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User Manual 1

Introduction

GML—the exclusive Graphical Motion Control Language from
Allen-Bradley—is a revolutionary tool which reduces the learning
curve of motion control programming and makes problem-solving eas-
ier for non-programmers. GML Programmer’s Workshop provides an
integrated software development and debugging environment for us-
ing GML to solve your motion control problem. Development of the
GML diagram is carried out using the GML Programmer’s Workshop
software within the Windows™ operating system environment on
your PC.

GML uses a natural, flowchart-oriented approach to motion con-
trol programming. A diagram of the desired application solution is
produced by placing function blocks representing the desired actions
on the screen and connecting them in the proper order to achieve the
desired sequence of operations. Motion and process details are en-
tered later using a fill-in-the-form approach. After the diagram is
completed, it is translated into a program or scrip? in the native lan-
guage of the motion controller. This application program—which
gives the motion controller its personality for each different applica-
tion—is then downloaded to the motion controller. While the PC is re-
quired for application program development, it is not needed for the
final turn-key application.

GML Programmer’s Workshop is available as a separate software
package for each family of Allen-Bradley motion controllers. The
available GML features depend on the motion controller family. A
brief description of each of the available GML Programmer’s
Workshop packages follows.

999-101 11/17/93
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GML for
IMC S Class

GML for the
IMC-201

Page %9(9){%19

GML Programmer’s Workshop

GML for IMC S Class (GML-D-S) is the GML
Programmer’s Workshop package for all IMC S
Class motion controllers. It includes a fully funec-
tional Online Manager for real-time communica-
tion with the motion controller. Upload and
download capabilities for GML diagrams as well
as setup parameter, user variable, and cam table
values are provided. GML diagrams can be traced
and debugged graphically (blocks are highlighted
as they are executed in the motion controller) al-
lowing you to visually follow execution of the pro-
gram. In addition, breakpoints may be easily in-
serted and monitored while the program executes.
The program may also be paused and resumed or
executed step-by-step to verify proper operation.
Individual GML icons may be executed directly—
sending immediate commands to the motion con-
troller—for testing and troubleshooting applica-
tion problems. Variable values may also be indi-
vidually read at any time while the program is ex-
ecuting for monitoring purposes.

GML for the IMC-201 (GML-D-A) is the GML
Programmer’s Workshop package for the IMC-201
and the MAX/CONTROL. It includes an Online
Manager for real-time communication with the
motion controller. Download capability for GML
diagrams as well as direct access to the motion
controller’s setup menus are provided. The pro-
gram may be paused and resumed or executed
step-by-step to verify proper operation. Individual
GML icons may be executed directly—sending
immediate commands to the motion controller—
for testing and troubleshooting application prob-
lems. Variable values may also be individually
read at any time while the program is executing
for monitoring purposes.
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User Manual 3

GML for the GML for the IMC Classics (GML-D-M) is the GML

IMC Classics Programmer’s Workshop package for the IMC 110,
120, 120AR, 121, 123, and 123CR. It requires the
appropriate ODS (Offline Development System)
software for your motion controller to compile,
download, and debug the MML program gener-
ated from a GML diagram. No Online Manager is
provided.

A Word to the Wise...

GML is designed to reduce the learning curve of motion control
programming and make problem solving easier for non-programmers.
Make no mistake, however, you still need a basic understanding of
the problem you are trying to solve and how to use GML to solve it.
Advanced planning is necessary—GML cannot divine the functions
and operations you need to solve you particular application problem.
Examples of how some problems can be solved are provided, but they
do not offer a specific solution for every application.

999-101 11/17/93
Page 7 of 59




4 GML Programmer’s Workshop

PC Configuration

To use GML, you need an MS-DOS compatible PC with the follow-
ing configuration:

e 386 class CPU (486 class recommended)

e 2 Mbyte RAM (4+ Mbyte recommended)

o Microsoft® Windows™ 3.0 (3.1 recommended)

e MS-DOS 5.0 (6.0 recommended)

¢ EGA Screen (VGA or Super VGA recommended)

e Windows compatible mouse and driver

¢ 3.5 inch High Density (1.44 Mbyte) floppy disk drive
e Two serial ports (COM1 and COM2)

You should be familiar with the operation of Microsoft Windows
and your motion controller before using GML Programmer’s
Workshop. See your Microsoft Windows User’s Guide, MS-DOS Oper-
ating System Guide, and the documentation supplied with the specific
motion controller you are using.

Page gggfl gé RAI\;./Kﬁ%
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Getting Started

To use GML, you must first instell it on your hard drive, following
the instructions in this section. After installing GML (and optionally
connecting your motion controller to the PC), use the remainder of
this manual to learn about GML. For a quick introduction to building
a GML diagram, go to the Learning GML section. If you would like to
create an example application step by step, do the GML Tutorial.

Back-Up Your Disk

We recommend that you make a back-up copy of the GML distri-
bution disk. Use the MS-DOS DISKCOPY command (see the User
Reference section of your MS-DOS Manual) to do this. After you have
made a copy of the GML for Windows disk, put the original in a safe,
dry place and use it only if the copy is damaged or destroyed.

WARNING: 1t is a violation of Federal Copyright

Law to copy your GML Programmer’s Workshop disk ex-
cept for back-up purposes to guard against accidental
loss or damage. No part of the software contained on
your GML Programmer’s Workshop disk may be repro-
duced, transmitted, or transferred without the prior writ-
ten permission of Allen-Bradley Company.

Install GML

GML is supplied on a single 3.5 inch high density (1.4MB) floppy
disk as a self-installing executable file. The GML installation program
must be run from within Windows. To run the Install program,

1. Insert the copy of the GML for Windows distribution diskette
in the disk drive (for example drive A:).

2. Run the SETUP.EXE program on this disk using the Win-
dows File Manager application, or choose Run from the File
menu in the Windows Program Manager application and en-
ter A:SETUP.

999-101 11/17/9
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6 GML Programmer’s Workshop

3. Follow the instructions on the installation program screens to
complete the installation process.

The installation process places all GML files in the specified GML
directory path and creates a Windows Program item called GML. A
Read Me file is included which includes the latest up-to-date informa-
tion about GML. Use the GML Script Editor—or any other DOS or
Windows text editor—to read this document.

Run GML

If you have not already done so, install GML on the hard drive in
your computer as explained in Installing GML earlier in this section.
Start GML by double-clicking on the GML icon, as shown below.

ki

=

Click OK to dismiss the start-up screen, and momentarily the
GML diagram window will appear.

The diagram window is used to create or edit a GML diagram
which shows a motion control program as a sequential flow of events.
Special icons called blocks represent actions and decisions.
Connections link blocks in a specified order to show relationships and
program flow. Double-clicking on a block opens it and displays its pa-
rameter definition dialog. The parameter definition dialogs allow you
to view and set parameter values for the block.

Page 1909%%0519 RAlé/ K 9%
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Learning GML

This section explains how to use the features and tools in the
GML Programmer’s Workshop to create, edit, translate, and down-
load GML diagrams. This information is presented in roughly the or-
der you are likely to need it, but feel free to jump around to find what
you need.

The Diagram Window

When you first run GML, your diagram window looks like this.

Language or Controller Block palette Menu bar Module pop-up menu

GML
Edit Definitions |Module® Diagram Windows Help
GML - New Diagram
New Diagram ¥

MNew Diagram New Diagram

7

Diagram Name

+ [+

——

The diagram window includes a menu bar for defining and draw-
ing diagrams, the standard Windows close box, grow boxes, and scroll
bars.

At the top of the diagram window is the Module pop-up menu and,
to the left, the currently selected motion contrel family. Just below is

R of 59
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8 GML Programmer’s Workshop

the block palette containing frequently used blocks. If you are using a
PC with a color monitor, notice that the blocks are color-coded accord-
ing to related functions (motion blocks are green, etc.). Below the
block palette is the empty diagram itself containing only the START

and END blocks and the diagram name.

Getting Help

Choose GML Help from the Help menu to display the Help Topics.

GML Help Topics

Select help topic...

Application Building
Axis Usage

Constants

Definitions

Diagram Documentation
Diagram Fundamentals
Diagram Find

Download Diagram
Entering Block Parameters
Expression Builder
Module Info

Online Manager
Preferences

Cancel

Help

Page 19 %%059
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9

Select the desired topic and click Help. Information on the se-
lected topic is displayed, as shown below.

Building a Diagram

- A block may be added to a diagram by
selecting from block lists found in the library
browser or the block pallette which is a
subset of the browser. Connections are mad
by drawing lines from one block to another
using the soldering iron tool .

- Three tools aid in building a diagram; a
pointer, a wire cutter, and a soldering iron.
In general. the arrow selects and moves
blocks, the soldering iron connects blocks
and the wire cutter removes connections.

- One or more blocks in a diagram may be
defined as an object referred to as a module.
A module is a block in a diagram that may
be "blown up" to show more blocks. Each

+

Cancel

Prew

Mext

Topics

The Next and Previous buttons move forward or backward
through the information. To get help on another topic, click Topics.

To leave the help system, click Cancel.

999-101
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10 GML Programmer’s Workshop

Setting GML Preferences

GML allows you to turn certain features on and off, and to define
how others are to function. These preferences may be set for a specific
diagram, a specific session, or saved for future sessions. Choose
Preferences from the File menu. The Preferences dialog box is dis-
played, as shown below.

GML - Preferences

Control Family —————— — Diagram Drawing
l_|—IMC LLITEE T Y| |@ Blocks in Foreground

3 Connections in Foreground

— Help
— Diagram Grid

Snap to Vertical
[ Snap to Horizontal

[ Novice Mode

— Translation Options

(] Generate comments —&erial Interface
—Colors Baud Rate
[ Color Display Port

Make sure the appropriate Control Family is selected from the
Control Family pop-up menu, set any other preferences to your liking
as explained below and then click OK or Save to close the Preferences
dialog. OK stores your preferences as part of the current GML dia-
gram only, while Save stores them in a separate GML Preferences file
as well.

The Preferences dialog also remembers the location and size of
any open Diagram, Script Editor, or Online Manager window and
uses these locations and sizes as the defaults for new windows. For
example, if you want new diagrams to always be located on the top
half of the screen and scripts to be located on the bottom half, locate
the Diagram Window on the top half of the screen and a new Script

page (F51% RAN/ KA
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User Manual 11

Window (choose New Script from the File menu) on the bottom half
before choosing Preferences from the File menu.

The available preferences are explained below.

Control Select the motion controller family of which the

Family motion controller you are using is a member. This
setting determines the language used for translat-
ing diagrams to programs, as shown below.

Allen-Bradley GMC Motion Controller Families

To Use This Use This and Select this
Motion Controller... GML... Control Family
IMC-5/202... GML-D-S IMC S Control
IMC-S5/204... GML-D-S IMC S Control
IMC-S/212... GML-D-S IMC S Control
IMC-S/214... GML-D-S IMC S Control
IMC-201 GML-D-A MAX/IMC-201
MAX/CONTROL GML-D-A MAX/IMC-201
MAX4/CONTROL GML-D-A MAX/IMC-201
SA2 GML-D-A MAX/IMC-201
IMC-110 GML-D-M IMC Classic
IMC-120 GML-D-M IMC Classic
IMC-120AR GML-D-M IMC Classic
IMC-121 GML-D-M IMC Classic
IMC-123 GML-D-M IMC Classic
IMC-123CR GML-D-M IMC Classic

You must choose the appropriate motion controller
family before creating a diagram. Some of the pro-
gramming tools change according to the capabili-
ties of the motion controller family. The specific
motion controller within the family is chosen in
the Hardware Options definition.

10 1PAgE%5 of 59
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Diagram Grid

Colors

Translation
Options

Help

Diagram
Drawing

Serial
Interface

Page]? %%%b

GML Programmer’s Workshop

The GML diagram is divided into an invisible
grid. If either of the Snap to Grid options is se-
lected, blocks placed in the diagram snap to the
nearest corresponding grid location to help keep
them aligned.

On color monitors, GML displays blocks in color.
Turn color off for black and white monitors.

When a diagram is translated to a program, com-
ments describing each action are automatically
inserted if Generate Comments is selected.

When Novice Mode is selected, the help text asso-
ciated with each block is displayed automatically
when the block is selected.

This setting determines if blocks are drawn on top
of connecting lines or vice versa. The normal set-
ting is Blocks in Foreground which hides overlap-
ping connecting lines behind blocks.

Select the desired serial channel for motion con-
troller communications. The default selection is
COM2.

11/17/93
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User Manual 13

Working with Blocks

Blocks representing program functions are placed on the diagram

between the
T

blocks. These blocks are always present in the diagram and cannot be
deleted. Blocks are generally added left to right on the page. They are
then interconnected to show the flow of program functions. Blocks can
be moved around, and their connections can be changed to change
program flow. Complex diagrams can be simplified by grouping
(encapsulating) several blocks together.

For easy comprehension and editing, try to have block connections
flow from left to right or up to down. Limit the number of blocks in
the work space to 10 or less, and avoid forcing the use of scroll bars by
making the diagram larger than your computer screen.

Adding Blocks

Blocks are added to the diagram from the block palette or from the
library which contains all of the available blocks for the selected mo-
tion controller. To add a block from the block palette, click on the de-
sired block. It is highlighted and its title appears immediately below
it. Place the block by clicking at the desired location in the diagram.

If the desired block is not on the block palette, double-click any of
the blocks there, or click on the library block at the far left of the
block palette. Either method takes you to the library, but double-
clicking a block palette block brings up the part of the library related
to that block. The library shows all available blocks, including those
on the block palette. Scroll to locate the desired block, click on it and
then click the Select button to return to the diagram. Alternatively,
you can double-click on a library block to both select it and return to
the diagram. Place the block by clicking at the desired location.

When the block is placed, the description below it is highlighted.
Type in a new description if desired.

999-101 11/17/93
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14 GML Programmer’s Workshop

Connecting Blocks or Modules

Most blocks and modules—including the START and END
blocks—have input and output nodes. The diagram must start at the
START block with connections drawn from an output node of one
block to the input node of another. The diagram usually ends at the
END block.

Input
Nodes

Qutput
Nodes

Move the cursor to the desired output node. The cursor changes
from a pointer to a soldering iron. Press the mouse button, drag to the
desired input node and release. A line representing the connection is
drawn, as shown below.

Mewy Diagram Do Feed

=
New Diagram

Page 18 01 59 RAY. AMS
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Moving Blocks

Blocks—including the START and END blocks—can be dragged
anywhere on the diagram. Wherever they are moved, their connec-
tions remain as before the move. The Diagram Drawing preference
(choose Preferences from the File menu) can be set to show connecting
lines on top of blocks to help keep track of connections or underneath
to show blocks. See Setting GML Preferences earlier in this manual
for more information.

Disconnecting Blocks

To cut a connection, move the pointer to a connecting line. The
cursor changes to a wire cutter. Click to cut the connection, as shown.

START .

Mew Diagram Do Feed

Moving Connection Lines

In some cases, when you have a connection that loops back to an
earlier block in the diagram, you may want to move a vertical connec-
tion to avoid other blocks. Place the pointer on the vertical con-
nection. A double arrow replaces the pointer. Press the mouse button,
drag the connection to the desired position and release.

START

SAMPLE F.GML

989-101 11/17/93
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16 GML Programmer’s Workshop

Encapsulating Blocks into Modules

Several blocks that together comprise a larger function or related
functions can be grouped together in one block called a module to hide
detail and save space. To select the desired blocks, position the arrow
tool above and to the left of them. Press and hold the mouse button
down. Drag the arrow to a position below and to the right of the
blocks and release the button. Choose Encapsulate from the Module
menu to encapsulate the selected blocks in a module.

When the module is created, the description below it is high-
lighted. Type in a new description of the combined function repre-
sented by the module. You can also document it more extensively by
selecting it, choosing Documentation from the Module menu, and en-
tering the desired information in the Documentation dialog.

The individual blocks encapsulated in a module are always acces-
gible. To see them, select the module and choose Show Details from
the Module menu or double-click the module. The resulting view is
exactly like the diagram window except that the name under the
START and END blocks is that of the module, and only the blocks en-
capsulated in the module appear.

= GML
File Edit Definitions Module Diagram Windows Help

= GML - New Diagram

IMC S Control Family New Module v

[

New Module Home Axis Output O New Module

A module can be duplicated, copied, moved, connected, and encap-
sulated with other blocks or modules just like other blocks in the dia-
gram. Modules can be unencapsulated to return the blocks they con-
tain to the main diagram. Select the module and choose
Unencapsulate from the Module menu. To return to the main dia-

Page 2?896%%9 RAI\I//K{\?[?S
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User Manual 17

gram window, select it from the Module pop-up menu at the top of the
screen or choose Show Overview from the Module menu.

Cutting, Copying, and Pasting Blocks

GML provides a set of tools which use the clipboard for editing di-
agrams. The clipboard is a temporary buffer for storing and retrieving
data. The clipboard tools, located on the Edit menu, are used to copy
blocks or modules from one module to another or between diagrams.

Any selected block or group of blocks with associated parameters
can be copied to the clipboard. Copying has no effect on the diagram
itself, leaving the selected blocks exactly as they were. When modules
are copied, the information placed on the clipboard includes all of the
blocks and other modules contained in the module.

Cut operates exactly like Copy except that the selected blocks are
deleted from the diagram after they are copied to the clipboard. Paste
puts the contents of the clipboard back on the diagram in the current

view. Clear deletes the selected blocks, but does not put them on the
clipboard. You can undo all of these actions if you make a mistake

(choose Undo from the Edit menu).
Copy ﬂ
E— Clipboard == /
Gear

el
Gearﬂa{es\ Paste

Geat

Gearﬁxeﬂ

999-101 11/177938
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18 GML Programmer’s Workshop

Using Change, Insert Between, and Swap

GML provides tools which make it easy to edit blocks that are al-
ready connected. These functions are also located on the Edit menu.

Change allows you to change the type of a block without affecting
its connections. Select a single block and then choose Change from the
Edit menu. The library appears. Choose the desired block and click
Select. The original block is replaced by the block selected from the li-

brary.

Insert Between requires selection of two connected blocks. Select
two blocks such as Initialize and Do Feed as shown opposite, and then
choose Insert Between from the Edit menu. Select the desired block to
insert (a pre-defined Initialize module in this case) from the library
and click Select. The selected block is then placed between and con-
nected to the originally selected blocks, as shown.

The Swap function swaps the location and connections of two se-
lected blocks. The blocks do not have to be connected. Select two
blocks such as Initialize and Do Feed, as shown opposite, and then
choose Swap Blocks from the Edit menu. The two blocks change
places but the connections do not change, as shown.

Page 23 01 39 RAY KNS
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mmmmmmmmmmmmmmmmm

START

SAMPLE F.GML

Insert Between

START [ | H i
SAMPLE F.GML
Swap Blocks
999-101 11/17/93
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20 GML Programmer’s Workshop
Spacing and Aligning Blocks

You can align selected blocks in a row and evenly space them hor-
izontally to make your diagrams neat. To automatically space out the
selected blocks evenly in a horizontal line, select the desired blocks

1 X

[Move &xis| [Output On Set Timer

and then choose Space Blocks from the Edit menu. The blocks are

evenly spaced, as shown below.

X

Move Axis Qutput On

To automatically align blocks in a row, select the desired blocks

,
4]

- Set Timer
Move Axis T

and choose Align Blocks from the Edit menu. The blocks are aligned
to a common horizontal line, as shown below.

,,
B4

[Move fis|  [Cutput On| Set Timer

Page 245t%9 RAI\J;/ KI/\?I%
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Snap To Grid

The Snap to Grid option in the Preferences dialog defines how
blocks are placed in the diagram. GML divides the diagram into invis-
ible horizontal and vertical lines. The horizontal grid is set for ¥4 the
size of a block and the vertical spacing is set for %2 the size of a block.
You have the option of specifying that blocks be aligned to the nearest
horizontal and/or vertical grid line when placed on the diagram. The
Snap to Grid option sets the grid and defines the desired type of
alignment. See Setting GML Preferences earlier in this manual for
more information on grid snap.

Below is an example of a diagram aligned with grid snap. Note
that functions and operations can flow to an additional row (or rows)
of blocks if required.

GML - FEEDER.GML

START o (14

FEEDER.GML |Home Axis Outout OF Do Feed Output On

LZ@ B %X} fel—=

Output Off If Input Output On Delay Output Off FEEDER.GML

Entering Block Parameters

Once a block has been added to a diagram, its parameters must
be entered. Do this by double-clicking on the block and entering in-
formation in the displayed dialog box using the check boxes, buttons,
scrolling lists, data entry boxes, and pop-up menus provided. Click

999-101 ”ffa@g% of 59 RA v. AMS
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22 GML Programmer’s Workshop

Save to save them and return to the diagram window. Help is pro-
vided in a scroll box at the bottom of the dialog. More detailed infor-
mation on each block may be found in the programming manual for
your motion controller.

Expressions

Although you can type a numeric parameter directly into a data
entry box, you can also use the Expression Builder to build an expres-
sion. Expressions are formulas of variables, constants and functions
that can be used in place of a numeric parameter. The Expression
Builder includes a calculator keypad, a list of special operators, and
easy access to lists of all variables, constants, and functions that can
be used in expressions. Choose Build Expression from the Edit menu,
enter the desired expression, and click Save to copy it to the appro-
priate data entry box.

The items available as elements of an expression vary with the
selected motion controller. See the programming manual for your mo-
tion controller for details about these elements.

Variables, Constants, and I/O

User variables, constants, discrete inputs and outputs, etec. must
each be defined before they can be used as block parameters. These
items are typically defined as needed. Choose the appropriate item
from the Definitions menu and enter the data required. Click Save to
save the definition.

Page 26 ot 39 RAY AMS
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Testing Diagrams

Choose Test Diagram from the Diagram menu to translate the
current diagram into a script in the appropriate native language for
the selected motion controller. The GML translator checks for errors
or potential errors. If an error is found, the block and error are re-
ported as shown below.

GKL Error

Mo Parameters!
Block: Delay 0K

Click OK in the error dialog and GML automatically zooms to the
appropriate module in the diagram and highlights the offending
block. If the error is with a parameter within a block, GML also au-
tomatically opens the block.

Note that a successful test only indicates that the diagram trans-
lates to a valid program, not that the motion controller will operate
your machine flawlessly. Remember, the motion controller only does
what you fell it, which may not necessarily be what you want.

Saving Diagrams

Save your GML diagram by choosing Save from the File menu. If
this is a new file, a dialog appears giving you the opportunity to enter
an appropriate filename. Save As may also be chosen from the File
menu to rename a file or save it to a different name or location.
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Printing Diagrams

Both diagrams and scripts (programs) can be printed. However,
the Windows Print Manager needs to be appropriately configured be-
fore printing. Use the Page Setup dialog (which will be different de-
pending on your specific printer) to define the page layout.

Choose Print from the File menu to print the current diagram or
script. The print dialog for the Simple Feeder diagram created in the
tutorial is shown below.

GKIL - Print Diagram

® All Modules .~ FEEDER.GML

 Selected Modules |V Initialize
+ Input Qutput Control

[ Print Details
L] Print Definitions

Print | Cancel |

This diagram has two modules (Initialize and Input Output
Control) as shown in the scrolling list. You may print the diagram in-
cluding all modules or selected modules as desired. A module is se-
lected for printing if it is checked.

When Print Details is selected, the selected modules are printed
with numeric identifiers assigned to each block in the module. On a
separate page, each block’s parameter information is printed beneath
its assigned numeric identifier.

A Module Definitions page is printed when Print Definitions is se-
lected. This page lists each module definition title with a description
of the definition.
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Navigating Complex Diagrams

GML provides several special methods for quickly moving around
diagrams when they become large. These are explained following.

Using the Windows Menu

The Windows menu provides a way to quickly move between all
open windows. This includes all diagrams and programs, as well as
the Online Manager window. This is helpful if you have a small
screen and cannot see all open windows because they are hidden.

The Windows menu keeps track of all GML windows that are cur-
rently open and displays them by name when clicked. Choosing any
item in the Windows menu immediately brings that window to the
front and it becomes the active window.

GML [+ ] 4]
iagram EWLGOYESE Help
+ FEEDER.GML
New Diagram

aAEEDE

X

[DoFeed]  [OutputOn|  [Delay|

Note that the currently active window is checked.
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26 GML Programmer’s Workshop
Searching a Diagram Using Find and Find Again

It is often useful to quickly locate a particular type of block, block
name, or a specific parameter variable or value. Choosing Find from
the Diagram menu brings up the Find dialog as shown below. There
are three searching techniques.

FIND BLOCK
Find:
O block type
@ in block's name

O in block's parameters
© Break Point

Look for:

To search for occurrences of a particular block type, select block
type and click Find It. The library is displayed so you may select the
type of block to search for. Once a block type has been selected, the
Find function searches the current diagram for the first occurrence of
the block. When found, the block is highlighted. To search for the next
occurrence of the specified block type, choose Find Again from the
Diagram menu.

If the in block’s name button is clicked, the Find function searches
all block description fields for the first occurrence of the specified text.
When the text is found, the block is highlighted. To find a particular
parameter variable or value, select in block’s parameters and enter
the value to search for in the edit box. When the variable or value is
found, the Find function goes directly to the parameter dialog con-
taining the search text.
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Both text searches are case insensitive and find all occurrences of
the text including instances partially within longer words. To find the
next occurrence of the specified text, choose Find Again from the
Diagram menu.

Converting a Diagram to a Script

The actual language used for the motion controller program, or
script, generated from a GML diagram is determined by the selected
motion controller family. Regardless of the selection, however, the
program may be viewed using the Script Editor. The script editor
opens a program document.

1. Choose Open Diagram from the File menu. Find and open the
Feeder diagram created in the tutorial.

2. Choose Translate to Script from the File menu. GML trans-
lates the Feeder diagram and displays the resulting iCODE
program as shown below.

=] GML - SAMPLE FEEDER.TXT

1 Axis configuration

1 Axis 0 =AXIS0

1 Anis 1 = AXIS1

.D\force original defaulls

(D{0}31=2):(B{0}9=0)
{D{0}29=6):({D{0}30=3)..FP{0}="inches"..FPS{0}="inches"
(D{1}131=22:(B{1)3=0)
(D{1}29=6):(D{1}30=3)..FP{1}="inches":.FPS{1}="inches"
(D38=2):(D37=2)

(B23=0)

FT1="ARISO="""""

FT2="AXIS1="""""

[FS=T1,8{0},T2,5(1}

(B23=1)

.Utmake new defaults

END HEADER

\*** START OF SAMPLE FEEDER.GML
17 §TART OF Input Output Control
MO} 0:?7{SM{0}=0) \ Move Axis
(01=1)\Qutput On

1" END OF Input Qutput Control

[T

3. Save the program by choosing Save from the File menu and
specifying the desired file name and directory.
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28 GML Programmer’s Workshop

Downloading a Diagram

After building a diagram, it must be transferred to the motion
controller. If you are using an IMC S Control or MAX/IMC-201 family
motion controller, the diagram may be downloaded directly to the
motion controller. See the GML programming manual for your motion
controller for more information.

If you are using an IMC Classic family motion controller, the dia-
gram must first be converted to a script (MML program) as explained
previously and then transferred to the ODS (Offline Development
System) software for compiling and downloading to the motion con-
troller.

Quitting GML

To leave GML, choose Quit from the File menu. GML checks all
open documents for changes and asks if each changed document
should be saved before quitting.

11/17/93
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GML Tutorial

The following tutorial illustrates the features and operation of
GML Programmer’s Workshop by taking you step-by-step through the
process of creating a complete GML diagram. Before using this tuto-
rial, you should be familiar with the basic GML concepts discussed in
Learning GML earlier in this manual.

For this tutorial, the machine to be controlled is a feeder, used to
cut a continuous material (such as paper, plastic, sheet metal, etc.)
into pieces of a specific length, as diagrammed below.

Discrete Output 1
B Shear
Feed
Direction —#»
/ Axis 0
| Motor/Encoder

Motion
Controller

In operation, a length of material is fed via the feed rolls by com-
manding the motor to move the specified distance and then stop. The
material is cut by a shear activated by a discrete output from the mo-
tion controller. This cycle is repeated until the necessary number of

pieces have been cut.
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30 GML Programmer’s Workshop
Place a Move Axis Block

The first step in building the Feeder application is adding a Move
Axis block.

1. Click on the sixth icon in the block palette. GML highlights
the icon and displays the block name, in this case Move Axis.

- GML
File Edit Definitions Module Diagram Windows

= GML - New Diagram
iCODE for IMC S{200 New Diagram ¥

[I - '- ......

|START)

Mew Diagram
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2. Move the pointer down onto the field of the diagram. Notice
that the pointer changes to a hand indicating that it is ready
to place the selected block.

= GML
File Edit Definitions Module Diagram Windows

= GML - New Diagram

iCODE for IMC 5{200

START ?J

MNews Diagram

3. Move the hand to a position to the right of the START block
and click. This places a Move Axis block at the hand location.

= GML
File Edit Definitions Module Diagram Windows
‘=| GML - New Diagram
iCODE for IMC Sf200 New Diagram ¥
= ——

START)

Mew: Diagram love Axis
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32 GML Programmer’s Workshop

When a block is added, the description field beneath the block is
highlighted. To change the block description to something meaningful
in your application, type in a new description. When the new descrip-
tion is complete, move the pointer away from the description box and
click. To keep the original description, do not type in a new descrip-
tion, just move the pointer away from the description box and click.

If an error is made, correct it using standard editing procedures.
If the description is entirely erased and the insertion point lost, click
exactly in the center beneath the block and type in the desired de-
scription.

4. Type “Do Feed”, move the pointer away from the description,
and click .

STHRT

Mew Diagram Do Feed

Connect the Start and Move Axis Blocks

Connections define the sequential flow of a diagram. Connections
always start from the START block. In this example, the Move Axis
block is the first action and must be connected to the START block.

Input
Nodes
F a Output
i — Nodes
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1. Move the pointer to the output node of the START block.
Notice that the pointer changes to a soldering iron. Press and
hold down the mouse button.

STARTjEL

Mew Diagram Do Feed

2. Drag the soldering iron into the Do Feed block and release the
mouse button to connect them. Notice the soldering iron dis-
appears and the pointer is back.

Mew Diagram

3. Before continuing, fill out the diagram by adding two more
blocks and making the connections shown below.

ol
[START] ~ A
o—H
Mew Diagram Do Feed|  [CutputOn|  |Set Timer|
Move the Do Feed Block

Position the pointer over the Do Feed block, then press and hold
down the mouse button. Move the pointer to another location and re-
lease the mouse button. Notice that while you are moving the block, it
appears as a dotted box with a hand in it, following the pointer. After
releasing, notice that the connections follow the position of the block.

- /
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34 GML Programmer’s Workshop
Disconnect the Do Feed Block

Connections between blocks are removed using the wire cutter
tool.

1. Position the pointer over the connecting line between the
START block and the Do Feed block, notice that the pointer
disappears and a wire cutter appears, allowing you to cut the
connection between the blocks.

START =F

=y =

Mew Diagram Co Feed

2. Click and notice that the connection is removed and the
pointer is back.

START [

b

Mew Diagram Do Feed
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Undo the Disconnect

Most actions that change a diagram can be reversed using the
Undo function.

1. Choose Undo from the Edit menu. Notice that the disconnect
action from the last section is removed and the START/Do
Feed connection has been restored.

Definitions Module Diagram MWindows Help

Undo cut connection GML - New Diagram

Mew Diagram

Copy F E 'ﬂ?

Clear
Select all
Duplicate
B Add.. 4;‘@3 g J_
Change Block -P@

New | Outputon]  [Delay]

Block Information...
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36 GML Programmer’s Workshop

Change the Set Timer Block Description
Block descriptions may be changed at any time.

1. Position the pointer on the description text for the Set Timer
block and click.

2. The description field should be highlighted. Type “Delay”,
move the pointer away from the description field and click.

XF

New Diagram Do Feed|  |Output On| [Delay]

START

Add an Output Off Block from the GML Library

The block palette at the top of the diagram holds the most fre-
quently used blocks. To view and select from the complete list of
blocks, click the leftmost block in the block palette (the library block)
to open the GML library. The library contains all the available blocks
for your motion controller including those shown on the palette. The
library displays block icons and descriptions of each. If you are using
a PC with a color monitor, the blocks are color coded according to re-
lated functions (motion blocks are green, etc.).

The library may also be called by choosing Add from the Edit
menu or by double clicking on any icon in the palette. Clicking on a
block icon in the library highlights the icon and displays a short de-
scription of the block at the right side of the library window. Double-
clicking on a block selects the block and exits the library.
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1. Choose Add from the Edit menu. The library is displayed.

2 & = (i,

eedback On Feedback Off Set Out[:xut Change Gain

Q = Hortd
DitectDrive  Clear&xis  Redefine
ontrol Fault Position

C
d

]
rnane

v of
E}
e
TIFIE e b

) e i
New Di{ gef Mofion Set Maximum Set Maximum Set Mammum Configure
rofile Velocity Accel cel Cam

B M M PF*
Home Axis  Move Axis Jog Axis Gear Axes Tingalﬁqnck
X R Wi
i X o
Posmun Disahble PCAM Walt For

2. Scroll down through the list until you see the Output Off

block and click on it. Notice the description displayed on the
right side of the library.

@ M M ¥ 0
Home Axis  Move Axis Jog Autis Gear Axes Tin'éealﬁ?ck

"|{Z;3 X ?-C}J N
POSITION 1
LFé%skltcl:%% Dlsable PCANM W%t{Fnr Turns general
B )* purpose output off.
=i 4 )
New D change Disable  Stop Motion
D\;’namlcs Gearing
Sl % W'—
- I U
Output On RS EEE) In;gtgrn ;u‘\.fl}tfg
2 1 VE g W
e 27
Dl Armn Dis SetTimer  \Waitfor
Registration Regtstratmn Reg:mratlon Timeout 3
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38 GML Programmer’s Workshop

3. With the Output Off block highlighted, click Select to exit the
library and return to the diagram.

4. Position the hand cursor between the Delay block and the
END block and click to insert the Qutput Off block.

N

=&} H—E} {5}

New Diagram Do Feed Qutput On Delay| Qutput Off New Diagram

P

5. Connect the Delay block to the Output Off block and the
Output Off block to the END block.

=/} (5} {F} g} ——=

New Diagram DoFeed| [OutpuiOn Delay] Outout 0 New Diagram

Enter the Block Parameters

Before a GML diagram can be translated into a motion control
program, the parameters for each block must be entered. Do this by
double-clicking on the block icon and setting parameter values using
the check boxes, buttons, scrolling lists, edit text boxes, and pop-up
menus provided. Help is provided in a scroll box at the bottom of the
dialog.
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1. Double-click on the Do Feed block.

GML - Do Feed

MOVE AXIS Adis: [AXIS0 + "
Move: [_Absolute R | Menus
Pesition |0 \
Speed [100 [ % of max | Numeric
Accel  |40p %% of max ~] Parameters
Decel  [4gg [ % of max ~]
] override profile
Check| [ Merge from Jog, CAM or Gear  [_At Current Speed ]

Boxes | [ Wait for Compiction;
[ Synchronize with next move
Initiates a trapezoidal, S-curve or parabolic s
; : ave
Help velocity profile move of an axis to a programmable |_{ § .
destination position at a programmable speed.

In absolute mode, the destination position is the 5

2. Click in the box to the left of the text “Wait for Com pletion”.
Notice the X in the box. Click again. Notice the X is removed.
Before finishing with the dialog, make sure you leave it
checked for this diagram.

3. Choose Incremental from the Move pop-up menu. Notice that
the type of move shown changes to Incremental.

4. Double-click on the 0 in the edit box to the right of Distance.
Type the value 10.

5. Click Save to exit the dialog and save the parameters. GML
checks the parameters to make sure they are valid and then
returns to the diagram. A check mark to the upper-left of the
block indicates that parameters have been entered.

g@\- gP_B@ S

v

New Diagram Do Feed outﬁui Onl Delay] Output O News Diagram
999-101 11/17/93
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40 GML Programmer’s Workshop

Enter an Expression for the Move Distance Using
the Expression Builder

Expressions are formulas of variables, constants and functions
that can be used in place of a numeric parameter. Although you can
type a numeric parameter directly into an edit box as in step 4 above,
you can also use the Expression Builder to build an expression when
required.

1. Return to the Do Feed block Parameter dialog and choose
Build Expression from the Edit menu.

Definitions Module Diagram Windows Help
a GML - Move Axis
X0 VE AXIS Axis: [AXISO_ ¥
litl" Mowve: [ Absolute ~] Iniliates a 2
= trapezoidal, ||
IU| | S-curve or
parabolic
|1 oo | % of max *lvelocity prodile
move of an axis
E - |[reo [ o —
programmahle
put ou |1 00 % of max N destination m
fide profile [ Ifapezoidal ]
e from Jog, CAM or Gear  [_At Current Speed ~]
for Completion
S C I
hronize with next move ILI ‘&I
Build Expression...
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The Expression Builder is displayed as shown below.

Expression Caleulator

GML - Expression Builder

Position 3,
g~ J
® System Variables +
Radio | < User ¥ariables and Constants @E'@ _+ ||
Buttons | O System Functions E@‘EB@ * Operators
O Inputs _Outputs EB ;
Actual_Position x e
Command_Position | EI@DE
Strobed_Paosition
Registration_Position
Marker_Distance 3
T [Cancel |

T
Variables, Constants, Functions

2. Click on the calculator buttons “17, “0”, and “+” in sequence.
Notice the expression being built in the box at the top of the

Expression Builder.

3. Click the System Variables button. A list of system variables
is displayed in the list window.

4. Click the list item Actual_Position. Notice that an Axis
pop-up menu and an Insert button appear.

5. Choose AXIS1 from the Axis pop-up menu.
6. Now click Insert. Notice that the expression is updated.
7. Click Save. This copies the expression

10 + Actual_Position AXISI

to the Position edit box in the Do Feed dialog. Click Save to
exit the Do Feed dialog.
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42 GML Programmer’s Workshop

Define the Motion Done Output

The Feeder program turns on a discrete output after completing
each feed. This output must be defined.

1. Double-click on the Output On block. The Output list of this
block is empty because no signals have been defined.

GML - Output On

ot .-LTUH.N

Turns general purpose output on.

Save Cancel |

2. To define a general purpose output, choose General Purpose
Outputs from the Definitions menu.
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3. Click on the New button to define a new output.

GHL - Defined GP Outputs

| New | | | ] | Done

4. Define the output signal as shown below. Type the name
Motion Done. Position the arrow on the GP Output Number
edit box, double-click and type 1 to define the signal as
Output 1. Click Save.

GML - name this output

Mame |motion_Done

GP Output Number 1

Save | Cancel [
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5. Click Done to return to the Output On dialog. Since only one
output is defined, GML automatically selects it in the list with

a check mark.

GML - Qutput On

L. TURN
A~ ouTPUT
ON

Qutput
. Motion_Done

Turns general purpose output on.

Save | Cancel I

6. Click Save to save the parameters.

7. Select the same Motion_Done signal in the Qutput Off block
parameters dialog. Verify that the Motion_Done signal is
checked. Click Save to save the parameters.

11/17/93
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Test the Diagram

Choose Test Diagram from the Diagram menu to translate the
current diagram to a script and check for errors or potential errors.
Note that a successful test only indicates that the diagram translates
to a valid program, not that the program will control the machine
flawlessly. Remember, the motion controller only does what you fell
it, which may not necessarily be what you want.

1. Test Feeder by choosing Test Diagram from the Diagram
menu.

2. A translator error message explains that the Delay block pa-
rameters are missing.

GML Error

No Parameters!
0K
@ Block: Delay

3. Click OK. GML automatically finds and opens the Delay block
so that the parameters may be defined.

4. Set a 0.5 second delay and check the Wait for Timeout option.
Click Save.

5. Repeat Test Diagram. This time there should be no errors.
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Save the Diagram

At this point, the Feeder diagram should be saved to disk.

1. Choose Save from the File menu.

2. Currently, the application is still named the default diagram
name, New Diagram. Change the name by typing “Feeder”.

3. Click Save to save the Feeder diagram.

Save as: clwindowsigml

FEEDER Save

Cancel

Add a Decision-Making Block

Decision-making blocks that define conditional sequences have
two output nodes. If a defined condition is true, the diagram contin-
ues from the 1 node; if the condition is false, the diagram continues
from the 0 node. In this diagram, we need to decide whether to feed
another piece or not based on the state of a discrete input.

1. Disconnect the Output Off block from the END block.

e
SAMPLE FEEDER.|Do Feed| Output On Delay] Output O SAMPLE FEEDER
9- 11/17/93
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2. Click the library icon in the palette to access the library. Find
and select the If Input block.

GML - IMC S/200 Library

2 E X
Arm Disarm ‘Wait for Set Timer Wait for
Registration Registration Registration Timeout
oy - ¥y
b b i i
Arm Watch Disarm Watch  Wait for iti
Position Position F‘uEsiﬁutn brgggﬁ;gggg'ma[
en
~ -f\:}] -~ ‘?ﬁ state of general
Shm 5 sat | --t-\_ " purpose or
ow Axis is Status  Input Status ema i i
Posttion ? Status gfg”n';?m It
Pr1 ?_£1 2=l 2y 7?8 ’
go 'E;% . o —=Z0
If Timeout If &g If Input If Position N
Fault Event Registration
—_— ?_ 1
Dn
Repeat Loop If Axis

3. Place the If Input block between the Output Off block and the
END block. If necessary, move the existing blocks to make
room.

v V' 4

S E—Zﬂ- 2

- w0

SAMPLE FEEDER.|Do Feed Qutput On Delay OQutput Of Ifinputl SAMPLE FEEDER

4. Connect the Output Off block to the If Input Block and the If
Input block to both Do Feed and END as shown below.

: v v

~, s
K- ]
SAMPLE FEEDER.|Do Feed Output On Delay Output off Ifinputl SAMPLE FEEDER

Define a discrete input to be used to determine whether to cut an-
other piece to complete the parameters for the If Input block.
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Encapsulate the I/O Blocks into a Module

Modules are blocks which contain other blocks or modules. They
appear on a diagram as a single block, but represent the functions of
all the blocks and modules contained within them. Besides saving
space, they hide confusing detail and allow grouping of blocks that
comprise a single function or several related functions into a single
block. The contents of any module can be accessed by clicking on it
and choosing Show Details from the Module menu.

1. Position the arrow tool above and to the left of the Output On
block. Press and hold the mouse button. Drag the arrow to a
position below and to the right of the Output Off block.
Release the button to select the Output On, Delay and Output
Off blocks.

v >
FHE}H-o)-f
SAMPLE F.GML [Do Feed i Cutput On Delayd Quiput O : If Input] SAMPLE F.GML

i3
g

2. Choose Encapsulate from the Module menu.

3. A Module block replaces the three selected blocks. Type Input
Output Control, then move the pointer away from the descrip-
tion field, and click.

START] i : ;._?].'I% £ END |
SAMPLE F.GML [Do Feed Input ut;am control SAMPLE F.GML
9-10 11/17/93
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4. Click on the Input Output Control module and choose Show
Details from the Mcdule menu.

File Edit Definitions Module Diagram Windows Help

iCODE for IMC Sj200 Input Qutput control ¥
e ) TR P=2 AR e 2
%
Vi—— v v
E——S-E8 =
Input Qutput control Output On Delay] Qutput off Input Output contral
+
hd -

Notice that the diagram window now shows the Input Output
Control module. The module has its own START and END blocks and
below each of them is the module description. The Output On, Delay,
Output Off sequence is unchanged. The module currently displayed is
also indicated in the Module pop-up menu located at the top of the di-
agram window just under the diagram title.

5. Choose Show Overview from the Module menu to return to
the top level of the diagram.

You can also use the Module pop-up menu to go directly from a
module to the next level module or to the top or overview level of the
diagram window.

o101 HBAGE"s3 of 59 RA v. AMS
 Ex. 1021




50 GML Programmer’s Workshop
Add an Initialization Module

You can use modules to represent a group of blocks you have al-
ready created via encapsulation as illustrated above, or you can place
blank modules directly into your diagram and later fill in their de-
tailed operations. This method is particularly convenient for sketch-
ing out the process at a high level before having to think about de-
tailed functionality. An “empty” module can be added to a diagram by
selecting the module icon in the palette and placing it like any other
block. As an example, we'll add an initialization module to the sample
application.

1. Move the Do Feed block, and the Input Output Control
Module to the right to make room for the new module. To
slide the “loopback” connection to the Do Feed block over, po-
sition the pointer over the vertical section of the connecting
line. The pointer becomes a double arrow.

START

SAMPLE F.GMWL Do Feed

2. Press the mouse button down and hold it. Drag the mouse to
the right, moving the connection over to the right. Release the
mouse button when the desired position is reached.

START

SAMFLE F.GML Do Feed
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3. Select both the START and Do Feed blocks by dragging a box
around them. They should both become highlighted.

4. Choose Insert Between from the Edit menu. The library ap-
pears. Any library block selected is inserted between the two
selected blocks on the diagram, and all connections are auto-
matically fixed.

5. Scroll down through the library until the “New Module” icon
shows (it’s near the end). Double-click on it and it is automat-

ically inserted in the correct position.

6. Type “Initialize” into the description field.

_?ﬂ¢ £5{ END |

ol

SAMPLE F.GML  [Initialize] [DoFeed] [Input Output Control] [ifInpu] SAMPLE F.GML

TART]

w

7. Define the new Initialize Module by double clicking on it.
Place a Home Axis and an Output Off block onto the diagram.
Connect the module START to the Home block. Connect
Home to Output Off and then Output Off to the module END
with the soldering iron.

700101 3865 of 59 RA v. AMS

Ex. 1021




52 GML Programmer’s Workshop

8. Double click on the Home block to enter its parameters.
Choose AXIS1 and Normal mode from their pop-up menus,
and select Wait for Completion. In the Output Off block pa-
rameters, select the Motion_Done output.

= -

File Edit Definitions Module Diagram Windows Help

I
a| GML - SAMPLE F.GML -
iCODE for IMC S{200 Initialize i

v
GTAR] [TTE14=

HOME

Initialize Home Axis Initialize

9. Go back up to the top level by choosing Feeder from the
Module pop-up menu.

Once a module has been created, that module becomes part of the
library. From the library, you can select your previously defined
module and place it anywhere in the diagram. The New Module
module in the library is an empty module.

1. Position the pointer above and to the left of the If Input block.
Press and hold the mouse down. Drag the pointer to a position
below and to the right of the END block. Release the mouse
button. The If Input and END blocks should be highlighted.

2. Access the library by choosing Insert Between from the Edit
menu.

3. Scroll down to the Input Output Control module block (near

the end), click on it and click Select. The new block is placed
between the If Input block and the END block.
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4. Place the arrow on the new Input Output Control module
block and click.

5. Choose Show Details from the Module menu.

6. Notice that this module is an exact copy of the original Input
Output Control module.

GML is very flexible about module creation. If you decide that you
no longer need to represent a group of blocks as a module, you can
bring them up one level in the hierarchy by using Unencapsulate
from the Module menu. To “unpackage” a module in this way, select it
by clicking on it once and then choose Unencapsulate from the
Module menu. Any blocks or modules contained within this module
are brought up to the current level with all their connections intact. It
may be necessary to do a little rearrangement of the unencapsulated
blocks to make the diagram look better.

Copy and Duplicate the Initialize Module

Modules can be copied and duplicated. These two functions are
very different. A copied module can be modified and the modifications
do not effect the original module. A duplicated module is really just
another instance of the original module, modifications to either in-
stantly effect both modules.

1. Select the Initialize module by clicking on it.

2. Choose the Duplicate option from the Edit menu.

MODULE

Initialize|

Notice that the names of the two modules are identical.
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3. Double click on the new Initialize module to see the details of
the module.

4. Select the Home block, then choose Clear from the Edit
menu—this removes the Home block from the module.

v
STARTY -D@ + fef END I

Initialize Qutput Off Initialize

w

5. Return to the Feeder level via the Module pop-up menu.

6. Double click on the original Initialize module, notice that the
Home block is not present.

7. Choose Undo clear from the Edit menu to return the Home

block to the module.
qr v
TART ;; o _b@ = END )
Initialize Home Axis Qutput Of Initialize

8. Return to the Feeder level and repeat steps 1 through 6, but
instead of duplicating the Initialize module, copy it. Notice
that the modification to the new module does not effect the
original module.

After experimenting with copying and duplicating the Initialize
module, be sure to delete all but the original module from the Feeder
diagram. At this point, you should test the diagram by choosing Test
Diagram from the Diagram menu to ensure you have a working pro-
gram. Fix any mistakes or errors and then save the completed Feeder
diagram.

This completes the GML tutorial.
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