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INTRODUCTION

Overview

Welcome to PEWIN32, Delta Tau's PMAC Executive Software for Microsoft Windows. PEWIN32
enables you to configure, control and trouble-shoot your PMAC(S).

PEWIN32 is designed as a development tool for creating and managing PMAC implementations. It
provides atermina interface to the PMAC, and atext editor for writing and editing PMAC motion
programs and PLC programs. Additionally, PEWIN32 contains a suite of tools for configuring and
working with PMAC and its accessories including interfaces for jogging motors, extensive system
utilities, screens for viewing various PMAC variables and status registers.

Features

This Windows version of the PMAC Executive software is based on the previous versions but has been
enhanced to take advantage of the Microsoft Windows 32 bit operating systems.

Multi-threading of PEWIN32 of realtime displays.
Enhanced graphing in PmacPlot, a new standalone plotting application.
Better management of memory.

A thread safe communications driver makes this version is also compatible with the 32 bit version of
"NC for Windows" software (and any application using PComm32 or PTalk, Accessory 9PN or 9PT

respectively).

PEWIN32 helps you overcome many of the obstacles encountered when developing a PM A C-based
application. Typically, thefirst thing a person wants to do withaPMAC is figure out how to talk to it
reliably, and in a Windows environment this basic step can be quite challenging. PEWIN32 enables you
to get your card up and running, right out of the box. Then the fun really begins.

Y ou use PEWIN32 in the same manner as our other Executives. setting-up | parameters, configuring and
jogging motors, writing and testing motion programs and general trouble-shooting.

PEWIN32 provides basic tools to configure, control and diagnose PMAC, hereis apartia list of
PEWIN32' s features and capabilities:

A terminal.

Easy handling of PMAC' s thousands of 1,P,Q and M-variables, including macro support.

Watch window for real-time system information and debugging.

Motor, Coordinate System and Global status windows that display PMAC'’ s status bitsin real-time.
Position window for displaying the position, velocity and following error of all motors on the system.
Several waysto tune PMAC systems.

Simplified interface for data gathering and plotting.

Diagnostic routines for debugging motors and motion programs.

Real-time status display of all PMAC’ s connectors.

The ahility to talk to multiple PMACs on a single computer.

Cloning of one motor’ s parameters to another.

and many more.

PEWIN32 isfull of toolsto help both the novice and the advanced PMAC user get the most out of their
PMAC.

I ntroduction 1
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Manual Layout

This manual explains how to use PEWIN32 to communicate and control your PMAC motion control
card. Knowledge of the basic use of the Windows operating system is assumed.

Conventions Used in this Manual
The following typeface conventions are used throughout the manual:

<ENTER> Italic text inside arrows is used to represent keyboard
<CTRL+F4> keys or key combinations.

OPEN PROGRAM Mono-spaced used for code listings.

| VARIABLES Small-Caps bold, underlined for menu items.

Bus Address Italic text for dialog-box items.

Specia functions or information.

How this Manual is Organized
Chapter 1 - Getting Started
Coversinstalling the software and establishing initial
communications with PMAC.
Chapter 2 - Menu Overview
Gives abrief description of each of PEWIN32' s menus.
Chapter 3 - Basic Concepts
Discusses everyday use of the software
Chapter 4 - PMAC Configuration Modification Utilities
Detail coverage of all PEWIN's configuration interfaces. Covers
manipulation of variables, coordinate systems, encoder tables,
etc.
Chapter 5 - Plotting and Data Gathering
Covers PEWIN' s different methods for data gathering, plotting
and analysis.
Chapter 6 - Configuration Files
Discusses how to backup and restore all or part of PMAC32's
configuration.
Chapter 7 - PEWIN32 Softwar e Configuration
Describes how to modify the appearance of PEWIN32.
Chapter 8 - PEWIN32 Help Facility
Details PEWIN’s help and diagnostic routines.
Chapter 9 - Motor and System Tuning with PEWIN32
Detail descriptions of PEWIN’s Tuning interfaces.
Appendix A - Understanding PMAC’s Watchdog Timer
Discussion of the PMAC watch timer and its functions.
Appendix B - Bug Report and Feature Request Procedure
Forms to use to report program inconsistencies and feature
requests.

2 I ntroduction



Accessory 9WN

Hardware and Software Requirements
The PMAC Executive for Windows software will run on any computer capable of running Windows 95-
98 or NT (TM) (120MHz Pentium and up recommended). Of course, the faster the computer the better.

In addition, you will need the following:
Microsoft Windows 95-98 or NT (4.x and up) loaded on your computer.

At least eight MB of free disk space and 16-24 MB of RAM (16MB for Windows 95-98 or 24 MB for
Windows NT).

A free serial communications port , or USB port, or PCI-BUS dlot, or | SA-
BUS dot to talk to PMAC for on-line processing..

Any monitor with VGA resolution (800x600 suggested but 640x480 works fine).

I ntroduction
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GETTING STARTED
Installing PEWIN32

Beforeinstalling PEWIN32, read the license agreement included in this manual (behind title page), and
make a backup copy of theinstallation disks. To install PEWIN32, put the PEWIN32 distribution disk
labeled “Disk #1” into afloppy drive and choose File | Run from the Program Manager. Enter
AN\SETUP.EXE or substitute ‘A’ for the letter of your floppy drive.

The installation program will suggest a directory path where the program files should be copied. Please
use the suggested directory location for the installation for the purposes of uniformity among all
PEWIN32 users (and trouble shooting if need be).

Read the “readme.txt” file for last minute additions to this manual.

Y ou will want to setup communication before running PEWIN32 for the first time. For details on setting
up communications see Setting up Communications with PMAC.

Setting up Communications with PMAC

No applications, including PEWIN32, will be used to add, remove or configure PMAC'sin your system.
Rather, communication settings have been centralized in your operating system, making the set up of each
PMAC much like other devicesin your computer (i.e. video card, sound card etc.). All setup isdone
through the "MOTION CONTROLS" applet (or the "MotionExe.EXE" application) that is accessible
through your operating systems CONTROL PANEL. Before running this application, it isimportant that
al applications that use PComma32 (the Delta Tau 32 bit communication driver) be shut down. This
includes PEWIN32, NC for Windows, and any applications developed with PComm32 or PTalkDT.

Once you have the control panel open, click on the icon shown below.

The following dialog box comes up:

Motion Contrals x|

b ation control devices:

HC Setup...

Add... Bemove... Setup... Help

Note

The Unload, Load, and Startup buttons only come up if you are running Windows
NT. Typicaly the Load and Unload are never used but in rare trouble shooting
cases. The "Startup" may be used to tell the operating system how to load PMAC
communication driver (PComm32).
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If thisisyour first time running the applet there will be no PMAC'slisted in the "Motion control devices'
list box. Thisis because none have been "Added" to your operating system yet. To add a PMAC press
the "Add" button to get the following dialog box:

nddvotiondevice |4
Add Device Mumber:
x Cancel
Ii |
J ]

Thisdialog box is prompting you for a device number to associate with the PMAC you are adding.
Always start with your first PMAC as Device 0, the second PMAC in your system as Device 1 and so on.
The applet will handle the enumerating for you. Press OK, to get the configuration dialog box:

PMAC Device(0) Configuration il

PHAC-HC 32-bit for Wwindows
Version: 10.35.0.0
Coppright € 1934-338 Delta Tau Data Swstems, Inc.

— Device Location

[ InFCEus WME Bus | Serial Port_|
Port Address: bt EoTpuiEr Hlease wse hexadesimal =R
lozio [ MMIEID Weks £ 2 et [comz -]
Intermupt Adr: f il B B s Aol Address adifier TR Lewel | Baudiate:
[None ||| [FEA000 [33.624 | |7 j| |30 -]
DPR&M Adr: WEEh | Base S et are: Bitss IR et ( Farit:

[Nore =] || 700000 B [ [Nore <]

0k I Cancel | Advanced |

Thisiswhere you specify how PMAC is connected to your system, and the communi cations settings.
The key point here is that the configuration you set up must match the hardware jumper settings on the

PMAC itself.

The Advanced button is used to configure DPR settings used with the Delta Tau NC for Windows

software.

Exiting PEWIN32 and Saving Options

To exit PEWIN32, pressthe <ALT+F4> keys or select Exit from the File menu. If any open files have
not been saved, you will be prompted for saving them.

If the Save Settings on Exit optionsis selected, PEWIN32 will save the current desktop arrangement to a
file named PEWIN32.DKT in the working directory.

Getting Started
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Plot | Options  Backup  Toals  Windaw
Preferences

v Save Sebbings on Exit

The next time the program is executed, it will start with the arrangement it had upon exiting.

Help Features

Note

Context sensitive help is currently under construction. The help menu though
should function just fine.

Y ou access help in PEWIN32 just like all other Windows programs.

1. Press<ALT+H> or select the help option on the main menu to bring up the Help menu.
2. Press<F1> todisplay the Help index directly, without going through the Help menu.

In addition to standard Windows Help, PEWIN32 provides context-sensitive Help. There are two ways to
access this feature:

If you want to know more about a menu item you’ ve selected, press <F1> to directly access Help for that
item.

Press the Hel p button located in the Window or Dialog box to display help on that particular area of the
program.

All of the PMAC manuals are available on-line.

Tools  ‘Window | Help

Conkents
Ilsing help

Executive Program
Software Reference
Hardware Reference, ..

Wby is my Mokor Bot Maving?. .
Whey 15 My Pragram Mak Running?. ..

About, .,

WHY AM | NOT MoVING? and WHY ISMY PROGRAM NOT RUNNING? are the two diagnostic
functions in the Help menu. These are only available if you are communicating withaPMAC. These
will probably save you many hours of searching and frustration in tracking down problems associated
with running a motor or part program especially if you are new to PMAC. Y ou may run into a condition
where amotor simply will not run, despite being sure that al the parameters have been set properly.
These functions will look at your configuration and cite possible (warnings) or definite (faults) causes of
problems preventing you from running your motor(s) / program(s). “Why am | not moving?’ requires
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that you specify a motor to analyze while “Why is my program not running?’ requires that you specify a
coordinate system to analyze.

The ABOUT... box will give you detailed information about the version of the software you are running.

Technical Support

Delta Tau is happy to respond to any questions or concerns you have regarding the Windows Executive.
By far, you'll get the quickest response if you send your queries to the following e-mail address:
support@deltatau.com. Of course, check our Web site at WWW.DELTATAU.COM.

Y ou can call Delta Tau Monday through Friday from 9:00 am to 4:00 PM PST or FAX us your regquest or
problem, and we will deal with it the next business day.

Delta Tau Data Systems, Inc.
21314 Lassen Street
Chatsworth CA, 91311

West Coast
Voice :(818) 998-2095
FAX :(818) 998-7807

East Coast
Voice :(804) 795-4288
FAX :(804) 795-4996

8 Getting Started



Accessory 9WN

MENU OVERVIEW

How Menus Work

PEWIN32 uses a dynamic menuing system. This means that the menu at the top of the screen changes
content depending on what window has the current focus (is highlighted). The standard menu displayed
when the terminal has focus looks like this:

B |PMAL Executive

File Configure ‘Wiew Status FPlob Options Backup Tools Window  Help

but the menu will change when for example the Watch Window is highlighted -

[EPMAC Executive

File ‘Watch ‘Windaw Help

If an option you expect to be available isn’t, make sure you have the proper window highlighted. There
will always be WINDOW and HEL P menu items available, you can use the WINDOW menu to select the
window you need to work with.

EE|PMAL Executive

File Configure Wiew Status Flob Options Backup  Tools | Window  Help
Cascade
Tile
Arrange Icons
Close all

v 1 PMACON] 16G 08/24/1999  PMAC Ulkra-light
2 PMAC:0 - Wakch
3 PMAC:0 - Position

Also, note that there are very user-friendly "context sensitive" menu's which pop up in many of the
PEWIN32 Windows. Use the right mouse click over awindow to see what options are available in the
context sensitive menu.

Menu Overview
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File Menu

The File menu handles the transfer of files or programsto and from PMAC aswell as printing of these
files.

B |PMAL Executive
|File Corfigure Miew Status Plok Options Backup Tools  ‘Window  Help

Edit a Texk file
Cpen Terminal
Close

PR Eresien .,
Frini .
Erint Sebimy,.

IUpload Mation Program
IUpload PLC Program
Upload Wariables

Downlaad File, ..
MultiDownload Files. .

Clear Terminal

Exit Alt+F4

EDIT ATEXT FILE - will allow you to create anew PMC, or PLC file.

OPEN TERMINAL - will openaTerminal

CLosE - will close the highlighted terminal and any windows associated with it.

PRINT PREVIEW - works just like other windows programs and shows you what the terminal would look
likeif you wereto print it.

PRINT - allowsyou to print the terminals contents.

PRINT SETUP - configures your printer.

UPLOAD MOTION PROGRAM _ - will upload the specified PMC program into an editor window.
UPLOAD PL C PROGRAM - will upload the specified PLC program into an editor windows.

UPLOAD VARIABLES - will allow you to upload arange of I,P,Q or M variables into an editor window.
DOWNLOAD FILE - allows you to download any file with valid PMAC commands.
MULTIDOWNLOAD FILE - allows the user to manage and download files sets.

CLEAR TERMINAL - thiswill clear any text in the terminal window

EXIT - closes the program.

Configure Menu

The CONFIGURE menu lets you view and change current variable definitions and PMAC feature
parameters. In some of the options that allow you to change a value or definition, the changeis sent to
PMAC immediately after the valueis changed. This allows you to automatically verify that the change in
the input field has also occurred in PMAC. It also protects against faulty entries since out of range
numbers will not be accepted.
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| VARIABLES - there are two interfaces for listing and setting | variables; by category, or by numerical

order.

File | Corfigure Wiews Status Plob  Options Backop  Tools  Window  Help
by Category
by Mumber

P-Yariables
-Yariables
M-V ariables
MACRO Station I-Yariables

PIC Loop Tuning. ..
Motch Filker

Low Pass Filker
Encoder Conversion Table
Coordinate Syskems

Cammunications, ..
[EEG e cations
Inkerrupk Cormmunicakions
v Interrupk Beep

P VARIABLES - alows the user to set P variable values.

Q VARIABLES - allows the user to set Q variable values.

M VARIABLES - allows the user to set M variable definitions and values.
MACRO STATION I-VARIABLES— allows the user to set M| variable values.(ultralight P-Mac family only)

PID LOOPTUNING... - allowsthe user to set the control parameters or gains of PMAC’s PID filter.

NOTCH FILTER - allowsthe user to set up anotch filter.
LOW PASSFILTER - alowsthe user to set up alow passfilter.

ENCODER CONVERSION TABLE - this menu choice allows you to alter, update, save or retrieve the entries

of the encoder conversion table.
COORDINATE SYSTEMS - this menu choice enables you to alter the currently defined coordinate systems,

or define new ones.
COMMUNICATIONS - Thiswill give instructions on changing communication settings.

DPRAM COMMUNICATIONS- If your PMAC has the Dual-Ported Ram option, this will toggle the use of

DPRAM for ASCII communications.

INTERRUPT COMMUNICATIONS - If you have the PMAC setup for interrupts, setting this option will

display any interrupts generated.

INTERRUPT BEEP - If selected, a beep will sound every time your PMAC issues and interrupt.

Menu Overview
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View Menu

The VIEW menu contains interactive status displays and motor movement tools.

File Configure | %iew Status Plob  Options Backup Tools Window  Help

Position
Wakch
Jog Ribbon

POSITION - opens a position display window. Y ou can have multiple position windows open.
WATCH - opens awatch display window. Y ou can have multiple watch windows open.
JOG RIBBON - brings up asimplified motor movement interface.

Status Menu

The STATUS menu allows you to view how programs, motors, coordinate systems, global parameters and
connectors are organized and functioning in PMAC. Many of the options open windows which allow you
to view how the parameters change in real-time.

File Configure Wiew | Stakus Plob  Options Backup  Tools  Window  Help
Mokion Program Information

PLC Program Information
Compiled PLC (PLCC) Program Information

Makor Setup Surmrnary
Mokaor Skakus

Coordinate Swstem Skatus
Global Skatus

Connector Staktus

MOTION PROGRAM INFORMATION - displays the program number, starting address and size of all
“programs’ in PMAC’s memory.

PL C PROGRAM INFORMATION - displays the PLC number, starting address and size of al non-compiled
plcsin PMAC’'s memory.

ComMPILED PLC (PLCC) PROGRAM INFORMATION - displays the PLCC number, starting address and
size of al compiled plcsin PMAC’s memory.

MOTOR SETUP SUMMARY - displays the configuration of a specified motor.

MOTOR STATUS - displays the interpretation of status bits associated with a specified motor in real-time.
COORDINATE SYSTEM STATUS - displays the status of the specified coordinate system in real-time.
GLOBAL STATUS - displays the interpretation of the global status bitsin real-time.

12 Menu Overview



Accessory 9WN

CONNECTOR STATUS - allows the user to monitor the status of PMAC’ s connectors. Currently supported
connectors are:

J2 (JPAN) (PMACL1 & PMAC?2 series)
J3 (JTHW) (PMACL1 & PMAC?2 series)
J5 (JOPT) (PMACL series only)

J7 (IMACH2) (PMACL seriesonly)

J8 (JIMACHL) (PMACL series only)

Plot Menu

Use the PLOT menu to launch the PmacP ot. EXE application.

File Corfigure Yiew Skatus | Plot Options Backup  Tools  Window  Help

PrnacPlak

Options Menu

This pull down menu allows you to customize PEWIN32. The menu choices provide the ability to set
editor, terminal and plot display preferences. Y ou can also determine how PEWIN32 acts on startup and
shutdown.

[E|PMAC Executive

File Configure ‘iew Status Plob | Options Backup  Tools  Window  Help

Preferences
v Save Sethings on Exit

PREFERENCES - allows the customizing of PEWIN32's features.
SAVE SETTINGSON EXIT - if selected, the next time the Executive is started, it will be configured as it
was upon exit.

Backup Menu
The options in this menu allow you to save or restore various portions of PMAC configuration.
File Configure Wiew Skatus  Plak  Options lm Toals  ‘Window  Help

Save Configuration, ., »
Restore Configuration..,
‘erify Configuration

SAVE CONFIGURATION - alows the user to save all or part of PMAC's configuration to adisk file.
RESTORE CONFIGURATION - allows the user to restore all or part of PMAC’ s configuration from disk.
VERIFY CONFIGURATION - verifies a specified configuration file.
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Tools Menu
This menu is for managing the position and arrangement of any windows currently displayed.

File Corfigure ‘iew Status  Plob  Options BaEkLIDlTDD|5 Window Help
PMALC Editar

PMAC] Setup and Tuning
PMACZ Setup and Tuning

Launch #1
Launch #2
Launch #3
Launch #4
Setup Launch 1-4

PMAC EDITOR - will alow you to create anew PMC, or PLC file.

PMACI1 SETUP AND TUNING- starts the PMACL setup program.(if it is loaded)
PMAC 2 SETUP AND TUNING - startsthe PMAC2 setup program.(if it is loaded)
LAUNCH #(1,2,3,4) — special setup motor # (1,2,3,4).

SETUP LAUNCH 1-4- special setup motor # (1,2,3,4).

Window Menu
This menu is for managing the position and arrangement of any windows currently displayed.

B |PMAC Executive

File Configure ‘'iew Status Plot Options Backup Tools | Window Help
Cascade
Tile
Arrange Ioons
Close Al

v LPMAC0Y16G 087241999 PMAC Ultra-light
2 PMAC:0 - Watch
2 PMAC:Q - Position

Help Menu

The HEL P menu options allow you to retrieve on-line information about PMAC, the Executive program,
and the various help functions. Y ou also have access to the two diagnostic routines provided by
PEWIN32.
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Tools  ‘Window | Help

Conkents
IUsing help

Executive Progranm
Software Reference

Hardware Reference. ..

ebvy is ey Mokor Rlok Maving®, ..
by Is My Program Mok Running?. ..

About,

CONTENTS - displays the contents of the PEWIN32 help system.

USING HELP - a brief introduction to using the PEWIN32 help system.

EXECUTIVE PROGRAM - this manual.

SOFTWARE REFERENCE - the PMAC Software Manual and PMAC Users Guide in help format.
HARDWARE REFERENCE - each of the PMAC hardware manualsin help format.

WHY AM | NOT MOVING ? - adiagnostic routine to help determine why a motor is not responding.
WHY ISMY PROGRAM NOT RUNNING ? - adiagnostic routine to help determine why a programis not
running.

ABOUT - displays information about your version of PEWIN32, including the version number, the
copyright, legal and licensing notices.

Menu Overview
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BASIC CONCEPTS

Terminal

The Terminal represents adirect connection to aPMAC. Thisis

the basic mode of operation for the Executive Program. Any

characters you type at the keyboard are sent to PMAC after

pressing <ENTER>. Any charactersthat are sent from PMAC
The text colors described tothe PC are displa;_/ed on the screenin acolor corretspon_dinQ to
the current communications mode. If any command is rejected
by PMAC, an error code will be shown as well asits description
(and possible remedies) displayed in red text (assuming 16 is set
to 1, the default). In addition, as you use the various screensin
the Executive, you may notice some green text written to the
terminal window. Thistext comes from the Executive notifying
you that a change has been made to PMAC (such as an |-variable
change). You should always read thistext, asit may affect your
application.

here are the default values.
These can be changed by
using the "Options' Menu-
Terminal Preferences
screen.

Accessing Previously Type Commands

One of the features of the Terminal window is the ability to recall previously typed commands, optionally
edit them, and re-send them to PMA C without having to retype the entire command phrase. Thisis
especially useful when, for example, you constantly have to type in alengthy command phrase such as:
RHY$C000, 20. To access previously typed in commands, simply press the up or down arrow keys and
the current line will cycle through the list. Simply make the necessary changes or corrections and press
<ENTER>. The command phrase will be sent to PMAC.

Terminal Status Bar

Along the bottom of the Terminal window is a status bar containing, the currently addressed motor, the
currently addressed coordinate system and its current feedrate override value (NOTE:For speed
considerations, thisis updated once every 10 seconds). This option can be disabled viathe OPTIONS|
PREFERENCES menu item.

Changing the Appearance of the Terminal
Under the OPTIONS | PREFERENCES menu item is a section for setting the terminal preferences. You can
set the font, and display colors, and enable or disable the terminal status bar update.

Editor

PEWIN32 includes a simple Windows text editor. With thisinterface, you can create and edit program
files and then download them to PMAC. Thisinterfaceincludes al the features of a“Notepad” type of
program. Y ou can cut, copy, delete and paste highlighted text. Y ou can use the Windows clipboard to
copy text from one Windows program to another. Basic search and replace functions are provided. For a
more robust editor, we suggest you use your favorite code editor or word processor.

Downloading Files to PMAC

Downloading allows you to transfer the contents of afile on disk to PMAC's memory. Thisis handy for
transferring new or modified PLC or motion programs and/or variable values and definitions to PMAC.
It is highly suggested you suspend any plcs or motion programs during a download.

There are three different ways to transfer files from a hard or floppy disk to PMAC:

e Usethe"Download File" menuitem in the "File" menu.
e Download directly from an editor window.
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e Usethe"Multi-File Download" menu item in the "File€" menu.

Using Macros in the Editor

While using any text editor window, you have the ability to define your own commands by use of user-
defined macros. If you program in Pascal or C, you may be already familiar with the use of macros and
appreciate their powerful usefulness. By using macros, you can code PMAC programs to read in English,
making it much easier to interpret what a motion or PLC program is doing without having to look up
every command in the PMAC user's manual. A macro definition is nothing more than a substitution name
(that you invent) which is used in place of any valid PMAC command (like GATHER or DWELL),
command phrase (like OPEN PROG 1 or

M1->Y:$FFC2,8,1), or variable (like P1, M22, Q342, etc.). At the beginning of your program file
(or at least before you actually use your macro definitions), you declare your macro definitions using the
#define command (which can be lower or upper case). Examples of using this command are:

#define pressure P1
#define turn_on_pump M1=1
#define collect _data GATHER
#define seconds NULL

Note: The" File Contains Macros' box in the Download Options dialog
must be checked for the program to properly process " #define" and
" #include' statements.

When the PMAC Executive Program is downloading your file from the text editor, if the #define
command is encountered and if the File Contains Macros or PLCC's box is checked in Download
Options dialog box, the definition is stored in PC memory (nothing is actually sent to PMAC). When the
macro name is encountered later on the file, the PMAC Executive Program will send the actual PMAC
command phrase/variable for the particular macro so that PMAC only seesavaid PMAC
command/variable (instead of sending pressure to PMAC, P1 is sent for the above example). The
only exception to this when amacro is defined asaNULL. In thiscase, nothing is sent to PMAC-- it's
merely available to provide units to numeric values for further macro elaboration (see the sample program
listing below for examples on how to use the NULL definition). Remember that PMAC never seesthe
macro names-- when the downloaded program is listed, you will see standard PMAC commands.

A few rules must be followed when declaring and using these macro definitions. The macro name may
contain any unigue sequence of characters (upper/lower case letters, numbers, symbols, etc.), but must be
separated from the #define command and the macro's definition by a space (as seen in the above
examples). The macro name (like gas_pressure, turn_on_pump, collect_data) may not
contain any spaces. You may, however, use the underscore character _ to separate words for ease of
reading. The PMAC Executive Program will differentiate between upper and lower case for the macro
names, so take care when mixing upper and lower case letters. If you try to use a macro definition that
has not been previously defined properly (because you misspelled it or the upper/lower case letter
seguence don't match, i.e. pressure and Pressure), the program will download that line asis and may (and
most probably will) result in an error generated by PMAC. Also, remember not to use the same name
twice for two different macro definitions.

Y ou may also use macro definitions contained in other files on disk instead or in addition to existing
definitionsin the file you are downloading. The command to do thisisthe #include command:

#include '‘macro.pmc™
#include ""names”
#include "program.def”
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Y ou may want to create a file which contains nothing but macro definitions, and then have several motion
programs "include" these definitions so that they can use the macros. This can help keep the size of
program files small when alarge number of macro definitions are being used. The rule to follow when
using the #include command isthat the file name (any legal DOS file name) must be enclosed in
guotes and must be separated from the #include command with aspace. The same rules stated above
for naming the macros also apply here, including the amount of PC memory used.

To best illustrate the potential of using macros, here is an example program using cleverly defined macro

names.
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

msec
revs/sec

set_acc_time of

set_S curve_time_of
set_feedrate_ of
set_move_time_of
feedrate time units
setup_gather_pointer
free_up_memory_space
reserve_memory_for_gather
start_gathering_data
stop_gathering_data
motorl is_axis
select_coordinate_system
clear_coordinate_system
move_X_to_position
move_Y_to_position

move_Z to_position
sit_there_for
repeat_as_long_as

end_of _loop
increment_repetition_count
repetition_count
repetition_limit
begin_program

end_program

NULL
NULL

TA

TS

F

™

1190

M88->X1,18 M89>X1,19
DEL GAT DEL TRACE
DEFINE GAT
M88=1M89=1

M89=0

#1->

&

UNDEF INE

X

Y

z

DWELL

WHILE

ENDWHILE

P1=P1+1

P1

3

OPEN PROG

CLOSE

Basic Concepts
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;Now, let"s use our new macro definitions!...
free_up_memory_space
setup_gather_pointer

select_coordinate_systeml
clear_coordinate_system
motorl_is_axis 2000X

begin_program 2 clear

feedrate_time_units = 1000 msec
set_acc_time of 200 msec

set_S curve_time_of 50 msec
repetition_count = 0
set_feedrate_of 1 revs/sec
start_gathering_data

repeat_as_long_as(repetition_count<repetition_limit)
move_X_to _position 2
sit_there_for 300 msec
move_X_to_position O
sit_there_for 400 msec
increment_repetition_count

end_of_loop

stop_gathering_data
end_program

reserve_memory_fTor_gather

Download Options
There are several options associated with the downloading of files. These are accessed through the
"Options - Preferences - Terminal” screens.

Download Options x|

¥ File Containz tacros or Compiled PLCs [PLCCs)
[ Create Log File

[ Juszt Compile

¥ Create tap File

¥ Display thiz dialog on every download

Drant show download status if
no erors and no wWarnings

k. I Cancel Helm
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Macros or Compiled PLCs
This needs to be selected if file you are downloading contains PLCC's or uses the "#include" or "#define"
statements.

Create Log File
If you wish to generate alog file of the download process, select thisbox. Thisis good for debugging a
large program.

Create Map File
A map file tells you what symbols are matched to which definitions.

Just Compile
Have PEWIN32 process the files downloaded to a compiled format (output file has a*.56K file
extension), but don't download to PMAC.

Display Every Download
If this box is checked, the download options dialog is displayed every time you download afile.

Do not Show if No Errors
If this box is selected, the download status window isremoved if there aren't any errors or warnings.
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The Multi-File Downloader

The Multi-File Downloader allows the user to specify groups of files to be downloaded at the same time.
Thisis primarily for PLCC's since these all need to be download at once (that isasingle file with all
PLCC's need’sto created for a one time download, the Executive takes care of thisfor you)..

@Multi—ﬁle Download =10l %]
Groups Files in Group

CADOCUMENTS AND SETTINGS\F‘M.&E'\T.MT@
CADOCUMENTS AND SETTINGSAPMACWZ MT
CADOCUMEMNTS AMD SETTINGSYPMACKIMTE
—|CADOCUMENTS AMD SETTINGSYPMACK MTF

< T P o

Download Selected Group Download Selected Files

Dawnload All Groups Add a File Delete Selected Files

MOTE: Pleaze have a full file path specified for all #include statements

] 4 Cancel Help

The user specifies different groups and then adds files to the individual groups.
This shows al registered entries in the Multi-File download interface.

Uploading Files and Variables from PMAC

PEWIN32 gives you the ability to retrieve programs and variable values straight into an editor window.
From there, you can edit, save and print the information.

From the "File" menu, you can select:

e Upload Motion Program
e Upload PLC Program
e Upload Variables

Note

Y ou can backup PLCC's and other pertinent information from the Backup\Save
Config menu item.
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Uploading Motion or PLC Programs
Selecting the upload motion or plc program prompts you for the program number. |f you are uploading a

motion program, there is no limit to the program number, however, if you are uploading a plc, the

program number must be between 0 and 31.

File Configure Yiew Status  Plok

Edit a Text fil=
Cpen Terminal
Close

Erints Presies ..
Erimte .
Erints Sebi,..

Upload Motion Program
Uplaad PLC Program
Upload Variables

Cowenload File, .,

MultiDownload Files. .,

Clear Terminal

Exit

Alt+F4

Uploading PMAC Variables
The upload variable menu item alows you to upload a range of variables :

Upload a Range of ¥ariables =

—%ariable Type(s]
& | Wariables

P Variables
@ Wariables
M Wariables
= M Variables Definitions

—Upload Range

From : IE
To: |1 na

] 4 I Cancel =

Just specify the type of variables you wish and the range.

Position Window

The position window displays motor position information. 'Y ou can toggle the window to display
position, velocity, or following error for all eight motors simultaneously, or you can display all of these

parameters for a specific motor.

DISPLAY menu

When the Position window is highlighted, the menu changes to:

Basic Concepts
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|EPMAC Executive
File: | Cisplay ‘Window Help

Maodify Scaling and Uriks F2

v Show Position Ckrl+F7
Show Yelociky
Showe Fallowing Error

Show Pos, Vel, FE

Label Color. ..
Foreground Calar. .,
Background Calar. .,

MODIFY_SCALING AND UNITS - allows the user to set scaling and unit parameters for the display (see
below).

SHow POSITION - shows the current position of all 8 motors.

SHow VELOCITY - shows the current velocity of al 8 motors.

SHow FOLLOWING ERROR - shows the current following error for all 8 motors.

SHow POs,VEL, FE - show position, velocity and following error for a specific motor. Usethe
<PAGEUP> and <PAGEDOWN> keysto change motors.

LABEL COLOR - Color of motor # labels used in position window.

FOREGROUND COLOR - Color of text used to display position.

BACKGROUND COLOR - Color of background of position window dialog box.

By pressing the <CTRL+F7> key combination, the display will cycle through the different display
modes. Pressing the <F2> key will bring up the Scaling and Units dialog interface.

Thisinterface allows the user to set scale factors, unit l1abels, and other display parameters.

To change the scale factor for displayed information, enter the appropriate
number of encoder counts per user units (i.e. if you want to have 10,000 CTS
= 1inch, enter 10000). Next specify aname for your user units (i.e. “inch”,
“deg”, “rev”). Select your velocity units (i.e. "per ms', “per second” or “per
minute”). Enter in avalue for optional rollover (i.e. 360 if your user units
aredegrees). A value of O for rollover indicates no rollover. Lastly, specify
how many decimal places to the right of the decimal point you wish to have
displayed (for inches, you may want to use avalue of 3 so inches are
displayed as “2.002 inches”).

Removing or unselecting the Show check box associated with a motor will
cause the position window to not display information about that motor

These parameters only
affect the way information
isdisplayed in the position
window. They have no
connection to PMAC itself.

Thisis nice for systems
with less than 8 motors.

Thisinformation is saved in your PEWIN.CNF file.

Watch Window
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The watch window allows you to watch the response to any valid PMAC command, address or variable
you wish to observe in real-time. Y ou may also select defined macro names from the .tbl files created
when plcs and pmcs are downloaded to PMAC, or define macros of your own.

Brvaco-warr L=

@0 (HM11) = 1 -

A

Each entry is divided into three sections. Thefirst isthe Name or Identifier, the second, in parenthesis, is
the actual PMAC command used, and the third is the value returned from PMAC. When visible, the
Watch window updates its information as often as your computer and PMAC will allow.

Watch Menu
When the Watch window is highlighted, the main menu changesto :

[EPMAC Executive
File | WWatch ‘Window Help

add Watch,., Inserk
Delete Item Del

Edit Item. .. Ckrl+F
Clear all Items ZEFHC

Open Macro Table. ..
Edit Macro Table. ..

Background Calar. .,

Text Colar...

Hilite: Backaround Calar, .,
Hilite: Text Color...

ADD WATCH - use thisto add new watch entries to the watch table.

DELETE ITEM - thiswill delete the currently highlighted item. If there are no entriesin the watch table,
thisitemis disabled.

EDIT ITEM - alowsthe user to change the format in which return values are displayed. The available
options are decimal, hex and binary. See the Formatting Watch Entries section below.

CLEARALL ITEMS- clears (deletes) all itemsin the watch table. If there are no entries in the watch table,
thisitemis disabled.

OPEN MACRO TABLE- use thisto open a MACRO definition table.

EDIT MACRO TABLE- use thisto edit a MACRO definition table.

BACKGROUND COLOR - Color used for the background of the watch window

TEXT COLOR - Color of text used in watch window.

HILITE BACKGROUND COL OR - Selected watch window item's background color.

HILITE TEXT COLOR - Selected watch window item's text color.

Adding Entries to the Watch Window
When the Watch window is highlighted, pressing the <INSERT> key or selecting ADD WATCH... from
the Watch menu brings up the Add Watch dialog interface.
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nddwatch K

— Current ' atch T able:
|I:: WProgram Filez\Delta TausPEWIMN 32 macro.thl

— PrAC Command, Y ariable or M acro

[ [

Dore | Add

Simply typein the PMAC command you wish to watch the status of and press the Add button. The
entered command will then be displayed in the watch window. Add as many items as you want, then
select the Done button to return to the Watch window. Y ou can aso select any defined macros from the
macro drop down list (click the arrow button on the right).

Watch Window Macro Definitions

PEWIN’s Watch window has a built in macro management facility. Y ou are able to load and save macro
files (like those produced by the downloader) as well as add, edit and delete entriesin those files. Once
these macros are setup, instead of typing variables into the Add Watch dialog, you can select them from
the macro list and view their status in the Watch window.

Simply select the entry you wish to watch and select the Add button.

Editing Macros
PEWIN’s watch table contains a full macro configuration utility. Thiswill allow you to create, edit and

delete macros as well as save and load macro tables to disk. These can then be selected from the list in
the Add Watch Item dialog box.

File Mame: |C:\Program FilesDelta TausPEWIN 324 macro. thl

b acro Walue

ADDRESS H 7

C_AxlS_ADR Y-$0DDF0.E.4.0

A5 M Maz

C_CLNT_aADR #*30DF1.4.4.0

C_COORD_M b 23
Selected Entry

[ Edt | Add Delete |

Save | Load | Daone | Helm.. |

Selecting the Add or Edit buttons will allow you to assign or change a Macro.
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Edit a Macro x|

PrAC Command,

b acro Mame Address or Wanable

[ = |
Cance | Helm.. |

Specify amacro name and it’s corresponding PMAC command or variable. Pressing the OK button will
add or change this macro definition in the macro list.

Selecting the Delete button will remove the currently highlighted macro definition.

To display plc or pmc macrosin the Watch window, load the .tbl file (created when the plc or pmc was
downloaded) by selecting the Load from Disk button. Select the appropriate file and press <ENTER>.
Once amacro table has been loaded, it name is displayed in the Add Watch dialog. Open the list box by
clicking on the small arrow button to the right of the command line to display alist of loaded macro
definitions.

The Load from Disk and Save To Disk buttons prompt the user for afile and perform the specified
operation.

Formatting Watch Entries
Watch entries can be formatted to display their datain a number of different ways.

Watch Display Format x|

—Returned Type: — — Dizplap Filter: -~ Binan Dizplay Range:
¥ String & None #Bitsto Display |22
" Decimal £ Eifia) ; g I
C Octal Starting Bit Index 32
" Hex e Decr Mask  [FFFFFFFF
) Hiew = Use comma separatar bebwesn
every 4 bit nibble.

k. I Cancel | Help |

Select the format the entry will be returned in. If you expect the response asastring (i.e. "TYPE"),
Decimal (i.e. RX0) or hex (i.e. "?").

Select the numerical display mode from the selection in the middle, and the number of bits of thisentry to
usein the display.

The bitmask will be ANDed (&) with the return value and the resulting value

To show all bits (the whole displayed in the Watch window.

number) set the mask to
FFFF

If the Use Separator check box is selected, the display will be broken up by separators. Binary numbers
will have comas every four bits (nibble), decima numbers will have commas every 3 decimal places |eft
of the decimal point, hex numbers are separated by spaces every four places.

Jog Interface
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PEWIN32 includes an interface for jogging motors. Thisis called the Jog Ribbon, and is accessed
through the JOG RIBBON menu item in the VIEW menu.

[EPMaAC Executive
File Configure | Wiew Status Plab  Options Backup  Toaols  Window  Help

Position
W'akch
Jog Ribbon

Jog Ribbon

Jog Axis : Motor #1->X in Coordinate System 1

SelectMotor———————

A
hotar: ﬁ
L 4

JogMinus | Stop | Jog Plus Horme

I [" Joglncrementally Kilal

I ots Abart Al
ﬁetupJogParametersl 0k | [hcrement: |1UUU ot

I. » 0 0 0 0 0 0 0 3 J 0 0 0 0 a0 a0 a0 . FeedOwr:100%

Thisinterface only alows you to jog one motor at atime but gives you push-button access. The motor
will start jog as soon as the J Plus or J Minus button is pressed.

Motor

Selects amotor for jogging. The motor number and its coordinate system definition are displayed in the
window’ stitle bar.

Setup Jog Parameters

Pressing this button will bring you to the Configur e Jogging Parametersfor Motor #x dialog box
where pertinent |-variables, jog key definitions and relative step sizes may be changed.
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N Configure Jogging Parameters for Motor 1

Select Motor——————————

Y
hdator: ﬁ Done

w

1113 Muator 1 + Software Position Limit
1174 Mator 1 - Safbware Position Linit
1119 Motar 1 - Masimum Jog Acceleration 1.000
[120 kMotor 1 - JogéHome Acceleration Time

121 Motor 1 - Jog/Home S-Curve Time a0

1101

122 Mator 1 - Jog Speed 100,000

Within this dialog box you may customize the jog dialog box and alter jog related |-variables for any
motor. Pressing the up or down arrow buttons will scroll you to the next or previous motor number,
respectively. Upon entering the Configure Jog dialog box the current motor number will be the same as
the last addressed (i.e. last jogged) motor.

Jog Window Related | Variables

IX13 - Positive Software Position Limit - set this motor’ s positive software position limit.
Ix14 - Negative Software Position Limit - set this motor’ s negative software position limit.
IX19 - Maximum Jog Acceleration -set this motor’ s maximum jog acceleration rate.

Ix20 - Jog/Home Acceleration - set this motor’ s jog to home acceleration rate.

Ix21 - Jog/Home S-Curve Time - set this motor’ s jog to home S-curve time.

IX22 - Jog Speed - set this motor’s normal jog speed.

Jog To
Pressing this button will move the specified motor to the position specified.

Jog Minus or Plus
Pressing one of these buttons will start the jogging of the motor, plus or minus depending on which
butoon you press.

Stop
Pressing this button wil stop the motor from jogging.

Home
Pressing this button issues a HM command to the currently selected motor.

Abort All
Pressing this button sends a*A to PMAC stopping all motors.

Kill All
Pressing this button sends a”*K to PMAC disabling all motors.

Basic Concepts
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Feed Overate
This changes the feed rate (PMAC command %) for the coordinate system associated with the currently
selected motor.

Note:
Thiswill change the speed of all motors assigned to this coordinate system.

Thisinterfaceis especially useful when testing new pmc programs. Y ou have
guick access to the motor stop and kill functions as well as the ability to change the
feedrate of the coordinate systems.

Status Screens

The status menu lets you view how programs, motors, coordinate systems, and globa parameters and
connectors are organized and functioning in PMAC. Many of the these allow you to monitor parameters
inrea-time.

Motion Program Information

This opens awindow which displays information about all the programsin PMAC’s memory (a program
is defined with the statement ‘ open program X' where X is the program number). For each program found,
you will see the program number, the program stating address and the total amount of PMAC memory
occupied by the program. At the bottom of the screen is the total number of programs and the total
amount of memory occupied by all programs. Use the FILE menu options to save or print this

information.

Copy To Editar | Done |

EMaC:0 - Motion Programs Stored in PMAC"s Memory
Prg Number -- Address -- Length

999 -- §1800 -- 15 wards
Total of 1 Programs Occupying 15 Words In PMAC' =z Mewmory
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PLC/PLCC Program Information

This option opens a window which displaysinformation about all the PLC programsin PMAC’s memory.
You aretold the value of 15 and what that value meansto PMAC. |5 isthe I-variable which determines
which PLC’s can be enabled. For each PLC, the number, starting address and size are displayed as well
as whether the PLC is currently active. PLC totals are given at the bottom of the screen. Usethe FILE
menu options to save or print thisinformation.

Copy To Editor | Done |

I5 = 2: PLC O cannot be enabled
PLZ"s 1 - 31 <an be enabled
PLC -- aAddress -- Length —- Active
1 -- 5180F -- 24 words YE&
Total of 1 PLC=z Occupying 24 Words In PMAC's Memory

Motor Setup Summary

Thiswill display the configuration of the specified motor. This option reads key PMAC memory
locations and then does any necessary intepretations. The main parameter settings for the motor are
displayed.. This screen can be helpful in determining problems when trying to servo amotor. To select a
particular motor, use the <PAGEUP> or ,< PAGEDOWN> keys. Use the FILE menu options to save or
print this information.
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£ Setup Summary for Motor #1 o [m

A : ]
Mutur:ﬁ Done

] ]

=

]

Active

Mot commutated by PMAC

Output directed toan UNENDWH DAL [invalid address)
Feedback from Encoder Table Entry 2 uzing
incremental with 1/T ext. conversion from an UMENOWH Encoder
and UMDEFIMED decoding with digital delay

Handwheel pozition from Encoder Table Entry 17 using
incremental with 1.7 ext.
conwerzion from an UNENOWH Encoder
and x4 quadrature COW decoding with digital delap
filkering OFF and position following OFF.

|1zes UMENOWM Set of Limit/HomeFault flags with position capture
under software control,

&mplifier Enable Ling iz enabled (Default)

Limit switch inpLts have been disabled

&mp Fault has been dizabled

dtion an fault, Kl all mators (Default)

Amp Fault Palarity iz low-tue, low means fault [Default).
Follawing errar it MOT EMABLED

Man permitted velocity: 100,000 cte/meec

Maw prog acceleration:  1.000 cte/msec®

Man jog acceleration:  1.000 cte/msect

Motor Status

This display shows the interpretation of the status bits of the specified motor in real-time. Thisis done by
continually sending the ? command to PMAC. Thaose conditions that are true are highlighted. Pressing

the <PAGEUP> or <PAGEDOWN> keys changes the motor being examined. There are 2 modes for this
window, condensed and full. Condensed mode only shows the most important status bits while full mode
shows all the status bits.

32
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E PMALC:0 - C5 #1 Status, Pgllp fer ne...

Z-axis used in feedrt
Y-axis used in feedrt

#-axis used in feedrt

Radius vec incr mode

Ad

Coordinate Systems Status

Selecting this menu option displays the status of the specified coordinate system. This option actually
sends the double question mark command ?? to PMAC and interprets the bits of the hexadecimal number
returned by PMAC. Those conditions that are true are highlighted. Pressing the <PAGEUP> or
<PAGEDOWN> keys changes the motor being examined. There are 2 modes for this window,
condensed and full. Condensed mode only shows the most important status bits while full mode shows
all the status bits.
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E PMALC:0 - CS #1 Status, Pgllp far ne...

Z-axis used in feedrt
Y-axis used in feedrt

#*-axis used in feedrt

Radius wvec incr mode

Global Status

This display shows the interpretation of the global status bitsin real-time. Thisis done by continually
sending ??? command to PMAC. Those conditions that are true are highlighted. Pressing the
<PAGEUP> or <PAGEDOWN> keys changes the motor being examined. There are 2 modes for this
window, condensed and full. Condensed mode only shows the most important status bits while full mode
shows all the status bits.
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[EPmac:o - Global Status

Macro Ring Error

This Card Addressed for Serial Comm.

Connector Status

This option allows you to monitor the status of PMAC’s connectors. Currently, PEWIN32 supports the
J2(JPAN), J3(JTHW), J5(JOPT), J7(IMACH2) and J8(JMACH1) connectors. PEWIN automaticaly
selects which connectors may be monitored depending on the PMAC series

possoc s comece
Sehact & PMACT Corpcho 3 —Select a PMACS Connechon

& 2 JFAN ; Conlbol Panel

£~ J3JTHW : Thumbswhes Port & JZITHW : Thumbwheel Porf

€ JGI0PT gt £ Dutgest

O U7 IMACHE  hsisS 3
© J2I0 - Input / Dupt
© JEJMACHT - Auis 1 -4 x:m| H“‘""I

PMACI1 series PMAC2 series

After making a selection from this dialog box and pressing the OK button, the status window showing the
connector and its respective pinswill be displayed. The colors of the pins change depending on the state
of the pin, TRUE or FALSE. Pinswhich are inaccessible through software are marked with an *.
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[E|pMacio - 33 (3THW)

PMAC COMMON 1
Thumbwheel Port nput Bit 0 3
Thumbwheel Port Input Bit 1 5
Thumbwheel Port Input Bit 2 7
Thumbwheel Port Input Bit 3 9
Thumbwheel Port Input Bit 4 11
Thumbwheel Port Input Bit & 13
Thumbwheel Port Input Bit 6 15
Thumbwheel Port Input Bit 7 17

NO CONHECTION 19
BUFFER. REQUEST 21
IN POSITION 23
+0DC SUPPLY 25

GIGTS T ~] T~~~ T ST~ 1)

|@@%%00000000@

(== = PR X

10
12
14
16
18
20
22
24
26

PMAC COMMON

Thumbwheel Port Output Bit 0
Thumbwheel Port Outpant Bit 1
Thumbwheel Port Output Bit 2
Thumbwheel Port Output Bit 3
Thumbwheel Port Output Bit 4
Thumbwheel Port Output Bit 5
Thumbwheel Port Output Bit 6
Thumbwheel Port Output Bit 7
PMAC COMMON

PMAC COMMON

PMAC COMMON

PMAC RESET

When a connector status window is highlighted, the main menu changesto :

[E|PMAC Executive
Filz | Display ‘Window Help

Condense

v Beep on Change

Colar Setup

CONDENSE/EXPAND - Places the status window into condensed mode. In this mode only the pins and

their respective numbers are displayed.

(acondensed JPAN status window)

[ErpMmacio - 13 (rHw) =]

STSTGTS] T ~T ] ~T ] ~ 1] 1

|%%%%90000000%

BEEP ON CHANGE - When selected, the system will beep each time a parameter changes.

36
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COLOR SETUP - thiswill bring up the Status Colors dialog box which will allow the user to change the
display colors used in the current connector status window.

Status Colors

[

True / Falze

]9

Caricel

HElR..

T9e0900®
s liaNieNie N N Nie Nie'
ol Nie Nie Nia Nl Nie ic

Select the colors you wish to use for True and False state displays.

Thisinformation is saved in your Terminal INI file.
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PMAC CONFIGURATION MODIFICATION UTILITIES

| Variables

At the heart of the PMAC’ s configuration areit's | variables. These determine what makes a PMAC.
Because of the enormity of the | variables and their importance, we have developed two interfaces for
manipulating them. Note this manua shows the screens that would come up if you have a PMAC.
PMAC?2 and other PMAC's should be detected and may have different screens.

Note:

Changing | variablesin these windows or in the terminal does not change the
values stored in PMAC’ s non-volitile memory (EPROM of flash ram). Y ou muse
use PMAC’s SAVE command to permanently save the changed val ues.

|[E|PMAC Executive

FiIelCnnFigure View Sktatus  Plok  Opltions Backup Tools

I-\Mariables. .. by Category
P-Yariables by Mumber
Q-Yariables

| Variables by Category

Selecting the by Category list-option will present the | variables broken down into six categories, General,
Motor specific variables Coordinate system specific variables, Global Gate Array variables, Hardware
channel n variables and Global Gate Array 2 variables.

. PMAL I-¥ariable Configuration

|- aniable

b otor
1] Coordinate System

Global Gate Array
1 Hardware Channel n
7 [Global Gate Aray 2

if we open each one indepently, the windows will look like:
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- - |

Categeny e n| UosiToEdy |
[Péasisbs | Diprciphion Ve ﬂ
|o PWAL Caid Horeber 1
1 Seid Havdshacs Lre Dnabs ]
rd Corirei Panal Detable
3 140 Hendshake Mads
I Cremurcaors Checkon E ratis

[5 PLE Pragrawa DeTIF

) e Flaparing Mo
] IrvFpeon Mool Corisoatve Cpcles

e Fisal Tire e P

IE] Fulliabbesre, Living Form

] Sierv Inberpt Tires

m Pragren Mo [l Tiew

L JogrieFat, Cae: T

L

Lirdtse o'

Generadl | variables are dl the | variables.

T - - |

Catugen e 2 N [T

=] [0l =] LpkedToEdim

[Peaiste |Dinrcaption

|Hm1miu|

[Mctor 1 PAACCoarmatnke Erasble

[Motor 1 Comemand Clutpud fekd

[Mictor 1 Prositon eddvess

N =

R

|um1u-mua.ﬁu

&

[Mctor 1 b st P Eresbie

[Mokor 1 Washe Sl Furo

[cior 1 Posten Bl Factms

[Mcton 1 Visocie Sl Fiacten

SEHEIHEHEBEEEE

|um1ms.unmm

E®RENRT

Biar 0.1

Lt

Doy 1§ L2000, [
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Motor specific | variables determine each motors characteristics.

P obgraten B

[ [PeSrmr—" BN = LUsioad Ta E dior |
Pigickle | [esopiion ok
L) 5. 7 Doafult At slenadon Tiest s
L CE. 1 Dt 3 Lurve Tiwres 1l
1= CE. 1 Dol Pk e 200
190 5. 1 Fesdretes T Ll 100

19 EE. 1 Dosfanit'winding Pragran Husiar
1= L5, 1 Mipve Biend Dissbie

= CE 1 T Bt Ariiass =1
1. LE 1 Time Baee Slew i 1

1% CE 1 Feaciold Decad Aake 1544
1% L 1 Cacla Erve Limk 1
1 Fiesmrved o Fubuss L
138 L5 1 M Fosbstn
1 JFEH.I:II‘I'LI:III.I-H

(T
L wem ey s [ Comolt)

Coordinate System specific | variables specify how motors assighed to a coordinate system respond.

- -

L T =] ko Ta B |
[1varinble [Descrpicn _- [V
[0 |MaPhese ord Pub 14 Freguency Comal FEE3E
Edl |i!wﬂn=k Fpairicy Coniel 1%

9% |Serve Dok Freguency Conirrl 15
S0 s Doxck Conivel Charrek: 14 {133
S0 [Pt 14 Deadirue PFM 1.8 Pubse Wi Corio =5
85 DA 14 Stoobe 'wioed AFFFFF
S |T=w!-anu-wnu et
(37 |Hesdope Chock Corirnl Charmek 540 1173
TH | Pb - Dt FPM 5 Pubse 'idth Corkl 5
a0 [DACEE ok ied AFFFEE
Fargn: 13THY
Lty Wi o P Fradeey Doy BT
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Global Gate Array | variables used for general card setup.

¢ PR 1Mk Cailiguinat ks

(£ [rpermeenr i (N [ =] Aand ToEdk |
Felaiable ||:-mmn o Wake
10 E ricoegiens T | [l e Contood 15
CT Pralies Comuse 1 Chamnal el I
P Ergeder 1 Caphare Coeival 19
o3 Caphan ] Flag Selecd Conirml )
] Ercoden 1 Gated Ires Selert I
s Ercosie | Inde (abs Tlam
53 Dutpe | Mo Skt 1
Y ustpait 1 Irrvest Conirmd 1
WF | Dupn ! PPM Dasclion Sandl ived Coend [
EX [Reseresd bor Fubare Lise] 1

B 0.
Uit Forg Gl 7

Hardware channel N | variables used for encoder | variables.

| Variables by Number
Selecting the by Number option will present the entire list of | variablesin order from O to 1023.

£ PMAC2 I-¥ariable Configuration

Go Tefang Go | << |_]00| - | + |i100| ) | Upload To Editor |
| ariable | Description Yalue
0 Ptd&C Card Murnber 0
1 Serial Handshake Line Disable 0
2 Control Panel Disable 1
3 [#0 Handshake Mode 2
4 Communications Checksurn Enable 0
5 PLC Programs On/Off 2
E Eror Reparting Mode 1
7 [n-Pozition Mo of Congecutive Cycles 0
8 Real Time |nterrupt Perind 2
3 Full#bbre. Listing Form 2
10 Serva Interupt Time £29333
11 Program Move Calc. Time 0
12 Jogto-Pos. Cale. Time 10
13 Programmed Move Seqmentation Time 0
14 Auto Position Match On Run Enable 1
15 Deg/Radians for User Trig 0
16 Ratary Buffer Request On Paint 5
17 Fiotam Buffer Request OFff Paint ]
18 Fised Bufter Ful \Warming Point 10
19 [1ata Gathenng Period [In Servo Cycles) 1
Fange: |U..15
Units: |n-:-ne Dafault: |IJ
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To move through the list, use the two arrow buttons on either side of the window or use the Go To button

to jump to a specific variable.

M Variables

This variable window functions the same as the | variable window above. It enables you to view and
easily change the value or definition of any of PMAC’'s 1024 M-variables. It isyour responsibility to
format the M-variables pointer properly. Refer to PMAC’'s memory map for addresses to point to. A
listing of suggested M-variables pointersis given in the example program SETUP.PMC included on the

distribution disks.

£ PMALZ M-¥ariable Configuratien

GoTofild  Go |  UpbsdToEdie | ™ Undas Esiidicaly

=10/ %]

<< |-100] - | + [#100] >> | Esbehfs | CeeEsy |
i Manzble Mumber N aniatle Defmition Yale
[ - $6500.4,18

M1 :§RE00.4.16 1
M ' 4E500,4,16 1
M3 T:FRE00.4.16 1
s ' $6500,4,16 1
b5 T4ES00.4,16 1
ME- Y $6500.4,16 1
M7 :$6500.4.16 1
M V.46500.4,16 1
M3 :$6500.4.16 1
MIB ¥.46500,4,16 1
W11 46500416 1
W12 ' 46500,4,15 1
W13 ' $E500.4,16 1
W14y Y 4E500.4,18 1
153 46500415 1
W15 - §6500.4,15 1
17 '(-$6500.4.15 1
W15 - $6500.4,15 1
W13 'f-$6500.4,16 1
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P & Q Variables

The windows for each of these optionsis the same as for the | variable window described above with the
exception that more variables are displayed at one time.

£, PMAC2 P-Yariable Configuration £ PMAC2 ()-Yariable Configuration

Ga Tall1p00 Go | Upload Ta Editar | Elosel GUTU:IW Go | Upload Ta Editar | Elose|
<< [-100] - | + |+100] > | << [100] - | + [+100] > |

P ariable Mumber Yalue || 10 ariable Mumber Yalue o
Pl I 4o I

Pl 0 1 0

P2 I 12 I

P3 0 3 0

P4 0 (14 0

P 0 05 0

FE 0 (16 0

P7 I w7 I

P8 0 8 0

P I 3 I

P10 0 j 10 0 j

Encoder Tables

This menu choice alows you to ater, update, save or retrieve the entries of the encoder conversion table.
You will need to alter thistable in order to use various types of feedback other than the default /T
Conversion. Each feedback device will have an encoder configuration. In order for PMAC to interpret a
particular feedback device correctly, the raw data must be converted appropriately. The choices within
this dialog box enable the user to easily change the conversion process without getting into the necessary
details. Please refer to the PMAC User's Manual for details concerning how to edit the conversion table
manually (i.e. using PMAC memory read and write commands) or press <F1> for help.

The table entries, which begin at PMAC address memory location $720 hex, may be scrolled through
using <PgUp> or <PgDn>. Use the mouse or the <TAB> and <SHIFT-TAB> keysto moveto anitemin
the dialog box. Altering the conversion method may be done by clicking your mouse or using the
spacebar and <ENTER> on one of the conversion types. To change the encoder source address, smply
move to the source address field of the desired entry and select the address from the pull-down list. To
leave the conversion table editing without making any changesin PMAC select CLOSE or press <ESC>.
To change the selected entry in PMAC to the specified format select DOWNLOAD TO PMAC.
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.# Encoder Conversion Table Configuration

— Salect atable enfry ba visw/adit
- End of Table Dowrboad Eniry
Eirst Entiy af Table
Do
Emie Frocassed Data w4729
Bddeis = Addiaes :

Hiewsr &1 Enibies of Tabls

- [ieng]

Canrversion Type: IPalalaI pas iom v ward wath no fiketing j
Source fddress: | 1C04) =l

Bt arabled mask: |$FFFFFF
I Carssersion Skifting of Parallel Dala ——

 Nomal shift [3 bits to the night)
& Mo Shilting
" MACRO (3 bis to the nght)

Entry Number
Thisfield contains the number of the encoder conversion table entry currently being viewed. Use the up
and down buttons or <PgUp> and <PgDn> to step through the encoder conversion tables.

Entry Address
Thisfield contains the address (in hex) to store converted source data from the Source Address. These
begin at memory location $720 hex.

Conversion Type

Thisfield contains the conversion type for the current entry. Select this entry and press <ENTER> or
click on the down arrow to the right of thisfield to view alist of common conversion types. Y ou can
select a conversion type from this list using a mouse or the keyboard arrow keys. If you need to use a
conversion type not shown in thislist, you will have to enter the data manually from the terminal. Refer
to the section entitled "Encoder Conversion Table" in the Pmac User Manual for help with this process.

Inc with 1/T Ext
Short for "incremental with /T extension." For incremental encoders, the source address must be one of
the DSP-GATE encoder counters, selected from the following list:

ENC1: $C000 ENCO: $C020
ENC2: $C004 ENCIO: $C024
ENC3: $C008 ENC11: $C028
ENC4: $C00C ENC12: $C02C
ENC5: $C010 ENC13: $C030
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ENC6: $C014 ENC14: $C034
ENC7: $C018 ENCI15: $C038
ENC8: $C01C ENCI16: $C03C

Most applications will use the 1/T-extension conversion method which uses timers associated with each
counter to estimate fractional resolution.

Those who have set up to use the parallel sub-count interpolation must use a source address of one of the
odd-numbered encoders. A typical setup address in this case would be $C010 hex, which provides
parallel extension of the encoder 5 counter using encoder 6's flags.

A/D Register

This conversion choice picks up data from the top 16 bits of a 24-bit word. It isintended for use with the
A/D converter registersin the DSP-gates, which are fed by Accessory 23 or Accessory 28(A or B). The
source address specifiesaword in the Y memory space, and should be one of the following:

ADCI1: $C006 ADCO9: $C026
ADC2: $C007 ADCI10: $C027
ADCS3: $COOE ADC11: $CO2E
ADC4: $COOF ADC12: $CO2F
ADCS: $C016 ADC13: $C036
ADCG: $C017 ADC14: $C037
ADCT: $CO1E ADCI15: $CO3E
ADCS8: $CO1F ADCI16: $CO3F

A typical address for an A/D register would be $C006, which provides the conversion of the ADC2
register. With A/D conversion, thereis no rollover (software extension) performed.

Parallel with and without Filter

The four choices Parallel Y without Filter, Parallel Y with Filter, Parallel X without Filter, and
Parallel X with Filter differ only in the use of X or Y memory space and whether or not the filter isto be
used. If you are providing position information to PMAC as a parallel dataword (as from an absolute
encoder or processed from alaser interferometer) you will use this conversion method. The parallel data
word may come either from the X or Y memory space. Usually this datais brought in on an ACC-14
board, which isin the Y-memory space.

When using ACC-14 to bring in the data, the following source addresses would be used:

1st ACC-14 Port A (J7): $FFDO
1st ACC-14 Port B (J15): $FFD1
2nd ACC-14 Port A (J7): $FFD8
2nd ACC-14 Port B (J15): $FFD9
3rd ACC-14 Port A (J7): $FFEO
3rd ACC-14 Port B (J15): $FFE1
4th ACC-14 Port A (J7): $FFES
4th ACC-14 Port B (J15): $FFE9
5th ACC-14 Port A (J7): $FFFO
5th ACC-14 Port B (J15); $FFF1
6th ACC-14 Port A (J7): $FFF8
6th ACC-14 Port B (J15): $FFF9

Parallel-feedback conversion requires a double (for non-filtered) or triple (for filtered) entry in the
conversion table. The second entry -- filtered or non-filtered --specifies the size of the feedback word
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used. Theentry isa24-hit word in which each bit actually used for the parallel feedback is a one; the
unused bits above are zeros (parallel feedback should aways be connected starting at bit O of the data
word). For a12-bit absolute encoder, this entry would be $000FFF hex; for 14 bits, it would be $003FFF
hex. The maximum entry permitted is for 19 bits: $07FFFF hex. The count can be software-extended by
PMAC, permitting rollover. If more than 19 bits of true absolute position are needed, the power-on
position can be read to full range using 1x09 and 1x10; from then on, position is kept through rollover
using the conversion table.

The converted data from the parallel word is put in the X data word matching the last (2nd or 3rd) setup
word for the entry. Thisisthe address that should be used by the motor I-variable that picks up position
(Ix03, 1x04, or Ix05). For instance, if the first setup entry (address Y :$720) in the conversion table were
$30FFDO hex (filtered parallel data), the size entry would bein Y:$721, and the maximum change entry
would bein Y:$722 hex. The converted datawould be placed in X:$722 hex. If thiswere the position
feedback for motor #1, 1x03 would be set to $722 hex (1826 decimal).

Note:

The parallel dataword from alaser interferometer is not true absol ute position
information, because the interferometer is fundamentally an incremental sensor.
For this arrangement, there is no need to wire more than 19 bits of datato the
ACC-14 (in fact, 16 bitsis sufficient). Position reference is established by a
homing procedure, and full range is achieved by using rollover to extend the range
of the count in software.Filter/Max change

The parallel dataword filter simply sets a maximum amount the data word is permitted to changein a
single servo cycle. Thisvalue should be entered in the filter box in hex. If PMAC sees achange larger
than thisin the source data word, the converted data only changes by the maximum amount. Thereisno
permanent loss of position information if the filter "kicksin". Thisfiltering permits protection against
spurious changes on high-order data lines, while not delaying legitimate changes at all. This maximum
amount isthe third setup entry for the encoder in the Y-memory portion of the conversion table. It should
be set dlightly greater than the maximum actual velocity expected on the sensor.

Time Base

A time-base conversion is ascaled digital differentiation. Every servo cycle, it calculates the difference
between the value of the source register for this cycle and the value for the last cycle, and multiplies the
difference by the scale factor. The scale factor can be entered under the Bit Enable/Time Base input box.
The most common use for the resulting value is for the time-base (feedrate override) control, which
makes the speed of PMAC execution proportional to an external frequency (usually the speed of a master
device).

Triggered Time Base

Thisisvery similar to the timebase conversion described above, but with the added feature of
synchronizing timebase following upon a hardware trigger. Refer to the PMAC User's Manual for further
reference.

Inc with Parallel Ext

Short for "Incremental Encoder with Parallel Extension”. Those who have set up to use the parallel sub-
count interpolation for incremental feedback would use this option. In this case, the source address must
be one of the odd-numbered encoders. A typica source address would be $C010, which provides parallel
extension (i.e. interpolation) of encoder #5 counter using encoder #6's flags.

Inc without Parallel Ext
Short for "Incremental Encoder without Parallel Extension”. Those who have set up to use the parallel
incremental feedback without interpolation would use this option.
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Conversion Type

The result of choosing the add with previous entry option in the conversion will result in the sum of this
entry and the previous entry in the table. Setting this option to Additive in entry number 3 for instance,
would result in the summation of entry two and entry three at the address of location 3. This permitsthe
servo feedback to sum of two sensors. (If the polarity of the sensors or their counters is opposite, this
provides the difference of the sensors. This can be useful for Doppler-type sensors, where the reference
wave and the shifted-frequency wave are fed into different counters, one counting up, the other counting
down; summing the two counters provides position).

Source Address
This the hex address where the raw datais located.

Bits Enabled Mask

Thisfield contains a scale factor used when the appropriate bit is enabled. The most common use for the
resulting value is for the time-base (feedrate override) control, which makes the speed of PMAC
execution proportional to an external frequency (usualy the speed of a master device).

Max Change
This limits the magnitude that the input value is allowed to change between scans.

View All Entries of Table
This option opens awindow containing alist of al the defined encoder conversion table entriesin
PMAC'smemory. Thiswindow can then be saved to disk or printed.

Download Entry

This option sends your encoder conversion table configuration to PMAC's memory. Every timeyou
make changes to the table, you need to download it via this button. At this point, the table will be
actually bein use by PMAC. An altered encoder conversion table configuration must be stored in
PMAC's permanent EPROM memory (using the this button) if it is to survive past a power down or cycle
reset.

Done

This closes the Configure Encoder Conversion Table window. Thiswill not download the present
encoder conversion table entry to PMAC. Usethe Download Entry to PMAC button if you want this
entry to be sent to PMAC.

Conversion Shifting of Parallel Data
If you want to have fractional parts of the position or you have a MACRO station base system then you
have to specify that in the conversion shifting of paralel data.

Coordinate Systems

This menu choice enables you to ater the currently defined coordinate systems, or define new ones. For
motors to move within motion programs, they must first be assigned to an axis within one (and only one)
of the eight possible coordinate system. Any motor may be assigned to any valid axis (X, Y, Z, A, B, C,
U, V, or W) or coordinate system (1, 2, 3, 4, 5, 6, 7 or 8), provided the motor has not been previously
assigned to another axis or defined in another coordinate system. To move from one coordinate system to
the next, use the <PgUp> and <PgDn> keys. Assignments are downloaded to PMAC'sinternal memory
asyou ADD and REMOV E motors from the current axis definitions window.
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PMAC? Configure Coordnate system |4

x

Coordinate Systern to Modify/Monitor; 1 —

Current Az Definition —Available Motors——

#1-2 Mator #2

Mator #3

Mator #4

Mator #5

Motor #E

Mator #7

Motor #3

Edit Bemove > << Add
Wiew Al Coordinate Syztems

Coordinate System to Modify/Monitor
Thisfield displays the number of the coordinate system within PMAC that is currently being viewed.
Use the + and - buttons or <PgUp> and <PgDn> to step through the coordinate systems.

Current Axis Definitions
Thiswindow lists all motors and their corresponding axis definitions for the current coordinate system.

Edit
This button opens a dialog box where you can edit the axis definition selected in the current axis
definitions window. If you want to undefine a motor definition, use the Remove button.

Remove

This button removes the motor selected in the current axis definitions window from the coordinate
system. Once you remove a motor from the current axis definition it will appear in the Available Motors
window, and is available again for axis assignment.

Available Motors
Thiswindow lists al the PMAC motors which are available to be assigned to a coordinate system. A
motor isavailableif it is not already defined in any coordinate system.

Add

This button adds the motor selected in the Available Motors window to the current axis definitions
window. When you press this button a dialog box will open where you can enter the axis definition for
the motor before it is added to the coordinate system.

View all Coordinate Systems
This option opens awindow containing alist of all PMAC coordinate systems and their axis definitions.
Y ou cannot edit the coordinate system definitions in this window but you can print this information.

Done
This closes the Configure Coordinate Systems window.
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PLOTTING AND DATA GATHERING

PmacPlot

PEWIN32 now uses an independent application for Quick and Detailed plotting features. PmacPlot has

its own separate manual.

£ PMACPIot Yer-1.20 6/7/2000 PMAC Ultra Light {0)

Open  Save  Configure

[uick Plat T Detail Plat T iAbout

kot

Pmacllot for Windows
Version 1.20

Coppight 13972000 Delta Tau Data Systems,
21314 Lassen Street
Software Engineering By Chatsworth, CA 91311
Phone: (818) 998-2095
R F e BBS: (818) 407-4859

Webwww deltatau.com

New Ideas 1in Motion

The Quick and Detailed plotting features allow the user to use PMAC' s on board real time data gathering
feature for diagnostics purposes. It is highly encouraged that everyone becomes familiar with this feature

and its great debugging potential.

Plotting and Data Gathering
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CONFIGURATION FILES

Backup / Restore PMAC Configuration Files

The Backup options et you save, restore, and verify al or part of PMAC's configuration. PMAC's
configuration consists of al motion programs, PLC programs, I, P, Q, and M-variable values, M-variable
definitions, custom servo algorithms, other important memory locations, leadscrew compensation tables,
and coordinate system definitions.

To backup or restore all of PMACS' parameters, choose the Global Configuration menu item. This
allows the user to selectively choose which of PMACSs parameter to save or restore. To work with motor
| variables only, choose the Motor Configuration menu item.

Dialog for Global Configuration.

PMACL Configuration »

— Item Groups to Backup

V¥ | Yariables ¥ Impartant Memory Registers
¥ Paniables [¥ ation Programs

V¥ O Yariables [¥ PLC Programs

¥t Yariable Definitions ¥ Coordinate 5 pstems

[T User'wiitten Servos/PLCC's W Compensation Tables

[T MACRO Configuration
[ Option 16 Memomy Fegisters [0x4000-0=EEFF)

Backup How 7
= Single Backup File " Use Include Files

=*MOTE: The Yerfy Configuration feature only warks with Single
Backup File ==

k. I Cancel HElD

Save Configuration

This dialog box enables you to upload any combination of motion programs, PLC programs, I, P, Q, and
M-variable values, M-variable definitions, custom servo algorithms, other important memory locations,
leadscrew compensation tables, and coordinate system definitions and save them to disk. The Setup
button opens a dialog box where you select which parameters to save. These are the items which will be
written to an ASCI|I file when you select the OK button in the Save Full PMAC Configuration window.
Thisfile serves as a backup and may be used to duplicate configurations on other PMAC cards.

[E|PMAC Executive
File Configure ‘iew Status Plob Cptions | Backup Tools ‘Window  Help
LR T WY Save Global Configuration
Restore Configuration.., ®  Save a Makor
Werify Configuration Save MACRO Configuration

Note:

PLCC's are firmware specific. Therefore, a configuration file which uses PLCCsis
only valid for that type and version of PMAC.
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Restore Configuration...
This option is used to restore the contents of a backup file (created with the Save Configuration option)
to PMAC. Thefileissimply downloaded to PMAC.

Flot Options | Backup Tools  Window  Help

Save Configuration. . »

Restore Configuration,.,  # Restore Global Configuration
Restore a Makar
Resktore a MACRO Configuration

Werify Configuration

Verify PMAC Configuration

This option allows you to compare the contents of any text file with the contentsin PMAC's memory. It
provides a good way to validate the backup file created by the Save Configuration option. At present,
you may only validate files that have no #include statements, which means files backed up using the
“Single Backup File” option.

PMAC Configuration Yerification 7| x|

Look in: | 23 PMAC x| « & cf EB-

1.mkr
2.ty
3.ty
4.mkr
rnokar_con, cfg

File name: | | Open I
Files of bype: IF'M,E'-.E Files =] Cancel |

54 Configuration Files



Accessory 9WN

PEWIN32 SOFTWARE CONFIGURATION

Options Menu

[E|PMAC Extecutive

File Configure Yiew Skatus F'Il:utloptinns Backup Tools ‘Window Help

Preferences
» Save Setbings on Exit

PREFERENCES - set default values for various PEWIN32 displays.
SAVE SETTINGSON EXIT - when selected, save current window positions and status and restores them
the next time the program is run.

Preferences

Thereis currently one preference area:
e TheTermina
Terminal Preferences

Terminal Preferences x

Window B ackground Change...
Typed In Text Change...
Mormal PMAC Test Change...
DPRAK Text Change...
Serial Text Change...
Errors Change...
Warnings Change...
Meszages Change...
MWurnber of Lines to Keep : IE”
Diownload Options. .. | Fant... |
[T Enable Terminal Status Bar [ie #, and )

k. | Cancel | HElq |

Selecting the Terminal Preferences menu item allows the user to change the colors for the various text
messages displayed in the terminal aswell asthe font. So, asto finish press done at the preferences
window.
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Terminal...

Dane

HEelm
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PEWIN32 HELP FACILITY

PMAC Users Guide and Software Manual

This manual aswell asthe PMAC software manual are available on-line. You can retrieve on-line
information about PMAC, the Executive program, and the various help functions. Thisinformationis
available aphabetically or by subject

Hardware Manuals

All four of the main PMAC hardware manuals are accessible on-line. These include the PMAC-PC,
PMAC-VME, PMAC-Lite and the PMAC-STD.

Why Am | Not Moving?

This menu choice will probably save you many hours of searching and frustration in tracking down
problems associated with running a motor especialy if you are new to PMAC. You may run into the
condition where a motor simply will not run, despite being sure that all the parameters have been set
properly. What this menu option will do islook at your configuration, and cite possible (warnings) or
definite (faults) causes of problems preventing you from running your motor(s). To use this self
diagnostic feature, you must specify a particular motor

Why is my Program Not Running?

This menu choice will also probably save you many hours of searching and frustration in tracking down
problems associated with running a motor especially if you are new to PMAC. You may run into the
condition where a program simply will not run, despite being sure that al the parameters have been set
properly. What this menu option will do islook at your configuration, and cite possible (warnings) or
definite (faults) causes of problems preventing you from running your maotion program(s). To usethis
self diagnostic feature, you must specify a particular coordinate system.
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MOTOR AND SYSTEM TUNING WITH PEWIN32
PID Loop Tuning

The Tuning interface is intended to assist you in setting the controls parameters or gains of PMAC s PID
filter, a process known asfilter tuning, and for adjusting your motor amplifier viaamplifier tuning. The
goal hereisto achieve a stable and well-behaved system. The processisinteractive and iterative: you try
a setting, see haw it performs, make necessary adjustments, and repeat until satisfactory results are

obtained. This procedureis set up so that no special control expertiseis required.

@PMAE:D - PID Tuning for Meter #1, PgUp fer next Mot er

Step Parabolic W'hat to Plat
¥ Position

Step Size [cts) 1000 Mave Size (cts): [4000 I Velocily

Step Time [ms];|5|:||:| Move Time [mz]: IEIZIEI ™ Acceleration
[ Fallowing Emar

Do Step | Do & Parabolic | [T DAL Output
5 . BlatHespanse |
— Original Gaing
[130 Prop. Gain

[137 Denivative Gain

|1 Q0000 " Gantry Auto Tuning [C'ual Maotar]

tctivate [ Second Mu:ntu:url

|25EIEI

[132 Welocity FF Gain |25I:II:I T —
[133 Integral Gain |1 a0aa

Auta Tune...
[134 |ntegration Made |1 _
1135 Accel. FF Gain o Toggle Gains
[129 DAL Offzet ID Match Filter...
[1E3 DAL Lirnit |4DDD Low Pazz Filter. .
[160 Servo Cycle Per Ext. IEI :

Kl kA akor
[1683 Friction FF Gain IEI
Mate: Motch LR filker MOT installed Dang | HEl |

When you change one of the I-variablesin the lower left fields of this dialog box (1x30-1x35, 1x29, 1x60,
and 1x69), you are actually changing the I-variable value , and consequently the characteristics of the
servo loop, in PMAC. (Don't forget toissuea SAVE command when finished tuning to make your
changes permanent.)

Y ou have a choice of one of three predefined moves:. step, parabolic, and open loop. These moves may
be performed on any motor (to select a motor for tuning while in the tuning screen, press <PgUp> or
<PgDn>). The step move, usually done first for current loop systems (if your amplifier isnot using a
tachometer it is considered a current loop system), commands the motor to do a closed loop step move,
allowing you to analyze the step response of the system and adjust the proportional (1x30), derivative
(Ix31) and integral gains (1x33) accordingly. The parabolic move, usually performed after a step move,
commands the motor to move in a closed loop parabolic profile. Thisis used to tune the velocity and
acceleration Feedforward gains (1x32 and 1x35). For velocity |oop systems (if your amplifier isusing a
tachometer it is considered a vel ocity loop system), the open loop moveis usualy done first before a step
or parabolic move. Thistest writes positive and negative values to the motor's DAC output. This can be
used to calibrate (i.e. adjust offset in) the amplifier, tachometer, etc. For more information on PMAC's
digital filter, see How the PID Works and The PID Algorithm in the PMAC User Manual.
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When the PMAC Executive performs these tuning moves, it is necessary for the Executive to download a
small motion program (PROG 999) and two PLC programs (PLC 30 and PLC 31) to PMAC. Itisaso
necessary to modify afew I-variable, P-variables and M- variablesin PMAC, and the coordinate system
definitions. Since these parameters may be used in your application, the Executive will automatically
backup thisitemsto afile called TUNE.DAT before downloading the necessary tuning programs and
variables. Hereisatypical TUNE.DAT file which is automatically generated when you begin tuning:

;This file was created by the PMAC Executive during a tuning session.

CLS
UNDEFINE ALL
DELETE GATHER

&1

#1->2000X
#2->2000X
#3->2000X

119=1

120=%7
121=$800028
122=$80002B
123=$400045
124=%0
125=$800067
126=%$0

127=%$0

128=%$0

129=%$0

130=%0

131=%$0

132=%$0

133=%$0

134=%0

135=%$0

136=%0

137=%$0

138=%0

139=%$0

140=%0

141=%0

142=%0

143=%0

144=%0
M1016->D:$080B
M1017->D:$002B
M1018->X:%$3A,4,20
M1019->X:$3,19
M1020->X:$3,18
M1021->X:$3D, 13
M1022->X:$7F1,24
M1023->X:$7F0,24
P1021=112.94116633
P1022=50
P1023=12288000
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P1=10

P2=2000

P3=500

P4=1895

pP5=5

P6=0

pP7=128

p8=2

PO9=4

P10=0

P11=0

P12=0

P13=5

P14=0

P15=0
P300=4294967295
P400=-1431655766
MO->X:$0, 24
M85->X:$7F0,24
M86->X:$7F1,24
M90->Y:$38,24,S
M95->X:$3E,8,16,S
M164->X:$33,24,S
OPEN PLC 30 CLEAR
CLOSE

OPEN PLC 31 CLEAR
CLOSE

OPEN PROG 999 CLEAR
CLOSE

Use this sample file as areference to indicate which P- variable, M-variable, |-variables are modified
when you perform tuning. Thisfile automatically isrestored when you exit tuning by either exiting the
tuning dialog box, or when you select the EXIT TUNING button which appears at top right of the main
menu.

What to Plot

Thisareain the dialog box lists five check box selections allowing you to select which plotsto view
during the tuning process. Up to two items can be plotted at the same time. To select or deselect anitem
for plotting, press the space bar or click the mouse to toggle the selection.

Position
A check mark placed here selects the actual position to be plotted on the screen.

Velocity
A check mark placed here selects the actual velocity to be plotted on the screen.

Acceleration
A check mark placed here selects the actual acceleration to be plotted on the screen.

Following Error
A check mark placed here selects the following error to be plotted on the screen.

DAC Output
A check mark placed here selects the DAC output to be plotted on the screen.

Step Size (cts)
Here you specify the magnitude (maximum travel in one direction) of the step move. The unitsarein
encoder counts.
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Step Time (ms)
The move time specifies the time for each half of the step move. The units are in milliseconds.

Move Size (cts)
Here you specify the magnitude (maximum travel in one direction) of the parabolic move. The units are
in encoder counts.

Move Time (ms)
The move time specifies the time for each half of the parabolic move. The units are in milliseconds.

Ix30 Proportional Gain
This I-variable provides a control output proportional to the position error (commanded position minus
actual position) of motor x. It acts effectively as an electronic spring. The higher 1x30 is, the stiffer the

"spring"” is.
IXx31 Derivative Gain

This |-variable subtracts an amount from the control output proportional to the measured velocity of
motor X. It acts effectively as an electronic damper. The higher Ix31 is, the heavier the damping effect is.

Ix32 Velocity FF Gain

Thisisthe velocity Feedforward gain. Thisterm adds an amount to the control output proportional to the
desired velocity of motor x. It isintended to reduce tracking error due to 1x31, analog tachometer
feedback and/or frictional effects.

Ix33 Integral Gain

This I-variable adds an amount to the control output proportional to the time integral of the position error
for motor x. Thetimeintegral of the error islimited by 1x63. With Ix63 at its default value of 4194304,
integration is disabled, regardless of the value of 1x33. Integration is disabled if the output saturates.

Ix34 Integration Mode
If this parameter is 1, position error integration is performed only when PMAC is hot commanding a
move. If this parameter isO, position error integration is performed all the time.

Ix35 Acceleration FF Gain
Thisisthe acceleration Feedforward gain. This term adds an amount to the control output proportional to
the desired acceleration for motor x. It isintended to reduce tracking error dueto inertial lag.

Ix29 DAC Offset

For amotor not commutated by PMAC, thisisthe value that is added onto the output of the servo
algorithm or the open loop output value (including the zero output when the motor is killed) beforeitis
sent to the DAC. If the analog output is unidirectional (bit 16 of 1x02 is 1), this bias term is added after
the absolute value function is performed. For a PMAC-commutated motor, thisis the value that is added
onto the first-phase output of the commutation algorithm (I1x79 is added onto the second phase).

Ix69 DAC Limit

This parameter defines the magnitude of the largest output that can be sent from the control loop. If a
larger valueis calculated, it is clipped to this number. The analog outputs on PMAC are 16-bit DACs,
which map anumerical range of -32,768 to +32,767 into a voltage range of -10V to +10V relative to
analog ground (AGND). If you are using differentia outputs (DAC+ and DAC-), the voltage between the
two outputs is twice the voltage between an output and AGND. (If you wish to limit the voltage between
DAC+ and DAC- to 10V, 1x69 should be 16,384.)

This parameter also provides atorque limit in systems with current-loop amplifiers, or avelocity limit
with tachometer-based amplifiers. Note that if thislimit "kicksin" for any amount of time, the following
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error will start increasing. When 1x69 is actually limiting the output, the integrator in the PID loop will
turn off for anti-windup protection.

Note:

When using PMAC to do internal open-loop micro stepping (using its own
commutation algorithms, not external V/F converters), the servo loop iswriting to
an internal register, not directly to the DACs. In this case, we can alow more than
a+/-32K limit. The value of 1x69 that should be used for this micro stepping is
524,287 219-1).

IX60 Servo Cycle Period Extension

This parameter permits an extension of the servo update time for motor x beyond the servo interrupt
period, which is controlled by hardware (E3-E6, E29-E33, E98, and master clock). The servo loop will
be closed every (Ix60 + 1) servo interrupts. With the default value of zero, the loop will be closed every
servo interrupt. Other update times, including trajectory update, and phase update are not affected by
Ix60. 110 does not need to be changed with Ix60.

IXx68 Friction FF Gain

This parameter add a bias term to the servo loop output of motor x that is proportional to the sign of the
commanded velocity. That is, if the commanded velocity is positive, 1x68 is added to the output. If the
commanded velocity is negative, 1x68 is subtracted from the output. If the commanded velocity is zero,
no value is added to or subtracted from the output.

This parameter is intended primarily to help overcome errors due to mechanical friction. Indeed, it can be
thought of asa Friction Feedforward term. Becauseit is a Feedforward term that does not utilize and
feedback information, it has no direct effect on system stability. It can be used to correct the error
resulting from friction, especially on turnaround, without the time constant and potential stability
problems of integral gain.

If PMAC is commutating this motor, this correction is applied before the commutation algorithm, and so
will affect the magnitude of both analog outputs.

Note:
This direction-sensitive bias term is independent of the constant bias introduced by
Ix29 and Ix79.
Do a Step

Use this button to perform a step move and view aplot of the response. The move and plot will conform
to the parameters set in the tuning window.

Do a Parabolic
Use this button to perform a Parabolic Move and view a plot of the response. The move and plot will
conform to the parameters set in the tuning window.

Open Loop Move

This button opens a dialog box which allows you to perform a repetitive sequence of open-loop moves
according to the values set in Open Loop Mag, Open Lp Time, Open Lp Zero Time, and Number of Reps.
The open loop move will be performed when you press the Open Loop Move button. Select Close or
press <ESC> to close this screen.
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Open Loop Move for Motor #1 X

Open Loop b agnitude [%]:
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Open Loop Time [mz];
Open Loop £em Time [ma]: aa

MHumber of Repetitions:
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o =
@

| Open Loop kove I

Open Loop Magnitude (%)

Here you specify the magnitude (maximum voltage in one direction) for the open loop move. Thisis
expressed as a percentage (0 - 100%) of the value stored in 1x69 which holds the maximum allowable
output magnitude (in DAC hits) which can range from 0 to 32767 corresponding to 0 to £10V. The
factory default for Ix69 is 20480 (which is about +6.3V), but thisis usually reset to the full 32767 (+10V).

Open Loop Time (ms)
The open loop time specifies the time duration of the "on time" (when a positive or negative value is
written to the DAC output) for the open loop move.

Open Loop Zero Time (ms)
This specifies the time duration of the "off time" (when avalue of zero is written to the DAC output) for
the open loop move.

Number of Repetitions
This specifies the number of repetitions for the open loop move. A vaue of zero indicatesinfinite
repetitions until the space bar is pressed.

Plot Response
This option lets you view the last response plot without redoing the move.

Auto Tune

The purpose of this auto-tune option isto provide you with the ability to rapidly select the PID gains
and/or calibrate the DAC offset(s) for any motor. The auto-tuner carries out this task by measuring the
response of the motor/load combination to a series of test/excitation signals. Based upon the test results
and the user's input on the desired closed |oop response (bandwidth and damping), the program provides
suggestions for the PMAC gains 1x30, 1x31, 1x32, Ix33, and 1x35. The number of tests and the magnitude
of the excitation signals (as a percentage of DAC output) are selected by the user.

The auto-tuner is intended to be used for tuning systems with motor/load combinations that are
structurally stiff (no structural resonance's at low frequencies relative to the selected bandwidth). Systems
with low frequency structural resonance's (e.g. motor/load combinations with long and thin shaft
couplings or with long chain/belt drives) may still require the manual tuning of the PID gains and the
notch filter parameters. For such systems, if high gain control action is not an essential requirement, the
auto-tuner may be able to provide reasonable results. To do so the desired bandwidth should be selected
at afrequency well below the dominant structural frequency of the mechanics.

Toggle Gains
If you select the Implement Later button in the screen showing the suggested auto-tune gains from an auto
tuning session, the new gains will be "remembered" for later comparison between these gains and your
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original gains. Pressing this button will allow you to toggle between these two sets of gains so that you
may perform step and/or parabolic moves and compare the results.

Notch Filter

The Executive alows you to set up a notch filter very simply, without the need to understand how a notch
filter works. Refer to the description for the notch filter under the CONFIGURE menu for more details
about the notch filter.

Done
This option exits you from the main tuning dialog box, and downloads the TUNE.DAT fileto PMAC,
restoring all programs and variables (except for I1x30 through 1x69) modified by the tuning session.

Note:

When TUNE.DAT is created because of doing an open loop, step or parabolic
move, an "Exit Tuning" button appears in the upper right area of the main menu.
Selecting this button causes TUNE.DAT to be downloaded back to PMAC, thus
restoring those modified programs and variables contained in thisfile.

Performance Auto Tuning

Before attempting to auto-tune a motor, make sure the motor is closed loop and that the fatal following
error limit (Ix11) is either set to zero (to disable this feature) or set to a high enough value so that the
motor will not exceed this limit while performing the moves during auto-tuning. The default gains with
which the PMAC boards are shipped are typically low enough and may be used astheinitial gainsfor the
start of asession. Furthermore, alarge DC offset (bias) between the amplifier and PMAC's DAC outputs
should be reduced to a minimum by the use of the bias |-variables Ix29 and 1x79 (refer to the PMAC's
User Manual for details and the Offset Calibration menu choice under Auto Tunein thismanual). Note
that the auto-tuner always leaves the selected motor in the closed |oop state with the desired motor
position unchanged.

Auto-Tuning for Motor 21 x|

—Amplfier Type —Auto-Tune Parameters

bdax excitation magnitude™ [%]: I?nl:l—

| * Exercize caution! - gee manual

Ewcitation Time [ms]: IEEI
Mumber of lterations: IE

& Curent Loop € Velociy Loop

— Dezign Goals

B andwidth [Hz): IE

Dramping B atio: |1 a

1ED: 0
[T Auto-select Bandwidth
[ Auto-select Sample Period
[T Include Low Pass Filker

b awirnurn ratar travel [ctg): 4000

kirirnuam motar fravel [cts); |4EIEI

[ Pauze bebween [terations

[T Don't jog back to orginal position

— DOptional ltems to Auto-Tune

™ welociy Feed Fonwand
[T acceleration Feed Forward

— |ntearal Action

e More © Soft ¢ Hard

— Gantry Auto Tuning [Dual kotor)
[ Activate Secaond Motor

DAC Calibration...

Begin FID Auto-T uning

Helm Done
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The auto-tuning session starts when you select the AUTO TUNE button in the tuning dialog box. The
auto-tune dialog box then appears. At this point, you may elect to accept the default setup parameters or
provide one or more of the following information:

Type of amplifier used with the selected motor (current mode or velocity mode)

Maximum excitation magnitude as a percentage of the maximum DA C output (100% represents
32767 (10 valts))

Excitation time in milliseconds

Number of test iterations

Design goals for bandwidth and damping

The maximum and the minimum travel limits for the tests

Choice of auto-tuning feed forward gains (either velocity or velocity plus acceleration feed forward--
this determines the values of 1x32 and 1x35)

Choice of nointegral action, soft integral action or hard integral action (determines the value of 1x33)
Choice of reporting to the user the actual distance moved by the motor during each iteration cycle
Choice of automatic selection of a"safe" bandwidth based upon the auto-tune results

Choice of automatic selection of alow-pass filter

Once the above selections are properly specified, select the Begin Tuning button. You will observe a
series of forward and backward motions on the selected motor.

Note:
Y ou may abort motion on the motors at any time by striking any key.

If the Pause between iterations option is checked, you will be informed of the actual distance moved in
each iteration. If thisbox is not checked the auto-tuner will continue testing the system (non-stop) as
many times as selected by the user in the Number of iterations input selection. After the completion of
the tests, the auto-tuner computes PMAC's PID gains 1x30, 1x31, 1x32, Ix33 and Ix35. It displays them on
the screen together with the existing gains for the selected motor. Y ou may elect to either discard them or
accept them. If the gains appear acceptable, you have the choice of down loading these gains to the
PMAC card either immediately or later in the main tuning dialog box.

Auto-Tuning Results E3 |

—auta Tuner Results

Frezent Gaing Auto-Tune Gains

1130 Prop. Gain EO0000 22788

1131 Derivative Gain 2500 11504

1132 Welocity FF Gain 2500 1]

1133 Inteaqral Gain 120000 ]

1135 Accel. FF Gain 12000 1]

160 Servo Cycle Per Ext. ] ]

[136 Match Coef. M1 0000000000 0.000000000
1137 Match Coef. M2 0000000000 0.000000000
1138 Match Coef. D1 0000000000 0.000000000
1139 Match Coef. D2 0000000000 0.000000000

Irmplement Mow
| Bestore Gaing Eill katar(z) Done |
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To examine the response of the motor under the new (auto-tune) gains, select Implement Now. To
compare the motor's behavior with your original gains and the new auto-tune gains, select Implement
Later. When you return the tuning dialog box, select Toggle Gains to switch between your original gains
and your new auto-tune gains. Use the step and the parabolic moves to test the behavior of the motor
under the new set of gains. If the response is unsatisfactory, you may decide to either fine tune the gains
manually or perform another auto-tune session with different goal parameters.

Amplifier Type

This selects the type of amplifier used. The default valueisfor a current loop amplifier. If either an
analog tachometer loop is closed within the amplifier or, the amplifier operates without current feedback
(in the voltage mode), the Amplifier Type should be changed to velocity loop. Also for stepper motors
using PMAC’s ACC-8D Opt 2, the choice should be velocity loop.

Maximum Excitation Magnitude
Thisisthe size of the largest DAC signal given as a percentage value of

+10V. For exampleif only two iterations are chosen for Number of Iterations, and the Maximum
Excitation Magnitude is 100%, then in the first iteration the maximum DAC output will be 5V, in the
second iteration it will be +10V. Y ou must choose this parameter carefully. In general, it should be large
enough to overcome friction and other bias torque so that actually some motion does occur. On the other
hand, it should not be too large to cause mechanical damage because of excessive torque command. The
default value is 30%.

Excitation Time

The period of time (in milliseconds) in which the DAC output is driven by the test signa is entered here.
This period should be chosen carefully. It should be long enough for noticeable motion to take place (at
least equal to the Minimum Motor Travel). On the other hand, too long a period of time may mean
excessive travel and/or excessive motor velocity. In most applications, excitation times between 50 to
100 milliseconds should be sufficient. For motors having very large inertia loads larger excitation times
may be appropriate. The default value is 50ms.

Number of Iterations

This refers to the number of backward/forward motions in the testing phase of an auto-tuning session. If
anumber greater than one is chosen, then the peak DA C output for the first iteration is determined from
dividing the Maximum Excitation Magnitude by Number of Iterations. Inthisway, the last iteration
always corresponds to the Maximum Excitation Magnitude input. The default valueis 2 iterations

Maximum Motor Travel

For safety reasons, you may specify independently the maximum travel limit during thetests. If this
distance is reached, the loop is closed immediately and the motor is commanded to jog back towards it
origina position. Thetest will continue however until all the specified number of iterations are
completed subject to the specified travel limit. The default value is 4000 counts.

Minimum Motor Travel

Thisentry allows you to seeif in fact a detectable motion took place. If the Max Excitation Magnitudeis
relatively low and the Number of Iterationsisrelatively high, the first iteration's peak DAC output may
become too small. Asaresult, no detectable motion may take place during the excitation time. By
selecting an acceptable number of counts for the Minimum Motor Travel, you can safeguard against
erroneous gain estimations. The default value is 400 counts.

Bandwidth

This entry indicates the desired closed |oop system's speed of response and the servo stiffness. In general
the higher the value of the bandwidth, the higher the computed proportional gain (I1x30). Typical closed
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loop bandwidths range from 5 Hz, for very large motor/load inertia systems, to 100 Hz for very high gain
amplifiers driving extremely light motor/load inertia systems. The default value is 20 Hz. Please note
that if the Auto-select bandwidth option is selected, the selected bandwidth after performing an auto-
tune procedure will appear in thisinput box.

Damping Ratio

Thisindicates the desired closed loop system's rate of transient oscillation decay. In general, low
damping ratios (ratios well below one) indicate large overshoots and long periods of transient oscillations
leading towards instability. On the other hand, high damping ratios (ratios well above one) indicate
sluggish motion. In generdl, the higher the value of the damping ratio the higher the computed derivative
gain (Ix31). Typical damping ratios should range between 0.6 to 1.2. In most applications, the selection
for the value of the damping ratio should be unity. This provides for atheoretical response with critical
damping (no overshoot to a step move) for systems controlled by PD controllers (no integral gain). Note
that if integral control is used some overshoot will occur even if the damping ratio has the value of unity.
The default valueis 1. Please note that if the Auto-select bandwidth option is selected, avalue of 1.0
after performing an auto-tune procedure will appear in thisinput box.

Auto-Select Bandwidth

If auto-selection of the closed-loop bandwidth is desired, check this box. This optionis extremely useful
if you are not sure how large a bandwidth you need. Based upon the results of the auto-tune tests, a
"safe" bandwidth is determined, which in turn selects appropriate gains for the motor you are tuning.
This"safe" bandwidth istypically lower than the maximum achievable bandwidth, but is guaranteed to
give a stable closed-loop system. Perhaps the best method in determining your bandwidth isto first
perform auto-tuning with this box checked. After you view the suggested gains, observe the selected
value for the bandwidth. Uncheck this box and key in a higher bandwidth and perform the auto-tune test
again, repeating until a satisfactory responseis achieved.

Auto-Select Sample Period

PMAC allows you to set different servo update rates for each motor using the 1x60 variable. If auto-
selection of the servo update rate for a motor is desired, check thisbox. This option is extremely useful if
you are not sure what type of servo update rate will produce the performance you need. The servo update
rate selection is based upon the results of the auto-tune tests and the bandwidth.

Include Low Pass Filter

If auto-selection of alow passfilter is desired, check thisbox. This option has the auto-tuner configure a
notch filter as alow pass filter within your servo loop. Thisisuseful if your servo loop appears noisy
(jittery) at the desired gain values. The filter's configuration is based upon the results of the auto-tune test
and the bandwidth.

Velocity Feed Forward Gain

This box should be checked if velocity feed forward control action (Ix32) is required/desired. The auto-
tuner will automatically determine its magnitude based upon the test results and the user's input on
bandwidth and damping ratio. In general, the velocity feed forward action is needed to overcome
following errors proportional motor velocity resulting from back emf, viscous damping, and velocity
feedback. If such lags are acceptable then there will be no need for the use of this particular control
action (I1x32 should be set to zero). Alternatively, in applications where such lags are unacceptable the
recommended value of 1x32 may be used.

Acceleration Feed Forward Gain

This box should be checked if acceleration feed forward action (Ix35) is required/desired. The auto-tuner
will automatically determine the magnitude based upon the test results and your input on bandwidth and
damping ratio. In general, the acceleration feed forward gain is needed to overcome following errors
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proportional to motor acceleration resulting from inertial lags. If such lags are acceptabl e then there will
be no need for the use of this particular control action (1x35 should be set to zero). Alternatively, in
applications where such lags are unacceptabl e the recommended value for Ix35 may be used.

Integral Action

The default value for the integral action option isnone. If a considerable amount of friction and/or torque
(force) couplings exist, hard integral action should be selected. For less severe cases of disturbances, the
soft Integral action should be sufficient.

Pause between lIterations

This box should be checked if you are interested to see the distance traveled during each iteration step.
Usually the first time in an auto-tuning session this option is activated. Once the optimum values for the
Excitation Time and the Minimum Travel Limit are set, there will be no need to pause between iterations.

For more information about using the auto-tuner, refer to Appendix E: Doing An Auto-Tune Session later
in this manual.

DAC Calibration
The purpose of this option isto provide for the user the ability to determine the DAC bias value(s).

DAC Offset-Tuning for Mator #1 x|

Type of Motor:
% Sepvo Mator Murmber of test terations: |2

{01 Steppenhatar Calibration ztep zize [walkz]: II:I_EII:H

Beqin Calibration Daone | Helm |

For a standard DC motor, or a brushless motor which is commutated externally (not by PMAC), this
option provides an optimum value for 1x29. For a stepper motor, driven through PMAC's Accessory 8D
Option 2 (the V/F board), this option provides optimum values for 1x29 and 1x79*. When you begin
calibration, asmall PLC program is downloaded and executed in PMAC. After the tests are completed,
the optimum values for 1x29 and 1x79 (if you specified a stepper motor) are displayed. Select Implement
Now to implement these bias gainsin PMAC. Do not use this option if PMAC is commutating your
selected motor. See aso the specia application note included with PMAC ACC-8D Option 2 manual,
PMAC Setup for Stepper Motor Control Using ACC-8D Opt. 2, the V/F Converter.

Warning:

Regardless of the state of the selected motor's servo loop (close or open), it will be
opened up by the Offset Calibration routines. In asituation where the DAC bias
voltage is known to be high, the fact that the servo loop is open may lead to
substantial motion during the Offset Calibration procedure. Therefore, make sure
that the motor is free to rotate an unknown number of revolutions during the
calibration.

Select Motor Type

Thisradio button box allows you to select whether you are calibrating the offsets for a servo motor or a
stepper motor. If you select calibration for a servo motor, only 1x29 will be calibrated. If you select
calibration for a stepper motor, both 1x29 and 1x79 will be calibrated.
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Number of Iterations
Thisisthe number of backward and forward open loop motions in the testing cycle. Vaue values are
from 1 to 10, and the default value isfour. The calibration program automatically averages the results.

Calibrate

Selecting this button begins the calibrating procedure. Depending on the number of iterations you
selected and your motor's friction and open-loop deadband characteristics, the time necessary to complete
offset calibration will vary. What the procedure doesis increment the DAC in small, positive steps until
positive motion is detected. The DAC isthen decreased in small, negative steps until negative motion is
detected. This completes one iteration.

After the test is complete, the results of the calibration are presented, showing the current and suggested
values for 1x29 and (for stepper motors) 1x79, and the open-loop deadband size, in encoder counts. This
guantity is not the programmable PMAC deadband set by Ix65, but rather the hardware (or open-loop)
deadband resulting from the imperfections in the amplifier/motor/load combination. This quantity equates
to twice the number of DAC bits which need to be added to or subtracted from Ix29 to provide a
noticeable motion in either direction. Due to amplifier deadband and/or friction in the drive the value of
this quantity is often non-zero. However, it should be a small number if aresponsive closed loop
performanceisdesired. If alarge deadband is reported (say larger than 500 bits) there may be a potential
for imperfect servo performance particularly when the gains are low. However, do not set 1x29 equal to
the deadband. The value of 1x29 should be set equal to the offset value.

DAC #1 Dffset Tuning Results |

Frezent Offzet Suggested Offzet

15t DAL Offset: M23=0 123 = -280

The meazured open-loop deadband 1z 1815 DAC bitz.

Implement Mo Cancel |

Graphical Offset Illustration

Motor Velocity

| Open-loop
Deadband
. DAC Bits

|

Calibrated Ix29 Value
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Begin PID Auto-Tuning

Select the Begin Tuning button and wait for the tuner to give you the suggested gains. If gains appear to
be numerically reasonable, you may elect to accept them immediately by selecting Implement Now, or
you may want to implement them later for comparison to your original gains by selecting the Implement
Later button.

Done
Return to the main tuning dialog box by selecting the Close button.

Notch Filter

PEWIN32 allows you to set up a notch filter very easily, without the need to understand how a notch
filter works.

Configure Notch Filter for Meter #1 x|

—Select Maotor

= 50.0
b otar: IT — Resonant Frequency [HZ]

[+ Ao Calculate Frequency Specification

—Actual Filter Gaine— | [ Frequency Specification
KF 1130 = 100000.000000 Lightly damped zero frequency: |45.0

N1 1136 = 0.000000 Damping ratio; (0.1

N2 1137 = 0.000000 Heavily damped pole frequency: |72.5
01 1138 = 0.000000

D2 1139 = 0.000000
TS 1160 = 0.000000

111

Darmping ratio: [0.5

Calculate Match Filker

Remowe Maotch Filter Irnplemett Match Filker IL LCloze

First, select amotor using <PgUp> or <PgDn>. Next, enter the frequency of the mechanical resonance
that you wish to notch out. If you have the Auto Calculate Frequency Specifications checkbox selected,
then all you need to do is select Implement Notch Filter. The notch filter coefficients (1x36 - 1x39) will
automatically be calculated and displayed on the left, and these new coefficients will be downloaded to
PMAC.

Resonant Frequency

Thisvaue isthe actual frequency (in hertz) you wish to notch out in the servo loop. To determine which
frequency thisis, you may need to do a step move from the tuning screen and measure this frequency
from looking at the plot of the step response.

Auto-Calculate Frequency Specifications

This checkbox allows you to let the Executive determine the necessary other frequencies (and their
respective damping ratios) in order to calculate the notch filter coefficients. In most cases, you will want
this option selected.

Lightly Damped Zero Frequency
In practice, this frequency istypicaly avalue 90% of the resonant frequency. Remember that this value
is calculated for you if you have the Auto Calculate Frequency Specifications checkbox selected
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Lightly Damped Zero Frequency Damping Ratio
In practice, this damping ratio istypicaly avalue of 0.2. Remember that thisvalueis calculated for you
if you have the Auto Calculate Frequency Specifications checkbox selected

Heavily Damped Pole Frequency
In practice, this frequency istypicaly avalue 145% of the resonant frequency. Remember that this value
is calculated for you if you have the Auto Calculate Frequency Specifications checkbox selected

Heavily Damped Pole Frequency Damping Ratio
In practice, this damping ratio istypically avalue of 0.8. Remember that thisvalueis calculated for you
if you have the Auto Calculate Frequency Specifications checkbox selected

Remove Notch Filter
This button removes the notch filter for the selected motor by zeroing out the coefficients (I1x36 - 1x39)
and restoring 1x30 to its near original value (before the notch filter was implemented).

Calculate Notch Filter

This button cal culates the coefficients for the notch filter for the selected motor and displays the values on
the left side of the screen. The new values are not downloaded to PMAC. When you calculate a notch
filter, you will see the proportional gain (Ix30) change to a higher value. Thisis necessary to maintain the
same DC gain with the new notch filter implemented. The amount of how much 1x30 changes will
depend on the values of the notch filter coefficients.

Implement Notch Filter

This button cal culates the coefficients for the notch filter for the selected motor and displays the values on
the left side of the screen. The new values are downloaded to PMAC. When you implement a notch
filter, you will see the proportional gain (1x30) change to a higher value. Thisis necessary to maintain the
same DC gain with the new notch filter implemented. The amount of how much Ix30 changes will
depend on the values of the notch filter coefficients.

Low Pass Filter

PEWIN32 alows you to set up alow passfilter very easily, without the need to understand how alow
pass filter works.
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Configure Low Pass Filter for Moeteor #1 x|
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First, select amotor using <PgUp> or <PgDn>. Next, enter the cutoff frequency and select either afirst
order or second order filter. Now all you need to do is select Implement Low Pass Filter. The low pass
filter coefficients (1x38 and 1x39) will automatically be calculated and displayed on the left, and these new
coefficients will be downloaded to PMAC.

Cutoff Frequency

Thisvaue isthe actual cutoff frequency (in hertz) you wish to use for the low pass filter in the servo
loop. To determine which frequency thisis, you may need to do a step move from the tuning screen and
measure this frequency from looking at the plot of the step response.

1st Order
This checkbox allows you to specify afirst order lowpassfilter. First order filters typically introduce
little lag to your servo but do not exhibit a steep cutoff for the pass band.

2nd Order
This checkbox allows you to specify a second order lowpassfilter. Typically, second order filters
introduce more lag to your servo but do exhibit a good, steep cutoff for the pass band.

Remove Low Pass Filter
This button removes the low pass filter for the selected motor by zeroing out the coefficients (1x38 and
Ix39) and restoring 1x30 to its near original value (before the low pass filter was implemented).

Calculate Low Pass Filter

This button cal cul ates the coefficients for the low pass filter for the sel ected motor and displays the values
on the left side of the screen. The new values are not downloaded to PMAC. When you calculate alow
pass filter, you will see the proportional gain (1x30) changeto alower value. Thisis necessary to
maintain the same DC gain with the new low pass filter implemented. The amount of how much 1x30
changes will depend on the values of the low passfilter coefficients.

Implement Low Pass Filter

This button cal culates the coefficients for the low pass filter for the sel ected motor and displays the values
on the left side of the screen. The new values are downloaded to PMAC. When you implement alow
pass filter, you will see the proportional gain (1x30) changeto alower value. Thisis necessary to
maintain the same DC gain with the new low pass filter implemented. The amount of how much 1x30
changes will depend on the values of the low pass filter coefficients.
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Feedback Tuning with Step Response

Step response is often used as a method of evaluating a feedback filter. Many controls textbooks contain
information on interpreting step responses for establishing proper feedback, particularly for second-order
systems (current-controlled motors driving inertial loads are second-order systems). In a step response, a
sudden change is made to the command position and the feedback filter attempts to bring the system to
this new position. I1n observing how the system gets to the new position, we can deduce a great deal
about the properties of the system. It does not matter that you will not ever create such alarge
instantaneous step in position in the actual operation of your system. The purpose of this "jolt to the
system" isto bring out system characteristics that might otherwise not be obvious. This detailed
information on the PID filter is not essential to performing the tuning, but isincluded here for references.

PMAC has three feedback parameters to be adjusted in this process:

Kp: Proportional gain (1x30)
Kd: Derivative gain (I1x31)
Ki: Integral gain (Ix33)

We will be looking at three key step response parameters to set the feedback:

Rise Time: thetimeit takes the system to go from 10% to 90% of the commanded step (natural
frequency is directly related to this).

Over shoot: the percentage past the commanded step that the system travels (damping ratio is directly
related to this).

Settling time: the time it takes the system to get and stay within 5% of the commanded step

Typically, what is desired is a quick rise time with little or no overshoot and quick settling time. The case
of critical damping, which is the fastest possible rise time that creates no overshoot, is often the goal.
There are usually tradeoffs between these parameters, particularly between fast response and low
overshoot. If your amplifier has atachometer, the tachometer is providing derivative gain (and therefore
damping) within the amplifier itself. If the amplifier has been well tuned, you should not have to add any
more derivative gain in the digital filter, but you are free to do so if you wish. On PMAC, it is possibleto
have the error integration active at all times by setting Ix34 to O, or to have it active only when the motion
is stopped by setting Ix34 to 1. While the step response for these two cases will ook essentially identical,
the behavior on real moveswill be very different. Error integration that is active at all times can reduce
following error on an extended profiled move, but at the cost of reduced system stability and of overshoot
at the end of the move (which makes up for the lag at the beginning of the move). In a system without
feedforward, the close following may be worth these costs. But the velocity and accel eration feedforward
termsin PMAC can virtually eliminate following error without these drawbacks. For this reason, most
PMAC customers use error integration only when motion is stopped -- where it can eliminate steady state
errors due to static friction or net torque loads.

Because the proportiona gain term Kp (1x30) is outside the brackets in the filter equation (see previous
page), it also affects derivative and integral gains, and is not strictly speaking atrue proportional gain.

For thisreason, if you modify Kp when Ki (1x33) or Kd (I1x31) is not equal to zero, you are also changing
the effective integral or differential gain. The shape of the response curve will not change much, although
itstiming will. Y ou will want to change Ki and/or Kd in the opposite direction from Kp if you want to
keep their effective gains constant.

Feedforward will affect step response even though it has no effect on the system stability we are really
evaluating. Be sure that both acceleration and velocity feedforward are set to zero as you are doing the
step responses.

The default step size of 100 encoder counts may or may be adequate. The guidelines are to make the step
large enough so that the granularity of the position measurement is not a nuisance, but small enough so
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that the filter does not saturate on the step (the step size times proportional gain should be less than
178,950,000 with some margin; for instance a step size of 3000 with a proportional gain of 60000 will
saturate, giving a misleading response).

Some systems will have mechanical resonance's in the coupling of the motor to the load. The PID filter
cannot compensate for these resonances, if their presence is not tolerable, you must keep the gains low
enough not to stimulate them, or (preferably) stiffen the coupling to reduce the resonance's. (Seethe
examples of a system with resonance, below, near the end.)

Doing the Step Response

1. Setasafe starting filter with alittle proportional gain, with no (or aimost no) derivative or integral
gain, and no feedforward. The current values for Kp, Ki, and Kd are displayed on the screen. See the
figures on the following pages for sample values.

2. Do astep move and observe the plotted response displayed on the screen, along with the cal culated
statistics.

3. Adjust (probably increase) Kp (Proportional Gn) to get the fastest rise time possible without a huge
amount of overshoot. Allow more overshoot here than you will in your final response.

4. Onceyou have afast response, increase Kd (Derivative Gn) to bring down the overshoot to the
desired value. Note that thiswill aso increase the rise time.

5. You may need to do further tradeoffs between Kp and Kd to get the desired response.

Note:

Y ou may wish to change the size and/or the duration of the step to be ableto
observe the response better. The default values are a 100-count step with a 500
millisecond dwell time.

6. Onceyou have set Kp and Kd, you have taken care of your dynamic step response (provided you are
using error integration only in position). Now you will want to add integration to improve the static
holding properties of the system. Asyou increase Ki (Integral Gn) and observe the step response,
you will notice that it increases overshoot but comes back to the command position more quickly. A
good value for Ki is one that brings the response back down to the command position as quickly as
possible without going back past it.

The following figures are taken from the actual tuning procedure for amotor using this program. They
were done on asmall DC laboratory motor with virtually no load, so the response is faster than it would
be in amost any real-world application. The actual times are not important, however, the shapes of the
response curves are. This system has a current-controlled amplifier with no tachometer. The goals of this
system are critically damped step response, the quick elimination of steady-state errors at rest, and the
minimization of following errors.

Initial step move response.
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The screen on the previous page shows the step response with very little damping added (derivative gain
Kd =500). Thelarge amount of ringing is obviously unacceptable; therefore some more Kd is needed.
The next figure shows the response with an increased Kd of 1100. Theringing islargely eliminated;
there is an overshoot of 60% and arise time of 24 msec. Let us seeif we can make the response quicker
(which means a stiffer system).

Modified step response with higher Kd (I1x31).
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The next figure below shows the response with Kp increased from 80000 to 1000000. Note that the shape
of the curve has not changed much (this is because the effective derivative gain is increasing with Kp),
but the rise time has improved dlightly (to 18 msec). We turn now to Kd.

Modified step response with higher Kp (1x30).
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The figure below shows the step response with a Kd of 2500. Thisisthe critically damped case; i.e. fast
response with no overshoot. With Kd any smaller, we get some overshoot. In addition, with it any larger,
we just slow down the response. The tendency of the system to settle slightly off from the target position
is due to a net torque or static friction. We will eliminate this with integral gain.

Modified step response with increased Kd again.
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E&| Plot:untitled. plo
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The figure below shows what happens with alittle bit (relatively speaking) of integral gain (Ki = 10000):
the steady- state error is gone, but the nature of the curve has not really changed.

Modified step response with increased Ki (1x33).
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The figure below shows the response curve for a substantially increased Ki (100000). Thiscurve
demonstrates how quickly the system would respond to a disturbance while in position. (Remember that
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we are using integral gain only when in position, so changing integral gain does not affect our actual
dynamic response, although it will change the shape of the step response here. We till have the stability
characteristics of critical damping while on the move.) Even the higher value of Ki does not result in
oscillations, so we will use that. We have achieved what we wanted with feedback.

Modified step response with very high Ki.
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Now we tackle feedforward.

Feedforward Tuning with a Profiled Parabolic Response

In a position servo system without feedforward or dynamic error integration, there must be a continual
error between the commanded position and the actua position in a profiled move (known as following
error) to produce a motor command. This means, however, that you are never really where you want to
be when you want to be there, which is often the point of a profiled movein thefirst place. These
following errors will usually be proportional (well correlated) to the velocity and/or the acceleration. The
velocity and acceleration feedforward terms can be used to reduce these following errors virtually to zero.
These parameters add terms to the torque command that are proportional to the commanded velocity and
acceleration, respectively, in each cycle of the profiled move.

Mathematically speaking, if two sets of data, such as velocity and following error, vary in complete
proportion to each other, they have a correlation of 1.0 (perfect correlation). If they vary completely
independently of each other, they have a correlation of 0.0 (no correlation). The more they vary in
proportion to each other, the closer their correlation will beto 1.0. In graphical terms, the more two
curves are shaped like each other, the better they will be correlated. Another important figure is the
constant of proportionality between the two sets of data, which is the average ratio between matching
pointsin the sets. Even if two sets of data are very well correlated, the ratio may be so low that one of the
setsis negligible in practical terms.

For each move done, the program will calculate the correlation between velocity and following error, and
between acceleration and following error. It will aso calculate the average ratio between following error
and both velocity and acceleration. Asafeedforward gain isincreased, the ratio of following error to that
quantity will decrease linearly (e.g. if again of O produces aratio of 12.0, and a gain of 5000 produces a
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ratio of 6.0, then again of 10,000 can be expected to drive the ratio to zero). The ratio will decline even
as the correlation stays high. When the ratio gets small enough, the correlation should decrease as some
other factor becomes the dominant cause of following error (e.g. noise or the other feedforward gain).
Idedlly, the correlation will be brought near zero as well astheratio.

PMAC has two feedforward terms;

1. Kvff: Velocity Feedforward gain (1x32)
2. Kaff: Acceleration Feedforward gain (1x35)

The strategy in this section isto do a series of "parabolic” moves (cubic in position, parabolic in velocity,
linearly varying in acceleration), while adjusting the feedforward terms to reduce the following error and
its correlation to velocity and acceleration. After each move, the program will automatically calculate the
correlation's and ratios, and the maximum following error. These will be displayed on aplot of the
position and the following error. The feedforward terms are increased from zero (working first with
velocity feedforward) until the ratios (and hopefully the correlation's) are as close to zero as possible,
without going strongly negative. If either correlation goes very far negative, you will be likely to get
overshoot at the end of a move.

To get meaningful correlation information, particularly about acceleration, you must push the system
hard. By increasing the length and/or decreasing the time of the move, you can get higher velocities and
accelerations. Decreasing time is appropriate if increasing the length would cause problems with
maximum travel or top velocity.

In asystem without a tachometer, you will probably want to set the velocity feedforward equal to the
derivative gain or dlightly greater. In a system using atachometer, the velocity feedforward should be
greater than the derivative gain.

When you do the parabolic move without any feedforward, you will probably see a very high correlation
to velocity (=1.0) and almost no correlation to acceleration (=0.0). Thereismost likely areal correlation
to acceleration, but it is swamped out by the velocity correlation. Asyou reduce the velocity correlation,
you should see increased acceleration correlation. When you then reduce the accel eration correlation, the
correlation to velocity may increase again, but the actua ratio and magnitude of the following error
should be very small.

Parabolic moves were chosen for this procedure because their acceleration and velocity vary continually
and are uncorrelated to each other, making them ideal for this type of analysis. For further examination
of the move, you may plot the velocity curve, the acceleration curve, or the following error curve. These
are automatically scaled to fill up the plot window for maximum resolution. The move statistics are re-
displayed with these plots.

Doing the Parabolic Move

1. Do aparabolic move and observe the plotted response and the calculated statistics for the move.

2. Presuming thereis ahigh correlation between following error and velocity (the velocity and
following error curves have the same shape) and a relatively high maximum following error (as
shown on the plot), increase Kvff (Velocity FF Gn 1x31).

3. Do another parabolic move. If thereis till inadequate Kvff, there will still be a high correlation, but
the FE-to-Vel ratio and the maximum FE will be reduced. Repeat steps 2 and 3 until you have the
maximum Kvff that produces a square wave looking shape for the following error.

4. At this point, there should be noticeable correlation between acceleration and following error. Y ou
can see this by the numerical correlation value, or by plotting the accel eration and the following error,
and noticing the similarity in shape. If you do not see any correlation, try increasing the length or
decreasing the time of the move to get higher accelerations.

80 Motor and System Tuning with PEWIN32



Accessory 9WN

5. Increase Kaff (Accel FF Gn Ix35). Do another move, and eval uate the correlation and FE-to-Accel
ratio again. Repeat until you have the maximum Kaff that retains any positive correlation. At this
point, you should have minimal following error, and most of what remains should be caused by noise
or mechanical friction. If mechanical friction is the cause, you will see a strong velocity correlation
because the friction causes the following error related to the sign of the velocity. However, each half
of the following error curve should be quite flat if friction is the primary cause.

In thefirst figure below, we see the plot of a parabolic move using a step size of 4000 counts and a step
time of 500 milliseconds. Here, position is plotted againgt time, with the statistics of the following error
shown. Thefollowing error gets aslarge as 112 counts, and it is virtually perfectly correlated to velocity
(Ve corr =0.913). It showsvery low correlation to acceleration (Acc corr = 0.226). The next two
figures show the plot of position, and velocity and following error, versus time for the same move. Note
that the velocity and following error curves are shaped almost exactly alike. Thisis aramification of their
high correlation.

Now let's introduce some velocity feed forward. Asarule of thumb, choose Kvff (1x32) to be equal to Kd
(Ix31). Inthis case, Kvff = 2500. By looking at the following error curve, it no longer resembles the
velocity curve (correlation of 0.211). In addition, the maximum following error is reduced from 112 to
9.6 counts!

Modified parabolic move with increased Kvff (1x32).

B Plot:untitled_plo

15000

10000

S000

-5000

-10000

81



Accessory 9WN

Modified parabolic move with 1x34 = 1.
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Now we instruct the integration in the servo loop to be active only when the motor is not be commanded
tomove. To do this, set Ix34, the integration mode, equal to 1. The improvement is seen above. If we
continue to increase Kvff, then we have the following behavior where it again resembles the vel ocity
curve, but in an inverted manner.

Modified parabolic move with too much Kvff.
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Modified parabolic move with some Kaff.
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Finally, abit of acceleration feedforward, Kaff (1x35), gives us an almost perfectly tuned motor!
Open Loop Amplifier Tuning

This section of the program allows you to program a repetitive sequence of open-loop outputs from
PMAC using its O command feature. Thisisvery useful for tuning amplifiers, particularly those with
tachometer feedback. It can take the place of special hardware devices that perform the same purpose. In
addition, it has safety features that no hardware device can have: automatic shutdown on exceeding
(programmable) velocity and position limits. It also uses data gathering and plotting to display the results
of the stimulation (velocity, position, and acceleration versus time), eliminating in many cases the need
for an oscilloscope to do the tuning.

Y ou will need to set the open loop magnitude, which is expressed as a percentage (0 - 100%) of the value
stored in Ix69. 1x69 holds the maximum allowable output magnitude (in binary bits) which can range
from 0 to 32767 corresponding to 0 to 10 volts. The factory default for 1x69 is 20480 (which is about 6.3
volts), but many users reset thisto the full 32767. The open loop time specifies the time duration of the
"on state”" (when apositive or negative value is written to the DAC output) for the open loop move. The
Open loop zero time specifies the time duration of the "off state" (when avalue of zero (0) iswritten to
the DAC output) for the open loop move. No of reps specifies the number of repetitions for the open loop
move cycle. A value of zero (0) indicates infinite repetitions until the space bar is pressed.

When the open loop program is executed, the moving motor's velocity will be limited to the velocity limit
as specified by 1x16. Thisisintended to protect the system by preventing it from ever moving too fast.
This feature depends on having proper encoder feedback to the card, of course. The open loop programis
terminated if the velocity limit is exceeded in either the positive or the negative direction. In addition, if
either the hardware or the software position limits are exceeded, the open loop program will stop. The
hardware limits are the external limit switches connected to PMAC. The software limits are defined by
Ix13 and 1x14 for the positive and negative position limits, respectively.
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Open Loop Move

@ Plot:untitled.plo
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Auto-Tuning

Here are some guidelines for doing auto-tuning on a motor.

1.

2.

No

© ®©

Jog the motor to a safe place where both forward and reverse motions of at |east twice the size of the
Maximum Travel Limit are acceptable.

With alow gain PD loop closed adjust Ix29 (for steppersfirst adjust 1x79) so that offsets are
substantially reduced. Y ou may use the Calibrate Offsets menu option to do this.

Select the Tuning option from the Configure menu, choose the desired motor, and enter the auto-tune
dialog box.

Select the correct amplifier type (current or velocity 1oop).

Select the desired bandwidth and natural frequency for the closed loop system. Y ou may want to use
the Auto-select bandwidth option to choose a bandwidth for you.

Select the type of feed forward and integral action desired.

Select the Begin Tuning button and wait for the tuner to give you the suggested gains. |f gains appear
to be numerically reasonable, you may elect to accept them immediately by selecting Implement
Now, or you may want to implement them later for comparison to your original gains by selecting the
Implement Later button. Selecting either Implement Now or Close will return you to the auto-tune
dialog box.

Return to the main tuning dialog box by selecting the Close button.

Using the auto-tuner gain recommendations for 1x30 and 1x31 and with 1x32, 1x33, and 1x35 equal to
zero carry out astep responsetest. If the response is satisfactory in terms of natural frequency and
damping ratio, then set 1x32, 1x33 and 1x35 to their respective recommended values and carry out a
parabolic response test. |If the response is satisfactory in terms of its adherence to the desired goals
then you are finished tuning! In the event the response is unsatisfactory, you may try auto-tuning
again using different design parameters. If the actual response was too oscillatory, reduce the desired
bandwidth. If the actual response was too sluggish, increase the desired bandwidth. The damping
ratio should be left at or around one.
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Digital Current Loop Auto-Tuning

Thisisfor the PMAC Il using digital amplifiers. Thisfeature existsin our DOS version, but has not been
implemented yet in the Windows version.
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PMACEDITOR
Start PMACEditor

PMACEditor is atext editor provided for users convenience. It is a separate application and can be
launched from the START menu in PEWIN32 programs group.

@ MationExe
£ pEWINGZ

I-_ PMACEditar

Help Files r

PMACEditor can, however, be launched from PMAC Executive aswell through the EDIT A TEXT
FILE inthe EILE menu during an active terminal session.

[EE|[PMAC Executive

File Configure Wiew Status Plot  Options Backup Tools  Window  Help

Edit a Text file PMALC Ull:ra—lighl:
Open Terminal

Close

Brints Presie o
BErint..
Erimt: Sebim..

Upload Mation Program
Upload PLZ Program
Upload Yariables

Download File. ..
MulkiDownload Files. . .

Clear Terminal

Alt+F4

Exit

¥You are now talking to PHACI

How Menus Work

PMACEditor uses a static menuing system. However, most of the menus are highlighted during an active
file. The standard menu displayed when the editor has focus, looks like this:

i PMACEditor!

File Edit Download ‘Window Help

[

Most of the PMACEditor menus are similar to editors one with about the same attributes. Thereisalso a
menu bar beneath the Editor bar that has quick buttons for the PMACEditor compiler.

EIThis button compiles and downloads the file (MACRO/PLC) to the PMAC.
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File Menu

The File menu handles the transfer of files or programs to and from PMACEdtor as well as printing of
thesefiles.

JipMmaceditor!

File Edit Download ‘Window Help

Hew CErlHh | | | . |
'+ Log | Map | Compile Only 93
Open Chrl+o —

Close Chrl+E
Save Chrl+5
Save A5,
Print Crl+P
Prink Setup

Prink Line Mumbers

Exit

1 C\PROGRAM FILES|DELTA TALNPEWINGZ\pmacl, PYR
2 C\PROGRAM FILES|DELTA TALNPEWINGZ!proacstat bk
3 C\PROGRAM FILES\DELTA TALAPEWINZZ pmac.PMC

ilNEW - will allow you to create anew PMC, or PLC file.

QOPEN - will open aPMC, PLC, CFG file.
CLosE - will close the highlighted file window.

SAVE — will save the highlighted window.

SAVE AsS - will save the current window to a new file.

—IPRINT - allows you to print the editors contents.

PRINT SETUP - configures your printer.
PRINT LINE NUMBERS - numbersthe lines at the print out.

EXIT - closes the program, and is followed by alist of saved in the histroy file.
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Edit

Through the Edit menu, the user can do all sorts of changesin thetext asif it was atext file and using an

editor.
. Pmaceditor

File | Edit Download ‘Window  Help

@ tinda 2 | Macio's/PLCC: ﬂl El Compile Dnl_l,ll g

Cut Chrls
Caopy Chrl+C
Paste Chrl+

Select Al Chrl+A

Find Ctrl+F
Replace Chrl+R

Change Fonk

3 UNDO - to undo your last action.

%CUT - first select the text so you can move it to another location or delete it, and then on the Edit
menu click Cut.

E.COPY - first select the text, you want to paste it or copy in another location, and then on the Edit
menu click Copy.

@ PASTE - first place the cursor where you want to paste the text that you have cut or copied, and then
on the Edit menu click Paste.
SELECT ALL - You can select all text at once by clicking Edit menu, and then clicking Select All.

o
—IFIND - On the Edit menu click Find, and type the characters or words you want to find.

REPL ACE - On the Edit menu click Replace and you can search for and replace words or
characters with text that you specify.

CHANGE FONT - first select the text that you want to change. Then on the For mat menu, click Font,
and change the font.
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Download

File Edit | Download ‘Window Help
Macio's/PLCC: | Log | Map | Compile Dnlyl@

e Download Ctrl+D
'D:l = o
: v Suppart MACRO's/PLCC's

Create Log File
Create Map File
Compile Onily

Abort Download Ctrl+FS
Enable Checksums (Serial Qnlyi

DOWNL OAD - download the file (MACRO or PLC) to PMAC.
SUPPORT MACRO'g/PL CC's - when downloading, parse file for #Define statements, and support
MACRO'Y PLC's.

L
iICREATE LOG FILE - create aLOG file when downloading, *.LOG.
Map

CREATE MAP FILE - create aMAP file when downloading, * .MAP.

WCOM PILE ONLY - compilesthefile only.
If you have selected the COMPILE ONLY mode, when you DOWNL OAD thefile the below screen

will show up.
celect a Link List %]

TIEE - PHMALT. ot ME . FLAGH. PIO. LLE, &2
116G - PMACUL, 154, FLASH, PID, TLK %4

Select

Cancel

ABORT DOWNL OAD - aborts the download.
ENABLE CHECK SUM S(Serial only) - this controls how PMAC reacts to serial character errors (parity
and framing), if found.
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Window

Window related commands:

|LPMACEditor!

File Edit Dowrload | Window Help

#rrange Icans

I Macro's/PLCC: | Log | W ap | Compile Dnlyl@

Minirrize: &l
Close Al

Message Window  Chrl+M

v 1 MewFile

CASCADE - arrange open windows to overlap.

TILE - arrange all open windows without overlap.

ARRANGE ICONS - arrange all open window icons at bottom of the main window.
MINIMIZE ALL - minimizes al windows.

CLOSE ALL - closesal windows.

Mouse Right Click Menu

Pressing the right button of the mouse at an active editor file, a new menu window will open (see below
picture). This menuisasummary of the most common actions at the PMACEditor.

Dowwnload Chrl+Dr
Close Ckr+E
Save Chrl+5
Save As...

Print Ckrl+P
Prink Setup

Print: Ling Mumbers

Exit
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APPENDIX A - UNDERSTANDING PMAC’S WATCHDOG
TIMER

PMAC’s Watchdog Timer

The PMAC motion control board has an on-board "watchdog timer" (sometimes called a " dead-man
timer" or a"get-lost timer") circuit whose job it isto detect a number of conditions that could result in
dangerous misfunction, and shut down the card to prevent a misfunction. The philosophy behind the use
of thiscircuit isthat it is safer to have the system not operate at all than to have it operate improperly.

Because the watchdog timer "wants" to fail, and many components of the board, both hardware and
software, must be working properly to keep it from failing, it may not be immediately obvious what the
cause of awatchdog timer failureis. This application note is a guide to examining the possible causes of
watchdog failure.

How the Watchdog Timer Works

The hardware circuit for the watchdog timer requires that two basic conditions be met to keep it from
tripping. First, it must see a DC voltage greater than approximately 4.75V. |If the supply voltage is below
thisvalue, the circuit'srelay will trip. This prevents corruption of registers due to insufficient voltage.
The second necessary condition is that the timer must see a square wave input (provided by the PMAC
software) of afrequency greater than approximately 25 Hz. If the card, for whatever reason, due either to
hardware or software problems, cannot set and clear this bit repeatedly at this frequency or higher, the
circuit's relay will trip.

In the PMAC software, the task that actually writes to the watchdog timer is called the "real-time
interrupt” (RTI). Thistask is supposed to execute at a fixed number of servo cycles. The number of
servo cyclesis determined by variable 18 -- the RTI executes every 18+1 servo cycles. At the default
value of 2, thisisevery third servo cycle. The servo cycle frequency is divided down from the master
clock by an amount determined by the settings of jumpers E98, E29-E33, and E3-E6. At the default
settings, the servo frequency is 2.25 KHz, so the default RTI frequency is 750 Hz. If the RTI frequency
were to drop below about 50 Hz, it could not provide the 25 Hz square wave, and the timer would trip.
With the default servo update rate, an 18 value greater than about 30 will cause the timer to trip.

Every RTI, PMAC reads the 12-bit watchdog timer register (Y register $1F) and decrements the value by
8 -- thistoggles bit 3. If the resulting value is not less than zero, it copies the result into a register that
forces the bit 3 value onto the watchdog timer. Repeated, this process provides a square-wave input to
the watchdog timer.

If no other task intervened, the RTI would stop toggling the watchdog input after 512 cycles (212/8),
because the timer register would have counted down to zero. The task that keeps this from happening is
the "housekeeping” function in PMAC's background tasks. The background tasks execute in the time
available between higher priority tasks such as servo cycle updates, and RTI tasks. The three main
background tasks are responding to host commands, executing PLC programs (1-31), and housekeeping.
In the background, PMAC executes one scan through an individual PLC program, then checks to seeif
there are any complete commands, responding if there are, then executes the housekeeping functions.
This cycleisrepeatedly endlessly.

Most of the housekeeping functions are safety checks such as following error limits and overtravel limits.
When it is done with these checks, PMAC sets the 12-bit watchdog timer register back to its maximum
value. Aslong asthisoccursregularly at least every 512 RTI cycles, the watchdog timer will not trip.
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The purpose of thistwo-part control of the timer isto make sure all aspects of the PMAC software are
being executed, both in foreground (interrupt-driven) and background. If anything keeps either type of
routine from executing, the watchdog will fail quickly.

What to Look for When the Timer Trips

The things that can trip the watchdog timer can be divided into four basic classes: constant (or quickly
repeatable) hardware problems, intermittent hardware problems, constant (or quickly repeatable) software
problems, or intermittent software problems. The following procedure should help you determine which
type of problemiitis.

If you think the watchdog timer has tripped -- thisis usually suspected when the outputs al turn off and
communications to the host is lost -- check the LEDs on PMAC. If both the red and green LEDs are on,
the watchdog timer has tripped. If both LEDs are off, you have lost all 5V power to the card. If the green
LED ison, and thered LED is off, the watchdog timer has not tripped; there is some other problem.

If the watchdog timer has tripped, reset the card either by taking the INIT/ line on the control panel
connector low, then high, or by cycling power. If thered LED stays lit after the reset, you have a
constant problem; if it goes off, you have an intermittent problem.

Constant Problem: If the red LED stays it on reset, you must determine whether the constant problem is
in hardware or software. The best way to determine this, is to turn the power off, change jumper E51
from its default state (take OFF for PMAC-STD, put ON for al others), then turn power back on. This
re-initializes PMAC, disabling all software settings and programs that could have tripped the timer. If the
red LED stays on, you have a constant hardware problem; if it goes off, you have (or at least had) a
constant software problem.

Note: Re-initializing the card works by installing the factory-default I-variable values, instead of the
values stored in EPROM. Y ou do not lose the values you have stored in EPROM (unless you SAVE the
default values); you simply are not using them. If you fix the hardware or jumper setting problem that
was causing the watchdog trip, you can recover your old values simply by powering up the card with E51
inits default state.

Constant Hardware Problem: There are several possible causes of a constant hardware problem. The first
islow supply voltage. With avoltmeter, probe between +5V and GND on one of the connectors at the
card -- for example, between pins 1 and 3 on the machine connector. If you suspect variation in the
supply, you may want to use an oscilloscope to catch changes.

If the supply looks OK, you will want to inspect the card itself. Turn off power and remove the card. If
there are several circuit boards, make sure that the daughter boards are well seated on the mother board.
Look at all the socketed ICs. Make sure that they are firmly in their sockets, with no bent or broken legs.
Apply reasonable pressure to each socketed IC. Re-install the card and turn on power.

If thered LED is till on, turn off power and remove the card again. Check the board thoroughly for
signs of damage: broken components, damaged circuit board, cracked solder joints, etc. Any of these
types of problemswill require afactory repair.

Constant Software Problem: If using the re-initialization jumper setting on E51 allows the card to power
up without tripping the watchdog timer, the problem that caused the tripping was in software, almost
always caused by a particular software function taking too much of the processor's time. Now you must
determine which function is causing the problem.

PMAC requires at least 55 microsecondsin the servo update time per activated motor. If you have too
many active motors and afast servo update time, you may starve the lower-priority tasks, including
watchdog update, for time, and shut down the clock. At the default update rate of 2.25 KHZ, it is possible
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to have all 8 motors active. When the card isre-initialized, only motor 1 is left activated (1100=1; 1200-
1800=0), so the card can run successfully at any servo update rate.

If you suspect that this may be the problem, check what your servo update rateis. First, calculateit from
the master clock frequency and the settings of jumpers E98, E29-E33, and E3-E6. Second, you can
confirm the frequency setting by probing with an oscilloscope the SERV O clock signal on the serial port
connector. If itistrue that the servo clock frequency istoo fast for the number of activated motors you
want, you will need to slow down the servo clock by changing jumper settings before you can re-activate
al of your motors.

If the servo update frequency does not appear to be the problem, a PLC program probably is. Re-
initialization solves this problem by setting 15 to 0, not permitting any PLC programsto run. PLC O,
which runs as an RTI task, isthe most likely culprit, because it can starve the background tasks for time,
preventing the housekeeping routine from resetting the timer register. If you suspect PLC 0, you can
delete it now (OPEN PLC 0 CLEAR CLOSE), turn off power, change E51 back to its default setting, and
turn power back on. If the watchdog does not trip, you have confirmed that the PLC 0 was the problem.

In general, PLC 0 should be kept very short, and usually the shorter the better. PMAC will execute an
enabled PLC 0 every RTI, unlessit has not finished the RTI tasks (PLC 0 and motion program) that it
started in aprevious RTI cycle. If agiven PLC 0 takes 95% of the time available for it in one RTI cycle,
al of the background tasks put together have to run in the remaining 5%, which may not let them keep the
watchdog timer happy. Shortening the PLC 0 slightly, so that it only takes 85% of available RTI time,
would allow background tasks to run 3 times faster, because they would now have 15% of available time.
However, lengthening the PLC 0 dlightly, so that it takes 105% of the time availablein asingle RTI

cycle, would cause it to execute only every other RTI cycle, and leave the mgjority of the second cycle
available for background time.

For a background PLC program (PLC 1 to 31) to cause awatchdog failure, it must be extremely long --
probably thousands of lineslong, unlessit has virtually no time to execute, in which case the real problem
isahigher priority task. In general, however, if you have alot of PLC code, it is better to split it up into
severa separate PLC programs, because other background tasks, such as communications response and
safety checks, will operate more often.

Intermittent Problems: If simply resetting the card without re-initializing it causes the card to operate
without immediately tripping the watchdog timer, you have an intermittent problem, in either hardware or
software. Aswe all know from trying to show a car's problem to a mechanic, intermittent problems can
be much more difficult to track down.

The key in finding an intermittent problem is identifying the pattern of failure. One of the key gquestions
to ask yoursdlf is, "What has changed since the system worked?'. Try changing things back to the way
they were before you were getting the failure.

Many of the possible causes of intermittent watchdog failure are fundamentally the same as the constant-
problem causes listed above, but only occurring on occasion. For example, a power supply may provide
inadequate voltage only when other components draw a heavy load. Animportant electrical contact may
fail intermittently. A PMAC program may take too much time only when it isin a particular section or
logical branch.

If afailure occurs repeatedly in the same section of operation of the system, the cause is probably a
software time problem (unless this section cuts the supply voltage by drawing increased load). Find out
what is special about the software at this point. For instance, maybe PLC 0 had been disabled, and the
watchdog tripped when PLC 0 was enabled. Alternately, maybe PLC 0 had been passing over most of its
calculations because of the conditional branch it was taking, but the card failed when the condition
changed.
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Although it is very rare for amotion program to cause awatchdog failure, this does happen on occasion.
It isimportant to understand how the motion program executes. When a Run command is given, and
every time the actual execution of programmed moves progresses into a new move, aflagis set saying it
istime to do more calculations in the motion program for that coordinate system. At the next RTI, if this
flag is set, PMAC will start working through the motion program. Program calculations will continue
(which means no background tasks will be executed) until one of the following conditions occurs:

1. Thenext move or dwell isfound and calculated

2. End of, or halt to the program (e.g. STOP) is encountered

3. Two jumps backward in the program (from ENDWH I LE or GOTO) are done
4. A WAIT statement is encountered (usually in aWH I LE loop)

If calculations stop on condition 1 or 2, the calculation flag is cleared, and will not be set again until

actual motion progresses into the next move (1) or anew Run command is given (2). If calculations stop
on conditions 3 or 4, the flag remains set, so calculations will resume at the next RTI. In these cases,
where you have an "empty" (no-motion) loop, the motion program acts much like a PLC 0 during this
period. These empty loops, which are usually used to wait for a certain condition, provide very fast
response to the change in condition, but their fast repetition occupies alot of CPU time, and can starve the
background tasks for time. Particularly if several coordinate systems are executing empty loops at the
same time, you can run into serious background time limitations, which can be severe enough to trip the
watchdog timer.

If there are a huge number of lines of intensive calculations (e.g. 100) before any move or dwell is
encountered, there can be such along time before background cal culations are resumed (more than 512
RTI cycles) it is possible to trip the watchdog timer. If this problem occurs, the calculations should be
split apart with short DWELL commands to give other tasks time to execute.
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APPENDIX B - PEWIN32 BUG LIST

Bug Reports

A text file BUGS.TXT islocated in the installation directory of PEWIN32. Here you find what fixes
were made from one revision to the next as well as the few known bugs and annoyances that currently
exist. If you happen to find abug not in the list please e-mail the symptom to:
SOFTWARE@DELTATAU.COM. Please note the following things in the message:

1. What operating system are you using?

2. What kind of PMAC (1,2, MACRO,MINI Lite, etc.)
3. Isthe problem repeatable, or sporadic?

4. What leads up to the problem
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GLOSSARY OF TERMS

On-line Commands
Commands that immediately affect PMAC.

Static Status Screens

PMAC information reports that are not updated in real-time, they are only updated if requested by the
user. These include the program status information screen, plc program status information screen and
others.

PID
Proportional Integral Derivative

Gains
How much force is applied to the motor?

Run Away
When a motor starts moving without a command being issued by the user.

DPRAM
Dual-Ported RAM, Delta Tau Accessory #xx

Glossary of Terms
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