enableinterrupt sources within AT6nnn
O

Process interrupts in ISR
a. ldentify interrupt
b. Processinterrupt
c. Clear interrupt
d. Send end-of-interrupt code to 8259 interrupt controller
O Disableinterrupt sources within AT6nnn
0 Restoreoriginal interrupt vector

O Exit program

O Initialize In this step, you will install the address of your interrupt service routine in the 80x86 interrupt
Interrupt vector table.
Vector

Use function 35H of INT 21H to retrieve the interrupt vector that is going to be changed.
Save this vector—Ilater, you will restore the interrupt vector prior to exiting your program

(see below).
/* Get and save original interrupt vector */
i nregs. h. ah = 0x35; /* Function 35H */
i nregs. h. al = int_num /* Interrupt nunber */
i ntdosx(& nregs, &outregs, &segregs); [/* Call INT 21H */
ol dseg = segregs. es /* Save vector segnent */
ol dof f = outregs. X. bx; /* Save vector offset */

Then use Function 25H of INT 21H to set an interrupt vector to your interrupt service routine.
Function 25H automatically disables hardware interrupts when the vector is changed.

/* Set interrupt vector to isr */

i nregs. h. ah = 0x25; /* Function 25H */
i nregs. h. al = int_num /* Interrupt nunber */
segregs. ds = FP_SEqi sr); /* Get isr segnent */
i nregs. x. dx = FP_OFF(isr); [* Get isr offset */
i ntdosx(& nregs, &outregs, &segregs); /* Call |INT21H */

O Enable This second step requires you to enable a hardware interrupt (IRQ0-IRQ15) within the 8259
Interrupts in interrupt controller. Thisisaccomplished by writing to the 8259 interrupt mask register
8259 (8259 base port address + 1).

Interrupt Mask Register (21H) for First 8259 Interrupt Mask Register (A1H) for Second 8259

7]els4[3]2]1]0] 7]els4a[3]2]1]0]

L Enable IRQO Interrupt Enable IRQ8 Interrupt

Enable IRQ1 Interrupt Enable IRQ9 Interrupt
Enable IRQ2 Interrupt —— Enable IRQ10 Interrupi
Enable IRQ3 Interrupt Enable IRQ11 Interrupt
Enable IRQ4 Interrupt Enable IRQ12 Interrupt
Enable IRQS5 Interrupt Enable IRQ13 Interrupt
Enable IRQ6 Interrupt Enable IRQ14 Interrupi
Enable IRQ7 Interrupt Enable IRQ15 Interrupt
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0 Enable
Interrupts in
the AT6nnn

O Process

Interrupts in
ISR

Setting a bit to zero (0) will enable a particular hardware interrupt. For example, to enable
the IRQ5 interrupt:

#define |RQB_MASK &k2@ /* Bit 5 of 8259 I MR */

out p(0x21, inp(0x21) & ~IR®_MASK); /* Enable IR interrupt */

Because interrupts on the second 8259 controller are software redirected to IRQ2 on the first
8259, we must also enable the IRQ2 interrupt for these interrupts. For example, to enable the
IRQ11 interrupt:

#define |RQR_VASK &k /* Bit 2 on first 8259 IMR */
#define | RQL1L_MASK &k8@ /* Bit 3 on second 8259 | MR */
out p(OxAl, inp(OxAl) & ~I RQL1_NMASK); /* Enable IRQL1 interrupt */
out p(0x21, inp(0x21) & ~I RR_NMASK); /* Enable IR interrupt */

In this third step, you must enable one or more interrupts sources within the ATénnn. Thisis
accomplished by writing to the AT6nnn interrupt enable register (AT6nNN base port address +
4). Refer to the illustration below.

[7]5]5[4] 3] 2[1]o]

Enable Output-Buffer-Has-Data Interrup
Enable Input-Buffer-Empty Interrupt
Enable General-Purpose Interrupt
Enable Status-Updated Interrupt

Master Interrupt Enable

1

(4]

%)

Setting a bit to 1 will enable a particular AT6nnn interrupt. For example, to enable the
genera purpose interrupt and status updated interrupt:

#def i ne GP_I NTERRUPT 0x04 /* Bt 2*

#def i ne STATUS_UPDATED 0x08 /* Bt 3*/

#def i ne MASTER 0x10 /* Bt 4%

i nt_enabl e = 0x20; /[* Bit 5 */

int_enable = int_enable | MASTER | GP_I NTERRUPT | STATUS UPDATED,
out p(addr ess+4, int_enabl e);

NOTE
You must keep track of what you write to the AT6nnn interrupt enable register. If you attempt
to read this register, it will not return the status of the interrupt enables. Rather, it will return
the status of each AT6nnn interrupt and more (see [J Process Interrupts in ISR below).

After enabling the interrupts in the AT6nnn, you must write an interrupt service routine (I1SR) to
identify an interrupt and processit. Interrupts can be identified by reading the AT6nnn status
register (AT6nnn base address + 4).

[7]6]s[a]3]2]1]o]

Indicates if data is in AT6nnn's output buffer
Indicates if data is in ATénnn's input buffer
Status of AT6nnn general-purpose interrupt
Status of AT6nnn status-update interrupt
Status of AT6nnn master interrupt enable
Reserved

Indicates if AT6nnn operating system loaded
Indicates if AT6nnn bus controller loaded
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(@ = buffer empty, 1 = data available)

(@ = buffer empty, 1 = buffer not empty)

(9 = no interrupt, 1 = interrupt exists)

(@ = not updated, 1 = status updated)

(@ = no interrupt enabled, 1 = interrupts enabled)

(9 = loaded, 1 = not loaded)
(2 = loaded, 1 = not loaded)



Bits 0, 1, 2 and 3 of the AT6nnn status register can be used to identify the interrupt. For
example, if the AT6nnn general-purpose interrupt is enabled, then check bit 2 of the AT6nnn
status register to see if a general-purpose interrupt occurred.

/* test for AT6nnn general purpose interrupt */
i{f(i nt_enabl e & GP_I NTERRUPT) && (inp(address+4) & GP_| NTERRUPT))

process_gpint(); /* process the interrupt */
out p(addr ess+4, 0x44); /* clear the interrupt */
}

Important Keep in mind that when processing interrupts, you should minimize the amount of time spent
Considerations intheinterrupt service routine. If you do not, your background processing will suffer.

The interrupt must be cleared prior to exiting the ISR. If you do not clear the interrupt, the
PC-AT will be continually interrupted by the same interrupt.

The AT6nnn output-buffer-has-data interrupt is cleared simply by fetching data from the
AT6nnn output data buffer. Likewise, the AT6nnn input-data-buffer-empty interrupt is cleared
by sending datato the AT6nnn input data buffer and a"dat a r eady" command (0x42) to
the AT6nNN status register.

The AT6nnn general-purpose interrupt is cleared by sendinga“cl ear general purpose
i nt errupt” command (0x44) to the AT6nnn status register.

The AT6nnn status-update interrupt is cleared by requesting another status update viathe
"updat e status request" command (0x48).

Before exiting the ISR, you must send an "end- of - i nt er r upt " command (0x20) to the
8259 command register. If you are using an interrupt on the second 8259, you must send
0x20 to both 8259s in the PC-AT (see below).

/* send EA to 8259 */ outp(0x20, 0x20);

O Disable Y ou must next disable all interrupt sources from the AT6nnn. Thisis accomplished by
Interrupts in  writing to the AT6nnn interrupt enable register (AT6nNN base port address + 4). Setting the
the AT6nnn Master Interrupt Enable bit to @ will disable all AT6nnn interrupts (as follows).

#define MASTER 0x10 /* Master Interrupt Enabl e nask */

int_enable = int_enabl e & ~NMASTER,
out p(addr ess+4, int_enable);

O Restore Before exiting your program, use function 25H of INT 21H to restore the original interrupt
Original vector that was previously saved at the beginning of your program.
Interrupt
Vector /* Restore original interrupt vector */
i nregs. h. ah = 0x25; /* Function 25H */
inregs.h.al = int_num /* Interrupt nunber */
segregs.ds = ol dseg; /* Get segnent */
i nregs. x.dx = ol dof f; /* Get of fset */
i ntdosx(& nregs, &outregs, &segregs); [* Call |INT21H */
O Exit If you have completed steps 1 through 6 above, you may now exit the program.
Program
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Interrupt-Driven Terminal Emulator

68

Ring Buffers

MC6@TRM . EXE is an interrupt-driven termina emulator for the AT6nnn that is provided
(along with source code) on the AT6nnn DOS Support Disk. This software, written in
Microsoft C 6.0, shows how to exploit three of the four available AT6nnn interrupts.

« AT6nNN output-buffer-has-data interrupt
e AT6nnn input-buffer-is-empty interrupt
e AT6NnNnn general purpose interrupt (see | NTHWcommand)

Thefile MC6@TRM . C contains the background polling loop, and the file MC6@LI Bl . C
contains the AT6nnn interrupt driver. The AT6nnn status-update interrupt is not used in
MC6QTRM .

The background polling loop (Emul at e() ) continually checks for keyboard input, AT6nnn
response data, and the general-purpose interrupt flag. Keyboard datais sent to the AT6nnn
upon receipt of acarriage return. AT6nnn response data and AT6nnn general-purpose
interrupts are displayed on the screen.

The AT6nnn interrupt driver consists of the ISR (AT6nnn_i sr () ) and additiona ring buffer
and interrupt vector management functions.

To facilitate interrupt-driven communications, ring buffers (or circular buffers) are used asthe
interface between background and foreground processing. A ring buffer is needed because data
is coming into the buffer at a different rate than it is going out. Thisis due to the background
polling rate being different than the rate at which the PC-AT is being interrupted.

A ring buffer is nothing more than a data structure with three components: a buffer, a head
pointer, and atail pointer. The head pointer points to the next buffer position that you can
put datainto. The tail pointer points to the oldest data item in the buffer.

When the head and tail pointers are equal, the ring buffer isempty. Thering buffer isfull if
the addition of another dataitem would make the head and tail pointers equal. When either the
head or tail pointer goes beyond the end of the buffer, it wraps to the beginning of the buffer
(thus the name, ring buffer).

Theillustration below shows a 24-byte ring buffer containing the command TSTAT. Notice
that the command starts in position 22, wraps around to 0 and continues until it is complete.

o123 45 20 21 22 23
TATL L TS
Head T;il

The AT6nnn interrupt driver in MC60LI Bl . C maintains two ring buffers: an input ring
buffer and an output ring buffer.

Input Ring Buffer:

When the AT6nnn has response data, an interrupt is generated and the interrupt
service routine stuffs the response data into an input ring buffer. If the input ring
buffer becomes full, the interrupt service routine will turn off the AT6nnn output-
buffer-has-datainterrupt.

The background polling loop fetches the AT6nnn response data from the input ring
buffer, displays the data on the screen, and re-enables the AT6nnn output-buffer-has-
datainterrupt if it was previously disabled.

Output Ring Buffer:

When the background polling loop has command data to send to the AT6nnn, it
stuffs the command data into an output ring buffer and enables the AT6nnn input-
buffer-is-empty interrupt.

Once the AT6nnn input buffer is empty, an interrupt is generated and the interrupt
service routine fetches the command data from the output ring buffer, sends the data
to the AT6nnn, and disables the AT6nnn input-buffer-is-empty interrupt.
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AT6NnNN
Interrupt Driver

The AT6nnn interrupt driver can be thought of as having a top half and a bottom half ( see

illustration below).

Top Half

do_isr()

undo_i sr ()

ReadRi ngBuf f er ()

WiteRi ngBuffer()

Bottom Half

AT6nnn_i sr ()

i nbuff[]

out buf f[]

The top half consists of those functions that can be called from your program (see table

below).
Function Description
do_isr() Initializes interrupt vector, and enables PC-AT and AT6nnn interrupts
undo_i sr() Disables AT6nnn interrupts and restores original interrupt vector

ReadRi ngBuf f er ()
WiteR ngBuffer()

Used to read AT6nnn response data from input ring buffer

Used to write AT6nnn command data into output ring buffer

The bottom half is called on an interrupt issued by the AT6nnn (see below).

Function Description
AT6nNN_i sr () Interrupt service routine
i nbuf f[] Input ring buffer

out buf f[] Output ring buffer

Y ou may have noticed that aring buffer was not set up to handle the AT6nnn general -purpose

interrupt. Instead, aflag is set in the interrupt service routine upon receipt of the general
purpose interrupt. Seeing this flag set, the background polling loop displays the interrupt

status bits and clearsthe flag. You can just as easily set up another ring buffer to collect the
interrupt status bits.
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Controlling Multiple Serial Ports

Every stand-alone 6000 Series product has two serial ports. On existing 6000 products, the
RS-232 connector (or Rx, Tx, and GND terminals on an AUX connector) is referenced as the

“COM1” seria port, and the RP240 connector is referenced asthe “COM2” serial port. Newer

products have connectors labeled “COM1” (factory default function is RS-232) and “COM2"

(factory default function is RP240). New features were added in software revision 4.0 to allow

greater flexibility for the two serial ports:

* Beginning of transmission characters may now be specified (with the BOT command) for

all responses from the 6000 product.

» The XONOFF command was created to enable or disable XON/XOFF ASCI|
handshaking. (XONOFF1 enables X ON/XOFF, XONOFF@ disables X ON/X OFF)
Defaults: XONOFF1 for the COM 1 port, XONOFF@for the COM2 port.

Controllers on a multi-drop do not support XON/XOFF; to ensure that XON/XOFF is
disabled for COM2, send the PORT2 command followed by the XONOFF@command.

» Several commands were added to control communication on both serial communication
ports on all stand-alone products (see Configuring the COM Ports below for details).

* Support for RS-485 4-wire multi-drop communication, (see RS485 Multi-Drop, page
75, for details).

Configuring the COM Port

70

To control the applicable port for setting up serial communication and transmitting ASCI|
text strings, use the PORT command. PORT1 selects COM1 and PORT2 selects COM2.

 Seria communication setup commands (see list below) affect the COM port selected
with the last PORT command. For example, to configure the COM2 port for 6000
language commands only (e.g., to communicate to the 6000 product over an RS-485
interface), execute the PORT2 command, then execute the DRPCHK@ command.

DRPCHK....... RP240 Check

B, Enable Serial Communication
ECHO........... Enable Communication Echo
BOT............. Beginning of Transmission Characters
EOT............. End of Transmission Characters
EQL............. End of Line Terminating Characters

ERRBAD....... Error Prompt

ERRDEF....... Program Definition Prompt
ERRLVL....... Error Detection Level
ERRORK....... Good Prompt

XONCFF....... Enable or disable XON/XOFF

» The PORT command also selects the COM port through which the WRI TE and READ
commands transmit ASCII text strings. If an RP240 is connected, the DWRI TE

command (and all other RP240 commands) will affect the RP240 regardless of the PORT

command setting. If no RP240 is detected, the commands are sent to the COM 2 port.
DWRI TE text strings are always terminated with a carriage return.
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Setup for 6000  To configure the COM ports for use with 6000 language commands or an RP240, use the

Language or DRPCHK command. The DRPCHK command affects the COM port selected with the last

RP240 PORT command. The default for COM 1 is DRPCHK{, the default for COM2 is DRPCHK3.
The DRPCHK setting is automatically saved in non-volatile memory. NOTE: Only one COM
port may be set to DRPCHK2 or DRPCHK3 at any given time.

DRPCHK{.....Use the COM port for 6000 language commands only. Thisisthe default
setting for COM 1, and if using RS-485 half duplex on COM2. Power-up
messages appear on all ports set to DRPCHKZ

DRPCHK1 .....Check for the presence of an RP240 at power-up/reset. If an RP240 is
present, initialize the RP240. If an RP240 is not present, use the port only
for 6000 language commands. NOTE: RP240 commands will be sent at
power-up and reset.

DRPCHK?2 .....Check for the presence of an RP240 every 5-6 seconds. If an RP240 is
plugged in, initialize the RP240.

DRPCHKS .....Check for the presence of an RP240 at power-up/reset. If an RP240 is
present, the initialize the RP240. If an RP240 is not present, use the COM
port for DRI TE commands only, and ignore received characters. Thisisthe
default setting for COM2, unless you are using RS-485 multi-drop
communication (in which case the default changes to DRPCHKQ).

RS-485 compatible products: If you are using RS-485 communication in a multi-drop
(requires you to change an internal jumper to select half duplex), the default setting for COM2
is DRPCHK@. If the internal jumper setting is left at full duplex, the default setting for
COM2 is DRPCHKS.

Selecting a Destination Port for Transmitting from the Controller

To define the port (COM port) through which the 6000 product sends its responses, you have
3 options:

» Do nothing different. The response will be sent to the COM port through which the
request was made. If the command isin a stored program, the report will be sent to the
COM port selected by the most recent PORT command.

* Prefix the command with [ . This causes the response to be sent to both COM ports.
(e.g., the[ TFS command response will be sent through both COM ports)

* Prefix the command with ] . This causes the response to be sent to the aternative COM
port. For example, if areport back (e.g., ] TAS) is requested from COM1, the response
is sent through COM2. If the command isin a stored program, the report will be sent
out the alternate port from the one selected by the most recent PORT command.
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RS-232C Daisy-Chaining

72

Step 1

Step 2

Up to ninety-nine stand-alone 6000 Series products may be daisy-chained. There are two
methods of daisy-chaining: one uses a computer or terminal as the controller in the chain; the
other uses one 6000 product as the master controller. Refer to you product's | nstallation
Guide for daisy-chain connections.

Follow these steps to implement daisy-chaining:

To enable and disable communications on a particular controller unit in the chain, you must
establish a unique device address using the unit's address DIP switches or the Daisy-chain
Address (ADDR) command.

DIP switches: Instructions for accessing and changing these DIP switch settings are
provided in your controller's I nstallation Guide. Device addresses set
with the DIP switches range from O to 7.

ADDR command: The ADDR command automatically configures unit addresses for daisy
chaining by disregarding the DIP switch setting. This command allows
up to 99 units on adaisy chain to be uniquely addressed.

Sending ADDRi to the first unit in the daisy chain setsits address to be
(i) . Thefirst unitin turn transmits ADDR(i + 1) to the next unit to
setitsaddressto (i + 1) . This continues down the daisy chain until
the last unit of ( n) daisy-chained units hasitsaddresssetto (i + n).

Setting ADDR to @re-enables the unit's daisy-chain address configured on
itsinternal DIP switch.

Note that a controller with the default device address of zero (0) will send an initial power-up
start message similar to the following:

*PARKER 6nnn MOT1 ON CONTRCLLER
*NO REMOTE PANEL

Connect the daisy-chain with aterminal as the master (see diagram in the product's
Installation Guide).

It is necessary to have the error level set to 1 for al units on the daisy-chain (ERRLVL1).
When the error level is not set to 1, the controller sends ERROK or ERRBAD prompts after
each command, which makes daisy-chaining impossible. Send the ERRLVL1 command to
each unit in the chain. (NOTE: To send athe ERRLVL1 command to one specific unit on the
chain, prefix the command with the appropriate unit's device address and an underline.)

Commands:

1 ERRML1 ; Set error level to 1 for unit #1
2 ERRIVL1 : Set error level to 1 for unit #2
3 ERRIVLL ; Set error level to 1 for unit #3

After this has been accomplished, a carriage return sent from the terminal will not cause any
controller to send a prompt. Verify this. Instructions below (step 3) show how to set the
error level to 1 automatically on power-up by using the controller's power-up start program
(highly recommended).

After the error level for all units has been set to ERRLVL 1, send a 6000 series command to all
units on the daisy-chain by entering that command from the master terminal.

Commands:
auriiil ; Turn on outputs #1 - #4 on all units
A50, 50 ; Set acceleration to 50 for all axes (all units, both axes)

To send a 6000 series command to one particular unit on the chain, prefix the command with
the appropriate unit's device address and an underline;

Commands:
2_QUJro ; Turn off output #1 on unit #2
4_QJio ; Turn of f output #1 on unit #4
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Step 3

Step 4

To receive data from a particular controller on the chain, you must prefix the command with
the appropriate unit's device address and an underline:

Commands:
1A ; Request acceleration infornmation fromunit #1
* A50, 50 ; Response fromunit #1

Use the E command to enable/disable RS-232C communications for an individual unit. If al
6000 controller units on the daisy chain are enabled, commands without a device address
identifier will be executed by all units. Because of the daisy-chain's seria nature, the
commands will be executed approximately 1 ms per character later on each successive unit in
the chain (assuming 9600 baud).

Units with the RS-232C disabled (E@) will not respond to any commands, except E1;
however, characters are still echoed to the next device in the daisy chain.

Commands:

3 B0 : Disable RS-232C on unit #3

VARL=1 : Set variable #1 to 1 on all other units
3 El ; Enable RS-232C on unit #3

3 VARI=5 ; Set variable #1 to 5 on unit #3

Verify communication to all units by using the techniques described above.

Now that communication is established, programming of the units can begin (alternatively,
units can be programmed individually by connecting the master terminal to one unit at a
time). To allow daisy-chaining between multiple controllers, the ERRLVL1 command must
be used to prevent units from sending error messages and command prompts. In every daisy-
chained unit, the ERRLVL1 command should be placed in the program that is defined as the

STARTP program:

Program:

DEF chain ; Begin definition of program chain

ERRLVL1 ; Set error level to 1

QOrO mai n ; G to programnain

END ; End definition of program chain

STARTP chain ; Designates programchain as the power-up program
To define program mai n for unit #0:

Program:

0_DEF main ; Begin definition of programmain on unit #0
0 & ; Start notion

0_END ; End definition of programmain on unit #0

After al programming is completed, program execution may be controlled by either a master
terminal, or by a 6000 Series controller used as a master.

Daisy-Chaining from a Computer or Terminal

Controlling the daisy-chain from a master computer or terminal follows the examples above:
Commands:

O0_RWN mai n ; Run program nain on unit #0

1 RN nain ; Run programnain on unit #1

2_ ; Start notion on unit #2 axis #1

3 2A ; Get A command response fromunit #3 axis #2

Chapter 2. Communication 73



Daisy-Chaining from a Master 6000 Controller

Controlling the daisy-chain from a master 6000 controller (the first unit on the daisy-chain)
requires the programs stored in the master controller to control program and command
execution on the slave controllers. The example below demonstrates the use of the WRI TE
command to send commands to other units on the daisy chain.

NOTE
The last unit on the daisy-chain must have RS-232C echo disabled (ECHOZJ command).

Master controller'smai n program:

Program:

DEF main ; Program nain

L ; Indefinite | oop

WHLE (IN1 = b0) ; Wit for input #1 to go active

NV LE

[coR ; Initiate linear interpol ated rmove

WHLE (IN1 = bl) ; Wait for input #1 to go inactive

NV LE

WRl TE' 2_D2000, 4000" ; Send message "2_D2000, 4000" down the dai sy chain
WR TE'2_AKXK" ; Send nmessage "2 _ACK' down the daisy chain
LN ; End of |oop

END ; End of program main

Controller unit #2 ack program:

Program:

DEF ack ; Program ack

Q1 ; Start notion on both axes

END ; End of program ack

Daisy-Chaining and RP240s

RP240s cannot be placed in the controller daisy chain; RP240s can only be connected to the
designated RP240 port on a controller. It is possible to use only one RP240 with a controller
daisy-chain to input data for multiple units on the chain. The example below (for the
controller master with an RP240 connected) reads data from the RP240 into variables #1
(datal) & #2 (data2), then sends the messages 3_Ddat al, dat a2<CR> and 3_GO<CR>.

Sample portion of code:
L ; Indefinite | oop

VARL=DREAD ;. Read RP240 data into variable #1
VAR2=DREAD : Read RP240 data into variable #2

EOT0, 0,0, 0 ; Turn off <CR>

W TE'3_ D ; Send message "3 D' down the daisy chain
WRVARL ; Send variable #1 data down the dai sy chain
W TE", " ; Send message "," down the daisy chain
EOr13,0,0,0 ; Turn on <CR>

WRVAR2 ; Send variable #2 data down the dai sy chain
WR TE'3_QO' ; Send message "3 Q0" down the daisy chain
LN ; End of | oop
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RS-485 Multi-Drop (Rs-485 Compatible Products Only)

Up to 99 stand-alone 6000 Series products may be multi-dropped. Refer to your product's
Installation Guide for multi-drop connections.

To establish device addresses, using the ADDR command (the 6104 also allows you to set the
device address with DIP switches, providing up to 31 unique addresses):

The ADDR command allows you to establish up to 99 unique addresses. To use the ADDR
command, you must address each unit individually before it is connected on the multi
drop. For example, given that each product is shipped configured with address zero, you
could set up a 4-unit multi-drop with the commands below, and then connect themin a
multi drop:

1. Connect the unit that isto be unit #1 and transmit the @ ADDR1 command to it.
2. Connect the unit that is to be unit #2 and transmit the @ ADDR2 command to it.
3. Connect the unit that is to be unit #3 and transmit the @ ADDR3 command to it.
4. Connect the unit that is to be unit #4 and transmit the @ ADDR4 command to it.

If you need to replace a unit in the multi drop, send the @ ADDRi  command to it, where
"i " isthe address you wish the new unit to have.

To send a 6000 command from the master unit to a specific unit in the multi-drop, prefix the
command with the unit address and an underscore (e.g., 3_OQUT@turns off output #1 on unit
#3). The master unit (if it is not a 6000 product) may receive data from a multi-drop unit.

The ECHO command was enhanced with options 2 and 3. The purpose is to accommodate an
RS-485 multi-drop configuration in which a host computer communicates to the “ master”
6000 controller over RS-232 (COM 1 port) and the master 6000 controller communicates over
RS-485 (COM2 port) to the rest of the units on the multi-drop. For this configuration, the
echo setup should be configured by sending to the master the following commands executed in
the order shown. In thisexample, it is assumed that the master's device addressis set to 1.
Hence, each command is prefixed with “1_" to address only the master unit.

1 PORT?2 ..Subsequent command affects COM 2, the RS-485 port

1 ECHQ2 ..Echo characters back through the other port, COM1

1 PORT1 ..Subsequent command affects COM 1, the RS-232 port

1 ECHGB ..Echo characters back through both ports, COM1 and COM2

NOTE

Controllers on a multi-drop do not support XON/XOFF. To ensure that XON/XOFF is disabled
for COM2, send the PORT2 command followed by the XONOFF@ command.
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CHAPTER THREE

Basic Operation
Setup

IN THIS CHAPTER

This chapter will enable you to understand and implement these basic operation features.
« Before You Begin (setup programs, Motion Architect, resetting, etc.) ............ 78
o PartiCipating AXES.......couuuuuuiiieieeeiiiieiiiia e e e et 79
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o Target ZONEMOUE. ....... it 105
« Programmable Inputs and Outputs (incl. triggers and auxiliary outputs).......... 106
¢ Variable Arrays (teaching variabledata) ...............ccoooeviiieiiiiii e 120




Before You Begin

/N WARNING /M

The 6000 Product is used to control your system's electrical and mechanical components.
Therefore, you should test your system for safety under all potential conditions. Failure to
do so can result in damage to equipment and/or serious injury to personnel.

Setup Parameters Discussed in this Chapter
Below isalist of the setup parameters discussed in this chapter. Y ou can check the status of

aorg’ggggfggjgﬁr’g‘zgds each parameter setting by entering the respective setup command without any command fields
232, (e.g., typing | NFNC<cr> displays the current function and state of each programmable input).
Some setup parameters are also reported with the TSTAT and TASF status commands (see
page 232).
Setup Parameter Command See Pg. Setup Parameter Command See Pg.
Participating AXeS *........cccocceorveinnnnnnieienenes I NDAX.....coeeee e Closed-loop Stepper Setup (Steppers only)..........c.cooreerrieneien. B
Memory (status with TDi R& TVEM)............. MEMORY ............ 12&80 gﬁé&gg?‘ggﬁ%ﬂuﬁ??.::::::::::: """"" :'ESEE

DIIVE SEIUP.....c.ciiriieiririsirieeee ettt e 80 Encoder/motor step mode select **.
Drive Fault Level.... .DRFLVL Position maintenance **... .EPM
Drive Resolution *. .DRES Stall detection **........... .ESTALL
Step Pulse Width..... .PULSE Kill on stall detected ..ESK
Start/Stop Velocity .. ..SSV Stall deadband............... ..ESDB
Drive Disable on Kill .........ccccoeeennncene. KDRI VE Use encoder as counter .CNTE
ZETA6104 Drive Setup: Encoder polarity ................... ..ENCPOL
Motor inductance .........c.ccveevveereereeens DMTI ND Commanded direction polarity................... CMDDI R
Motor static torque.. .DMTSTT
Activate damping ... DACTDP Ser\_/l_o SEtUupP (SBIVOS ONIY) ..ot 98B
: uning parameters .
Anti-resonance....... DAREN Feedback source selection SFB
Electronic viscosity ....... ..DELVI S UPGALE FALES oo SSER
Automatic current reduction................ DAUTOS Maximum position error....... "SMPER
AXIS SCANNG.....ceiiriiririreeee s 83 DAC output limit, maximum... DACLI M
Enable scaling factor *......... ..SCALE DAC output limit, minimum.... DACM N
Acceleration scaling factor *.. ..SCLA Dither, amplitude............... SDTAMP
Distance scaling factor *..... ..SCLD Dither, frequency ratio ..... SDTFR
Velocity scaling factor *... .SCLV Feedback polarity, encoder ..... ENCPOL
POSItIoNING MOGE........cciiiiiieiie s 87 Feedback polarity, ANI input... AN POL
. o Feedback polarity, LDT ........... .LDTPOL
Continuous or preset **.............. ..MC o :
Preset: absolute or incremental ** A Commanded direction polarity ..CMDDI R
) " Servo control signal offset............... .SOFFS
End-of-travel IMitS ... N0 Servo control signal offset, negative . ..SOFFSN
Hardware — enabled *... .LH Setpoint window, distance............... ..SSWD
Hardware — deceleration................ .LHAD Setpoint window, gain set............... ..SSWG
Hardware — s-curve decel (servos).......... LHADA . o
Hardware — active level of inpu... "LHLVL Target Zone (end-of-move settling criteria) ...........cccceveeecnennne 105
* Target zone mode enable............cooeunnee. STRGTE
Software — enabled *............... .LS h
: Target distance zone.. .STRGTD
Software — deceleration............... LSAD ;
Target velocity zone............. .STRGTV
Software —s-curve decel (servos) ~LSADA Target settling timeout period STRGTT
Software — negative direction limit ........... LSNEG TR ORI R EEE R e
Software — positive direction limit ............ LSPOS Programmable Input FUNCLIONS .........c.cccooveiviinininirnrcrces 106
: Enable input functions *..... .I NFEN
HOMING ..o 91 Define input functions * "I NENC
Acceleration. - -HOMA Input active level I NLVL
S-curve acceleration (servos only).........HOMAA - T -

. Input debounce........ ..| NDEB
Deceleration......... e .HOMAD Trigger input functions TRGEN
S-curve deceleration (servos only)..........HOMADA ~ TEIEL T AR e
Backup to home..........cccocveveninenne ..HOVBAC Programmable Output FUNCHONS ........c..cccoveenenecrecceseeene 106
Final approach direction... . HOVDF Enable output functions *..... ..OUTFEN
Stopping edge of switch.... ..HOVEDG Define output functions *.. ..OUTFENC
Home switch active level.. ..HOMLVL Output active level............ccoceeeeeneene ..OUTLVL
VeloCity ......ccovvveevcreiciennen .HOW . ; .

Velocity of final approach . " HOWE Vanl?\?tlie I_Arrays (teaching \lgiarl?bkz| dtata) VT R 120
HOME 10 Z Chanel INPUL ..o HOVE alize numeric variable for data.............
Define data program and program size.....DATSI Z

Set data pointer & establish increment.....DATPTR
Reset data pointer to specific location....... DATRST

* You can also check the status with the TSTAT status command.

** You can also check the status with the TASF status command.
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Using a Setup Program

Motion Architect

The features described in this chapter are configured with certain 6000 Series commands,
commonly referred to as “ setup commands.” We recommend placing these commands (except
MEMORY) into a specia “ setup program” that is executed to prepare the 6000 Series product
for subsequent controller operations. Further details about setup programming is provided in
the Creating and Executing a Setup Program section, page 14.

Use Motion Architect's Setup module to help you
create the basic configuration program. By simply responding B © > ZETAB104 Setup - [Untitled] |

to aseries of dialog boxes, a program is created with a specific Eie [ERENEY Gererste Help
name (as if you created it in the usual process with the DEF Define Satup Program
and END commands, as demonstrated on page 9). gttppnltgf-\

Y ou can make any necessary modifications to the setup v Diives..
program file in the Editor Module, and then download the file Y SEScana..

to the 6000 Series controller from the Terminal Module, or y ;mgbk

teSt |t W|th the Panel MOdu|e v Qulpuls..._

v Inputs...
v Triggers...
firalod)..

v Zeta Damping...

Resetting the Controller

Bus-based controllers: The RESET command returns al previously entered command
parameters to their original factory default values. CAUTION: all programs and subroutines
will be deleted.

Stand-al one (serial-based) controllers: The RESET command acts the same as cycling power.
All programs and variables, and some command settings (see page 33), will be retained; al
other previously entered command parameters not saved in a program or a variable will be
returned to their default values. If you are using an RP240, the RESET function is available if
you use the default menu system (see page 137).

Participating Axes

If you are not going to use all the axes available to you by your 6000 Series product, use the
I NDAX command to remove from service the unnecessary axes. For example, if you have a 4-
axis controller and will use only 3 axes, issue the | NDAX3 command and the controller will
function asif axis#4 was deleted from its design.

No report-backs or command parameters are accepted for axes excluded as aresult of the | NDAX
command. For instance, if you specify | NDAX3 (use axes 1-3 only), the A command would
show aresponse of * Al@ QXD 10 QX8 18 A48, and if you tried to enter acommand
value for the fourth axes (e.g., 4A39), you would receive the error response “* | NCORRECT
AXI S".

Servo Users
Changing the | NDAX setting also changes the update rates (servo, motion trajectory, and
system). For details, refer to the SSFR command description in the 6000 Series
Software Reference.
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Memory Allocation

For details about memory allocation, refer to the Soring Programs on page 12.

CAUTION
Issuing a new MEMORY command (e.g., MEMORY3ZIAAZ, 1A242) will erase all existing programs
and compiled contouring path segments residing in the 6000 product's memory. To
determine the status of memory allocation, use the TVEMcommand.

If you are using a stand-alone serial product, do not place the MEMORY command in the
program assigned as the startup (STARTP) program. Doing so would erase all programs and
segments upon cycling power or issuing the RESET command.

Drive Setup

Drive Fault Level

Thedrive fault level (DRFLVL) should be set to “active high” or “active low” for each axis.

This setup parameter is The drive fault input schematic is shown in your 6000 Series product installation guide. Use
oo o beckoged | the table below asaguide (the drive fault level for packaged controller/drive products s factory
(e.g., 610n, 6201). set). NOTE: The drive fault input is not available on the OEM-AT6400 product.

Compumotor Product Drive Fault Level

BLH, L, LE, PDS, PK130 ........ccommmnrrrssemsssnsssssssssnssssssssssssnnneess Active Low (DRFLVLQ)

Apex Series, CD (in CN rack), Dynaserv , LN, OEM Series,

S, SD (in SCrack), TQ, Z, ZetA.......ouvveureennrereiiresieieeeeeneeea Active High (DRFLVL1)

NOTE:If you are using a drive that does not have a drive fault output, set the drive fault level to active low (DRFLVL®).

NOTE

Once the drive fault level has been configured, you must enable the drive fault input with the
I NFEN1 command before the input is usable.

Checking Drive Fault Input Status (see table below): Axis status bit #14 (TASF,
TAS or AS commands) indicates the drive fault input status, but only while the driveis
enabled (DRI VE1). If you need to monitor the drive fault input status regardliess of the drive's
enabled state, use the extended axis status bit #4 (TASXF, TASX, or ASX commands).

Drive Fault Level Status of device Axis Status of Bit #14 (or)
(DRFLVL) driving the Fault input Extended Axis Status Bit #4
DRFLVL1 (active high) OFF or not connected (not sinking current) 1 (drive fault has occurred)
ON (sinking current)
DRFLVL® (active low) OFF or not connected (not sinking current) @
ON (sinking current) 1 (drive fault has occurred)

When a drive fault occurs, motion will be stopped on al axes and program execution will
be terminated. The way in which motion is stopped varies between servo and stepper products:

Servos: Motion is stopped at the rate set with the LHAD command (default is 100
units/sec?).

Steppers:  CAUTION — A drive fault condition will stop motion instantaneously,
without a controlled deceleration ramp—this allows the load to free whesl,
possibly damaging equipment. Use a brake on your motor drive system to
brake the load in the event of adrive fault.
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Drive Resolution (steppers only)

This setup parameter is
not required for packaged
drive/controller products
(e.g., 610n, 615n, 6201).

The drive resolution controls the number of steps the stepper controller considers as afull
revolution for the motor drive. The controller's resolution is set with the DRES command
(default is 25,000 steps/rev). Refer to the user documentation that accompanied your drive if
you need to change its resolution.

IMPORTANT NOTES

« If the controller's resolution (set with the DRES command) does not match the drive's
resolution, the motor will not move according to the programmed distance and velocity.

« Contouring: All axes involved in contouring (identified with PAXES command) must have
the same DRES setting.

Step Pulse (steppers only)

The step output pulse width can be varied using the PULSE command. The pulse width can be
0.3 pusto 20 s (default is 0.3 us). The pulse width is the amount of time the step output
signal is active (seeillustration below). The step output pulse width should be configured to
meet the minimum step input pulse width requirement of the motor drive you are using.

Pulse Width
N\

s e = 4 Volts
Step + |
0.4 Volts
e p—— p— e 4 \/0lts
Step - |
0.4 Volts

The pulse width does not vary as the motion profile is executed. The same pulse width is used
during acceleration, constant velocity, and deceleration.

When the pulse width is changed from the default value of 0.3 s, the maximum velocity and
distance ranges are reduced. The amount of reduction is directly proportional to the changein
pulse width (see table below). The “maximum distance” is per move; the total absolute range
for each axis remains at +2,147,483,647.

Pulse Width (PULSE) Setting Maximum Distance Per Move Maximum Velocity

DEFAULT -- 0.3 us 419,430,000 1.6 MHz
0.5ps 262,140,000 1.0 MHz
1.0ps 131,070,000 500 KHz
2.0pus 65,535,000 250 KHz
5.0 us 26,214,000 100 KHz

10.0 ps 13,107,000 50 KHz

16.0 ps 8,191,000 35 KHz

20.0 us 6,553,000 25 KHz

NOTE

Contouring: All axes involved in contouring (identified with PAXES command) must have the
same PULSE setting. If you change the PULSE setting, you will need to
recompile (PCOVP) any previously compiled paths.

Streaming:  All axes involved in the streaming mode (STREAM must have the same PULSE
setting. (This pertains only to bus-based stepper controllers.)
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Start/Stop Velocity (steppers only)

The Start/Stop Velocity (SSV) command specifies the instantaneous vel ocity to be used when
starting or stopping. By using the SSV command, there will be no acceleration from zero
units/sec to the SSV value; instead, motion will immediately begin with a velocity equal to
the SSV vaue.

This command is useful for accelerating past low-speed resonant points, where afull- or half-
stepping drive may stall. With microstepping systems, this command is not necessary.

Disable Drive On Kill (servos only)

Normally, when you issue a Kill command (K, ! K, or <ct r | >K) or activate a general-
purpose input configured as akill input (see | NFNCi - C command), mation is stopped at the
hard limit (LHAD/LHADA) deceleration setting and the drives are left in the enabled state

(DRI VE1111).

However, your application may require you to disable (shut down or de-energize) the drivesin
aKill situation to, for example, prevent damage to the motors or other system mechanical
components. If so, set the controller to the Disable Drive on Kill mode with the KDRI VE1
command. In this mode, akill command or kill input will shut down the drives immediately,
letting the motors free whedl (without control from the drives) to a stop. When the drives are
disabled (DRI VEQ), the SHTNC relay output is connected to com and the SHTNO relay output
is disconnected from coM. To re-enable the drives, issue the DRI VE1 command.

ZETAG610n Internal Drive Setup (610n only)

Several drive setup parameters are unique to the 610n package drive/controllers. The table
below lists the parameters and the relevant setup commands. Refer to the ZETA6104
Installation Guide for details.

Setup Feature Description Command Default Setting
Current Standby Mode  The automatic standby current feature DAUTOS DAUTOS@
(automatically reduces  that reduces motor current by 50% if no (current standby mode
maotor current at rest) step pulses have been commanded for a disabled)

period of 1 second or more.
(WARNING: torque is also reduced.)
Full current is restored upon the first

step pulse.
Motor Inductance Motor inductance setting required for DMTI ND DM ND1 (range of < 20.08
Active Damping feature. mH, for 57-51S, 57-83S &

57-102S ZETA motors)
Motor Static Torque Motor static torque setting required for DMTSTT DMISTT1 (range of 0.26-0.72

Active Damping feature. N-m (36-1000z-in) for 57-51
& 57-83 ZETA motors)
Current Waveform Sets the waveform of the current from DWAVEF DWAVEF1 (selects the
the drive to the motor. -4% 3rd harmonic waveform)
Anti-Resonance General-purpose damping circuit; DAREN DARENL1 (enabled)

provides aggressive and effective
damping at speeds above 3 revs/second.
Disabled is Active Damping is enabled.

Active Damping Extremely power damping circuit for DACTDP DACTDP@ (disabled)
speeds above 3 revs/second. Requires
configuration for specific motor size and
load (see Installation Guide).

Electronic Viscosity Provides passive damping at speeds DELVI S DELVI S@ (disabled)
below 3 revs/second. Requires
configuration for specific application
dynamics.
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Axis Scaling

FOLLOWING:

Use the SCLMAS
command to establish a
distance scale factor for
the master axis. Refer to
page 196 for details.

The scaling commands allow you to scale acceleration, deceleration, velocity, and position to
values that are appropriate for your application. The SCALE, SCLA, SCLV, SCLD, PSCLA,
PSCLV, and PSCLD commands are used to implement the scaling features.

Scaling is disabled (SCALEQ) as the factory default condition (exception: enabled for the 6270):

» Steppers: When scaling is disabled, al distance values entered are in motor steps (ENC
mode) or encoder steps (ENC1 mode), and all acceleration and velocity values entered are
internally multiplied by the DRES command value.

¢ Servos: Units of Measure (per feedback source)
Motion Attribute | Encoder Resolver ANI LDT
Accel/Decel Revs/sec? * Revs/sec? * volts/sec? Inches/sec? *
Velocity Revs/sec * Revs/sec * volts/sec Inches/sec **
Distance Counts (steps) *** Counts (steps) *** Counts (steps) *** Counts (steps) ***

*  All accel/decel & velocity values are internally multiplied by the ERES command value.
** Al accel/decel & velocity values are internally multiplied by the LDTRES command value.
** Distance is measured in the counts received from the feedback device.

When Should | Define Scaling Parameters?

To maximize the efficiency of the 6000 product's microprocessor, the scaling multiplications
are performed when the program is defined or downloaded. Therefore, you must enable scaling
(SCALE1) and define the scaling factors (SCLD, SCLA, SCLV, PSCLA, PSCLV, PSCLD)
prior to defining (DEF), uploading (TPROG), or running (RUN) the program.

Users of serial products should put the scaling factors into the startup (STARTP) program.
Users of bus-based products should put the scaling factors into a setup program that must be
run prior to defining or downloading any other programs. Regardless of the product type,
scaling factors could be defined via aterminal emulator just before defining or downloading the
program.

Servo Products

Scaling can be used with all feedback sources: encoders, internal resolvers (615n only), ANI
inputs (-ANI option only), and LDTs (6270 only). When the scaling commands (SCLA, SCLD,
etc.) are executed, they are specific only to the current feedback source selected with the
last SFB command.

If your application requires switching between feedback sources for the same axis, then for
each feedback source, you must select the feedback source with the appropriate SFB
command and issue the scaling factors specific to operating with that feedback source.

For example, if you have two axes and will be switching between encoder and ANI feedback,
you should include code similar to the following in your setup program:

SFB1, 1 ; Sel ect encoder feedback (subsequent scaling
; paraneters are specific to encoder feedback)
SCLAAAAD, ABAD ; Program accel /decel in revs/ sec?
SCLVAAAD, 4D ; Programvel ocity in revs/sec
SOL.DAGA ABAD ; Program di stances in revs
SFB2, 2 ; Select AN feedback (subsequent scaling
; paraneters are specific to AN feedback)
SCLA819, 819 : Program accel /decel in volts/sec?
SALV819, 819 ; Programvelocity in volts/sec
SaLb819, 819 ; Programdistances in volts
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Acceleration & Deceleration Scaling (SCLA and PSCLA)

Steppers: If scaling is enabled (SCALEL), all accel/decel values entered are internally
multiplied by the acceleration scaling factor to convert user units/sec? to motor
steps/sec2. The scaled values are dways in reference to motor steps, not encoder
steps, regardless of the ENC command setting.

Servos. If scaling is enabled (SCALEL), all accel/decel values entered are internally

multiplied by the acceleration scaling factor to convert user units/sec? to encoder,
resolver, LDT, or ANI counts/sec2. Thisincludes all S-curve accel/decel values
(servos only).

All accel/decel commands for non-interpolated motion (e.g., A, AD, HOVA, HOVAD, J OGA,
etc.) are multiplied by the SCLA command value. All accel/decel commands for linear and
circular interpolated motion (e.g., PA, PAD, etc.) are multiplied by the PSCLA command value.

Asthe accel/decd scaling factor (SCLA/PSCLA) changes,
the resolution of the accel and decel values and the number
of positions to the right of the decimal point also change 1-9 0
(seetableat right). An accel/decel value with greater 10-99
resolution than allowed will be truncated 100-999
(e.g., if scaling is set to SCLA1Q, the A9. 9999 1000-9999

command would be truncated to A9. 9). 188886 ?gggggg

SCLA/ PSCLA value
(steps/unit?)

Decimal
Places

a b wWNBE

Use the following equations to determine the range of accel eration and deceleration values for

your product.
Product | Min. Accel or Decel (resolution) Max. Accel or Decel
Steppers | 0.001 x DRES 999.9999 x DRES
SCLA SCLA
Servos Encoder or resolver feedback: % Encoder or resolver feedback: %
. 0.001 x LDTRES . 999.9999 x LDTRES
LDT feedback: T SclA LDT feedback: = salA
. 0819 . 818999.9181
ANl feedback: SCLA ANl feedback: “ScLA

Velocity Scaling (SCLV and PSCLV)

Steppers: If scaling is enabled (SCALEL), all velocity values entered are internally
multiplied by the velocity scaling factor to convert user units/sec to motor
steps/sec. The scaled values are awaysin reference to motor steps, not encoder
steps, regardless of the ENC command setting.

Servos: If scaling is enabled (SCALEL), all velocity values entered are internally

multiplied by the velocity scaling factor to convert user units/sec to encoder,

resolver, LDT, or ANI counts/sec.

All velocity commands for non-interpolated motion (e.g., V, HOW, HOWF, J OGVH, JOGVL,
etc.) are multiplied by the SCLV command value. The velocity command for linear and circular
interpolated motion (PV) is multiplied by the PSCLV command value.

Asthe velocity scaling factor (SCLV/PSCLV) changes, the velocity command's range and its
decimal places also change (see table below). A velocity value with greater resolution than

allowed will be truncated. For example, if scaling is set to SCLV1d the V9. 9999 command
would be truncated to V9. 9.
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SCLV/PSCLV Value Velocity Resolution Decimal Places

(steps/unit) (units/sec)

1-9 1 0
10-99 01 1
100 - 999 0.01 2
1000 - 9999 0.001 3
10000 - 99999 0.0001 4
100000 - 999999 0.00001 5

Use the following equations to determine the maximum velocity range for your product type.

Max. Velocity for Stepper Products Max. Velocity for Servo Products

1000 x ERES
[B,000,000[] n=PULSEx 16; If n<5, Encoder or Resolver Feedback: ~sclv

O |, [ thennissetequaltos.
—————— Ifn>5thenallfractional | | DT Feedback: L0CCX LDTRES
SCLV parts of nare truncated. ' SCLV

1000 x 819

ANI Feedback: SCLV

Distance Scaling (SCLD and PSCLD)

FOLLOWING:

The master axis can
be scaled with the
SCLMAS command,
and the slave axis
can be scaled with
the SCLD command.
Refer to page 196 for
details.

Steppers:  If scaling is enabled (SCALEL), all distance values entered are internally
multiplied by the distance scaling factor. Since the SCLDYPSCLD units are in
terms of steps/unit, al distances will thus be internally represented in motor
steps (if in ENC@ mode) or encoder steps (if in ENCL mode).

Servos. If scaling is enabled (SCALEL), all distance values entered are internally
multiplied by the distance scaling factor. Since the SCLDYPSCLD unitsarein
terms of counts/unit, all distances will thus be internally represented in encoder,
resolver, LDT, or ANI counts.

All distance commands for non-interpolated motion (e.g., D, PSET, REG, SMPER) are
multiplied by the SCL D command value. Distance commands for linear and circular interpol ated
motion (e.g., PARCM PARCOM PARCOP, PARCP, PLC, PLI N, PRTOL, PWC) are multiplied
by the PSCLD command value.

LDT Users—Programming In Inches Or Millimeters
The default SCLD value is 432 (SCLD432, 432), which allows LDT users to program in inches.
To program in millimeters, use a SCLD value of 17 (SCLD17, 17). These factors must be
multiplied by the number of recirculations if the LDT uses more than one recirculation.

Asthe SCLD/PSCLD scaling factor changes, the distance command's range and its decimal
places a so change (see table below). A distance value with greater resolution than allowed will
be truncated. For example, if scaling is set to SCLD4@AZ, the D1&b. 2776 command would
be truncated to D1&b. 277.

SCLD/ PSCLD Value Distance Resolution Distance Range * Decimal
(steps/unit) (units) (units) Places
1-9 10 0 - £999999999 0
10-99 0.10 0.0 - +99999999.9 1

100 -999 0.010 0.00 - £9999999.99 2

1000 - 9999 0.0010 0.000 - +999999.999 3

10000 - 99999 0.00010 0.0000 - +99999.9999 4
100000 - 999999 0.00001 0.00000 - +£9999.99999 5

* 6270: In the table below, shift the decimal place in the “distance range” column one place to the left.

NOTE FRACTIONAL STEP TRUNCATION NOTE

If you are operating in the incremental mode (MAQ), when the distance scaling factor (SCLD or
PSCLD) and the distance value are multiplied, a fraction of one step may be left over. This
fraction is truncated when the distance value is used in the move algorithm. This truncation
error can accumulate over a period of time, when performing incremental moves
continuously in the same direction. To eliminate this truncation problem, set SCLD or PSCLD
to 1, or a multiple of 10.
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Scaling Examples

Steppers Axis#1 controls a 25,000 step/rev motor/drive system attached to a 5-pitch leadscrew. The
user wants to program motion parameters in inches; therefore the scale factor calculationiis.
25,000 steps/rev x 5 revs/inch = 125,000 steps/inch. For instance, with a scale factor of
125,000, the operator could enter a move distance value of 2.000 and the controller would send
out 250,000 pulses, corresponding to two inches of travel.

Axis #2 controls a 25,000 step/rev motor/drive system with position feedback from a 1000-
line encoder (4,000 steps/rev post quadrature). This axisisusing a 10-pitch leadscrew. This
axiswill be positioned exclusively in the encoder step mode. The user wishes to program
motion parametersin inches; therefore, the scale factor calculationiis:

4,000 steps/rev x 10 revs/inch = 40,000 steps/inch.

ENCO1 ; Use notor step positioning for axis #1,
; Use encoder step positioning for axis #2
SCALEL ; Enabl e scaling
DRES25000, 25000 ; Set drive resolution to 25,000 steps/rev on both axes
ERES, 4000 ; Set encoder resolution to 4,000 steps/rev on axis #2

SCLD125000, 40000 ; Allow user to enter distance in inches (both axes)
SCLV125000, 40000 ; Allow user to enter velocity in inches/sec (both axes)
SCLA125000, 40000 ; Allow entering accel/decel in inches/sec/sec (both axes)

Servos Axis#1 controls a 4,000 count/rev servo motor/drive system (using a 1000-line encoder)
attached to a 5-pitch leadscrew. The user wants to position in inches; therefore, the scale factor
calculation is 4,000 counts/rev x 5 revs/inch = 20,000 counts/inch. Half way through the
motion process, axis #1 must switch to ANI feedback for the purpose of positioning to a
voltage (scale factor is 819 counts/valt).

Axis#2 controls a 4,000 count/rev servo motor/drive system (using a 1000-line encoder)
attached to a 10-pitch leadscrew. The user wants to position in inches (scale factor calculation:
4,000 counts/rev x 10 revs/inch = 40,000 counts/inch).

SFB1, 1 ;. Sel ect encoder feedback for both axes

ERESA000 ; Set encoder res to 4000 steps/rev (post quadrature)
SCALEL ; Enabl e scaling

SCLD20000, 40000 ; Allow user to enter distance values in inches

SCLV20000, 40000 ; Allow user to enter velocity values in inches/sec
SCLA20000, 40000 ; Allow user to enter accel/decel values in inches/sec/sec
SFB2 ; Select AN feedback for axis #1

SCALEL ; Enabl e scaling

SCLD819 ; Allow user to enter distance values in volts

SCLV819 ; Allow user to enter velocity values in volts/sec

SCLA319 ; Allow user to enter accel/decel values in volts/sec/sec
SFB1, 1 ; Sel ect encoder feedback for both axes (prepare for notion)

Hydraulic Control  Axis#1 controls a 4,000 count/rev servo motor/drive system (using a 1000-line encoder).
Attached is a 5-pitch leadscrew that the user wants to position in inches (4,000 counts/rev X 5
revs/inch = 20,000 counts/inch scale factor).

Axis#2 controls a servo valve and hydraulic cylinder using position feedback from an LDT
with agradient of 9.0227 ps/inch, and 2 recirculations. The user would like to program in
inches (432 LDT counts per inch x 2 recirculations = 864 counts/inch scale factor).

SFB1, 3 . Feedback devices: encoder for axis 1, LDT for axis 2
ERESA000 ; Set encoder res to 4000 steps/rev (post quadrature)
LDTGRD, 9. 0227 ; Set LDT gradient to 9.0227ps/i nch

LDTRES, 864 ; Set LDT resolution to 864 (accommodates 2 recircul ations)
SCALEL ; Enabl e scaling

SCLD20000, 864 ; Allow user to enter distance values in inches

SCLV20000, 864 ; Allow user to enter velocity values in inches/sec
SCLA20000, 864 : Allow user to enter accel/decel val ues in inches/sec/sec
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Positioning Modes

Refer also to the
Scaling section above.

The 6000 controller can be programmed to position in either the preset (incremental or
absolute) mode or the continuous mode. Y ou should select the mode that will be most
convenient for your application. For example, arepetitive cut-to-length application requires
incremental positioning. X-Y positioning, on the other hand, is better served in the absolute
mode. Continuous mode is useful for applications that require constant movement of the load
based on internal conditions or inputs, not distance.

Positioning modes require accel eration, decel eration, vel ocity, and distance commands
(continuous mode does not require distance). The table below identifies these commands and
their units of measure, and which scaling command affects them.

Parameter Units (Unscaled), Steppers Units (Unscaled), Servos Unit Scaling Command *
Acceleration | revs/sec? encoder/resolver: revs/sec? SCLA or PSCLA
ANI: volts/sec?
LDT: inches/sec?
Deceleration | revs/sec? encoder/resolver: revs/sec? SCLA or PSCLA
ANI: volts/sec?
LDT: inches/sec?
Velocity revs/sec encoder/resolver: revs/sec SCLV or PSCLV
ANI: volts/sec
LDT: inches/sec
Distance steps counts SCLDor PSCLD **

* Scaling must first be enabled with the SCALEL command. PSCLA, PSCLV, and PSCLD are for interpolated moves.
** An axis assigned as a master (for Following) is scaled by the SCLMAS command.

While motion is in progress (regardless of the positioning mode), you can change these
motion parameters to affect a new profile:

The motion parameters can be changed by sending the respective command (e.g., A, V, D,
MC, etc.) followed by the GOcommand. If the continuous command execution mode is
enabled (COVEXCL), you can execute buffered commands; otherwise, you must prefix each
command with an immediate command identifier (e.g., ! A, ! V, ! D, ! MC, etc., followed by

1 G0). The new GOcommand pre-empts the motion profile in progress with a new profile based

On-The-Fly (Pre-emptive Go) Motion Profiling

on the new motion parameter(s).

For more information, see On-The-Fly Motion Profiling on page 178.

Acceleration and S-curve Acceleration (A and AA)

Deceleration and S-curve Deceleration (AD and ADA)
Velocity (V)
Distance (D)
Preset or Continuous Positioning Mode Selection (MC)

Incremental or Absolute Positioning Mode Selection (MA)
Following Ratio Numerator and Denominator (FOLRN and FOLRD, respectively)
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Preset Positioning Mode

88

Incremental
Mode Moves

Example

Absolute Mode

Moves

Example

A preset move is a point-to-point move of a specified distance. Y ou can select preset moves by
putting the 6000 controller into preset mode (canceling continuous mode) using the MCQO
command. Preset moves allow you to position the motor/load in relation to the previous stopped
position (incremental mode—enabled with the MA@ command) or in relation to a defined zero
reference position (absol ute mode—enabled with the MA1 command).

The incremental mode is the controller's default power-up mode (exception: default for the
6270 hydraulic controller is absolute). When using the Incremental Mode (MAQ), a preset
move moves the motor/load the specified distance from its starting position. For example, if
you start at position N, executing the D6 @2 command in the MA@ mode will move the
motor/load 6,000 units from the N position. Executing the D6 @2 command again will move
the motor/load an additional 6,000 units, ending the move 12,000 units from position N.

Y ou can specify the direction of the move by using the optional sign + or - (e.g., D+6@J or
D- 6349). Whenever you do not specify the direction (e.g., D6 @&49), the unit defaults to the
positive (+) direction.

SCALE0 ; Disable scaling

MAD Set axis 1 to Increnental Position Mde
A2 Set axis 1 acceleration to 2 units/sec/sec
\5 Set axis 1 velocity to 5 units/sec

D4000 Set axis 1 distance to 4,000 positive units

col} Initiate notion on axis 1 (rmove 4,000 positive units)

coll Repeat the nove

D 8000 Set distance to 8,000 negative units (return to original position)
col} Initiate nmotion on axis 1 (nmove 8,000 units in negative direction

and end at its original starting position)

A preset move in the Absolute Mode (MA1) moves the motor/load the distance that you
specify from the absolute zero position. Thisis the default positioning mode for 6270
hydraulic controller only.

Establishing a Zero Position
One way to establish the zero position is to issue the PSET command when the load is at the
location you would like to reference as absolute position zero (e.g., PSETQ, ddefines the
current position as absolute position zero for axes 1 and 2).

The zero position is also established when the Go Home (HOM command is issued, the
absolute position register is automatically set to zero after reaching the home position, thus
designating the home position as position zero.

The direction of an absolute preset move depends upon the motor's/load's position at the
beginning of the move and the position you command it to move to. For example, if the
motor/load is at absolute position +12,500, and you instruct it to move to position +5,000 (e.g.,
with the D5@23 command), it will move in the negative direction a distance of 7,500 steps to
reach the absolute position of +5,000.

The 6000 controller retains the absolute position, even while the unit is in the incremental
mode. In steppers, the absol ute position can be ascertained with the TPMand PMcommands.
In servos, use the TPC and PC commands.

SCALEO ; D sable scaling

MAL ; Set the controller to the absol ute positioning node

PSETO ; Set axis 1 current absolute position to zero

A5 ; Set axis 1 acceleration to 5 units/sec/sec

V3 ; Set axis 1 velocity to 3 units/sec

D4000 ; Set axis 1 nove to absol ute position 4,000 units

coll ; Initiate axis 1 move (nove to absol ute position +4, 000)

D8000 ; Set axis 1 nove to absol ute position +8, 000

col ; Initiate axis 1 nove (starting fromposition +4,000, nove 4, 000
; additional units in the positive direction to position +8, 000)

[B1)] ; Set axis 1 nove to absol ute position zero

col ; Initiate axis 1 nove (starting at absol ute position +8,000, nove

; 8,000 units in the negative direction to position zero)
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Continuous Positioning Mode

Example A

Example B

The Continuous Mode (MC1) is useful in these situations:

» Applications that require constant movement of the load

» Synchronize the motor to external events such as trigger input signals

 Changing the mation profile after a specified distance or after a specified time period (T
command) has elapsed

Y ou can manipulate the motor movement with either buffered or immediate commands. After
you issue the GO command, buffered commands are not executed unless the continuous
command execution mode (COVEXCL command) is enabled. Once COVEXCL is enabled,
buffered commands are executed in the order in which they were programmed. More
information on the COVEXC mode is provided on page 16.

The command can be specified asimmediate by placing an exclamation mark (! ) in front of the
command. When acommand is specified asimmediate, it is placed at the front of the command
queue and is executed immediately.

COVEXCL ; Enabl e continuous command processi ng node
COMEXS1 Al ow command execution to continue after stop
MCL Sets axis 1 node to continuous

A10 Sets axis 1 acceleration to 10

Vi ; Sets axis 1 velocity to 1

col} Initiates axis 1 nmove (®o)

WAl T(1VEL=1) Wit to reach continuous velocity

5 Time delay of 5 seconds

S ; Initiate stop of axis 1 nmove

WA T( MOV=b0) ; Wait for notion to conpletely stop on axis 1
COMEXQD ; Disabl e continuous command processi ng node

The motor accelerates to 1 unit/sec, continues at that rate for 5 seconds, and then
decelerates to a stop.

DEF progl Begi n definition of program progl

COMEXCL Enabl e conti nuous command processi ng node
COVEXSL Al | ow conmand execution to continue after stop
MCL Set axis 1 to continuous positioning node

A10 Set axis 1 acceleration to 10

Vi Set axis 1 velocity to 1

col Initiate axis 1 nove ((o)

WAl T( 1VEL=1) ; Wit for motor to reach continuous velocity
T3 ; Tine delay of 3 seconds

A50 ; Set axis 1 acceleration to 50

V10 ; Set axis 1 velocity to 10

coll ; Initiate acceleration and vel ocity changes on axis 1
5 ; Tinme delay of 5 seconds

S1 ; Initiate stop of axis 1 nmove

WA T( MOV=b0) ; Wit for notion to conpletely stop on axis 1
COMEXQD ; Disabl e continuous command processi ng node
END ; End definition of program progl

While in continuous mode, motion can be stopped if:

* You issue an immediate Stop (!S) or Kill ('K or ctrl/K) command.
* Theload trips an end-of-travel limit switch or encounters a software end-of-travel limit.

» Theload trips aregistration input (atrigger input configured with the | NFNGi - H
command to function as a registration input).

e Theload trips an input configured as akill input (I NFNCi - C) or a stop input
(I NFNGi - D).

NOTE

While the axis is moving, you cannot change the parameters of some commands (such as ENC
and HOM). This rule applies during the COVEXCL mode and even if you prefix the command with
an immediate command identifier (! ). For more information, refer to Restricted Commands
During Motion on page 18.
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End-of-Travel Limits

The 6000 controller can respond to both hardware and software end-of-travel limits. The purpose
of end-of-travel limitsisto prevent the motor's load from traveling past defined limits.

HARDWARE LIMITS

6000 controllers are shipped from the factory with the hardware end-of-travel limits enabled,
but not connected. Therefore, motion will not be allowed until you do one of the following:

* Install limit switches or jumper the end-of-travel limit terminals to the GND terminal
(refer to your product's Installation Guide for wiring instructions).

 Disable the limits with the LH command (recommended only if the load is not coupled).
» Reverse the active level of the limits with the LHLVL command.

Related Commands:

LH.......... Hard limit enable
LHAD......Hard limit decel
LHADA...Hard limit decel (s)
LHLVL ...Limit switch polarity
LS.....o... Soft limit enable
LSAD......Soft limit decel
LSADA...Soft limit decel (s)
L SNEG...Soft limit (negative)
LSPOS...Soft limit (positive)
TLI M.....Hard limit status
TASF......Bits 15-18 indicate if
hard or soft limit was
encountered
TERF......Bit 2: hard limit hit
Bit 3: soft limit hit
(must enable ERROR
checking bits 2 &3)

Example

90

Once a hardware or software limit is reached, the 6000 controller will decelerate that axis at the
rate specified with the LHAD and L SAD commands, respectively. Servos aso use the LHADA
and L SADA commands for S-curve deceleration.

Typicaly, software and hardware limits are positioned in such away that when the software
limit is reached the motor/load will start to decelerate toward the hardware limit. Thiswill
allow for a much smoother stop at the hardware limit. Software limits can be used regardless
of incremental or absolute positioning.

The default active level of the hardware limitsis active-low, requiring normally-closed limit
switches. If you wish to change the active level to active-high, use the LHLVL1 command.

Software limits are defined by the LSPOS and LSNEG commands. The LSPOS command
establishes the limit in the positive direction, LSNEG for the negative direction limit. These
limits are enabled with the LS command and are scaled by the SCL D command. The software
limits are referenced from a position of absolute zero. Both software limits may be defined
with positive values (e.g., axis #2 in the example below) or negative values. Care must be
taken when performing incremental moves because the software limits are always defined in
absolute terms. They must be large enough to accommodate the moves, or a new zero
reference position must be defined (using the PSET command) before each move.

NOTES

« To ensure proper motion when using soft end-of-travel limits, be sure to set the LSPCS
value to an absolute value greater than the LSNEGvalue.

< Stepper products: If your system is moving heavy loads or operating at high velocities,
you may need to decrease the LHAD command value (deceleration rate) to prevent the
motor from stalling (Zeta drives and ZETA610n may compensate without reducing decel).

« If you reverse the commanded direction polarity (CVDDI R1), you should swap the hardware
end-of-travel switch connections to maintain a positive correlation with the commanded
direction.

In this example, the hardware and software limits are enabled on axes #1 and #2, and disabled
on axes #3 and #4. The distance scaling command (SCLD) is used to define software limit
locations in revolutions from the absolute zero position (assumes a 4000 step/rev resolution).
Deceleration rates are specified for both software and hardware limits. If a limit is encountered,
the motors will decelerate to a stop.

@GERESA000 ; Set encoder resolution to 4000 steps/rev (all axes)

SCALEL ; Enabl e scaling

@Qa.D4000 ; Allow user to programsoft limt distance in revs (all axes)
@CLA4000 ; Programsoft limt accel/decel in revs/sec/sec (all axes)
LH3,3,0,0 ; Enable limts 1 and 2, disable limts 3 and 4

LHAD10, 10 ; Set hard limt deceleration

LSAD5, 10 ; Set soft limt deceleration

LSNEQD, 2 ; Set neg. direction soft limt (axis 1: O revs; axis2: 2 revs)
LSPCB10,20 ; Establish pos. soft limt (axis 1: 10 revs; axis 1. 20 revs)
LS3,3,0,0 ; Enable soft limts 1 and 2, disable linits 3 and 4
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Homing (Using the Home Inputs)

Refer to the product's

Installation Guide for

instructions to wire

hardware home limit

switches.

The homing operation is a sequence of moves that position an axis using the Home Limit
input and/or the Z Channel input of an incremental encoder. The goal of the homing operation

isto return the load to a repeatable initial starting location.

As soon as the homing operation is successfully completed, the absolute position register is
reset to zero, thus establishing a zero reference position (this applies also to the voltage register

if using ANI feedback).

If an end-of-travel limit is encountered during the homing operation, the motion will be
reversed and the home switch will be sought in the opposite direction. If asecond limitis
encountered, the homing operation will be terminated, stopping motion at the second limit.

The homing operation has several potential homing functions you can customize to suit the
needs of your application (illustrations of the effects of these commands are presented below):

Command Homing Function (see respective command descriptions for further details) Default
HOM......coocennnd Initial the homing move. To start the homing move in the positive direction,  HOMx
use HOMZ to home in the negative direction, use HOVL. (do not home)
HOVA......ccoeeeee Acceleration while homing. HOVA1Q
(10 units/sec?)
HOMAA.............. S-curve acceleration while homing (servos only). HOMAAL1 QD
(10 units/sec?)
HOMAD.............] Deceleration while homing. HOVAD1 @
(10 units/sec?)
HOVADA............ S-curve deceleration while homing (servos only). HOMADA1 @
(10 units/sec?)
HOMBAC...........] Back up to home. The load will decelerate to a stop after encountering the HOVBACQ
active edge of the home region, and then will move in the opposite direction  (function disabled)
at the HOWF velocity until the active edge of the home region is
encountered. Allows the use of HOVEDG and HOVDF.
HOMDF .............d Final approach direction —during backup to home (HOVBAC) or during HOVDFJ
homing to the Z channel input of an incremental encoder (HOVE). (positive direction)
HOMEDG............ Specify the side of the home switch on which to stop (either the positive- HOVEGD@
travel side or the negative-travel side). (positive-travel side
of switch)
HOMLVL...........] Define the home limit input active level (i.e., the state, high or low, whichis HOMLVL@
to be considered an activation of the input). To use a normally-open (active-low, use a
switch, select active low (HOVLVL®); to use a normally-closed switch, normally-closed
select active high (HOMLVL1). switch)
HOW................Velocity while seeking the home position (see also HOWF). HOW1
(1 unit/sec)
HOWVF .............Velocity while in final approach to home position—during backup to home HOWF. 1
(HOVBAQ) or during homing to the Z channel input of an incremental (0.1 unit/sec)
encoder (HOME).
HOVZ................d Home to the Z channel input from an incremental encoder. NOTE: The HOMZ@

home limit input must be active prior to homing to the Z channel.
(This feature is not applicable to the OEM-AT6400.)

(function disabled)

AVOID PAUSE & RESUME DURING HOMING

Avoid using pause and resume functions during the homing operation. A pause command (PS
or ! PS) or pause input (input configured with the | NFNG - E command) will pause the homing
motion. However, when the subsequent resume command (Cor ! C) or resume input

(I NFNG - E input) occurs, motion will resume at the beginning of the homing motion sequence.
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Figures A and B show the homing operation when HOVBAC is not enabled. “ CW’ refersto the
positive direction and “ CCW’ refersto the negative direction.

Home Active
Region

Velocity

Position

CW Edge
of Home

CCW Edge
of Home

Initial
Position

ccw cw
Limit Limit
Figure A. Homing in a CW Direction (HOMZ2) with backup to home
disabled (HOVBACZ)

Positive Homing,
Backup to Home
Enabled

Home Active
Region

Velocity

Position

Initial
Position

CCW Edge
of Home

|
CW Edge
of Home

ccw cw
Limit Limit
Figure B. Homing in a CCW Direction (HOML) with backup to home
disabled (HOVBACZ)

The seven steps below describe a sample homing operation when HOVBAC is enabled (see
Figure C). Thefina approach direction (HOVDF) is CW and the home edge (HOVEDG) is the
CW edge. “ CW’ refersto the positive direction and “ CCW' refers to the negative direction.

NOTE

To better illustrate the direction changes in the backup-to-home operation, the illustrations in
the remainder of this section show the backup-to-home movements with varied velocities. In
reality, the backup-to-home movements are performed at the same velocity (HOWF value).

A CW home move is started with the HOMd command at the HOVA and HOVAA

Step 1
accelerations. Default HOVA is 10 revs (or volts or inches) per sec?.

Step2  The HOW velocity is reached (move continues at that velocity until home input goes
active).

Step3  The CCW edge of the home input is detected, this means the home input is active.
At thistime the move is decelerated at the HOMAD and HOMADA command values. It
does not matter if the home input becomes inactive during this deceleration.

Step4  After stopping, the direction is reversed and a second move with a peak velocity
specified by the HOWF value is started.

Step5  Thismove continues until the CCW edge of the home input is reached.

step6  Upon reaching the CCW edge, the move is decelerated at the HOVAD and HOVADA
command values, the direction is reversed, and another move is started in the CW
direction at the HOWF velocity.

Step7  Assoon asthe homeinput CW edge is reached, this last move is immediately
terminated. Theload is at home and the absolute position register is reset to zero.

Home Active
Position
Initial ! |
Position CCW Edge CW Edge
of Home of Home
ccw cw

Limit

Limit

Figure C. Homing in a CW Direction (HOM2) with HOVBAC1, HOVEDGZ HOVDFD
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Figures D through F show the homing operation for different values of HOVDF and HOVEDG,
when HOVBAC isenabled. “ CW’ refersto the positive direction and “ CCW' refersto the

Velocity

negative direction.
Home Active Home Active
Region Region
2
)
o
[0}
>
Z Position /l Position
Initial Initial
Position CCW Edge CW Edge Position CCW Edge CW Edge
of Home of Home of Home of Home
ccw CwW ccw CwW
Limit Limit Limit Limit
Figure D. Homing in a CW Direction (HOMZ) with HOVBACI, Figure E. Homing in a CW Direction (HOMZ) with HOVBACL,
HOVEDGI, 17 HOVEDGZ HOVDF1
Home Active
Region

2 \\

Q

Re]

Q

> /

-¢
Position
Initial |
Position CCW Edge CW Edge
of Home of Home
CcCw Ccw
Limit Limit
Figure F. Homing in a CW Direction (HOM2) with HOVBACL,
HOVEDGI1, HOVDF1

Figures G through J show the homing operation for different values of HOVDF and HOVEDG,

Negative Homing,
when HOVBAC isenabled. “ CW’ refersto the positive direction and “ CCW’ refersto the

Backup to Home
negative direction.

Enabled
Home Active Home Active
Region Region
z 2
o o
o o
[} [}
> >
- |
\ - Position l - Position
Initial | Initial
CCW Edge CW Edge Position CCW Edge CW Edge Position
of Home of Home of Home of Home
ccw CwW ccw CwW
Limit Limit Limit Limit
Figure G. Homing in a CCW Direction (HOML) with HOVBACI, Figure H. Homing in a CCW Direction (HOVIL) with HOVBACI,
HOVEDGI1, HOVDF1 HOVEDGZ HOVDF1
Home Active Home Active
Region Region
z 2
(5] (5]
o o
[} [}
> > \
A .
Position Position
! Initial ! ! Initial
CCW Edge CW Edge Position CCW Edge CW Edge Position
of Home of Home of Home of Home
ccw CwW ccw CwW
Limit Limit Limit Limit
Figure I. Homing in a CCW Direction (HOVIL) with HOVBACI, Figure J. Homing in a CCW Direction (HOML) with HOVBACL,
HOVEDGZ, 17

HOVEDGI1, HOVDF&
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Homing Using
The Z-Channel

Figures K through O show the homing operation when homing to an encoder index pulse, or Z
channel, is enabled (HOVZ1). The Z-channel will only be recognized after the home input is
activated. It is desirable to position the Z channel within the home active region; this reduces

the time required to search for the Z channel. “ CW’ refersto the positive direction and “ CCW’
refersto the negative direction.

Z Channel Home Active
Active Region Region
2
‘o
o
[
>
¢
— Position
Initial
CCW Edge CW Edge Position
of Home of Home
ccw CwW
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Figure K. Homing in a CCW Direction (HOVLL) with HOVBACI,
HOVEDGI, HOVDF1
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Figure M. Homing in a CCW Direction (HOML) with HOVBACL,
HOVEDGZ HOVDF@D
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Figure L. Homing in a CCW Direction (HOML) with HOVBACI,
HOVEDGZ, HOVDFQD
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Figure N. Homing in a CW Direction (HOM2) with HOVBACZ
HOVEDGZ HOVDF@D
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Figure O. Homing in a CW Direction (HOM2) with HOVBACZ

HOVEDGZ HOVDF1
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Closed-Loop Stepper Setup (steppers only)

NOTE

Closed Loop operation
is not available for the
OEM-AT6400.

Closed-loop refers to operating with position feedback from an encoder. This section discusses

how you can use an incremental encoder to perform closed-loop functions with the controller.

When using an encoder in an application, you may configure the following (described below):
 Encoder Resolution

Encoder vs. Motor Step Mode

Position Maintenance Enable & Correction Parameters

« Position Maintenance Deadband
» Stall Detection & Kill-on-Stall
» Stall Deadband

« Counter

 Encoder Polarity

Commanded Direction Polarity

Encoder Resolution

Y ou must specify the encoder resolution with the ERES command. The power-up default
value for encoder resolution is 4,000 counts/rev respectively. Listed below are the resolution
values for Compumotor encoders.

Compumotor Encoder Resolution ERES Command
E Series 4000 counts/rev (1000 lines)  ERES4222
OEM-83 Series 4000 counts/rev (1000 lines) ERES4@22
OEM-57 Series 2048 counts/rev (512 lines) ERES2@48

IMPORTANT NOTE

To achieve accurate encoder step positioning, the drive resolution (DRES), see page 81,
should be at least four times greater than the encoder resolution (ERES). This allows the
motor to successfully find the commanded encoder step position.

Encoder Step Mode

The controller can perform moves in either motor steps or encoder steps. In Motor Step Mode
(ENCQ), the distance command (D) defines moves in motor steps. Motor Step Mode isthe
controller's default setting. In Encoder Step mode (ENCL), the distance command defines
moves in encoder steps.

Position Maintenance

The EPML command enables the position maintenance function. To enable position
maintenance, you must first connect an encoder and enable the Encoder Step Mode (ENCL).

Enabling position maintenance causes the indexer to servo (adjust) the motor until the correct
encoder position is achieved. This occurs at the end of amove (if the final position isincorrect)
or any time the indexer senses a change in position while the motor is at zero velocity.

The EPMG and EPMV commands define the gain factor and the maximum velocity of a

position maintenance correction move. The gain factor isthe velocity increment used per
encoder step of error. The EPMV command sets the maximum vel ocity a position maintenance
move can achieve. If either of these istoo large, position instability may result. If either is
too small, position correction may be too slow. The values are determined by experiment.

Position Maintenance Deadband

The EPMDB command sets the number of encoder steps of error allowed before a position
maintenance correction move isinitiated. Thisis useful for situations in which it is not
desirable to have the load position continuously corrected, but correction is required outside the
deadband. Positioning under amicroscope is an example.
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Stall Detection & Kill-on-Stall

Stall Deadband

The ESTALL1 command allows the controller to detect stall conditions. If used with Kill-on-
Sall enabled (ESK1 command), the movein progress will be aborted upon detecting a stall.

If queried with the ER or the AS commands, the user may branch to any other section of
program when a stall is detected. Refer to the ENC, ER, and AS command descriptions in the
6000 Series Software Reference for more information.

Sall Detection functions in either motor step or encoder step mode. Kill-on-Stall functions
only if the stall detection isenabled (ESTALL1).

/N WARNING A\

Disabling the Kill-on-Stall function with the ESK& command will allow the controller to finish
the move regardless of a stall detection, even if the load is jammed. This can
potentially damage user equipment and injure personnel.

Another encoder set-up parameter is the Stall Backlash Deadband (ESDB) command. This
command sets the number of motor steps of error allowed, after achangein direction, before a
stall will be detected. Thisisuseful for situations in which backlash in a system can cause
false stall situations.

Encoder Set Up Example

Examples

The example below illustrates the features discussed in the previous paragraphs. The first
statement defines the motor resolutions. The next statement defines the number of encoder
steps per encoder revolution. Standard 1000-line encoders are used on all axes that produce
4000 quadrature steps/rev. Stall detect and kill-on-stall are enabled. If astall is detected, the
motor's movement iskilled. The next group of commands define the deadband width and
enable the position maintenance function. The controller will attempt to move to the correct
encoder position until it iswithin the specified deadband.

DRES25000, 25000, 25000, 200 ; Set drive resol ution

ERES4000, 4000, 4000, 4000 : Set encoder resolution

ESK1111 ; Enable kill notion on stall

ESDRO, 0, 10, 10 ; Set stall deadband

ESTALL1111 : Enable stall detection

EPM31000, 1000, 1000, 10001 ; Set position naintenance gain
EPWIL, 1,1,1 ; Set position maintenance vel ocity
EPML111 ; Enabl e position maintenance
ENC1111 ; Enabl e encoder step node

Use the Encoder as a Counter

96

Each encoder channel can be redefined as a 16-bit up/down counter. The CNTE command
redefines the encoder channels. The direction of the count is specified by the signal on the
encoder channel B+ and B- connections. A positive differential signal, when measured
between B+ and B-, indicates a positive count direction. A negative differential signal, when
measured between B+ and B-, indicates a negative count direction.

The count itself is determined from the signal on A+ and A-. Each count is registered on the
positive edge of atransition for asignal measured between A+ and A-. To reset the counter,
issue the CNTR command or apply a positive differential signal to Z+ and Z-. The counter
will bereset on therising edge. Allow 50us for the counter to reset, and allow 50us after
reset for counting to begin.

The value of the counter can be accessed at any time through the hardware registers or by
doing a software transfer (TCNT). The hardware registers provide information on encoder
position, but when an encoder input is defined as a counter, the information in the register isa
count value.
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Encoder Polarity

If the encoder input is counting in the wrong direction, you may reverse the polarity with the
ENCPQOL command. This allows you to reverse the counting direction without having to change
the actual wiring to the encoder input. For example, if the encoder on axis 2 counted in the
wrong direction, you could issue the ENCPOLx 1 command to correct the polarity.

Immediately after issuing the ENCPOL command, the encoder will start counting in the
opposite direction (including all encoder position registers). The polarity isimmediately
changed whether or not encoder step mode is enabled (ENC1).

NOTES

» Changing the feedback polarity effectively invalidates any existing offset position (PSET)
setting; therefore, you will have to re-establish the PSET position.

e The ENCPOL command is automatically saved in non-volatile RAM (stand-alone products).

« If you wish to reverse the commanded direction of motion, first make sure there is a direct
correlation between commanded direction and encoder direction, then issue the
appropriate CVDDI R command to reverse both the commanded direction and the encoder
direction (see CVDDI R command description for full details).

Programming This programming scenario assumes the encoder polarity is reversed from the commanded

Scenario (as seenin  direction (e.g., commanding a move of +10 units, yields and encoder position of -10 units).
a terminal emulator)

> PSETO ; Define current position of axis 1 as position zero

> 1TPE ; Check the position of encoder #1

*1TPE+O (response indicates encoder #1 is at position zero)

> MO ; Select increnental positioning node

> D+8000 ; Set distance to 8,000 units in the positive direction
> @l ; Mve axis 1 a distance of 8,000 units

> 1TPE ; Check the position of encoder #1

*1TPE- 8000 (response shows that encoder #1 is at position -8000,
the minus sign indicates that the encoder is counting in the wrong direction)

DRI VEO ; Disable the drive (disabled before changing polarity)
; Reverse encoder polarity on axis 1
; Define current position of axis 1 as position zero
; Enable the drive
; Set distance to 8,000 units in the positive direction
; Move axis 1
1TPE ; Check the position of encoder #1
1TPE+8000 (response shows encoder #1 has moved 8,000 units in the positive direction,
indicating that the encoder is now counting in the correct direction)

*VVVVYVVYV
3

Commanded Direction Polarity

The CvDDI R command allows you to reverse the direction that the controller considersto be
the “positive” direction; this also reverses the polarity of the counts from the encoder. Thus,
using the CMDDI R command, you can reverse the referenced direction of motion without the
need to (a) change the connections to the drive and the encoder, or (b) change the sign of all the
motion-related commands in your program.

NOTES

e The CMDDI R command cannot be executed while motion is in progress or
while the drive is enabled. For example, you could wait for motion to be complete
(indicated when TAS and AS bit #1 is a zero) and then use the DRI VE command to disable
the appropriate axis before executing the CVDDI R command.

« Before changing the commanded direction polarity, make sure there is a direct correlation
between the commanded direction and the direction of the encoder counts (i.e., a positive
commanded direction from the controller must result in positive counts from the encoder).

« Once you change the commanded direction polarity, you should swap the end-of-travel
limit connections to maintain a positive correlation with the commanded direction.

e The CMVDDI R setting is automatically saved in non-volatile memory (stand-alone products).
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Servo Setup (servo products only)

EXAMPLES

Pages 103 and 104
show examples of
servo setup
commands as used
in a setup program.

Servo System:
Closed Loop

Control Drive Command =
Command Digital Signal Control Signal + Offset Servo
4’Q—“ Control ® + ® . —| Motor —| Load
- Drive
Algorithm ‘ -
I I
Feedback Data Feedback Device
(Encoder, Resolver,
ANI Input, or LDT)

Servo products are closed loop systems (see diagram below). As such, they require
configuration so that the control algorithm can effectively calculate the value of the control
signal output based on the feedback data from afeedback device, such as an encoder, resolver,
ANI input, or LDT:

* Tuning:
- Select gainsto achieve optimal servo performance.

- Select the participating axes (as on page 79) and the trajectory/servo ratio. These
two parameters determine the performance for the servo sampling update, the
motion trajectory update, and the system update.

- Define the maximum position error, which is the maximum allowable error between
the commanded position and the position as measured by the feedback device.

- Select and configure the feedback device(s) you are using with your controller.

 Feedback Device Polarity (optional): Servo stability requires adirect correlation between
the commanded direction and the direction of the feedback device counts (i.e., apositive
commanded direction from the controller must result in positive counts from the feedback
device). If the feedback deviceis counting in the wrong direction, you may reverse the
polarity without having to change the actual wiring to the feedback device.

» Commanded Direction Polarity (optional): may be required to reverse the direction that
the controller considersto be the “positive” direction; this also reverses the polarity of
the counts from the feedback devices.

« Dither (optional): Add asgquare wave signal to the analog output to overcome stiction.

« DAC Output Limits (optional): Define the region of the controller's-10V to +10V
output range to be used for your application.

 Servo Control Signal Offset (optional): During setup and troubleshooting, you may

need to disable the servo control algorithm and directly control the analog output to the
drive.

Offset
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Tuning

For an overview of servo
control terminology and
techniques, refer to the
Servo Tuner User Guide,
or to your product's
installation guide.

To assure optimum performance and , you should tune your servo system. The goal of the
tuning process isto define the gain settings, servo performance, and feedback setup (see
command list below) that you can incorporate into your application program. (Typically, these
commands are placed into a setup program — see examples on page 103).

We recommend using Servo Tuner™, agraphical tuning software tool (see note below). If you
prefer amore empirical method, refer to the proceduresin your 6000 product's installation guide.

Servo Tuning Software Available

To effectively tune your 6000 servo controller (and any velocity drives you may be using),
use the interactive tuning features in the Servo Tuner™. It greatly improves your efficiency
and gives you powerful graphical tools to measure the performance of the system.

Servo Tuner is included as an integral element of Motion Builder™, an optional icon-based
programming tool. Servo Tuner is also available as an optional add-on module to Motion
Architect (it does not automatically come with the basic Motion Architect software package).
Instructions for using Servo Tuner are provided in the Servo Tuner User Guide and in
Motion Builder's online Help system and Motion Builder Startup Guide & Tutorial.

To order Motion Builder or the Servo Tuner add-on module to Motion Architect, contact your
local Automation Technology Center (ATC) or distributor.

ATGA50:768 Controller Tuner - [Untitled]
File Communications Setup Tune Yiew Help
Graph Display |v | - Tuning Session \ -

Time (millisec)
0.000 205-9075 + Current Current-2

Current-1 Current-3

Tuning Gains "

Axig
+ 1 2 3 4

Gains

Axis 1 Comm Pos (counts)
Axis 1 Comm Pos (counts)

e R sa [0 ]
e ———— SGILM [200 |
0000 Time (millisec) 205.975

ATEA50 Data Acquisition ‘v SBAF IC'
e S| e —

Tuning-Related Commands (see 6000 Series Software Reference or the Servo Tuner User Guide for details)

Tuning Gains:

Feedback Setup:

SCP *..oovn Sets the proportional gain in the PIV&F servo algorithm. SFB...oeenee Selects the servo feedback device. Options

* ; g ; (depending on the product) are: encoder, resolver,
Sd R Sets the |ntegr-al gal-n |-n the PIV&F servo aIgorthm. ANI input, or LDT. IMPORTANT: Parameters for
SGV *...... Sets the Ve|0C|ty ganin the PIV&F servo algorlthm. Sca"ng, tun|ng gainsy max. posmon .error (SNPER),
SGAF *.......... Sets the acceleration feedforward gain in the PIV&F,, algorithm. and position offset (PSET) are specific to the

SGVF *.......... Sets the velocity feedforward gain in the PIV&F, algorithm.

feedback device selected (with the SFB command) at
the time the parameters are entered (see

SGl LI M.......Sets a limit on the correctional control signal that results from the programming examples on page 103).

integral gain action trying to compensate for a position error that ERES.

............ Encoder resolution (also selects the resolution for a

persists too long. resolver)
SGENB.......... Enables a previously-saved set of PIV&F gains. A set of gains ' .
(specific to the current feedback source selected with the SFB LDTRES....... (6270 only) Sets the LDT reso!utlon.
command) is saved using the SGSET command. LDTGRD....... (6270 only) Sets the LDT gradient.
SGSET.......... Saves the presently-defined set of PIV&F gains as a gain set LDTUPD....... (6270 only) Selects the rate at which the LDT position
(specific to the current feedback source on each axis). Up to 5 is sampled.
gain sets can be saved and enabled at any point in a move profile, | | g\pER Sets the maximum allowable error between the
allowing different gains at different points in the profile. | |~ — 77" commanded position and the actual position as
* 6270 only: Negative gains (SGPN, SA N, SGVN, SGAFN, SGVFN) measured by the feedback device. If the error
are automatically applied when the position error is negative. exceeds this limit, the controller activates the

Shutdown output and sets the DAC output to zero

Servo Performance:

(plus any SOFFS offset). If there is no offset, the
motor will freewheel to a stop. You can enable the

| NDAX.......... Selects the number of available axes to use (see page 79). ERROR command to continually check for this error

SSFR............ Sets the ratio between the update rate of the move trajectory and condition (ERROR. 12- 1), and when it occurs to
the update rate of the servo action. Affects the servo sampling branch to a programmed response defined in the
update, the motion trajectory update, and the system update. ERRORP program.
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Feedback Device Polarity

To change the
commanded and
feedback polarity,
use the VDDl R
command instead
(see page 101 for
details).

Programming
Scenario (as seen in
a terminal emulator)

Servo stability requires a direct correlation between the commanded direction and the direction
of the feedback device counts (i.e., a positive commanded direction from the controller must
result in positive counts from the feedback device).

If the feedback device is counting in the wrong direction, you may reverse the polarity with the
respective polarity reversal command (ENCPOL, ANl POL or LDTPCL). This alows you to
reverse the counting direction without having to change the actual wiring to the feedback
device. For example, if the encoder on axis 2 counted in the wrong direction, you could issue
the ENCPOLXx 1 command to correct the polarity. The feedback devices available vary by
product (see table below):

Feedback Devices (& associated polarity command)
Product Encoder (ENCPQL) ANI Input (ANI PCL) LDT (LDTPQOL)
AT6n50 and 625n | command not available  command not available  not applicable
615n Yes* Optional not applicable
6270 Yes Optional Yes

* 615n: The ENCPCL command affects the external encoder, not the internal resolver.

Immediately after issuing the ENCPCL, ANI POL, or LDTPOL command, the respective
feedback device will start counting in the opposite direction (including all feedback device
position registers). The polarity of the respective feedback device isimmediately changed
whether or not the specific deviceis currently selected with the SFB command.

NOTES
* You can not change the feedback polarity on a specific axis while that axis is moving.

« Changing the feedback polarity effectively invalidates any existing offset position (PSET)
setting; therefore, you will have to re-establish the PSET position.

e The ENCPQL, ANl POL and LDTPQOL commands are automatically saved in non-volatile RAM
(stand-alone products only).

« If you wish to reverse the commanded direction of motion, first make sure there is a direct
correlation between commanded direction and feedback device direction, then issue the
appropriate CVDDI R command to reverse both the commanded direction and the feedback
device direction (see CVDDI R command description or page 101 for full details).

> SFB1 ;Select encoder feedback for axis 1

> SMPERLO00 ;Set maximum position error to 100 units on axis 1

> PSETO ;Define current position of axis 1 as position zero

> 1TPE ;Check the position of encoder #1

*1TPE+O (response indicates encoder #1 is at position zero)

> MO ;Select incremental positioning mode

> D+8000 ;Set distance to 8,000 units in the positive direction

> ;Move axis 1. If the encoder polarity is incorrect, the axis will be unstable

;and will stop (drive disabled) as soon as the maximum position error of
;100 units is reached.

> 1TPE ;Check the position of encoder #1

*1TPE- 100 (response should show that encoder #1 is approximately at position -100;
the minus sign indicates that the encoder is counting in the wrong direction)

> ENCPQLL ;Reverse encoder polarity on axis 1

> PSETO ;Define current position of axis 1 as position zero

> DR VEL ;Enable the drive (drive was disabled when the SMPER value was exceeded)

> D+8000 ;Set distance to 8,000 units in the positive direction

> @ :Move axis 1

> 1TPE ;Check the position of encoder #1

* 1TPE+8000 (response shows encoder #1 has moved 8,000 units in the positive direction,

indicating that the encoder is now counting in the correct direction)
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EXAMPLE:

The command to
change the polarity for
axis 2 is CMDDI R, 1

Dither

[

Refer to the SSFR
command description or
the Servo Tuner User
Guide for a discussion on
the servo sampling rate.

Commanded Direction Polarity

The CVDDI R command allows you to reverse the direction that the controller considersto be
the “positive” direction; this also reverses the polarity of the counts from the feedback devices.
Thus, using the CVDDI R command, you can reverse the referenced direction of motion
without the need to (a) change the connections to the drive/valve and the feedback device, or (b)
change the sign of all the motion-related commands in your program.

NOTES

e The CMDDI R command cannot be executed while motion is in progress or
while the drive/valve is enabled. For example, you could wait for motion to be
complete (indicated when TAS and AS bit #1 is a zero) and then use the DRI VE command to
disable the appropriate axis before executing the CVDDI R command.

« Before changing the commanded direction polarity, make sure there is a direct correlation
between the commanded direction and the direction of the feedback source counts (i.e., a
positive commanded direction from the controller must result in positive counts from the
feedback device). Refer to the ANl PCL, ENCPCL, or LDTPOL command descriptions for
further information.

« Once you change the commanded direction polarity, you should swap the end-of-travel
limit connections to maintain a positive correlation with the commanded direction.

e The CVDDI Rcommand is automatically saved in non-volatile memory (stand-alone
products only).

* The CMDDI R command is not implemented in the AT6n50 and 625n products.

Dither is a square-wave signal added to the analog output and is used to keep the motor or the
hydraulic valve moving dlightly for the purpose of reducing stiction (see illustration below).
Two commands are used to select the amplitude and frequency of the dither signal—SDTAMP
and SDTFR.

T R—
SDTAWP

l

Analog
Output

Dither SDTFR |
Square Wave

Signal

SSFR (servo sampling frequency)/ SDTFR = Dither Frequency (cycles/sec)

The SDTAMP command selects the amplitude of the dither signal in peak volts (see
illustration). The SDTFR command selects the frequency ratio of the dither.

The actua dither frequency is determined by the ratio of the servo sampling frequency (SSFR &
| NDAX settings) and the SDTFR value. Asan example, if the SSFR valueis 4 and the | NDAX
valueis 2, the servo sampling rate is 3571 samples per second. Then, at SSFR4, an SDTFR
value of 46 (default setting) would yield a 77 Hz dither frequency (3571/46 = 77). With an
SDTFR command setting of 46, a positive voltage (SDTAMP) is added during 23 servo updates
and a negative voltage is added during the next 23 servo updates.
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DAC Output Limits

If you will not be using the entire -10V to +10V range of the 6000 controller's analog output,
you can set up maximum (DACLI M and minimum (DACM N) limits. (DACM Nis available
only for the 6270.)

6270 EXAMPLE: If are using a4-20mA control loop, set the analog output jumpers to
operate at +20mA (instructions provided in the 6270 installation/user guide). Then issue these
setup commands listed below. (Note that when using £20mA output, you need to use the
2mA/volt equation to ascertain the proper voltage value to enter in the DACLI M DACM N,

and SOFFS commands).
DACLIMIO ; Set DACmaximumlimt to +20mA (20mA + 2nV V = 10V)
DACM N2 ; Set DACmnimumlimt to +4mA (4mA + 2mV V = 2V)
SCFFS6 ; Set offset anal og output to the md-range val ue of +12mA

. (12nA = 2nV V = 6Y)

Servo Control Signal Offset

The SOFFS command (and SOFFSN command, 6270 only) provides a means of setting the
controller's analog output to a known voltage value. This could be useful for these occasions:

 Testing motion in an open-loop configuration (all gains set to zero).

« If the commanded output is set to zero (motor/valve is supposed to be stationary), but it
keeps moving, you can impose an offset value to stop motion. Thisis the same effect
as the balance input on most analog servo drives.

* 6270: Selecting the mid-range voltage for a valve (see example in DAC Output Limits
above).

Use the TDAC command to check the voltage being commanded at the servo controller's
analog output (the voltage displayed includes and offset in effect).

CAUTION — Torque Drive Users

If there is little or no load attached, the SOFFS or SOFFSN offset may cause an acceleration to
a high speed.
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Servo Setup Examples

6250 & AT6250:

This section shows examples of how the servo setup commands might be incorporated into a
setup program. More information on creating and executing setup programs is provided on

page 14.

DRFLVL11
KDR VE11

Set drive fault level to active high
Invoke the Disable Drive On Kill feature for both axes

DEF SETUP ; Begin definition of SETUP programfor AT6250 controller
DR VEOO : Disable both drives

| NDAX2 ; Place both axes in use

SSFR4 ; Select servo sanpling frequency ratio

B kR ok kR R I kR R R R R R Rk Sk Sk e bk R R R R Rk R S ok S S Rk
)

; Setup for encoder (will need to switch between encoder & AN feedback) *

chkkkhkhkkkhkkkhkhkkkhkhkkhkhkhkkhhkkhhhkhhkhkhkhkdhhkhhkkhhhkhhkkhhhkhhkkhhhkhhkhhhkkhhhhhkhhkhdhkhhkddhxhhkrxdhxrhxdxx
1

SFB1, 1 ; Sel ect encoder feedback for axis 1. Subsequent scaling,
gains, SMPER and PSET paraneters are specific to encoder
feedback. (The application requires swtching between
encoder & AN feedback.)

Set encoder resolution to 4,000 counts/rev

SCLA4000, 4000 Set scaling for progranm ng accel /decel in revs/sec/sec
SCLV4000, 4000 Set scaling for progranmng velocity in revs/sec

ERES4000, 4000
SCLD4000, 4000 Set scaling for progranm ng distances in revs

SGP5, 5 Set proportional feedback gain
sadi, 1 Set integral feedback gain
SGvl, 1 Set velocity feedback gain

SMPER 001, .001 ; Set maxi numposition error to 1/1000 of a rev

(4 encoder counts)

PSETO, O Set current position as absol ute position zero
ckkkkkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkhkhkhkhk Kk
; setup for AN *
EEEEEEEEEEEEEEEEEEEEEE S S
SFB2, 2 Sel ect AN feedback for both axes (subsequent scaling,
gains, ;SWER and PSET paraneters are specific to AN
; feedback)
SCLA819, 819 ; Set scaling for programm ng accel /decel in volts/sec/sec
SaLv819, 819 Set scaling for programming velocity in volts/sec

SCLD819, 819 ; Set scaling for programming distances in volts

SGPL, 1 Set proportional feedback gain

Sdo,0 Set integral feedback gain

SGV.5,.5 Set velocity feedback gain

SMPER 01, . 01 Set nmax. position error to 1/100 of a volt (8 ANl counts)
PSET5, 5 Set current position as absolute position 5

SFB1, 1 ; Re-sel ect encoder feedback for start of main program
END ; End definition of SETUP program

B kR ok R R R R kR R R R R Rk Rk Sk R R bk R Sk R R SRR R R ok R R o S R

;¥ 6250: Enter the STARTP SETUP command to assign SETUP as the startup

0 programto be automatical |y executed on power up or RESET.

- %

;¥ AT6250: Downl oad & execute the SETUP program (preps for subsequent
0 operations) before running the main program

*
*
*
*
*
B I kR R R R R kR R R R I kR Sk Sk S R R Rk R S R Rk Rk S ok R R o
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6270: | per PYRP : Begin definition of PWRUP program

DRI VEOO ; Disable both val ves/drives

| NDAX2 ; Place both axes in use

SSFR4 ; Sel ect servo sanpling frequency ratio

DRFLVL11 ; Set drive fault level to active high

KDRI VE11 ; Enable the DISABLE ON KILL feature for both axes

RS S S S E S SR SRS S S SRS S S SRS RS SRS R R R RS RS R R SRR EE RS EREEREEEEEEEEEEEEEEEEEEEEEEES
;* setup for LDT *
;* (will need to switch between LDT, encoder, and AN feedback) *
RS S S S S S SR SRS S S SRS S S SRS RS SRS R R SRS RS R R SRR EE RS EREEREEEEEEEEEEEEEEEEEEEEEE
SFB3, 3 ; Select LDT feedback for both axes (subsequent scaling,

gains, servo offset, SMPER and PSET paraneters are
specific to LDT feedback)

LDTGRD, 9 Set LDT gradient to 9us/inch for both LDTs

LDTRESA32, 432 Set LDT resolution to 432 counts/inch

LDTUPDL, 1 Set LDT position update rate equal to the system update
rate (see table in SSFR command descri ption)

SCLA432, 432 Set scaling for programming accel /decel in inches/sec/sec

SCLV432, 432 Set scaling for programming velocity in inches/sec

SCLD432, 432 Set scaling for programmi ng di stances in inches
SGEP50, 50 Set proportional feedback gain
sa.z2, .2 Set integral feedback gain
SGV30, 30 Set velocity feedback gain
SMPER 01, . 01 Set max. position error to 1/100 of an inch
(4 LDT counts)
PSET10, 10 Set current position as absol ute position 10

rkkhkkhkkkhkhhkhkhkhkhhkkhkhkhkhkhkkk
’

;  setup for encoder *

s hkkkhkhkhkhkhkhkhkhkhkhkkhkhkhkhkhkhkkkhkk

SFB1 ; Sel ect encoder feedback for axis 1 (subsequent scaling,
gains, servo offset, SMPER and PSET paraneters are
speci fic to encoder feedback)

ERES4000 Set encoder resolution to 4,000 counts/rev
SCLA4000 Set scaling for programmi ng accel /decel in revs/sec/sec
SCLV4000 Set scaling for programmng velocity in revs/sec

SGP. 5 Set proportional feedback gain
Schi Set integral feedback gain
SGv1 Set velocity feedback gain

SMPER 001, .001 ; Set maxi numposition error to 1/1000 of a rev

(4 encoder counts)

Set current position as absol ute position zero

SCLD4000 Set scaling for progranm ng di stances in revs
PSETO :

IE SRS EE SRS EEEEEEEEEEE RS
;  setup for AN *

BEE R EEEEEEEEEEEEEEEEEEE RS
’

SFB2, 2 Sel ect ANl feedback for both axes (subsequent scaling,
gains, servo offset, SMPER and PSET paraneters are
specific to AN feedback)

SCLA819, 819 Set scaling for programming accel /decel in volts/sec/sec

sSaLv8l9, 819 Set scaling for programmng velocity in volts/sec

SCLD819, 819 Set scaling for programming distances in volts

SGPL, 1 ; Set proportional feedback gain

sS@o,0 Set integral feedback gain
SGV.5,.5 Set velocity feedback gain
SMPER 01, . 01 Set maxi num position error to 1/100 of a volt
(8 ANl counts)
PSET5, 5 Set current position as absolute position 5
SFB3, 3 ; Select LDT feedback for start of nmain program
END ; End definition of PWRUP program
STARTP PWRUP  ; Assign PWRUP as the startup programto be autonatically

; executed on power up or RESET
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Target Zone Mode (Move Completion Criteria)

Under default operation (Target Zone Mode
not enabled), the 6000 product's move
completion criteriais simply derived from
the move trgjectory. The 6000 product
considersthe current preset moveto be

Move is actually
Completed

Commanded

Position

" Actual
Time

complete when the commanded trgjectory has [Whenthe Target Zone Mode
reached the desired target position; after that, Is notenabled, the move is
subsequent commands/moves can be oW D Scbiiad Vs can

executed for that same axis. Consequently,
the next move or external operation can

begin before the actual position has settled /Comman e / Aotal
to the commanded position (see diagram). e

NOTE To prevent premature command execution before the actual position settles into the
Stepper products may use commanded position, use the Target Zone Mode. In this mode, enabled with the STRGTE
e [‘;"ggtpze‘ﬁggng?;‘e command, the move cannot be considered complete until the actual position and actual
encoder step mode (ENC1) | Vvelocity are within the target zone (that is, within the distance zone defined by STRGTD and
with encoder feedback. less than or equal to the velocity defined by STRGTV). If the load does not settle into the
target zone before the timeout period set with the STRGTT command, the 6000 product detects

atimeout error (seeillustration below).

Velocity

If the timeout error occurs, you can prevent subsequent command/move execution only if you
enable the ERROR command to continually check for this error condition, and when it occurs
to branch to a programmed response you can define in the ERRORP program. (Refer to the
Error Handling section, page 30, for error program examples.)

As an example, setting the distance zone to £5 counts (STRGTD5), the velocity zone to <0.5
revs/sec (STRGTV@. 5), and the timeout period to 1/2 second (STRGT T5@2), amove with a
distance of 8,000 counts (D8@A2) must end up between position 7,995 and 8,005 and settle
down to <0.5 rps within 500 ms (1/2 second) after the commanded profile is complete.

Damping is critical To ensure that a move settles within the distance zone, it must be damped to the point that it
will not move out of the zone in an oscillatory manner. This helps ensure the actual velocity
falls within the target velocity zone set with the STRGTV command (see illustration below).

Failed Move Completion Successful Move Completion
STRGID STRGID
(Distance Zone) (Distance Zone)
7N\
Commanded Commanded \
5 Move 5 \
= = Move
3 \ Completed 3 \ Completed
o [2
Actual Actual
Time Time
Actual - . - P
T t Of s
. [T stRarT T e | commanaea Al " sTRGIT
g (Timeout Period) 'g (Timeout Period)
g - g
Ci ded
STRGTV ommande STRGTV
(Velocity Zone) (Velocity Zone)
L - Time L Time

TSTLT
(Actual Settling Time)

Checking the Checking the Actual Settling Time: Using the TSTLT command, you can display the actual

Settling Time time it took the last move to settle into the target zone (that is, within the distance zone
defined by STRGTD and less than or equa to the velocity defined by STRGTV). The reported
value represents milliseconds. This command is usable whether or not the Target
Zone Settling Mode is enabled with the STRGTE command.
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Programmable Inputs and Outputs (including triggers and auxiliary outputs)

Programmabl e inputs and outputs allow the controller to detect and respond to the state of
switches, thumbwheels, electronic sensors, and outputs of other equipment such as drives and
PLCs. Based on the state of the inputs and outputs, read with the[ | N] and [ OQUT]
commands, the controller can make program flow decisions and assign values to binary
variables for subsequent mathematical operations. These operations and the associated
program flow, branching, and variable commands are listed below.

Operation based on I/O State Associated Commands See Also*

I/O state assigned to a binary variable [IN,[QUT], VARB Variables
(Chapter 1, page 22)

I/O state used as a basis for comparison [ | N, [ QUT], | F, ELSE, Program Flow Control
in conditional branching & looping N F. REPEAT. UNTI L (Chapter 1, page 25)

statements WAl T VH LE, \MH LE

Input state used as a basis for a [N, GOMEN Synchronizing Motion
conditional GO (Chapter 5, page 187)
I/O state used as a basis foraprogram  ON N Program Interrupts
interrupt (GOSUB) conditional statement (Chapter 1, page 29)

* Refer also to the respective command descriptions in the 6000 Series Software Reference.

CHECKING 1/0O STATUS: Asdiscussed below, you can program and check the status of
each input and output with the | NFNC and OUTFNC commands, respectively. To receivea
binary report of the state (on or off) of the I/O, use the TI N command (inputs) or the TOUT
command (outputs); the reports are in the format are identified in the 1/0 bit pattern table below.

DEFINE 1/O ACTIVE LEVELS: Many people refer to a voltage level when referencing
the state of programmable inputs and outputs. Using the | NLVL and OQUTLVL commands,
you can define the logic levels of al the programmable inputs and outputs (general-purpose
I/O, plustrigger inputs and auxiliary outputs) as positive or negative. The product defaultsto
an input/output level of @ volts asits active level (referred to as “active low”); thus, a“1” will
appear in a status command referencing an input/output state when the voltage level is @ volts
(e.g., if the device driving input #1 on axis 1 is on (sinking current) the 1Tl N. 1 status
command will report * 1).

/0 UPDATE RATE: The programmable inputs and outputs are sampled at the “system
updaterate.” The update rate for steppersis2 ms. The update rate for servosis determined by
the | NDAX and SSFR command settings (see table in SSFR command description).
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Programmable I/O Bit Patterns

The total number of inputs and outputs, including trigger inputs and auxiliary outputs, varies
from one 6000 Series product to another. Consequently, the bit patterns for the programmable

inputs and outputs also vary by product. For example, for the AT6400 the TRG-A trigger

I/O specifications are . . . . .
provided ,‘,’, your products  INput is represented by programmable input bit #25, but for the ZETA6104 the TRG-A trigger
installation guide.  input is bit #17. Bit numbers are referenced in commands like WAI T( 1 N. 13=b1) , which
means wait until programmable input #13 becomes active. To ascertain your product's I/O bit
patterns, refer to table below.
Product Programmable Input Pattern Programmable Output Pattern
AT6200 1 26 1 24
bbbbbbbbbbbbbbbbbbbbbbbbbb bbbbbbbbbbbbbbbbbbbbbbbb
24 general-purpose J triggers 24 general-purpose J
inputs (TRG-A & TRG-B) outputs
AT6400 1 28 1 24
bbbbbbbbbbbbbbbbbbbbbbbbbbbb bbbbbbbbbbbbbbbbbbbbbbbb
24 general-purpose J triggers J 24 general-purpose J
inputs (TRG-A - TRG-D) outputs
AT6250 1 27 1 27
bbbbbbbbbbbbbbbbbbbbbbbbbbb bbbbbbbbbbbbbbbbbbbbbbbbbbb
24 general-purpose J triggers 24 general-purpose J auxiliary outputs
inputs (TRG-A - TRG-C) outputs (OUT-A - OUT-C)
AT6450 1 28 1 28
bbbbbbbbbbbbbbbbbbbbbbbbbbbb bbbbbbbbbbbbbbbbbbbbbbbbbbbb
24 general-purpose J triggers J 24 general-purpose J auxiliary outputs J
inputs (TRG-A - TRG-D) outputs (OUT-A - OUT-D)
610n Series & 1 18 1 9
615n Series bbbbbbbbbbbbbbbbbb bbbbbbbbp
16 general-purpose J triggers 8 general-purpose
inputs (TRG-A & TRG-B) outputs
auxiliary output (OUT-A)
620n Series, 1 26 1 26
6270 bbbbbbbbbbbbbbbbbbbbbbbbbb bbbbbbbbbbbbbbbbbbbbbbbbbb
24 general-purpose J triggers 24 general-purpose J auxiliary outputs
inputs (TRG-A & TRG-B) outputs (OUT-A & OUT-B)
625n Series 1 27 1 26
bbbbbbbbbbbbbbbbbbbbbbbbbbb bbbbbbbbbbbbbbbbbbbbbbbbbb
24 general-purpose J triggers 24 general-purpose J auxiliary outputs
inputs (TRG-A - TRG-C) outputs (OUT-A & OUT-B)
OEM-AT6400 1 10 1 4
bbbbbbbbbb bbbb
6 general-purpose inputs 4 general-purpose
triggers (TRG-A - TRG-D) outputs
OEM6200 1 18 1 8
bbbbbbbbbbbbbbbbbb bbbbbbbb
16 general-purpose J triggers 8 general-purpose
inputs (TRG-A & TRG-B) outputs
OEM6250 1 18 1 10
bbbbbbbbbbbbbbbbbb bbbbbbbbbb
16 general-pu_rpose J triggers 8 general-purpose outputs
inputs (TRG-A & TRG-B) auxiliary outputs (OUT-A & OUT-B)

Servo Products Only:
*

I NEN command has no effect on trigger inputs when they are configured as Trigger Interrupt inputs with the | NFNG - Hcommand.

** QUTEN command has no effect on auxiliary outputs when they are configured as Output-on-Position outputs with the QUTFNG - Hcommand.
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Input Functions

Theinput functions are assigned with the | NFNCi - <a>c command. The“i ” represents the
number of the input bit (see bit pattern table on page 107). The “<a>" represents the number
of the axis, if required. The“c” represents the letter designator of the function, A through Q
(seelist below). For example, the | NFNC5- 2D command configures output #5 to function
as a stop input, stopping motion on axis #2 when activated.

NOTE

To activate the function of an input with the | NFNC command, you must first enable the input
functions with the | NFENL command. Because the | NFEN1 command also enables the drive
fault input, you should verify the fault active level (DRFLVL) is set properly.

Letter Designator  Function
A No Function (default)
BCD Program Select
Kill
Stop
Pause/Continue
User Fault
<RESERVED>
Trigger Interrupt for position capture or registration (trigger inputs only) *
Interrupt to PC-AT (bus-based controllers only)
Jog+ (positive direction)
Jog- (negative direction)
Jog Speed Select
<RESERVED>
Program Select
Program Security

£
TOrX“e - IQ@TMMOUO®

O

* Special trigger functions can be assigned with the TRG-N command (see page ___for details).

Input Status As shown below, you can use the | NFNC command to define and check the current function
and state (on or off) of one or all theinputs. The TI N command also reports the inputs' state,
but in a binary format (see bit pattern table on page 107). The TSTAT command also reports
the inputs' functions (by letter designator) and their current state (see page 232).

To use the state of the inputs as a basis for conditional statements (I F, REPEAT, WHI LE,
GONHEN, etc.), usethe I N assignment/comparison operator (refer to the Conditional Looping
and Branching section on page 24, and Synchronizing Motion on page 186).

Code Command Description
Examples INFNC.........ceee. Query status of all inputs; response indicating default conditions is:
*1 NFNC1- A NO FUNCTI ON | NPUT - STATUS OFF
*1 NFNC2- A NO FUNCTI ON | NPUT - STATUS OFF
(response continues until all programmable inputs are reported)

INFNCL ............. Query status of input #1; response indicating default conditions is:
*| NFNC1- A NO FUNCTI ON | NPUT - STATUS CFF

| NFNC1-D.......... Change input #1 to function as a Stop input

INFNCL ............. Query status of input #1; response should be now be:
*I NFNC1- D STCP | NPUT - STATUS CFF

TIN Query binary status report of all inputs;
response indicating default conditions for AT6400 is:
*T1 NOOOO_0000_0000_0000_0000_0000_0000

I F(I'N 8=b1) ..... IF statement that evaluates true when input #8 is active
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Input Debounce Usingthe Input Debounce Time (I NDEB) command, you can change the input debounce time
Time for al genera -purpose inputs (one debounce time for al), or you can assign a unique debounce
time to each of the 2 trigger inputs.

General-Purpose Input Debounce: The input debounce time for the 24 general-
purpose inputs is the period of time that the input must be held in a certain state
before the controller recognizesit. This directly affectsthe rate at which the inputs
can change state and be recogni zed.

Trigger Input Debounce: For trigger inputs, the debounce time is the time required
between atrigger'sinitia active transition and its secondary active transition. This
allows rapid recognition of atrigger, but prevents subsequent bouncing of the input
from causing a false position capture.

Triggers: Non-debounced state used for conditional statements

If you use the ONI Ncommand or if you use the status of programmable inputs

(I N comparison operator) as the condition for an | F, GOMEN, or WAl T statement
(e.g., I F(I'N. 3=b1)), itis the non-debounced state that is recognized.
Therefore, rapid transitions as fast as one system update period (2 ms for
steppers, see SSFR table for servos) will be noticed by these statements.

The | NDEB command syntax is| NDEB<i >, <i >. Thefirst <i > isthe input number (see
page 107 for input bit assignments) and the second <i > is the debounce time in even
increments of milliseconds (ms). The debounce time range is 1-250 ms. The default
debounce time is 4 msfor the general-purpose inputs, and 24 ms (servos) or 50 ms (steppers)
for the trigger inputs.

If thefirst <i > isin the range corresponding to general-purpose inputs (e.g., input numbers
1-24 for the AT6400), the specified debounce time is assigned to all general-purposeinputs. If
thefirst <i > isin the range corresponding to the trigger inputs (e.g., input numbers 25-28 for
the AT6400), the specified debounce is assigned only to the specified trigger input. For
example (AT6400), the | NDEB5, 6 command assigns a debounce time of 6 msto all 24
genera-purpose inputs. The | NDEB26, 12 command assigns a debounce time of 12 ms only
to input #26, which istrigger B (TRG-B).

No Function When an input is defined as a No Function input (default function), the input is used as a standard
(I NFNG - A) input. You can then use this input to synchronize or trigger program events.
Example DEL progl ; Precaution: Delete a programbefore defining it

DEF progl ; Begin definition of program progl

| NFENL ; Enabl e input functions

I NFNC1- A ; No function for input 1

I NFNC2- A ; No function for input 2

I NFNC3- D ; Input 3 is a stop input

A10 ; Set acceleration

V10 ; Set velocity

06 ; Set distance

WA T( 1 N=b1XX) ; Vit for input 1

QL  Initiate notion

| F(I N=bX1) . If input 2

1TFB ; Transfer feedback device position for axis 1

N F ; BEnd | F statenent

END ; End definition of program progl
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BCD Program

Select
(I NFNG - B)

110

Example

[J

The number in front
of each program
name is the BCD
weight required to
execute the program.

Genera -purpose inputs (not trigger inputs) can be defined as BCD Input # BCD Weight

program select inputs. This allows you to execute defined programs | Input1 1
(DEF command) by activating the program select inputs. Program Input 2 2
select inputs are assigned BCD weights. The table to the right :223:431 g
shows the BCD weights of the controller's inputs when inputs 1-8 Input 5 10
are configured as program select inputs. The inputs are weighted Input 6 20
with the least weight on the smallest numbered input. Input 7 40
Input 8 80

If inputs 6, 9, 10 and 13 are selected instead of inputs 5, 6, 7 and 8, then the weights would be
asfollows: Input#6 = 10

Input#9 = 20

Input #10 = 40

Input #13 = 80

If, for example you defined 100 programs, a maximum of 8 inputs are required to select all
possible programs.

The program number is determined by the order in which the program was downloaded to the
controller. The program number can be obtained through the TDI R command (see
programming example below) — The number in front of each program name isthe BCD
weight you need to achieve in order to execute the program.

If the inputs are configured as in the above table, activating inputs 2 and 3 will execute program
#6. Activating inputs 1, 4, and 6 will execute program #29.

To execute programs using the program select lines, enable the | NSELP command. Once
enabled, the controller will continuoudly scan the input lines and execute the program selected
by the active program select lines. To disable scanning for program select inputs, enter

I'l NSELP@or place | NSELP@in a program that can be selected.

Once enabled (I NSELP1), the controller will run the program number that the active program
select inputs and their respective BCD weights represent. After executing and completing the
selected program, the controller will scan the inputs again. If aprogram is selected that has
not been defined, no program will be executed.

The | NSELP command also determines how long the program select input must be
maintained before the controller executes the program. This delay is referred to as debounce
time (but is not affected by the | NDEB setting). The examples demonstrate how to select
programs via inputs.

RESET ; Return controller to power-up conditions

ERASE ; Erase all prograns

DEF PROGL ; Begin definition of program PROGL

TPE ; Transfer position of encoders

END ; End program

DEF PRO® ; Begin definition of program PROX

TREV ; Transfer software revision

END ; End program

DEF PROE ; Begin definition of program PROR

TSTAT ; Transfer statistics

END ; End program

| NFNC1- B ; Assign input 1 as a BCD program sel ect input

| NFNC2- B ; Assign input 2 as a BCD program sel ect input

| NFENL ; Enabl e i nput functions

I NSELP1, 50 ; Enable scanning inputs, |evels nust be maintained for 50ns
TD R ; Display nunber and name of prograns stored in nemory

; response fromTD R should be simlar to follow ng:

; *1 - PROGL USES 6 BYTES

; *2 - PRO® USES 18 BYTES

; *3 - PROX USES 99 BYTES

; *32877 COF 33000 BYTES (98% PROGRAM MEMCRY RENVAI N NG
; *500 CGF 500 SEGMENTS (100% COWPlI LED MEMCRY RENVAI NI NG

Y ou can now execute the programs by activating the correct combination of inputs:
 Activate input 1 (BCD weight of 1) to execute program #1 (PROGL)
« Activate input 2 (BCD weight of 2) to execute program #2 (PROR2)
« Activateinputs 1 & 2 (BCD weight of 3) to execute program #3 (PROG3)
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Kill
(I NFNGI - ©)

Disabling the Drive on
a Kill (Servos Only)

Stop
(INFNG - D)

If error-checking bit
#8 is enabled (e.g.,
ERROR. 8- 1), then a
stop input will cause a
branch to the error
program (for more
information, see Error
Handling on page 30).

Pause/Continue
(I NFNG - E)

An input defined as a Kill input will stop motion on all axes, the program currently in
progress will aso be terminated, the commands currently in the command buffer will be
eliminated, and the drive will be |eft in the enabled state (DRI VE1111).

Servos.  Motion is stopped at the rate set with the hard limit (LHAD& LHADA) commands.

Steppers. Motion is stopped with no deceleration ramp (CAUTION: Because thereis no
deceleration ramp, the motor may stall, or the drive may fault, possibly causing
the load to free wheel—no control from the drive).

If the kill input goes active, and if error-checking bit 6 is set (ERRORxxxxx1), the error status
will be reported by bit 6 of the TERF, TER and ER commands and the error program (ERRORP)
will be executed to respond to the error condition (see page 30 for more on error programming).

If your application requires you to disable (shut down or de-energize) the drivein aKill
situation, set the controller to the Disable Drive on Kill mode with the KDRI VE1 command.
In this mode, akill command or kill input will shut down the valve or drive immediately. If
you are using a drive, the shutdown outputs are activated and the motor/load will then be
allowed to free wheel (without control from the drive) to astop. If you are using a hydraulic
valve, the kill will set the command output to zero, causing the valve to return immediately
to the neutral (null) position and hold the load at that position. To re-enable the valve or
drive, issuethe DRI VE1111 command to that axis.

An input defined as a Stop input will stop motion on any one or all axes. Deceleration is
controlled by the programmed AD/ADA deceleration ramp. After the Stop input is received,
further program execution is dependent upon the COVEXS command setting:

COVEXS@  Upon receiving a stop input, motion will stop, program execution will be
terminated, and every command in the buffer will be discarded (exception: an
axis-specific stop input will not dump the command buffer).

COMEXSL: Upon receiving a stop input, motion will stop, program execution will pause, and
all commands following the command currently being executed will remain in the
command buffer (but the move in progress will not be saved).

Y ou can resume program execution (but not the move in progress) by issuing an
immediate Continue (! C) command or by activating a pause/resume input (i.e., a
genera-purpose input configured as a pause/continue input with thel NFNCi - E
command—see below). You cannot resume program execution while the move in
progressis decelerating.

COMEXS2: Upon receiving a stop input, motion will stop, program execution will be
terminated, but the | NSELP valueisretained. Thisallows external program
selection, viainputs defined with the | NFNCi - B or | NFNGi - aP commands, to
continue.

An input defined as a Pause/Continue input will affect motion and program execution
depending on the COVEXR command setting, as described below. In both cases, when the
input is activated, the current command being processed will be allowed to finish executing
before the program is paused.

COVEXR@Z  Upon receiving a pause input, only program execution will be paused; any motion
in progress will continue to its predetermined destination. Releasing the pause
input or issuing a! C command will resume program execution.

COMEXRL: Upon receiving a pause input, both motion and program execution will be paused;
the motion stop function is used to halt motion. Releasing the pause input or
issuing a! C command will resume motion and program execution. You cannot
resume program execution while the move in progressis decelerating.
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User Fault Aninput defined as a User Fault input acts as an immediate Kill (! K) command, stopping

(I NFNG - F) motion on all axes and terminating program execution. If error-checking bit #7 is enabled
(e.g., ERROR. 7- 1), then a user fault input will cause a branch to the ERRORP error program
(for more information, see Error Handling on page 30) and the occurrence of a user fault input
will be reported by error bit #7 (see TERF, TER and ER commands).

Servos.  Motion is stopped at the rate set with the hard limit (LHAD& LHADA)
commands.

Steppers: Motion is stopped with no deceleration ramp (CAUTION: Because there is no
deceleration ramp, the motor may stall, or the drive may fault, possibly causing
the load to free wheel—no control from the drive).

Trigger Interrupt  Any trigger input may be defined as a Trigger Interrupt input and can be used for these functions:

(1NFNGE - H « Position Capture (see below)

* Specid trigger functions assigned with the TRGFN command (see bel ow)
* Registration (see discussion on page 182)

NOTE: i i 1 i i -
When configured as The Trigger Interrupt function can be assigned only to the trigger inputs (not to the genera

Trigger Interrupts, the ~ PUrpose inputs). For example, if your controller has 4 trigger inputs represented by input

triggers cannot be numbers 25-28 (input bit assignments vary by product — see page 107), to assign the interrupt
gﬁg%tleed(%téﬁ)'”p”t function to all 4 triggers, you would program the inputs as follows:
command.

« Positions captured only by trigger A: assign function with | NFNC25- H
« Positions captured only by trigger B: assign function with | NFNC26- H
« Positions captured only by trigger C: assign function with | NFNC27- H
« Positions captured only by trigger D: assign function with | NFNC28- H

Trigger Input Debounce

The trigger interrupt input is debounced for 24 ms (servos) or 50 ms (steppers) before another
input on the same trigger is recognized. If your application requires a shorter debounce time,
you can change it with the | NDEB command (refer to Input Debounce Time on page 109).

Position Capture Certain applications (such as coordinate measurement machines) require latching the current
position upon receiving an input. When atrigger input defined as a trigger interrupt input is
activated, the commanded position (motor position for steppers) and the position of all feedback
deviceson all axes are captured at onetime. The position information is stored in registers and
isavailable at the next system update through the use of transfer and assignment/comparison
commands (see table below).

Captured Transfer Assignment/Comparison
Information Command Command

Motor Position (steppers only) TPCM PCM

Commanded Position (servos only) TPCC PCC

Encoder Position * TPCE PCE

Resolver Position ** TPCEA PCEA

ANI Position (servos with ANI only) TPCA PCA

ANI Voltage (servos with ANI only) TCA CA

LDT Position TPCL PCL

* 615n: Encoder position is captured by trigger B and reported with the TPCEB and PCEB commands.
** 615n: Resolver position is captured by trigger A and reported with the TPCEA and PCEA commands.
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Trigger Functions

Position Capture Accuracy

Servos: If you are capturing the position/value of a feedback source (encoder, ANI, LDT)
that is currently selected with the SFB command, the position capture accuracy
is +50 ps ocurrent velocity.

If you are capturing the position of a device that is not selected with the SFB
command, the last sampled position is simply stored as the captured position.

Exceptions:

» The captured commanded position is always interpolated from the last
sampled position (of the feedback device selected with the SFB command)
and the position error, and the time elapsed since the last sample.

* Regardless of the SFB selection, one encoder position is latched in
hardware within +1 encoder count (at max. encoder frequency) after its
dedicated trigger input is activated (see table below). Triggers A-D are
dedicated to encoders 1-4, respectively. This encoder capture
method offers the highest accuracy.

Encoder AT6250 AT6450 615n * 625n 6270 OEM6250
Encoder #1 TRG-A TRG-A TRG-A TRG-A TRG-A TRG-A
Encoder #2 TRG-B TRG-B TRG-B TRG-B na TRG-B
Encoder #3 TRG-C TRG-C na TRG-C na na
Encoder #4 n/a TRG-D n/a n/a n/a n/a

* 615n: TRG-A captures the internal resolver and TRG-B captures the external encoder.

Steppers: Thereis atime delay of up to 50 ps between activating the trigger interrupt input
and capturing the position; therefore, the accuracy of the captured position is
equal to 50 ps multiplied by the velocity of the axis at the time the input was
activated.

System status bits #25 through #28, reported with the TSSF, TSS and SS commands, are set
to 1 when the positions have been captured on trigger inputs A through D, respectively. As
soon as the captured information is transferred or assigned/compared (see command list above),
the respective system status bit is cleared, but the information is still available from the
register until it is overwritten by a new latch from the trigger input.

Captured values are offset by the PSET command. If scaling is enabled (SCALEL), the
captured values are scaled by the programmed SCLD value.

The Trigger Functions command (TRGFN) allows you to assign additional functions to trigger
inputs that have been defined as trigger interrupt inputs (I NFNCi - H):

In the TRG-N command syntax, each field of 8 enable bitsisfor one axis. The“c” inthefirst
datafield isfor specifying the trigger input (TRG-A through TRG-D). There are two possible
functions, corresponding to the first 2 enable bits in the syntax—the other 6 enable bits per
axisarereserved (“1” enablesthe function, “@' disables the function, “x” leaves the function
bit unchanged):
Axis 1 Axis 2 Axis 3
TRGFNc 'bbbbbbbb' bbbbbbbb' bbbbbbbb'

reserved
FMCNEWFunction (see description below)
GOMENFunction (see description below)
Trigger Letter (“A” for TRG-A, “B’ for TRG-B, etc.)

GOVWHEN Function: (TRGFNc 1xxxxxXx) Suspends execution of the next move until the
specified trigger input (c) goes active. If you need execution to be
triggered by other factors (e.g., master position, encoder position, etc.)
use the GONHEN command. Refer to page 186 or to the GONHEN
command description for additional details. Axis status bit #26 (reported
with TASF, TAS, or AS) is set to one (1) when there is a pending
GOWHEN condition initiated by a TRGFNc 1xxxxxx command; this bit
is cleared when the trigger is activated or when a stop or kill command is
issued.
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Sample
6000 Code

Registration

Interruptto PCAT
(I NFNGi - 1)

Bus-based Products
Only

[

DIP switch settings are
provided in the product's
installation guide.

Jogging the
Motor

(I NFNG - aJ)

(I NFNG - aK)
(INFNG - aL)

FMCNEWFunction: (TRGFNcx1xxxxx) Allows anew Following master cycle to begin
when the specified trigger input (c) goes active. For additional details on
master cycles, refer to page 208 or to the FMCNEWcommand description.

These trigger functions are cleared once the function is complete. To use the trigger to perform a
GOWHEN function again, the TRGFN command must be given again.

| NFNC26- H ; Assign trigger B (TRGB) on the AT6400 (input #26) to
; function as a trigger interrupt input.

TRGFNBx1xxxxxx 1 ; Wen trigger “B’ (TRGB) goes active, axis 1 wll
; begin a new master cycle and axis 2 will execute the
; nmove commanded with the GO comand.

a1 ; The nove on axis 2 is commanded, but will not execute
;until TRG B becones acti ve.

If registration is enabled (with the RE command), activating a trigger interrupt input will initiate
registration move(s) defined with the REG command.

Refer to page 182 for details on the Registration feature.

An input specified as an Interrupt to PC -AT input will interrupt the PC-AT when the input
goes active, if bit 27 of the hardware interrupt enable (I NTHW command is enabled. For the
interrupt to be received by the PC-AT itself, one of the 8 interrupt DIP switches (S2) on the
controller card must be enabled. Once the input has been activated, the interrupt will activate.

It isthe responsibility of the corresponding interrupt service routine to determine the cause of
the interrupt. The cause of the interrupt can be determined by reading the interrupt status from
the fast status area (see page 43), or by using the TI NT command. If the cause of the
interrupt was an input, bit 27 of the interrupt status will be set.

In some applications, you may want to manually move (jog) the load. The jog modeis
enabled with the JOG command. Y ou can configure the jog functions with these | NFNC
commands:

I NFNGi - aJ..... Jog in the positive counting direction when the input is active, stop
when the input is inactive.

I NFNGi - aK..... Jog in the negative counting direction when the input is active, stop
when the input is inactive.

I NFNGCi - aL..... Select the high (JOGVH) or low (JOGVL) velocity setting for jog
motion. Activating the input selects high velocity, deactivating the
input selects low velocity.

Thejog profile is defined with these commands listed below. NOTE: If scaling is enabled
(SCALEL) the velocity is scaled by SCLV and accel/decel is scaled by SCLA.

JOGVH............. High velocity range for jogging. The high velocity is used when the
jogging speed-select input (configured with | NFNGi - al) is active.
JOGVL............. Low velocity range for jogging. The low velocity is used when the

jogging speed-select input (configured with | NFNCi - al) isinactive.
JOGA.....cco. Jog acceleration

JOGAA............. Jog acceleration (s-curve profile)
JOGAD............. Jog deceleration
JOGADA........... Jog deceleration (s-curve profile)
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Once you set up the jog functions and move profile, you can attach a switch to the designated
jog inputs and perform jogging. (Jog motion will not occur unless Jog Mode is enabled with
the JOG command.) The example below shows you how to define a program to set up jogging.

Example Step1 Define program for jog setup:
DEF progl ; Begin definition of program progl
SCALEO D sabl e scal i ng
JOGA25 Set jog acceleration to 25

JOGAD25 ; Set jog deceleration to 25

JOGWL. 5 Sets | owspeed jog velocity to 0.5

JOGWHS Sets high-speed jog velocity to 5

I NFENL Enabl e i nput functions

I NFNCL- 1J ; Sets input 1 as a positive-direction jog input
I NFNC2- 1K ; Sets input 2 as a negative-direction jog input
I NFNC3- 1L ; Sets input 3 as a speed-sel ect input

Jaal ; Enable Jog function for axis 1

END ; End programdefinition

Step2  Download and run the pr ogl program.

Step3 Activate input 1 to move the load in the positive direction at a velocity of 0.5 units/sec (until
input 1 is released).

Step4  Activate input 2 to move the load in the negative direction at a velocity of 0.5 units/sec (until
input 2 is released).

Step5 Activate input 3 to switch to high-speed jogging.
Step6 Repest steps 3 and 4 to perform high-speed jogging at the JOGVH value (5 rps).

One-to-One Inputs can be defined as One-to-One Program Select inputs (I NFNC - i P). Thisallows
Program Select programs defined by the DEF command to be executed by activating an input. Different from
(I NENG -i P) BCD Program Select inputs, One-to-One Program Select inputs correspond directly to a

specific program number. The program number is determined by the order in which the
program was downloaded to the controller. The program number can be obtained with the
TDI R command—the number noted before the program name is to be used in the second
variable of the | NFNCi - i P definition (see programming example below).

To execute programs using the program select lines, enable one-to-one program selection

(I NSELP2). Once enabled, the controller will continuously scan the input lines and execute
the program selected by the active program select line. To disable scanning of the program
select lines, enter ! | NSELPG, or place | NSELP@in a program that can be selected.

Example RESET ; Return controller to power-up default conditions
DEF proga ; Begin definition of program proga
TFB ; Transfer position of feedback devices
END ; End program
DEF progb ; Begin definition of program progb
TREV ; Transfer software revision
END ; End program
DEF progc ; Begin definition of program progc
TSTAT ; Transfer statistics
END ; End program
TD R ; Response shoul d show *1 - PROGA USES 36 BYTES

; *2 - PROEB USES 70 BYTES
; *3 - PROGC USES 133 BYTES

I NFNC4- 1P ; Input 4 will select proga

I NFNC5- 2P ; Input 5 will select progb

I NFNG6- 3P ; Input 6 will select progc

I NFENL ; Enabl e input functions

INSELP2,50 ; Enabl e scanning of inputs with a strobe time of 50 ns

Y ou can now execute programs by making a contact closure from an input to ground to
activate the input:

 Activate input #4 to execute program #1 (pr oga)

 Activate input #5 to execute program #2 (pr ogb)

 Activate input #6 to execute program #3 (pr ogc)
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Program

Security
(INFNG -Q

Output Functions

Issuing the | NFNCi - Qcommand enables the Program Security feature and assigns the
Program Access function to the specified programmable input.

The program security feature denies you access to the DEF, DEL, ERASE, MEMORY, and

I NFNC commands until you activate the program access input. Being denied access to these
commands effectively restricts altering the user memory alocation. If you try to use these
commands when program security is active (program access input is not activated), you will
receive the error message * ACCESS DEN ED.

For example, once you issue the | NFNC22- Q command, input #22 is assigned the program
access function and access to the DEF, DEL, ERASE, MEMORY, and | NFNC commands will be
denied until you activate input #22.

To regain access to the DEF, DEL, ERASE, MEMORY, or | NFNC commands without the use of
the program access input, you must issue the | NFENZ command to disable programmable
input functions, make the desired command changes, and then issue the | NFEN1 command to
re-enable the programmable input functions.

Stand-alone products: The | NFNCi - Qcommand is not saved in battery-backed RAM, so you
may want to put it in the start-up program (STARTP).

Y ou can turn the controller's programmabl e outputs on and off with the Output (OUT or
QUTALL) commands, or you can use the Output Function (QUTFNC) command to configure
them to activate based on seven different situations.

The output functions are assigned with the OUTFNGI - <a>c command. The“i ” represents the
number of the output bit (see bit pattern table on page 107). The“<a>" represents the number
of the axis and is optional for the B, D, E, and G functions (see list below); when no axis
specifier is given, the output will be activated when the condition occurs on any axis. The“c”
represents the letter designator of the function (A through H). For example, the OQUTFNC5- 2D
command configures general -purpose output #5 to activate when axis #2 encounters a hard or
soft limit.

NOTE

To activate the function of an output with the OQUTFNC command, you must enable the output
functions with the QUTFENL command.

Letter Designator Function Servo Stepper
Products  Products
A Programmable Output (default function) ad d
B Moving/Not Moving (or In Position) O O
C Program in Progress g O
D End-of-Travel Limit Encountered O O
E Stall Indicator n/a O
F Fault Indicator (indicates drive fault input or O O
user fault input is active)
G Position Error Exceeds Max. Limit O n/a
H Output on Position (auxiliary outputs only) O n/a
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Output Status

Code
Examples

Programmable

Output
(QUTFNO - A)

Moving/
Not Moving

(In Position)
(QUTFNO - <a>B)

Example

As shown below, you can use the OUTFNC command to determine the current function and
state (on or off) of one or all the outputs. The TOUT command also reports the outputs' state,
but in a binary format (see bit pattern table on page 107). The TSTAT command also reports
the outputs functions (by letter designator) and their current state (see page 232).

Command Response
OUTFNC........... Query the status of all outputs:
*QUTENCL- A PROGRAMVABLE QUTPUT - STATUS CFF
*QUTENC2- F FAULT QUTPUT - STATUS CFF
(response continues until all programmable outputs are reported)
QUTENCL .......... Query the assigned function and current status of output #1:

* QUTFNCL- A PROGRAMVABLE QUTPUT - STATUS CFF
QUTFNCL- C......Change output #1 to function as a Program in Progress output

QUTFNCL......... Query the status of output #1; response should be now be:
* QUTFNCL- C PROGRAM | N PROGRESS QUTPUT - STATUS COFF

TAJT ..o Query binary status report of all outputs (for AT6400):
*TQJTO000_0000_0000_0000_0000_0000_0000

The default function for the outputs is Programmable. As such, the output is used as a
standard output, turning it on or off with the OUT or OUTALL commands to affect processes
external to the controller. To view the state of the outputs, use the TOUT command. To use
the state of the outputs as a basis for conditional branching or looping statements (I F,
REPEAT, WHI LE, etc.), usethe[ OUT ] command (refer to the Conditional Looping and
Branching section, page 25, for details).

When assigned the Moving/Not Moving function, the output will activate when the axisis
commanded to move. As soon as the move is completed, the output will change to the
opposite state.

If the target zone mode is enabled (STRGTEL), the output will not change state until the move
completion criteria set with the STRGTD and STRGTV commands has been met. (For more
information, refer to the Target Zone section on page 105, or refer to the Servo Tuner User
Guide.) In this manner, the Moving/Not Moving output functions as an In Position output.

The code example below defines output 1 and output 2 as Programmable outputs and output 3
as a Moving/Not Moving output. Before the motor moves 4,000 steps, output 1 turns on and
output 2 turns off. These outputs remain in this state until the move is completed, then output
1 turns off and output 2 turns on. While the motor/load is moving, output 3 remains on.

SCALEO ; Disable scaling

M0 ; Sets axis 1 to preset positioning node
MAO ; Select increnental positioning node
A10 ; Sets axis 1 acceleration to 10

\5 ; Sets axis 1 velocity to 5

D4000 ; Sets axis 1 distance to 4,000 steps
QUTFENL ; Enabl e out put functions

QUTFNCL- A ; Sets output 1 as a programmabl e out put
QUTFNC2- A ; Sets output 2 as a programmabl e out put
QUTFNC3- 1B ; Sets output 3 as a axis 1 Myving/ Not Moving out put
Qurio ; Turns output 1 on and output 2 off

coil ; Initiates axis 1 nove

aurol ; Turns output 1 off and output 2 on
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Program in

Progress
(QUTFNG - O

Limit
Encountered
(QUTENG - <a>D)

Stall Indicator
(QUTFNO - <a>E)
Steppers Only

(n/a to OEM-AT6400)

Fault Output
(QUTFNG - F)

Maximum
Position Error

Exceeded
(QJTENG - <a>Q
Servos Only

When assigned the Program in Progress function, the output will activate when a program is
being executed. After the program isfinished, the output's stateis reversed. The action of
executing a program is a so reported with system status bit 3 (see TSSF, TSS and SS
commands).

When assigned the Limit Encountered function, the output will activate when a hard or soft
end-of-travel limit has been encountered.

If ahard or soft limit is encountered, you will not be able to move the motor/load in that same
direction until you clear the limit by changing direction (D) and issuing a GO command. (An
alternative is to disable the limits with the LHZ command, but this is recommended only if
the motor is not coupled to the load.) The event of encountering an end-of-travel limit isaso
reported with axis status bits 15-18 (see TASF, TAS and AS commands, summary on page
233).

When assigned the Sall Indicator function, the output will activate when a stall is detected.
To detect astall, you must first connect an encoder, enable the encoder step mode with the
ENC1 command, enable the position maintenance function with the EPML command, and
enable stall detection with the ESTALL1 command. Refer to Closed-Loop Stepper Setup on
page 95 for further discussion on stall detection.

When assigned the Fault Output function, the output will activate when either the user fault
input or the drive fault input becomes active.

The user fault input is a general-purpose input defined as a user fault input with the
I NFNCi - F command (see page 112).

For the AT6n00, AT6Nn50, 625n, and 6200, the drive fault input is found on the bRIVE
connector, pin #5. Make sure the drive fault active level (DRFLVL) is appropriate for the drive
you are using, and the input functions are enabled (I NFENL). For the packaged
drive/controller products (e.g., 6104, 6152, 6201) the drive fault input is connected internally
and the default DRFLVL and | NFEN1 command values are appropriate to the internal drive(s).
The drive fault input is not available on the OEM-AT6400.

When assigned the Max. Position Error Exceeded function, the output will activate when the
maximum allowable position error, as defined with the SMPER command, is exceeded.

The position error (TPER) is defined as the difference between the commanded position (TPC)
and the actual position as measured by the feedback device (TFB). When the maximum
position error is exceeded (usually due to lagging load, instability, or loss of position
feedback), the controller shuts down the drive and sets error status bit #12 (reported by the
TERF, TER and ER commandsiif bit #12 of the ERROR command is enabled).

NOTE
If the SMPER command is set to zero (SMPER®), the position error will not be monitored; thus,

the Maximum Position Error Exceeded function will not be usable.
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Output on The Output on Position functions are assigned to the axes and corresponding auxiliary outputs:

POSitiQn « For axis 1. Function assigned only to OUT-A (e.g., OUTFNC25- H command for the AT6n50)
(QUTENG - H « For axis 2: Function assigned only to OUT-B (e.g., OUTFNC26- H command for the AT6n50)
Servos Only « For axis 3: Function assigned only to ouT-C (e.g., OUTFNC27- H command for the AT6n50)

 For axis 4. Function assigned only to ouT-D (e.g., OUTFNC28- H command for the AT6450)

The Output On Position feature can be used only with encoder or LDT feedback and is not
operational with ANI feedback.

Not Available For ANI Feedback

The Output on Position parameters are configured with the QUTPA, OQUTPB, OUTPC, and

QUTPD commands:
18t data field (b):

2nd datafield (b):

3d datafield (r ):

4th datafield (i ):

1 enables the output on position function; @ disables the function. If
a subsequent SFB command is executed, the function is disabled.

1 sets the position comparison in the 37 data field (r ) to an
incremental position;

@ sets the position comparison in the 3" data field (r ) to an absolute
position.

Represents the scalable distance with which the actual (encoder)
position isto be compared (distanceis either incremental or absolute,
depending on the setting of the 2nd data field).

Represents the time (in milliseconds) the output is to stay active. If this
datafield is set to & the output will stay active for as long as the actual
distance equals or exceeds the distance specified in the 3™ data field.
(Thisisvalid only for the absolute mode—2"d data field set to @).

If an incremental distance is used for comparison (2" data field set to 1),
the output activates when the actual position is greater than or equal to
the specified distance, and stays active for the specified time.

If an absolute distance is used for comparison (2™ data field set to @),
the output activates when the actual position is greater than or equal to
the specified absolute distance, and stays active for the specified time.

motion occurs.

Output On Position — Only During Motion

The output activates only during motion; thus, issuing a PSET command to set the absolute
position counter to activate the output on position will not turn on the output until the next

Sample Code QUTFENL
for Setup  QUTFNC25- H

QUTFNC26- H

QUTPAL, 0, +40000, 50

; Enabl e programmabl e out put functions

; Define QUT-A (output #25 on AT6n50) as out put on

; position output, axis 1

; Define QUT-B (output #26 on AT6n50) as output on

; position output, axis 2

; Turn on QUT-A for 50 ns when the actual position

; is greater than or equal to absol ute position +40, 000

QUTPBL, 0, +24000, 200 ; Turn on QUT-B for 200 ns when the actual position

; is greater than or equal to absol ute position +24, 000
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Variable Arrays (teaching variable data)

More on variables:
see page 18.

Variable data arrays provide amethod of storing (teaching) variable data and later using the
stored data as a source for motion program parameters. The variable data can be any value that
can be stored in anumeric (VAR) variable (e.g., position, acceleration, velocity, etc). The
variable datais stored into adata program, which isan array of data elements that have a
specific address from which to write and read the variable data. Data programs do not contain
6000 Series commands.

Theinformation below describes the principles of using the data program in a teach-type
application. Following that is an application example in which the joystick is used to teach
position data to be used in a motion program.

Basics of Teach-Data Applications

Initialize a
Data Program

The basic process of using a data program for data teaching applicationsis as follows:
1. Initialize adata program.

2. Teach (store/write) variable data into the data program.

3. Read the data elements from the data program into a motion program.

This is accomplished with the DATSI Z command. The DATSI Z command syntax is
DATSI Zi <, i >. Thefirst integer (i ) represents the number of the data program (1 - 50).
Y ou can create up to 50 separate data programs. The data program is automatically given a
specific program name (DATPi ). The second integer represents the total number of data
elements (up to 6,500) you want in the data program. Upon issuing the DATSI Z command,
the data program is created with all the data elements initialized with avalue of zero.

The data program has atabular structure, where the data elements are stored 4 to aline. Each
line of data elementsis called adata statement. Each element is numbered in sequential order
from left to right (1 - 4) and top to bottom (1 -4, 5- 8, 9 - 12, etc.). You can use the TPROG
DATPi command (“i " represents the number of the data program) to display all the data
elements of the data program.

For example, if you issue the DATSI Z1, 13 command, data program #1 (called DATPL) is
created with 13 data elements initialized to zero. The response to the TPROG DATP1 command
is depicted below. Each line (data statement) begins with DATA=, and each data element is
separated with a comma.

*DATA=+d @ +@8 O +0. O, +D. @
*DATA=+d @ +@ O, +0. O, +D. @
*DATA=+d @ +@ O +0. O, +D. D
*DATA=+d O

Each data statement, comprising four data elements, uses 43 bytes of memory. The memory for
each data statement is subtracted from the memory allocated for user programs (see MEMORY
command).
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Teach the Data
to the Data
Program

Recall the Data
from the Data
Program

The data that you wish to write to the data elements in the data program must first be placed
into numeric variables (VAR). Once the data is stored into numeric variabl es, the data elements
in the data program can be edited by using the Data Pointer (DATPTR) command to move the
data pointer to that element, and then using the Data Teach (DATTCH) command to write the
datum from the numeric variable into the el ement.

When the DATSI Z command isissued, the internal data pointer is automatically positioned to
data element #1. Using the default settings for the DATPTR command, the numeric variable
datais written to the data el ements in sequential order, incrementing one by one. When the last
data element in the data program is written, the data pointer is automatically set to data
element #1 and awarning message (* WARNI NG PO NTER HAS WRAPPED ARCQUND TO
DATA PO NT 1) isdisplayed. The warning message does not interrupt program execution.

The DATPTR command syntax isDATPTRI , i , i . Thefirst integer (i ) represents the data
program number (1 through 50). The second integer represents the number of the data element
to point to (1 through 6500). The third integer represents the number of data elements by
which the pointer will increment after writing each data el ement from the DATTCH command,
or after recalling a data element with the DAT command.

The DATTCH command syntax isDATTCHI <, i , i, i >. Eachinteger (i ) represents the
number of a numeric variable. The value of the numeric variable will be stored into the data
element(s) of the currently active data program (i.e., the program last specified with the last
DATSI Z or DATPTR command). Asindicated by the number of integers in the syntax, the
maximum number of variable values that can be stored in the data program per DATTCH
command is 4. Each successive value from the DATTCH command is stored to the data
program according to the pattern established by the third integer of the DATPTR command.

As an example, suppose data program #1 is configured to hold 13 data elements

(DATSI 71, 13), the data pointer is configured to start at data element #1 and increment 1 data
element after every value stored from the DATTCH command (DATPTR1, 1, 1), and the
values of numeric variables #1 through #3 are already assigned (VAR1=2, VAR2=4,
VAR3=8). If you then enter the DATTCHL, 2, 3 command, the values of VARL through
VARS will be assigned respectively to the first three data elementsin the data program,

leaving the pointer pointing to data element #4. The response to the TPROG DATP1
command would be as follows (the text is highlighted to illustrate the final location of the
data pointer after the DATTCHL, 2, 3 command is executed):

*DATA=2.0, 4.3 8. 0 +0. @
*DATA=+0 O +0 O +@8. O, +d @
*DATA=+0 O, +0 O +@D. B, +D @
*DATA=+2 @

If you had set the DATPTR command to increment 2 data elements after every value from the
DATTCH command (DATPTRL1, 1, 2), the data program would be filled differently and the
data pointer would end up pointing to data element #7:

*DATA=2. G +0. 3 4. G, +8. @
*DATA=8. 0, +0 O +0. @, +3. @
*DATA=+d @ +@ O +0 O, +D. O
*DATA=+@d @

After storing (teaching) your variables to the data program, you can use the DATPTR
command to point to the data elements and the DATi (“i " = data program number) data
assignment command to read the stored variables to your motion program. You cannot recall
more than one data element at a time; therefore, if you want to recall the data in a one-by-one
seguence, the third integer of the DATPTR command must be a 1 (thisis the default setting).
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Summary of Related 6000 Series Commands

A detailed description of each command is provided in the 6000 Series Software
Reference.

DATSI Z..... Establishes the number of data elements a specific data program isto contain. A
new DATPiI program name is automatically generated according to the number of
the dataprogram (i = 1 through 50). The memory required for the data program
is subtracted from the memory allocated for user programs (see MEMORY
command).

DATPTR.....Moves the data pointer to a specific data element in any data program. This
command also establishes the number of data elements by which the pointer
increments after writing each data element from the DATTCH command and after
recalling each data element with the DAT command.

DATTCH..... Stores the variabl e data into the data program specified with the last DATSI Z or
DATPTR command. After the dataiis stored, the data pointer is incremented the
number of times entered in the third integer of the DATPTR command. The data
must first be assigned to a numeric variable before it can be taught to the data

program.

TDPTR....... Responds with a 3-integer statusreport (i , i, i ): First integer isthe number of
the active data program (the program # specified with the last DATSI Z or
DATPTR command); Second integer is the location number of the data element
to which the data pointer is currently pointing; Third integer isthe increment set
with the last DATPTR command.

[ DPTR] ....From the currently active data program, uses the number of the data pointer's
location in anumeric variable assignment operation or a conditional statement
operation.

[ DATPi ] ..Thename of the data program created after issuing the DATSI Z command. The
integer (i ) represents the number of the data program. Data programs can be
deleted just like any other user program (e.g., DEL DATP1).

[ DATi ] ....From the data program specified with i , assigns the numeric value of the data
element (currently pointed to by the data pointer) to a specified variable parameter
in a 6000 series command (e.g., D DAT3) , ( DAT3)).

Teach-Data Application Example
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In this example, 2 axes of a 6000 Series controller are used to move a 2-axis stage. This
example illustrates a common method of teaching a path by using the joystick to move the
load into position, teach the position (triggered by the Joystick Release input), then move to
the next position. Five positions will be taught from each axis (2 axes at one trigger), for a
total of 10 data elements in the data program. After all 10 positions are taught to the data
program, the controller will automatically move both axes to a home position, move to each
position that was taught, and then return to the home position.

For the sake of brevity, this example is limited to teaching 10 position data points; however,
in a typical application, many more points would be taught. Also, it is assumed that end-of-
travel and home limits are wired and a homing move has been programmed.

What follows is a suggested method of programming the controller for this application. To
accomplish the teach application, a program called MAI Nis created, comprising three
subroutines: SETUP (to set up for teaching data to the data program), TEACH (to teach the
positions), and DOPATH (to implement a motion program based on the positions taught).

The joystick operation in this example is based on setting the Joystick Axes Select input (pin
#15 on the Joystick connector) to high to select analog input channels #1 and #2 (pins #1 and
#2) for joystick use, and using the Joystick Release input (pin #17) to trigger the position
teach operation.
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Step 1

Step 2

Step 3

Initialize a Data Program.

DEL DATP1

DATSI 71, 19

Define the SETUP

DEF SETUP
JOYVH3, 3

JOYWL. 2, .2
JOYAXHL, 2

VARL=0
VAR2=0
DRI VEL1
MAL1
END

Del ete data program#1 (DATPl) in preparation for
creating a new data program #1

O eate data program#1 (naned DATP1) with an all ocation
of 10 data elements. Each elenent is initialized to zero.

Subroutine. The SETUP subroutine need only run once.

Begin definition of the subroutine called SETUP
Set the high velocity speed to 3 units/sec
Set the low velocity to 0.2 units/sec

Wien axes select input is set high, apply anal og
input 1 to axis 1
and apply analog input 2 to axis 2

Set variable #1 equal to zero

Set variable #2 equal to zero

Enabl e the drives for both axes

Enabl e the absol ute positioning node for both axes
End definition of the subroutine called SETUP

Define the TEACH Subroutine.

DEF TEACH
HOML1

DATPTRL, 1, 1

REPEAT
JOri11

VARL=1PM
VAR2=2PM
DATTCHL, 2

VA T(I NQ 5=b1)
UNTI L( DPTR=1)

END

Begin definition of the subroutine called TEACH

Horre both axes (absol ute position counter is set to
zero after the hom ng nove)

Sel ect data program#1 (DATPl) as the current active
data program and nove the data pointer to the first
data element. After each DATTCH value is stored to

DATP1, increnent the data pointer by 1 data el enent.

Set up a repeat/until |oop

Enabl e joystick node on both axes. At this point,

you can start noving the axes into position with the
joystick. Wile using the joystick, conmmand processing
is stopped here until you activate the joystick
release input. Activating the joystick rel ease input

di sables the joystick nmode and all ows the subsequent
commands to be executed (assign the current positions
to the variables and then store the positions in the
data progran).

Set variable #1 equal to the position of notor 1
Set variable #2 equal to the position of notor 2

Store variable #1 and variable #2 into consecutive
data el enents. (The first tine through the repeat/until
| oop, variable #1 is stored into data el enent #1 and
variable #2 is stored into data el ement #2. The data
pointer is automatically increnented once after each
data el ement and ends up pointing to the third data
elenent in anticipation of the next DATTCH command.)

Wit for the joystick release input to be de-activated

Repeat the loop until the data pointer waps around
to data el ement #1 (data programfull)

End definition of the subroutine called TEACH
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Step4 Define the DOPATH Subroutine.

Step 5

DEF DCOPATH
HOML1

ASQ 50
V3, 3
DATPTRL, 1, 1

REPEAT
D( DAT1) , ( DAT1)

@11
T.5
UNTI L( DPTR=1)

HOML1
END

Begi n definition of the subroutine called DOPATH

Move both axes to the hone position
(absol ute counters set to zero)

Set up the acceleration
Set up the velocity

Sel ect data program#1 (DATP1) as the current active data
program and set the data pointer to the first data

el enent. Increnment the data pointer one el ement after
every data assignnent with the DAT coomand. |f you want ed
to move only axis 1 down the taught path, you woul d set
the increnent (third integer) to a 2, thus accessing only
the axis 1 stored positions.

Set up a repeat/until |oop

The position of axis 1 and axis 2 are recalled into
t he di stance comand

Move to the position
Wait for 0.5 seconds

Repeat the loop until the data pointer waps around
to data element #1 (all data el ements have been read)

Move both axes back to the hone position
End definition of the subroutine called DOPATH

Define the MAI N Program (Include SETUP, TEACH, and DOPATH).

DEF MAIN
SETUP
TEACH
DCPATH
END

’
1
)
)
)

Begin definition of the programcalled MAIN
Execut e the subroutine called SETUP

Execute the subroutine called TEACH

Execut e the subroutine call ed DOPATH

End definition of the programcalled MAIN

Sep6 Run the MAI N Program and Teach the Positions with the Joystick.

1. Enter the MAI N command to execute the teach application program and set the
joystick's axis select input to high.

2. Usethe joystick to move to the position to be taught.

3. Oncein position, activate the joystick release input to teach the positions. Two
positions (one for each axis) are taught each time you activate the joystick release

input.

4. Repeat steps 2 and 3 for the remaining four teach locations. After triggering the
joystick release input the fifth time, the controller will home the axes, repeat the
path that was taught, and then return both axes to the home position.
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CHAPTER FOUR

User Interface
Options

IN THIS CHAPTER
This chapter explains how to use these user interface options in your application:
IS = AV = (1 = TP 126
» 1/O Device Interface (thumbwheels, PLCS, €C.)........ocouviiiiieiiiiiiiieeieeen, 128
¢ RP240 Remote Operator Panel (stand-alone productsonly) ............ccceceeeunnees 130
o Joydtick Interface (including feedrate override)..........ooveveviieiiiincii e, 138
e ANI Analog Input Interface (servoswith ANI option only) ..........cccvevveeennnne. 142
e Auxiliary analog output for half-axis (servos with ANA output only) ............ 142
e Host Computer TNLEIrface........cuuuriiiiiiiiiiiieeeee e 143
» Graphical User Interface (GUI) development tools.........ccccoooverieniieenninnnenns 144




Safety Features

126

0

Programmed Error-
Handling Responses

The 6000 Product is used to control your system's electrical and mechanical components.
Therefore, you should test your system for safety under all potential conditions. Failure to do

A\

/' WARNING

so can result in damage to equipment and/or serious injury to personnel.

To help ensure a safe operating environment, you should take advantage of the safety features
listed below. These features must not be construed as the only methods of ensuring safety.
See Also refers you to where you can find more in-depth information about the feature (system
connections and/or programming instructions).

Feature Description See Also
Pulse Cut-off The pulse-cut input (P-CUT), found on the product's screw-terminal Product's
Input (steppers | connectors, is provided as an emergency stop input to the controller. The | Installation Guide
only) P-CUT input is not available on the OEM-AT6400 product.
When you open the P-CUT input, with respect to GND, the step pulses
being send out to the drives on all axes are immediately cut off—This
occurs independent of the microprocessor.
Enable Input The enable input (ENBL), found on the product's screw-terminal Product's

(servos only)

connectors, is provided as an emergency stop input to the controller.

When you open the ENBL input, with respect to GND, the analog output
voltage between CMD+ and CMD- is clamped to almost zero, and the
shutdown outputs are activated on all axes. Clamping occurs independent
of the microprocessor and the DSP. (The clamping circuit is also
connected to the watchdog timer; if the controller's microprocessor fails,
the analog output voltage will be clamped.)

Installation Guide

Shutdown The controller uses the shutdown outputs to disable the attached drive ifit | Product's

Outputs detects a problem. Shutdown outputs are not available on the OEM- Installation Guide
AT6400 product.

Drive Fault The drive fault (DFT) inputs, found on the product's screw-terminal Product's

Inputs connectors, allows the drives to tell the controller if they encounter a fault | Installation Guide

condition. When a drive fault occurs, the controller stops motion (at the
rate set with the LHAD command) and terminates program execution. No
drive shutdown will result unless it is initiated with an ERRORP error
program. Drive fault inputs are not available on the OEM-AT6400
product.

End-of-travel End-of-travel limits prevent the load from crashing through mechanical End-of-Travel
Limit Inputs stops, an incident that can damage equipment and injure personnel. Use Limits
hardware or software limits, as your application requires. (page 90)
User Fault Input | Using the | NFNG - F command, you can assign any of the Input Functions
programmable inputs the user fault function. You can then wire the input (page 112)
to activate when an external event, considered a fault by the user, occurs.
Maximum A position error (TPER) is defined as the difference between the Servo Setup
Allowable commanded position (TPC) and the actual position as measured by the (page 99)

Position Error
(servos only)

feedback device (TFB). The maximum allowable position error is set
with the SMPER command. When the maximum allowable position error
is exceeded (usually due to instability or loss of position feedback), the
controller shuts down the drive and sets error status bit #12 (reported by
the TER command).

If SMPERs set to zero (SMPER®D), position error will not be monitored.

When any of the safety features listed above are exercised (e.g., DFT input is activated, etc.), the
controller considersit an error condition. With the exception of the shutdown output
activation, you can enable the ERROR command to check for the error condition, and when it
occurs to branch to an assigned ERRORP program. Refer to Error Handling (page 30) for
further information.
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Options Overview (application examples)

The following are some application examples for the basic user interface options. Y our
application may require any one or combination of these options.

Stand-Alone Interface Options

After defining and storing controller programs, the controller can operate in a stand-alone
fashion. A program stored in the controller may interactively prompt the user for input as part
of the program (input via 1/O switches, thumbwheels, RP240, joystick). A joystick can be
use for situations requiring manual manipulation of the load.

Option Application Example

Programmable I/O Switches, Cut-to-length: Load the stock into the machine, enter the length of the cut on
Thumbwheels the thumbwheels, and activate a programmable input switch to initiate the
(see page 128) predefined cutting process (axis #1). When the stock is cut, a sensor

activates a programmable input to stop the cutting process and the controller
then initiates a predefined program that indexes the stock forward (axis #2)
into position for the next cut.

RP240 Grinding: Program the RP240 function keys to select certain part types, and
for stand-alone products program one function key as a GO button. Select the part you want to grind,
then put the part in the grinding machine and press the GO function key. The

(see page 130) controller will then move the machine according to the predefined program
assigned to the function key selected.

Joystick X-Y scanning/calibration: Enter the joystick mode and use the 2-axis

(see page 138) joystick to position an X-Y table under a microscope to arbitrarily scan

pag different parts of the work piece (e.g., semi-conductor wafer). You can record

certain locations to be used later in a motion process (e.g., for drilling, cutting,
or photographing the work piece). The Variable Arrays section on page 120
provides an example using the joystick to teach positions. (Joystick interface
IS not available for the OEM-AT6400.)

ANI Analog Inputs Injection Molding: Use for feedback from a pressure sensor to maintain

for servos with ANI option constant, programmable force.

(see page 142)

Programmable Logic Controller

The controller's programmable 1/0 may be connected to most PLCs. After defining and
storing controller programs, the PLC typically executes programs, loads data, and manipulates
inputs to the controller. The PLC instructs the controller to perform the motion segment of a
total machine process.

EXAMPLE (X-Y point-to-point): A PLC controls several tools to stack and bore several
steel plates at once. The controller is programmed to move an X-Y tablein a pre-programmed
sequence. The controller moves the load when the inputs are properly configured, signals the
PLC when the load is in position, and waits for the signal to continue to the next position.

Host Computer Interface

A computer may be used to control a motion or machine process. A PC can monitor
processes and orchestrate motion by sending motion commands to the controller or by
executing motion programs already stored in the controller. This control might come from a
BASIC or C program. A BASIC program exampleis provided on page 143.

Custom Graphical User Interfaces (GUIS)

Compumotor provides several tools you can use to create your own custom graphical user
interfaces (GUIs). More detailed descriptions are provided on page 144.

* DLL (dynamic link library): Provided in ship kit. See page 51 for instructions.
* Motion OCX Toolkit™: OCX controls for Windows 95 and Windows NT.

« DDE6000™: DDE server.

e Motion Toolbox™: Library of LabVIEW® virtual instruments (VIs).
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Programmable 1/0O Devices

Programmable I/O Functions

Input Functions

Output Functions

Programmabl e inputs and outputs are provided to allow the controller to detect and respond to
the state of switches, thumbwheels, electronic sensors, and outputs of other equipment such as
drivesand PLCs. Listed below are the programmable functions that may be assigned to the
programmable 1/O.

Programmable /O offering differs by product. The total number of inputs and
outputs, including trigger inputs and auxiliary outputs, varies from one 6000 Series product to
another. Consequently, the bit patterns for the programmabl e inputs and outputs also vary by
product. For example, the AT6400's TRG-A trigger input is represented by programmable
input bit #25, but the ZETA6104's TRG-A trigger input is programmable input bit #17. Bit
numbers are referenced in commands like WAI T( 1 N. 13=b1) , which means wait until
programmable input #13 becomes active. To ascertain your product's 1/O bit patterns, refer to
the table on page 107.

NOTE

Refer to page 106 for instructions on establishing programmable input and output functions.
Instructions for connecting to 1/0 devices are provided in your product's Installation Guide.

Related Command * Function (applicable to all products)

I NFNCi - A No Function (default)

I NFNCi - B BCD Program Select

I NFNCi - C Kill

I NFNCi - D Stop

I NFNCi - E Pause/Continue

I NFNCi - F User Fault

I NFNCi - G <reserved>

I NFNCi - H Trigger Interrupt for position capture, registration, or TRGFN functions (trigger inputs only)
I NFNCi - | Interrupt to PC-AT (bus-based controllers only)
I NFNCi - J Jog+ (positive direction)

I NFNCi - K Jog- (negative direction)

I NFNCi - L Jog Speed Select

I NFNCi - P Program Select

I NFNCi - Q Program Security

Servo Stepper

Related Command * Function Products  Products
OUTFNCi - A Programmable Output (default function) O O
OUTFENCi - B Moving/Not Moving (or In Position) O O
OUTENCi - C  Program in Progress O O
OUTFNCi - D End-of-Travel Limit Encountered O O
OUTENCi - E  Stall Indicator n/a O
OUTENCI - F Fault Indicator (indicates drive fault input or O O

user fault input is active)
OUTFNCi - G Position Error Exceeds Max. Limit O na
OUTFNCi - H  Output on Position (auxiliary outputs only) O n‘a

* The “i ”in the command syntax represents the number of the programmable input (e.g., | NFNC8- F assigns
general-purpose input #8 the “user fault” function). Bear in mind that the numbering scheme for programmable
inputs and outputs varies by product (see page 107).
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Thumbwheels

Using the TM8 &
IM32 Modules

Step 1

Step 2

Step 3

Using your own
Thumbwheel

Module

Step 1

Step 2

Y ou can connect the controller's programmable 1/0 to a bank of thumbwheel switchesto
allow operator selection of motion or machine control parameters.

The controller allows two methods for thumbwheel use. One method uses Compumotor's
TM8 thumbwheel module or IM32 input module. The other allows you to wire your own
thumbwheels.

The TM8 requires amultiplexed BCD input scheme to read thumbwheel data. Therefore, a
decode circuit must be used for thumbwheels. Compumotor recommends that you purchase
Compumotor's TM8 module if you desire to use athumbwhesl interface. The TM8 contains
the decode | ogic; therefore, only wiring is needed.

The commands that allow for thumbwheel data entry are:

I NSTW......... Establish thumbwheel data inputs (TM8)

QUTTW........ Establish thumbwheel data outputs (TM8)
Wl Read thumbwheels or PLC inputs

INPLC......... Establish PLC data inputs (Other thumbwheel module)

QUTPLC....... Establish PLC data outputs (Other thumbwheel module)

To use Compumotor's TM8 or IM32 Modules, follow the procedures below.

Wire your TM8 or IM32 module to the controller as shown in your product's I nstallation
Guide.

Use the commands below to configure your controller:

QUTTW, 1-3,0, 10 ; Configure thunbwheel output set 1: outputs 1-3 are
; strobe outputs, 10 ns strobe tine per digit read.
; Strobe tine is 10 ns (m ni mumrecommended for TMVB).
I NSTWL, 1-4,5 ; Configure thunbwheel input set 1:
; inputs 1-4 are data inputs, input 5is a sign input.

I NLVLOO000 Inputs 1-5 configured active | ow

Set the thumbwhesl digits on your TM8 module to +12345678. To verify that you have wired
your TM8 module(s) correctly and configured your controller 1/O properly, enter the following
commands:

VARL=TWL ; Assign data fromall 8 thunbwheel digits to VARL
VARL ; Displays the variable (*VARL=+0.12345678). |f you do not
; receive this response, return to step 1 and retry.

As an aternative to Compumotor's TM8 Module, you can use your own thumbwheels. The
controller's programming language allows direct input of BCD thumbwhedl dataviathe
programmable inputs. Use the steps below to set up and read the thumbwhesd interface. Refer
to the 6000 Series Software Reference for descriptions of the commands used below.

Wire your thumbwheels according to the schematic diagram provided in your product's
Installation Guide.

Set up the inputs and outputs for operation with thumbwheels. The data valid input will be
an input which the operator holds active to let the controller read the thumbwheels. This
input is not necessary; however, it is often used when interfacing with PLCs.
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PLCs

Step 3

QUTPLCL, 1-4,0,12 ; Config PLC output set 1: outputs 1-4 are strobe outputs,
; no output enable bit, 12 ns strobe tine per digit read.

I NPLCL, 1-8,9 ; Configure PLCinput set 1. inputs 1-8 are data inputs,
; input 9 is asign input, no data valid input.
I NLVLO00000000 ; Inputs 1-9 configured active | ow

The thumbwheels are read sequentialy by outputs 1-4, which strobe two digits at atime. The
sign bit isoptional. Set the thumbwheelsto +12345678 and type in the following commands:

VARL=TV ; Assign data fromall 8 thunbwheel digits to VARL
VARL ; Displays the variabl e (*VARL=+0. 12345678). |f you do not
; receive this response, return to step 1 and retry.

The controller's programmable 1/O may be connected to most PLCs. After defining and
storing controller programs, the PLC typically executes programs, loads data, and manipul ates
inputs to the controller. The PLC instructs the controller to perform the motion segment of a
total machine process.

Refer to your product's Installation Guide for instructions on connecting to I/O devices. For
higher current or voltages above 24V DC, use external signal conditioning such as OPTO-22
compatible I/O signal conditioning racks. Contact your local distributor or automation
technology center for information on these products.

RP240 Remote Operator Panel

6000 Series stand-alone products are directly compatible with the Compumotor RP240 Remote
Operator Panel. This section describes how to use your 6000 product with the RP240.
Instructions for connecting the RP240 are provided in your product's Installation Guide. Refer
to the Model RP240 User Guide (p/n 88-012156-01) for information on RP240 hardware
specifications, mounting guidelines, environmental considerations, and troubleshooting.

2-line, 40-character display

You may use the RP240's programmable Compumotor —Darker ! .
features to make it a custom operator P Use the DPCUR and DVRI TE
interface (see Operator Interface Features
below), or you may use the RP240's

commands to create your own
messages, or use the default

default menu structure to run programs, + menus (see page 132).
jog the load, enable/disable drive(s), check

status information, reset the 6000 product FIRST LINE — 40 CHARACTERS MAXI MUM

(see Using the Default Menus below). SECOND LI NE — 40 CHARACTERS MAXI MUM ]

Use these keys to select menu
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previous menu display.

items. Each function key (and
G G G G MENU RECALL) has a numeric

value that can be read into a

MENU RECALL selects the - c -
ous men dspiy._|—egw| 2| (1] (F2] |F3] [F4) (5] [F6 <—I A 2o,

power O [ ] [ ] " ~ p
enrse. 1 ][ZA ][ < Use the numeric keypad to
LEDs. Turn on and off ‘O 3 ) enter values and then press
ith th conTrasT the ENTER button. Use the
with the DLED command. I — [ DECREASE ] [4 4 ][5 ][6 } ] DREAD command to read the
j% numebrlic v?lue )into numeric
: variables (VAR) or to use as
Same effect as sending a s[] [ 7 ][87 ][9 ] variable assignment for a
!'S command. Motion is 6] command (e.g., D{ DREAD) ).
stopped (all axes) at the last 7 PAUSE [ 0 ] [ ] [_,_/_ ] '
specified AD deceleration s . Jog Mode: Use the left & right

value. Effect on program

execution depends on the STOP
COMVEXS setting (see page
17 for details). I

arrows (¢ & p>) to jog axis #1
in the positive & negative

direction. Use the up & down
arrows (A &W) to jog axis #2.

CONTINUE:

(e || Enter |

Same effect as sending a! Ccommand. If you previously pressed the Same effect as sending a ! PS command — pauses program
PAUSE button, this button continues program execution. If you previously execution until you press CONTINUE. Motion is not paused (use
pressed the STOP button, motion is resumed (and program execution if the the STOP button to stop motion).

COMEXS1 mode is in effect).
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Configuration

For more information
on controlling your
product's multiple serial
ports, refer to page 70.

NOTE

As shipped from the factory, you can operate the RP240 from your 6000 product's “COM 2"
or “RP240” port. This should be appropriate for the majority of applications.

Every stand-alone 6000 Series product has two serial ports. On existing 6000 products, the
RS-232 connector (or Rx, Tx, and GND terminals on an AUX connector) is referenced as the
“COM1Y" seria port, and the RP240 connector is referenced asthe*COM?2” serial port. Newer
products have connectors labeled “COM1” (factory default function is RS-232) and “COM2”
(factory default function is RP240).

To configure the 6000 product's serial ports for use with the RP240 and/or 6000 language
commands, use the DRPCHK command. Be sure to select the affected serial port (com 1 or
com 2) with the PORT command before you execute the DRPCHK command. Once you issue
the DRPCHK command, it is automatically saved in non-volatile memory. The configuration
options are;

DRPCHK........... Use the serial port for 6000 commands only (default for COM 1)
DRPCOHK1......... Check for RP240 on power up or reset. If detected, initialize RP240.
If no RP240, use seria port for 6000 commands.
DRPCHK2......... Check for RP240 every 5-6 seconds. If detected, initialize RP240. Do not use
port for 6000 commands.
DRPGKS3......... Check for RP240 on power up or reset. If detected, initialize RP240.

If no RP240, use seria port for DARI TE command only. The DWRI TE command
can be used to transmit text strings to remote RS-232C devices. (default
setting for COM 2)

Example COM 2 isto be used for RS-485; com 1 isto be used for RP240, but the RP240 will be

plugged in on an as-needed basis. The set-up commands for such an application should be
executed in the following order:

PCRT1 ; Select COML serial port for setup
DRPCHK2 ; Configure COML for RP240, periodic check
PORT2 ; Select COMR serial port for setup
DRPCHKOD ; Configure QOVR for 6000 comrands only

Operator Interface Features

The RP240 may be used as your product's operator interface, not a program entry terminal.
As an operator interface, the RP240 offers the following features:

* Displaystext and variables

» 8 LEDs can be used as programmabl e status lights

» Operator data entry of variables. read datafrom RP240 into variables and command value
substitutions (see substitutions table in Appendix C of Software Reference)

Typically the user creates a program in the 6000 controller to control the RP240 display and
RP240 LEDs. The program can read data and make variable assignments via the RP240's
keypad and function keys.

The 6000 Series software commands for the RP240 are listed below. Detailed descriptions are
provided in the 6000 Series Software Reference. The example below demonstrates the
majority of the 6000 Series commands for the RP240.

DCLEAR........... Clear The RP240 Display
DGG.............. Enter RP240 Jog Mode
DLED.............. Turn RP240 LEDs On/Off
DPASS............ Change RP240 Password
DPOR............ Position The Cursor On The RP240 Display
[DREAD ......... Read RP240 Data

[ DREADF] ....... Read RP240 Function Key

DREADI ........... RP240 Data Read Immediate Mode
DRPCHK........... Check for RP240

DVAR.............. Display Variable On RP240

DWRI TE........... Display Text On The RP240 Display
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Programming Example  DEF panel 1 Defi ne program panel 1

REPEAT ; Start of repeat |oop
DCALEARD ; Qear display
DWR TE'SELECT A FUNCTION KEY" ; Display text "SELECT A FUNCTI N KEY"
DPCUR2, 2 : Move cursor to line 2 colum 2
DMWR TE'D ST ; Display text "D ST"
DPOUR2, 9 ; Move cursor to line 2 colum 9
DM\ TE' O ; Dsplay text "GO
DPCUR2, 35 ; Move cursor to line 2 colum 35
DR TE'EXI T ; Dsplay text "EXIT"
VARL = DREADF ; Input a function key
I F (VARL=1) ; If function key #1 hit
GOBWB panel 2 ; GCBUB program panel 2
ELSE ; B se
I F (VARL=2) ; If function key #2 hit
DLEDL ; Turn on LED #1
col ; Start notion on axis #1
DLEDO i Turn off LED #1
N F ; End of IF (VARL=2)
N F ; End of IF (VARL=1)
UNTI L (VARL=6) ; Repeat until VARL=6 (function key 6)
DCOLEARD ; Aear display
DWR TE' LAST FUNCTI ON KEY = F" ; Display text "LAST FUNCTION KEY = F"
DVARL, 1,0,0 ; Dsplay variable 1
END ; End of panel 1
DEF panel 2 ; Define prog panel 2
DCOLEARD ; Aear display
DWR TE' ENTER DI STANCE" ; Display text "ENTER D STANCE'
D( DREAD) ; Enter distance nunber from RP240
END ; End of panel 2

Using the Default Menus

On power-up, the 6000 product will automatically default to a mode in which it controls the
RP240 with the menu-driven functions listed below.

* Run a stored program (RUN, STOP, PAUSE and CONTI NUE functions)

The flow chart below « Jog the load
illustrates the RP240's .
Ejn?nul tstructutr‘e in th((ej + Display the status of:
efault operating mode
(when ng 6000 %roduct ) SyStem (TSS)
user program is - Axis(TAS)
ooinghe S0, |- Extended Axis (TAS) G104 oy
e ioue e, T i :_/'O ('tTI (ﬁf? ?\/-pr d )P CUT or ENBL input (TI NObit #6)
previous screen. The - Imits and - or npu I
gqeesr::lﬁilf)lg&cithogztgirf - Position: Motor for steppers (TPM), Commanded for servos (TPC), Encoder (TPE)
below. 6270 only: Current feedback device (TFB), ANI volts (TPANI ), LDT (TLDT)

- Firmwarerevision levels for the 6000 product (TREV) and the RP240
 Enable or disable the interna drive (DRI VE)
» Access RP240 menu functions with a security password (set with DPASS)
» RESET the 6000 product

« 6270 only: View and edit tuning gains (SGP, SA , etc.), gain sets (SGSET), and
numeric variables (VAR) and view only string variables (VARS)

NOTE: To disable these menus, the start-up program (the program assigned with the
STARTP command) must contain the DCL EARZ command.
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Default
Power-up
Menu

COVPUMOTCOR NNNN MOTI ON CONTROLLER

« If you change the password with the DPASS command, the menu marked with [ ALT] becomes the power-up menu.
The default password is the root name for your product (e.g., “6250” for the OEM6250, “6104” for the ZETA6104).

« Arrows indicate the menu path when you press the corresponding function key below the menu item.

« To back up to the previous menu item, press the MENU RECALL button.

COVPUMOTOR NNNN MOTI ON CONTROLLER

RUN JOG STATUS DRIVE DI SPLAY ETC GO-BACK REV RESET SETUPS ETC
| | S
PROGRAM LABEL TO RUN I'S: MAIN COVPUMOTOR NNNN MOTI ON' CONTROLLER
FIND ALPHA <- -> TRACE STEP ACCESS RUN [ ALT]
‘ [
ACCESS xXxXxX
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, . Enter password then press ENTER
1JOG  CLOSED OPEN e
‘ LooP LooP !
e et PROGRAM LABEL TO RUN I'S: MAI N
i I FIND ALPHA  <- ->  TRACE STEP
AXIS1: LIR AXIS2: UD
LO 0. 5000 LO 0. 5000 EDIT JOG
S m T m e m e m oo \ 6270 REV: 92-013811-01-3.0 6270 <==
IAXIS 1: LUR AXIS 2: UD i DSP REV: 92-013812-01-3.0 DSP RP240
LO 0.5000 V  LO 0.5000 V EDT JOG* | i
RP240 REVI SION: 92- 012951- 01A
SYSTEM AXIS 1 AXIS 2 -
STATUS STATUS STATUS
| [ — CONFI RM RESET
YES NO
SYSTEM STATUS Scroll with arrow keys
TSS: 10001100000000000000000000000000
6270 only
AXI'S 1 STATUS Scrol | with arrow keys | SETUPS: !
TAS: 00000000000000000000000000000000 I GAINS GSETS VAR |
\,,,l,,,,T ,,,,,,,,,,,,,,,,,,,,,, [
AXI'S 2 STATUS Scroll with arrow keys |. | 'GAINS: UP/DOWN TO SCOLL F2/F4 TOEDIT
TAS: 00000000000000000000000000000000 ' Sap: 0. 000 0. 00
N __________________
'GSET VIEWEDI T i
| GSET1 GSET2 GSET3 GSET4 GSET5 ]
DRI VE 1: ON DRI VE 2: ON el il il [ T- -~~~ F~ o
ON OFF ON OFF e e
IVARI ABLES: UP/DOWN TO SCROLL F1 TOEDIT o |
1+999999999. 99999999 VARIL
DI SPLAY: .
I/O LIMTS JOY PCS | POSI TI ON: !
\ ™ ENC  CcOM AN LDT ERROR

IN.  0000_0000_0000_0000_0000_0000_00
OUT: 0000_0000_0000_0000_0000_0000_00

PCS: 1
PCS: 1

NEG 1 HOVE: 0

AXI' S 1:
AXI S 2: NEG 1 HOVE: 0 ENABLE: 1

CHL, 2,3: 1.250 1.250 1.250
AUX, TRG SEL, VEL, REL: 00000

This menu system varies, depending on the
6000 product being used with the RP240.
These variances are defined in the detailed
menu functions described below.

f—

1 ENCODER1 +0
COVMANDL, 2 +0 +0
ENCODERL, 2 +0 +0
6270 only
‘7 77777777777777777777777777777777 Y
. ANIL, 2: +0  +0

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, \‘
DT1, 2: +0 40
'POSITION ERROR. |

ERRCR1, 2: +0.000 +0.000

|
N
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Running a COVPUMOTOR NNNN MOTI ON' CONTROLLER COMPUMOTOR NNNN MOTI ON' CONTROLLER
RUN JOG STATUS DRIVE DISPLAY ETC ACCESS RUN

Stored Program
| or l
PROGRAM LABEL TO RUN |'S: MAIN PROGRAM LABEL TO RUN |'S: MAIN
FIND ALPHA <- -> TRACE STEP FIND ALPHA <- -> TRACE STEP

After accessing the RUN menu, press F1 to “find” the names of the programs stored in the
6000 product's memory; pressing F1 repeatedly displays subsequent programs in the order in
which they were stored in BBRAM. To execute the program, press the ENTER key.

To typein aprogram name at the location of the cursor, first select alpha or numeric
characters with the F2 function key (characters will be alphaif an asterisk appears to the right
of ALPHA, or numeric if no asterisk appears). If apha, pressthe up (2) or down (8) keysto
move through the alphabet, if numeric, press the desired number key. Press F3 to move the
cursor to the left, or F4 to move the cursor to the right.

Only user programs defined with DEF and END may be executed from this menu. Compiled
profiles (contouring and GOBUF profiles) cannot be executed from this men; they must be
executed from the terminal emulator with the PRUN command, or you can place the PRUN
(name of path) command in a user program and then execute that program from this menu.

When aprogram is RUN and TRACE is selected (TRACE* ), the RP240 display will trace all
program commands as they are executed. Thisis different from the TRACE command in that
the trace output goes to the RP240 display, not to aterminal viathe seria port.

HINT: If you wish to- \When a program is RUN and STEP is selected, step mode has been entered. Thisissimilar to

displ h d :
poand ei%%ufe%’,"?e‘?gd the STEP command, but when selected from the RUN menu the step mode allows single

STEPand TRACE and  Stepping by pressing the ENTER key. Both RP240 trace mode and step mode are exited

press the ENTER key to when program execution is terminated.
step through the program.

Jogging Most 6000 Products: 6270 Only:
COVPUMOTCR NNNN MOTI ON' CONTROLLER 6270 MOTI ON CONTROLLER
RUN JOG STATUS DRIVE DI SPLAY ETC or | RN JOG STATUS DRIVE DISPLAY ETC
AXIS 1: L/IR AXIS2: UD JOG  CLOSED OPEN
LO 0. 5000 LO 0. 5000 EDIT JOG* LooP LooP

AXIS 1: LIR AXIS 2: UD
LO 0. 5000 LO 0. 5000 EDT JOG

You can jog individua axes by pressing the arrow keys on the RP240's numeric keypad.
Pressing an arrow key on the numeric keypad will start motion and releasing the arrow key
will stop motion. The left and right arrow keys correspond to axis #1 negative and positive
direction, respectively. The up and down arrows keys are for axis #2 negative and positive
direction, respectively.

TheHl and LOvaluesin the jog menu represent the velocity in units of revs/sec* (or
inches/sec for LDT feedback or volts/sec for ANI feedback). If scaling isenabled, the valueis
multiplied by the programmed SCLV value.

To edit the jog velocity* values:

1. Pressthe F5 function key under EDI T (edit mode indicated with an asterisk).

Pressthe F1 function key to select the HI and LO values (cursor appears under the
first digit of the value selected).

Using the numeric keyboard, enter the value desired.
Repeat steps 2 and 3 for all values to be changed.
Press ENTER when finished editing.

To jog with the new velocity values, first press the F6 function key (under JOG) to
enable the arrow keys again.

N

o0k w

Jog accel and decel values are specified by the JOGA and J OGAD commands, respectively.
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Status Reports:
System & Axis

Open Loop Jogging — 6270 ONLY

6270 MOTI ON CONTROLLER
RUN JOG STATUS DRIVE DI SPLAY ETC

JOG CLOSED OPEN
LooP LoCoP
AXIS 1. LIR AXIS 2. UD
LO 0.5000 V  LO 0.5000 V EDT JOG

* The H and LOvalues in the open-loop jog menu represent volts.

When using the open-loop jog mode, you should be aware of these conditions:

WARNING — The hardware and software end-of-travel limits are disabled. Make sure
it is safe to operate without end-of-travel limits before using the open-loop jog function.

Gain values (SA LI M SGAF, SGAFN, SGE , SA N, SGP, etc.) set to zero (open-loop mode).
SMPER value set to zero (position error is allowed to increase without causing a fault).

Subsequent attempts to change gain values or SMPER will cause an error message
(“NOT ALLOANED | F SFBO").

SCOFFS and SOFFSN set to zero, but allows subsequent servo offsets to affect motion.
SSWG set to zero (disables the Setpoint Window Gains feature).
Disables output-on-position (QUTPA - QUTPD) functions.

Any subsequent changes to PSET, PSETCLR, SCLD, SCLA, SCLV, SCFFS, and SOFFN are
lost when another feedback source is selected.

Recommendation:
Use the Disable Drive On Kill mode, enabled with the KDRI VE command, so that the 6270 will
shut down the valve/drive if a kill command (e.g., ! K) is executed or if a kill input is
activated. CAUTION: Shutting down a valve/cylinder system returns the valve to the null
position; shutting down a rotary drive system allows the load to freewheel if there is no

brake installed.

COVPUMOTOR NNNN MOTI ON CONTROLLER
RUN JOG STATUS DRIVE D SPLAY ETC

After accessing the desired status
menu, you can ascertain the

\

function and status of each system

SYSTEM AXI'S 1 AXI'S 2 (TSS) or axis (TAS and TASX)
STATUS STATUS STATUS status bit by pressing the arrow
I ‘ ————  keyson the numeric keypad.

SYSTEM STATUS Scroll with arrow keys

TSS: 10001100000000000000000000000000

AXI'S 1 STATUS Scroll with arrow keys
TAS: 00000000000000000000000000000000

AXI'S 2 STATUS Scroll with arrow keys
TAS: 00000000000000000000000000000000

To view amore descriptive
explanation of each status bit
(includes atext description), press
the left or right arrow keys on the

numeric keypad.
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Status Reports:

COVPUMOTOR NNNN MOTI ON CONTROLLER

{RUN JOG STATUS

DRIVE DI SPLAY ETC

I/O, leItS, L } 5270 only
Position {D, SPLAY: } r ’{POSI I O }
/O LIMTS JOY PCS | ENC Ccom ANI LDT ERROR
[ e
{ IN. 0000_0000_0000_0000_0000_0000_00 } { }
QUT: 0000_0000_0000_0000_0000_0000_00 ENCODERL: +0
{ AXIS 1 POSi1 NEG1 HOMVE O { COMMANDL, 2:  +0 +0
AXIS 2: PCS:1 NEG1 HOVE O ENABLE: 1 FEEDACK1, 2: +0 +0
{ CHL, 2,3 1.250 1.250 1.250 {
AUX, TRG SEL, VEL, REL: 00000 ANl 1, 2: +0 +0
{ MOTORL, 2: 40 +0 }R { }7
ENCODERL, 2 +0 +0 LDT1, 2: +0 +0
POSI TI ON ERROR:
ERRCR1, 2: +0.000 +0.000
I / OMenu: Bit patterns for programmable inputs (including triggers) and programmable
outputs (including auxiliary outputs) vary by product. Refer to page 107 to find the bit
patterns for your product. Asan example, the 1/0 bit pattern for the 6104 is as follows:

* Input bit pattern (left toright): Bits 1-16 are the general -purpose programmable inputs,
bits 17 & 18 aretriggers A and B (TRG-A and TRG-B on the I/0 connector).

» Output hit pattern (left to right): Bits 1-8 are the general-purpose programmabl e outputs,
bit 9 isauxiliary output A (OUT-A on the I/0 connector).

LI M TS Menu:

» “POS" refersto the hardware end-of-travel limit imposed when counting in the positive
direction. “NEG’ refersto the limit imposed when counting in the negative direction.

» A “1" indicates that the input is grounded, “0" indicates not grounded.

The end-of-travel limits (POS and NEG) must be grounded to allow motion (thisis
reversed if the active level isreversed with the LHLVL command).
Steppers. The Pulse Cut input (P-cUT input terminal) must also be grounded before
motionisalowed. When not grounded, step pulses are stopped independent of the
6000 product's microprocessor.
Servos: The Enable input (ENBL input terminal) must also be grounded before motion
isalowed. When not grounded, the analog output is held to zero volts and the
shutdown outputs are activated.

JOY Menu:

» Thevoltage levels present on the 3 analog channel on the 25-pin D JOYSTICK connector
arelisted.

 Also listed is the status of the joystick inputs (“1” indicates that the input is
grounded/low, “0” indicates not grounded). AUX, TRG, SEL, VEL, and REL correspond
respectively to pins 19, 18, 15, 16, and 17 on the JOYSTICK connector.

PCS Menu:

 The position values shown are continually updated.

 Steppers. Reportsthe “MOTOR’ position (always zero if in the encoder step mode — ENCL1)
Servos.  Reports the “ COMMAND’ position.

* Position values (except for ANI) are subject to the SCLD scaling factor (if scaling is
enabled—SCALE1), PSET offset value, feedback polarity (ENCPOL, ANl PCL and
LDTPQL), and commanded direction polarity (CVDDI R). The ANI reading is always
volts and is not scaled.

* 6270: “POSI TI ON ERROR’ = “COWVAND" position - actual (“FEEDBACK") position.
“FEEDBACK” refersto the feedback device currently selected with the SFB command
(default isLDT).
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Enabling and
Disabling the
Drive(s)

Access Security

Revision Levels

Resetting the
6000 Product

COVPUMOTOR NNNN MOTI ON° CONTROLLER
RUN JOG STATUS DRIVE DI SPLAY ETC

\

In the DRI VE menu, the current status of
the drive(s) isdisplayed. To enable or
disable the drive #1, press F1 or F2. To
enable or disable the drive #2, press F3 or

DRI(;\,/E = 8:\',: DRI(;\,/E = 8:“,: F4. This menu offers the same
functionality as the DRI VE command.
WARNING

Shutting down a rotary drive system allows the load to freewheel if there is no brake installed.
6270: Shutting down a valve/cylinder system returns the valve to the null position.

COVPUMOTOR NNNN MOTI ON CONTROLLER
RUN JOG STATUS DRIVE DI SPLAY ETC

COVPUMOTCOR NNNN MOTI ON CONTROLLER
GO-BACK REV RESET SETUPS ETC

l

COVPUMOTOR NNNN MOTI ON. CONTROLLER
ACCESS RUN | Default menu after changing DPASS |

!

ACCESS XXXX

Enter password then press ENTER

If the RP240 password is
modified with the DPASS
command to be other than
the default (see Changing
the Password below) the
ACCESS menu then
becomes the new default
menu after power-up or
executing a RESET.

‘

panoiddy ssa00y

B

paiuag
$S300Y

After that, the new
password must then be

entered to access the

origina default menu (see “Access Approved” path inillustration). If the operator does not

know the new password, all he or she can doisrun

programs stored in the 6000 product (RUN).

Changing the Password: The default password is the root name for your product (e.g., “ 6250"
for the OEM 6250, “6104” for the ZETA6104, “6250” for the 6250). A new password
(numeric value of up to 4 characters) can be established with the DPASS command. For
example, the DPASS2001 command sets the password to 2001.

COVPUMOTOR NNNN MOT| ON' CONTROLLER
RUN JOG STATUS DRIVE D SPLAY ETC

COVPUMOTOR NNNN' MOTI ON' CONTROLLER
GO BACK REV RESET SETUPS ETC

'

6250 REV: 92-013471-01-5.0 6250

DSP REV: 92-013812-01-5.0 DSP RP240

RP240 REVI SI ON: 92-012951-01B

COVPUMOTOR NNNN MOT| ON CONTROLLER
RUN JOG STATUS DRIVE D SPLAY ETC

After accessing the RESET menu,
press the F1 key to execute a reset (or

'

press F2 to cancel and exit the

menu). Theresetisidentical to

COVPUMOTOR NNNN MOTI ON' CONTROLLER C .
GO-BACK REV RESET SETUPS ETC issuing a RESET command or cycling
i power to the 6000 product. If a start-

up program has been assigned with

CO\\(IEISRM REBET the STARTP command, that program
will be executed.

CAUTION
Executing a reset will restore most command values (exclusions: see page 33) to their
factory default setting.
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Joystick and Analog Inputs

)

Refer to your
Installation Guide
for connection
procedures.

Joystick Control

138

Define Full-
Scale
Velocity

Define
Usable
Voltage

The 6000 controller has up to four 8-bit analog input channels (CH1 - CH4). The analog inputs
are configured as discrete single-ended inputs, with an input range of 0.0V to 2.5V. These inputs
can be used to control an axis with ajoystick (see Joystick Control). If you have a stepper
product, you can use these inputs to scale velocity during feedrate override (see Feedrate Override).
The voltage value on the analog inputs can be read using the ANV or TANV commands.

NOTE

The joystick and analog inputs feature is not available for the OEM-AT6400.
2-axis products have 3 analog input channels, 4-axis products have 4 channels.

Joystick control can be achieved by simply connecting ajoystick potentiometer to one of the
analog inputs. Joystick operation is enabled with the JOY1 command.

NOTE: The Daedal JS6000 joystick is plug-compatible with the 6000 Series controllers. To
order the JS6000, contact Daedal at (800) 245-6903 or contact your local distributor.

Travel limitations in potentiometers and voltage drops along the cables may make it
impossible to achieve the full 0.0V to 2.5V range at the joystick input. Therefore, you must
configure the controller to optimize the joystick's usable voltage range. This configuration
will affect the velocity resolution. The velocity resolution is determined by the following
equation:

maximum velocity set with the JOYVH or the JOYVL command
voltage range between the joystick's no-velocity region (center deadband) and its maximum-velocity region (end deadband)

To establish thevelocity resolution, you must definethefull-scalevel ocity and the usabl e voltage.

Y ou must define the full-scale velocity for your application with the JOYVH and JOYVL
commands. Both commands establish the maximum velocity that can be obtained per axis by
deflecting the potentiometer fully clockwise or fully counter-clockwise. The JOYVH
command establishes the high velocity range (selected if the joystick select input is high —
sinking current). The JOYVL command establishes the low velocity range (selected if the
joystick select input is low — not sinking current).

The JOYAXL and J OYAXH commands define which analog channels are to be used with which
joystick axes when the joystick select input is low or high, respectively.

Use the commands described in the table below to establish the joystick's usable vel ocity range.

The analog-to-digital converter is an 8-bit converter with avoltage range of 0.0V to 2.5V. With
8 hits to represent this range, there are 256 distinct voltage levels from 0.0V to 2.5V. 1 hit
represents 2.5/256 or 0.00976 voltg/hit.

Command Name Purpose

JOYEDB End Deadband This command defines voltage levels (shy of the 0.0V and 2.5V endpoints)
at which maximum velocity occurs. Specifying an end deadband effectively
decreases the voltage range of the analog input to compensate for joysticks
that cannot reach the 0.0V and 2.5V endpoints.

JOYCTR Center This command defines the voltage level for the center of the analog input

(or JOYZ) Voltage* range (the point at which zero velocity will result). As an alternative, you
can use the JOYZ command, which reads the current voltage on the
joystick input and considers it the center voltage. You can check the center
voltage by typing in JOYCTR[cr].**

JOYCDB Center This command defines the voltage range on each side of the center voltage
Deadband in which no motion will occur (allows for minor drift or variation in the
joystick center position without causing motion).

*  Because the center voltage can be set to a value other than the exact center of the potentiometer's voltage
range, and because there could be two different velocity resolutions, the positive direction velocity
resolution may be different than negative direction velocity resolution.

**  Because of finite voltage increments, the controller may not report back exactly what you specified with the
JOYCTR command.
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Joystick
Control Inputs

(see your product's
Installation Guide for
input specifications)

The table below describes the analog inputs available for joystick control (see diagram for
connections). The status of each input is reported with the TI NOF and TI NO commands. The
I NO operator allows you to use an input's bit status in an assignment or comparison

operation.

Joystick potentiometers are 5KQ with
60° of usable travel adjusted to span

0Q to 1KQ.

1

1

1

1

* The 1KQ resistors for velocity select, 1
axes select, joystick trigger, & joystick 1 -

auxiliary are for noise suppression only. .

1

1

1

--------- Joystick = == ====1
1KQ Resistors *

;;;;;; X Axis Y Axis
5KQ

Analog Channel 2

1

1

1

1

1

1

1

1

1

N.C. Momentary 1

23 —A—m Joystick Release .
1 Analog Channel 1 oo .
1

1

1

1

1

1

1

2 .
(J) % Velocity Select NS Velocity Select
Y Axes Select )
15 Axes Select
.Sr 17 Joystick Release | ON-E
| i i —T N.O. Momentary
¢ 18 JJoyén:ZT”_?ger : * Joystick Trigger
19 oystick Auxiliary Joystick Aux
14 ] GND 1 NS Y :
o =/ P

Joystick Input

Function

Axis Select Using the JOYAXH and JOYAXL commands, you can establish two different configurations
that specify the axes to be controlled by selected channels. The Axis Select input allows you
to select the current configuration. Opening the Axis Select input (input is high, sinking
current) selects the JOYAXH configuration. Closing the Axis Select input (input is low, not
sinking current) selects the JOYAXL configuration.

Example (4-axis controller moves 4 axes with one joystick): With axes select input high,
analog channel #1 controls axis one and analog channel #2 controls axis two

(JOYAXHL, 2, @ ©@. With axes select input low, analog channel #1 controls axis three and
analog channel #2 controls axis four (JOYAXLD, & 1, 2).

Input State  Function TI NO'TI NOF/I NO Status

TONY Select JOYAXH configuration. Bit #3 reports zero (9

“O~=C  Select JOYAXL configuration. Bit #3 reports one (1)

Velocity Select Using the JOYVHand JOYVL commands, you can establish a high-speed jog velocity and a
low-speed jog velocity. The Velocity Select input allows you to select the current jog velocity.
Opening the input (input is high, sinking current) selects the JOYVH configuration. Closing the
input (input is low, not sinking current) selects the JOYVL configuration.

The high range could be used to quickly move to a location, the low range could be used for
accurate positioning. When this input is not connected, the low velocity range is selected.
Input State  Function TI NO'TI NOF/I NO Status

"N Select JOYVH configuration. Bit #4 reports zero (@)

“O~=C  Select JOYVL configuration. Bit #4 reports one (1)

Release The Joystick Release input allows you to indicate to the 6000 product that you have finished
using the joystick and program execution may continue with the next statement. When a
program enables joystick control of motion (with the JOY command), program execution will
stop and then resume when the user is finished with joystick mode (assuming the Continuous
Command Execution Mode is disabled with the COVEXCcommand).
The joystick mode cannot be enabled while this input is open (high, sinking current). When
you open the input, the joystick mode is disabled and can be re-enabled only with the JOY
command.
Input State Function T1 NOTI NOF/I NO Status
—0 o— Disables joystick mode. Bit #5 reports zero ()
—o o~ Joystick mode can be enabled. Bit #5 reports one (1)

Trigger The status of this input can be read by your 6000 program and may be used to control

(general-purpose)

program flow (see | NOcommand).

Input State  Function TI NO'TI NOF/I NO Status
—o o— Inputis high, sinking current. Bit #2 reports zero (9

—6 o Inputis low, not sinking current.  Bit #2 reports one (1)

Auxiliary
(general-purpose)

The status of this input can be read by your 6000 program and may be used to control
program flow (see | NOcommand).

Input State  Function TI NO'TI NOF/I NO Status
TN Inputis high, sinking current. Bit #1 reports zero (9

“O~=C" Inputis low, not sinking current.  Bit #1 reports one (1)
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Joystick Set This example represents a typical two-axis joystick application in which a high velocity rangeis

Up Example required to move to aregion, then alow velocity range is required for afine search. After the
search is completed it is necessary to record the load positions, then move to the next region.
The joystick trigger input can be used to indicate that the position should be read. The joystick
release is used to exit the joystick mode and continue with the motion program.

The following table describes the requirements of the application (using rotary motors), and how
the controller is configured to satisfy those requirements. The resulting joystick voltage
configuration isillustrated below. One analog input channel is used for each axis.

Requirement Configuration

Set max. high-range velocity to 5 units/sec (on both axes)  Type in the JOYVH5, 5 command

Set max. low-range velocity to 1 units/sec (on both axes)  Type in the JOYVL1, 1 command

No velocity when voltage is at 1.0V Set center voltage with JOYCTR1, 1, command,
or set voltage level at both analog inputs to 1.0V
and type in JOYZ11

Joystick cannot reliably rest at 1.0V, but can rest within Set center deadband of 0.1V with JOYCDB. 1, . 1

0.1V of 1.0V command (0.1V is the system default)
Joystick can only produce maximum of 2.3V and Set end deadband to get max. velocity at 2.3V or
minimum of 0.2V 0.2V with the JOYEDB. 2, . 2 command.

Voltage range: CW = 1.1V to 2.3V (1.2V total)
CCW =0.9V to 0.2V (0.7V total)

Voltage resolution: see below

The high-range velocity resolutions (at 5 rps max.) are calculated as follows:

5rps

5rps _ . .
0.041 rpsfcount; CCW- voltage range of 0.7V (72 counts

voltage range of 1.2V (122 counts) ~

CW: y = 0.069 rps/count

The low-range velocity resolutions (at 1 rps max.) are calculated as follows:

. 1rps _ . . 1rps _
Cw: voltage range of 1.2V (122 counts) ~ 0.008 rps/count, CCW- voltage range of 0.7V (72 counts) ~— 0.014 rpsfcount

Binary 11111111 —————— 25V [—— . )
Binary 11101000 21 counts 23y } End Deadband (JOYEDB.2,.2); Velocity = 5 rps (high range) or 1 rps (low range)
A
28 .
122 counts 8g  CW Velocity
>e
Binary 01110000 1.1V
20 counts| 1.0V [— } Center Deadband (JOYCDB.1,.1); Velocity =0 rps
Binary 01011100 0.9v
28 .
72 counts 8g  CCW Velocity
>2
Binary 00010100 0.2v V ) )
Binary 00000000 21 counts 0.0V } End Deadband (JOYEDB.2,.2); Velocity =5 rps (high range) or 1 rps (low range)
Analog Before you actually wire the analog inputs, you can simulate their activation in software by
Voltage using the ANVO command. For instance, ANVOL. 2, 1. 6, 1. 8, 1. 3 overridesthe hardware

analog input channels—1.2V on channel 1, 1.6V on channel 2, 1.8V on channel 3, and 1.3V
on channel 4. The ANVOvalues are used in any command or function that references the
analog input channels, but only those channels for which ANVOEN is set to 1 (e.g., Given
ANVCENZL 1@, the ANVOvalues 1.6V and 1.8V are referenced for channels 2 and 3 only.).

Override

140 6000 Series Programmer's Guide



Feedrate Override (multi-axis steppers only)

Feedrate override is used to synchronously scale all phases of motion on all axes (except
distance). The amount of scaling is expressed in terms of percentage from 0 to 100. The
percentage of feedrate can be controlled by an analog voltage or by the FRPER command.

When feedrate override is enabled, the frequency at which the controller's motion algorithm
updates the velocity output varies according to the feedrate percentage specified. Without
feedrate override, the motion algorithm is updated every 2 ms. At 100%, the velocity output
isupdated every 2 ms. At 50%, the velocity output is updated every 4 ms.

4-Axis Controllers
During feedrate override, axis 4 is used to perform the feedrate override function. This axis can no longer be
used for motion, and must be disconnected.

Using Feedrate Override While Contouring
When you enter or exit the feedrate override mode with the FR command, you will have to recompile (PCOVP)
any previously compiled contouring paths.

To adjust feedrate using an analog voltage, enable feedrate control with the FR1 command.
The lower the voltage, the lower the feedrate percentage. The higher the voltage, the higher
the feedrate percentage. The end-deadband (J OYEDB) for the analog input channel isin effect
during feedrate control, but the center-deadband (J OYCDB) has no effect. |If the end-deadband is
zero, @V DC commands 0% feedrate, and 2.5V DC commands 100% feedrate. The velocity

. 20(2.5-2 0JOYEDR
update (2 ms at 100%) can be calculated as follows: Analo(g Voltage - JO{El)DB

Hardware
Feedrate
Override (FR1)

FRA50000 ; Set the feedrate acceleration to 50000 percent/sec/sec

FRH1 ; Control axes with anal og i nput 1 when Axes Sel ect Input is closed

FRL2 ; Control axes with anal og i nput 2 when Axes Sel ect I nput is open

FR1 ; Enable feedrate override

A100 ; Set axis 1 acceleration to 100 units/sec/sec

V10 ; Set axis 1 velocity to 10 units/sec

D100000 ; Set axis 1 distance to 100000 units

GO1 ; Initiate notion (axis 1). During notion, if the voltage on

; input 1 changes, the velocity of this nmove will change al so.

Software To adjust the feedrate using the FRPER command, enable feedrate control using the FR2
Feedrate command. The feedrate percentage can then be specified directly. The command FRPERS@

would set the feedrate to 50%, while FRPER1 @ would set the feedrate to 100%. The

velocity update (2 ms at 100%) can be calculated with the equation %?

The example below demonstrates using the software command FRPER to control axis 1 when
feedrate override is enabled. Within the example, inputs 1, 2, and 3 are used to control the
feedrate override percentage. When input #3 is activated, the origina move velocity is
doubled. When input #2 is activated, the move slows down to half its original velocity.

Input #1 returns the move to its original velocity. Input #4 stops the move and continues
command processing with the command after the N\VHI LE command.

DEF tenp ; Begin definition of program tenp
FRA50000 ; Set the feedrate acceleration to 50000 percent/sec/sec

Override (FR2)

FRPER50 Feedrate override percentage equals 50%
FR2 Enabl e feedrate override
MC1 Enabl e continuous npbde noves
A100 Set accel eration
V4 Set velocity
D+ Set direction to positive
COMEXCL Enabl e continuous conmand processi ng node
GO1 Initiate nmotion on axis 1
WHI LE( | N=bXXX0) Repeat commands (WHILE to NWHILE) until input #4 activates
I F(I N=b1) If input #1 is active, change feedrate percentage to 50%
FRPER50 Set feedrate percentage to 50%
NI F End | F conmmand
I F(1 N=bX1) If input #2 is active, change feedrate percentage to 25%
FRPER25 Set feedrate percentage to 25%
NI F End | F conmmand
I F(1 N=bXX1) If input #3 is active, change feedrate percentage to 100%
FRPER100 Set feedrate percentage to 100%
NI F End | F conmmand
NWHI LE End WHI LE conmmand
S1 Stop nmotion on axis 1
COVEXCO Di sabl e continuous command processi ng node
END End definition of program tenp
RUN tenp Initiate program tenp
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ANI Analog Input Interface (only servo controllers with ANI option)

6000 Series servo controllers with the -ANI option offer £10V, 14-bit analog inputs (referred
Refer to your products 1 as“ ANI” inputs). Each input has an anti-aliasing filter and is sampled at the servo sample
ANI connection  fate (set with the SSFR command). The voltage value of the ANI inputs can be transferred to
information.  the terminal with the TANI command, or used in an assignment or comparison operation with
the[ ANl ] command (e.g., | F( 1LANI <2. 4) ). The position value of the ANI inputs can be
transferred to the terminal with the TPANI command, or used in an assignment or comparison

operation with the [ PANI | command (e.g., WAl T( 1PANI >421)).

Three common applications of the ANI inputs are:

* Position command to the control loop (e.g., as a master axis in Following mode)
* Position feedback to the control loop
* A force or torque feedback signa

Programming The portion of 6000 code below (for two axes of control) demonstrates how to read the analog
Example inputs into the controller and set the commanded anal og output of each axis to that value. If
you have atorque drive, this provides open-loop torque control.

SGPO, 0 ; Turn off servo proportional feedback gain
Sdo,0 ; Turn off servo integral feedback gain

SGV0, 0 ; Turn off servo velocity feedback gain

SGAFO, 0 ; Turn off servo accel eration feedforward gain
SGVFO, 0 ; Turn off servo velocity feedforward gain

SCFFS0, 0 ; Set offset to zero (analog output will be 0 volts)
L Enter an infinite | oop

VARL=1AN Read val ue of AN anal og input #1 into variable #1
VAR2=2AN Read val ue of AN anal og input #2 into variable #2

SCFFS(VARL) , (VAR2) ; Assign voltages fromAN analog inputs #1 & #2 to the
; anal og output for axes #1 & # 2, respectively

T.01 ; Set time delay to 10 nmilliseconds

LN ; End | oop
4-20 mA The anal og inputs can be used to monitor a process using 4-20 mA feedback. Thisis
Feedback accomplished by simply attaching a resistor from the ANI input to AGND (e.g., a 500Q, 1%

resistor would facilitate a 2-10V input). In thisway, the current is converted to a voltage that
can be monitored with the ANI input. The PSET command can be used to set the input
readings to user coordinates.

ANI as a The ANI analog inputs, when selected as a feedback source with the SFB- command, is assumed
Feedback to provide position information. With this feedback it is possible to solve applications that
Device reguire positioning to a voltage, rather than positioning to a known position. Some example

applications are as follows:

 Using a potentiometer as feedback (mechanica motion is mimicked by the 6000
controller)

« Maintaining aforce while position changes due to fluid evacuating a chamber
» Opening or closing avalve as another process changes

Auxiliary Analog Output (“half axis” — AT6Nn50 only)

The AT6Nn50 offers an auxiliary analog output (ANA), located at terminal #3 on the Aux
connector. Thisoutput provides +10V with an accuracy of £5%, and is derived from an 8-bit

Seelnstallation ;i t6, analog converter.

Guide for connection
instructions.

To control the voltage at this output, use the OUTANA command. Syntax is OUTANA<r >,
where <r > isthe desired output in volts with arange of -10 to +10 (e.g., OUTANAS. 1 sets
the analog output to +5.00 volts). The default output is zero volts. The ANA output is not
affected by the state of the enable (ENBL) input.
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Host Computer Interface

Another choice for auser interface is to use a host computer and execute a motion program
using the RS-232C serial interface. A host computer may be used to run a motion program
interactively from aBASIC or C program (high-level program controls the 6000 product and
actsas auser interface). A BASIC program example (for the 6250 product) is provided below.

210
220
230
240
250
260
270
280
290
300
310
320
330
340
400
410
420
430
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650

' 6000 Series Serial Communication BASI C Routine
' 6000. BAS

' RER R R ok Rk ok R R R R R R R Sk Rk R R R Rk ok kR R R R AR Rk Sk kR o

This programwi |l set the comunications paraneters for the
' serial port on a PCto commnicate with a 6000 series
st and- al one product.

' RE R R R R Rk ok R R R R R R Sk R R R Rk Rk ok Sk ek kR R R AR Rk Sk ko S o

"*** open comport 1 at 9600 baud, no parity, 8 data bits, 1 stop bit

"*** gctivate Request to Send (RS), suppress OQear to Send (CS), suppress
"**x DATA set ready (DS), and suppress Carrier Detect (CD) ***

CPEN " COML: 9600, N 8, 1, RS, CS, DS, (D' FCR RANDCM AS #1

"*** jnitialize variables ***

MOVE$ = "" ' *** comrands to be sent to the product ***

RESPONSE$ = " ' *** response fromthe product ***

PCSITIONG = "" ' *x* feedback position reported ***

SETUP$ = " ' *** getup commands ***

"*** format the screen and wait for the user to start the program ***
CLS : LOCATE 12, 20

PR NT "Press any key to start the progrant

"*** wait for the user to press a key ***
PRESS$ = | NKEY$

| F PRESS$ = "" THEN 260

as

'*** set a pre-defined nove to make ***
SETUP$ = "ECHOL: ERRLVLO: LHO, 0: "

MOVE$ = "A100, 100: V2, 2: D50000, 50000: GOL1: TFB: "

"*** send the commands to the product ***
PRI NT #1, SETUP$
PR NT #1, MOVES

"*** read the response fromthe TFB command ***
' *** the controller will send a | eading "+" or

in response to the TFB command to

' *** jndicate which direction travel has occurred. ***

VWH LE (RESPONSE$ <> "+" AND RESPONSE$ <> "-") ' *** this |oop waits for the "+"
RESPONSES = | NPUT$( 1, #1) ' **x or "-" characters to be returned

VEEND " *** pefore reading the position ***

VWH LE (RESPONSE$ <> CHR$(13)) " *** this |oop reads one character at a time
PCSI TIONS = PCSI TIONS + RESPONSE$S ' *** fromthe serial buffer until a carriage
RESPONSES = | NPUT$(1, #1) ' *** return is encountered ***

VEEND

"*** print the response to the screen ***

LOCATE 12, 20: PRINT "Position is " + PCSl TI ON$

' END
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Graphical User Interface (GUI) Development Tools

144

Dynamic Link
Libraries (DLLSs)

For detailed
information
about the DLLs,
see page 51.

Motion OCX
Toolkit™

DDE6000™
Dynamic Data
Exchange (DDE)

0
Multiple 6000 products
may be accessed
simultaneously with
the DDE6000.

Motion Toolbox™

TO ORDER

To order Motion OCX Toolkit™, DDE6000™, or Motion Toolbox®, contact your local
Automation Technology Center (ATC) or distributor.

To help you develop your own Windows applications, Compumotor provides dynamic link
libraries (DLLs) for Windows 3.1, Windows 95, and Windows NT. The DLLs contain
communication functions for use with al of Compumotor's bus-based 6000 Series control
products; functions include sending commands to the controller, fetching responses from the
controller, and polling status information from the controller's fast status area.

¢ Windows3.1driver........ WIN6400.DLL
* Windows 95 driver......... WN956000.DLL
* Windows NT driver........ NT6400.DLL

FREE: These DLLsare provided on your Motion Architect diskette. To install them, run the
Motion Architect installer and select the desired DLLs from the “ Custom Installation” dialog.

The Motion OCX Toolkit provides 32-bit Ole Custom Controls (OCXs) designed to run under
Windows 95 or Windows NT. Motion OCX Toolkit may be used with all of the 6000 Series
bus-based products. Controlsinclude:

« Communications Shell — control basic communication with the 6000 product, including
interrupt handling and sending/receiving files.

* Fast-Status Polling — poll the 6000 product's fast status register (see page 43 for
description of fast status area).

e Terminal — terminal emulator.

The OCX controls can be used with Visual Basic 4.0, Delphi 2.0. Visual C++ 4.x, or any 32
bit development environment that can contain OCX controls. With the Motion OCX Toolkit,
you can quickly develop you own custom operator interface.

DDEG6000 is a Dynamic Data Exchange (DDE) server that you can use to facilitate
communication between a Windows application and your 6000 product. For example, you
might use DDE6000 with athird-part factory automation software and operator interface, such
as Wonderware's In-Touch™. DDEG000 supports NetDDE, which allows operation over a
Windows for Workgroups, Windows 95, or Windows NT network.

The DDE6G00O server, a Windows program, provides access to 6000 controller data that can be
useful to other Windows programs (DDE clients). DDE6000 supports three types of
“conversations’ with a DDE client:

e Cold Link.....Allowsaclient to directly request a particular dataitem from DDEG0QO.

e Hot Link....... Allows aclient to be automatically updated when a particular data item
from the DDE6000 has changed.

e Warm Link....Combination of cold link and hot link, where a client wants to be
informed of changes in the DDE6000 data without immediately receiving
the new dataitem.

Motion Toolbox isalibrary of LabVIEW® virtual instruments (V1s) for Compumotor's 6000
Series controllers. Motion Toolbox alows LabVIEW programmers to develop motion
control systems for awide range of applications, including automated test and manufacturing,
medical and biotech, metering and dispensing, machine control, and laboratory automation.
Motion Toolbox provides these capabilities:

Motion control, including velocity, acceleration, deceleration, go, stop, kill, etc.
Setup, control, and command file transfer

Counter and timer configuration and control

Indexer, encoder, and drive configuration

Home, hardware limit, and soft limit configuration

Jogging and joystick configuration

1/O setup and function configuration

Fast status querying of /O, limit, home, motor and encoder position, velocity, etc.
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S-Curve Profiling (servos only)

6000 servo controllers allow you to perform S-curve move profiles, in addition to the usual
trapezoidal profiles. S-curve profiling provides smoother motion control by reducing the jerk
(rate of change) in acceleration and deceleration portions of the move profile (see drawing

— below).

S-curve profiling is

not available Trapezoidal S-Curve

during Contouring.
P A >
S o
g s

Time Time

< T
= \ Time _ \ Time
[} (]
o [S]
Py 3]
o Maximum Jerk o

Less Jerk

S-curves improve  Because S-curve profiling reducesjerk, it improves position tracking performance in servo
position tracking. - o tems, especially in linear interpolation applications (not contouring).

S-curve programming  To program an S-curve profile, you must use the average accel/decel commands provided in the
requirements. - 6000 Series programming language. For every maximum accel/decel command (e.g., A, AD,
HOVA, HOVAD, JOGA, JOGAD, etc.) there is an average command for S-curve profiling (see

table below).

Maximum Accel/Decel Commands: Average (S-Curve) Accel/Decel Commands:
Command Function Command Function

A Acceleration AA Average Acceleration

AD Deceleration ADA Average Deceleration

HOVA Home Acceleration HOMAA Average Home Acceleration
HOMAD Home Deceleration HOMADA Average Home Deceleration
JOGA Jog Acceleration JOGAA Average Jog Acceleration
JOGAD Jog Deceleration JOGADA Average Jog Deceleration

JOYA Joystick Acceleration JOYAA Average Joystick Acceleration
JOYAD Joystick Deceleration JOYADA Average Joystick Deceleration
LHAD Hard Limit Deceleration LHADA Average Hard Limit Deceleration
LSAD Soft Limit Deceleration LSADA Average Soft Limit Deceleration
PA Path Acceleration PAA Average Path Acceleration

PAD Path Deceleration PADA Average Path Deceleration

The command values for average accel/decel (AA, ADA, etc.) and maximum accel/decel (A, AD,
etc.) determine the characteristics of the S-curve. To smooth the accel/decel ramps, you must
enter average accel/decel command values that satisfy the equation 1/2 Ay < Aavg < Amaxs
where Amax represents maximum accel/decel and A, represents average accel/decel. Given
this requirement, the following conditions are possible;

o If Aqyg > 1/2 Amax, but Agyg < Amax, You have achieved an S-curve profile with a
variable period of constant accel/decel (see drawing below).

* If Agyg = 1/2 Apax, YOu have achieved what is called a Pure S-curve profile in which

thereisno period of constant accel/decel and jerk is at an absolute minimum (see drawing
below).
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v S-Curve (Aavg > 1/2 Amay) y PureS-Curve (Aavg = 112 Amax)

max
avg avg
avg
D max
D max

Once you enter an A, value that is # zero and satisfies 1/2 Apay < Aqyg < Amax, S-CUIVe
profiling is enabled, but only in the operation that uses that particular A,,q command.
For example, entering a HOMAA command enables S-curve acceleration profiling only for
homing moves, not for other functions such as jogging (which would require the J OGAA
command). To return to the default trapezoidal profiling mode, enter an A,g value of
zero, or set Agyg = Amax-

If Aavg = Amax, @trapezoidal profile results, but can be changed to an S-curve by
specifying anew A,q value less than Ay, OF Set A,y greater than A,y

If Aavg < 1/2 Amax, OF Aayg > Amax, When you try to initiate motion, the move will not
be executed and an error message, * | NVALI D CONDI TI ONS FOR S_CURVE
ACCELERATI ON—FI ELD n, will be displayed.

If Aayg = zero or if you never enter an A, command, the controller defaults to
trapezoidal profiling and the A, command value will always match the Ay, command
value. However, if you enter an A, 4 deceleration of zero, you will receive the error
message * | NVALI D DATA—FI ELD n, where n isthe number of the datafield.

If you never enter the maximum (Ay,ay) Or average (A,,q) decel command values (AD or

ADA, HOVAD or HOMADA, etc.), the average decel value will always match, or track, the
average accel value (AA, HOMAA, etc.). However, once you change the maximum decel,
the average decel will no longer track the average accel.

If you increase the A4 value above the

pure S-curve level (Aavg > 172 Amax)a 1 U After increasing A hax
the time required to reach the target
velocity and the target distance decreases,
however, increasing A,,4 aso increases
jerk. After increasing A,g, YOU Can
reduce the jerk by increasing Anay (See
illustration); however, increasing Anax
requires agreater torqueto achievethe =
commanded velocity at the mid-point of

the acceleration profile.

0 Original Profile

[0 after increasing Aavg

N

T

Y ou can calculate the profile's accel/decel time with the following equations (cal culation
method isidentical for S-curve and trapezoidal):

Veloci i Istance
Time of accel or decel = Aay ty or Time of accel or decel :;; T Aavg

Accel/decel scaling (SCLA or PSCLA,) affects A,,q the same as it does for A4, regardless
of if the profileistrapezoidal or S-curve (see Scaling section in Chapter 3).
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Example

In this example, Axis 1 executes a pure S-curve profile that takes 1 second to reach a velocity

of 5rpsand 1 second to return to zero velocity. Axis 2 executes atrapezoidal profile that
takes 0.5 seconds to reach a velocity of 5 rps and 0.5 seconds to return to zero velocity.

@FB1
@RES4000

SCALEO
@m0

@»s0000
Al0, 10
AA5, 10
AD1O, 10
ADA5, 10

V5,5
Qa1

Sel ect encoder feedback
Set resol ution to 4000
steps/rev

Di sabl e scal i ng

Sel ect i ncrenental

Axis 1

posi ti oni ng rmode 0
Set di stances to 50, 000
positive counts

Set nax. accel to 10
revs/ sec/ sec (both axes)
Set avg. accel to 5

revs/sec/sec on axis 1, and 0
10 revs/sec/sec on axis 2

Set max. decel to 10 revs/sec/sec (both axes)

Set avg. decel to 5 r/s/s on axis 1, and 10 r/s/s on axis 2

Set velocity to 5 revs/sec on both axes

Execute nmotion on both axes

Timed Data Streaming (bus-based steppers only)

148

The Timed Data Streaming (Streaming) modes allow you precise multi-axis distance and
velocity control. Data streaming is accomplished by dividing the motion profile into small
straight-line segments, allowing you to control the profile shape with greater accuracy.

Time-distance streaming (STREAML) allows you to control the number of steps output over a
given time period.

Time-velocity streaming (STREAM) allows you to control the frequency of the step output
over agiven period of time.

To produce a data streaming profile, you must do the following:

1. Establish the streaming update interval (STD). Thisinterval can be any multiple of 2
beginning with 10 milliseconds and ending with 50.

2. Enablethe desired streaming mode. STREAML for time-distance streaming, or
STREAMR for time-velocity streaming.

3. Send datapoints via SD commands. Streaming Data (SD) commands allow you to
change distance or velocity values and enable certain streaming functions (see table
below). The SD command syntax is SD<i >, <i >, <i >, <i >, where each data or
function assignment (<i >) represents one datapoint. As many asfour datapoints are
possible per SD command—one for each axis. The nine types of datapoints are listed
in the table below.

Function of the SD Command

Range for <i > (Datapoint)

Distance or velocity data
Wait for input pattern *

0to +32767
1bbbbbbbb (b =0 or 1)

Set outputs * 2bbbbbbbb (b =0 or 1)
Set mask * 3bbbbbbbb (b =0 or 1)
Set loop * 400000000 to 499999999
End loop * 500000000

Terminate loop 600000000

Exit streaming mode 700000000

Set negative-travel direction 800000000

* These functions must be assigned in the SD data field that corresponds to the first streaming axis. For
example, if you enabled the Distance Streaming Mode for axes 3 & 4 (STREAM , 1, 1), the Set Loop

datapoint 432222421 2 must be entered in the third axis' data field (SD, , 43320321 2).
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Greater in-depth discussions on each SD command function are provided in the 6000 Series
Software Reference.

CAUTION

Minimized Error Checking: In both streaming modes, the SD commands are executed
in the motion trajectory update. Because of processing time constraints, error checking is
minimal. For instance, a 2 in a field designated for a 1 or 0 may turn on unexpected outputs.
Entering data greater than the maximum distance or frequency will cause unexpected motor
positioning. If incorrect data or no data is detected, the data is ignored and the last velocity
value is output.

Do not exceed update period: When in the distance or velocity streaming mode, the
last SD data point output will continue to be output on each succeeding update, unless a hew
SD data point is received. If you have all of your SD data points in a program that is contained
in the controller, this will pose no problem; however, if you are sending each individual SD
data point from an external program on the fly, be sure to not exceed the update period you
specified with the STD command.

Executing a pause (P command or pause input): The occurrence of a pause
command or a pause input will stop motion and disable the streaming mode.

Keep the pulse width settings equal: All axes involved in the streaming mode
(STREAM must have the same PULSE setting (1 ps minimum).

Time-Distance Streaming Example

The example below illustrates a grinding application. The application involves two axesin an
X-Y orientation. One axis controls the position of the grinding wheel relative to the part
being ground (Y -axis). The other axis moves the grinding wheel parallel to the part being
ground (X-axis). The motion on the Y -axis is accomplished with the standard motion
commands (A, V, D, and G0). However, the motion on the X-axis is more complex, requiring
time-distance streaming.

There are two parts that can be ground (see illustration below). The three faces|abeled A, B,
and C are to be ground at a speed of 2 rps, while traversing between each grind at 10 rps. The
motion profiles for the X-axis of each part are shown.

Part 1
0 50000 100000 150000 200000 250000
>
S
o
S
T T T T T T N
0 100000 150000 200000 250000 300000 350000 Distance
350250
Grinding Surface Mrinding Surface Mrinding Surface
Part 2
0 100000 150000 250000 300000 400000
>
S
2
U]
> T T T T T T X
0 100000 200000 250000 350000 400000 50050(_)000250 Distance
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The grinding wheel is rotated by a constant velocity motor that is either on or off. The motor
is controlled by asingle output. During the X-axis traverse, the constant velocity motor is
turned on just prior to grinding, and turned off immediately after grinding. Points ON and
OFF in the above illustration are where the motor is turned on and off.

The whole process will be initiated by an input, and will loop continuously until a second
input is toggled.

GRINDING PROGRAM:

DEF MAIN ; Begin definition of program main
PULSE]L, 1 ; Set pulse width to 1
DRES25000, 25000 ; Drive resolution is 25000 steps/revol ution
EOT32, 32 ; Set end-of -transm ssion characters to spaces
LHO, O ; Dsable limts
MAL1 ; Enabl e absol ute node on axes 1 & 2
; (not applicable during streaning)
HOMLVL11 ; Set active high hone | evel
HOML1 ; G hore on axes 1 and 2
A50, 100 ; Set X and Y-axis accel eration
V10, 10 ; Set X and Y-axis velocity
(DY) ; Set absolute distance for X-axis
VARS1="Part 1 or Part 2 ? "
REPEAT ;
VARL=READL ; Read a value into variable 1
WR TE'\ 13\ 10" ;
UNTI L(VARL=1 CR VAR1=2) ; If variable 1 is not equal to 1 or 2,

; repeat the above 3 commands
VARL=VARL* 100+400000000 ; Variable 1 is used to determne grind | ength
REPEAT ;
WRI TE'WAi ting for part to be | oaded...\10\13"

VA T( | N=b1) ; Vit for input 1 to becone active

WR TE'Part Loaded. \ 10\ 13\ 10\ 13"

D, 175000 ; Y-axis distance

01 ; Move Y-axis into position to grind
GRND ; Start grinding on X-axis

DO ; Y-axis distance

a1 ; Move Y-axis out of position

Ql ; Move X-axis to hone position

UNTI L( | N=bX1) ; If input 2 is active, end repeat | oop
WR TE'Fi ni shed Ginding for the Day\ 10\ 13"

END ; End definition of program main

DEF GRIND ; Begin definition of programgrind
STD10 ; Set streaming update rate to 10 nilliseconds
STREAML ; Enabl e tine-distance streaming on axis 1
SD500 ; Begin traverse to grind point A
SDr00

SDO00

SD1100

SD1300

SD1500

SD1700

SD1900

Sb2100

SD2300

SD400000030 ; Loop 30 tines

SD2500 ; Move 2500 steps/update

SD6500000000 ; End | oop

SD210000000 ; Turn on output 1 to start the grinding wheel
SD2300 ; Decelerate to grind section A

SD2000

SD1800

SD1500

SD1200

SDO00

SD700
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GRINDING PROGRAM (continued)

SD600
SD( VARL)
SD500
SD500000000
SD700

SDO00
SD1100
SD1400
SD1700
SD2000
SDR200
SD400000012
SDR500
SD500000000
SDR200
SD2000
SD1700
SD1400
SD1100
SDO00

SD700

SD( VARL)
SD500
SD500000000
SD700

SDO00
SD1100
SD1400
SD1700
SD2000
SDR200
SD400000012
SDP500
SD500000000
SDR200
SD2000
SD1700
SD1400
SD1100
SDO00

SD700

SD( VARL)
SD500
SD500000000
S0200000000
SOR50

S0
SD700000000
WA T( MDV=bO0)
END

1

Tot al
Loop 100 tines for Part 1, 200 times for Part 2
Move 500 steps/update (Ginding section A

End | oop

Begin traverse to grind point B

Loop 12 tines (distance = 30000 steps)
Move 2500 st eps/update

End | oop

Decel erate to grind section B

Loop 100 times for Part 1, 200 times for Part 2
Move 500 steps/update (@Ginding section B)

End | oop

Begin traverse to grind point C

Loop 12 tines (distance = 30000 steps)
Move 2500 st eps/update

End | oop

Decel erate to grind section C

Loop 100 tines for Part 1, 200 times for Part 2
Move 500 steps/update (Ginding section Q

End | oop

Turn off output 1 to stop the grinding wheel
Decel erate to a stop over two updates

Exit stream ng node
Wit for notion to stop
End definition of programgrind

kkhkhkkkhkkkhkhkkhhkkhkhhkhhkhkhhkkhhhkhhkkhhhkhhkhhhkhhkhhhkhhkhhhkkhhrdxdhrdxrhxdx

1

; * Toinitiate the program execute the "main" command *

R o S o R R R S R R R R R R R R R R Rk S S R R R R

di stance noves after this SD point = 100000 steps
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Linear Interpolation

NOTE

« Linear Interpolation is not
applicable to single-axis
products.

e 2-axis products can
accommodate only 2-
axis (X & Y) linear
interpolation.

Code
Sample

The controller allows you to perform linear interpolation, the process of moving two or three
orthogonal (right angle) linear axesto achieve linear (straight line) motion; a fourth axis may
also participate in the move profile. Thetask isto derive appropriate move parametersto
move from a current location to a new location, where each position is specified by a set of
Cartesian coordinates. All axes must start, accelerate, decelerate, and stop in a synchronized
manner.

The Initiate Linear Interpolated Motion (GOL) command initiates linear interpolation moves
based on the parameters set with the D, PA, PAD, and PV commands. Y ou simply enter the
desired path acceleration (PA), the path deceleration (PAD), and the path velocity (PV) to arrive
at the point in space (end point) specified with the distance (D) command; the controller
internally calculates each axis' actual move profilesto achieve a straight-line path with these
parameters.

Y ou can scale the acceleration, velocity, and distance with the PSCLA, PSCLV, and SCLD
commands, respectively (see example below).

The GOL command starts motion on either or both axes. If the GOL command isissued
without any arguments, motion will be started on both axes.

SCALE1
@SCLAA000
@SsaLVv4000
@Ca.D4000
PA25

PAD20

Enabl e scaling
Set path accel eration scale factor to 4000 steps/ unit
Set path velocity scale factor to 4000 steps/unit
Set distance scale factor to 4000 step/unit
Set the path acceleration to 25 units/sec/sec
Set the path decel eration to 20 units/sec/sec
P2 Set the path velocity to 2 units/sec
D10, 5 Set the distance to 10 & 5 units on axes 1 & 2, respectively
[colkl ; Initiate linear interpolated notion on axes 1 & 2
; (see figure bel ow

Linear Interpolated Path Contrasting Motion Profiles of Axes 1 & 2

to Achieve the Linear Interpolated Path
D1g 5

/

Axis 1

7

Y (Axis 2)
n

y

Velocity

Axis 2

5 6 7 8 9 10 11 12 13 Time

X (Axis 1)
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Contouring (Circular Interpolation)

6000 Series controllers allow you to define and execute two-dimensional motion paths. A

NOTE path refersto the path traveled by the load in an X-Y plane, and must be defined before any
. ggﬁggg;;gg gg; . motion tall<es place along that path. The X and Y axes can be specified as any of the
products. controller's two axes.
: ggg; %332%30%7; 5 Fou!rjaxis cc_)ntrol lers: A 'thi rd axis_, labeled the C axj s, may beincl L!ded to k_eep an angular
axis (X & Y) contouring. position which changes linearly with the path direction. The path direction is the vector

addition of the travel of axes X and Y. A fourth axislabeled the P axis may be included to
keep a position which is proportional to the distance traveled along the path described by X
andY. TheX,Y, Cand P axes can be specified as any of the controller's four axes.

A path consists of one or more line or arc segments whose end-points are specified in terms of
X andY positions. The end-point position specifications may be made using either absolute
or incremental programming. The segments may be lines or arcs, both of which are described
in greater detail in the following sections. Each path segment is determined by the end-point
coordinates, and in the case of arcs, by the direction and radius or center. It ispossible to
accelerate, decelerate or travel at constant velocity (feedrate) during any type of segment, even
between segments. For each segment, the user may also specify an output pattern which can
be applied to the programmabl e outputs at the beginning of that segment.

All paths are continuous paths, (i.e., the motion will not stop between path segments, but

must stop at the end of a path). It isnot possible to define a path that stops motion within the
path definition and then continues that path. To achieve this result, two individual paths must
be defined and executed. A path may, however, be stopped and resumed by using a
Pause/Resume input (see page 111) while the path is executing. In this case, motion will be
decelerated and resumed along the path without loss of position. If one axisis stopped due to
any other reason, the other axis will stop abruptly, and motion may not be resumed. Causes
for motion being stopped may include encountering an end-of-travel limit, issuing aKill (! K)
command, detecting a stall (steppers), exceeding the max. allowable position error (servos), etc.

Path Definition

Contouring paths are defined like programs (using the DEF and END commands), but are
compiled with the PCOMP command and executed with the PRUN command. Programsintended
to be compiled as paths are stored in Program memory. After they are compiled with the
PCOMP command, they remain in program memory and the segments (PARCM PARCOM

[  PARCOP, PARCP, and PLI N statements) from the compiled profile are stored in Compiled

Compiled GOBUF  memory. The TDI R command reports which programs are compiled as a compiled profile.
segments are also

stored in %‘;’e’qg’ﬁg The amount of RAM allocated for storing contouring path segmentsis determined by the
(see page 13).  MEMORY command setting. The table below identifies memory allocation defaults and limits for

6000 Series products. Further details on re-allocating memory are provided on page 12.

Feature AT6n00 AT6n00-M AT6n50 AT6Nn50-M All Other Products
Total memory (bytes) 64000 1500000 40000 150000 150000
Default allocation 33000,31000 | 63000,1000 39000,1000 |149000,1000 | 149000,1000

(program,compiled)

Maximum allocation for 1000,63000 | 1000,1499000 | 1000,39000 | 1000,149000 | 1000,149000
compiled profiles

Max. # of compiled profiles | 100 800 100 300 300
Max. # of compiled profile | 875 20819 541 2069 2069
segments

-M refers to the Expanded Memory Option

CAUTION

Issuing a memory allocation command (e.g., MEMORY1@44 39Q22) will erase all existing
programs and compiled contouring path segments. However, issuing the MEMORY command
by itself (i.e., MEMORY—to request the status of how the memory is allocated) will not affect
existing programs or path segments.
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Participating Axes

154

Example
Code

2-Axis Contouring

Example
Code

4-Axis Contouring

Y ou can store the maximum number of paths possible (see table above) as long as each path
has at least one segment, and the sum of all the segments of all the paths does not exceed the
controller's memory limitation for paths. All path definitions may be compiled and ready to
execute at any time. Paths defined using 6000 commands are specified with a path name.
Once a path definition is compiled, it may be executed repeatedly without being re-compiled.

Deleting (DEL) an existing path name will automatically del ete the existing path compilation
with that name. The PUCOMP command only deletes (“uncompiles’) the path compilation,
not the path program.

In the example commands bel ow, storage space is made available for the definition of path
W D3 by first deleting the compiled version of paths W D1 and W D2. The DEF statement
begins the definition of the path W D3.

PUCOW W DL ; Rermove conpilation of WDL
PUCOWP W D2 ; Renove conpilation of WD2
DEF W D3 ; Begin definition of WD3

NOTE

The mechanical resolution of all participating axes (identified with PAXES command) must be
identical; scaling cannot compensate for mechanical variances. In addition, all participating
axes must have the same PULSE settings and the same DRES settings (steppers only) or the
same number of feedback device counts per unit of linear travel (servos only). If you

change the PULSE setting, you will need to recompile (PCOVP) any previously compiled paths.

Y ou can change the X-Y planeto an Y-X plane by using the PAXES command. A path
definition default is PAXESL, 2. For any path that uses axis 2 asthe X axis and axis 1 asthe
Y axis, the path definition must start with PAXES2, 1 (see example below)

DEF DRAWL ; Begin definition of DRAW
PAXES2, 1 ; Set contouring axes (axis #2 is X axis, axis #1 is Y axis)

Some contouring applications may require the execution of more than one path to complete a
part or finish an operation. The application may require that different paths take placein
different planes of athree dimensional work area. In addition, some of the paths may require a
third axis to move either tangent, or proportional to the path. For these reasons, afour-axis
controller offers great flexibility in the specification of participating axes.

Y ou may want to begin your path definition with the PAXES command,; thiswill ensure that
you have specified the appropriate axes to participate in the path. The X, Y, tangent (C) and
proportional (P) axes can be specified as any of the four axes, and this specification must be
made before any of the path travel specifications are made. The X and Y axes must be
specified, the third (tangent) axis labeled C and the fourth (proportional) axis labeled P are
optional.

The C axis will maintain an angular position which changes linearly with the direction of
travel inthe X-Y plane. Thisallowsthe C axisto control an object, which must stay tangent
(or normal) to the direction of travel such as acutting tool. The C axis must also be specified
by its signed resolution. The magnitude of the resolution is the number of C axis motor steps
in 360 degrees of an arc drawn by the X and Y axes. The sign of the resolution specifies the
direction of rotation of the C axis. Refer to the PTAN command.
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Example
Code

Path Acceleration,

Example
Code

The P axiswill keep a position that is proportional to the distance traveled along the X-Y path
asthe path is executed. Thisallowsthe P axisto act asthe Z axisin helical interpolation (see
drawing at |eft), or to control the motion of any object which moves with distance and
velocity proportional to the path. The P axis must also be specified by the signed ratio of P
axistravel to path travel. The magnitude of this ratio may range from 0.001 to 1000. The
sign of thisratio specifies the direction of rotation of the P axis. Refer to the PPRO
command.

A sewing machine application may require all four axes (X,Y,C, and P). TheX and Y axes
would direct the sewing head along the required path. The C axis would keep the sewing head
pointed into the direction of travel. The P axis would control the speed of the needle, so that
an even stitch is made, regardless of path speed.

The following example begins the definition of a path named DRAWL. The X and Y axesare
specified to be axes 4 and 2. The path includes the C axis to be axis 1, with aresolution of
100,000 steps. It also includes the P axisto be axis 3, with aratio of P axistravel to path
travel specified as2.5:1.

DEF DRAWL ; Begin definition of DRAWL
PAXE4, 2,1, 3 ; Set contouring axes
PTANLOO000 ; Define C axis resolution
PPR2. 5 ; Define Paxis ratio

Deceleration, and Velocity

A path may be composed of many segments, each with their own motion parameters. The
path velocity, acceleration, and decel eration specifications currently in effect at thetime a
segment is defined will apply to that segment. This allows construction of a path that moves
at one velocity for a section of the path, then moves at a different velocity for another section.

In most cases, it will be desirable to maintain a constant velocity throughout the path, but it
is easy to define a path in which each segment has its own velocity. For example, this may
be useful when atool needsto slow down to round a corner, or to allow the rate of glue
application to be controlled by the path speed. Acceleration and deceleration may also be
specified separately.

The short code example below illustrates the specification of velocity, acceleration, and
deceleration in that order.

SCALEL ; Enabl e scaling

PSCLA25000 ; Scal e path accel eration by 25,000
PSCLV20000 ; Scal e path vel ocity by 20, 000

PVO. 5 ; Path velocity 10,000 counts/sec

PA16 ; Path accel eration 400, 000 count s/ sec/ sec
PAD28 ; Path decel eration 700, 000 counts/sec/sec

Segment End-point Coordinates

Steppers: All end-point
position specifications are in
units of motors steps,
regardless of the current
state of the ENC command.

The end-point position specifications of lines and arcs may be either absolute or incremental.
The controller stores the end-point data for all of its compiled segments internally as
incremental, relative to the start of the segment. But in order to ease the programming task,
absol ute coordinates and multiple coordinate systems may be used.

When incremental coordinates are used to specify an end-point, the X and Y end-point values
represent the distances from the X and Y start point of the segment being specified. Center
specifications of an arc are always incremental (i.e., relative to the start of that arc segment).
When absolute coordinates are used to specify an end-point, the X and Y end-point values
represent that segment's position in the specified coordinate system. Incremental and absolute
programming are specified with the PAB command. Incremental programming is the default
state at the beginning of a path definition.
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Coordinate systems allow the assignment of an arbitrary X-Y position as a reference position
for subsequent absolute end-point specifications. The controller allows the use of two
coordinate systems for use with absolute coordinate programming. These are called the Work
coordinate system and the Local coordinate system. These are specified with the PWC and PLC
commands. Neither coordinate system needs to represent the actual absolute position of the
axes when the path actually executes.

The Work and Local coordinate systems are provided to allow absolute end-point definition of a
segment without needing to know the actual position of each axiswhen the segment is
executed. If no PWC command precedes the first segment command when a path definition
begins, the controller will place the start of the first segment at location (0,0) in the Work
coordinate system. By usingthe PAWC xpos, ypos command, the programmer defines
subsequent absolute end-points to refer to the Work coordinate system, and also locates that
coordinate system such that the starting position of the next segment is at (xpos, ypos) of the
Work coordinate system.

The Local coordinate system is provided so that if a section of apath isto appear in multiple
locations along the path, the segments that compose that section can be programmed in
absolute coordinates. By usingthe PLC xpos, ypos command, the programmer defines
subsequent absolute end-pointsto refer to the Local coordinate system, and also locates that
coordinate system such that the starting position of the next segment is at (Xpos, ypos) of the
Local coordinate system.

A single path definition may include both absolute and incremental programming, and be
required to switch between Work and Local coordinates several times. At any point along a
path definition, coordinates may be switched from absolute to incremental, or from
incremental to absolute. When switching to absolute, all subsequent end-point specifications
are assumed to be absolute with respect to the coordinate system in effect at that time. This
remains true until the reference system is switched to incremental, or to a new absolute
reference.

When switching from Work coordinates to Local coordinates, the Local X and Y start
positions of the following segment must be specified with the PLC command. When starting
a path definition with Work coordinates, or when switching to Work coordinates, the starting
position of the next segment may either be specified or assumed. The controller toggles
between the Work coordinate system and the Local coordinate system with the PL command.

Ease of programming results from the ability to switch between absolute and incremental, and
to re-define the coordinate systems between sections of a path. Thisallowsindividual sections
of path definition to have Local coordinate systems, yet still be integrated into the complete
path.

Lines are the simpler of the two path segment types. The placement, length, and orientation of
thelineis completely specified by the end-point of the line segment and the end-point of the
previous segment. As described above, end-points can be specified with absolute or incremental
coordinates.

The example below is specified with incremental coordinates and resultsin aline segment
10,000 stepsin length, at 30 degreesin the X-Y plane.

PLI NB660, 5000 ; Line segnent to (8660,5000) —see illustration at |eft
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Arcs are more complex to specify than lines, because there are four possible ways to get from
the start point to the end point. The radius of an arc may either be specified directly or implied
by the center specification. In the controller, al path descriptions refer to the X-Y plane. The
genera convention describing the X-Y plane, as viewed from a drawing, isasfollows. The X
axisis shown as the left-right axis, with left being negative and right being positive. TheY
axisis the up-down axis with down being negative and up being positive. Angles start at zero
and increase in the CCW direction of rotation. A line segment, or the radius of an arcis at
zero degreesiif the incremental end-point has a positive X component and zero Y component.
The angle is 90 degrees if the end-point has a positive’ Y component and zero X component.

All arcs have an associated radius. In the controller, the radius may either be specified
explicitly, or implied by a center specification. Inboth cases, it is possible that the radius
may not be consistent with the specified end-point of the arc. This could be aresult of
improper specification, user calculation error, or of round-off error in the internal arithmetic of
the controller. For thisreason, the controller allows the specification of aradius tolerance
(PRTQL). Theradiustoleranceis specified in the same units astheradiusand X and Y data.

The radius tolerance has a factory default of + one step, which isjust enough to overcome
round-off errors. The radius tolerance may be specified at any point along the path definition,
and may be changed between one arc and the next. Each arc definition will be compared to the
most recently specified radius tolerance. The radius tolerance should be about the same as the
dimension tolerances of the finished product. The following paragraphs explain how the radius
tolerance is used for the two types of arc specifications, and gives syntax examples for the
radius tolerance specification.

Specification of an arc using the radius method requires knowledge of the start point, the end
point, and the sign and magnitude of the radius. The controller knows the start point to be
either the start of the path, or the end of the previous segment. The end point and radius are
provided by the user's program. It is possible to specify an impossible arc by specifying an
end point that is more than twice the radius away from the start point (see drawing at left). In
this case, the controller will automatically extend the radius to reach the end-point, provided
that the automatic radius change does not exceed the user specified radius tolerance. If the
required radius extension exceeds the radius tolerance, the controller will respond with an
execution error, and no arc will be generated.

The following illustration shows the four possible ways to move from the start point to the
end point using an arc of radius 1000. Arc 1 and 2 both travel in the CW direction, arc 3 and
4 both travel in the CCW direction. Arc 1 and 3 are both less than 180 degrees. An arc of

180 degrees or lessis specified with apositive radius. Arc 2 and 4 are both greater than 180
degrees. An arc of more than 180 degrees is specified with a negative radius. The example
code below shows the radius tol erance specification and the specifications of arcs 1, 2, 3, and 4
respectively.

SCALE1 ; Enabl e scaling Arc 2
PSCLD100 ; Path position scaler = (0.1000) End Point
DEF arcs : Begin definition of path arcs 1000 (866,500)
PRTOL5 : 5 steps of radius tolerance Arcl

PARCP866, 500, 1000 ; Arc 1, CW< 180 degrees

PARCP866, 500, - 1000 ; Arc 2, CW> 180 degrees

PARC\VB66, 500, 1000 ; Arc 3, COW< 180 degrees o o

PARCMB66, 500, - 1000 ; Arc 4, CCOW> 180 degrees Arca

END ; End path definition

RS EEEE S SRS SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEE S S SRS
1

;* To conpile the arcs path, type "PCOW arcs" *
;¥ To run the arcs path, type "PRWN arcs" *

B R R R ok ko R R R kR R Rk Rk o Rk R R R o
)

Chapter 5. Custom Profiling 157



Center
Specified Arcs

End Point
(150,50)

_ R=
R=100 70.7
Start Point Center
(0,0) (100,0)
Example
Circles
Example

Specification of an arc using the center method requires knowledge of the start point, the end
point, and the center point of the arc. The X coordinate of the center is referred to with the
letter | , and the Y coordinate of the center isreferred to with the letter J. Whenan arcis
specified with the center, another potential problem arises.

It is possible to specify the center of an arc such that the radius implied by the start point does
not equal the radius implied by the end point (seeillustration on left). In this case, the
controller will re-locate the center so that the resulting arc has a uniform radius and the starting
and ending angles come as close as possible to those implied by the user's center specification.
This automatic center relocation will take place only if the start point and end point radius
difference does not exceed the user specified radius tolerance. If the radiustolerance is exceeded,
an execute error will result, and the arc will not be included in the path.

While automatic center relocation will ensure a continuous path, it may result in an abrupt
change in path direction. This happens because anew location for the center resultsin anew
tangent direction for an arc about that center.

The example code below shows the specifications of arcs 1, 2, 3, and 4 for the drawing on the
right. In the 6000 commands, the order of the datais X, Y, I, Jfrom left to right.

SCALE1 ; Enabl e scaling A2
PSCLD100 ; Path position scaler - .
DEF arcs?2 : Begin definition of path 1000 (0:1000) e o0

PARCCP866, 500, 866, - 500 ;
PARCCP866, 500, 0, 1000 ;
PARCOVB66, 500, 0, 1000 ;
PARCOMB66, 500, 866, - 500 Arc 4, COW> 180 degrees
END End path definition

’
IR SRR R RS EEE SR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES
’

Arc 1, CW< 180 degrees
Arc 2, CW> 180 degrees
Arc 3, OCCW< 180 degrees

Arc 1

Start Point
(0,0)
Arc 4

;* To conpile the arcs2 path, type "PCOW arcs2" *
;* To run the arcs2 path, type "PRUN arcs2" *

EER R Rk I kR Rk Rk R R Rk Rk kR R R R ok R R o R R R Rk R R R
’

A circleisaspecial case of an arc whose end-point is the same as the starting point. Because
these two points are the same, it isimpossible to determine the location of the circle's center
from aradius specification. For thisreason, an arc that is a complete circle must be specified
using the arc center specification method. An arc with identical starting and ending points
specified with the radius method will be ignored. The circle shown below is specified with the
exampl e below.

DEF circle ; Begin definition of path circle
PARCCPO, 0, 0, 500 ; AQrcle with center at (0,500) %egé%’)
END ; End path definition °

LR Sk S R R o Sk o R R R Rk o S S R R o R R R R Rk ok
’

;* To conpile the circle path, type "PCOW circle" *
;* Torun the circle path, type "PRUN circle" *

rkkhkkkkhkhkkhkhkhhkkhkhkhhhkhkhkhhkdhkhhhkdhhhhkdhhdhkdhhdhkdhhdhkx*x

Start and
End Points
(0,0)

Segment Boundary

158

So far, all the examples given have shown isolated line or arc segments. Most paths will
consist of many segments put together. The point at which the segments are connected is
called a segment boundary in thistext. The controller automatically ensures that the path is
continuous, in that segments are placed end-to-end.

The path velocity may either be constant or change from segment to segment, according to user
specification. Velocity changes use the specified accel eration and decel eration and may take place
even across segment boundaries.

The programmer should ensure that direction of travel is also continuous across segment
boundaries (see Figure A). If the direction change is abrupt (as shown in Figure B) the X and
Y axeswill suffer abrupt acceleration or deceleration. The controller ensures that there will be
no abrupt direction change within a segment, but the programmer is responsible for ensuring
that the direction is continuous across segment boundaries. At low speeds, some motor and
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mechanica configurations will tolerate such abrupt changes, and the controller will accept
such a program; however, it is generally good practice to design paths with smooth direction
changes. This may be done by designing a path using arcs to round corners.

Y J Y
Possible
Stall
X X

~

N E T

Time Time

Figure A (Segment Example) Figure B (Stall Example)

Using the C Axis (4-axis products only)

The C axisis an axis whose position changes in a manner linearly related to the direction of
travel in X and Y (i.e., the path direction). The C axiswould be used in applications that
require awork piece or tool to remain tangent or perpendicular to the path direction. Examples
would be: aknife always pointing into the cut, or awelding head staying normal to the weld.

The magnitude of the C axis resolution refers to the number of steps of C axis position

change for 360 degrees of direction changein the X-Y plane. This number may be the same
as, or different from the C axis motor resolution, allowing any gearing that is convenient for
the mechanics. If the C axisload isto be driven directly, the C axis resolution should be the
same as the C axis motor resolution. Thiswill cause the C axis motor and load to rotate once
when acircleisdrawn by the X and Y axes. If the C axisload isto be geared (e.g., 5:1), the
C axis resolution specifications should be five times the C axis motor resolution. Thiswill
cause the actual motor to rotate five times and the load to rotate once when acircle is drawn by
theX and Y axes.

The number may be positive or negative, allowing greater flexibility in C axis motor
mounting orientation. If the sign is positive, the C axis will rotate in the positive direction
when CCW arcs are drawn. If the sign is negative, the C axis will rotate in the negative
direction when counter-clockwise arcs are drawn.

The C axisis assumed to be in the proper position when path execution begins. It will
change position only as the direction of travel changes. The program must position the C
axis before the path is executed. This can be done with the HOMcommand or a GOto a
position.

Because the C axis position changes linearly with the direction of X-Y travel, it isimportant
to avoid path definitions which result in an abrupt direction change between segments. The
segment boundary considerations for the C axis are similar to those for the X and Y axes,
except that abrupt direction changes will result in abrupt C axis position changes. The X and
Y axiswould only suffer large accel erations, which may cause a stall in steppers or exceed the
maximum position error (SMPER value) in servos. The C axiswill suffer impossibly high
velocity commands, causing stall and position lossin steppers or position error in servos.

Using the P AXis (4-axis products only)

The P axisis an axis whose position and velocity are proportional to the position and velocity
traveled by the load along the path generated by X and Y. It can be used asthe Z axisin
helical interpolation, or to control other motion which must be proportional to the X-Y path
motion. The proportionality of the P axisis specified as aratio, with arange of +0.001 to
+1000. The sign of the ratio determines which direction the motor will turn. The magnitude
specifiestheratio of P axistravel to path travel, regardless of path direction or segment type.
Thisratio is essentially a position ratio, but because the ratio is maintained at every instant it
also becomes avelocity ratio.

The P axis only responds to the distance traveled along the path, and is not affected by
direction changesin the path. The only caution that must be observed comes when a high
ratio is specified. In thiscase, path velocity and acceleration are amplified, which may result
in impossible velocities or stalls (steppers) or excessive position error (servos).
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Outputs Along the Path

Example
Code

For each segment, you may also specify an output pattern (POUT), which isto be applied to the
programmable outputs at the beginning of that segment and remains throughout that segment.
These segment-defined output patterns are stored as part of the compiled path definition. These
outputs will change state at some time between 1.5 ms before the beginning of the segment and
0.5 ms after the beginning of the segment. The programmabl e outputs may not be controlled
more precisely than this, because the controller updates its path position every 2 msfor steppers
and every system update for servos (see system update table in SSFR command description).

The path segment defined programmable outputs are provided so that plotting applications
may raise and lower the pen, laser cutters may turn the laser on and off, glue applicators may
be turned on and off, all at prescribed positions along the path. The output specification is
stated before the segment definition, which holds that output state. 1n the example below,
programmable outputs 2 and 4 are changed during the path segments.

DEF progl ; Begin definition of path program progl
PQUT1001 ; Qutput pattern during first arc
PARCOMS, 5, 5 ; Specify increnental X-Y endpoint position and
; radius arc <180° for 1/4 circle CCWarc
PQUT1100 ; Qutput pattern during second arc
PARCMS, -5,-5 ; Specify increnental X-Y endpoi nt
: position and radius arc >180° for POUT112
; 3/4 circle CWarc
END ; End definition of progl POUTl\‘M
PCOWP progl ; Conpil e path program progl < Utz
PRUN progl ; Execute path program progl
QJT0000 ; Turn off programmabl e out puts 1-4

Paths Built Using 6000 Series Commands

When defining a given path, the commands that specify all of the path definitions must be
contained in a named block defining that path. Each path definition block has a unique name that
is used to distinguish one path from another. Because the path definition is stored as a program,
many different paths may be stored, each defined with aunique name. A path definition block
begins with a DEF command (containing its name) and ends with an END command.

The controller offers acommand to compile (PCOVP) a named path definition block, and a
separate command to execute (PRUN) a named path. Once a named path is compiled, it may
be executed repeatedly without delay.

Compiling the Path

160
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A PCOWVP command will cause the controller to find the named path definition block and
compile the path described by those commands, even if that pathname had been previously
compiled. The use of variables (VAR) as parameters in path definition statements allow the
same basic path to be re-defined with dlightly different sizes and shapes. They may also be
used to conditionally include or omit sections of the path.

Designed to allow compile-time determination of path parameters, there may be cases when the
controller should prompt the operator or host computer for the value to be used for path velocity or
segment end-points. Alternatively, these values may be read with the READ or DAT commands,
allowing multiple calls of asingle subroutine to define similar path sections with different data
values. Commands that retrieve this data would be placed within the path definition, and would
only prompt for the information when the path is compiled (e.g., PV(READL)).

VARS1="PATH VELQO TY ? " ; Create message string

DEF pat hl ; Begin definition of pathl
PAXES], 2 ; Set path X & Y axes

PAB1 ; Absol ute path rmode

PA100 ; Path accel eration

PV( READL) ; Path velocity, to be read in when conpiling
PLI N25000, 25000 ; Mwve in aline

PLI N( VAR?2) , ( VAR3) ; Mve inaline, to be read in when conpiling
END ; End definition of pathl

PCOWP pat hl ; Conpi |l e pat hl
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Executing the Path

A PRUN command will cause the controller to find the named path definition block and
execute the path described by those commands, if that pathname has already been compiled
(PCOVP).

The use of variables as parameters in the path definition statement is a method of allowing
segment parameters to take new values each time the path is compiled. When the path is
executing, the values of the variables do not affect the path parameters. If achangein avariable
value isintended to affect the path parameters, that path must be re-compiled. The PRUN
command performs the equivalent of a GOSUB to the named path definition block.

Possible Programming Errors

It is possible to create a situation in which the segment statements are interrupted. This could
occur if an enabled ON condition becomestrue. If an enabled ON condition (ONCOND)
becomes true while running a compiled path, the branch to the ONP program will result.
Motion from the path that was being executed will continue at the last segment velocity until
it isstopped. Within the ONP program, a Stop command should be issued for all axesto stop
the path from executing. For more information on program interrupts (ON conditions), see

page 29.

Programming Examples

6000 Code

Figure A and Figure B show two simple paths that illustrate most of the controller segment
types. For both figures, axis1is X and axis2isY. The C and P axes are not included.

Figure A specifies the end-points with absolute coordinates. The default Work coordinate
system with start point of (0,0) is used, so no PL@ statement is needed.

Figure B specifies the end-points with incremental coordinates. The state of the programmable
outputs needs to be different for Handles than for Knobs. No other controller actions take
place during these paths.

SCALE1 ; Enabl e scaling
PSCLA25000 ; Path accel eration scal er
PSCLV25000 ; Path vel ocity scal er (10,20)
PSCLD25000 ; Path position scal er
DEF HANDLE ; Begin HANDLE path definition (10,10
PAXES], 2 7 Set Xaxis as axis 1, and
; set Yaxis as axis 2
PAB1 ; Use absol ute coordi nat es ©0) 200
PCUT1100 ; Programmabl e pattern for
; next segnents Figure A (HANDLE Example)
PARCOMLO, 10,0,10 ; OCCWgquarter circle
PLI N10, 20 ; Vertical LINE segnent
PARCP20, 10, - 10 ; CW3/4 circle
PARO\VRO, 0, 5 ; CCWhalf circle
END ; End of HANDLE path definition
DEF KNCB ; Begin KNOB path definition
PAXESL, 2 ; Set Xaxis to be axis 1, and
; set Yaxis to be axis 2
PABO ; Use increnental coordinates
PQUT0011 ; Programmabl e pattern for next
; segnents
PLI N30, 0 ; Long LINE into circular knob
PARCOMD, O, O, 10 ; COWcircle for the knob (300)
PLI N10, O ; Short LINE out of knob Figure B (KNOB Example)
END ; End of KNOB path definition
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The third path consists of two pairs of the first two (see drawing below). Each pair is placed
at variable locations within the Work coordinate system and the two pairs are connected with a
Line segment. The Lineleading into thefirst pair starts at (20,20) in the Work coordinate
system. Thefirst pair starts at (VARL, 2@) and the second pair starts at (VAR2, 2@) in the
Work coordinate system. HANDLE is defined using the Local coordinate system. Even
though HANDLE is defined in absol ute coordinates and appearsin two different places along
the path in PARTS, the statements describing it appear only once, in a path definition using
local coordinates.

SCALEL ; Enabl e scaling

PSCLA10000 ; Path accel eration scal er

PSCLV10000 ; Path velocity scal er

PSCLD10000 ; Path position scal er

DEF PARTS ; Begin PARTS path definition

PAXESL, 2 ; Set Xaxis to be axis 1, Y axis to be axis 2
PAB1 ; Use absol ute coordi nat es

PWC20, 20 ; Establish WXRK coordi nat es

PLO ; Enabl e WORK coor di nat es

PLI N( VARL), 20 ; LINE to (VARL, 20)

PLQD, 0 ; Specify LOCAL coordi nate system

PL1 ; Enabl e LOCAL coordi nate system

PAB1 ; Use absol ut e coordi nat es

PQUT1100 ; Programmabl e pattern for next segnents
PARCOMLO, 10, 0, 10 ; CCWaquarter circle

PLI N10O, 20 ; Vertical LINE segnent

PARCP20, 10, - 10 ; CW3/4 circle

PARCOVRO, 0, 5 ; OCWhal f circle

PABO ; Use increnental coordinates

PQUT0011 ; Programmabl e pattern for next segnents
PLI N30, O ; Long LINE into circular knob

PARCOWD, 0O, O, 10 ; OQQWcircle for the knob

PLI N1O, O ; Short LINE out of knob

PAB1 ; Use absol ut e coordi nat es

PLO : Return to WORK coor di nat es

PLI N( VAR2) , 20 . LINE to (VARZ, 20)

PLQD, O ; Specify LOCAL coordi nate system

PL1 ; Enabl e LOCAL coordi nate system

PAB1 ; Use absol ute coordi nat es

PQUT1100 ; Programmabl e pattern for next segnents
PARCOMLO, 10, 0, 10 ; OCWaquarter circle

PLI N10O, 20 ; Vertical LINE segnent

PARCP20, 10, - 10 ; CW3/4 circle

PARCVRO, O, 5 ; OCWhalf circle

PABO ; Use increnental coordinates

PQUT0011 ; Programmabl e pattern for next segnents
PLI N30, O ; Long LINE into circular knob

PARCOMWD, 0, 0, 10 ; QQWcircle for the knob

PLI N10O, O ; Short LINE out of knob

END ; End of PARTS path definition

PCOW PARTS ; Conpile PARTS path definition

‘\20 VAR1 VAR?2

Work Coordinate System
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Compiled Motion Profiling

6000 Series products allow you to construct complex motion profiles for each individual axis.
The profiles may contain:

* Seguences of motion

* Loops Related Commands:
« Programmable output changes Brief descriptions of related commands
« Embedded dwells are found on page 169. For detailed

descriptions, refer to the 6000 Series

* Direction changes Software Reference.

* Trigger functions

Compiled motion profiles are defined like programs (using the DEF and END commands); the
commands used to construct the motion profile segments are stored in a program (stored in
Program memory). This program is then compiled (using the PCOVP command) and the
compiled profile segments (GOBUF, PLOOP, GOWHEN, TRGFN, POUTA, POUTB, POUTC, and
0 pPoutD statements) from the program are stored in Compiled memory. (TIP: The TDI R
- ngogggfgg l;?;‘g command reports which programs are compiled as a compiled profile.) Y ou can then execute the
stored in compiled  COMPpiled profile with the PRUN command.

(see prggeén 1033/ The amount of RAM allocated for storing compiled profile segments is determined by the

MEMORY command setting. The table below identifies memory allocation defaults and limits for
6000 Series products. Further details on re-allocating memory are provided on page 12.

Feature AT6n00 AT6n00-M AT6n50 AT6Nn50-M All Other Products
Total memory (bytes) 64000 1500000 40000 150000 150000
Default allocation 33000,31000 | 63000,1000 39000,1000 |149000,2000 | 149000,1000

(program,compiled)

Maximum allocation for 1000,63000 | 1000,1499000 | 1000,39000 | 1000,149000 | 1000,149000
compiled profiles

Max. # of compiled profiles | 100 800 100 300 300
Max. # of compiled profile | 875 20819 541 2069 2069
segments

-M refers to the Expanded Memory Option

CAUTIONS

* Issuing a memory allocation command (e.g., MEMORY1242 39@242) will erase all existing
programs and compiled path segments. However, issuing the MEMORY command by itself
(i.e., MEMORY—to request the status of how the memory is allocated) will not affect existing
programs or segments.

« After compiling (PCOVP) and running (PRUN) a compiled profile. The profile segments will be
deleted from compiled memory if you cycle power or issue a RESET command.

After compiling (PCOVP), you can execute the profiles with the PRUN command, and all of
the motion and functions compiled into the profile are executed without any further commands
during profile execution.

For multi-axis products, profiles on any combination of axes may be launched simultaneously
with a single PRUN command. This provides a very powerful method of synchronizing the
action of multiple axes with very simple programming. For example, in afour-axis product,
one axis could be running a complex Following profile, while two other axes are contouring,
and the fourth could be performing a multi-tiered velocity motion profile.

Because the motion and functions are pre-compiled, delays associated with command
processing are eliminated during profile execution, allowing more rapid sequencing of actions
than would be possible with programs which are not compiled. Command processing is then
free to monitor other activities such as 1/0O and communications.
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Programming
Example

STATUS COMMANDS:
Use these commands to
check the status of
compiled profiles.

NOTE

During compilation (PCOMP), most commands are executed the same as if no profile were
being defined, even those which are not relevant to the construction of a profile. This is also
true of non-compiled motion commands embedded in a compiled motion program during
PCOWP. For this reason, it's good to limit commands between DEF and END to those which
actually assist in the construction of the profile. Even for those that do actually assist in the
construction of the profile, such as A, V, and D, it is important to remember that the command
is executed and data actually changes, and it is not restored after compilation is completed.

Each motion segment in a compiled motion profile may have its own distance, velocity,
acceleration, and deceleration, as shown in the program example below:

DEF sinpl e Begi n definition of program sinple
M0 Preset positioni ng node (disable continuous node)
MAO Preset incremental positioning node

D50000 . Distance is 50000

A10 Accel eration is 10

AD1O Decel eration is 10

\5 Velocity is 5

GBUF1 ; First notion segnent for axis 1
£30000 ; Distance is 30000

\2 ; Velocity is 2

GBUF1 ; Second notion segnent for axis 1
D40000 ; Distance is 40000

\VA ; Velocity is 4

GBUF1 ; Third notion segnent for axis 1
END ; End programdefinition

PQOWP si npl e ; Conpile sinple

PRUWN si npl e ; Run sinple

The resulting profile from the above program:

System Status (TSSF, TSS, & SS commands):

* Bit#29isset if compiled memory is 75% full.

* Bit#30isset if compiled memory is 100% full.

» Bit#31issetif acompile (PCOWP) failed; thisbit is cleared on power-up, reset, or after
a successful compile. Possible causesinclude:

- Errorsin profile design
(e.g., change direction while at non-zero velocity, distance & velocity equate to <1
count/system update, preset move profile ends in non-zero velocity).

- Profilewill cause a Following error (see TFS & FS status).
- Out of memory (see system status bit #30)

- Axisalready in motion at the time of the PCOVP command
- Loop programming errors (e.g., no matching PLOOP or PLN, more than 4 embedded

PLOOP/END loops)
TSEG& SEG Reports the number of available segmentsin compiled memory.

TDI R Identifies programs that are “ compiled as a path” (compiled with the PCOVP
command) and reports the percentage of remaining compiled memory.
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Last Motion Segment
Must End At Zero
Velocity

When defining a profile, the last segment of motion in preset mode (MCQ) must end at zero
velocity. When not using compiled loops (PLOOP), and when in preset mode (MCQ), the last
GOBUF will automatically end at zero velocity. For example:

DEF P1 ; Begin definition of the P1 profile
M0 ; Sel ect preset positioning
MRO ; Select increnental positioning
Vi ; Set velocity to 1 rps
; (assunme no scaling)
D4000 ; Set distance to 4000
QABUF1L ; First notion segnent for axis 1

V2 ; Set velocity to 2 (second segnent)

GCBUF1 ; Second motion segnent
END ; BEnd definition of Pl
PCOW P1 Conpi l e the P1 profile

The first motion segment of this
profile consists of a 4000-step
move at 1 rps. The second motion
segment will ramp up to 2 rps,
and finish a 4000-step move at
zero velocity. Thetotal distance
moved with this profile is 8000

steps.

With compiled loops (PLOOP and PLN), the last segment within the loop must end at zero
velocity or there must be afinal segment placed outside the loop. Otherwise, an error
(“ERROR: MOTI ON ENDS | N NON- ZERO VELOCI TY-AXI S n”) will be generated
when you try to compile the program with the PCOMP command (see example below).

DEF P2 ; Begin definition of the P2 profile
M0 ; Sel ect preset positioning

MRO ; Select increnental positioning
D4000 ;. Set distance to 4000

PLOCPS Loop (between PLOCP & PLN) 5 tinmes
Vi ; Set velocity to 1 rps

QABUF1L ; First notion segnent for axis 1
PLNL End | oop

END ; BEnd definition of P2

PCOW P2 ; Conpile the P2 profile

This program will result in an
error when it is compiled, because
the last segment within the loop
does not end in zero velocity.

To avoid the compile error, you could change the loop to 4 (PLOOP4) and include afinal
GOBUF1 command outside the loop (after the PLN1 command):

DEF P2 ; Begin definition of the P2 profile
M0 ; Sel ect preset positioning

MAO ; Select increnental positioning
D4000 : Set distance to 4000

PLOCP4 ; Loop (between PLOCP & PLN) 4 tines
Vi ; Set velocity to 1 rps

QBUF1 ; First notion segnent for axis 1
PLNL ; End | oop

QBUF1L ; Second notion segnent for axis 1
END ; End definition of P2

PCOWP P2 ; Conpile the P2 profile

The 4000-step move will be
repeated 4 times as part of the
loop in the first motion segment.
Because another GOBUF was
added after the loop, the second
motion segment (another 4000-
step move) will end at zero
velocity, asin the P1 profile
above. Thetotal distance moved
with this profile is 20000 steps.

Another way to avoid the compilation error isto give the last segment in the loop afinal
velocity of zero (VF@command). Note that in this programming example, each pass through

the loop will end in a zero velocity.
DEF P3

; Begin definition of the P3 profile
M0 ; Sel ect preset positioning
MAO ; Select increnental positioning
D4000 : Set distance to 4000
PLOCPS ; Loop (between PLOCP & PLN) 5 tines
V2 ; Set velocity to 2 rps
QBUF1L ; First notion segnent for axis 1
V1 ; Set velocity to 1 rps
VFO ; Set final velocity to zero (0) rps
GBUF1L ; Second notion segnent for axis 1
PLNL ; End | oop
END ; End definition of P3
PCOW P3 ; Conpile the P3 profile

The motion segquence (4000-step
move at 2 rps ... 4000-step move
at 1rps... stop) will be repeated 5
times. Thetotal distance traveled
will be 40000 steps.
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Compiled Following Profiles

More details on
Following are
found in Chapter 6
(page 191).

166

The new FOLRNF command designates that the motor will move the load the distance
designated in a preset GOBUF segment, completing the move at the specified final ratio. For
the Revision 4.0 release of the 6000 series, the only allowable value for FOLRNF is zero (0).
FOLRNF is allowed for asegment only if the starting ratio is also zero, i.e., it must be the

first segment, or the previous segment must have ended in zero ratio. FOLRNF isonly useful
with compiled preset Following moves because the starting and final ratios are aready zero for
motion initiated with GO.

Compiled motion profiles may be constructed with any combination of preset or continuous
motion segments. A continuous (MC1) Following segment will start with the final ratio of
the previous segment, and end with the ratio given by FOLRN and FOLRD. The motion
segment will consist of one ramp from the starting ratio to the fina ratio. Just aswith
continuous Following ramps outside of a compiled profile, the master travel over which the
ramp takes place is specified with FOLMD. The slave travel over which the ramp takes place
issimply the product of master travel and averageratio. Because the slave travel is not
specified explicitly, it is possible for arithmetic round-off errors to cause actual slave travel
during aramp to differ from theoretical calculations. For applications in which ave distance
isimportant, preset segments should be used.

A preset (MCQ) Following segment will also start with the final ratio of the previous segment,
but may end in one of two ways. FOLRNF specifies the final ratio of apreset Following
segment. As previously described, with this Revision 4.0 release, the only valid value for
FOLRNF is zero (0). If FOLRNF@is given before the GOBUF, the resulting motion segment
will be constructed exactly as preset Following moves are outside of compiled profiles. In
this case, the starting ratio must be zero, the final ratio will be zero, and the maximum
intermediate ratio will be given by FOLRN and FOLRD. The relationships between ratio,
master distance, and dave distance for this case are given on page 220 under the heading
Master and Save Distance Calculations. The FOLRNF command affects only the immediately
subsequent preset Following segment, and must be given explicitly for each preset segment
whichisto end in zero ratio.

If FOLRNF@is not given before the GOBUF, the segment will end with the ratio given by
FOLRN and FOLRD, and need not start with zero ratio. This type of motion segment is
constrained, however, to intermediate ratios which fall between the starting and final ratios.

Compiled profiles are built from motion segments created with the GOBUF command. For
each individual axis, all motion segments in a compiled profile must use the same state of
Following. That is, the motion segments may be al Following or all non-Following, but
not a mixture of Following and non-Following (but at any point in time, separate axes may
have different Following mode states).

The GOBUF command builds the appropriate type of motion segment based on the values of
FOLMAS and FOLEN during compilation. These parameters may not be changed inside a
compiled program after a GOBUF. The choice of zero or non-zero FOLMAS must be the same
during PRUN as during PCOVP (if non-zero, the value can be changed, but still must be non-
zero). If anon-zero FOLMAS is given, the value of FOLEN must be the same during PRUN as
during PCOVP.
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Distance
Calculations For
Compiled
Following Moves

Case 1 (Ramp first)

Case 2 (Ramp only)

Case 3 (Ramp last)

The graph below shows 6 possibilities of ratio change profiles for preset segments, with legal
FOLVD and “D’ vaues constrained by the requirement that the average ratio (given by
“D'/FOLMD) is between R1 and R2. If the distance is outside these ranges, in the profile used
to get from R1 to R2 over FOLVD (covering “D’ slave distance), an error message will be
generated during the PCOVP command. For the graphs shown, the constraints are expressed
by:

(R1* FOLMD) <= “D” <= (R2 * FCLMD) ifR2 > R1
(R1* FOLMD) >= “D” >= (R2 * FCLMD) ifR2 <R1
A
R2
— D > (R1 + R2) * FOLM'2
R1 B D = (R1+R2) * FOLMD?2
R RRREE S S D < (R1 + R2) * FOLM2
Slave Distance
>
FQMD
A
R1
------------------- D < (R1 + R2) * FOLM2
U AR D = (R1 + R2) * FOLMDI2
R2 e D> (R1+R2) * FOLMD'2
Slave Distance
>

FQMD

The two graphs above show the cases of R1<R2 or R1>R2, but the distance cal culations of the
ramp and constant ratio portions are the same for the two cases. For each graph, the heavy
lined profile (first case) of these mimics the shape of the corresponding preset velocity change
(FOLENQ) segments in that the ramp takes place before the constant ratio portion. The second
case occurs only if the distance specified exactly matches the start and end ratios and FOLMD1.
In the third case, the ramp takes place after the constant ratio portion. In the first and third
cases, only two segments are built, and the slave and master distances traveled in each segment
are easily calculated with the simple formulas shown below. These formulas are based on
positive ratios and master and dave distances. In the construction of Following profiles,
ratios and master distances are always positive, with direction implied by the sign of the dave
distance. For calculations with negative slave distances, smply use the magnitude of “D” in
the formulas below, and invert the sign of the resulting slave distances.

MD1 = [D-(R2*FOLMD)]/((R1-R2)/2) where MD1 = master distance during ramp
MD2 = FOLMD- MD1 where MD2 = master distance during flat
D1 = .5%(R1+R2)*MD1 where D1 = slave distance during ramp
D2=D-D1 where D2 = slave distance during flat
MD1 = FQLMD where MD1 = master distance during ramp
D1=D where D1 = slave distance during ramp
MD1 = [D-(R1*FCLMD)J/((R2-R1)/2) where MD1 = master distance during ramp
MD2 = FOLMD- MD1 where MD2 = master distance during flat
D1 = .5%(R1+R2)*MD1 where D1 = slave distance during ramp
D2=D-D1 where D2 = slave distance during flat
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Dwells and Direction Changes
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Compiled profiles may incorporate changes in direction only if the preceding motion segment
has come to rest. This may be achieved for non-Following segments either by creating a
continuous segment with a goal velocity of zero, or by preceding a preset segment with VF@
It may be achieved for Following segments either by creating a continuous or preset segment
with agoal ratio of zero, or by preceding a preset segment with FOLRNF@Z. In all cases,
motion within the profile comes to rest, although the profileis not yet complete. Even
though the motor is not moving, the axis status bit 1 (AS. 1) will remain set, indicating a
profileis still underway. Only then can you change direction (using the D+ or D- command,
D~ isnot allowed) within a profile. An attempt to incorporate changesin direction if the
preceding motion segment has not come to rest will result in a compilation error.

In many applications, it may be useful to create atime delay between moves. For example, a
machine cycle may require amove out, dwell for 2 seconds, and move back. To create this
dwell, a compiled GONHEN may be used between the two moves. The code within a compiled
program may look like:

M0 ; Preset positioning used

MRO ; Incremental positioning used

D( VARL) ; Target position is in VARL

VFO ; Motion comes to rest at end of nove

CBUFL ; Oreate nove out segnent

GOMEN T=2000) ; Profile delays for 2 seconds

D ; Return position is home (direction reversed)
VFO ; Mbtion cones to rest at end of nmove

QBUFL ; Oreate nove back hore segnent

In Following applications, it may be more useful to create a master travel delay between
moves. For example, amachine cycle replacing a cam may require a move out, dwell for 2000
master counts, and move back. To create this dwell, a compiled GOBUF of zero dave distance
may be used between the two moves. The code within a compiled program may ook like:

M0 ; Preset positioning used

MAO ; Incremental positioning used

D( VAR1L) ; Target position is in VARL

FOLMX4000 ; Move takes place over 4000 master counts

FCOLRN\FO Motion cones to rest at end of nove

CBUFL G eate nove out segnent

0o No change in target position

FQLMD2000 ; Dwnell takes place over 2000 naster counts
FCLRNFO ; Motion cones to rest at end of “nove” (dwell)
QBUF1L ; Oeate dwell segnent

D( VARL) ; Return position is hone (direction change inplied)
D ; Return position is home (direction reversed)
FOLMX4000 ; Move takes place over 4000 master counts
FCLRN\FO ; Motion cones to rest at end of nove

GOBUF1L ; Oreate nove back home segnent
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Compiled Motion Versus On-The-Fly Motion

The two basic ways of creating acomplex profile are with compiled motion or with on-the-fly
pre-emptive GO commands. With compiled mation, portions of a profile are built piece by
piece, and stored for later execution. Compiled motion is appropriate for profiles with motion
segments of pre-determined velocity, acceleration and distance. Compiled motion profiles
allow for shorter motion segments, which resultsin faster cycle times because thereis no
command processing and execution delay. The axes may perform their own motion control
and coordination, freeing program flow for other tasks, such as 1/0, machine control, and host
requests. The disadvantages to pre-defined compiled mation profiles are the amount of memory
use and limited run-time decision making and 1/0 processing.

With pre-emptive GO moves, the motion profile underway is pre-empted with a new profile
when anew GO command isissued. The new GO command constructs and launches the pre-
empting profile. Pre-emptive GCs are appropriate when the desired motion parameters are not
known until motion is already underway.

The table below summarizes the differences between the use of compiled motion and on-the-fly
motion.

Command/Issue Compiled Motion On-The-Fly Motion

GOBUF Constructs motion segment and appends to N/A
previously constructed segment

PRUN Used to launch previously compiled motion N/A

GO GO causes move during PCOVP GO Constructs & launches profile,

even if moving

Direction changes Only if previous motion segment comes to rest Not allowed during motion, else
(MCB & VFDor MC1 & V@), else compile error AS. 30 ER. 190

Insufficient room for ~ Same as on-the-fly Decel is modified (steppers);

AD (decel) value Motion is killed, AS. 3@ (servos)

Related Commands

GOBUF

PLOOP & PLN

VF & FOLRNF

Sore a Motion Segment in Compiled Memory:

The GOBUF command creates a motion segment as part of a profile and places it in a segment
of compiled memory, to be executed after all previous GOBUF motion segments have been
executed. Anindividua axis profile is constructed by sequentially appending motion segments
using GOBUF commands. Each motion segment may have its own distance to travel,

velocity, acceleration, and decel eration.

The end of a GOBUF motion segment in preset mode is determined by the distance or position
specified. The end of a GOBUF motion segment in continuous mode is determined by the goal
velocity specified. In both cases, the final velocity and position achieved by a segment will be
the starting velocity and position for the next segment. If either type of segment is followed

by a GOMHEN command, the segment’ s final velocity will be maintained until the GOAHEN
condition becomes true.

Loop Start & Loop End (Compiled Motion only):

The PLOOP and PLN commands specify the beginning and end of an axis-specific profile loop,
respectively. All segments defined between the PLOOP and PLN commands are included within
that loop.

Final Velocity & Numerator of Save-to-Master Final Ratio:

The VF and FOLRNF commands are used to designate that the motor will move the load the
distance designated in a preset GOBUF motion segment, completing the move at afinal speed
of zero. The VF command is used when the Following mode is disabled (FOLEND). The
FOLRNF command is used when the Following mode is enabled (FOLENL).
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GOMNHEN

TRGFN

PCOVP, PRUN
& PUCOVP

POUTA,
POUTB,
POUTC,
POUTD

TSEG& SEG

Conditional GO:

The GOAHEN command has been modified to allow use in compiled motion profiles. Now,
when GONHEN is compiled in a profile, the GOWHEN condition is stored as part of that profile
instead of being executed immediately. When progress through the profile reaches the
compiled GOWNHEN, AS. 26 is set, and the next segment’s execution will be suspended until
the GOWHEN condition becomes true. This allows subsegquent GOAHEN and GOBUF
combinations to be issued and stored, instead of overriding each other.

Trigger Functions:

The TRGFN command has been modified to allow usein compiled maotion profiles. Now,
when TRGFNis compiled in a profile, the TRGFN condition is stored as part of that profile
instead of being executed immediately. When progress through the profile reaches the compiled
TRGFN, the embedded trigger functions are assigned to that trigger. AS. 26 is set if the
GOWHEN function has been assigned to the trigger, and the next segment’ s execution will be
suspended until the specified trigger input goes active. This allows subsequent TRGFN,
GOWHEN, and GOBUF combinations to be issued and stored, instead of overriding each other.

Compile a Program, Run a Compiled Program, & Un-Compile a Compiled Program:

The PCOVP, PRUN, and PUCOVP commands have been modified to incorporate individual axis
profiles within compiled motion profiles. Compiled motion for the 6000 series how allows

the user to construct complex motion programs using an individual contour (a series of arcs
and lines), individual axis profiles (a series of GOBUF commands), or a path (combination of
contours and individual axis profiles).

Output During Compiled Motion Profile—Axes 1, 2, 3 & 4:

The POUTA, POUTB, POUTC, and POUTD commands turn the programmabl e output bits on
and off for axes 1, 2, 3 and 4, respectively.

Transfer/Display (TSEG) or Assign (SEG) the Number of Free Segment Buffers:

The TSEG command returns the number of free segment buffersin compiled memory. The
SEG command is used to assign the number of free segment buffersin compiled memory to a
variable or to make a comparison against another value.

Compiled Motion — Sample Application 1

170

Profile

A manufacturer has an application where wire is being wrapped onto aspindle. Thereisa
motor controlling the rotational speed of the spindle. Every application of the spindle requires
that the motor runs at afast speed with a slow acceleration for the first few revolutions, a
medium speed for the next couple of revolutions, and a slower speed as the spindle gets fuller
to maintain somewhat of a constant velocity off the feed wire. The technician would like to
use an RP240 to enter the velocity and number of revolutions for each stage of winding.
Programmable outputs 1, 2 and 3 are wired to status LEDs, and should go on for the
respective stages of winding (output 1 for stage 1, etc.).

\\ Distance of

third stage
Distance of Distance of
first stage second stage >

t
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Program

DEF PRCFI L ; Define notion profile program
VARLO = 4000 * VAR4 Get distance of first stage
(assum ng 4000 steps/revol ution)

D( VARLO) ; Set distance

V( VARL) ; Set velocity of first stage

PQUTA 1-1 ; Turn output 1 on

QBUF1 ; Build notion

VARLO = 4000 * VARS ; Get distance of second stage

D( VARLO) ; Set distance

V( VAR2) ; Set velocity of second stage
PQUTAOL ; Turn output 1 off and output 2 on
GBUF1 ; Build notion

VARLO = 4000 * VARG ; Get distance of third stage

D( VARLO) ; Set distance

V( VAR3) ; Set velocity of third stage
PQUTAX01 ; Turn output 2 off and output 3 on
GBUF1 ; Build notion

PQUTA 3-0 ; Turn off output 3

END ; End motion profile program

DEF EXMPL1 ; Define programexanple 1

L ; Continual |oop of program execution
DCLEARD ; Qear all lines on RP240 displ ay
DPCOLRL, 1 ; Position cursor at line 1, colum 1
DWR TE'ENTER VELQO TY STACGE 1" ; Pronpt user

VARL = DREAD ; Get 1st velocity fromRP240 entry
DCOLEARL ; Aear line 1 on RP240 displ ay
DPCURL, 1 ; Position cursor at line 1, colum 1
DWR TE'ENTER VELQO TY STAGE 2" ; Pronpt user

VAR2 = DREAD ; Get 2nd velocity fromRP240 entry
DCLEARL ; AQear line 1 on RP240 displ ay
DPCURL, 1 ; Position cursor at line 1, colum 1
DWR TE'ENTER VELOO TY STACE 3" ; Pronpt user

VAR3 = DREAD ; Get 3rd velocity fromRP240 entry
DCOLEARL ; Qear line 1 on RP240 display
DPCOLRL, 1 ; Position cursor at line 1, colum 1
DWR TE'ENTER REVOLUTI ONS STAGE 1" ; Pronpt user

VAR4 = DREAD ; Get # of windings 1st stage fromRP240 entry
DCLEARL ; Aear line 1 on RP240 displ ay
DPCURL, 1 ; Position cursor at line 1, colum 1
DWR TE' ENTER REVOLUTI ONS STACE 2" ; Pronpt user

VARS = DREAD ; CGet # of windings 2nd stage fromRP240 entry
DCOLEARL ; Qear line 1 on RP240 displ ay
DPCURL, 1 ; Position cursor at line 1, colum 1
DWR TE' ENTER REVOLUTI ONS STAGE 3" ; Pronpt user

VARG = DREAD ; Get # of windings 3rd stage fromRP240 entry
PCOWP PRCFI L Re-conpile profile with new vel/dist info
$ACAI N Label for repeating same profile

PRUN PRCFI L Execute profile

DOLEARL Oear line 1 on RP240 displ ay
DPCOLRL, 1 Position cursor at line 1, colum 1
DWR TE'SAME DATA (1=VYES, 2=NO" ; Pronpt user if performagain with old data
VAR7 = DREAD ; Get response
| F( VAR7=1) ; If user wants to performsane profile
GQOTO AGAIN ; performagain
N F ; BEnd conditional
LN ; End command execution | oop
END ; End definition programexanple 1

R R R ok R R R Rk Rk S R R
)

; * To begin, execute the EXWPL1 program *

kkhkkkkhkkhkhkkkhhkkhkhkkkhhkkhkhkkhhkhkhkkhhhkhhkkdhkkdhkrhkkhhkxdxx
1
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Compiled Motion — Sample Application 2

Here's an example of replacing a mechanical cam using a compiled Following profile. Thereis
evenly spaced product coming in on afeeder belt. The feeder belt may vary in speed. The cam
that you are replacing controls a push arm that will push the product into a box for shipping.

Y ou would also like the arm to retract at afaster rate than it extends. In other words, you
would like to have a smooth push to load and a fast retract to set up for the next product.

Since thisis acam, this profile must repeat continuously for each product or master cycle but
won't start until the first product is detected.

Product
Product Detecter

Push Arm

The feeder belt isthe master and the master cycle length (space from the front of one product
to the front of the next) is 12000 master (encoder) counts on the feeder belt. The push of the
product will start 2000 countsinto the master cycle. The push will take place over 6000
master counts, and the retract over 2000 master counts. The distance the push arm (dave)
must travel is 4000 counts. Assume the detector iswired to trigger A. Below isagraph of
this Following profile.

Profile )
Ratio
B |
2 R SURI N
1 N
D(slave) = 4000
O : 1 : T T T T T T T : : > .
2000 8000 10000 12000 Master Distance
Program ; Setup code
FOLVAS21 ; Master is coning in on encoder 2
FOLENL ; Enabl e Fol | owi ng
| NFNC17- H ; Assuming input 17 is trigger A (1 axis products)
| NFENL ; Enabl e inputs
Motion program
DEL EXPL2 ; Delete program (in case it already exists in nenory)
DEF EXPL2 ; Begin definition of program exanple 2
TRGFNAL ; Launch profile upon receiving trig A
; (1st product detected)
PLOCPO ; Loop continuously to mnic a nechani cal cam

; Programfirst rmove - dwell

FCOLRNL ; Set up ratios - nurerator

FOLRDL ; and denom nat or

FQLMD2000 ; Over a distance of 2000 master steps
[B1)] ; slave will not nove

FOLRNFO ; and end at zero ratio

QBUF1 ; Build notion
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Program
Modification

; Program second nove - positive slave nmove

FQ_MD6000 ; Over a distance of 6000 naster steps

D4000 ; slave will nove 4000 steps

FOLRNFO ; and end at zero ratio

QCBUF1 ; Build notion

; Programthird m)ve - negative sl ave nove

FOLRN\3 ; Newratio to accommodat e | arger di stance of slave travel
FQ_MD2000 ; Over a distance of 2000 nmaster steps

D 4000 ; slave will nove -4000 steps

FOLRNFO ; and end at zero ratio

CBUF1 ; Build notion

; Program | ast nove - dwell

FO_MD2000 ; Over a distance of 2000 master steps
o ; slave will not nove

FOLRNFO ; and end at zero ratio

QBUF1 ; Build notion

PLNL ; O ose cam | oop

END ; End program exanpl e 2

PCOWP EXPL2 ; Conpi | e program EXPL2
; ** To execute the program enter the PRUIN EXPL2 command **

Let’s now modify the constraints of the system. Let’'s say that the product will be spaced
roughly 12000 master counts apart. It may or may not be exactly 12000, but it will never be
less than 10000 (just to make sure the retraction finishes before the next product is detected).
We can then modify the program to wait for the product to be detected each cycle. We can aso
take the extra“dwell” or zero distance move out of the end of the profile. See program below:

; Setup code

FOLMAS21 ; Master is conmng in on encoder 2

FOLENL ; Enabl e Fol | owi ng node

I NFNC17-H ; Assuming input 17 is trigger A (1 axis products)
| NFENL ; Enabl e inputs

; Motion program

DEL EXPL2B ; Delete program (in case it already exists in nmenory)

DEF EXPL2B ; Begin definition of program exanpl e 2b

PLOCPO ; Loop continuously to mmc a nechanical cam

TRGFNAL ; Pause profile until trig A received (detect next product)
; Programfirst nove - dwell

FOLRN\L ; Set up ratios - nunerator

FOLRDL ; and denom nat or

FAQ_MD2000 Over a distance of 2000 naster steps

o ; slave will not nove

FOLRNFO and end at zero ratio

BUFL Buil d notion

; Program second nove - positive slave nove

FO_MD6000 ; Over a distance of 6000 rmaster steps
D4000 ; slave will nove 4000 steps

FCLRN\FO ; and end at zero ratio

GOBUF1 ; Build notion

; Programthird nove - negative slave nove

FOLRN\3 ; Newratio to accommodat e | arger distance of slave travel
FQ_M>2000 ; Over a distance of 2000 master steps
D- 4000 ; slave will nove -4000 steps

FCLRN\FO ; and end at zero ratio

GOBUF1 ; Build notion

PLNL ; dose cam | oop

END ; End program exanpl e 2b

PCOWP EXPL2B ; Conpi | e program EXPL2B

kkhkhkkkhkkhhkkkhhkkhhkkhhkkhhhkhhkkhhkdhkhhhkkhhhkhhkkhhkkhhkkhhhkkhhkrhkkhhkddxdhkxdxx*%

* To execute the program enter the PRUN EXPL2B command *

EEEE RS S SRS SRR RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE RS
1
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Compiled Motion — Sample Application 3

174

Profile

Program

In this application, there is awheel that stamps alogo onto the product. The product is
assumed to be entering at a constant and fixed spacing, each product is 4 inchesin length with
2 inches separating each unit. The stamp wheel has a circumference of 9 inches, and must be
traveling at a 1 to 1 ratio with the product at the time of stamping. The stamp wheel must
then travel fiveinchesin just 2 inches of master travel. There is a sensor wired to trigger A of
the 6000 controller to detect the first product and start the cycling. At the time of the trigger
the product is 1 inch away from contact with the stamp wheel. Assume that the home
position of the slaveis 0.5" away from a stamp. The mechanics of the system give 3000
steps of master travel per inch and 1500 steps of slave travel per inch.

Ratio i D(slave) =3"
D(slave) = 0.5 D(slave) = 1 D(slave) = 1
,,,,,,,, B
D(slave) = 4"
0 ' f f } P Master
I I I 0.5 I 0.5" Distance
Master Cycle

Asyou can see above, we have a multi-tiered Following profile. By multi-tiered we mean that
ratio is changing from a non-zero value to another non-zero value. To program this profile
effectively, we will break the profile into pieces as shown with the dotted lines in the above
illustration:

FOLMAS21 ; Define the master as encoder on axis 2

FOLENL ; Enabl e Fol | owi ng

| NFENL ; Enabl e i nput functions

| NFNC25- H ; Trigger interrupt on trigger A

SCLNVAS3000 ; Set scaling of master steps per inch

SCLD1500 ; Set scaling of slave steps per inch

SCALEL ; Enabl e scaling

DEF EXMPL3 ; Start definition of exanpl e program3

TRGFNAL ; Launch profile when trigger A occurs
Programfirst ranp fromratio O to ratio 1

FOLRD1L ; Set Following ratio - denoninator

FOLRNL ; Set the Following ratioat 1to 1l

FQLMDL ; Over a naster distance of 1"

00.5 ; Slave will travel 0.5"

QABUF1 ; Build notion

PLOCPO ; Start the continuous | oop
Programconstant ratio

FOLRNL At altolratio

FO.MA4 ;. Over a naster distance of 4”

D4 ; Slave will travel 4"

QBUF1 ; Build notion

; Programranp to new ratio

FOLRN\3 . @toa3tolratio

FQLMDO. 5 ; Over a naster distance of 0.5

DL ; Slave will travel 1"

QBUF1 : Build notion
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; Program second constant ratio

FOLR\3 At a3tolratio
FaLMDL ; Qver a naster distance of 1"
>B ; Save will travel 3"
QCBUF1 ; Build notion
; Programranp to lower ratio
FOLRNL ;. @toaltolratio
FQLMDX. 5 ; Qver a naster distance of 0.5"
DL ; Save will travel 17
CBUF1L ; Build notion
PLNL ; A ose notion | oop
Define the exit notion
FOLRN\D ; Stop slave at zero ratio (and zero vel ocity)
FO_.MDL ;. Over a naster distance of 1"
.5 ; And a sl ave distance of 0.5"
BUFL ; Build notion
END ; End definition of exanple program3
PCOW EXVPL3 ; Conpi |l e exanpl e program 3

. khhkhdhhkhhkhdhhhhdhhhdhdhhddhdhhdddhhddrdhdhddddhdhdddddrdrrdrddrrdxd
1

; * To execute the program enter the PRUIN EXMPL3 command  *

. kkhhkkhkkhkkhhkkhkkhhkkhhkkkhhkkhhhkdhhkkhhhkdhkhhhkdhhhhkdhhkhhkkhhhkdhkrhdxdhkrdxdhxdx*%
)

NOTE: The GOBUF command has been added tothe“Def i ne the exit notion”
portion of the program despite the fact that an infinite loop has been programmed earlier in the
program. Thisisto avoid an error message when the program is compiled.

Compiled Motion — Sample Application 4

A manufacturer of stamped molds needs to make a machine which will stamp moldsinto a
continuous flow of extruded plastic material. The stamp must be lowered 0.5 inches into the
plastic to leave the correct impression. Because the flow is continuous, the stamp must also
move in synchronization with plastic in the direction of flow asit is lowered and raised. The
initial design approach to the machine required two axes of motion. One was needed to lower
and raise the stamp, the other to allow the stamp to follow the plastic. With the availability of
complex Following cam profiles the job can done with asingle axis.

In the drawing below, the stamp is attached to arotating arm in such away that the stamp
remains level asthe arm rotates. The length of the arm at the stamp fixture, or radius of
rotation, is exactly oneinch. The arm is mounted above the plastic so that at the bottom of its
rotation (270 degrees), the stamp will be 0.5 inchesinto the plastic. Using trigonometry, the
horizontal and vertical positions and speeds may be calculated at other arm angles. Because the
stamp must follow the flow of the plastic, we must adjust the ratio of rotational speed to
plastic speed so that the horizontal velocity component of the arm stays at 1:1 with the plastic
while the stamp isin the plastic.

vV —» vV —»
drawings are not to scale
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The table below shows these relationships. The arm is directly driven with a servo motor
having 4096 steps per revolution. The table shows increments of 30 degrees, which is about
341 servo motor steps, or about .524 dave inches measured around the circumference described
by rotation of the arm. The plastic flow is measured with an encoder giving 1000 steps per
inch of flow. To maintain ratios in terms of inches, FOLRD will always be 1000. The required
FOLRNvalueissimply the inverse of the arm’ s horizontal velocity component multiplied by
the number of slave steps per inch. The corresponding ratio in terms of surface speedsis given
in parentheses. The required FOLMD is the number of master steps corresponding to the
horizontal component of slave rotation.

Arm angle, Horizontal FOLMD = Horizontal vel Required FOLRN =
degrees component 1000 * delta cos(deg) component =-sin(deg) -651.9/sin(deg)
(in.) = cos(deg)
210 -0.866 n/a 0.500 1304 (2:1)
240 -0.500 366 0.866 753 (1.155:1)
270 0.000 500 1.000 652 (1:1)
300 0.500 500 0.866 753 (1.155:1)
330 0.866 366 0.500 1304 (2:1)

The profile that we construct from these number is meant to approximate the inverse sine
function in the last column, but of course, will actually be a series of ramps and constant ratio
segments. Let’ s review the Compiled Following Move Distance Calculations to determines
the exact shape and error in the first motion segment( from 210 to 240 degrees). First, we need
to determineif the ramp or constant ratio isfirst for that segment. Using ratios and distances
ininches, we have:

RL =2 ;starting ratio

R2 = 1.155 final ratio

D= (2*pi)/12 = .524 ;distance at stanp hinge
FQLMD=. 366 ;travel along plastic

Wefind (R1+R2) * FOLMY 2 =.577, which is greater than D, so the “Ramp First”
equations apply to this segment. Let’'s examine the error at the junction between the ramp and
constant ratio portion of this segment.

ML =[D- (R * FOLM)] / ( (Rl - R2) / 2) = 0.239 master inches

DL = 0.5 * (RlL + R2) * MDL =0.377 slave inches at circumference = 21.6 degrees
c0s(210+21.6) - cos(210) = -0.621 - (-0.866) =0.245 inches slave horizontal travel
error = horizontal slave travel - master travel = 0.245 - 0.239 = 0.006 inches

A similar calculation may be done for the “elbow” of the next of the next segment, and
symmetry indicates these errors will be the same between 270 and 330 degrees. The error along
intermediate points may be found with linear interpolation of ratio and master distance. In this
case, the errors fall within manufacturing tolerance. If the errors were too large, the travel

could be broken into more segments, each with exactly correct positions and ratios at their
boundaries.

So far, we have only discussed the portion of the profile which lowers and raises the stamp.
During the remainder of the profile, the arm must continue its rotation to bring the stamp to
its starting position in time for the next mold. The mold is 3 incheslong, and .4 inches are
needed between molds for strength at the edges. This makes the total master cycle 3.4 inches
long. The total slave cycle must be 4096 steps, so the segments required to bring the arm
around must compl ete the portions of master and slave cycles not aready accounted for. We
will create two segments, which divide the remaining master and slave travelsin two, and are
mirror images of each other. The average ratio of these two segments must simply be slave
travel divided by master travel, i.e., (D/ FOLMD). As previously determined, the FOLRN value
for the boundaries of the stamping portion of the profile is 638. From this value and the
average ratio, we can calculate the peak FOLRN value.

D = 0.5 * remainingslave = 0.5 * (4096 - 4 * 341) = 1366

FOLMD = 0.5 * remainingmaster = 0.5 * [1000 * (3.4 - 2 * 0.866)] = 834
peak ratio = FOLRN 1000

0.5 * (FOLRVY 1000 + 1304/ 1000) =averageratio = D/ FOLMD = 1366/ 834 = 1.638
FOLRN = 1972 ( solved from above)
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Finally, we need to design a segment used to create a smooth entry into the repetitive portion
of the profile. We'll assume that the home position of the arm is at 180 degrees, so it needsto
achieve the FOLRN ratio of 1304 in 30 degrees (341 slave steps). Using the same averaging
arithmetic as above, the required master distance for the entry segment is 523 steps. A sensor
is positioned with this entry segment in mind, and wired to TRG-A. A function to start motion
when the sensor istriggered will be imbedded inside the profile. The motion segments for the
stamping portion and recovery portions of the profile must be enclosed in aloop, and may be
programmed by picking the numbers from the table and equations above. Because the ratio
denominators are the same for all segments, and the save distances are the same for the entry
and each of the stamping segments, these are commanded only when the values change.

Repetitive A
Portion of FOLRN
Profile 1972f - -mmdmee b

Each segment has
341 slave steps

1304
753
| —

—]
652

>
1000 1366 1866 2366 2732 3566 4400 Master Travel

i«————— Stamping Portion ————»{«————— Recovery Portion ——»

Program FOLMAS21 ; Foll ow extra encoder
FOLENL ; Enabl e Fol | owi ng node
I NFEN1 ; Enabl e input functions
I NFNC17-H ; Enable trigger A for interrupt
SCALED ; Paraneters are in steps
DEF STAMP ; Start programdefinition
TRGFNAL ; Profile starts upon trigger A
FOLRD1222 ; Ratio denominator, 1220 steps per inch
;define the entry segnent
D341 ; Distance of 341 steps is about 3@ degrees
FOLRN13@Z4 ; Goal ratio for start segnent
FOLMD523 ; Master distance during ranp
GOBUF1 ; Build start segnent
PLOOPD ; Start the continuous | oop
;this profile section starts 2-to-1 ratio, or a starting FOLRNL3@4
FOLRN753 ; Goal ratio for segnent
FOLMD366 ; Master travel in steps for segnent
GOBUF1 ; Build notion segnent
;the 2nd section of profile starts with the final ratio of the 1lst section
FOLRNG52 ; CGoal ratio for segnent
FOLNMD5 @D ; Master travel in steps for segnent
GOBUF1 ; Build notion segnent
;the next two sectlons are mrror images of the first two
FOLRN753 ; Goal ratio for third segnent
FOLNVD5 @D ; Master travel in steps for 3rd segnent
GOBUF1 ; Build notion segnent
FOLRN13@Z4 ; Goal ratio for 4th segnent
FOLMD366 ; Master travel in steps for 4th segnent
GOBUF1 ; Build notion segnent
;the next two sectl ons conplete the loop and are mirror inmages of each other
D1366 ; Slave travel in recovery segnents
FOLMD834 ; Master travel in steps for recovery segnents
FOLRN1972 ; Goal ratio for ranp up segnent
GOBUF1 ; Build ranp up notion segnent
FOLRN523 ; Goal ratio for ranp down segnent
GOBUF1 ; Build ranp down notion segnent
PLN1 ; End of |oop cycle
;finally, a segnent to end notion
D341 ; Distance of 341 steps is about 3@ degrees
FOLRNG ; Coal ratio for end segnent
FOLMD1 @322 ; Master distance during ranp
GOBUF1 ; Build end segnent
END ; End of STAMP program definition
PCOW STAWP ; Conpile the program

khkkkkhkhkhkhkhkhkhkhhkhhkhkhkhkhhkhhkdhkhkhhkhhdhkhhhhhkdhkdhkhkhhhhrdhkhkhhhhhhdxkxk
; * To execute the program enter the PRUN STAMP command *

Khkhkhkhhhkhhkhhkhhhhhhhhhhhhhhkhhkhkhhkhhkhhkhhhkhhkhhkhhhkhkhkhhkkhkkk k%
’
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On-the-Fly Motion (pre-emptive GOs)

178

While motion isin progress, you can change these motion parameters to affect a new profile:

» Acceleration and S-curve Acceleration (A and AA)

* Decdleration and S-curve Deceleration (AD and ADA)

» Véoacity (V)

 Distance (D)

* Preset or Continuous Positioning Mode Selection (MC)

* Incremental or Absolute Positioning Mode Selection (MA)

* Following Ratio Numerator and Denominator (FOLRN and FOLRD, respectively)

The motion parameters can be changed by sending the respective command (e.g., A, V, D, MC)
followed by the GOcommand. If the continuous command execution mode is enabled
(CAOVEXC1), you can execute buffered commands; otherwise (COVEXCY), you must prefix
each command with an immediate command identifier (e.g.,! A, ! V, ! D, ! MC, followed by

I GO).

The new GO command pre-empts the motion profile in progress with a new profile based on
the new motion parameter(s). On-the-fly motion changes are applicable only for motion
started with the GO command, and not for motion started with other commands such as HOM
JOG, JOY, PRUN or GOL.

On-the-fly motion changes are most likely to be used to change the vel ocity and/or goal
position of a preset move already underway. In the event that the goal position is completely
unknown before motion starts, a move may be started in continuous mode (MC1), with a
switch to preset mode (MCQ), a distance command (D), and a GOgiven later. In absolute
positioning mode (MA1) the new goal position given with a pre-emptive GOis explicit in the
D command. Inincrementa positioning (MAG) the distance given with anew pre-emptive GO
is aways measured from the at-rest position before the original GO. If amove is stopped
(with the S command), and then resumed (with the C command), this resumed motion is
considered to be part of the original GO. A subsequent distance given with a new pre-emptive
GOis measured from the at rest position before the original GO, not the intermediate stopped
position.

Programming Example: This program creates a 2-tiered profile (single-axis) that changes
velocity and deceleration at specific motor positions.

SCALEO ; Disable scaling
DEL OTF Del ete program (in case programis already in nemnory)

DEF OTF ; Begin definition of program

PSETO ; Set position to zero

SCALEO ; disable scaling

OOVEXCL ; Enabl e continuous command processi ng node

M0 ; Sel ect preset positioning

MAO ; Select increnental positioning

A20 : Set accel to 20 revs/sec/sec

AD20 ; Set decel to 20 revs/sec/sec

\0 ; Set velocity to 9 revs/sec

D500000 : Set distance to 20 revs

col ; Initiate nmotion

WAl T(PM>100000) ; Wit until the nmotor position is > 100000 steps (4 revs)
VA ; Sl ow down for machi ne operation

co} ; Initiate new profile with new velocity

WAl T( PM>450000) ; Wait until the notor position is > 450000 steps (18 revs)
ACB ; Set decel for gentle stop

Vi ; Slow down for gentle stop

col} ; Initiate new profile with new velocity

END ; End programdefinition
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The table below summarizes the restrictions on pre-emptive GOs.

Condition Possible?
Execute GOduring MC1 & FOLENG Yes
Execute GOduring MC1 & FOLENL Yes
Execute GOduring MO@ & FOLEND Yes
Execute GO during MC@ & FOLENL No

Change MC setting during motion

Yes (but cannot change MC1 to
MC@ during FOLENL1)

Change ENC setting during motion

No

Change FOLENGto FOLENL during motion No
Change FOLEN1 to FOLEN@ during motion

Only while MC1, constant ratio,
and not shifting

OTF Error Conditions

The ahility to change the goal position on the fly raises the possibility that the new position
goal of an on-the-fly GO cannot be reached with the current direction, velocity, and
deceleration. If this happens, an error condition is flagged in axis status bit #30 (AS. 39) for
that axisand in error status bit #10 (ER. 19).

Further instructions
about handling error
conditions are

provided on page 30.

If the direction of the new goal position is opposite that of current travel, the 6000 controller
will kill motion (stop motion abruptly) and set AS. 3dand ER. 1Q

If there has not yet been an overshoot, but it is not possible to decel erate to the new distance
from the current velocity using the specified AD value, the action taken by stepper controllers
is different from that taken by servo controllers:

 With steppers, the deceleration will be modified to avoid overshoot (as shown in
Scenario #2 below) and the AS. 3@and ER. 1@ status bits will not be set.

* With servos, this case is considered an overshoot, the controller with kill the move, and
the AS. 3@ and ER. 1@ status bits will be set.

RELATED STATUS COMMANDS

Axis Status — Bit #30: (this status bit is cleared with the next GO command)

AS. 3@.. Assignment & comparison operator — use in a conditional expression (see pg. 25).
TASF....Full text description of each status bit. (see “Preset Move Over shot ” line item)
TAS..... Binary report of each status bit (bits 1-32 from left to right). See bit #30.

Error Status — Bit #10: The error status is monitored and reported only if you enable
error-checking bit #10 with the ERROR command (e.g., ERROR. 1@ 1). NOTE: When the error
occurs, the controller with branch to the error program (assigned with the ERRORP command).
(this status bit is cleared with the next GO command)

ER 1d.. Assignment & comparison operator — use in a conditional expression (see pg. 25).
TERF....Full text description of each status bit. (see “Preset Move Over shot ” line item)
TER..... Binary report of each status bit (bits 1-32 from left to right). See bit #10.

Error Condition
Scenarios

Scenario #1: OTF change of velocity and v A
distance, where new commanded distance (D,) is T
greater than the original distance (D,) that was
pre-empted [D,>D,]. The distances are the areas

under the profiles, starting at t, for both. If the
origina move had continued, D, would have been
reached at timet,. D, isreached at timet,.
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Scenario #2: OTF change of distance, wherenew _, A
commanded distance (D,) isless than the origina
distance (D,) that was pre-empted [D,<D,]. In
this example, D, is beyond the position where the

OTF change was entered, however D, can not be T S 1 |

reached with the commanded deceleration. In / D, k D,

steppers, an instantaneous velocity changeis

made such that D, can be reached with the - - t >,

commanded deceleration (in servos, motion is
killed if the new destination cannot be reached
with the commanded deceleration).

Scenario #3: OTF change of distance, wherenew _, A
commanded distance (D,) isless than the origina
distance (D,) that was pre-empted [D,< D,]. In
this example, the position where the OTF change

was entered is aready beyond D,. In the event of T 1 |
an overshoot (steppers only), motion iskilled and D, D,
AS. 3@and ER. 1@ bits are set. (plus overshoot) '

1 y >
to t

Scenario #4: OTF change of velocity. Notethat |, A
motion must continue for alonger time at the T
reduced velocity to reach the original commanded
distance than if it had continued at the original
velocity (t, > t,).

On-The-Fly Motion — Sample Application

180

A manufacturer of three products wishes to produce a“ sampler-pak” package which will
contain afew of each of his products. The products all have the same width and length, but
are 3, 4, and 5 inches high respectively. The 3 products are fed from individual linesinto a
common conveyor, and arrive at a stacking and wrapping station. At this station, atray
accepts a product and must have moved down by that product’ s height by the time the next
product arrives. This means that each time a new product arrives, the velocity of the tray must
be changed to match the height of that product. Although product spacing will be regular, the
ordering of product type on the common conveyor will be random, due to variationsin the
input lines. Also, afinished sampler-pak should contain 5 products or be at least 18 inches
high, whichever occursfirst. This means that the total move distance of the tray will be
unknown until the last product arrives. When the last product is stacked, an output is asserted
which will pause the conveyor and start the wrapping process. When wrapping is complete,
the sampler-pak is removed from the tray, and the tray returns to the starting position.

The basic problems in this application are that the move distance is not known until near the
end, and the velocity must change on the fly. Asthe products approach the tray, they are
detected with a near vertical arrangement of three sensors. Products of heights 3, 4, and 5
inches are detected by 1, 2, or all 3 sensorsrespectively. Input 1 always detects a product, and
switches last, so that the others will be stable. When each product is identified, the motion
profile is modified accordingly.
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Program
(portion

only)

Sensors —\

-
O

VARL=0
VAR2=0
VARZ=0
ALO
MDD
VWA LE( VARL<5 AND VAR2<18)
VA T(I N 1=B1)
VARL=VARL+1
I F(I N 2=B1)
| F(I N 3=B1)
VAR3=5
VAR2=VARR+5
ELSE
VAR3=4
VAR2=VARR +4
NF
ELSE
VAR3=3
VAR2=VAR2+3
NF
V( VARB)
X VAR?)
WA T(I N 1=B0)
e’}
NVWH LE
WA T(AS. 1=B0)
autl

Initialize product count
Initialize nove distance variable
Initialize velocity

Moder at e accel eration

Start with preset nove

Loop until cycle conplete

Wit for start of next product
Updat e product count

If not a 3" product

If it is a 5" product

Set velocity
Updat e di st ance

If not 5", nust be 4"

Set velocity
Updat e di st ance

End of 5" case check

3" inch case
Set velocity
Updat e di st ance

End of 3" case check

New vel ocity
New di st ance

Wit for end of this product

I npl enent new di stance and vel ocity
Sanpl er - pak conpl et ed product detection
Wit for nove to conplete

Qutput to indicate stacking conplete
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Registration

When aregistration input (assigned trigger input) is activated, the motion profile currently being
executed is replaced by the registration profile with its own distance (REG), acceleration (A &
AA), deceleration (AD & ADA), and velocity (V) values, and, if using a stepper, the positioning
mode (ENC). The registration move may interrupt any preset, continuous, or registration move
in progress.

The registration move does not ater the rest of the program being executed when registration
occurs, nor doesit affect commands being executed in the background if the controller is
operating in the continuous command execution mode (COVEXCL).

Registration moves will not be executed while the motor is not performing a move, whilein
the joystick mode (JOY1), or while decelerating due to a stop, kill, soft limit, or hard limit.

Registration Move Accu racy (see also Registration Move Status below)

The registration move distance (specified with the REG command) is based on the actual
position captured when the registration input is activated. Therefore, the accuracy of the
registration move is determined by the dlight lapse between activating the registration input
and capturing the position. The accuracy is calculated as 50us Cthe velocity of the axis at the
time the input was activated. The exception to thisruleisif you are using a servo product's
dedicated hardware latch triggers (triggers A-D are dedicated to encoders 1-4, respectively), in
which case the registration move accuracy is+1 encoder count.

RULE OF THUMB: To prevent position overshoot, make sure the REG distance is greater than
4 ms multiplied by the incoming velocity.

The lapse between activating the registration input and commencing the registration move
(this does not affect the move accuracy) isless than one position sample period. The sample
period for steppersis2 ms. The sample period for servosis determined by the SSFR and

I NDAX command settings (refer to the System Update column in the table in the SSFR
command description to ascertain your controller's sample period).

The REGdistance will be scaled by the distance scale factor (SCLD value) if scaling is enabled
(SCALEL).

Preventing Unwanted Registration Moves

There are several methods of preventing unwanted registration moves:

« Registration Input Debounce: The registration input is debounced for 50 ms (steppers)
or 24 ms (servos) before another input on the same trigger isrecognized. Therefore, the
maximum rate that a registration input can initiate registration movesis 20 times per
second (steppers) or 41 times per second (servos).

If your application requires a shorter debounce time, you can change it with thel NDEB
command (refer to page 109 or to the | NDEB command description for details).

 Registration Single-Shot: The REGSS command allows you to program the 6000
controller to ignore any registration commands after the first registration move has been
initiated. Refer to Sample Application 2 below.

 Registration L ockout Distance: The REG.OD command specifies what distance an axis
must travel before any trigger assigned as a registration input will be recognized. If more
than one axisis using the same trigger for registration, and one or all have aregistration
lockout distance defined, then that trigger will be ignored until all axes have traveled the
lockout distances. Refer to Sample Application 3 below.
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Registration Move Status & Error Handling

Axis Status— Bit #28: This status bit is set when aregistration move has been
initiated by any registration input (trigger). This status hit is cleared with the next GO

command.
AS. 28...... Assignment & comparison operator — use in a conditional expression (see pg. 25).
TASF........ Full text description of each status bit. (see“Reg Move Commanded” lineitem)
TAS ......... Binary report of each status bit (bits 1-32 from left to right). See bit #28.

Axis Status— Bit #30: If, when the registration input is activated, the registration
move profile cannot be performed with the specified motion parameters, the 6000 controller
will kill the move in progress and set axis status bit #30. This status bit is cleared with the
next GO command.
AS. 3@...... Assignment & comparison operator — use in a conditional expression (see pg. 25).
TASF........ Full text description of each status bit. (see“Preset Move Overshot” lineitem)
TAS ......... Binary report of each status bit (bits 1-32 from left to right). See bit #30.

Error Status— Bit #10: This status bit may be set if axis status bit #30 isset. The
error status is monitored and reported only if you enable error-checking bit #10 with the

Further instructions ERROR command (e.g., ERROR. 1@ 1). NOTE: When the error occurs, the controller with
about handing error branch to the error program (assigned with the ERRORP command). This status bit is cleared
provided on page 30. with the next GO command.
ER 14...... Assignment & comparison operator — usein a conditional expression (see pg. 25).
TERF........ Full text description of each status bit. (see“Preset Mve Overshot” lineitem)
TER......... Binary report of each status bit (bits 1-32 from left to right). See bit #10.

System Status— Bits#25-28: System status bits 25-28 are set when aregistration
move has been initiated by trigger inputs A through D, respectively. This also indicates that
the positions of all axes has been captured. As soon as the captured information is transferred
or assigned/compared (see page 112), the respective system status bit is cleared (set to @).
SS. Assignment & comparison operator — use in a conditional expression (see pg. 25).
Operatorsfor bits 25-28 are SS. 25, SS. 26, SS. 27, and SS. 28.
TSSF........ Full text description of each status bit. (see“Posi ti on Captured TRG n")
TSS....c.c.. Binary report of each status bit (bits 1-32 from left to right). See bits #25-28.

How to Set up a Registration Move

Before you can initiate a registration move, you must program these elements (refer also to the
programming examples below):

 Configure one of the trigger inputs (TRG-A through TRG-D) to function as atrigger
interrupt input; thisis done with the | NFNCi - Hcommand, wherei istheinput bit
number representing trigger inputs A through D (input number assignments vary by
product — see page 112). NOTE: When configured as Trigger Interrupts, the triggers
cannot be affected by the input enable (I NEN) command.

* Issuethe | NFEN1 command to enable the trigger interrupt/registration function defined
with the | NFNCi - H command.

» Specify the distance of the registration move with the REG command; then you can
enable the registration function with the RE command. Registration is performed only
on the axis or axes with the registration function enabled, and with a non-zero distance
specified in the respective axis-designation field of the REG command; the other axes will
not be affected. Each trigger has a distinct move defined for each axis; therefore, with 4
trigger inputs and 4 axes available, 16 different registration moves can be stored.

NOTE: The registration move is executed using the A, AA, AD, ADA, and V values that
were in effect when the REG command was entered. Stepper products: The position
captured (motor or encoder) and the positioning mode (motor steps or encoder steps) used
for registration are determined upon the ENC command setting in effect when the
registration move was first defined with the REG command.
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Registration — Sample Application 1

In this example, two-tiered registration is achieved (seeillustration below). Whileaxes 1is
executing it's 50,000-unit move, trigger input A is activated and executes registration move A
to slow the load's movement. An open container of volatile liquid is then placed on the
conveyor belts. After picking up the liquid and while registration move A is till in progress,
trigger input B is activated and executes registration move B to slow the |oad to gentle stop.

184

DEL REA 1 ; Delete program (in case program al ready resides in nenory)
DEF REG 1 ; Begin programdefinition
| NFNC25- H ; Define input #25 (trigger A) as a trigger interrupt input
| NFNC26- H ; Define input #26 (trigger B) as a trigger interrupt input
| NFENL ; Enabl e programmabl e i nput functions defined with | NFNC command
ENCOx ; Set positioning nmode to nmotor step node (FCR STEPPERS QNLY)
A20 : Set acceleration on axis 1 to 20 units/sec?
A0 ; Set deceleration on axis 1 to 40 units/sec2
Vi ; Set velocity on axis 1 to 1 unit/sec
REGA4000 ; Set trigger A's registration distance on axis 1 to 4000 units
; (registration A rmove will use the ENC A AD, & V val ues above)
ENCOx ; Set positioning mode to nmotor step node (FCR STEPPERS CONLY)
A5 ; Set acceleration on axis 1 to 5 units/sec/sec
A2 ; Set deceleration on axis 1 to 2 units/sec/sec
V.5 ; Set velocity on axis 1 to 0.5 units/sec
REGB13000 ; Set trigger B's registration distance on axis 1 to 13,000 units
; (registration B rmove will use the ENC A AD, & V val ues above)
RE10 ; Enable registration on axis 1 only
A50 ; Set acceleration to 50 units/sec/sec on axis 1
ADG0 ; Set deceleration to 50 units/sec/sec on axis 1
V10 ; Set velocity to 10 unit/sec on axis 1
D50000 ; Set distance to 50000 units on axis 1
QLo ; Initiate notion on axis 1
END ; End programdefinition
JheA e
10 —
2 8]
8 -
s
4] Pick up
] container
2 |
0 T T T T T T T T T T T
0 Distance 20,000
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Registration — Sample Application 2

A user has aline of material with randomly spaced registration marks. It is known that the
first mark must initiate a registration move, and that each registration move cannot be
interrupted or the end product will be destroyed. Since the distance between marks is random, it
isimpossible to predict if a second registration mark will occur before the first registration
move has finished.

DEL REQ 2 ; Delete program (in case program al ready resides in nenory)
DEF REQ 2 Begi n program definition

I NFENL Enabl e input functions

I NFNC25- H Trigger capture node for trigger A (input #25)

RE1 Enabl e registration

\2 Set registration nove to a velocity of 2 rps

AD. 5 a decel eration of 0.5 rev/sec/sec

REGA20000 and a di stance of 20000 steps

MC1 Start a mode conti nuous

Vi nmove at a velocity of 1 rps

col} Initiate notion

END End programdefinition

Y] A 1st Registration 2nd Registration

mark occurs _l mark occurs

2 f The first registration move
: is pre-empted by a second
registration input.

]_ —

0 >t

In order to stop the second registration from occurring, REGSS can be used:

DEL REd 2b ; Delete program (in case program al ready resides in nmenory)
DEF REA 2b Begi n programdefinition

I NFENL Enabl e i nput functions

I NFNC25- H Trigger capture node for trigger A (input #25)
RE1 Enabl e registration

V2 Set registration nove to a velocity of 2 rps

REGA20000 and a di stance of 20000 steps

REGSS1 Enabl e regi stration single shot node
MCL Start a mode conti nuous
V1 nmove at a velocity of 1 rps
col} Initiate notion
END End programdefinition
Vv A 1st Registration 2nd Registration
mark occurs _l mark occurs ~N

2— Because of REGSS, the
first registration move is
NOT pre-empted by the
second registration input.
The registration “single
shot” will be reset when
you issue a new motion
command (GO, PRUN, etc.).

J

>
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Registration — Sample Application 3

A print wheel uses registration to initiate each print cycle. From the beginning of motion,
the controller should ignore all registration marks before traveling 2000 steps. Thisisto
ensure that the unit is up to speed and that the registration mark isavalid one.

DEL REQ 3 ; Delete program (in case program al ready resides in nenory)
DEF REAQ 3 ; Begin programdefinition
| NFENL ; Enabl e input functions
I NFNC25- H ; Trigger capture node for trigger A (input #25)
RE1 ; Enabl e registration
V2 ; Set registration nove to a velocity of 2 rps
REGA2500 ; and a distance of 2500 steps
REG_CD2000 ; Set registration | ockout distance to 2000 steps
MCL ; Start a node continuous
Vi ; move at a velocity of 1 rps
Ql  Initiate notion
END ; End programdefinition
A 1st Registration 2nd Registration
v mark occurs after_l mark occurs after
1500 steps, but 3000 steps.
2 —| the registration
move does not
occur because
the lockout
distance is set to
2000 steps.
1 —
0 >

Synchronizing Motion (GOWHEN and TRGFN operations)

GONHEN and TRG-N alow you to synchronize the execution of motion on one or more axes:

* GOWHEN — synchronize execution of the subsequent start-motion command (GO, GOL,
FSHFC, or FSHFD) to:
- Position (commanded, feedback device, motor, master, slave, Following shift)
- Master cycle number
- Input status
- Timedday (dwell)

* TRGFN:
- Suspend execution of the next start-motion command (GO, GCOL, FSHFC,
or FSHFD) until the specified trigger input goes active.
- Suspend beginning a new Following master cycle until the specified trigger
input goes active.

Conditional “GO”"s (GCOWNHEN)

186

The GOMHEN command is used to synchronize a motion profile of an axis with a specified
position count, input status, dwell (time delay), or master cycle number on that axis or other
axes. Command processing does not wait for the GOAHEN conditions (relational expressions)
to become true during the GOWHEN command. Rather, the motion from the subsequent start-
motion command (GO, GOL, FSHFC, and FSHFD) will be suspended until the condition
becomes true.

Start-motion type commands that cannot be synchronized using the GOAHEN command are:
HOM JOG, JOY, and PRUN. A preset GO command that is aready in motion can start a new
profile using the GOWHEN and GO sequence of commands. Continuous moves (MC1) already in
progress can change to a new velocity based upon the GOMHEN and GO sequence. Both preset
and continuous moves can be started from rest with the GOAHEN and GO sequence.
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GOMHEN
Syntax

GOMNHEN
Status

Further
instructions
about handling
error conditions
are provided on
page 30.

GOMNHEN ...
On A Trigger
Input

Axis 1 Axis 2 Axis 3
I . 1T . 1T . 1
GOWHEN ( expressi on), (expression), (expression),

Relational Expression Syntax:
(<left operand> <rel ational operator> <right operand>)

\ 4 \ 4 ¢

Possible Operators: Possible Operators: Possible Operators:
FB........ Feedback device position >= * Numeric variable (VAR)
NMCY....Master cycle number <= « Decimal constant
PC........ Commanded position « Binary value (b__ )

PE........ Encoder position > for I N operator only
PM....... Motor position <

PMAS....Master position
PSLC....Slave position
PSHF....Following shift
IN....... Input state

T Dwell (in milliseconds)

EXAMPLES'

GONHEN( 1PE>404%) ; suspend the next GO until axis 1 encoder position > 40220
GOMHEN( | N. 6=b1) ; suspend the next GO until input #6 is activated (bl)
GOWHEN( 2PMAS>255)  ; suspend the next GO until the naster for axis 2 has

; travel ed 255 nmmster distance units

SCALING

If scaling is enabled (SCALEL), the right-hand operand is multiplied by SCLD if the left-hand
operand is FB, PC, PE, PM PSLV, or PSHF. The right-hand operand is multiplied by the SCLMVAS
value if the left-hand operand is PMAS. (The SCLD or SCLMAS values used correlate to the axis
specified with the variable—e.g., a GONHEN expression with 3PE scales the encoder position by
the SCLD value specified for axis 3.)

Axis Status — Bit #26: Bit #26 is set when motion has been commanded by a GO,

GOL, FSHFC, or FSHFD command, but is suspended due to a pending GOWHEN condition.
This status bit is cleared when the GOAHEN condition istrue or when astop (! S) or kill (! K
or ~K) command is executed. An individual axis GOAHEN command can be cleared using an
axis-specific S or K command (e.g., ! S11Xdor ! KAXX1).

AS. 26...... Assignment & comparison operator — use in a conditional expression (see pg. 25).
TASF........ Full text description of each status bit. (see“Gowhen i s Pendi ng” lineitem)
TAS ......... Binary report of each status bit (bits 1-32 from left to right). See bit #26.

Error Status— Bit #14: Bit #14 is set if the position relationship specified in the

GOWNHEN command is already true when the GO, GOL, FSHFC, or FSHFD command is issued.
The error statusis monitored and reported only if you enable error-checking bit #14 with the
ERROR command (e.g., ERROR. 14- 1). NOTE: When the error occurs, the controller with
branch to the error program (assigned with the ERRORP command).

ER 14 ...... Assignment & comparison operator — use in a conditional expression (see pg. 25).
TERF........ Full text description of each status bit. (see“GOWHEN condi ti on true” lineitem)
TER......... Binary report of each status bit (bits 1-32 from left to right). See bit #14.

If you wish motion to be triggered with atrigger input, use the TRGFNC 1XXXXXXX
command. The TRGFNc 1xxxxxxx command executes in the same manner as the GOAHEN
command, except that motion is executed when the specified trigger input (c) is activated. For
more information, refer to Trigger Functions below.
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GOMNHEN A WAl T will cause the 6000 controller program to halt program flow (except for execution of
immediate commands) until the condition specified is satisfied. Common uses for this
function include delaying subsequent 1/0 activation until the master has achieved arequired
VAT position or an object has been sensed.

VS

By contrast, a GONHEN will suspend the motion profile for a specific axis until the specified
condition is met. It does not affect program flow. If you wish motion to be triggered with a
trigger input, use the TRGFNc 1xxxxxxx command. The TRGFNc 1xxxXxxx command
executes in the same manner as the GONHEN command, except that motion is executed when
the specified trigger input (c) is activated (see Trigger Functions below for details). In
addition, GOWHEN expressions are limited to the operands listed above; WAl T can use
additional operands such as FS (Following status) and VMAS (velocity of master).

Factors Affecting If, on the same axis, a second GOAHEN command is executed befor e a start-motion command

GON-EN (GO, &AL, FSHFC, or FSHFD), then the first GOWHEN is over-written by the second GONHEN

Execution command. (GONHEN commands are not nested.) An error is not generated when a GONHEN
command is over-written by another GONHEN.

While waiting for a GONHEN condition to be met and a start-motion command has been
issued, if a second GOWHEN command is encountered, then the first sequenceis disabled and
another start-motion command is needed to re-arm the second GONHEN sequence.

A new GOWNHEN command must be issued for each start-motion command (GO, GOL, FSHFC,
or FSHFD). That is, once a GOWHEN condition is met and the motion command is executed,
subsequent motion commands will not be affected by the same GOWHEN command.

If the GOWHEN and start-motion commands are issued, the motion profile is delayed until the
GOWHEN condition is met. If a second start-motion command is encountered, the second start-
motion command will override the GONHEN command and start motion. If this override
situation is not desired, it can be avoided by using aWAI T condition between the first start-
motion command and the second start-motion command.

It is probable that the GONHEN command, the GO command, and the GOWHEN condition
becoming true may be separated in time, and by other commands. Situations may arise, or
commands may be given which make the GOAHEN invalid or inappropriate. In these cases, the
GOWHEN condition is cleared, and any motion pending the GOWHEN condition becoming true
is canceled. These situations include execution of the JOG, JOY, HOM PRUN, and DRI VEQZ
commands, as well motion being stopped due to hard or soft limits, adrive fault, an
immediate stop (! S), or an immediatekill (! K or ~K).

[] When usedinacompiled program, a GOWHEN will pause the profile in progress (motion
GOWHENin Compiled  CONtinues at constant velocity) until the GOWHEN condition evaluates true. When executing a
‘Motion (Compiled  compiled Following profile, the GOAHEN isignored on the reverse Following path (i.e., when
Motion is discussed on  the master is moving in the opposite direction of that which is specified in the FOLMAS

page 16 command). A compiled GONHEN may require up to 4 segments of compiled memory storage.

Sample In the example below, axis 2 must start motion when the actual position of axis 1 has reached
6000 Code 4. While axis 1 is moving, the program must be monitoring inputs and serving other system

requirements, so aWAI T statement cannot be used; instead, a GOAHEN and GO sequence will

delay the profile of axis 2.

SCALEL ; Enabl e scaling

SCLV25000, 25000 ; Set velocity scaling factors

SCLD10000, 10000 ; Set distance scaling factors

M200 ; Set both axes to preset nove node

D20, 20 ; Set distance end-point

COVEXCL ; Enabl e continuous command execution node

Vi, 1 ; Set velocity

A100, 100 ; Set acceleration

GOMNEN(, 1PE>4) ; Delay axis 2 profile. Wen the expressionis true (position

; of encoder #1 is > 4), allowaxis 2 to start notion.
[coik] ; Command both axes to nmove. Axis 2 will not start until

; conditions in the GOMEN statement are true.
; Command processi ng does not wait, so other system
; functions may be perforned.
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Trigger Functions (TRGFN)

The Trigger Functions command (TRGFN) allows you to assign additional functionsto trigger
inputs that have been defined as trigger interrupt inputs (I NFNCi - H):

In the TRG-N command syntax, each field of 8 enable bitsisfor one axis. The“c” in thefirst
datafield isfor specifying the trigger input (TRG-A through TRG-D). There are two possible
functions, corresponding to the first 2 enable bits in the syntax—the other 6 enable bits per
axisare reserved (“1” enablesthe function, “0” disablesthe function, “x” leaves the function
bit unchanged):
Axis 1 Axis 2 Axis 3
TRGFNc bbbbbbbb' bbbbbbbb' bbbbbbbb

\\ I: reserved

FMONEWFunction (see description below)
QONENFunction (see description below)
Trigger Letter (“A’ for TRG-A, “B’ for TRG-B, etc.)

GOMHEN Function: (TRGFNc 1xxxxxXx) Suspends execution of the next move until the
specified trigger input (c) goes active. If you need execution to be
triggered by other factors (e.g., master position, encoder position, etc.)
use the GOWHEN command. Refer to page 186 or to the GONHEN
command description for additional details. Axis status bit #26 (reported
with TASF, TAS, or AS) is set to one (1) when there is apending
GOWHEN condition initiated by a TRGFNc 1xxxxxx command; this bit
is cleared when the trigger is activated or when a stop or kill command is
issued.

FMCNEWFunction: (TRGFNcx1xxxxx) Allows a new Following master cycleto begin
when the specified trigger input (c) goes active. For additional details on
master cycles, refer to page 208 or to the FMCNEWcommand description.

These trigger functions are cleared once the function is complete. To use the trigger to perform a
GOWHEN function again, the TRGFN command must be given again.

Sample I NFNC26- H ; Assign trigger B (TRGB) on the AT6400 (i nput #26)
6000 Code to function as a trigger interrupt input.
Wien trigger “B’” (TRG B) goes active, axis 1 will
begin a new naster cycle and axis 2 will execute the
nove comranded with the GO command.
The nove on axis 2 is conmmanded, but will not
execute until TRG B becones acti ve.

TRGFNBXIXXXXXX 1

01
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Following
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Ratio Following — Introduction

Compiled
Profiles

You can pre-compile
Following profiles
(saves processing
time). See page 166
for details.

As part of its standard features, the 6000 Series Controller family alows you to solve
applications requiring Ratio Following.

Ratio Following is, essentially, controlled motion based on the measurement of external
motion. Thisincludes concepts such as an electronic gearbox, trackball, slave feed-to-length,
as well as complex changes of ratio as a function of master position. Ratio Following can
include continuous, preset, and registration-like moves in which the velocity is replaced with a
ratio.

The slave may follow in either direction and change ratio while moving, with phase shifts
allowed during motion at otherwise constant ratio. Ratio changes or new moves may be
dependent on master position or based on receipt of atrigger input. Also, a slave axis may
perform Following moves or normal time-based moves in the same application because
Following can be enabled and disabled at will. Product cycles (operations which repeat with
periodic master travel) can be easily specified with the master cycle concept (see page 207).

In Ratio Following, acceleration ramps between ratios will take place over a user-specified
master distance. Product cycles can be easily specified with the master cycle concept.

This chapter highlights the capabilities of the 6000 Following features and provides application
examples. If you need more details on the operation or syntax of a particular command, please
refer to the 6000 Series Software Reference.

Before delving into the specifics of Ratio Following, read on to gain a basic understanding of
how the 6000 controller follows.

What can be a master?

Any axis on the 6000 controller can be slaved to any transducer device input or commanded
position of any other axis. This source is known as the master input, or master. Up to 4
axes (depending on which 6000 product you have) can be following at the same time with the
same or different master.

The options available for master input sources differ by product (see table).

S 8 B8 B3 R=

< N N ~ c [ c [ o s £

© © © © o Te] o [Te) ~ ©

. = = = = — — N 3\ o W —

Master Input Options (O =yes) < < < < © © © © © 0O«
Commanded Position O O O O na na O O O O

Input Devices:

* Incremental Encoder O O O O O O n/a
e ANI Analog Input (-ANI option only) na na O O na O na 0O | n/a
e Linear Displacement Transducer (LDT) nla nla na na na na na na O n/a

SERVOS:  For servo controllers, an axis may not be slaved to its own feedback device inpuit.

STEPPERS: For stepper controllers, an axis may be slaved to its own encoder input, as long as
that axis does not need encoder feedback for encoder positioning (ENC1 mode) or
stall detection (EPML mode).

For more information on assigning a master for a particular slave, refer to Define the Master
and Save Axes (page 194), or refer to the FOLMAS command description in the 6000 Series
Software Reference.
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Performance Considerations (see also page 33)

Position Sampling Period
Steppers — 2 milliseconds.

Servos — system update
period (depends on SSFR
and | NDAX command
values — see SSFR
command description).

GREATER DETAIL ...

on the technical aspects of
Following can be found on
page 213, or in the
associated command
descriptions in the 6000
Series Software Reference.

When adlaveis following a master, the 6000 controller does not simply measure the master
velocity to derive slave velocity. Instead, the 6000 controller samples the master position
(position sampling period) and cal cul ates the corresponding slave position command. Thisistrue
even if the slave isin the process of changing ratios. A slave is not simply following velocity,
but rather position. With this algorithm, the master and slave position or phase relationship is
maintained indefinitely, without any drift over time due to velocity measurement errors.

The 6000 controller also measures master velocity by measuring the change in master position
over anumber of sample periods. The present master velocity and position may be used to
calculate the next commanded dave position, so the dave has no vel ocity-dependent phase
delay. This concept is known as Master Position Prediction and may be enabled or disabled as
needed with the FPPEN command.

The 6000 controller's default Following algorithm should work well for most applications;
however, you can change the Following algorithm to meet application-specific needs. For
instance, suppose that the speed of the master is very slow, or has some vibration. For a case
like this, the 6000 controller allows you to filter the master position signal to generate a
smooth slave position command. Thisis known as Master Position Filtering and is
programmed with the FFI LT command.

Following Status (TFSF, TFS & FS Commands)

Many of the Following features described in this document have
associated status bits that can be displayed (with the TFSF and TFS

TFS bit response format:

S _ v : ) *TES bbbb_bbbb_bbbb_bbbb_bb — Axis 1
commands) or used in assignment or comparison operations (with * bbbb_bbbb_bbbb_bbbb_bb  Axis 2
the FS operator). The portions of this document which describe * bbbb_bbbb_bbbb_bbbb_bb ~ Axis 3
those features also summarize the related status bits. * ?bbb—bbbb—bbbb—bbbb—b,{’ = Axis 4
Bit #1 Bit #18
Bit  Function (YES=1;NO=0Q)
o Slave in Ratio Move......... A Following move is in progress.

A Ratio is Negative

< Slave Ratio Changing
4. Slave At Ratio...........

The current ratio is negative (i.e., slave counts counting in the opposite direction from master).
..... The slave is ramping from one ratio to another (including a ramp to or from zero ratio).

....... The slave is at constant non-zero ratio.

Bits 1-4 indicate the status of slave Following motion. |

FOLEN Active....
Master is Moving

FOLMAS Active ........

Master Dir Neg ........

....... A master is specified with the FOLMAS command.

..... Following has been enabled with the FOLEN command.
..... The specified master is currently in motion.

....... The current master direction is negative. (Bit must be cleared to allow Following move in preset mode—M22).

Bits 5-8 indicate the status required for Following motion (i.e., a master must be assigned, Following must be enabled, the
master must be moving, and for many features, the master direction must be positive).

Unless the master is a commanded position of another axis, minor vibration of the master will likely cause bits 7-8 to toggle
on and off, even if the master is nominally “at rest”. These bits are meant primarily as a quick diagnosis for the absence of
master motion, or master motion in the wrong direction. Many features require positive master counting to work properly.

[ OK 10 Shift....cccoveerireererenns Conditions are valid to issue shift commands (FSHFD or FSHFC).
..... A shift move is in progress.

1. Shift is Continuous .......... An FSHFC-based shift move is in progress.

2. Shift Dir is Neg......cccuene. The direction of the shift move in progress is negative.

Bits 9-12 indicate the shift status of the slave. Shifting is super-imposed motion, but if viewed alone, can have its own status.
In other words, bits 10-12 describe only the shifting portion of motion.

Master Cyc Trig Pend .... A master cycle restart is pending the occurrence of the specified trigger.

Mas Cyc Len Given ........ A non-zero master cycle length has been specified with the FMCLEN command.

Master Cyc Pos Neg ...... The current master cycle position (PMAS) is negative. This could be by caused by a negative initial master
cycle position (FMCP), or if the master is moving in the negative direction.

16......... Master Cyc Num > 0...... The master position (PMAS) has exceeded the master cycle length (FMCLEN) at least once, causing the

master cycle number (NMCY) to increment.

Bits 13-16 indicate the status of master cycle counting. If a Following application is taking advantage of master cycle
counting, these bits provide a quick summary of some important master cycle information.

17......... Mas Pos Prediction On ... Master position prediction has been enabled (FPPEN).
18......... Mas Filtering On ............. A non-zero value for master position filtering (FFI LT) is in effect.

Bit 17-18 indicate the status of master position measurement features. |

* All these conditions must be true before Following motion will occur.
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Implementing Ratio Following

This section covers the basic elements of implementing Ratio Following:

» Applying Following setup parameters
* Move profiles
* Performing phase shifts (FSHFC and FSHFD)
 Application scenarios:
- Electronic gearbox
- Trackball

Ratio Following Setup Parameters

0

Programming
examples — see
application examples
later in this chapter.

Following

Status
(see TFSF, TFSand FS
commands)

Define the
Master and
Slave Axes
(FOLVAS)

Prior to executing a Following move, there are severa setup parameters that must be
specified. These parameters may be established:

 Define the master and dlave axes (FOLMAS)

» Define master & dave scaling factors (SCLMAS, SCLA, SCLD, and SCLV) —if required
* Define the dave-to-master Following ratio (FOLRN and FOLRD)

 Define the master distance (FOLMD) — define scaling first

 Enable the Following Mode (FOLEN)

Following Status bits 5-8 (see table below) are meant to indicate the status required for
Following motion (i.e., a master must be assigned, Following must be enabled, the master
must be moving, and for many features, the master direction must be positive).

Bits 7-8 represent master motion and master direction respectively. Unlessthe master isa
commanded position of another axis, it is likely that minor vibration of the master will cause
these bits to toggle on and off, even if the master is nominally “at rest”. These bits are meant
primarily as aquick diagnosis for the absence of master motion, or master motion in the wrong
direction. Many features require positive master counting to work properly.

Bit# | Function (yes=1;no0 =90
5 | FOLMAS Active............c...... A master is specified with the FOLMAS command.
6 | FOLENActive........ccccovueee. Following has been enabled with the FOLEN command.
7 | Masteris Moving............... The specified master is currently in motion.
8 | Master Dir Neg.........c.c...... The current master direction is negative. (bit must be cleared to allow
Following move in preset mode—MCQ).

The FOLMAS command defines the masters and the slaves. The command syntax is
FOLMAS<#i i >, <#i i >, <#i i >, <#i i >, where each <zi i > represents the configuration
for axes 1 through 4, from left to right. (Note that the number of axes available differs by
product). The configuration for each axis (xi i ) isfurther defined as follows:

 Sign bit (x): Specifies the count direction of the master source which will result in
positive master travel counts. The sign bit is not meant to be used simply to change the
direction of slave motion. That function can be done with the sign of the D command.
Rather, the sign bit is used to allow forward motion of the physical master (e.g., conveyor
belt, rotating wheel, or the continuous feed of material or product) to result in positive
counts. Severa features described later in this document require increasing master counts
for proper operation. These include Following motion in preset positioning mode (MCQ) ,
master cycle counting, and executing GOAHEN based on master cycle position.

 Firsti: Selectsthe master input axis number (1 through 4) that you are assigning to
the slave.

» Secondi : Selectsthe master input (input device or commanded position) according to
the axis number specified with thefirsti . The availability of master input sources
differs by product, as indicated in the table below.
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NOTE

« Servo controllers: The slave axis cannot use its own commanded position or its
currently selected feedback device (encoder, ANI, or LDT) as the master input.

« Stepper controllers: The slave axis cannot use its own commanded (motor) position
as the master input. Also, a slave axis that is using the encoder step mode (ENCL1)
cannot use its own encoder as the master input.

« Multiple axes may be slaved to the same count source (e.g., encoder) from the same
master. However, multiple axes may not be slaved to different count sources (e.qg.,
encoder and commanded position) from the same master.

Product Options for Second i Measurement *
AT6n00, 620N 1—Encoder Encoder counts
& OEM6200 4—Commanded (motor) position Motor counts
AT6N50, 625n 1—Encoder Encoder counts
& OEM6250 2—ANI input (ANI option only) ADC counts
4—Commanded position Feedback device counts
610n 1—Encoder Encoder counts
615n 1—Encoder Encoder counts
2—AN!I input (ANI option only) ADC counts
6270 1—Encoder (axis 1 only) Encoder counts
2—ANI input (6270-ANI only) ADC counts
3—LDT LDT counts

4—Commanded position

Feedback device counts

* |f scaling is enabled (SCALEL), the measurement of the master is scaled by the SCLMAS value.

As an example, suppose the ENCODER 3 input is to be the master input for slave axis 1, and
forward travel of the physical master (e.g., conveyor belt) results in negative counts on
ENCODER 3. Given these operating constraints, you would use the FOLMAS- 31, , , command.

The default setting is that all axes are disabled from being daves (FOLMAS+J, +@, +@, +@).
If you do not want a particular axisto be aslave, smply leave it not configured (e.g.,
FOLMAS, +31, , command configures only axis #2 as a slave to encoder #3; the rest of the
axes are | eft in the default state—not daved). If an axisis currently configured as a dave, you
can disableits dave status by putting a zero (@) in the parameter field (e.g., the

FOLMAS, @, , command disables axis 2 from being a slave axis).

As soon as the master/slave configuration is specified with the FOLMAS command, a
continuously updated relationship is maintained between the dave's position and the master's
position. The update period for stepper controllersis 2 ms. The update period for servo
controllers (system update) depends on the current SSFR and | NDAX command values (see
SSFR command description in the 6000 Series Software Reference.)

FOLMAS Setting Not Saved in Non-Volatile Memory
The FOLMAS configuration is not saved in non-volatile memory. Therefore, you may wish to
include it in the power-up program (STARTP) for serial-based controllers, or in the first program
downloaded for bus-based controllers.

Notes for Stepper Controller Users
« If the slave axis is in encoder step mode (ENCL1), then the encoder resolution (ERES) of the
slave axis is also used. For that reason, the encoder resolution may not be changed after
the FOLMAS command configures an axis as a slave.

« If the slave axis is in encoder step mode (ENCL1), or if stall detect is enabled (ESTALL1), or if
position maintenance is enabled (EPML), that axis cannot use its own encoder input as the
master.
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Define the
Master and
Slave Scaling
Factors
(SCLVAS)

if required

Velocity and
Accel/Decel
Scaling

Distance Scaling

196

IF SCALING IS NOT USED (SCALEQ)
Servos:
» Slave distance values are entered in the units of the currently selected feedback
device (i.e., the device selected with the SFB command).

Master distance values are entered in actual master counts (counts from the selected
encoder, ANI, LDT, or commanded position).
» Velocity and accel/decel units of measure depend on the feedback source selected:

Encoder feedback — revs/sec and revs/sec?

(counts output per rev depend on encoder resolution set with the ERES command).
LDT feedback — inches/sec and inches/sec?

(counts output per inch depend on LDT resolution set with the LDTRES command.

ANI feedback — volts/sec and volts/sec? (resolution is 819 ADC counts per volt).

Steppers:
» Slave distance values are entered in motor steps if the motor step mode is enabled
(ENCQ), or encoder steps if the encoder step mode is enabled (ENC1). If an axis is in the
Encoder Step Mode (ENC1), it cannot use its own encoder input as the master.

Master distance values are entered in motor steps if the master is the motor position of
another axis, or encoder steps of the master is an encoder.

» Velocity and accel/decel values are entered in motor revs/sec and revs/sec?,
respectively (the steps output per rev depend on the resolution setting—DRES).

Velocity and accel/decel scaling factors for the slave are set with the SCLV and SCLA commands,
respectively. Refer to page 83 for details on using velocity and accel/decel scaling. The SCLV
and SCLA scaling factors should be set to the same value as the lave distance scaling factor
(SCLD) to establish common user units (e.g., distance in inches, velocity in inches/sec, accel in
inches/sec?).

It isuseful to define master and slave multipliers so later programming can take place in user
units. The SCLD command defines the dlave's distance scal e factor, and the SCLMAS
command defines the master's distance scale factor. The Following-related commands that are
affected by SCLD and SCLMAS are listed in the table below. NOTE: Scaling must be
enabled with the SCALE1 command before these commands will have any effect.

Commands Affected by Master Scaling (SCLMAS) | Commands Affected by Slave Scaling (SCLD)

FOLRN: Slave-to-Master Ratio (Numerator)
FSHFD: Preset Phase Shift

FMCLEN: Master Cycle Length
FMCP: Master Cycle Position Offset

FOLMD: Master Distance
FOLRD: Slave-to-Master Ratio (Denominator)
GOWHEN: Conditional GO (left-hand variable is PMVAS)

GOMHEN:  Conditional GO (left-hand variable # PVAS)
TPSHF & [ PSHF ] : Net Position Shift of Slave
TPSLV & [ PSLV]: Position of Slave Axis

TPMAS & [ PMAS ] : Position of Master Axis
TVMAS & [ VMAS] : Velocity of Master Axis

Asthe distance scaling factor (SCLMAS or SCLD) changes, the resolution of all distance
commands and the number of positions to the right of the decimal point also change (see table
below). A distance value with greater resolution than allowed will be truncated (e.g., if scaling
is set to SCLD25@A, the FSHFD1. 99999 command would be truncated to FSHFD1. 9999).
6270 users: shift the valuesin the “ Distance Range” column one decimal place to the left.

SCLD or SCLMAS Distance Resolution Distance Range Decimal Places

(steps/unit) (units) (units)

1-9 1 0 - £999,999,999 0
10-99 0.1 0.0 - £99,999,999.9 1
100 - 999 0.01 0.00 - £9,999,999.99 2
1000 - 9999 0.001 0.000 - +999,999.999 3
10000 - 99999 0.0001 0.0000 - +99,999.9999 4
100000 - 999999 0.00001 0.00000 - £9999.99999 5
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NOTE DEFINE SCALING FIRST NOTE

If scaling is desired within a stored program, you must enable scaling (SCALE1) and define the
scaling factors (SCLA, SCLV, SCLD, & SCLMAS) prior to defining (DEF), uploading (TPROG), or
running (RUN) the program. This allows the 6000 Series product to store, display, and execute
the scaled distance, acceleration, and velocity values within the stored program. This can be
accomplished by defining all scaling factors via a terminal emulator just before defining or
downloading the program; or you can put the scaling factors into a startup (STARTP) program
(stand-alone controllers only) or a program that must be run prior to defining or downloading
the program.

NOTE FRACTIONAL STEP TRUNCATION NOTE

If you are specifying master distance values (FOLMD), when the master distance scaling
factor (SCLMAS) and the distance value are multiplied, a fraction of one step may possibly be
left over. This fraction is truncated when the distance value is used in the move algorithm.
This truncation error can accumulate when performing several moves over the specified
master distance. To eliminate this truncation problem, set the master scale factor (SCLMAS) to
1, or a multiple of 10.

Example Typicdly, the master and slave scale factors are programmed so that master and slave units are

giStanC_e Scaling  the same, but thisis not required. Consider the scenario below as an example.
cenario
The master is a 1000-line encoder (4000 counts/rev post-quadrature) mounted to a 50 teeth/rev

pulley attached to a 10 teeth/inch conveyor belt, resulting in 80 counts/tooth (4000 counts/50
teeth = 80 counts/tooth). To program in inches, you would set up the master scaling factor
with the SCLMAS8 @ command (80 counts/tooth (110 teeth/inch = 800 counts/inch).

The dave axisis a servo motor with position feedback from a 1000-line encoder (4000
counts/rev). The motor is mounted to a 4-pitch (4 revs/inch) leadscrew. Thus, to program in
inches, you would set up the slave scaling factor with the SCL D16 @2 command (4000
counts/rev 04 revs/inch = 16000 counts/inch).

Finding the Scale  If the SCLD (slave) and SCLMAS (master) scale factor values are not immediately obvious, use
Factors the procedure below for help.

Slave (applicableto servos, and steppers with encoder feedback):
1. Disable scaling with the SCAL EZ command.
2. Servos. Issuethe TFB command to display the position (based on the active feedback
source).
Steppers: Issue the TPE command to display the encoder position.
Write down this value for later comparison.

3. Making sure the feedback device is monitoring movement of the slave, move the slave
aknown distance in the desired units. For instance, if you want to program in 5-inch
units, move the slave 5 inches. This could be done in the jog or joystick modes, or
perhaps by disabling the drive (DRI VEQ) and physically moving the dlave.

4. |ssuethe position status command (TFB or TPE) again. The difference between the
position values before and after the move, divided by the move distancein step 3, isthe
value you should use in the SCLD command parameter.

M aster:
1. Disable scaling with the SCALEZ command.

2. Issuethe TPMAS command to display the position. Write down this value for later
comparison.

3. Move the master input a known distance in the desired units. For instance, if you are
going to follow the motion of a conveyor belt and you want to program in 6-inch
increments, move the conveyor 6 inches.

4. |Issuethe TPMAS command again. The difference between the TPMAS values before and
after the movein step 3, divided by the distance of the move, is the value you should
use in the SCLMAS command parameter.
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Define the
Slave-to-Master
Following Ratio
(FOLRN & FOLRD)

FOLRNF may be
used to define a final
ratio for compiled
Following profiles
(see page 166).

Example []

Define the
Master Distance
(FOLND)

Enable the
Following Mode
(FOLENL)

The FOLRN and FOLRD commands establish the goal ratio between the dave and master
travel, just as the V command establishes the goal velocity for atypical non-Following move.
The FOLRN command specifies the ratio's numerator (ave travel), and the FOLRD command
specifiesthe ratio's denominator (master travel). If the denominator (FOLRD) is not specified,
it isassumed to be 1.

FOLRN and FOLRD are specified with two positive numbers, but the resulting ratio applies to
moves in both directions; the actual slave direction will depend on the direction commanded
with the D command and master direction. Numeric variables (VAR) can be used with these
commands for slave and/or master parameters (e.g., FOLRN( VAR1) : FOLRD3). The
maximum value of the resulting quotient is 127 to 1.

For a preset Following move (MC@ mode), the FOLRN/FOLRD ratio represents the maximum
allowed ratio. For a continuous move (MC1 mode), it represents the final ratio reached by the
save.

As an example, assume the slave-to-master ratio is set to 5-to-3 for an axis (FOLRNS :
FOLRD3). Thefirst parameter (5) is scaled by the SCLD value to give slave steps. The
second parameter (3) is scaled by the SCLMAS value to give master steps. If the SCLD setting
is 25000 and the SCLMAS setting is 4000, the slave-to-master step ratio would be 5 125000
to 3 04000, or 125 slave steps for every 12 master steps.

The “master distance” for moves in the Following mode (FOLENL) is analogous to the move
time for normal time-based moves with Following disabled (FOLENZ). For time-based
moves, the time required to ramp to a new velocity (MC1 mode) or move to a new position
(MC@mode) is determined indirectly by the acceleration (A), deceleration (AD), and velocity (V)
command values. For Following mode moves, aramp to a new ratio (MC1 mode) or a move
to anew position (MO mode) takes place over a specific master distance, not over a specific
time. Thisdistanceis defined directly by the user with the FOL MD command.

In other words, the FOLMD command defines the master distance over which a preset ave move
will take place, or the master distance over which a continuous slave move will change fromits
current ratio (including zero) to the commanded ratio (ratio established by FOLRN and FOLRD).

By carefully specifying a master distance (FOLMD), a precise position relationship between
master and slave during all phases of the profile is ensured.

O HINT: If the slaveisin continuous mode (MC1) and the master is starting from rest,
setting FOLIVD to @will ensure precise tracking of the master's accel eration ramp.

If scaling is enabled (SCALEL), the FOLMD value is scaled by the SCLMAS parameter.

Examples and more information on this topic can be found below in the section titled Save
vs. Master Move Profiles.

When an axisis configured as a slave with the FOLMAS command, it will continuously
monitor the position and motion of its master, even if the daveisat rest. Thisalows
subsequent motion to be related to the motion of the master via ratios (FOLRNFOLRD) and
ramping over master distances (FOLMVD). Such moves are done with Following enabled
(FOLENL).

It is also possible, and sometimes desirable, to have the slave motion independent of master
motion, yet still “aware” of master position. For example, amove may need to start at a
specified master position, yet finish in afixed time, independent of the master speed. This
move would be performed with Following disabled (FOLEND).

Following may be enabled or disabled between moves, as needed, without affecting the
monitoring of the master.

If amove is performed with Following disabled, its motion profile is determined by the
acceleration, deceleration, and velocity specified with the A, AD, and V commands. Its motion
isthe same as if the axis were not configured as a dlave, but the axis does monitor the master.

If amove is performed with Following enabled, its profile is determined by the specified
master distance (FOLMD) and Following ratio (FOLRN'FOLRD). The next section describes
such profiles.
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Slave vs. Master Move Profiles

Continuous
Positioning
Mode Moves

Example [

This command is for steppers only —

Following Status (TFSF, TFS, and FS) bits 1-4 indicate the status of slave following motion.
They mimic the meaning and organization of Axis Status (TASF and AS) bits 1-4, except that
each bit indicates the current state of the ratio, rather than the current state of the velocity:

Bit# | Function (YES=1; NO=0Q)
1 | Slave in Ratio Move........... A Following move is in progress
2 | Ratiois Negative............... The current ratio is negative (i.e., the slave counts are counting in the

opposite direction from the master counts).

3 | Slave Ratio Changing........ The slave is ramping from one ratio to another (including a ramp to or
from zero ratio).

4 | Slave AtRatio.........cccune. The slave is at constant non-zero ratio.

For Following moves in the continuous positioning mode (MC1), FOLMD specifies the exact
master travel distance over which the dave ratio changes. Thiswill be required for any
application that uses multiple ratios and continuous moves for the construction of precisely
defined multi-segment moves.

O HINT: If thedaveisin continuous mode (MC1) and the master is starting from rest,
setting FOLMD to @will ensure precise tracking of the master's accel eration ramp.

In the profile below, the first two moves each change ratio over one master inch, and the final
ramp to zero takes place over two master inches.

3

Ratio
N

i 2 3 4 5 6 7 Master Travel (inches)

In the sample 6000 code below, assume the slave has a 1000-line encoder on axis 1, connected to
a2-pitch leadscrew. This gives 8000 slaves steps per inch. The master is atoothed belt with a
pulley connected to encoder 2, such that there are 800 master steps per inch.

GOVEXCL ; Al'l ow cormands during motion

FOLMAS21 ; Define axis 1 naster to be encoder input #2

FQOLENL ; Enable Following on axis 1 (will follow encoder #2)
SCALEL ; Enabl e scaling

SCLD8000 ; Set axis 1 scaling so that slave commands are in inches
SCLNVASB00 ; Set axis 1 scaling so that master commands are in inches
FOLMDL ; Slave to change ratio over 1 inch of the master travel
FOLRDL ; Set Following ratio denomnator to 1 for subsequent ratios
D+ ; Set direction positive

MCL ; Mode set to continuous clockw se noves

FOLRNL ; Set Following ratio nunerator to 1 (ratio set to 1:1)
FMONEWL ; Restart naster cycle counting

co} ; Start axis 1 fromrest to reach velocity of naster

WA T( 1FS. 4=B1)
FOLR\3
GOMEN ( 1PMAS>=2)

; (encoder #2)
; Wit until slave is at ratio

Set Follow ng ratio nunerator to 3 (ratio set to 3:1)
Enabl e noti on pre-processing so that the next ranp
begins at naster position 2

col] ; Slave starts ratio change to 3 to 1 at master position 2
FOLRND ; Set Following ratio nunmerator to zero (ratiois 0 to 1)
Fa_M2 ; Have sl ave change ratio over 2 inches of nmaster travel

WA T( 1AS. 26=h0)

WA T( 1FS. 3=b0)

; Vit until the previous ranp is started
(GOMEN bit in axis status register is cleared)
Wait until the previous ranp is finished

GOMEN 1PVAS>=D5) ; Enabl e notion pre-processing so that slave notion
; begins at master position 5
coil Vit for master to reach 5 revol utions before

; slave starts ratio change to O (zero)
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Preset For preset positioning mode (MC@) moves, the FOLMD parameter is the master distance over
Positioning which the entire slave move isto take place.

Mode Moves Asan example, aslave isto move 20 inches over a master distance of 25 inches with a
maximum ratio of 1:1 (ratio set with the FOLRN1 and FOLRD1 commands). The program
and adiagram of the move profiles are provided below.

FQLMAS31 ; Define axes 1 naster to be encoder input port 3
FQLMD25 ; Define slave to performthe nove over 25 inches
; of the master (encoder 3)
M0 ; Set positioning node to preset
MAO ; Set preset positioning node to incremental
D20 ; Set slave distance to 20 i nches
FOLRNL ; Set Following ratio nunerator to 1
FOLRDL ; Set Following ratio denoninator to 1 (ratio is 1:1)
QL ;. Performthe slave nove
o)
g Lo Master Profile
Slave Profile
5 10 15 20 25 Master Travel
(inches)

If the master distance specified istoo large for the slave distance and ratio (FOLRN and
FOLRD) commanded, the slave will never actually reach the commanded ratio, and the move
profile will look similar to that below. Here, the FOLMD is 25 inches and the dave is
commanded to move 10 inches:

Master Profile

Ratio

Slave Profile

5 10 15 20 25 Master Travel
(inches)

If the master distance istoo small for the slave distance and ratio commanded, the 6000
controller will not perform the move at all. For example, if the FOLMD is 25, theratio is
1:1, and the slave is commanded to move 30 inches, the move will not even be attempted.
The error message “| NVALI D DATA” will be displayed (depending on the ERRLVL setting)
and program execution will continue.

200 6000 Series Programmer's Guide



Performing Phase Shifts

Following Status (TFSF, TFS and FS) bits 9-12 indicate the shift status of the slave. Shifting
is super-imposed motion, but if viewed alone, can have its own status. In other words, bits 10-
12 describe only the shifting portion of motion.

Bit# | Function (YES=1; NO=0Q)
9 | OKto Shift.....cceeeeiiriririeins Conditions are valid to issue shift commands (FSHFD or FSHFC).
10 | Shifting NOW........cccoveierennee A shift move is in progress.
11 | Shiftis Continuous............. An FSHFC-based shift move is in progress.
12 | Shift Diris Neg.....cccovueuene The direction of the shift move in progress is negative.

When a dlave is following a master continuously, it may be necessary to adjust, or shift, the
Following phase (slave's position with respect to the master) independent of motion due to
ratio moves. The FSHFC and FSHFD commands allow time-based slave movesto be
superimposed upon ratio Following moves. Because phase shifts are time-based, they are
independent of master motion; in fact, the master may be at rest and a shift may still be
performed.

Use the FSHFD command to perform a preset shift move with a specific changein dave
phase. The FSHFD distance value will be scaled by SCLD if scaling is enabled (SCALEL).

Use the FSHFC command to superimpose a continuous shift move in the positive (FSHFCL1)
or negative (FSHFC2) direction. The FSHFC parameters stop (@) and kill (3) can be used to
halt a continuous FSHFC move or a preset FSHFD move without affect the ratio motion.

The most recently defined velocity and acceleration (i.e., the V and A values) for the dlave will
determine the basis for the superimposed shift move profile for both FSHFC and FSHFD
moves. The commanded velocity of the FSHFC or FSHFD move will be added to the current
velocity at which the slave is performing the Following move. For example, assume a slave
istraveling at 1 rpsin the positive direction as aresult of following a master. If aFSHFC
move is commanded in the positive direction at 2 rps, the slave's actual velocity (after
acceleration) will be 3 rps.

For servos, shifting may be performed whenever Following is enabled (FOLENL). For steppers,
this may only be done while Following is enabled and the slave is either not in amove, or isin
continuous positioning mode (MC1) and moving at constant ratio. For both products, TFS/FS
bit 9 indicates when a shift is allowed.

The current slave position (TPSLV value) and the net slave shift accumulated since the most
recent FOLENL command (TPSHF value) may be read into numeric variables (VAR) using the
PSLV and PSHF commands, respectively (e.g., VAR6=2PSLV). They may also be used for
subsequent decision making (e.g., | F( 3PSHF<6) , GOWHEN( 1PSLV>VAR?) , etc.).

The TPSHF and PSHF values are set to zero each time the Following mode is enabled
(FOLENL1), evenif the Slaveis aready in Following mode. This provides away of clearing
these values for programming convenience.

Note that the distance traveled during the time-based deceleration due to stop, kill, or limitsis
included in the PSHF value. By comparing "before and after" values of PSHF, a 6000
program may calculate how much shift was required to perform visual- or sensor-based
alignment of a master/dave phase relationship.
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Phase Shift
Examples

FSHFC Example

This line is for steppers only —

This line is for steppers only -

An FSHFC or FSHFD move may be needed to adjust the slave position on the fly because of a
load condition which changes during the continuous Following move. Below are
programming examples to demonstrate both shift methods.

An operator is visually inspecting the slave's continuous Following motion with respect to
the master. If he notices that the master and slave are out of synchronization, it may be
desirable to have an interrupt programmed (e.g., activated by pressing a pushbutton switch)
that will allow the operator to move the slave at a superimposed correction speed until the
operator chooses to have the slave start tracking the master again (by releasing the
pushbutton). The programming example below illustrates this.

Assume all scale factors and set-up parameters have been entered for the master and dave. In
this example, the slave (axis #1) is continually following the master at a 1:1 ratio. If the
operator notices some mis-alignment between master and slave, he can press 1 of 2
pushbuttons (connected to programmable inputs #1 and #2) to shift the slave in the positive or
negative direction until the button isreleased. After the adjustment, the program continues on

as before.

DEL SHFT
DEF SH FT
COMEXS1
COVEXCL
FOLMAS21
FOLRNL
FOLRDL

FOLENL

A25

ADL8

\5

D+

MCL

ol
VARB1=b10
VARB2=b01
$TESTI N

| F( 1| NEVARBL)
JUWP SH FTP

NF
| F(I NEVARB2)
JUMP SH FTN

NF
JUWP TESTIN
$SH FTP

FSHFCL

WA T(I N 1=B0)
FSHFQD

VWA T( 1FS. 10=B0)
JUMP TESTIN
$SH FTN

FSHFC2

VA T(I N 2=B0)
FSHFQD

WA T( 1FS. 10=B0)
JUMP TESTIN
END
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Del et e program before defini ng

Begin definition of programcalled SH FT

Cont i nue conmand execution after stop

Conti nue conmand execution during notion

Axis 2 encoder input is the master for axis 1

Set slave-to-master Followi ng ratio nurmerator to 1
Set slave-to-master Followi ng ratio denomnator to 1
(ratio set to 1:1)

Enabl e Fol | owi ng node on axis #1

Set accel eration

Set decel eration

Set velocity

Set direction to positive

Sel ect continuous positioni ng mode

Start fol |l owi ng master continuously

Define input pattern #1 and assign to VARB

Define input pattern #2 and assign to VARB

Define | abel called TESTIN

IF statement (if input #1 is activated, do the junp)
Junp to shift slave in the positive direction

; Wwhen pattern 1 active

End of |IF statenent

IF statement (if input #2 is activated, do the junp)
Junp to shift slave in the negative direction
when pattern 2 active

End of |F statenent

Return to main program | oop

Define label called SH FTP (subroutine to shift in
the positive direction)

Start continuous slave shift move in positive direction
Continue shift until input bit #1 is deactivated
Stop shift nove

Wait until the shift is conpleted (steppers only)
Return to nmain program | oop

Define | abel called SH FTN (subroutine to shift

in the negative direction)

Start continuous slave shift nove in the

negative direction

Continue shift until bit #2 is deactivated

Stop shift nove

Wait until the shift is conpleted (steppers only)
Return to nain program | oop

End definition of programcalled SHFT



FSHFD Example

This line is for steppers only -
This line is for steppers only -
This line is for servos only -

This line is for servos only —

Summary of Ratio

In this example, the slave follows a master that moves in a continuous cycle. Once each
cycle, the master and slave both pick parts. The master's part is detected by a sensor connector
to trigger B, and the dlave's part is detected by a sensor connected to trigger A. After both
parts are detected, they must be aligned. The sensors are mounted 2 inches apart from each
other, so that proper alignment would result in 2 inches of slave travel between detection of
the master's part and detection of the slave's part.

The dave position is sampled when each of the sensors activates. The difference between the
dave positions is compared to the required 2 inches. If the measured differenceis greater than
or less than 2 inches, then a shift move to correct the alignment is made. At that point, the
slave will then start tracking the master again. The slave (axis #1) is continually following
the master at a 1:1 ratio.

DEL ALICN ; Del ete program before defining

DEF ALI GN Begin definition of programcalled ALIGN

COMEXCL Al ow conti nuous conmand execution during notion

I NFENL Enabl e i nput functions

FCLMVAS31 Axis 3 Encoder input is the master for slave axis 1
FOLRNL Set slave-to-master ratio nurmerator to 1

FOLRDL Set slave-to-master ratio denomnator to 1

: (ratio set to 1:1)
FOLENL ; Enabl e Fol | owi ng node on axis #1

MC1 Enabl e conti nuous positioni ng node

D+ Set direction to positive

col} Start Fol | owi ng master continually

I NFNC25- H Enabl e trigger input Ato latch position of slave
when the slave's part is detected

I NFNC26- H Enabl e trigger input B to latch position of slave
when the naster's part is detected

$SYNCLP Mai n | oop where synchroni zi ng noves occur

WAl T(SS. 25=b1 ANDSS. 26=b1) ; Wait for both slave and master inputs to occur
VARLO=1PMCA ; Load VARLO with the slave notor position due to
; slave input activation

VARL1=1PMB Load VARI1 with the slave notor position due to
nmaster input activation
VARLO=1PCCA Load VARIO with the slave commanded position due

; to slave input activation
VARL1=1PCCB ; Load VARL1 with the slave commranded position due
; to nmaster input activation

VARL2=VAR10- VARL1 Load VARI2 with the offset distance

VARL3=VARL2- 2 Cal culate the required shift

FSHFD( VARL3) Per f or m synchroni zati on nove of distance in VARL3
JUWP SYNCLP Return (junp) to main program | oop

END End of program

Following Commands

FOLEN......cooiiiiene Enables or disables Following mode

FOLMAS......coiiieieen. Defines masters for slave axes

FOM....oovin Defines the master distance over which slave acceleration or moves
are to take place

FOLRNand FOLRD.......... Establishes the maximum slave-to-master ratio for a preset move or

the final ratio for a continuous move (FOLRN for the numerator and
FOLRD for the denominator)

FSHD........ e, Initiates preset advance or retard (shift) of slave position during
continuous Following moves

FSHFC ... Initiates continuous advance or retard (shift) of slave position (or kills
or stops the shift portion of motion) during continuous Following moves

SAD...cciiiiiiieiieeen Sets the slave distance scale factor

SCLMAS......iviiiieen Sets the master distance scale factor

TPSHF or [ PSHF] ....... Transfers or assigns the net position shift since constant ratio

TPSLV or [ PSLV] ....... Transfers or assigns the current slave position

TVMAS or [ WAS] ....... Transfers or assigns the velocity of the master axis
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Electronic Gearbox Application for Ratio Following

An electronic gearbox is aclassic application for Ratio Following. Suppose we need athree-
output gearbox, with all three outputs geared off the same input. Also, each gear ratio must
be individually programmed. In this example, a 1000-line encoder is mounted to the input
shaft of a master motor, giving 4000 master counts per revolution after quadrature. This
encoder is fed into the encoder input on axis #4 (ENCODER 4 connector) of the 6000 controller.
The motors on axes 1, 2, and 3 have resolutions of 2000, 4000, and 5000 steps/revolution.

Program
(code portion)

In this example, a precise position relationship is not required between master and slaves, but
aratio change during motion is required. Theratio change will take place over one master
revolution in order to avoid abrupt acceleration of the dave. The slaveswill accelerate to their
initial ratios (in terms of revolutions), and after 10 seconds the gear ratio on each axis will
change to their fina ratios.

In this example, ENCODER 4 is specified as the master. This means that this external master
encoder iswired to the 6000 controller's axis #4 encoder input.

SCALEL

SCLD2000, 4000, 5000
SCLA2000, 4000, 5000

SCLMAS4000, 4000, 4000
; Al ow continuous command execution during notion

COVEXCL
FOLNMASH41, +41, +41

FOLEN111
FQLMDL
FOLRN\L, 3, 2
FOLRDL, 1,1

MC111

a1l

TI M5TO
FOLRNLO, 6, 1
FQLRDL, 7, 2

VWA T( TI M>=10000)
a1l
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Enabl e scal i ng
Set slave scale factors equal to the nmotor resol utions
Set acceleration scale factors equal to the
not or resol utions
Master scale factor to nunber of pul ses per rev

Encoder #4 is nmaster axis for slave axes #1 - #3.
The + sign indicates that the naster input is not
inverted before it is read as master counts.

Enabl e sl aves to foll ow

Change to new rati o over one naster revol ution

Set slave-to-naster ratio nunerators to 1, 3, and 2
Set all slave-to-naster ratio denomnators to 1
(initial Following ratio for axis 1is 1:1, axis 2
is 3:1, and axis 3 is 2:1)

Enabl e conti nuous node

Begi n sl ave continuous Fol | owi ng nove

Reset and start the tinmer

Set slave-to-nmaster ratio nunerators to 10, 6, and 1
Set slave-to-naster ratio denomnators to 1, 7 and 2
(change Following ratios: axis 1 is 10:1, axis 2 is 6:7,
axis 3is 1:2)

Wait 10 seconds to change to newratio

Start moving to new ratio



Trackball Application for Ratio Following Motion

Program

This line is for steppers only —

A trackball is atwo-axis, two-dimensional positioning device; just as a mouse is used to
position the cursor on a computer screen, atrackball could be used to position an X-Y stage.

In this example, atwo-axis trackball is needed which can do fine and coarse positioning of an
X-Y stage. Thefine or coarse setting is selected by the user with a two-position switch
connected to programmable input #1 on the 6000 controller. Programmable input #2 on the
6000 controller is used to switch back and forth from trackball to standard point-to-point
positioning mode. Unlocking the stage from the trackball is necessary because of other point-
to-point move requirements el sewhere in the 6000 controller program.

The trackball housing has two encoders mounted at 90 degrees to each other which are driven
by rubber wheelsin contact with the ball. The stage is driven by motors and leadscrews.

For one inch of trackball motion to result in one inch of stage motion, the slave-to-master
ratio must be 10-to-1; this will be the ratio for coarse positioning. The fine positioning ratio
will be one tenth of that, or 1-to-1. When programmable input #1 is low, coarse positioning
is selected, and when programmable input #2 goes low, the stage becomes locked to the
trackball. Each change of state of inputs #1 and #2 calls a different subroutine in the 6000
controller program; however, the ratios can only change if the stage islocked to the trackball
positioning mode.

Thetrackball isinitially unlocked and fine positioning is selected.

SCALEL ; Enable & define scale factors prior to |oading program
SCLD4000, 4000 ; Slave axes 1 and 2 have 4000 counts per rev

; resol ution post-quadrature
SCLV4000, 4000 ; Set velocity scaling factors

SCLA4000, 4000 Set accel eration scaling factors

SCLNVAS200, 200 Master axis 3 and 4 have 200 counts per rev
resol uti on post-quadrature

DEL UNLOCK ; Del ete program before defining

DEF UNLOCK ; Programthat unlocks the stage fromthe trackball

S11 ; Stop noves

WAl T(1AS. 1=B0 AND 2AS. 1=B0) ; Wit for notion to stop on both axes

ONN 2-1 ; Set up input 2 to lock trackball to stage

FQLENOO ; Stop Fol | owi ng nmode

O\NP LOK ; Select LOXK as an ON program

JUW WAI TLP ; Return to main | oop

END ; End programdefinition

DEL LOXK

DEF LOK ; Programthat |ocks the stage to the trackball

FQOLENL1 ; Enabl e Fol I owing on both axis

| F( VARL=0) ; If inthe FINE node, set ratio to 0.5:1

FOLRN 5, .5

ELSE

FOLRNL. 5, 1.5 ; If in the COARSE nmode, set ratio to 1.5:1

N F

ONN 2-0 ; Set up input 2 to unlock trackball from stage

(coik] ; Start follow ng the trackball

ONP UNLOCK ; Select UNLOK as ON program

JUMP WAl TLP ; Return to main | oop

END ; End programdefinition

DEL COARSE

DEF COARSE ; Decl are OCOARSE | abel

FOLRNL. 5,1.5 ; Coarse positioning ratio of 1.5to 1

[co/ki ; Move to begin travel at newratio

VARL=1 ; Flag to indicate we are in coarse node

END ; Return to main | oop

(Continued)
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Trackball Program (Continued)

DEL FINE

DEF FI NE ; Subroutine to assign fine positioning
FOLRN 5, .5 ; Fine positioning ratiois 0.5:1

[coiki ; Move to begin travel at newratio
VARL=0 ; Flag to indicate we are in fine node
END ; Return to main | oop

DEL TRACK

DEF TRACK ; Main track ball program

I F(IN 1=b1 AND VARL=0) If input 1is set to 1 and we are

currently in fine node, then enter coarse node

GO8WUB COARSE Set high ratio
N F
I F(I'N 1=b0 AND VARL=1) ; If input 1 is set to 0 and we are
; currently in coarse node, then enter fine node
GOSUB FI NE ; Set lowratio
N F
IF(LIM1=b0O CR LIM2=b0) ; If alimt is hit, allowtrack ball to nove of f
D~ ; Back off of the limt, axis 1
co]
N F
| F(LI M 4=b0 CR LI M 5=b0)
D ~ ; Back off of the limt, axis 2
aaxi
N F
END
DEL MAIN
DEF MAIN ; Begin definition of main program
Vi, 1 ; Set non-Fol | owi ng nove paraneters
A99, 99
LH3, 3,0,0
FOLMAS+31, +41 ; Encoder #3 is naster axis for slave axes #1 and
; Encoder #4 is master axis for slave axes #2.
; The slave axes will nove in the sane direction as
; the master.
FORN 5,.5
| NDEB25, 250 ; Noi sy switch debounce of 250 milliseconds
| NDEB26, 250
FOLRDL, 1 ; Initial slave-to-nmaster ratiois set to fine
; positioning (0.5:1)
VARL=0 ; Flag set to fine positioning
MC11 ; Set both axes 1 and 2 to continuous positioning nmode
FQLENOO ; Following is initially disabled
COVEXCL ; Continue command execution during motion.
QOOMVEXSL ; Continue command execution after stop
COVEXL11 ; Continue command execution after a linit is hit
| NFENL ; Enabl e i nput functions
SGEP20, 20 ; Set servo gains
SGV5, 5
DRI VE1100 ; Enabl e drives
DRFLVL11XX ; Set drive fault level for Conpunotor 670-T drives
O\NP LOK ; Select LOK as an ON program
ON N 26-1 ; Trigger B locks trackball to stage
CONCOND1000 ; Inputs enabled for interrupts
SWAI TLP ; Main program | oop
I F(I'N 26=b1) ; If trigger input Bis set to 1 (stage |ocked),
; enter trackball node
GBUB TRAKK
N F ; End of |F statenent
; B R R R R R R R R R R R R R R R R R R R R R R
; ¥ Qher user programs can be added here for performng *
; * notion when the stage is not |ocked to the trackball. *
; I EEEEEEEEEEE S SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES
JUWP WAl TLP ; Return to main | oop
END ; End programdefinition
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Master Cycle Concept

Ratio Following can a so address applications that require precise programming
synchronization between moves and 1/0 control based on master positions or external
conditions. The concept of the master cycle greatly simplifies the required synchronization.

A master cycle is ssmply an amount of master travel over which one or more related slave
events take place. The distance traveled by the master in amaster cycleis called the master
cyclelength. A master cycle position is the master position relative to the start of the current
master cycle. The value of master cycle position increases as positive-direction master cycle
counts are received, until it reaches the value specified for master cyclelength. At that point,
the master cycle position becomes zero, and the master cycle number isincremented by one—
this condition is called rollover.

The master cycle concept is analogous to minutes and hours on aclock. If the master cycleis
considered an hour, then the master cycle length is 60 minutes. The number of minutes past
the hour is the master cycle position, and current hour is the master cycle number. In this
analogy, the master cycle position decrements from 59 to zero as the hour increases by one.

By specifying a master cycle length, periodic actions may be programmed in aloop or with
subroutines which refer to cycle positions, even though the master may be running
continuously. To accommodate applications where the feed of the product is random, the start
of the master cycle may be defined with trigger inputs. Two types of waits are also
programmable to allow suspension of program operation or slave moves based on master
positions or external conditions.

Master Cycle Commands

Master Cycle Length
(FMCLEN)

Following Status (TFSF, TFS and FS) bits 13-16 indicate the status of master cycle
counting. If afollowing application is taking advantage of master cycle counting, these bits
provide a quick summary of some important master cycle information:

Bit# | Function (YES=1; NO=0)

13 | Master Cyc Trig Pend....... A master cycle restart is pending the occurrence of the specified trigger.

14 | Mas Cyc Len Given........... A non-zero master cycle length has been specified with the FMCLEN
command.

15 | Master Cyc Pos Neg......... The current master cycle position (PMAS) is negative. This could be by
caused by a negative initial master cycle position (FMCP), or if the master
is moving in the negative direction.

16 | Master Cyc Num >0........ The master position (PMAS) has exceeded the master cycle length
(FMCLEN) at least once, causing the master cycle number (NVCY) to
increment.

The FMCLEN command is used to define the length of the master cycle. The value entered
with this command is scaled by the SCLMAS parameter to allow specification of the master
cycle length in user units. This parameter must be defined before those commands which wait
for periodically repeating master positions are executed.

The default value of FMCLEN is zero, which means the master cycle length is practically
infinite (i.e., 4,294,967,246 steps, after scaling). If avalue of zero is chosen, the master cycle
position will keep increasing until this very high value is exceeded or anew cycleis defined
with the FMCNEWcommand (or triggered after a TRG-Ncx1 command) described below. If a
non-zero value for FMCLEN is chosen, the internally maintained master cycle position will
keep increasing until it reaches the value of FMCLEN. At this point, it immediately rolls over
to zero and continues to count.

The master cycle length may be changed with the FMCLEN command even after a master cycle
has been started. The new master cycle length takes affect as soon asit isissued. If the new
master cycle length is greater than the current master cycle position, the cycle position will
not change, but will rollover when the new master cycle length is reached. If the new master
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cycle length is less than the current master cycle position, the new master cycle position
becomes equal to the old cycle position minus one or more multiples of the new cycle length.

Example FMCLEN23, 10, 12, 22 ; Set master cycle length for all four axes:
Code : (axis 1: 23 units; axis 2: 10 units;
; axis 3: 12 units; and axis 4: 22 units)

Restart Master Cycle  Once the length of the master cycle has been specified with the FMCLEN command, master

Counting (FMCNEWor  cycle counting may be restarted immediately with the FMCNEWcommand, or based on

TREFNEXIXXXXXX) activating atrigger input as specified with the TRGFNcx 1xxxxxx command. The new
master cycle count is started at an initial position specified with the FMCP command (see
below).

When the TRGFNcx 1 command is used, the restart of master cycle counting is pending
activation of the specified trigger. If an FMCNEWcommand is issued while waiting for the
specified trigger to activate, counting is restarted immediately with the FMCNEWcommand,
and the TRGFNcx 1xxxxxx command is canceled.

When using TRGFNCX1XXXXXX

« Before the TRGFN command can be used, you must first assign the trigger interrupt function
to the specified trigger input with the | NFNG - Hcommand, where “i " is the input number of
the trigger input desired for the function (input bit assignments vary by product).

« Because the 6000 controller program will not wait for the trigger to occur before continuing
on with normal program execution, a WAl T or GOMNHEN condition based on PMAS will not
evaluate true if the restart of master cycle counting is pending the activation of a trigger.
To halt program operation, the WAI T command can be used.

A new master cycle will restart automatically when the total master cycle length (FMCLEN value)
isreached. Thisisuseful in continuous feed applications.

Example FMONEWL1xX ; Restart new master cycle counting on axes 1 and 2
Code | NFNC26- H ; Assign input #26 (trigger B) the trigger interrupt
; function (prerequisite to using the TRGFN feat ures)
TRGFNBx1xxxxxx x1 ; Wien trigger input B (TRGB) goes active,

restart new naster cycle counting on axes 1 and 2

Initial Master Cycle The FMCP command allows you to assign for the first cycle only, an initial master cycle

Position (FMCP) position to be a value other than zero. When master cycle counting is restarted with the
FMCNEWcommand or with the trigger specified in the TRGFNcx 1 command, the master cycle
position takes the initial value previously specified with the FMCP command. The value for
FMCP is scaled by SCLMAS if scaling is enabled (SCALE1)

FMCP was designed to accommodate situations in which the trigger that restarts master cycle
counting occurs either before the desired cycle start, or somewhere in the middle of what isto
be thefirst cycle. In the former case, the FMCP value must be negative. The master cycle
position isinitialized with that value, and will increase right through zero until it reaches the
master cycle length (FMCLEN). At that point, it will roll over to zero as usual.

The continuous cut-to-length example below illustrates the use of a negative FMCP (atrigger
that senses the motion of the master is physically offset from the master position at which
some action must take place). If it isdesired that the first cycleis defined as already partially
complete when master cycle counting is restarted, the FMCP value must be greater than zero,
but less than the master cycle length.

To give avalue for FMCP which is greater than master cycle length is meaningless since
master cycle positions are always less than the master cycle length. The 6000 controller
responds to this case as soon as a new master cycle counting begins by using zero instead of
theinitial value specified with FMCP.
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Transfer and
Assignment/
Comparison of Master
Cycle Position and
Number

Position Sampling Period
Steppers — 2 millisec.

Servos — system update
period (depends on SSFR
& | NDAX command values
— see SSFR command).

Using Conditional
Statements with
Master Cycle Position
(PVAS)

I F, UNTI L, and
WA LE

WAl T and GONEN

The current master cycle position and the current master cycle number may be displayed with
the TPMAS and TNMCY commands, respectively. These values may also be read into numeric
variables (VAR) at any time using the PMAS and NMCY commands (e.g., VAR6=NMCY).

Very often, the master cycle number will be directly related to the quantity of product produced
in amanufacturing run, and the master cycle position can be used to determine what portion of
acurrent cycleis complete.

The master cycle number is sampled once per position sampling period (see note, left). If the
master cycle length (FMCLEN) divided by the master's velocity (VVAS) is less than the
position sampling period, then the sample (TNMCY or NMCY value) may not be accurate.

Details on using PMAS in conditional expressionsis provided below in Using Conditional
Satements with PVAS.

The current master cycle position (PMAS) value may be used in comparison expressions, just
like other position variables such as PC, PM PE, and FB. PMAS is a specia case, however,
because its value rolls over to zero when the master cycle length (FMCLEN) is met or
exceeded. This meansthat PMAS values greater than or equal to the master cycle length will
never be reported with the TPMAS command, or with expressions such as (VAR1=1PNAS).

The other fact that makes PMAS specia isthat master cycle counting may be restarted after the
command containing the PMAS expression has been executed. Either the FMCNEWcommand or
the TRGFNcx1 command may be used to restart counting, each with a different effect on the
evaluation of PMAS.

The treatment of PMAS in comparison expressions depends on the command using the
expression, as described below. WAI T and GONHEN are treated as special cases.

These commands evaluate the current value of PMAS in the same way that TPMAS does (i.e.,
PMAS values will never be greater than or equal to the master cycle length). With these
commands, avoid comparing PMAS to be greater than or equal to variables or constants which
are nearly equal to the master cycle length, because rollover may occur before a PMAS sample
is read which makes the comparison true. If such a comparison is necessary, it should be
combined (using OR) with a comparison for master cycle number (NMCY) being greater than
the current master cycle number.

Also, master cycle counting restart may be pending activation of atrigger, but this will not
affect the evaluation of PMAS for | F, WAl T, and WHI LE. It issimply evaluated based on
counting currently underway.

These commands evaluate the current value of PMAS differently than TPMAS does, in such a
way that it is possible to compare PMAS to variables or constants which are greater than or
equal to the master cycle length and till have the comparison be reliably detected.

Effectively, PMAS is evaluated as if the master cycle length were suddenly set to its maximum
value (2%2) at the time the WAI T or GOAHEN command is encountered. It eliminates the need to
ORthe PMAS comparison with a comparison for master cycle number (NMCY) being greater than
the current master cycle number. Such multiple expressions are not allowed in the GONHEN
command, so this alternative evaluation of PMAS offers the required flexibility.

This method of evaluation of PMAS allows commands which segquence slave events through a
master cycle to be placed in aloop. The WAI T or GOAHEN command at the top of the loop
can execute, even though the actual master travel has not finished the previous cycle. If itis
desired to WAI T or GOANHEN for a master cycle position of the next master cycle, the variable
or constant specified in the command should be cal culated by adding one master cycle length to
the desired master cycle position.

Finally, master cycle counting restart may be pending activation of atrigger (TRGFNcx1),
and this will suspend the evaluation of PMAS for these commands. PMAS isnot sampled, and
the comparison evaluates as false. During thistime, if the pending status of master cycle
counting restart is aborted with FMCNEWZ, the GOAHEN condition is also cleared, and any
motion profile of any axis waiting on that PMAS comparison will be canceled. Otherwise,
when master cycle counting is restarted by atrigger, evaluation takes place as described above.
This allows GOWHEN to include waiting on a trigger without explicitly including it in the
GOWHEN expression.
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Synchronizing
Following Moves
with Master
Positions

A final special case allows perfect synchronization between the start of a Following motion
profile of aslave axis and a specified position of its master. If a GONHEN( nPMAS >=

XXX) expression is used to synchronize a slave with its own master, with the operator
specificaly “>=", a specia synchronization occurs. Although it may be impossible for the
6000 product to sample the exact master position specified, the Following motion profile is
calculated from master travel based on that position. This allows for the construction of
profiles in which the synchronization of master and slave positions is well defined and
precisely maintained. This feature requires positive travel of the master, which can be achieved
with the appropriate sign for the FOLMAS specification.

Summary of Master Cycle and Wait Commands
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FMOLEN....oooiiiiiieee, Defines the length of the master cycle

FMONEW. ..o, Immediately restart master cycle counting
FMCP..ooiiiiiiicee, Defines the initial position of a new master cycle

(€02 =\ GOMHEN( ) suspends execution of the next move on the specified

axis or axes until the specified conditional statement (based on T,
I N, FB, NMCY, PC, PE, PM PMAS, PSLV, or PSHF) is true

TNMCY or [ NMCY] ..ovennnae. Transfers or assigns the current master cycle number
TPMAS or [ PMAS] ....ceeeeee. Transfers or assigns the current master cycle position
TREN. ..o TRGFNc 1xxxxxxx initiates a GOMEN, suspending execution of the

next slave move until the specified trigger input (c) goes active.
TRGFNcX 1xxxXXX causes master cycle counting to restart when
the specified trigger input (c) goes active.

VAL T() oo WAI T() suspends program execution until the specified
conditional statement (based on PMAS, FS, NMCY, PSHF, PSLV, or
VMVAS) is true;
WAI T( SS. i =b1) suspends program execution until a trigger
input is activated. The “i " is the programmable input bit number
corresponding to the trigger input. (Input bit assignments vary
by product; refer to the Programmable I/O Bit Patterns table on
page 107 to determine the correct bit pattern for your product.)

AS and TAS bit #26.................. AS and TAS (and TASF) bit #26 is set when there is a profile
suspended pending GOAHEN condition, initiated either by a
GOWHEN command or a TRGFNc 1xxxxxxx command,; this bit is
cleared when the GONHEN condition is true or when a stop or Kill
command is issued.

ER and TER bit #14.................. ER, TER, and TERF bit #14 is set if the GONHEN condition is
already true when the GO, GOL, FSHFC, or FSHFD command is
given (ERROR bit #14 must first be enabled to check for this
condition)

NOTE

The continuous cut-to-length application example below illustrates the use of the master
cycle concept and the commands above.
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Continuous Cut-to-Length Application

This application requires automobile trim to be cut to a pre-defined length. The saw is
controlled by axes #1 and #2 on the 6000 controller. 1t must be moving with the material
while the cut is being made (axis #1), and aso move perpendicular to the trim (axis #2) to
actually make the cut. The trim comesin long stock which moves continuously under the
cutting area.

Theleading edge of the trim stock is detected with a sensor connected to trigger #1 which is
located 4 inches from the home position of the saw. Axis#1 will be following the trim based
on an encoder mounted on the trim viaa friction wheel. The encoder is a 1000-line encoder
and the wheel is geared to give 2 revolutions per inch of trim, resulting in 8,000 post-
quadrature steps per inch of trim. Axis#1 has a resolution of 4,000 steps per rev and is
connected to a 2-pitch leadscrew 24 inchesin length. Axis#2 is similar in mechanics but its
length is 10 inches. Thetravel on Axis#1 will be controlled by the speed at which axis #2
makes its cut. Thetravel on axis#2 isafixed speed of 5 inches per second, with afixed cross
stroke of 5 inches. Limit switches arein place for safety.

Axis #1

Encoder
When stock is sensed, the master cycle Sensor
position is assigned to 3.7" AXis #2
Raw Stock O
—p Qf 4"

Q

Axis #1
Axis #1, initially 4.0 inches from the sensor, >

begins to accelerate when stock reaches
master cycle position - @
Encoder
Sensor .
\ A/jbms #2

o
Q T

Raw Stock

Synchronization takes place over 0.5 AXiS #1
inches of Axis 1 travel, and 1 inch of
stock travel. Axis #1 travel becomes

synchronized 0.2 inches from end of stock
Encoder
\ Sensor ﬁXIS #2

Raw Stock Q O 45 4’

@

—
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Program

The master cycle length will be set equal to the desired cut length (36" in the example below),
which the operator can change by modifying variable VARL. The cut cyclewill bea
continuous loop, but the first cut will be made 0.2 inches from the end of the stock to ensure
an even first edge. Axis#1 will accelerate to the desired tracking ratio over 1 inch of master
travel for al cuts. Assume that the home position of both axesis at position O inches.

The Cut-to-Length example takes advantage of being able to change master cycle length, while
being careful to change it only at the beginning of a current cycle. This ensures that the
current master cycle position will be less than the new master cycle length, and will not
change as aresult of achange in cycle length. In this example, the master cycle length and
corresponding waits are redefined every cycleto the current value of VARL. The value of

VAR1 becomes the cut length, and can be changed via remote command during program
execution. With minor modifications, the cut lengths and the number of iterations could be
read from DATA commands (e.g., in ateach mode application).

SCALE1
SCLD8000, 8000

SCLV, 8000
SCLA, 8000
SCLMAS8000
DEF CQUTLEN
COMEXCL
COVEXS1

| NFENL

I NFNC25- H
QUTFENL

A20, 20

V5,5

MAL1
VAR1=36
VAR2=4
VAR2=VAR2+0. 2
VAR3=1
VAR4=VAR3/ 2

VAR2=VAR4- VAR

FCLVAS31

FMCP( VAR?)
FOLMX VARB)

FOLR\L
FOLRDL

TRGFNA X1

WA T(I N 25=b1)
QUT. 6-1

GOMEN( 1PVAS>=0)

SNEWOUT

D5

MCL

FOLENL
VARS=VARL
FMCLEN( VARS)
L

(Continued)
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Enabl e scal ing

Set axes #1 & #2 scale factors for programi ng

in inches

Axis #2 velocity scale factor for inches/sec

Axis #2 accel scale factor for inches/sec/sec
Master scale factor for programming in inches

Start definition of Qut-to-Length program

Enabl e conti nuous conmand execution rode

Continue execution if stop is issued

Enabl e i nput functions

Enabl e trigger input A for TRGFN use

Enabl e out put functions

Set accel eration

Set velocity

Absol ute positioning nmode for non-Fol | owi ng noves
Desired cut length is 36"

Sensor is 4" fromhome position of axis #1

1st cut to be 0.2" fromend of stock

FCLMD to be set to 1"

Slave will travel 1/2" when accelerating to

1:1 ratio while nmaster travels 1"

Take di stance slave travels during accel into account
so we'll be up to speed at position = 0.2" fromend
of stock. Then the cut will be nade. Initial master
cycle position will be the negative of the distance
travel ed during slave wait and accel.

Encoder input #3 is the naster for slave axis #1
Set initial naster cycle position to wait length
Accel eration to constant ratio will take place over
VAR3" (1" here) of naster travel

Following ratiois 1to 1l

Define a new master cycle on trigger input #1 (TRGA)
Suspend program execution until stock is sensed

Turn on output for saw bl ade to move down into position
Wit on first nove for start of master cycle.

This will ensure being at 1:1 ratio at exactly 0.2"
fromend of stock.

Subroutine DEF for continuous cutting

Axis #2 will rnove 5 inches across the stock

Axis 1 into continuous nove node.

Enabl e Fol | owi ng on axis #1

Set VARS = VARL (Snapshot of VAR1)

New master cycle length is cut length

Start Fol |l owi ng nove on slave axis #1



Continuous Cut-to-Length Program (Continued)

VA T( 1FS. 4=b1)
ax1

Wit for axis #1 to be in sync with the moving stock
Once axis #1 is up to speed, nove axis #2 across
stock to make the cut

Wit for axis #2 cut to finish

WAl T( 2AS. 1=b0)
S Stop Fol | owi ng move on axis #1

WA T( MOV=b0) Wiit until the nmove is conplete on axis 1

FQLEND Exit Fol |l owi ng node

QJT. 6-0 Rai se the saw bl ade

M0 ; AXis 1 into preset nove node.

0o, 0 ; Move both axes back to hone positions

Q1 ; Execute noves on axes 1 and 2 (execution w |l not
; occur until notion fromprevious nove i s conpl ete)

WAl T( MOV=b00) ; V@it until the noves are conplete on axes 1 and 2

QJr. 6-1 ; Move saw bl ade into position for next cut

GOMEN 1PMAS>=VARS5) ; Synchroni ze next nmove with next master cycle

GOTO NEWCUT ; Repeat the cut cycle

END ; End programdefinition

Technical Considerations for Following

In the introduction to Following (see page 192), the algorithm for 6000 controller Following
was briefly discussed. Here we will address some of the more technical aspects of Following:

» Master Position Prediction

» Master Position Filtering

Following error

Maximum acceleration and velocity (steppers only)
Dynamic position maintenance (steppers only)
Factors affecting Following accuracy

* Preset vs. Continuous Following moves

* Master and dave distance calculations

 Using other features with Following

**Keep in mind that in all cases, the slave position is cal culated from a sampled master position.

Following Status (TFSF, TFS, and FS) bits 17 and 18 indicate the status of master
position measurement features:

Bit# | Function (YES =1; NO=0Q)

17 | Mas Pos Prediction On..... Master position prediction has been enabled (FPPEN).

18 | Mas Filtering On................ A non-zero value for master position filtering (FFI LT) is in effect.
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Master Position Prediction

Position Sampling Period
Steppers — 2 milliseconds.

Servos — system update
period (depends on SSFR
and | NDAX command
values — see SSFR
command description).

Master Position Prediction is a technique used to compensate for the fact a lave's position
command cannot be calculated and implemented infinitely fast.

The master position prediction mode is enabled by default (FPPENL) in the Following
algorithm, but can be turned off as desired with the FPPENZ command.

The 6000 controller measures master position once per position sampling period, and
calculates a corresponding slave position command. This calculation and achieving the
subsequent slave commanded position requires 2 sample periods.

If master position prediction modeis disabled (FPPENG), waiting 2 sample periods resultsin a
slave position lag. That is, by the time the slave reaches the position that corresponds to the
sampled master position, 2 sampl e periods have gone by, and the master may be at a new
position. Measured in time, the lag is 2 sample periods. Measured in position, the lag is 2
sample periods Ocurrent dave velocity.

For exampl e (stepper controller), suppose the slave istraveling at a speed of 25000 counts per
second. If master position prediction mode is disabled (FPPEND), the slave will lag the
master by 100 counts (25000 counts/sec 14 ms = 100 counts).

By measuring the change in master position over sequential sample periods, the master's
present velocity is calculated. The present master velocity and position are used to predict
future master position. |f master position prediction mode is enabled (FPPENL, the predicted
future master position is used to determine the slave's position command. In this case the
dave has no velocity-dependent phase delay. The slave's velocity for a given sample will
always be the velocity required to move from its current position to the next cal culated
position command.

If the master motion is fairly smooth and velocity is not very slow, the measurement of its
recent velocity will be very accurate, and a good way of predicting future position. But the
master motion may be rough, or the measurements may be inaccurate if there is no filtering
(see Master Position Filtering below). In this case, the predicted master position and the
corresponding slave position command will have some error, which may vary in sign and
magnitude from one sample to the next. Thisrandom variation in slave position command
error results in rough motion. The problem is particularly pronounced if thereis vibration on
the master.

It may be desirable to disable the master position prediction mode (FPPENZ) when maximum
slave smoothness is important and minor phase delays can be accommodated.

If master filtering is enabled (FFI LT#Q), then the prediction algorithm would be used on the
filtered master position, resulting in a smoother slave position command. However, due to the
delay introduced by the filtering, the prediction algorithm would not compensate for the total
delay in the dave's tracking command. (See also Master Position Filtering below.)

Master Position Filtering

Position Sample Period
Steppers — 2 milliseconds.

Servos — system update
period (depends on SSFR
and | NDAX command
values — see SSFR
command description).

214

The dlave axis position command is calculated at each position sample period. This calculation
isafunction of the master position and the master velocity estimated from the change in master
position over 2 position sample periods.

The Master Position Filter feature allows you to apply alow-pass filter to the measurement of
master position. Master position filtering is used in these situations:

» Measurement of master position is contaminated by either electrical noise (when analog
input is the master) or mechanical vibration.

» Measurement noise is minimal, but the motion that occurs on the master input is
oscillatory. In this case, using the filter can prevent the oscillatory signal from
propagating into the slave axis (i.e., ensuring smoother motion on the slave axis).
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Following Error

The bandwidth of the low-pass filter is controlled with the FFI LT command:

FFI LT Setting Low pass Filter Bandwidth

oo (no filtering) — default setting
120 Hz

80 Hz

50 Hz

20 Hz

BWwW N R

NOTE

Increasing the FFI LT command value increases the filtering effect (lowers the bandwidth),
but at the expense of increasing the phase tracking error (phase lag) of the slave axis. For
more information on phase tracking, refer to Factors Affecting Following Accuracy below.

When considering whether or how much master position filtering to use, consider the
application requirement itself. The application requirements related to filtering can be
categorized into these three types:

Typel: If an application requires smooth motion but also high slave tracking accuracy,
then a heavy filtering should not be used. It should not be used because it may
introduce too much phase lag, although the motion may be smooth. In other
words, the master axisin the first place should produce very smooth motion and
low sensor measurement noise such that a higher level of master filtering is not
nesded.

Typell:  If slavetracking error is not critical but smooth slave axis motion is desired, then
you can use a higher level of master filtering to deal with sensor noise or master
vibration problems.

Typelll: If itisdetermined that under certain dynamic conditions the master position's
oscillatory measurement is purely caused by its vibration motion (noiseis
insignificant), and it is necessary for the slave to follow such motion, then the
filter command should not be used or only use the highest bandwidth (FFI LT1).

As soon as an axis becomes configured as a slave, the slave's position command is
continuously updated and maintained. At each update, the position command is calculated
from the current master position and velocity, and the current ratio or velocity of the slave.

Steppers only: This continuously updated position command is used as the target position
for the Dynamic Position Maintenance feature, described on page 216.

Whenever the commanded position is hot equal to the actual slave position, aFollowing error
exists. Thiserror, if any, may be positive or negative, depending on both the reason for the
error and the direction of davetravel. Following error is defined as the difference between the
commanded position and the actual position.

Fol I owi ng Error = Commanded position - Actual position

If the laveistraveling in the positive direction and the actual position lags the commanded
position, the error will be positive. If the slave istraveling in the negative direction and the
actual position lags the commanded position, the error will be negative. This error is always
monitored, and may be read into a numeric variable (VAR) at any time using the PER
command. The error value in slave stepsis scaled by SCLD for the axis. This value may be
used for subsequent decision making, or simply storing the error corresponding to some other
event.
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Maximum Velocity and Acceleration (Steppers Only)

The dave's attempt to faithfully follow the master may command velocities and accelerations
that the slave axisis physically not able to complete. Therefore, the FMAXV and FMAXA
commands are provided to set the maximum velocity and acceleration at which the slave will
be allowed to move.

If the slave is commanded to move at rates beyond the defined maximums, the slave will begin
falling behind it's commanded position. If this happens, a correction velocity will be applied
to correct the position error as soon as the commanded velocity and acceleration fall within the
limitation of FMAXV and FMAXA.

The FMAXA and FMAXV commands should be used only to protect against worst case
conditions, and should be avoided atogether if they are not needed. If an axisisnot able to
follow its profile because of limitations imposed by these commands, some correction motion
will occur. Thisis due to the Following error and the resulting Dynamic Position
Maintenance (see below). If the maximum acceleration (FMAXA value) is set very low, some
oscillation about the commanded position may occur because the slaveis not allowed to
decelerate fast enough to prevent overshoot.

Dynamic Position Maintenance (steppers Only)

Even while following a master, aslave axis can be in encoder mode with stall detection,
position maintenance, and/or deadband wait enabled. In this mode of operation, a difference
between actual slave position and the desired slave position may arise just asit may with
normal encoder mode moves. Systems with an encoder mounted on aload where mechanical
backlash or product stretching is present will be most prone to these desired vs. actual position
differences.

An axis becomes a slave by specifying a master with the FOLMAS command. When an axis
in encoder step positioning mode (ENC1) becomes a slave axis, it automatically begins the
equivalent of position maintenance. Thisremains true even if the EPMJ (disable position
maintenance mode) command is given, and even while the axisisin motion.

There isavery important reason for the continuous dynamic position maintenance. In regular
time based moves, the axis has no defined position relationship with anything whileit is
moving, but it does have a position goal while at rest. Therefore, position maintenance is
only meaningful when the axisis not moving. When a slave axis is following a master, there
is always a defined position command, cal culated from the position of the master. Therefore,
position maintenance occurs even while the axis is moving.

The position error in each sample period is usually very small, so only asmall correction
velocity is added to that required for the slave to follow the master at the commanded ratio. The
6000 product limits the maximum correction velocity to that specified with the EPMV command.

Factors Affecting Following Accuracy

216

There are additional accuracy requirements of Following applications beyond those of standard
positioning. The slave must maintain positioning accuracy while in motion, not just at the
end of moves, because it is trying to stay synchronized with the master.

Assuming parameters such as master and slave scaling and ratios have been specified correctly,
the overall positioning accuracy for an application depends on severa factors:

Resolution of the master

Resolution of the dave

Position sampling accuracy

Accuracy of the slave motor and drive

Accuracy of load mechanics

Master position prediction

Master velocity relative to master position prediction & master position filtering
Tuning (servos only)

Dynamic position maintenance (steppers only)

Repeatability of the trigger inputs and sensors

L] L] L] L] L] L] L] L] L] L]
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Resolution of
the Master

Resolution of
the Slave

Position
Sampling
Accuracy

Accuracy of the
Slave Motor and
Drive

Accuracy of the
Load Mechanics

Just as with a mechanical arrangement, the accuracy errors can build up with every link from
the beginning to the end. The overall worst case accuracy error will be the sum of al the
sources of error listed below. The errorsfall into two broad categories, namely, master
measurement errors and slave errors. These both ultimately affect slave accuracy, because the
commanded slave position is based on the measured master position.

It isimportant to understand how master measurement errors result in slave position errors.
In many applications, master and slave units will be the same (e.g., inches, millimeters,
degrees). These applicationswill require linear speeds or surface speeds to be matched (i.e., a
1:1 ratio). For example, suppose that in arotary knife application, there were 500 master
steps per inch of material, so an error in master measurement of one encoder step would result
in 0.002 inches of slave position error.

If the master and slave units are not the same, or the ratio is not 1:1, the master error times
the ratio of the application gives the dave error. An example would be arotary master and a
linear slave. For instance, suppose one revolution of awheel gives 4000 master counts, and
resultsin 10 inches of travel on the slave. The ratio isthen 10 inches/revolution. The slave
error which results from one step of master measurement error is (1/4000) 010
inches/revolution = 0.0025 inches.

The best case master measurement precision is the inverse of the number of master steps per
user's master unit. For example, if there are 100 master steps/inch, then the master
measurement precision is 0.01 inches. Evenif all other sources of error are eliminated, slave
accuracy will only be that which correspondsto 1 step of the master (e.g., 0.01 inchesin the
previous example).

The best case dave precision is the inverse of the number of slave steps per user's position
unit. For example, if there are 1000 slave steps/inch, then the slave resolution is 0.001
inches. Evenif al other sources of error are eliminated, slave positioning accuracy will only
be that which correspondsto 1 step of the slave. This must be at least as great as the
precision required by the application.

The position sampling rate for the 6000 controller depends on whether it isaservo or a
stepper. The sample period for a stepper is2 ms. The sample period for a servo is the system
update period, which is affected by the current SSFR and | NDAX command settings (see SSFR
description in the 6000 Series Software Reference).

The repeatability of the sampling rate, from one sample to the next, may vary by as much as
20 psfor servos and 100 psfor steppers. This affect may be eliminated by using non-zero
master position filter (FFI LT) command values. Otherwise, measurement of master position
may be off by as much as (20 to 100 microseconds COmaster speed). This may appear to be a
significant value at high master speeds, but it should be noted that this error changesin value
(and usually sign) every sample period. It is effectively like a noise of 200-600 Hz; if the
mechanical frequency response of the motor and load is much less than this frequency, the load
cannot respond to this error.

The precision also depends on how accurately the drive follows its commanded position while
moving. Even if master measurement were perfect, if the drive accuracy is poor, the precision
will be poor.

In the case of stepper drives, this amounts to the specified motor/drive accuracy.

In the case of servo drives, the better the drive is tuned for smoothness and zero Following
error, the better the precision of the positioning. Often, this really only matters for a specific
portion of the profile, so the drive should be tuned for zero Following error at that portion.

The accuracy (not repeatability) of the load mechanics must be added to the overall build up of
accuracy error. Thisincludes backlash for applications which involve motion in both
directions.
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Master Position
Prediction

Master Velocity
Relative to
Master Position
Prediction &
Master Position
Filtering

Tuning
(Servos Only)

Dynamic
Position

Maintenance
(Steppers Only)

The master position prediction mode may be enabled or disabled with the FPPEN command,
but each state contributes a different error.

Disabled (FPPEND): The slave position command is based on a master position that is 2
sample periods old. This means that master measurement error due to disabling the
position prediction mode will be (2 sample periods Omaster speed).

Enabled (FPPENL): If the position prediction mode is enabled (default setting), its accuracy is
aso affected by position sampling accuracy, master speed, and master position
filtering. The error due to enabling the position prediction mode is about twice that
due to sampling accuracy (i.e., 40 to 200 microseconds [Omaster speed). Aswith the
error due to position sampling accuracy, the error due to the position prediction mode
being enabled is like a noise on the order of 200-600 Hz, which is not noticed by
large loads.

Variation in Master Velocity: Although increasing master position filtering (increasing the
FFI LT command value) eliminates the error due to sampling accuracy, it increases
the error due to variationsin master speed when the master position prediction
modeis enabled (FPPENL).

Most applications maintain a constant master speed, or change very slowly, so this
effect isminimal. But if the master is changing rapidly, there may be a significant
master speed measurement error. Because predicted master positions are in part
based on master speed measurement, the can result in an error in master position
prediction mode (FPPEN1). This effect will always be smaller than that due to the
master position prediction mode being disabled (FPPEND).

Phase Tracking : The cost of using the low pass filter (increasing the FFI LT command
value) isthe increase in phase tracking error of the slave's position command. This
isanintrinsic characteristic of alow-passfilter. Increasing the filtering (lowering
the bandwidth) increases the phase tracking error, or phase lag.

If the master axisis moving at constant velocity, then the delay in the filtered
position in terms of time is fm sec, where“bw” isthe bandwidth in radians/sec.
Therefore, at constant velocity, the tracking error of the filtered master position is
velocity O bz_w .

For example, suppose the master is moving at 4000 counts/sec and the master filter
bandwidth is 80 Hz, then the filtered master position delay = 555~ = 3.98 msec,

and the slave position command tracking error = 4000 [J0.00398 = 15.915 counts.

One important note is that the slave tracking error discussed here refersto the error
of the slave's position command calculated from the history of the master
position signal. The actua slave tracking error also depends on the tuning and the
dynamics of the system. For example, one way to eliminate the tracking error
introduced by the low pass filter isto use the velocity feedforward gain (SGVF) in
the servo loop.

A servo system's tuning has a direct impact on how well the slave can track the master input.
Overshoot, lag, oscillation, etc., can be devastating to Following performance. The best tool
to use for tuning the 6000 series controller is Maotion Architect's Servo Tuner Module. For
tuning instructions, refer to the Servo Tuner User Guide or to the Tuning
chapter/appendix your servo controller'sinstallation guide.

Even when the dave isin motor step mode (ENCQ), there may be one dave step of error
inherent to the algorithm. When the slave is in encoder step mode, the user specified position
maintenance gain is used to correct position. Thisgain is expressed as motor steps per second
per encoder step error, and has a maximum value of 250 (limited internally). If avalue lower
than thisis used, the position error in encoder steps dueto low gain is given by: error =
(250/gain) * (encoder resolution/motor resolution).

218 6000 Series Programmer's Guide



Repeatability of ~ Some applications may use the trigger inputs for functions like registration moves,
the Trigger GOWHENS, or new cycles. For these applications, the repeatability of the trigger inputs and
Inputs and sensors add to the overall position error.

Sensors In the 6000 controller, the position capture from the trigger inputs have approximately 100 ps
repeatability, and the sensor repeatability (SR) should be determined, too. Velocity Otime =
distance, so the error due to repeatability is (SR + 0.0001 seconds) CIspeed = error. |If the
sensor repeatability is given in terms of distance, that value can be added directly.

Preset vs. Continuous Following Moves

When a dave performs a preset (MC@) move in Following mode (FOLENL), the commanded
position is either incremental or absolute in nature, but it does have a commanded endpoint.
The direction traveled by the slave will be determined by the commanded endpoint position,
and the direction the master is counting.

Let'sillustrate this with an example. Assume all necessary set-up commands have been
previously issued for our slave (axis#1) and master so that distances specified arein

revolutions:
FOLRN\3 ; Set Following slave-to-naster ratio nunerator to 3
FOLRDA ; Set Following slave-to-master ratio denomnator to 4

; (ratiois 3 revs on the slave to 4 revs on the master)

FQOLENL ; Enable Followi ng on axis #1
FAQLMD10 ; Set preset nmove to take place over 10 naster revol utions
MO ; Set slave to preset positioning node
MAL ; Set slave to absol ute positioning node
PSETO ; Set current absolute position reference to zero
6 ; Set nove distance to absol ute position 5 revol utions
col ; Initiate nove to absolute position 5

If the master is stationary when the GOL command is executed, the slave will remain
stationary also. If the master begins to move and master pulses are positive in direction, the
slave will begin the preset move in the positive direction. |f the master pulses stop arriving
before 10 master revolutions have been traveled, the slave will also stop moving, but that
GOL command will not be completed. If the master then startsto count in the negative
direction, the slave will follow in the negative direction, but only as far asit's starting
position. If the master continues to count negative, the slave will remain stationary. The
GOL command will not actually be completed until the master hastraveled at least 10
revolutions in the positive direction from where it was at the time the GOL command was
executed. If the master oscillates back and forth between it's position at the start of the GOL
command to just under 10 revolutions, the slave will oscillate back and forth as well.

The master must be counting in the positive direction for any preset (MC@) GOls commanded
on the slave to be completed. 1f mechanics of the system dictate that the count on the source
of the master pulsesis negative, a minus (-) sign should be entered in the FOLMAS command
so that 6000 controller sees the master counts as positive.

Continuous slave moves (MC1) react much differently to master pulse direction. Whereas a
preset move will only start the profile if the master counts are counting in the positive
direction, a continuous move will begin the ramp to its new ratio following the master in
either direction. Aslong asthe master is counting in the positive direction, the direction
towards which the slave starts in a continuous move is determined by the argument (sign) of
the Dcommand. The dlave direction is positive for D+ and negative for D- .

If the master is counting in the negative direction when slave begins a continuous move, the
direction towards which the slave moves is opposite to that commanded with the D command.
The slave direction is positive for D-  and negative for D+.

If the master changes direction during a continuous slave move, the slave will aso reverse
direction. Aswith standard continuous moves, the GOL will continue until terminated by S,
K, end-of-travel limits, stall condition, or command to go to zero velocity. Aswith preset
moves, the sign on the FOLMAS command determines the direction of master counting with
respect to the direction of actual counting on the master input.
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Master and Slave Distance Calculations

The formulas below show the relationship between master move distances and the
corresponding slave move distances. These relationships may be used to assist in the design
of Following mode moves in which both the position and duration of constant ratio are
important.

In such calculations, it is helpful to use SCLMAS and SCLD values which alow the master
and slave distances to be expressed in the same units (e.g., inches or millimeters). In this
case, many applications will be designed to reach afina ratio of 1:1, and the distancesin these
figures can be easily calculated.

O HINT: For atrapezoidal preset slave move with a maximum ratio of 1:1, the master and
slave distances during the constant ratio portion will be the same. The dave travel during
acceleration will be exactly half of the corresponding master travel, and it will also occur
during deceleration.

Master Distance (FOLMD)
If the slave is in continuous positioning mode (MC1), FOLMD is the master distance over which
the slave is to accel or decel from the current ratio to the new ratio. If the slave is in preset
positioning mode (M), FOLMD is the master distance over which the slave's entire move will
take place.

When the Slave is in Continuous Positioning Mode (MC1)

FOLMD * (R, + Ry) where:
2 FOLMD = Master distance
R, = New ratio (FOLRN +~ FOLRD)
R; = Current ratio (FOLRN + FOLRD)
D= Save distance traveled during ramp

D =

When the Slave is in Preset Positioning Mode (M22)

Trapezoidal Dx = (FOLMD * Ryay) where:
Slave Moves (Drex - D) FOLMD = Master distance
b = R VD, = Master distance during accel & decel ramps
2 * D, VD, = Master distance during constant ratio
MD, = R D= Total slave preset distance commanded

D, = Savetravel during accel and decel ramps
=D- (2 *
D, ( D) D, = Slave travel during constant ratio

MD, = D Dyax = Maximum slave distance possible
Rrax (assuming no accel or decel)
FOLMD = (2 * M)) + MO, Riax = Maximum ratio = FOLRN + FOLRD

Trapezoidal profile if:
D= (D, +2 0D) < D

Distance
NoTE [
Profiles depict
ratio vs. distance.
Rectangular profile if: Ruax % ,,,,,,,,,,,,,,
D, =D °
D, = zero E D,
MD, = FOLMD |
MD, = zero Distance
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Triangular
Slave Moves

NoTE [J
Profile depicts
ratio vs. distance.

Distance
Calculation
Example

Beware of

Roundoff Error
(Scaling only)

D = Rpeak ™ FOLMD where:

2 FOLND = Master distance
Ryeak = Peak ratio reached during move
D= Total save distance

Triangular profile if: o
D < 1/2 Dwnx - T I:‘)peak

D

~ Ratio

Distance
le—FOMD>—]

In the example below, the desired travel during constant ratio is already contained in numeric
variable #1 (VARL1), and may have been read from thumbwheels or a DATA command. The
corresponding slave move distance (D) and FOLIVD are calculated as shown:

VAR2=2 ; Desired slave travel during accel and decel conbined
VAR3=2 * VAR2 ; Required naster travel during these ranps

VARA=VARL + VAR2 ; Move distance is constant ratio portion plus ranps
VARSG=VARL + VAR3 ; Master travel for entire slave nove

FOLMY( VARS) ; Establish cal cul ated naster travel
D( VAR4) ; Establish calculated slave travel
QL ;. Make desired sl ave nove

Similar calculations may be done for a series of continuous move rampsto ratios, separated by
GOWHEN for master cycle positions. These ramps may be repeated in aloop to create a
continuous cyclical slave profile.

Some potential for roundoff error exists if the scaling of a move distance or master distance by
SCLD and SCLMAS does not result in an integer number of steps. Some additional care must
be taken in the segment by segment construction of profiles using ramps to continuous ratio.
The 6000 controller maintains a slave position command which is calculated from the
commanded constant ratios, the rampsto the new ratios, and the master travel over which
these take place. At the end of each ramp or constant ratio portion, this commanded position
is calculated to the nearest integer slave step. If the ratios and master travel result in a non-
integer slave travel for a segment, the fractional part of that segment's calculated travel will be
lost. Inacyclical application, repeated truncations could build up to asignificant error. This
may be avoided through careful attention to design of the profile.

Using Other Features with Following

Setups used by

FOLMAS
(Steppers Only)

S (Stop) & K (Kill)
Commands

The 6000 controller has many features that may be used in the same application asits
Following features. In some cases, having configured an axis as a slave with the FOLMAS
command will affect, or be affected by, the operation of other features, as described below.

The FOLMAS command uses the drive resolution (DRES), the velocity range (PULSE), and the
choice of motor step positioning or encoder step positioning (ENC) data to configure an axis
asadave. If encoder step positioning is chosen (ENC1) , the encoder resolution (ERES) data
isaso used. In order for this data to be used correctly, these commands must
be given before FOLMAS. These commands are not allowed after FOLMAS is
given. After FOLMAS is executed, the MC command may be used to change from
incremental to absolute positioning and back, but a change to encoder or motor step
positioning (ENC) is not allowed.

Stop (S) and Kill (K) commands cause the slave to do a non-Following decel, even if the dave
isin Following mode. A stop or akill, buffered or immediate, will clear a pending GONHEN
condition (clears AS hit #26).
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GO Command

Registration
Moves
(see page 182)

Enter/Exit
Following Mode
While Moving

Pause and
Continue

TVEL and TVELA
Commands

TASF, TAS & AS
Axis Status Bits

Changing
Feedback Sources
(Servos only)

Following and
Other Motion

If adave axisisin Following mode (FOLENL), moves will ramp to aratio (set with FOLRN
and FOLRD). If itisnot in Following mode, moves will ramp to a velocity (V). Switching
in and out of Following mode does not change the value for final ratio or final velocity goals,
but simply changes which parameter is used as the goal.

Registration inputs may be enabled with the | NFNCi - H command while an axisis aslave,
and registration moves may interrupt either a Following mode move or atime-based move.
The registration move itself, however, is always a time based move, and implements the
registration velocity with respect to a stationary reference. Any trigger input may be
used as a registration input or for any Following feature which uses
triggers, even at the same time.

The FOLENG command may be executed while aslave is moving at constant ratio. In this
case, the current velocity becomes the constant velocity, and the slave may accelerate or
decelerate to other velocities. The FOLENL command may not be executed while the daveis
moving in the non-Following mode. Attempting to do so will result in the error response
“MOTI ON | N PROGRESS".

A program may be paused and continued, even if one or more axesis configured asaslave.
Those axes do not lose track of the master input, even though motion is stopped. Asusual, if
a program finishes normally, or if COMEXS is set to zero (COVEXS@), the program may not
be continued. If aprogram isresumed, partially completed Following moves will be
completed; however, the remainder of the move is completed over the entire original master
distance (FOLMD value).

The TVEL and VEL commands have always reported an unsigned value (i.e. magnitude),
consistent with the fact that the V command is always positive, even if the move direction is
negative. When Following is enabled (FOLENL), TVEL and VEL report the net magnitude of
commanded velocity due to following and/or shifting. For example, if the slave isfollowing
in the positive direction at 1 rps, TVEL reports 1.000. If a shift in the negative direction of
1.5 rpsis then commanded, TVEL will report 0.5 — still positive, even though the net
direction is negative.

By contrast, TVELA and VELA have aways been signed. In the above example, TVELA will
report -0.5.

Axis Status (TASF, TAS and AS) bits 1-4 represent the motion status of an axis. Bits 1 and 2
represent the moving and direction status of the net motion of an axis, including the
combination of following and shifting.

Bits 3 and 4 represent acceleration and velocity, respectively. With Following disabled
(FOLENQ), the accel and velocity can only be due to a commanded time-based profile. With
Following enabled (FOLENL), the net commanded velocity and accel could be due to following
the master and/or a simultaneous shift (time-based profile). Bits 3 and 4 only reflect the
acceleration and velocity status of the time-based profile, not the combined command.

For example, if the dlave is following in the positive direction at 1 rps, TAS reports 1322, If
a continuous shift (FSHFC2) of 0.8 rpsin the negative direction is then commanded, TAS will
report 11 & while the shaft is decelerating to 0.2 rps. When the continuous shift velocity is
reached, TAS will report 11.

Changing feedback sources (SFB) may result in a slave following its own feedback. For this
reason, changing feedback sourcesis not allowed while amaster is specified (FOLMAS).

Following motion is initiated with the GO command, just like normal motion. Other motion,
which does not depend on the motion of an external master, may not be used whileadlaveisin
Following mode (FOLENL1). These motion types include jog mode, joystick mode,
contouring, homing, streaming mode, and linear interpolation (GCL). To use these motion
types, Following must be disabled (FOLENZ) — see Enter/Exit Following Mode While
Moving above for precautions.
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Conditional
Statements Using
PMAS

The master cycle position (PMAS) value may be used in the comparison argument of these
commands:

* WAI T & GOMHEN: If itisdesired to WAI T or GOWMHEN on a master cycle position of the
next master cycle, one master cycle length (value of FMCLEN) should be added to the master
cycle position specified in the argument. This allows commands that sequence slave events
through a master cycle to be placed in aloop. The WAl T or GOAMHEN command at the top
of the loop could execute, even though the actual master travel had not finished the previous
cycle. Thisisdoneto allow a PMAS value which is equal to the master cycle length to be
specified and reliably detected.

| F,UNTI L, & WHI LE: These arguments use the instantaneous PMAS value. Be careful to
avoid specifying PMAS values that are nearly equal to the master cycle length (FMCLEN),
because rollover may occur before a PVAS sampleisread.

Compiled Motion

Following profiles may be pre-compiled to save processing time. For details, refer to
page 166.

Troubleshooting for Following (see also Chapter 7)

The table below offers some possible reasons for troubles which may be encountered in achieving the desired slave motion.

Symptom

Possible Causes

Slaves do not follow master

.

Improper FOLNVAS

Poor connection if master is encoder

Master running backward

No encoder power (when the encoder is selected as the master)

Slave motion is rough

FFI LT command value too low
Unnecessary FPPEN amplifies master roughness

Ratio seems wrong

FOLRN and FOLRD slave-to-master ratio values are inaccurate,
possibly reversed

SCLD or SCLMAS wrong
DRES or ERES wrong for encoder step slaves (steppers only)
Following limited by FMAXV or FMAXA (steppers only)

Slave profile wrong, or un-repeatable

WAI T used where GONHEN should be

Too little master travel between GOMHEN and GO1, desired PVAS is
missed

Master/slave alignment drifts over
many cycles

Roundoff error due to fractional steps resulting from SCLD or SCLMAS
and user's parameters

Ratios and master distances specified result in fractional slave steps
covered during ramps, constant ratio

Slave lags Following position
(steppers only)

Inhibited by FMAXV

FMAXA clips acceleration peaks resulting from attempt to follow rough
master

Slave dithers, or oscillates about
desired position
(steppers only)

EPMGtoo high for encoder step slave
FVAXA too low for EPM/
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Error Messages

If anillegal programming condition is discovered while programming or executing programs, the 6000 controller responds
with an error message. If aprogram execution error is detected, the program is aborted.

The table below lists all the error messages that relate to Following, and indicates the command and cause that may generate
them. These error messages are displayed only if the error level is set to level 4 with the ERRLVL4 command (thisisthe

default setting).

Error Message

Cause

FCLMAS NOT SPEC FI ED

No FOLMAS for the axis is currently specified. It will occur if FMCNEW FSHFC, or FSHFD
commands are executed and no FOLMAS command was executed, or FOLMAS@was
executed.

| NOCRRECT DATA

Velocity (V), acceleration (A), or deceleration (AD) command is zero. (used by FSHFC
& FSHFD)

I NVALI D CONDI TI ONS FCR
COMVAND

The FOLMD command value is too small to achieve the preset distance and still
remain within the FOLRN'FOLRD ratio.
A command phase shift cannot be performed:

FSHFD.............. Error if already shifting or performing other time based move.
FSHFC.............. Error if currently executing a FSHFD move, or if currently executing another
FSHFC move in the opposite direction.

The FOLEN1 command was given while a profile was suspended by a GOAHEN.

I NVALI D DATA

The parameter supplied with the command is invalid.

. smooth number is not 0-4

if: master steps > 999999999 or negative

if: master steps > 999999999 or <-999999999
if. master steps > 999999999 or negative

if: master steps > 999999999 or negative

if: slave steps>999999999 or negative

if: number is not 0-3

if. slave steps>999999999 or <-999999999

if. position > 999999999 or <-999999999

. position > 999999999 or <-999999999

Error if a GO command is given in the preset positioning mode (M2Q) and:

FOLRN = zero
FOLMD = zero, or too small (see Preset Moves section on page 200)

I N\VALI D FOLMAS SPEC FI ED

An illegal master was specified in FOLMAS. A slave may never use its own
commanded position or feedback source as its master.

I NVALI D RATI O

Error if the FOLRN:FOLRD ratio after scaling is > 127 when a GOis executed.

MOTI ON | N PROGRESS

The FOLENL command was given while that slave was moving in a non-Following
mode.

NOT VALI D DUR NG FOLLON NG
MOTI ON

A G0command was given while moving in the Following mode (FOLENL) and while in
the preset positioning mode (MCQ).

NOT VALI D DUR NG RAWP

A G0command was given while moving in a Following ramp and while in the
continuous positioning mode (MC1). Following status (FS) bit #3 will be set to 1.
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Following Commands

Detailed information about these commands is provided in the
6000 Series Software Reference.

Enable bit #14 to check for when a GOAHEN condition is already true when a subsequent GO, GOL,
FSHFC, or FSHFD command is given.

If ERROR bit #14 is enabled, a GOSUB branch to the error program occurs if a GOMHEN condition is
already true when a subsequent GO, GOL, FSHFC, or FSHFD command is given.

Sets the bandwidth for master position filtering.

STEPPERS ONLY: Sets the max. acceleration a slave may use while Following.
STEPPERS ONLY: Sets the max. velocity at which a slave may travel.

Defines the length of the master cycle.

Restarts new master cycle counting immediately. To make this a trigger-based operation instead of
issuing the FMCNEWcommand, use the TRGFNcx1 command.

Defines the initial position of a new master cycle.

Enables or disables Following mode.

Defines masters for slave axes.

Defines the master distance over which ratio changes or moves are to take place.

Establishes the DENOMINATOR ONLY for the max. slave-to-master ratio for a preset move or the
final ratio for a continuous move (use in combination with the FOLRN command).

Establishes the NUMERATOR ONLY for the max. slave-to-master ratio for a preset move or the final
ratio for a continuous move (use in combination with the FOLRD command).

Allows master position prediction to be enabled or disabled.
Allows continuous advance or retard (shift) of slave position during continuous Following moves.
Allows preset advance or retard (shift) of slave position during continuous Following moves.

A GONHEN command suspends execution of the next slave move until the specified conditional
statement (based on T, | N, PC, PE, PM PVAS, PSLV, or PSHF) is true. To make this a trigger-based
operation instead of issuing the GOMEN command, use the TRGFNc1x command.

Sets the slave distance scale factor.
Sets the master scale factor.

TRGFNc 1xxxxxxx initiates a GONHEN. Suspends execution of the next slave move until the specified
trigger input (c) goes active.

TRGFNcx 1xxxxxx allows master cycle counting to be restarted when the specified trigger input (c)
goes active.

Status and Assignment Commands:

TASF, TAS&[ AS] .....

TERF, TER&[ ER] .....

TFSF, TFS&[ FS] .....
TNMCY and [ NMCY] ..
TPMAS and [ PVAS] ...
TPSHF and [ PSHF] ..
TPSLV and [ PSLV] ...
TWAS and [ VMAS] ..

Bit 26 of each axis status is set (1) if a motion profile suspended by a GOMEN (including TRGFNc 1x) is
pending on that axis. The bit is cleared when the GOWHEN is true, or when a stop (S) or kill (K) command
is executed.

Bit 14 is set if the GOMHEN condition is already true when a subsequent GO, GOL, FSHFC, or FSHFD
command is given. (The corresponding error-checking bits must be enabled with the ERROR command
before the error will be detectable.)

Transfers or assigns/compares the Following status or each axis.

.Transfers or assigns the current master cycle number.

Transfers or assigns the current master cycle position.

.Transfers or assigns the net position shift since constant ratio.

Transfers or assigns the slave's current commanded position.

.Transfers or assigns the current velocity of the master axis.

AWAI T command suspends program execution until the specified conditional statement (based on
PVAS, FS, NMCY, PSHF, PSLV, or VVAS) is true;

WAI T( SS. i =b1) suspends program execution until a trigger input is activated (“i " is the input bit
number corresponding to the trigger input—refer to the 6000 Series Software Reference).
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Troubleshooting Basics

When your system does not function properly (or as you expect it to operate), the first thing
that you must do isidentify and isolate the problem. When you have accomplished this, you
can effectively begin to resolve the problem.

Thefirst step isto isolate each system component and ensure that each component functions
properly when it is run independently. Y ou may have to dismantle your system and put it
back together piece by piece to detect the problem. If you have additional units available, you
may want to exchange them with existing componentsin your system to help identify the
source of the problem.

Determineif the problem is mechanical, electrical, or software-related. Can you repeat or re-
create the problem? Random events may appear to be related, but they are not necessarily
contributing factors to your problem. Y ou may be experiencing more than one problem. You
must isolate and solve one problem at atime.

Log (document) all testing and problem isolation procedures. Also, if you are having difficulty
isolating a problem, be sure to document all occurrences of the problem along with as much
specific information as possible. Y ou may need to review and consult these notes later. This
will also prevent you from duplicating your testing efforts.

Once you isolate the problem, refer to the problem solutions contained in this chapter. If the
problem persists, contact your local technical support resource (see Technical Support below).

Electrical Noise

If you suspect that the problems are caused by electrical noise, refer to your 6000 product's
Installation Guide for help.

Solutions to Common Problems

NOTES

» Some hardware-related causes are provided because it is sometimes difficult to identify a
problem as either hardware or software related.

» Refer to other sections of this manual for more information on controller programming
guidelines, system set up, and general feature implementation. You may also need to
refer to the command descriptions in the 6000 Series Software Reference. Refer
to your product's Installation Guide for hardware-related issues.

Problem Cause

Solution

Communication errors
(bus-based products).

1. Communication program looking for
card at wrong address.

1. Select correct address for communication program.

2. Address conflict.

2. Refer to the configuration instructions in your Installation Guide (make
sure it is matched by the setup in Motion Architect, if using Motion
Architect)

3. AT6n00 card not properly seated.

3. Seat board properly in slot. Apply pressure directly over area with
gold card edge fingers.

Communication (serial)
not operative, or receive
garbled characters

1. Improper interface connections or
communication protocol.

1. See troubleshooting section in your product's Installation Guide.

2. COM port disabled.

2.a. Enable serial communication with the E1 command.

2.b. If using RS-485, make sure the internal jumpers are set accordingly
(see Installation Guide). Make sure COM 2 port is enabled for sending
6000 language commands (execute the PORT2 and

commands).

3. In daisy chain, unit may not be set to
proper address.

3. Verify DIP switch settings (see Installation Guide), verify proper
application of the ADDR command.

Computer will not boot 1. Interrupt conflict.
with AT6nnO card installed. 2 see problem: Communication Errors.

1.a. Turn interrupt DIP switches OFF.

1.b. Refer to the configuration instructions in your Installation Guide
(make sure it is matched by the setup in Motion Architect, if using Motion
Architect)
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Problem

Cause

Solution

Direction is reversed.
(STEPPERS ONLY)

1. Direction connections to the drive are
reversed. (n/ato 610n, 6201)

1. Switch DIR+ with DIR- connection to drive.

2. Phase of step motor reversed (motor
does not move in the commanded
direction).

2. Switch A+ with A- connection from drive to motor.

SOFTWARE ALTERNATIVE: If the motor (and the encoder if one is
used) is reversed, use the CVDDI RL command to reverse the polarity of
both the commanded direction and the polarity of the encoder counts).

3. Phase of encoder reversed (reported
TPE direction is reversed).

3. Swap the A+ and A— connection at the ENCODER connector.

Direction is reversed,

servo condition is stable.

(SERVOS ONLY)

1. Command output (CMD) connections
and feedback device connections or
mounting are reversed.

1. Software remedy: Issue the OVDDI RL command to the affected axis.
This reverses the polarity of the commanded direction and the feedback
direction so that servo stability is maintained.

Hardware remedy: Switch CMD- with the CMD+ connection to drive or
valve (if your drive or valve does not accept differential outputs this will
not work). You will also have to change the feedback device wiring or
mounting so that it counts in same direction as the commanded direction.

Direction is reversed,

servo condition is unstable.

(SERVOS ONLY)

1. Not tuned properly.

1. Refer to tuning instructions in the Servo Tuner User Guide, or in your
product's Installation Guide.

2. Phase of encoder reversed or
mounting of ANI input or LDT is such
that it counts in the opposite direction as
the commanded direction.

2. Software remedy: For the affected axis, issue the appropriate
feedback polarity reversal command (LDTPOL1 if LDT, ANl POL1 if
ANI analog input, or ENCPQL1 if encoder).

Hardware remedy: If using encoder feedback, swap the A+ and A-
connections to the 6000 product. If using LDT or ANI feedback, change
the mounting so that the counting direction is reversed.

Distance, velocity, and
accel are incorrect as
programmed.

1. Incorrect resolution setting.

1.a. STEPPERS: Set the resolution on the drive (usually set with DIP
switches) to match the 6000 product's DRES command setting (default
DRES setting is 25,000 steps/rev).

1.b. Match the 6000 product's ERES command setting (default ERES
setting is 4,000 counts/rev) to match the post-quadrature resolution of the
encoder. 615n: When using the internal resolver, use ERES4096.
ERES values for Compumotor encoders:
E Series: ERES4000
OEM Series motors (stepper):
83 size: ERES4000
57 size: ERES2048
SM Series Servo Motors:
SMxxxxD-xxxx: ERES2000
SMxxXXE-xxxx: ERES4000
OEM Series motors (servo):
OEM2300E05A-MO: ERES2000
OEM2303E05A-MO: ERES2000
OEMB3400E05A-MO: ERES2000
OEMB3401E10A-MO: ERES2000
OEM2300E05A-MO: ERES4000
OEM2303E10A-MO: ERES4000
OEMB3400E10A-MO: ERES4000
OEM3401E10A-MO: ERES4000
OEM2300E20A-MO: ERES8000
OEM2303E20A-MO: ERES8000
OEM3400E20A-MO: ERES8000
OEM3401E20A-MO: ERES8000

1.c. 6270 only: Check and set the LDT resolution with the LDTRES
command.

2. Pulse width too narrow. (steppers)

2. Set pulse width to drive specifications using the PULSE command.

3. Wrong scaling values.

3. Check the scaling parameters (SCALEL, SCLA, SCLD, SCLV,
PSCLA, PSCLD, PSCLV, SCLMAS) — see also page 83

Erratic operation.

1. Electrical Noise.

1. Reduce electrical noise or move product away from noise source.

2. Improper shielding.

2. Refer to the Electrical Noise portion of the Technical Reference
section in the Compumotor catalog, or in your Installation Guide.

3. Improper wiring.

3. Check wiring for opens, shorts, & mis-wired connections.

Feedback device (encoder
or LDT) counts missing.

1. Improper wiring.

1. Check wiring.

2. Feedback device slipping.

2. Check and tighten feedback device coupling.

3. Encoder too hot.

3. Reduce encoder temperature with heatsink, thermal insulator, etc.

4. Electrical noise.

4a. Shield wiring.
4b. Use encoder with differential outputs.

5. Encoder frequency too high.

5. Peak encoder frequency must be below 1.6MHz post-quadrature.
Peak frequency must account for velocity ripple.

6. LDT read error (LDT not connected,
LDT failure, or LDTUPD setting too fast).

6.a. Connect LDT and issue DRI VE11 command
6.b. Replace faulty LDT and issue DRI VE11 command
6.c. Increase the LDTUPD value and issue DRI VE11 command

6270: To enable an axis (DR VE11) without an LDT connected, connect
GATE+ to GND on the LDT connector.

Following problems — see page 223
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Problem

Cause

Solution

Joystick mode:
Motor does not move.

1. Joystick Release input not grounded.

1. Ground Joystick Release input.
(n/a to OEM-AT6N00 and single-axis products)

2. Improper wiring.

2. Check wiring for opens, shorts, and mis-wired connections.

LEDs:

All other LED states indicate hardware conditions; refer to your product's Installation Guide for details.

LED on AT6nn0 PC
card is off.

1. No power.
2. Operating system not downloaded.

1. Check PC-AT power and check proper card installation in bus slot.
2. Download operating system.

“STATUS” LED on
AUX board is red.
(n/a to OEM-AT6400)

1. Operating system not downloaded.

1. Download operating system.

“DISABLED” LED is
on

1. Drive was commanded to shut down.
2. Servos: Maximum position error
(SMPER value) exceeded. Could be
caused by disconnected or mismounted
feedback device.

3.6270: LDT read error (LDT not
connected, LDT failure, or LDTUPD
setting too fast).

1. Re-enable drive by sending DRI VE1 command to the affected axis.
2. (verify position error by checking to see if TAS/TASF bit #23 is set)
Check feedback device connection and mounting and re-enable drive by
sending DR VE1 command to the affected axis.

3.a. Connect LDT (or replace faulty LDT) and issue DRI VE11
command.

3.b. Increase the LDTUPD value and issue DRI VE11 command.

6270: To enable an axis (DRI VE11) without an LDT connected, connect
GATE+ to GND on the LDT connector.

Motion does not occur.

1. “STATUS” LED is off or red.

1. See LED troubleshooting as noted above.

2. End-of-travel limits are active.

2.a. Move load off of limits or disable limits by sending the LHZ
command to the affected axis.

2.b. Software limits: Set LSPCS to a value greater than LSNEG

3. Step pulse too narrow for drive to
recognize (steppers only).

3. Set pulse width to drive specifications using the PULSE command.

4. Drive fault level incorrect.

4. Set drive fault level using the DRFLVL command (see page 80).

5. Improper wiring.

5. Check drive fault & limit connections.
Steppers: check step and direction connections.
Servos: check command and shutdown connections.

6. Steppers: P-CUT input not grounded.
Servos: ENBL input not grounded.

6. Ground the P-CUT or ENBL input connection (rn/a to OEM-AT6n00).

7. Load is jammed.

7. Remove power and clear jam.

8. No torque from motor.

8. See problem: Torque, loss of.

9. Max. position error (SMPER value)
exceeded. (servos only)

9. Check to see if TAS/TASF bit #23 is set, and issue the DRI VE1
command to the axis that exceeded the position error limit.

10. Drive has activated the drive fault
input.

10. Check to see if TAS/TASF bit #14 is set, and check the drive fault
level (DRFLVL) — see page 80 for appropriate DRFLVL settings.

Motor creeps at slow
velocity in encoder mode.
(steppers only)

1. Encoder direction opposite of motor
direction.

1a. Switch encoder connections A+ & A- with B+ & B-.
1b. Switch DIR+ with DIR- connection to drive. (n/a to 610n & 6201)

2. Encoder connected to wrong axis.

2. Check encoder wiring.

Mouse stops working or
serial ports affected (after
AT6N00 card is installed).

1. Interrupt conflict.
2. Address conflict.

1. & 2. Refer to the configuration instructions in your product's
Installation Guide (make sure it is matched by the setup in Motion
Architect, if using Motion Architect)

Operating system
(AT6NNO) will not
download, or download
stops part way through.

1. Address conflict.
2. Download error.

1. & 2. Refer to the configuration instructions in your product's
Installation Guide (make sure it is matched by the setup in Motion
Architect, if using Motion Architect)

Power-up Program does
not execute.

1. ENBL or P-CUT input is not grounded
to GND.

1. Ground the ENBL or P-CUT input to GND and reset.

2. STARTP program is not defined.

2. Check the response to the STARTP command. If no program is
reported, define the STARTP program and reset (see page 15, or refer to
the STARTP command description).

Program access denied:
receive the message

* ACCESS DENI ED when
trying to use the DEF, DEL,
ERASE, | NFNC, or
MEMORY commands.
(stand-alone products)

1. Program security function has been
enabled (I NFNG - Q and the program
access input has not been activated

1.a. Activate the assigned program access input, perform your
programming changes, then deactivate the program access input.

1.b. Refer to the instructions on page 15, or to the | NFNC command
description.

Program execution: the
first time a program is run,
the move distances are
incorrect. Upon
downloading the program
the second time, move
distances are correct.

1. Scaling parameters were not issued
when the program was downloaded; or
scaling parameters have been changed
since the program was defined.

1. Issue the scaling parameters (SCALE1, SCLA, SCLD, SCLV, PSCLA,
PSCLD, PSCLV, SCLMAS) before saving any programs.

Program execution: stops
at the | NFEN1 command

1.1 NFENL enables drive fault
monitoring, but the drive fault level
(DRFLVL) command is set incorrectly
for the drive being used.

1. Issue the correct DRFLVL command for your drive (refer to the
DRFLVL command). (n/a to OEM-AT6n00, 610n, 615n, and 6201)
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Problem Cause Solution
Programmable inputs not 1. input functions are not enabled — 1. Enable programmable input functions with the | NFENL command.
working. applicable to inputs that are assigned a

function other than default (I NFNG - A).

2. IN-P (input pull-up) terminal not
connected to a power supply.

2. Refer to the connection instructions in your product's Installation
Guide.

3. If external power supply is used, the
grounds must be connected together.

3. Connect external power supply's ground to product's ground (GND).

4. Improper wiring.

4. Check wiring for opens, shorts, and mis-wired connections.

Programmable outputs not 1. Output functions are not enabled —

1. Enable programmable output functions with the QUTFENL command.

working. applicable to output that are assigned a

function other than default

(OUTFNCGI - A).

2. Output connected such that it must 2. Outputs are open-collector and can only sink current — change wiring.

source current (pull to positive voltage).

3. OUT-P (output-pull-up) terminal not 3. Refer to the connection instructions in your product's Installation

connected to a voltage source. Guide.

4. If external power supply is used, the 4. Connect external power supply's ground to product's ground (GND).

grounds must be connected together.

5. Improper wiring. 5. Check wiring for opens, shorts, and mis-wired connections.
Runaway 1. Direction connections reversed. 1. Switch CMD- with the CMD+ connection to drive or valve.
(SERVOS ONLY) (if encoder or LDT counts positive NOTE: The CMD+/— Connection is not differential. Do not connect

when turned clockwise or extended).

CMD+ to ground on your drive or valve.

Torque, loss of. 1. Improper wiring.

1. Check wiring to the drive, as well as other system wiring.

2. No power to drive .

2. Check power to drive.

3. Drive or valve failed.

3. Check drive or valve status.

4. Drive faulted.

4. Check drive status.

5. Shutdown issued to drive or valve.

5. Re-enable drive/valve by sending the DRI VE1 command to the
affected axis.

6. 610n and Zeta drive: Auto standby
mode enabled.

6. If more torque is needed at rest, disable auto standby mode:
10N issue DAUTOS@ command.
Zeta Drive...... Turn off position 1 on DIP switch #2.

Trigger inputs not working. 1. If external power supply is used, the

grounds must be connected together.

1. Connect external power supply's ground to product's ground (GND).

2. Improper wiring.

2. Check wiring for opens, shorts, and mis-wired connections. Refer to
your product's Installation Guide for proper wiring.

Velocity & accelerationis  See Distance problem noted above.

incorrect as programmed.

Program Debug Tools

After creating your programs, you may need to debug the programs to ensure that they perform
as expected. The 6000 controller provides severa debugging tools. Detailed descriptions are

provided on the following pages.

Status Commands. Use the “Transfer” commands (e.g., TAS, TSS, Tl N) to display
various controller status information.

Error Messages. You can enable the 6000 controller to display error messages when
it detects certain programming errors as you enter them or as the program is run. When
the controller detects an error with a command, you can issue the TCMDER command to
find out which command caused the error.

Trace mode: Trace a program as it is executing.
Single-Step mode: Step through the program one command at a time.

Simulate Programmable 1/0O Activation: You can set the desired state of the
6000 controller's's inputs and outputs via software commands.

Simulate Analog Input Activation: Without an actual voltage present, you can
simulate a specific voltage on the 6000 controller's analog input channels using the
ANVO command.

Motion Architect's Panel Module: Motion Architect's Panel Module allows you
to create custom test panelsto verify various system 1/O and operating parameters.
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Status Commands

Status commands are provided to assist your diagnostic efforts. These commands display
status information such as, axis-specific conditions, general system conditions, error
conditions, etc.

Checking Specific Setup Parameters

One way to check the conditions that are established with a specific setup command is to
simply type in the command name without parameters. For example, type “ERES’ to check
the encoder resolution setting; the response would look something like: * ERESAZ2.

Refer to page 78 for a list of most setup parameters and their respective commands.

TIP: To send a status Below isalist of the status commands that are commonly used for diagnostics. Additional
command to the 6000 status commands are available for checking other elements of your application (see List of All
oo TaProgam | Status Commands below). For more information on each status command, refer to the
command with an respective command description in the 6000 Series Software Reference.

?e>_(|_cFI)e|1Erg§ation mark (e.g.,

SPECIAL NOTATIONS

* The command has a binary report version (just leave the “F” off when you type
itin—e.g., TAS). This is used more by experienced 6000 programmers. Using
the binary report command, you can check the status of one particular bit
(e.g., The 2TAS. 1 command reports “1” if axis #2 is moving or “@' if it is not
moving.). In the binary report the bits are numbered left to right, 1 through n.
A “1” in the binary report correlates to a “YES’ in the full text report, and a ‘@
correlates to a “NO' in the full text report.

t The command has an assignment/comparison operator that uses the bit status
for conditional expressions and variable assignments. For example, the
WAI T( 2AS. 1=b@) command pauses program execution until axis #2's status
bit number 1 (2AS. 1) reports a binary zero value (indicates that the axis is not-
moving). See page 6 and page 25 for more information on using assignment
and comparison operators in conditional expressions and variable
assignments.

TSTAT Reports general system setup and current conditions.

Sample response for the ZETA6104:

*6104 Revision 92-014630-01-4.0 6104
*Participating Axes 1

*Current Modtor Position +0

*Hard Limt Enable LH3; Soft Limt Enable LSO
*16 Prograns Defined; Scal e Enabl ed 0; | nputs Enabled 1; Qutputs Enabled O
*Drive Resolution DRES25000

*Encoder Resolution ERES4000

*Accel eration Scaler 25000

*Di stance Scaler 1

*Vel ocity Scaler 25000

*Accel eration A10.0000

*Decel eration AD10. 0000

*Vel ocity V1.0000

*Di stance D+25000

*|Input Configuration AAAA AAAA AAAA AAAA AA

*|nput State 0100_0000_0000_0000_11
*Qut put Configuration AAAA AAAA A
*Qutput State 0000_0000_0

*System Status 1000_1100_0000_G000_0000_1000_0000_0000
*Axi s#1 Status 0000_0000_0000_0000_0010_0001_0000_0000
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TASF Reports axis-specific conditions. *(TAS) T (AS)

1. Axis is in motion 17. Positive-direction software limit (LSPCS) encountered

2. Direction is negative 18. Negative-direction software limit (LSNEG) encountered
3. Accelerating 19. Within deadband (EPMDB) — steppers only

4. At velocity 20. In position (COVEXP) — AT6n00 only

5. Home Successful (HOV) 21. In Distance Streaming Mode (STREAML) — AT6n00 only
6. In absolute positioning mode (MR) 22. In Velocity Streaming Mode (STREAM2) — AT6n00 only
7. In continuous positioning mode (M) 23. Position error limit is exceeded (SMPER) — servos

8. In Jog Mode (JOG 24. Load is within Target Zone (STRGID & STRGTV)

9. In Joystick Mode (JOY) 25. Target Zone timeout occurred (STRGTT)

10. In Encoder Step Mode (ENC) — steppers  26. Motion suspended, pending GONEN
11. Position Maintenance on (EPM)—steppers 27. LDT Position Read Error — 6270 only

12. Stall detected (ESTALL) — steppers 28. Registration move occurred since last GO

13. Drive shutdown occurred 29. RESERVED

14. Drive fault occurred (enable | NFENL first) 30. Pre-emptive (OTF) GOor Registration profile not possible
15. Positive-direction hardware limit hit 31. RESERVED

16. Negative-direction hardware limit hit 32. RESERVED

Reports extended axis-specific conditions. * (TASX) T (ASX)

1. Motor fault occurred — 610n only

2. Low-voltage — 610n only

3. Overtemperature fault — 610n only

4. Drive Fault input is active (hardware state is recognized whether or not the drive is enabled)

TSSF Reports current system conditions. *(TSS) T (S

1. System is ready 17. Loading Thumbwheel Data (TWoperator)

2. RESERVED 18. In External Program Select Mode (I NSELP)
3. Executing a Program 19. Dwell in Progress (T command)

4. Last command was immediate 20. Waiting for RP240 Data (DREAD or DREADF)
5. In ASCII Mode 21. RP240 Connected — stand-alone products

6. In Echo Mode (ECHO) — stand-alone products 22. Non-volatile Memory Error — stand-alone products
7. Defining a Program (DEF) 23. Gathering servo data — servo products

8. In Trace Mode (TRACE) 24. RESERVED

9. In Step Mode (STEP) 25. Position captured with trigger A (TRG-A)

10. In Translation Mode — AT6nn0 only 26. Position captured with trigger B (TRG-B)

11. Command error (check with TCVDER) 27. Position captured with trigger C (TRG-C)

12. Break Point Active (BP) 28. Position captured with trigger D (TRG-D)

13. Pause Active (PS or pause input) 29. Compiled memory partition is 75% full

14. Wait Active (WAI T) 30. Compiled memory partition is 100% full

15. Monitoring On Conditions (ONCOND) 31. Compile operation (PCOWP) failed

16. Waiting for Data (READ) 32. RESERVED

TINOF Reports extended axis-specific conditions. *(TINO T (I1NO

1. Joystick Auxiliary Input is active

2. Joystick Trigger Input is active

3. Joystick Axes Select Input is active

4. Joystick Velocity Select Input is high (selects JOYVH; low selects JOYVL)

5. Joystick Release Input is active

6. P-CUT input OK (motion not inhibited) — steppers; ENBL input OK (motion not inhibited) — servos
7. NOT USED (always @)

8. NOT USED (always @)
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TFSF Reports Following Mode conditions (details on page 193). *(TFS) 1 (FS)

1. Slave is in a Following ratio move 17. Master Position Prediction Mode enabled (FPPEN)
2. Current ratio is negative 18. Master Position Filtering Mode enabled (FFI LT)
3. Slave is changing ratio 19. RESERVED

4. Slave at ratio (constant non-zero ratio) 20. RESERVED

5. FOLMAS Active 21. RESERVED

6. Following Mode enabled (FOLEN) 22. RESERVED

7. Master is moving 23. RESERVED

8. Master direction is negative 24. RESERVED

9. OK to Shift 25. RESERVED

10. Shifting now 26. RESERVED

11. FSHFC-based shift move is in progress 27. RESERVED

12. shift direction is negative 28. RESERVED

13. Master cycle trigger input is pending 29. RESERVED

14. Mas cycle length (FMCLEN) given 30. RESERVED

15. Master cycle position is negative 31. RESERVED

16. Master cycle number is > 0 32. RESERVED

TERF Reports error conditions. ** *(TER) T (ER
1. Stall detected. 1st: Enable Stall Detection (ESTALL). 17. RESERVED
2. Hardware end-of-travel limit encountered. 1st: Enable hard limits (LH). 18. RESERVED
3. Software end-of-travel limit encountered. 1st: Enable hard limits (LH). 19. RESERVED
4. Drive Fault input is active. 1st: Set fault level & enable (DRFLVL & | NFEN).  20. RESERVED
5. RESERVED 21. RESERVED
6. A programmable input, defined as a “kill” input (I NFNG - O), is active. 22. RESERVED
7. A programmable input, defined as a “user fault” input (I NFNG - F), is active. 23. RESERVED
8. A programmable input, defined as a “stop” input (I NFNG - D), is active. 24. RESERVED
9. P-CUT input not grounded (steppers); ENBL input not grounded (servos). 25. RESERVED
10. Pre-emptive (OTF) GQOor Registration profile not possible. 26. RESERVED
11. Target Zone Settling Timeout Period (STRGIT value) is exceeded. 27. RESERVED
12. Max. position error (SMPER value) is exceeded. — servos only 28. RESERVED
13. RESERVED 29. RESERVED
14. GONHEN condition already true. 30. RESERVED
15. LDT position read error — 6270 only 31. RESERVED
16. Bad command detected (use TCMDER to identify the bad command) 32. RESERVED

** The error condition will not be reported until you enable the respective error-checking bit with the ERRCR
command (for details, see page 30 or the ERROR command description). NOTE that when if the error-checking
bit is enabled and the error occurs, the controller will branch to the “error” program that you assigned with the
ERRORP command.

Other status commands commonly used for diagnostics:

TDI R......... Identifies the name and number of all programs residing in the 6000 product's memory. Also reports
percent of available memory for programs and compiled path segments.

... Identifies the bad command that caused the error prompt (?). (see page 238 for details)
... Execution status (and line of code) of the current program in progress.

Binary report of all programmable and trigger inputs (“1” = active, “@' = inactive). | NFNC also
reports the state and programmed function of each input. (see page 107 for bit assignments)

TOUT......... Binary report of all programmable and auxiliary outputs (“1” = active, “@' = inactive). OUTFNC also
reports the state and programmed function of each output. (see page 107 for bit assignments)

TPER......... Reports the difference between the commanded position and the actual position as measure by the
feedback device. Steppers: this command may be used only when the controller is in encoder step
mode (ENC1).

Current position of the motor. (steppers only)

Current position of the encoder.

... Current position of the feedback device selected with the last SFB command. (servos)
Current position of the Following master axis.

Current position of the Following slave axis.

Current master cycle number.
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List of All Status SPECIAL NOTATIONS

Commands * The command responds with a binary report. This is used more by experienced 6000

programmers. Using the bit select operator (. ), you can check the status of one
particular bit (e.g., The 2TAS. 1 command reports “1” if axis #2 is moving or “@' if it is not
moving.). In the binary report, the bits are numbered left to right, 1 through n. A *“1”in
the binary report correlates to a “YES” in the full text report, and a “@’ correlates to a “NO’
in the full text report.

A The command has a full-text report version (just add an “F” when you type it in—e.g.,
TASF). This makes it easier to check status information without having to look up the
purpose of each status bit. (see full-text descriptions on pages 232-234)

t The command has an assignment/comparison operator that uses the bit status for
conditional expressions and variable assignments. For example, the WAl T( 2AS. 1=b@)
pauses progress execution until axis #2's status bit number 1 (2AS. 1) reports a binary
zero value (indicates that the axis is not-moving). See page 6 and page 25 for more
information on using assignment and comparison operators in conditional expressions
and variable assignments.

COMMAND STATUS SUBJECT

Voltage of ANI inputs (servo products with ANI option) t
Voltage of Joystick Analog Inputs (n/a to OEM-AT6n00 and single-axis products) T
Binary Report of Axis Status *A T

Binary Report of Axis Status — extended *A

Value of Captured ANI Input T

...Command Error (view command that caused the error prompt)
Hardware Counter Value

Digital-to-Analog (DAC) Voltage (Servos) t
Program Directory and Available Memory

Data Pointer Status 1

Error Status *A T

Program Execution Status T

Position of Selected Feedback Devices T

Binary Report of Following Status *A T

Current Value of Active Servo Gains

Binary Report of Status of Programmable Inputs * t
Status of Joystick Inputs and P-CUT or ENBL *A T
Binary Report of Interrupt Status * t

Defined Labels (names of)

Position of LDT T

Binary Report of Hardware Status of All Limit Inputs t
Memory Usage (partition and available memory)
Master Cycle Number t

Binary Report of Status of Programmable Outputs * T
Position of ANI Inputs (servos with ANI option) T
Commanded Position (servos) T

Captured ANI Input Position (servos with ANI option)
Captured Commanded Position (servos) T

Captured Encoder Position T

Captured LDT Position (6270) T

Captured Motor Position (steppers)

Position of Encoder 1

Position Error T

Position of Motor (steppers) T

Position of Master Axis t

Contents of a Program

Net Position Shift 1

Current Commanded Position of the Slave Axis T
Firmware Revision Level

Servo Gain Sets

Number of Free Segment Buffers

Binary Report of System Status *A

Statistics

Settling Time

Time Value T

User Status *

Current Commanded Velocity t

Current Actual Velocity T

Current Velocity of the Master Axis T
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Error Messages

Depending on the error level setting (set with the ERRLVL command), when a programming
error is created, the 6000 controller will respond with an error message and/or an error prompt.
A list of all possible error messages is provided in atable below. The default error prompt is
aquestion mark (?), but you can change it with the ERRBAD command if you wish.

At error level 4 (ERRLVL4—the factory default setting) the 6000 controller responds with
both the error message and the error prompt. At error level 3 (ERRLVL3), the 6000 controller
responds with only the error prompt.

Error Response

Possible Cause

ACCESS DENI ED

Program security feature enabled, but program access input (I NFNG - Q not activated

ALREADY DEFI NED FOR THUMBWHEELS

Attempting to assign an I/O function to an I/O that is already defined as a thumbwheel I/O

AXES NOT READY

Compiled Profile (includes contouring) path compilation error

COVVAND NOT | MPLEMENTED

Command is not applicable to the 6000 Series product

ERROR: MOTI ON ENDS | N NON- ZERO
VELOCITY - AXIS n

Compiled Motion: The last GOBUF segment within a PLOOP/PLN loop does not end at zero
velocity, or there is no final GOBUF segment placed outside the loop.

EXCESSI VE PATH RADI US DI FFERENCE

Contouring path compilation error

FOLMAS NOT SPECI FI ED

No FOLMAS for the axis is currently specified. It will occur if FMCNEW FSHFC, or FSHFD
commands are executed and no FOLMAS command was executed, or FOLMAS@was
executed.

| NCORRECT AXI S

Axis specified is incorrect

| NCORRECT DATA

Incorrect command syntax.

Following: Velocity (V), acceleration (A), or deceleration (AD) command is zero. (used by
FSHFC & FSHFD)

I NSUFFI Cl ENT MEMORY

Not enough memory for the user program or compiled profile segments. See memory
allocation guidelines on page 12.

I NVALI D COMMAND

Command is invalid because of existing conditions

I NVALI D CONDI TI ONS FOR COMVAND

System not ready for command (e.g., LN command issued before the L command).

Following (these conditions can cause an error during Following):

» FOLMD command value is too small to achieve the preset distance and still remain
within the FOLRN/FOLRD ratio.

* A command phase shift cannot be performed:
Error if already shifting or performing other time based move.

Error if currently executing a FSHFD move, or if currently executing
another FSHFC move in the opposite direction.

e The FOLEN1 command was given while a profile was suspended by a GONHEN.

I NVALI D CONDI TI ONS FOR S_CURVE
ACCELERATI ON—FI ELD n

Average (Aavg) acceleration or deceleration command (e.g., AA, ADA, HOVAA, HOVADA,
etc.) with a range that violates the equation 1/2Amax < Agyg < Amax- (Amax is the maximum
accel or decel command—e.g., A, AD, HOVA, HOVAD, etc.)

I NVALI D DATA

Data for a command is out of range

Following (these conditions can cause an error during Following):
* The parameter supplied with these commands is invalid:

Error if: smooth number is not 0-4
Error if: master steps > 999999999 or negative

. master steps > 999999999 or <-999999999
: master steps > 999999999 or negative

if: master steps > 999999999 or negative

if. slave steps>999999999 or negative

if. number is not 0-3

. slave steps>999999999 or <-999999999
Error if:
Error if:

position > 999999999 or <-999999999
position > 999999999 or <-999999999

« Error if a GOcommand is given in the preset positioning mode (MO2) and:

FOLRN = zero

FOLMD = zero, or too small (see Preset Moves on page 200)

236 6000 Series Programmer's Guide



Error Responses (continued)

Error Response

Possible Cause

I NVALI D FOLMAS SPECI FI ED

Following: An illegal master was specified in FOLMAS. A slave may never use its own
commanded position or feedback source as its master.

I NVALI D RATI O

Following: Error if the FOLRN:FOLRD ratio after scaling is > 127 when a QQis executed.

LABEL ALREADY DEFI NED

Defining a program or label with an existing program name or label name

MAXI MUM COMVAND LENGTH EXCEEDED

Command exceeds the maximum number of characters

MAXI MUM COUNTS PER SECOND EXCEEDED

Velocity value is greater than 1,600,000 counts/second.

MOTI ON | N PROGRESS

Attempting to execute a command not allowed during motion (see Restricted Commands
During Motion on page 18).

Following: The FOLENL command was given while that slave was moving in a non-
Following mode.

NEST LEVEL TOO DEEP

| Fs, REPEATSs, WHI LEs, & GOSUBs nested greater than 16 levels

NO MOTI ON | N PROGRESS

Attempting to execute a command that requires motion, but motion is not in progress

NO PATH SEGVENTS DEFI NED

Compiled Profile (includes contouring) path compilation error

NO PROGRAM BEI NG DEFI NED

END command issued before a DEF command

NOT ALLOWED | F SFBZ

Changes to tuning commands (SG LI M SGAF, SGAFN, SA , SA N, SGP, SGPN, SGV,
SGVN, SGVF, SGVFN) and SMPER are not allowed if SFBJis selected.

NOT ALLOWED I N PATH

Compiled Profile (includes contouring) path compilation error

NOT DEFI NI NG A PATH

Executing a compiled profile or contouring path command while not in a path

NOT VALI D DURI NG FOLLOW NG MOTI ON

A GOcommand was given while moving in the Following mode (FOLENL) and while in the
preset positioning mode (M22).

NOT VALI D DURI NG RAMP

A G0command was given while moving in a Following ramp and while in the continuous
positioning mode (MC1). Following status (FS) bit #3 will be set to 1.

PATH ALREADY MOVI NG

Compiled Profile (includes contouring) path compilation error

PATH NOT COWPI LED

Attempting to execute a individual axis profile or multi-axis contouring path that has not been
compiled

PATH RADI US TOO SMALL

Contouring path compilation error

PATH RADI US ZERO

Contouring path compilation error

PATH VELOCI TY ZERO

Contouring path compilation error

STRI NG ALREADY DEFI NED

A string (program name or label) with the specified name already exists

STRING IS A COMVAND

Defining a program or label that is a command or a variant of a command

UNDEFI NED LABEL

Command issued to product is not a command or program name

WARNI NG PO NTER HAS WRAPPED
AROUND TO DATA PO NT 1

During the process of writing data (DATTCH) or recalling data (DAT), the pointer reached the
last data element in the program and automatically wrapped around to the first datum in the
program

WARNI NG ENABLE | NPUT | NACTI VE

Servo controllers only: ENBL input is no longer connected to ground (GND)

WARNI NG PULSE CUT | NPUT ACTI VE

Stepper controllers only: PCUT input is no longer connected to ground (GND)

WARNI NG DEFI NED W TH ANOTHER
TW PLC

Duplicate 1/0 in multiple thumbwheel definitions
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Identifying Bad
Commands

238

To facilitate program debugging, the Transfer Command Error (TCMDER) command allows
you to display the first command that the controller detects as an error. Thisis especially
useful if you receive an error message when running or downloading a program, because it
catches and remembers the command that caused the error.

Using Motion Architect:

If you are typing the command in alive Motion Architect terminal emulator session, the
controller will detect the bad command and responds with an error message, followed by the
ERRBAD error prompt (?). If the bad command was detected on download, the bad command
isreported automatically (see example below).

NOTE: If you are not using Motion Architect, you'll have to type in the TCMDER command
at the error prompt to display the bad command.

Once acommand error has occurred, the command and its fields are stored and system status bit
#11 (reported in the TSSF, TSS and SS commands) isset to 1, and error status bit #16
(reported in the TERF, TER and ER commands) issetto 1. The status bit remains set until
the TCVDER command is issued.

Example Error 1. In Motion Architect's program editor, create and save a program with a programming error:

Scenario

DEL badprg ; Delete a program before defining and downl oadi ng

DEF badprg ; Begin definition of programcalled badprg

MAL1 ; Select the absol ute preset positioni ng node

A25, 40 : Set accel eration

AD11, 26 ; Set decel eration

\5, 8 ; Set velocity

VARL=0 ; Set variable #1 equal to zero

[coiki ; Initiate nove on both axes

| F(VARL<)16 ; M STYPED | F STATEMENT - shoul d be typed as "I F(VARL<16)"
VARL=VARL+1 ; |f variable #1 is |l ess thanl6, increnent the counter by 1
N F ; BEnd | F statenent

END ; End programm ng of program call ed badprg

2. Using Motion Architect's termina emulator, download the program to the 6000 Series
product. Notice that an error response identifies the bad command as an “I NCORRECT
DATA” item and displaysit:

> *NO ERRCRS

*| NOCCRRECT DATA
> *| F(VARL<) 16
>
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Trace Mode

Y ou can use the Trace mode to debug a program. The Trace mode allows you to track,
command-by-command, the entire program asit runs. The 6000 controller will display all of
the commands as they are executed. For stand-alone controller users, program tracing is aso
available on the RP240 display (see page 134).

The example below demonstrates the Trace mode.

Step1 Create aprogram caled pr ogl:

DEF progl ;

’
’
)
)
’
’
1

Step2 Create program pr og3:

DEF prog3
D50000
o)

END

Step3 Enable the Trace Mode;
TRACEL

Begin definition of program progl

; Acceleration is 10

Decel eration is 10

; Velocity is 5

Loop 3 tines

Gosub to program #3 (prog3)

End the | oop

End definition of program progl

Begi n definition of program prog3
Sets the distance to 50, 000
Initiates notion

End definition of program prog3

Enabl es the Trace node

Step4  Execute the program pr ogl: (each command in the program is displayed asit is executed)

EOri3, 10,0 ;
RUN progl ;

The response will be:

* PROGRAMEPROGL
* PROGRAMEPROGL
* PROGRAMEPROGL
* PROGRAMEPROGL
* PROGRAMEPROGL
* PROGRAMEPROG3
* PROGRAMEPROG3
* PROGRAMEPROG3
* PROGRAM:PROGL
* PROGRAVEPROGL
* PROGRAMEPROG3
* PROGRAM:PROG3
* PROGRAMEPROG3
* PROGRAMEPROGL
* PROGRAMEPROGL
* PROGRAMEPROG3
* PROGRAMEPROG3
* PROGRAMEPROG3
* PROGRAMEPROGL
* PROGRAMEPROGL

Set End-of - Transm ssion characters to <cr>, <l f>
Run program progl

COWAND=A10. 0000

COWAND=AD10. 0000

COMVAND=V5. 0000

COMWAND=L3

COWAND=GO8UB PROG3  LOOP COUNT=1
COMVAND=D50000 LOCP GOUNT=1
COWAND=GO1L LCOCP COUNT=1
COWAND=END LGOCP OCOUNT=1
COMVAND=LN LOCP COUNT=1
COWAND=COSUB PROG3  LOCOP COUNT=2
COMWAND=D50000 LOCP OOUNT=2
COMVAND=GOL LOCP COUNT=2
COWAND=END LQOCP OOUNT=2
COWAND=LN LOCP COUNT=2
COMVAND=CCBUB PROG  LOCP GOUNT=3
COWAND=D50000 LGOCP OCOUNT=3
COWAND=GO1L LOCP OGOUNT=3
COMVAND=END LCOCP COUNT=3
COWAND=LN LOCP COUNT=3
COMVAND=END

The format for the Trace mode display is:

Pr ogr am Nane
Pr ogr am Nane
Pr ogr am Nane

Step5 EXit the Trace Mode.
TRACEO

Command ... Loop Count or
Command ... Repeat Count or
Command ... \hile Count

D sabl es the Trace node
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Single-Step Mode

Step 1

Step 2

Step 3

Step 4

Step 5

The Single-Step mode allows you to execute one command at atime. Use the STEP
command to enable Single-Step mode. To execute acommand, you must use the ! # sign.
By entering a! # followed by a delimiter, you will execute the next command in the sequence.
If you follow the ! # sign with a number (n) and a delimiter, you will execute the next n
commands. The Single-Step mode is demonstrated below (using the programs from the Trace
mode above).

Enable the Single-Step Mode:
STEP1 ; Enables Single Step Mde

Enable the Trace Mode and begin execution of program pr og1l:

TRACEL ; Enabl es the Trace node
RN progl ; Run programcal |l ed progl

Execute one command at atime by using the ! # command:

1 # ;. Executes one comrand
The response will be:

* PROGRAMEPROGL COMVAND=A10. 0000

To execute more than one command at atime, follow the ! # sign with the number of
commands you want executed:

| #3 ;. Executes three commands

The response will be:
* PROGRAM=PROGL COMVAND=AD10. 0000
* PROGRAMEPROGL COMVAND=V5. 0000
* PROGRAMEPROGL COMVAND=L3

To complete the sequence, use the # sign until all the commands are completed (! #16 would
complete the example).

To exit Single-Step mode, type:
STEPO ; Dsables Single Step Mde

Simulating I/O Activation

240

If your application has inputs and outputs that integrate the 6000 controller with other
components in your system, you can simulate the activation of these inputs and outputs so
that you can run your programs without activating the rest of your system. Thus, you can
debug your program independent of the rest of your system.

There are two commands that allow you to simulate the input and output states desired. The
I NEN command controls the inputs and the OUTEN command controls the outputs.

Servo Products

The | NEN command has no effect on the trigger inputs (TRG-A through TRG-D) when they are
configured as trigger interrupt (position latch) inputs with the | NFNCi - Hcommand.

The QUTEN command has no effect on the auxiliary outputs (OUT-A through OUT-D) when
they are configured as output-on-position outputs with the OUTFNCi - Hcommand.

Y ou will generally use the | NEN command to cause a specific input pattern to occur so that a
program can be run or an input condition can become true. Use the OUTEN command to
simulate the output patterns that are needed, and to prevent an external portion of your system
from being initiated by an output transition. When you execute your program, the OUTEN
command overrides the outputs and holds them in a defined state.
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Input and Output Bit Patterns Vary by Product

Input and output bit patterns vary by product. For example, the 6250's input pattern
comprises 24 general-purpose inputs (bits 1-24) and 2 trigger inputs (bits 25 & 26); in
contrast, the OEM6250's input pattern comprises 16 general-purpose inputs (bits 1-16) and
2 trigger inputs (bits 17 & 18). To ascertain the bit pattern for your product, consult the 1/O
bit pattern table on page 107.

Outputs The following steps describe the use and function of the OUTEN command.

Step1 Display the state of the outputs with the TOUT command:
TQJT ; Displays the state of the outputs

The response will be:
*TOUT0000_0000_0000_0000_0000_0000_00

Display the function of the outputs with the QUTFNC command:
QUTENC ; Displays the state of the outputs

The response will be:

*QUTFNCL- A PROGRAMVABLE QUTPUT - STATUS CFF
*QUTFENC2- A PROGRAMVABLE QUTPUT - STATUS CFF
*QUTENC3- A PROGRAMVABLE QUTPUT - STATUS CFF

;*OJTFI\CZG-A PROGRAMVABLE QUTPUT - STATUS CFF

Step2 Disable outputs 1 - 4, leave them in the ON state.

QUTENL111 ; Disable outputs 1-4, leave themin ON state
QUTFNC ; Displays the state of the outputs

The response will be:

*QUTFNCL- A PROGRAMWABLE QUTPUT - STATUS DI SABLED ON
*QUTFNC2- A PROGRAMVABLE QUTPUT - STATUS DI SABLED ON
*QUTFNC3- A PROGRAMVABLE QUTPUT - STATUS DI SABLED ON

;‘OJTFI\CZG-A PROGRAMVABLE QUTPUT - STATUS CFF

Step3  Change the output state using the OUT command. The status of al outputs, including
auxiliary outputs, is displayed. The output bit pattern varies by product. To determine the bit
pattern for your product, refer to the OUTEN command description.

Quri1010 ; Activates outputs 1 and 3, deactivates outputs 2 and 4

Display the state of the outputs with the OUTFNC command.
QUTFNC ; Displays the state of the outputs

The response will be:
* QUTFNCL- A PROGRAMWABLE QUTPUT - STATUS DI SABLED ON

*QUTFNC2- A PROGRAMVABLE QUTPUT - STATUS DI SABLED ON
*QUTFNC3- A PROGRAMVABLE QUTPUT - STATUS D SABLED ON

;*OJTFI\CZS—A PROGRAMVABLE QUTPUT - STATUS CFF

Notice that output 2 and output 4 have not changed state because the output (OQUT) command
has no effect on disabled outputs.

Step4 To re-enable the outputs, use the OUTEN command.
QUTENEEEE ; Re-enabl es outputs 1-4

Chapter 7. Troubleshooting 241



Inputs

Step 1

Step 2

Step 3

Step 4

Step 5

The steps bel ow describe the use and function of the | NEN command. Y ou can useit to cause
an input state to occur. The inputs will not actually be in this state but the 6000 controller
treats them as if they are in the given state and will use this state to execute its program.

This program will wait for an input state to occur and will then make a preset move:

| NENC1- A ; Input #1 is has no function

| NFNC2- A ; Input #2 is has no function

| NLVLOO ; Set input #1 and #2 active level to low
DEF prog8 ; Begin definition of program prog8

A100 ;. Acceleration is set to 100

AD100 ; Deceleration is 100

\5 ; Velocity is 5

D25000 ; D stance is 25,000

WAL T(I N=b11) ; Waits for the input state to be 11

co} ; Initiate notion

END ; End definition of program prog8

Enable the Trace mode so that you can view the program asit is executed:
TRACEL ; Enabl es the trace node

Execute the program:

RUN pr og8 ; Runs program prog8

The program will execute until the WAI T( 1 N=b11) command is encountered. The program

will then pause, waiting for the input condition to be satisfied. Simulate the input state using
the | NEN command. Inputs with an E value are not affected. Note that the input bit pattern
varies by product. To determine the bit pattern for your product, refer to the | NEN command
description.

Il NEN11 ; Disables inputs 1 and 2, leaving themin the ON state
The motor will now move for 25000 steps.

Deactivate the input simulation:
| NENEE ; Re-enables inputs 1 and 2

Simulating Analog Input Channel Voltages

Without actually applying any voltage, you can test any command or function that references
the voltage on the analog channels found on the JoYSTICK connector. For example,

ANVOL. 2, 1. 6, 1. 8 overrides the hardware analog input channels 1 through 3 as follows:
1.2V on channel 1, 1.6V on channel 2, and 1.8V on channel 3.

The ANVOvalues will be recognized only for those analog input channels for which ANVOEN
issetto 1 (e.g., Given ANVOENZL1, the ANVOvalues 1.6V and 1.8V will be referenced for
analog channels 2 and 3 only.).

Another application for the ANVO command may be to use it in an ERRORP program to
override the analog input voltage in response to a fault.

Motion Architect's Panel Module

242

[]

User instructions are
provided in the
Motion Architect
User Guide.

Motion Architect's Panel module provides tools to create custom test panels to test your
programs and monitor the following:

1/0 (programmable /O, analog 1/0, limits)

Motion (motor and feedback device position, velacity)

Status (axis, system, interrupt, user-defined, Following)

Timer and counter values

Terminal (direct communication with the product, to check for error messages, etc.)
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Downloading Error Table (bus-based controllers only)

Error Description Reason/Corrective Action

1 Operating System File Not Found The operating system specified, or the default operating system (if unspecified) could not be
found by the AT6nnn. EXE loader program. Put the AT6nnn. OPS in the same directory as
the AT6nnn. EXE file.

2 Invalid Operating System File The operating system specified, or the default operating system (if unspecified) is not a valid
operating system or is corrupted. Re-install the operating system from the original disk.

3 Unexpected EOF An EOF character was received during the download. Re-install the operating system from
the original disk.

4 Invalid Port Address The port address specified while downloading is invalid. Use another address setting
(768 < port < 1024 in increments of 8).

5 Unknown Option An unknown option was specified on the AT6nnn. EXE command line.

6 Base Port Address Greater than 1024  The base port address is too high. Specify an address between 768 and 1024 decimal with the
/| PORT= parameter.

7 Base Port Address Less than 255 The base port address is too low. Specify an address between 768 and 1024 decimal with the
/| PORT= parameter.

8 Base Port Address Not a Multiple of 8  The base port address is not a multiple of 8. Specify a valid address with the / PORT=
parameter.

9 Modified Download Requested A partial download was requested on the command line.

10 Card Controller Error The card controller did not respond as expected. Verify that you are downloading to the correct
address. Make sure there are no other peripheral cards (network adapters, bus mouse, etc.)
at the same address. Try changing the card address.

n Card Not found The card did not respond as expected. Verify that you are downloading to the correct address.
Make sure there are no other peripheral cards (network adapters, bus mouse, etc.) at the
same address. Try changing the card address.

12 Reading Card Rev The card appeared to be working as expected until the revision was requested. Verify that you
are downloading to the correct address. Make sure there are no other peripheral cards
(network adapters, bus mouse, etc.) at the same address. Try changing the card address.

13 Waiting for Data Ready The card did not respond when expected. Verify that you are downloading to the correct
address. Make sure there are no other peripheral cards (network adapters, bus mouse, etc.)
at the same address. Try changing the card address.

14 Purging Data Out Buffer The card output buffer could not be emptied. Verify that you are downloading to the correct
address. Make sure there are no other peripheral cards (network adapters, bus mouse, etc.)
at the same address. Try changing the card address.

15 Waiting for Data Input Buffer Empty The card did not respond to the data sent to it. Verify that you are downloading to the correct
address. Make sure there are no other peripheral cards (network adapters, bus mouse, etc.)
at the same address. Try changing the card address.

16 Time-out Waiting for Processor The card did not respond as expected. The green LED on the back of the PC-card should be

Startup on for this error to occur. Verify that you are downloading to the correct address. Make sure
there are no other peripheral cards (network adapters, bus mouse, etc.) at the same address.
Try changing the card address. Use a fresh copy of the operating system from the disk that
was shipped with the card. If the green LED on the back of the card flashes briefly during
download of the operating system, the card may need repair.

17 CRC Error The CRC value calculated during download is not the same as stored with the operating
system. Either the file is corrupted on disk, or was corrupted during download. Try a fresh
copy of the operating system. If your computer has a Turbo switch, switch it to low speed.

18 Operating System Rev not The operating system being downloaded is not compatible with the AT6nnn. EXE file

Compatible with Loader Rev (downloader) being used. Use the same downloader on the diskette with the operating
system.

19 Incompatible Card ROM rev The card ROMS and the AT6nnn. EXE file (downloader) are incompatible. If you are using a
new downloader, obtain a new set of ROMS from the factory.

20 Card Read Error (bad compare) The downloader is unable to communicate reliably with the card. Try switching to 8-bit mode
on the card, switching out of Turbo mode on your PC, or using a different address.

21 Card Read Error (outbuf) The downloader is unable to empty the output buffer. There may be an address conflict with
another board. Try a different address.

23 Card ROMS - Unsupported Option The card ROMS do not support the option specified on the command line. Obtain a ROM

Requested update from the factory.

24 NULL Error
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Technical Support

For solutions to your questions about implementing 6000 product software features, first ook
in thismanual. Other aspects of the product (command descriptions, hardware specs, 1/0
connections, graphical user interfaces, etc.) are discussed in the respective manuals listed above
in Reference Documentation (see pageii).

If you cannot find the answer in this documentation, contact your local Automation
Technology Center (ATC) or distributor for assistance.

If you need to talk to our in-house application engineers, please contact us at the numbers
listed on the inside cover of this manual. (The phone humbers are also provided when you
issue the HEL P command to the 6000 controller.)

Product Return Procedure

244

Step 1

Step 2

Step 3

If you must return your 6000 Series product to affect repairs or upgrades, use this procedure:

Get the serial number and the model number of the defective unit, and a purchase order number
to cover repair costs in the event the unit is determined by the manufacturers to be out of
warranty.

Before you return the unit, have someone from your organization with atechnical
understanding of the 6000 Series product and its application include answers to the following
guestions:
*  What isthe extent of the failure/reason for return?
* How long did it operate?
» Did any other itemsfail at the same time?
*  What was happening when the unit failed (e.g., installing the unit, cycling power,
starting other equipment, etc.)?
» How wasthe product configured (in detail)?
*  What, if any, cables were modified and how?
»  With what equipment is the unit interfaced?
*  What was the application?
» What was the system environment (temperature, enclosure, spacing, unit orientation,
contaminants, etc.)?
*  What upgrades, if any, are required (hardware, software, user guide)?

Call for areturn authorization. Refer to the Technical Support phone numbers provided on the
inside cover of this manual. The support personnel will aso provide shipping guidelines.
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16-bit mode 39
6000 DOS Support Disk 37
8-bit mode 39

A

absolute position
absolute positioning mode 88
absolute zero position 88
establishing 88
status 88
acceleration
change on the fly 87, 178
maximum (steppers) 216
S-curve profiling 146
scaling 84, 196
units of measure 87
access to RP240 functions 137
accuracy
Following, factors affecting 216
position capture 113, 182
active damping 82
address
conflict 228
daisy chain (RS-232) 72
downloading to 39
multi-drop (RS-485) 75
ANA output, use of 142
analog inputs (joystick)
override voltage 140, 242
status from RP240 136
analog output (servos)
add a square wave (dither) 101
aux. output (ANA) 142
offset 102
setting max & min limits 102
ANI input 142
4-20 mA feedback 142
position 136
anti-resonance 82

N DE X

application examples

cam profiling (using compiled
Following) 172, 175

continuous cut-to-length 211

continuous phase shift 202

contouring 161

electronic gearbox 204

grinding (using distance streaming)
149

packaging (using on-the-fly motion)
180

PLC 127
preset phase shift 203
registration 184, 185, 186
scaling setup 86
servo setup 103
spindle (using compiled motion) 170
stamping (using compiled Following)
174
teaching data points 122
trackball 205
using ANI inputs 127
using joystick 127
using programmable /O 127
using RP240 127
application program
developing your own 42
downloading from 40
downloading from DOS prompt 41
terminal emulation 41
arc segments 153, 157
assignment & comparison operators 6
used in conditional expressions 24
assignment of master and slave 194
assumptions, skills required to
implement features ii
AT6N00 reference iii
auxiliary programmable outputs 119
axes, participating 79

axis moving status 233
axis scaling 83
axis status 135, 233
extended 233
axis status, relative to Following 222

background polling loop 68
base address 43
BCD program select input 110
before you start programming iii
begin program definition (DEF) 9
binary variable (VARB) 25
binary variables (VARB) 18, 22
bit patterns, programmable /O 107
bit select operator (.) 5, 7
bitwise operations (and, or, not, etc.)
22
Boolean operations 21
Borland Turbo C 2.0 38
Borland Turbo PASCAL 5.0 38
branching 23
conditional 24
unconditional 23
buffers
buffered commands
control execution of 16
executed during motion 89, 178
stored in a program 8
command 89, 111
input 63
output 42, 63, 67
ring 68
bus communication registers 43
bus-based controllers
device driver (DLL) 51
interrupt path 63
operating system, see operating
system
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C

C (tangent) axis, contouring 154, 159
C program, downloading from 40
CAD-to-motion software iv, 2

capture positions (motor, encoder,

ANI, LDT, commanded) 112

carriage return, command delimiter 5
case sensitivity 5
CCW end-of-travel limits, see limits,

end-of-travel

center joystick position 138
center specified arcs 158
change summary i
characters

command delimiters 5
comment delimiter 5
field separators 5
limit per line 5

neutral (spaces) 5

checksum 33

circles 158

circular buffers 68

closed-loop operation, steppers 95
COM ports, controlling 70
commanded direction polarity

servos 101
steppers 97

commanded position

absolute position reference 88
slave, tracking error 215
status 234

commands

4.x (new), see Change Summary
buffer 89, 111
after pause 111
after stop 111
command buffer execution
after end-of-travel limit
(COMEXL) 17
after in-position signal
(COMEXP) 17
after kill (COMEXK) 16
after pause/continue input
(COMEXR) 17
after stop (COMEXS) 17
continuous (COMEXC) 16
command value substitutions 6
delimiters 3, 5
errors in programming 238
executed during motion 178
Following (list of) 225
immediate 3, 89
restricted execution during motion
18
setup command list 78
status 232
syntax 3

comment delimiter 3, 5
communication

246

AT bus registers 43

controlling multiple serial ports 70

DDE server 50

DLLs 51

DOS support software iv, 37
downloading 39
terminal emulation 41

interrupt 63

Motion Architect iii
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communication (continued)

OCX toolkit 62

problems 228

RS-232C daisy-chaining 72

RS-485 multi-drop 75

via RP240 terminal 131
compiled motion 163

compare with on-the-fly motion

changes 169

Following profiles 166

related commands 169

sample applications 170
CompuCAM™ v, 2
computer interrupts 63
conditional branching 24, 28

conditional expression examples 25

conditional GO 186
pending trigger input 113, 189
conditional looping 24, 28

conditional statements using PMAS

209

configuration
6104 internal drive 82
address 73
closed-loop stepper setup 95
DAC output limits 102
disable drive on kill 82
dither 101
drive fault level 80
drive resolution 81
end-of-travel limits 90
feedback device polarity 100
Following setup 194
homing 91
inputs 108
jogging 114
joystick 138
memory allocation 12
outputs 116
participating axes 79
positioning modes 87
scaling 83
servo control signal offset 102
servo setup 98
setup commands, list 78
setup program 14
start/stop velocity 82
step pulse (steppers) 81
target zone 105
thumbwheel 129
tuning 99
variable arrays 120

continue (!C) 111

continue execution on pause/resume

(COMEXR) 17, 111

continue execution on stop (COMEXS)

17,111
continue input 111
continue key on RP240 130

continue, effect on Following motion

222

continuous command execution mode

(COMEXC)
effect in continuous positioning
mode 89

continuous cut-to-length application

211

continuous positioning mode 87, 89
Following 199, 219
distance calculations 220
contouring 153
acceleration 155
scaling 84
affected by drive resolution 81,
154
affected by pulse width 81
arcs 157
C axis 153, 154, 159
circles 158
compiling a path 160
deceleration 155
scaling 84
defining a path 153
distance, scaling 85
effected by pulse width 154
endpoints 155
executing a path 161
helical interpolation 155, 159
lines 156
local coordinates 156
memory allocation 12
outputs along path 160
P (proportional) axis 153, 154,
159
participating axes 154
programming errors 161
scaling 83
segment boundary 158
stall 159
velocity 155
scaling 84
work coordinates 156
controlling multiple serial ports 70
correction, velocity 216
counter 96
value, assignment/comparison
(CNT) 26
counting, master cycle, see master,
master cycle
current standby mode 82
current waveform 82
CW end-of-travel limits, see limits, end-
of-travel

D

DAC output, limiting 102
daisy-chain 72
including RP240 74
data
fields, in command syntax 4
read from serial port or PC bus 26
read from the RP240 26
teach to variable arrays 120
datapoint, streaming 148
DDE6000 (DDE server) 50, 144
deadband
joystick 138
position maintenance 95
stall 96
debounce time
position capture 112
program select input 110
programmable inputs 109
registration input 182



debugging tools 231

analog channel voltages, simulating

242
error messages 236
from RP240 134
I.D. bad command 238
I/O activation, simulating 240
problem/cause/solution table 228
single-step mode 240
status commands 232
trace mode 239
deceleration
change on the fly 87, 178
S-curve profiling 146
scaling 84
scaling, Following 196
units of measure 87
defining a program 9
delimiters
command 5
comment 5
detecting a stall 96
stall indicator output 118
device address, see address
device driver, dynamic link library
(DLL) 51
direction, changes in compiled motion
168
distance
calculations, Following 220
compiled moves 167
change on the fly 87, 178
fractional step truncation 85, 197
registration 182
scaling, see scaling
streaming 148
status 233
units of measure 87
dithering motors & hydr valves & 101
DLL 51, 144
function descriptions for Visual

drive (continued)

shutdown
LED status 230
on kill 82, 111
dwells & direction changes, compiled
motion 168

dynamic data exchange (DDE) server

50
dynamic link libraries (DLLs) 51
dynamic position maintenance 216
effect on accuracy 218

electrical noise, see Installation Guide

electronic gearbox application 204
electronic 1/0 devices 130
electronic viscosity 82
electronics concepts ii
enable input
as safety feature 126
status 233
enable or disable Following 198
status 193
while moving 222
encoder
encoder step mode (ENC1) 95
feedback for steppers 95
polarity reversal
servos 100
steppers 97
position 136
capture 112
resolution 95
setup example
servos 103
steppers 96
Z channel 91
end point
contouring 155
linear interpolation 152

feedback about this manual i
feedback source, changing (servos)
222
feedrate override 141
field separator (,) 5
filtering, master position, see master,
master position filtering
firmware revision, check with RP240
137
Following 192
commands, list of 225
compiled Following profiles 166
conditions used in conditional
expressions 27
enable or disable 198
status 193
while moving 222
error 215
performance considerations 193
prerequisites to Following motion
194
Ratio Following introduction 192
set-up parameters 194
status 193, 234
technical considerations 213
fractional step truncation 197
full or half step start/stop velocity 82

G

gains, servo tuning 99
view & edit from RP240 133
general purpose interrupt 68
global command identifier (@) 5
GOSUB 23
GOTO 23
GOWHEN 186
cleared by stop or kill 221
error condition 234
using PMAS 209, 223
via trigger input 113, 189

Basic 52 . L GUI development tools 144
function descriptions for Visual C++ encéEp’\rl%g)]rgm/subroutlne/path definition
58 .
DOS support software iv, 37 end-of-move settling 105 H
download program (from Motion end-of-travel limits, see limits, end of hard limit, see limits, end-of-travel
Architect) 10 travel hardware interrupts 64
downloading application programs from €' head pointer 68
clearing 31 helical interpolation 155, 159

DOS prompt 41
downloading, operating system
from application programs 40
from DOS 39
C40
error 39, 243
methods 39
PASCAL 40
from Motion Architect iii
LED status 230
problems 230
drive 126
6104 internal drive config. 82
fault input
active level (DRFLVL) 80
enable 80
status 233
on/off status 137
resolution 81
effect on contouring 81, 154
effect on Following 221

error handling 30
downloading errors 243
error level for daisy chains 72
related to safety 126
error messages 236
Following specific 224
Following (PER) 215
position (dynamic pos.
maintenance) 216
program, assignment 30
status 234
example programs ii
executing programs see program,
execution options

F

fast status registers 43
customizing 48
fault output 118

Help (technical support services) iv,
244
hexadecimal identifier (h) 22
Homing 91
home limit, see limits, home
status 233
zeroing the absolute position 91
host computer operation 143

1/0 activation (simulation) 240
1/0 device interface 128
IF 24
using PMAS 209, 223
IM32 module 129
immediate commands 3, 89
not stored in programs 8
immediate data read from RP240 27
immediate stop 89

Index 247
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in position input, effect on command

execution 17

in position output 117
incremental positioning mode 88
initial master cycle position 208
input buffer is 256 bytes 50

input ring buffer 68
input-buffer-is-empty interrupt 68
inputs 107

analog 138, 141

ANI option 142
application example 127

overriding 140

bit patterns 107

drive fault 126
active level (DRFLVL) 80
status 233

enable (ENBL) 126
status 233

encoder, see encoder

interrupts
conflict 228
enable within AT6nnn 63
enable within PC-AT 64
general-purpose 67
how to use (step-by-step) 65
important considerations 67
input-data-buffer-empty 67
interrupt driver 69
interrupt path 63
interrupt service routine (ISR) 63
maskable 64
output-buffer-has-data 67
PC-AT 63

programmable input function 114

program (ON conditions) 29
status-update 67
terminal emulator 68
vectors 64

end-of-travel limits 89, 90, 126 J

home limits 91
jogging 114
joystick 138
kill 111
limits 90
no function 109
one-to-one program select 115
pause/continue 111
PLC 130
program security 116
program select 110, 115
programmable 106, 128
bit patterns 107
debounce time 109
enable functions (INFEN),
effect on system
performance 33
function assignments 108
interrupt to PC-AT 114
kill 89
operand (IN) 25
pause/continue, effect on
command buffer 17
polarity 106
problems 231
program security 15
simulating activation 240
status 106, 108, 136
stop 89
update rate 106
pulse cut (P-CUT) 126
status 233
stop 111
thumbwheel 129
triggers
debounce time 109
position capture 112
problems 231

jerk, acceleration, reducing 146
jogging 114
negative direction (INFNCi-aK) 114
positive direction (INFNCi-aJ) 114
RP240 jog mode 134
speed select hi/low (INFNCi-aL) 114
status 134
velocity 134
high (JOGVH) 114
low (JOGVL) 114
joystick
analog inputs 138
status from RP240 136
voltage override 140
application example 122, 127
center deadband 138
center voltage 138
Daedal JS6000 138
inputs 139
status 233
status from RP240 136
interface 127, 138
problems 230
select input 138
velocity resolution 138
voltage override 140, 242
JS6000 joystick 138
JUMP 23

K

kill
assigned input function 89, 111
effect on command execution 16
effect on drive 82, 111
effect on Following motion 221
kill on stall 96

programmed functions (TRGFN) L

113
update rate 106
user fault 112, 126

interface options 127
interface routines 42
interpolation

circular/contouring (see contouring)
linear (see linear interpolation)
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labels ($) 23

LabVIEW Vis 144

last motion segment, compiled
motion165

LDT
distance scaling 85
position 136

read error 229, 234

LEDs 230
RP240 130
left-to-right math 5
length, master cycle 207
limit to DAC output 102
limits
end-of-travel 90, 126
effect on command buffer and
program execution 17
status 233
used as basis to activate output
118
home 91
status 136
line feed, command delimiter 5
line segments 153, 156
linear interpolation 152
acceleration scaling 84
distance scaling 85
end point 152
velocity scaling 84
local coordinate system 156
lockout distance for registration 182
logical operators 25
loops
conditional 27
unconditional 23

M

master
definition of 194
status 193
direction, status of 193
distance
move calculations 220
programming (FOLMD) 198
master cycle
concept 207
counting 207
restart 208
status 207
length 207
number 209
position 207
assignment/comparison
(PMAS) 209
initial 208
rollover 207, 223
synchronizing 210
transfer (TPMAS) 209
status 193
master input (A.K.A.) 192
master position filtering 193, 214
effect on accuracy 218
effect on phase tracking 218
effect on position accuracy 217
status 193, 213
master position prediction
model93, 214
effect on accuracy 218
status 193, 213
move profiles 199
moving, status of 193
ratio to slave 198
status 193
resolution 217
scaling 196
velocity 193, 214



master/slave daisy-chain 72, 74
mathematical operations 19
maximum acceleration (steppers) 216
maximum position error
establishing 99
output to indicate when exceeded
118
maximum velocity (steppers) 216
memory
allocation 12
compiled motion 163
contouring 153
cleared on bad checksum 33
expanded (-M option) 13
locking 15, 116
non-volatile 33
status 13
menus, RP240 133
messages, error 236
Microsoft ASSEMBLY 5.1 38
Microsoft C 6.0 38
Microsoft QuickBASIC 4.5 38
motion
Following motion status 194
motion control concepts i
parameters used in conditional
expressions 25
pre-compiled profiles, see compiled
motion
restrictions while in Following 222
rough 223
synchronize
conditional GOs 186
registration 182
triggered conditional GOs 186

triggered start of master cycle 186

with PMAS 210
Motion Architect iii, 2
manual is on web (www.compumotor.com) ii
programming scenario 8
servo tuner option 99
setup program tool 14
Motion Builder iv
Motion OCX Toolkit 62, 144
Motion Toolbox 144
motor
dithering 101
fault, status (610n) 233
inductance setting 82
motor step mode (ENC{) 95
position 26
capture 112
static torque setting 82
stiction 101
move completion criteria 105
moving/not moving status 117, 233
multi-drop, RS-485 75
multiple serial ports, controlling 70

N

negative-direction end-of-travel limits,
see limits, end-of-travel

neutral characters 5

no function input 109

o

OCX toolkit 62, 144
on conditions (program interrupts) 29
effect on system performance 33
on-line help for Windows 2
on-line manuals ii
on-the-fly motion changes 87, 178
compare with compiled motion 169
one-to-one program select input 115
operating system, downloading
from DOS 39
errors 243
from Motion Architect iii
LED status 230
problems 230
operator interface
create your own GUI 144
host computer program 143
RP240 remote panel 130
operators
assignment & comparison 6
used in cond. expressions 24
bit select 7
bitwise 8
logic 8
math 8
relational 8
output buffer
output-buffer-has-data interrupt 68
prevent from filling up (reading) 42
output on position 119
output ring buffer 68
outputs 107
activate on position 116, 119
ANA 142
bit patterns 107
configuration 116
contouring path 160
fault output 118
limit encountered 118
maximum position error exceeded
118
moving/not moving (in position) 117
OUT-A 119
OUT-B 119
OUT-C 119
OuUT-D 119
program in progress 118
programmable 106, 128
bit pattern 107
enable functions (OUTFEN),
effect on system
performance 33
function assignments 116
operand (OUT) 25
polarity 106
problems 231
simulating activation 240
status 106, 117, 136
update rate 106
shutdown 126
stall indicator 118
update rate 106

noise, electrical, see installation guide P

numeric variables 18
in conditional expression 25
NWHILE 28

P axis, contouring 153, 154, 159
participating axes 79
for contouring 154

partitioning memory 12
PASCAL program, downloading from 40
password, RP240 137
paths (see contouring)
pause active, status 233
pause key on RP240 130
pause, effect on Following motion 222
pause/continue input 111
effect on motion & program
execution 17
PC-AT interrupts 63
programmable input function 114
performance, effects on 33
performance, Following 193
phase, shift 201
status 201
phase, tracking 218
PLC interface 130
application example 127
point-to-point move 88
polarity
ANI inputs 100
commanded direction
causes reversed direction 229
servos 101
steppers 97
encoder
servos 100
steppers 97
feedback device, servos 100
LDT 100
programmable I/O 106
position
absolute 88
establish with PSET 88
accuracy, Following 217
ANI 136, 142
capture 112
capture 112
encoder 233
motor 233
registration 182
commanded 136
capture 112
commanded position calculation,
Following 215
dynamic position maintenance 216
effect on accuracy 218
encoder 26, 136
capture 112
error 136, 216, 229
exceeded max. limit
status 233
max. allowable 99, 126
incremental 88
LDT 26, 136
read error 234
master, see master
motor 26
capture 112
position maintenance, steppers 95
positioning modes 87
change on the fly 87, 178
sampling period 193
effect on Following accuracy 217
slave 201
status via RP240 136
used to activate output 119
zeroed after homing 91

Index 249



positive-direction end-of-travel limits,
see limits, end-of-travel
potentiometer, joystick 138
power-up start program (STARTP) 15
clear RP240 menus 132
Following setup commands 195
will not execute 230
pre-emptive GOs, see on-the-fly motion
prediction of master position, see
master, master position prediction
preset positioning mode 88
Following 200, 219
distance calculations 220
priority levels, PC-AT interrupts 64
product naming convention iii
profiling, custom 145
program
branch
conditionally 24
unconditionally 23
buffer 9
comments 3,5
debug tools 231
definition 9
download from Motion Architect 10
editing in Motion Architect 2, 11
error handling 30
error responses 236
examples, using ii
execution
controlling 16
from Motion Architect 11
from RP240 menu 134
options 14
status 233
flow control 23
interrupts 29
labels ($) 23
loop
conditionally 24
unconditionally 23
memory allocation 12
power-up program 15
program development scenario 8
programming guidelines 1
saving to disk 10
security 15
setup (configuration) program 14
storage 12
program in progress 118
programmable inputs, see inputs,
programmable
programmable outputs, see outputs,
programmable
programming
ASSEMBLY language iv
BASIC language iv
C language iv
contouring errors 161
contouring examples 161
debug tools 231
debugging via RP240 134
defining a program 9
develop your own DOS application
program 42
downloading programs
errors 243
from DOS 39
from Motion Architect iii, 10

250

programming (continued)

edit in Motion Architect 11
error messages 236
error programs 32, 126
examples, using ii
executing programs
from Motion Architect 11
options 14
languages
DOS Support Disk sub-
directories 38
samples 38
PASCAL language iv
preparing to program iii
program development scenario 8
program security 116
program selection
BCD 110
debounce time 110
one-to-one 115
sample programs on DOS support
disk 38
sample programs provided ii
saving programs to disk 10
set-up program 14, 79
skills required i
storing programs 12

proportional axis, contouring 153, 154,

159
pulse width 81
effect on contouring 154
effect on streaming 149
pulse-cut input
as safety feature 126
status 233

R

radius specified arcs 157
radius tolerance specifications 157
ratio of slave to master 198
status 193
reading
from the AT6nnn 50
inputs and outputs 106
thumbwheel data 129
output buffer 42
reentrance 64
reference documentation ii
registers
communication 43
fast status 43
hardware 96
registration 182
effect on Following 222
sample application 184, 185, 186
status 183
related documentation ii
relational operators 25
REPEAT 24
repeatability, Following
position sampling rate 217
sensors 219
trigger inputs 219
resetting the controller 79
via the RP240 137

6000 Series Programmer's Guide

resolution
drive 81
effect on Following 221
encoder 95
joystick 138
master 217
slave 217
responses, error 236
restart master cycle counting 113,
189, 208
restricted commands during motion 18
return procedure 244
revision levels (product, DSP & RP240)
137
ring buffers 68
rollover of master cycle position 207,
209, 223
rough Following motion 223
RP240 130
access security, password 137
application example 127
COM port setup 71, 131
connection verified 233
data read 26
front panel description 130
in daisy chain 74
menu structure 133
send text via the connector 131
RS-232C communication
daisy-chaining 72
RP240 connector 131
RS-485 multi-drop 75
runaway motor 231

S

safety features 126
sample programs ii
saving programs to disk 10
scaling 83, 87
acceleration & deceleration 84
distance 85
effect on system performance 33
master 196
slave 196
velocity 84
security, program 15, 116
segment boundary 158
segment, definition of 13
serial ports, controlling 70
servo
data gathering, status 233
sampling rate, effect on system
performance 33
setup 98
code examples 103
tuning 99
updates rates, see change
summary
Servo Tuner™ iy, 2, 99
set-up commands 78
set-up program 14, 79
bus-based controllers 15
stand-alone controllers 15
settling time, actual 105
shift
continuous 201
preset 201
status 193, 201



shift left to right (>>) 22
shift right to left (<<) 22
shutdown 126
LED status 230
on kill 82, 111
side-by-side editor and terminal 2
simulating analog input voltages 242
single-shot registration 182, 185
single-step mode 134, 240
status 233
slave
commanded position 201
Following error 215
conditional go 186
definition of 194
distance
move calculations 220
scaling 196
motor/drive accuracy 217
move profiles 199
ratio to master 198
status 193
resolution 217
scaling 196
shift, see shift
soft limit, see limits, end-of-travel
space (neutral character) 5
square-wave signal (dither) 101
stall deadband 96
stall detection 96
stall indicator output 118
stand-alone operation 127
start-up program (STARTP) 15
examples for servos 103
include setup parameters 79
problems 230
start/stop velocity 82
statistics, controller config, status 232
status
absolute position 88
assigned to binary variable 19
axis 135, 136
extended 233
relative to Following 222
command error 238
commands
diagnostics related 232
list of 235
compiled motion 164
error conditions 234
fast status registers 43
Following 193, 234
GOWHEN 187
inputs 108, 136
enable (ENBL) 233
pulse cut (P-CUT) 233
joystick inputs 136, 233
LEDs 230
limits 136, 233
master cycle number (TNMCY) 209
master cycle position (TPMAS) 209
motion 25, 233
OTF profiling conditions 179
outputs 117, 136
pause 233
position 234, 235
captured 112, 233
RP240 display 136
program execution 233

status (continued)

registration 183
RP240 displays 135, 136
setup parameters, basic 78
statistics (TSTAT) 232
system 135, 136, 233
wait 233
step output pulse width 81
stiction 101
stop
assigned input function 89
effect on Following motion 221
effect on program execution 17, 111
stop key on RP240 130
storing programs in controller memory
12
storing variable data to arrays 120
streaming mode 148
affected by pulse width 81
streaming data (SD) 148
datapoint 148
string variables 18
subroutine, definition of 8
substitutions, command values 6
support software
CompuCAM iv
DDE6000™ 50, 144
DLLs 51, 144
DOS support disk 38
Motion Architect iii
Motion OCX Toolkit™ 62, 144
Motion Toolbox™ 144
Servo Tuner iv
support, technical iv
synchronizing motion
conditional GOs (GOWHEN) 186
Following (slave-to-master) 210
registration 182
trigger functions
conditional GO 189
start new master cycle 189
syntax 4
guidelines 5
system performance 33
system status 135, 233
system update period (servos) 193

T

tail pointer 68
tangent axis, contouring 153, 154, 159
target zone 105
affects moving/not moving output
117
status (within zone) 233
timeout error 105
status 233
teach mode 120
technical considerations for Following
213
technical support iv, 244
terminal emulation 2
DOS support disk programs 41
interrupt-driven 68
Motion Architect iii
testing
AT6N00 test program (TEST.EXE) 38
program debug tools 231
test programs, Mation Arch. 2, 242

thumbwheels
application example 127
connections 129
TM8 module 129
use of 129
timed data streaming, see streaming
timeout, target zone 105
status 233
trace mode 134, 239
status 233
trackball application 205
trigger inputs
1/O bit pattern 107
position capture 112
status 233
programmed
conditional GO (GOWHEN) 113,
189
restart master cycle counting
113, 189, 208
status 193
repeatability 219
trigonometric operations 20
troubleshooting
common problems and solutions
228
controller statistics 232
debug tools 231
downloading, error messages 243
ENBL status 233
error messages 236
Following 223
I.D. bad command 238
methods 228
P-CUT status 233
status commands 232
test panels, Motion Architect 242
truncation, distance 85, 196
tuning 99
effect on Following accuracy
(servos) 218

U

UNTIL 24
using PMAS 209, 223
update rate, programmable I/O 106
user fault input 112, 118, 126
user interface options 127
GUI development tools 144
user programs, memory allocation 12

\'}

value substitution, command fields 6
valve
dithering 101
stiction 101
variables
binary 18, 22
in conditional expression 25
conversion between binary &
numeric 19
numeric 18
in conditional expression 25
teach data 120
string 18
variable arrays 120
view & edit from RP240 133

Index 251



velocity
change on the fly 87, 178
correction 216
maximum (steppers) 216
range due to PULSE (steppers) 221
resolution 138
scaling 84, 196
start/stop 82
streaming 148
status 233
TVEL & TVELA responses relative
to Following 222
units of measure 87
Visual Basic support files 52
Visual C++ support files 58

w

WAIT 24
compared to GOWHEN 188
status 233
using PMAS 209, 223
watchdog timer 126
web site (www.compumotor.com) ii
WHILE 24, 28
using PMAS 209, 223
Windows-based application
development 51
work coordinate system 156
writing to the AT6nnn 50

X-Z
X-Y linear interpolation 152
XON/XOFF, controlling 70
Z channel 91, 94
zero position after homing 91
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See also, page 1

General Programming ey

ComMMANA SYNEAX...cc.veeieieiiiiieere e page 3
Programming scenario (using Motion Architect)........

Program flow control (loops, branches, WAITS)
Error handling (programmed responses).
Error messages..................
Debugging your programs..
Programmable 1/O bit patterns..
Scaling....
Variables....

Common problems (see also problem/cause/solution table on page 228):
* No motion. Possible causes include:
- P-CUT input or ENBL input must be grounded to allow motion.
Check status with TI NOF command.
Drive is disabled. Enable with DRI VE command.
Make sure the drive fault level (DRFLVL) is correct (see pg. 80)
- End-of-travel limit active (check with TASF, bits 15-18)
* Programmable input (I NFNC) functions do not work.
- Enable with the | NFEN1 command.

Command list and descriptions (see 6000 Series Command Reference)

Technical Assistance: Phone numbers are reported with the HELP
command, and are listed on the inside cover of this document.

Status Commands grwmywmryer
TASF Current axis-specific conditions

1.....Axis in motion 17...POS software limit (LSPQS) hit
2.....Commanded direction negative 18...NEG software limit (LSNEG) hit
3.....Accelerating 19...Within Deadband (EPNVDB)
4.....At commanded velocity 20...In Position (COVEXP)
5.....Home successful (HOM 21...In Distance Streaming Mode
6.....In Absolute Positioning 22...In Velocity Streaming Mode

Mode (MR) 23...Position error limit (SMPER)
7.....In Continuous Positioning was exceeded

Mode (MC) 24...Load is within the Target Zone
8.....In Jog Mode (JOG) (STRGTD & STRGTV)

9.....In Joystick Mode (JOY) 25...Target Zone timeout (STRGTT)
10...In Encoder Step Mode (ENC)  26...Motion pending due to GOAHEN
11...Position Maintenance on (EPM) 27...LDT position read error
12...Stall was detected (ESTALL) 28...Registration move occurred

13...Drive shutdown occurred 29...RESERVED
14...Drive fault occurred 30...Pre-emptive (on-the-fly) GOor
15...POS hardware limit hit Registration move not possible
16...NEG hardware limit hit 31...RESERVED

32...RESERVED

TSSF ' Current system conditions

5 """ E)I/Esg%rg\i/sErsady 17...Loading thumbwheel data (TW
""" A 18...Program Select Mode (I NSELP)
3.....Executing a program 19...Dwell is progress (T)
4.....Last command executed 20...Waiting for RP240 data
was immediate (DREAD or DREADF)
5.....In ASCII Mode f
21...RP240 is connected
6.....In Echo Mode (ECHO) 22...Non-volatile memory error
7.....Defining a program (DEF) 23...Gathering servo data
8.....In Trace Mode (TRACE) 24 RESERVED
go:n _IS_tep 'Yl(t)'de (’\%TEP) 25...Position captured with TRG-A
11‘"(? ransa&lon ode d 26...Position captured with TRG-B
12...Bomrknan_ fré?:r (_)ccui_re 27...Position captured with TRG-C
--break poin (BP) is active 28...Position captured with TRG-D
13...Pause adtive (PSor pause inpul) 59 Compiled memory is 75% full

14...Wait (WAl T) is active . b ! °
15...Monitoring ONCOND conditions g%::88mg::gd(ljm:8mo)r);£eld00A) full

16...Waiting for data (READ) 32 RESERVED

Other Status Commands (sce aiso page 235

TSTAT....... General system status.

...Identifies the command that caused an error.

.. Execution status of the current program in progress.

..Names of all stored programs; memory usage.

..Following status.

..Error status. You must first enable each error-checking bit
with the ERROR command (see page 30). If the error-
checking bit is enabled and the error occurs, the controller
will branch to the ERRORP program.

TI NOF....... Status of P-CUT or ENBL input and joystick inputs.

TI N Active status of each programmable & trigger input.
Bit assignments vary by product—refer to page 107.
TOUT......... Active status of each programmable & auxilliary output.
Bit assignments vary by product—refer to page 107.
TPM.......... Commanded position (steppers).
TPC. ..Commanded position (servos).

..Actual position, selected feedback sources (servos).
..Position error (difference of commanded vs. actual).
TASXF....... Extended axis status.

BaSIc setup See also, page 78

Setup Parameter * Command See pg.

Participating AXeS.........cccocvvriviiieiecnieeeeeene | NDAX...
Memory (status with TDI R& TVEM).
Drive Setup................
Drive Fault Level
Drive Resolution....
Step Pulse Width (steppers).
Start/Stop Velocity (steppers)..
Drive Disable on Kill (servos)..
ZETA6104 Drive Setup:
Motor inductance
Motor static torque.
Activate damping ..
Anti-resonance...
Electronic viscosity ..
Automatic current reduction..

AXIS SCAIING. ...ttt et s 83
Enable scaling factors. .SCALE
Acceleration scaling factor .SCLA
Distance scaling factor... .SCLD
Velocity scaling factor. SCLV
POSItIoNING MOE..........oiiiiiiiieiicceec s e 87
Continuous or preset.
Preset: absolute or incremental..
End-of-travel Imits............ccccocoiiiiiiiiii e 90
Hardware — enab
Hardware — deceleration... .LHAD
Hardware — s-curve decel (servos) .LHADA
Hardware — active level of input. .LHLVL
Software — enabled........ .LS
Software — deceleration. LSAD
Software — s-curve decel . LSADA
Software — negative direction limit LSNEG
Software — positive direction limit . LSPOS
HOMING. .. 91
Acceleration. .
S-curve acceleration (servos).. .HOVAA

Deceleration.............c..c.c......
S-curve deceleration (servos)..
Backup to home................ .HOVBAC
Final approach direction.
Stopping edge of switch.
Home switch active level
VeloCity ....ccceeevevvcrieennnn.
Velocity of final approach..
Home to Z channel input
Closed-loop Stepper Setup (stepper products only) .................. 95
Motor (drive) resolution ..DRES
Encoder resolution...
Encoder/motor step mod
Position maintenance..
Stall detection..........
Kill on stall detected.
Stall deadband............
Use encoder as counter.
Encoder polarity................
Commanded direction polarity.
Servo Setup (servo products only).
Tuning parameters...............
Feedback source selection
Update rates..
Maximum posn
DAC output limit, maximum..
DAC output limit, minimum
Dither, amplitude ............
Dither, frequency ratio ...
Feedback polarity, encoder..
Feedback polarity, ANI input.
Feedback polarity, LDT........
Commanded direction polarity.
Servo control signal offset.......
Servo control signal offset, negative.
Setpoint window, distance....... . SSWD
Setpoint window, gain set.
Target Zone (end-of-move settling criteria,
Target zone mode enable.
Target distance zone...
Target velocity zone....
Target settling timeout period..
Programmable Input Functions (TI N for
Enable input functions....
Define input functions..
Input active level...
Input debounce.....
Trigger input functions.
Programmable Output Fun
Enable output functions..
Define output functions
Output active level.......
Variable Arrays (teaching variable data).
Initialize numeric variable for data. .
Define data program and program size... DATSI Z
Set data pointer & establish increment.... DATPTR
Reset data pointer to specific location..... DATRST

.(see page 99)
.SFB

.SSFR

. SMPER
.DACLI M
.DACM N
.SDTAWVP
.SDTFR
ENCPCOL

106 & 108

106 & 116

* You can check the status of each parameter by entering the setup
command without any command fields (e.g., | NFNC). Some parameters
are also reported with the TSTAT and TASF status commands.
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