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Use the tool field in the Acrobat Reader to manoeuvre through the on-line manual.
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The buttons Go back and Go forward take you step by step through the
document, view to view in the order you have seen them.

The buttons Previous/Next page move forward or backwards in the document
one page at the time. You can also use the buttons PageUp/PageDown on the
key board.

The buttons First/Last page move forward or backwards to the last or first
page of the document.

To mark text in the document. For use in another document the text can be
copied with the command Copy in the menu Edit.

To mark graphics in the document (in the menu Tools ). For use in another
document the graphics can be copied in the same way as text, see above.

It is also possible to print the manual, use the function Print.... in the menu File.

The cursor, in shape of a hand, changes to a pointing finger when it moves over a linked area.
To jump to a linked view, click with the mouse button.

For more information, see the Acrobat Reader on-line manual under the menu Help.

Click on the Main menu button to continue to the User’s Guide on-line Manual.
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Introduction

This manual will help you whenever you use the robot. It provides step-by-step
instructions on how to perform various tasks, such as how to move the robot
manually, how to program, or how to start a program when runnimygtion.

1 New Features in this Version of the Robot

New functionality and other interesting information can be read from the file
readmeon the Set-up diskette. This file is continuously updated with the latest
information, which is why two robots of the same version may contain different
information in theireadmefiles.

This file can be read from a normal PC, using any word processing program. It can
also be loaded into the robot program memory and then read @athependant.

For information on how to load programs frorsidktte, se€hapter 8: Program-

ming and Testing

2 Other Manuals

Beforeusing the robot for the first time, you should r&agic OperationThis will
provide you with the basics of operating andgpaonming the robot.
Basic Operations included in this manual, s€&hapter 4

TheProduct Manuabescribes how to install the robot, as well as maintenance pro-
cedures and troubleshooting. This manual also contdngsduct Specification
which provides an overview of the characteristics and performance of the robot.

TheRAPID Reference Manuabntains a detailed explanation of the programming
language as well as alata typesinstructionsandfunctions They are described in
alphabetical order for your convenience. If you arggmmming off-line, the

RAPID Reference Manuailill be particularly useful in this respect.

3 How to Read this Manual

Before you start reading through this manual, it is essehaalou readChapter
3: Safety This tells you what you should or should not do to avoid injuring yourself
or someone else.

Chapter 4: Basic Operatiois an introduction to the basic operation ancdypam-
ming of the robot. It is recommended to be used as a tutorial, together with a robot
or the PC softwar®uickTeach.

You will find a general description of the robot, such as what happens eostart
or what the teach pendant does and loddes inChapter 5: Starting up

Generally speaking, the robot iserated by means of different windows:

- Manual movement, séehapter 6: Jogging
User’s Guide 2-3
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- Manual operation of inputs and outputs, €bapter 7: Inputs and Outputs

- Programming and testing, s€bapter 8: Programming and Testing
The programming laguage is clearly described@hapter 9: The program-
ming language RAPID
For a more detailed description, $&&PID Reference Manual

- Running production, se@hapter 11: Production Running

- Setting system parameters, §deapter 12: System Paraters
- Copying programs, etc., s€hapter 13: File Manager

- Service tools, se€hapter 14: Service

Calibrating the robot, TCP and other coordinate system€issater 10: Calibra-
tion.

Chapter 15: Programming cessWarandChapter 16: System Paramees Proc-
essWaralescribe how to program and set the system paeasfetr specific appli-
cations like arc welding (ArcWare) and spot weld{8gotWare).

In Chapter 17ProgramExamplesa number of programs are built, step by step.
Here you can learn a little about how to program, and also see the instructions in
their correct context.

If you want to find out what a particular menu command does, you should refer to
Chapter 18: Quick Referencehis chapter can also be used as a pocket guide when
you are working with the robot.

If the robot is delivered or upgraded with some extra functionality this is described
in Chapter 19: Special Functionality in this Robot

To make things easier to locate and underst@hdpter 2Qcontains aindexand a
glossary

2-4

3.1 Typographic conventions

The commands located under any of the five menu keys at the top of the teach pen-
dant display are written in the form lienu: Command. For example, to activate
the Print command in the File menu, you chde$e Print .

The names on the function keys and in the entry fields are specified in bold italic
typeface, e.gModpos

Words belonging to the actual programmingglaage, such as instruction names,
are written in italics, e.dMovelL

Examples of programs are always displayed in the same way aar¢heytput to
diskette or a printer. This differs from what is displayed on the teach pendant in the
following ways:

- Certain control words that are masked in the teach pendant display are
printed, e.g. words indicating the start and end of a routine.

- Data and routine declarations are printed in the formal form,
e.g.VAR num reg1l;
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4 Reader’'s Comments
You can use the next page to send us your comments about the manual. In this way,

you will help us to improve the manual and make it easier farsgtiito follow in the
future. Thank you kindly for your cooperation.
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Safety

1 General

A

This information on safety covers functions that have to do with the operation of the
industrial robot.

The information does not cover how to design, install gredaie a complete system,
nor does it cover all peripheral equipment, which can influence the safety of the total
system.

To protect personnel, the complete system has to be designed and installed in accord-
ance with the safety requirements set forth in the standards and regulations of the coun-
try where the robot is installed.

The users of ABB industrial robots are responsible for ensuring thapieable

safety laws and regulations in the country conceanedlserved and that the safety
devices necessary to protect people working with the robot system have been designed
and installed correctly.

People who work with robots must be familiar with the operation and handling of the
industrial robot, described applicable documents, e.g. Users’s Guide andiio
Manual.

The diskettes which contain the robot’s control programs mushot be changed in
any way because this could lead to the deactivation of safety functions, such as
reduced speed.

1.1 Introduction

Apart from the built-in safety functions, the robot is alapplied with an inteece for
the connection of external safety devices.

Via this interface, an external safety function can interact with other machines and
peripheral equipment. This means that control signals can act on safety signals
received from the peripheral equipment as well as fromoihet r

In the Product Manudlistallation,instructions are provided for connecting safety
devices between the robot and the peripheral equipment.

2 Applicable Safety Standards

The robot is designed in accordance with the requirements of ISO10218, Jan. 1992,
Industrial Robot Safety. The robot also fulfils the ANSI/RIA 15.06-1992 stipulations.
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3 Fire-Extinguishing

A

Use a CARBON DIOXIDE extinguisher inthe event of a fire in the robot (manip-
ulator or controller).

4 Definitions of Safety Functions

3-4

Emergency stop — IEC 204-1,10.7

A condition which overrides all other robot controls, removes drive power from robot
axis actuators, stops all moving parts and removes power from other dangerous func-
tions controlled by the robot.

Enabling device — 1SO 11161, 3.4

A manually operated device which, when continuously activated in one position only,
allows hazardous functions but does not initiate them. In any other position, hazardous
functions can be stopped safely.

Safety stop — ISO 10218 (EN 775), 6.4.3

When a safety stop circuit is proed, each robot must be delivered with theassary
connections for the safeguards and interlocks associated with this circuit. It is necessary
to reset the power to the machine actuators before any robot motion can be initiated.
However, if only the power to the machine actuators is reset, this should not suffice to
initiate any operation.

Reduced speed — ISO 10218 (EN 775), 3.2.17

A single, selectable velocity provided by the robot supplier which automatically
restricts the robot velocity to that specified md@r to allow sufficient time for people
either to withdraw from the hazardous area or to stop the robot.

Interlock (for safeguarding) — ISO 10218 (EN 775), 3.2.8

A function that interconnects a guard(s) or a device(s) and the robot controller and/or
power system of the robot and its associated equipment.

Hold-to-run control — 1SO 10218 (EN 775), 3.2.7

A control which only allows movements during its manual actuation and which causes
these movements to stop as soon as it is released.
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5 Safe Working Procedures

Safe working procedures must be used to prevent injury. No safety device or circuit
may be modified, bypassed or changed in any way, at any time.

5.1 Normal operations

All normal operations in automatic mode must be executed from outside the safe-
guarded space.

6 Programming, Testing and Servicing

A

A
A

The robot is extremely heavy and powerful, even at low speed. When entering into the
robot’s safeguarded space, #pplicable safety regulations of the country concerned
must be observed.

Operators must be aware of the fact that the robot can make unexpected movements.
A pause (stop) in a pattern of movements may be followed by a movement at high
speed. Operators must also be aware of the fact that external signals can affect robot
programs in such a way that a certain pattern of movemengetanthout warning.

If work must be carried out within the robot’s work envelope, the following points
must be observed:

» The key-operated switch on the controller must be in the manual mode position to
render the enabling device operative and to block operation from a computer link or
remote control panel.

* The robot’s speed is limited to m&&50 mm/s (10 inches/s) when the key-operated
switch is in position < 250 mm/s. This should be the normal position when entering
the working space. The position 100% — full speed — may only be used by trained per-
sonnel who are aware of the risks that this entails.

Do not change “Transm gear ratio” or other kinematic parameters from
the teach pendant or a PC. This will affect the safety functioReduced speed
250 mm/s

* During programming and testing, the enabling device must be released as soon as
there is no need for the robot to move.

The enabling device mushever be rendered inoperative in anyay.
* The programmer must always take tbach pendant with him/her when entering

through the safety gate to the robot’s working space so that no-one else can take over
control of the robot without his/her knowledge.
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7 Safety Functions

7.1 The safetycontrol chain of operation

Automatic mode safeguarded

The safety control chain of operation is basedwa electrical safety chains which
interact with the robot computer and enable the MOTORS ON mode.

The electrical safety chains consist of several switches connected in series, in such a
way that all of them must be closed before the robot can be setto MOTORS ON mode.
MOTORS ON mode means that drive powernig@ied to the motors.

The electrical safety chains are continuously monitored and the robot reverts to the
MOTORS OFF mode when a fault is detected by the computer. MOTORS OFF mode
means that drive power is removed from the robot’s motors and the brakes are applied.

General mode safeguarded
Operating mode selector space stop (GS)

Emergency stop (ES)

space stop (AS) LIM SW

A

24 V:

Motor
< 250 mm/s ‘ I Enable on MC1 oV
100% PO $| —

O Q)

, N Cr —~ 11O
Enabling Manual mode safeguarded Drive unit
device u

space stop (MS)

oV

MC2
< 250 Tg;/io /)—oy——Eli 24V
O/: O Y

The positions of the switches are indicated by the LEDs on the front of the system board
in the control cabinet.

If any contact in the safety chain of operation is open, the robot always reverts to
MOTORS OFF mode.

After a stop, the switch must be reset at the unit which caused the stop before
the robot can be ordered to stgain.

A The safety chains mushever be bypassed, modi&d or changed in any other way.

3-6
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7.2 Emergency stops

An emergency stop should be activated if there is a danger to people or equipment.
Built-in emergency stop buttons are located on the operator’s panel of the robot con-
troller and on the teach pendant.

External emergency stop devices (buttons, etc.) can be connected to the safety chain
by the user (see Product Manuradtallation). They must be connected in accordance
with the applicable standards for emergency stop circuits.

Before commissioning the robot, all emergency stop buttons or otheragigiynent
must be checked by the user to ensure their proper operation.

A Before switching to MOTORS ON mode again, establish the reason for the stop
and rectify the fault.

7.3 Mode selection using the key-switch

The applicable safety requirements for using robots, laid down in accordance with
ISO/DIS 10218, are characteed by different modes, selected by means of control
devices and with clear-cut positions.

One automatic and two manual modes are available:

(]:‘f Manual mode:
< 250 mm/s - max. speed is 250mm/s
100% - full speed

E Automatic mode: The robot can be operated via a remote control device
The manual mode, < 250 mm/s or 100%, must be selected whenever anyone enters the
robot’s safeguarded space. The robot must be operated using the teach pendant and, if
100% is selected, using Hold-to-run control.
In automatic mode, the key-switch is switched o} , and all safety arrangements,
such as doors, gates, light curtains, light beams and sensitive mats, etc., are active. No-
one may enter the robot’'s safeguarded space. All controls, such as emergency stops,

the control panel and control cabinet, must be easily accessible from outside the safe-
guarded space.

Programming and testing at reduced speed
Robot movements at reduced speed can be carried out as follows:

* Set the operating mode selector to >250 mm/s

* Programs can only be started using the teach pendant with the enabling device acti-
vated.

The automatic mode safeguarded space stop (AS) function is not active in this mode.
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Testing at full speed
Robot movements at programmed speed can be carried out as follows:

* Set the operating mode selector to 100%
* Programs can only be started using the teach pendant with the enabling device acti-
vated.

For “Hold-to-run control”, the program start key must be activated. Releasing the key
stops program eecution.

The 100% mode may only be used by trained personnel. The applicable laarsd
regulations of the countries where the robot is used must always be observed.

Automatic operation
Automatic operation may start when the following conditiaresfulfilled:

* The key-switch is set tf__}
* The MOTORS ON mode is selected

Either the teach pendant can be used to start the program or a connected remote control
device. These functions should be wired and interlocked in accordance with the appli-
cable safety instructions and the operator must always be outside the safeguarded
space.

7.4 Enabling device

When the operating mode selector is in the MANUAL or MANUAL FULL SPEED
position, the robot can be set to the MOTORS ON mode by depressing the enabling
device on the teach pendant.

Should the robot revert to the MOTORS OFF mode for any reason while the enabling
device is depressed, the latter must be released before the robot can be returned to the
MOTORS ON mode again. This is a safety function designed to prevent the enabling
device from being rendered inactive.

When the enabling device is released, the drivespto the motors is switched off, the
brakes are applied and the robot reverts to the MOTORS OFF mode.

If the enabling device is reactivated, the robot changes to the MOTORS ON mode.

7.5 Hold-to-run control

3-8

This function is active when the operating mode selector is in the MANUAL FULL
SPEED position.
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When Hold-to-run control is active, the enabling device and the start key on the teach
pendant must be depressed idey to execute a program. When the key is released,
the axis (axes) movements stop and the robot remains in the MOTORS ON mode.
When the key is pressed in again, progracaion continues.

7.6 General Mode Safeguated Stop (GS) connection

The GS connection is provided for interlocking external safety devices, such as light
curtains, light beams or sensitive mats. The GS is active regardless of the position of
the operating mode selector.

When this connection is open the robot changes to the MOTORS OFF mode. To reset
to MOTORS ON mode, the device that initiated the safety stop must be interlocked in
accordance with applicable safety regulations. This is not normally daeséying

the device itself.

7.7 Automatic Mode Safeguaded Stop (AS) connection

The AS connection is provided for interlocking external safety devices, such as light
curtains, light beams or sensitive mats used externally by the system builder. The AS
is especially intended for use in automatic mode, during normal progeguten.

The AS is disconnected when the operating mode selector is in the MANUAL or
MANUAL FULL SPEED position.

7.8 Manual Mode Safeguarded Stop (MS) Connection

The MS connection is provided for interlocking external safety devices, such as light
curtains, light beams or sensitive mats used externally by the system builder. The MS
is especially intended for use widlkdditional enabling devices.

7.9 Limiting the working space

For certain applications, movement about the robot’s main axes must be limited in
order to create a sufficiently large safety zone. This will reduce the risk of damage to
the robot if it colldes with external safety arrangements, such as barriers, etc.

Movement about axes 1, 2 and 3 can be limited with adjustable mechanical stops or by
means of electrical limit switches. If the working space is limited by means of stops or
switches, the corresponding software limitation parameters must also be changed. If
necessary, movement about the three wrist axes can also be limited by the computer
software. Limitation of movement about the axes must be carried out by the user.

7.10 Supplenentary functions

Functions via specific digital inputs:
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* A stop can be activated via a connection with a digital input. Digital inputs can be used
to stop programs if, for example, a fault occurs in the peripheral equipment.

Functions via specific digital outputs:

* ERROR - indicates a fault in the robot system.
* CYCLE ON - indicates that the robot is executing aEm.
* MOTORS ON - indicates that the robot is in MOTORS ON mode.

8 Safety Risks Related to End Effectors

8.1 Gripper

If a gripper is used to hold a vipiece, inadvertent loosening of thenkaiece must
be prevented.

8.2 Tools/workpieces

It must be possible to turn off tools, suchmalling cutters, etc., safely. Make sure that
guards remain closed until the cutters stop rotating.

Grippers must bdesigned so that they retain worlges in the event of a power failure
or a disturbance of the controller. It should be possible to release parts by manual oper-
ation (valves).

8.3 Pneumatic/hydraulic gstems

Special safety regulations apply to pneumatic and hydraulic systems.

Residual energy may be present in these systems so, after shutdown, padreular
must be taken.

The pressure in pneumatic and hydraulic systems must be released before starting to
repair them. Gravity may cause any parts or objects held by these systems to drop.
Dump valves should be used in case of emergency. Shot bolts should be used to prevent
tools, etc., from falling due tgravity.

9 Risks during Operation Disturbances

3-10

If the working process is interrwgat, extra care must bakendue to risks other than
those associated with regulgravation.Such an integuption may have to be rectified
manually.

Remedial action must only ever be carried out by trained personnel who are familiar
with the entire installation as well as the special risks associated with its different parts.
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The industrial robot is a flexible tool which can be used in many differdosinal
applications. All work must bearried out professionally and in accordance agpli-
cable safety regulations. Care must be taken at all times.

10 Risks during Installation and Service

To prevent injuries and damage during the installation of the robot system, the regula-
tions applicable in the country concerned and theuosbns of ABB Robotics must
be complied with. Special attention must be paid to the following points:

» The supplier of the complete system must ensure that all circuits used in the safety
function are interlocked in accordance withapglicable stagards for that function.
* The instructions in the Product Manuiagtallation must always be followed.

» The mains supply to thelot must be connected in such a way that it can be turned
off outside the robot’s working space.

» The supplier of the complete system must ensure that all circuits used in the emer-
gency stop function are interlocked in a safe manner, in accordance vaghptioa-
ble standards for the emergency stop function.

* Emergency stop buttons must be positioned in easily accessible places so that the
robot can be stopped quickly.

* Safety zones, which have to be crossed before admittance, must be set up in front of
the robot’s working space. Light beams or sensitive mats are suitable devices.

* Turntables or the like should be used to keep the operatyr from the robot’s
working space.

» Those in charge of operations must make sure that safety instructions are available
for the installation in question.

* Those who install the robot must have the appropriate training for the robot system
in question and in any safety matters associated with it.

Although troubleshooting may, on occasion, have to be carried out while the power
supply is turnean, the robot must be turned off (by setting the mains switch to OFF)
when repairing faults, disconnecting electric leads and disconnecting or connecting
units.

A Even if the power supply for the robot is turned off, you carstill injure yourself.

* The axes are affected by the forcgvity when the brakes are released. In addition
to the risk of being hit by moving robot parts, you run the risk of being crushed by
the tie rod.

* Energy, steed in the robot for the purpose of counterbalancing certain axes, may be
released if the robot, garts thereof, is dismantled.

* When dismantling/assembling mechanical units, watch out for falling objects.

User's Guide 3-11



Safety

11 Risks Associated with Live Electric Parts

Controller
A danger of high volige is associated with the followipgrts:

- The mains supply/mains switch

- The power unit

- The power spply unit for the computer systef@20 V AC)

- The rectifier unit (240 V AC and 340 V DC. NB: gaitors!)
- The drive unit (340 V DC)

- The service outlets (110/220 VAC)

- The power spply unit for tools, or special power supply units for the machining
process

- The external voltage connected to the control cabinet remains live even when
the robot is disconnected from the mains.

- Additional connections

Manipulator
A danger of high volige is associated with the manipulator in:

- The power spply for the motors (up 8840 V DC)

- The user connections for tools or other parts of the installatioim&aéation
max. 220 V AC)

Tools, material handling devices, etc.
Tools, material handling devices, etc., may be live even if the robot system is in the

OFF position. Power supply cables whaxe in motion during the working process
may be damaged.

12 Limitation of Liability

ABB Robotics that the industrial robot will not cause injury or damage even if all safety

The above information regarding safety must not be construed as a warranty by
A instructions have been complied with.
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13 Related Information

Described in:
Installation of safety devices Product Manuhistallation and
Commissioning
Changing robot modes User’'s Guid8tarting up
Limiting the working space Product Manudhstallation and

Commissioning
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1 Introduction

This manual explains the basics of handling and operating an ABB robot. You do not
need any previous experience of robots to understand its contents.

The manual is divided into chapters, each of which describes a particular work task and
how to go about performing it. The chapters complement one another and should,
therefore, be read in the order they appear in the book.

It is an advantage if you have accessnamt (or the PC-program Quick Teach) when
you use this manual, but just reading it should help you understand the basic operation
of a robot.

The manual is written to suit a standard installation. Differences can therefore occur,
depending on the configuration of the system.

There are two versions of the controller: a small one and a large one. The large version
is shown in this manual. The cabinet of the small controller has the same operator’s
panel as the large one, but is located in another position.

Please note that this manual describes onlynestiod of carrying out any of the
normal work tasks and, if you are an experienced user, there may be other methods. For
other methods and more detailed information, see the following manuals.

User’s Guideprovides a description of all robot functions and describes the program-
ming language in detail. This manual is primarily intended as a reference manual for
operators and programmers.

Product Manual provides a description of the installation, how to locate errors in the
robot; etc.

If you just wish to be able to start programs, run the robot with the joystick, load pro-
grams from diskette, etc., it is not necessary to read Chapters 14-16.
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2 Safety

Operational procedures, during training or at any other time, must be carried out safely

Entering the safeguarded space around the robot may cause severe injury and should
be avoided whenever possible. However, if this is necessary, then only authorised
personnel may enter the area. The existing safety regulations must always be taken into
consideration.

The safety regulations are specified in the chapters on safety in the User’'s Guide and
in relevant plant documentation (if any).
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3 System Overview

3.1 General

A robot is made up of two principal parts:

Controller

Manipulator

Figure 1 The controller and manipulator are connected by two cables.

You can communicate with the robot using a teach pendant and/or an operator’s panel,
located on the controller (see Figure 2).

< 250 mm/s

®
O

Figure 2 Operator’s panel and teach pendant.
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3.2 The manipulator

Figure 3 shows the directions in which the various axes of the manipulator can move
and what these are called.

AXxis 3

Figure 3 Manipulator, IRB 2400.

3.3 The controller

Figure 4 illustrates the principal parts of the controller.

Mains switch

r
1S

Connection foteach pendant
Holder for teach
' ‘ pendant

Cable holder

Operator’s panel

A

Disk drive

y
[ ] ®ooe

A

Duty time counter j\

Socket for printer [H]

Figure 4 The S4 control system.
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3.4 Operator’s panel

Figure 5 below shows a close-up of the operator’s panel. A short explanation of the
push buttons follows.

Operating mode selector

Ex2 AUTO ({3))
7 @ 100% MANUAL REDUCED SPEED¢ 250 mm/3
MANUAL FULL SPEED (100%)

<250 mm/s

MOTORS ON

MOTORS OFF

@ Emergency stop

Figure 5 The operator’s panel.

O
e

Operating mode AUTO (Production mode)

Used when running ready-made programs in production. It is not possible to move the
manipulator with the joystick in this mode. TMOTORS OFF button is continuously lit.

Operating mode MANUAL REDUCED SPEED (Programming mode)

Used when working inside the robot’s working area and when programming the robot.
Operating mode MANUAL FULL SPEED (Testing mode)

Used to test run the robot program at full programming speed.
MOTORS ON

In theMOTORS ON state, the motors of the robot are activated aniiBb&@ORS
ON button is continuously lit.

MOTORS OFF

In theMOTORS OFF state, the motors are switched off and brakes are applied. When
in manual mode, the button flashes.

Emergency stop

The robot stops — regardless of which state or mode the system is in — immediately the
emergency stop button is pressed. The button remains pressed in and, to turn to
MOTORS ON again, must be returned to its original position.
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3.5 Teach pendant

The teach pendant is described briefly below; see Figure 6 and Figure 7.

Enabling
- device
ABB _ _ _ _ _ gy WA KR
4 5 6 :
2 3 ——— Joystick
. n, 7 £ g
Display " 14 — :
Is 7 % L
T =icls ,
I
P1 P2
- E
55 mergenc
Q) I stop l:?uttor)l/
-

Figure 6 The teach pendant.
Emergency stop

The robot stops — regardless of which state or mode the system is in —immediately the
emergency stop button is pressed. The button remains pressed in and, to turn to
MOTORS ON again, must be returned to its original position.

Enabling device (for safe operation)

A push button on the teach pendant which, when pressed halfwiakas,the system
toMOTORS ON (if the operating mode selector is switched to one of the two manual

modes). When the enabling device is released or pushed all the way in, the robot is
taken to thdVlOTORS OFF state.

If the enabling device is released and pressed in halfway again within half a second, the
robot will not return to th&AOTORS ON state.

If this happens, the enabling device must first be released and then pushed halfway in
again.

The enabling device should only be activated when the robot is to be moved —
either with the joystick or during program execution.

Joystick

The joystick is used to jog (move) the robot manually; e.g. when programming the
robot.

Display

Used to display all information during programming, to change programs, etc. It can
accommodate 16 lines; each line can accommodate 40 characters.

4-10 Basic Operation



Basic Operation

System Overview

Figure 7 shows the names of the various keys on the teach pendant.

Menu keys  Contrast
Display \
asg |11 | 8 9 -
CT T T ()
o — _
|Jogg|ng\\ »j -, 4 5 6
|Program_| | _ v, 5 3
Window | npyts B Motion keys— | Rl o wrn g
keys _:Outputs\\ Is | - 24 ST
. | ! il L2 |
IMisc— L Incrementat{ | @ !
L_ _ _ 4| P rP2 - |
_ D
User defined ke{@ _____ N R
RN
Stop key
| User defined

Function keys

keys

Numeric

- keyboard

— Delete

—— Enter

Navigation keys

Figure 7 An overview of the various keys on the teach pendant, Version 2.

Window keys (to select a window to work with on the display):

EEEE

Basic Operation

Jogging Used to jog the robot.

Program: Used to program and test.

Inputs/Outputs: Used to manually operate the input and output
signals connected to the robot.

Misc.: Miscellaneous; other windowsei the System Parameters,
Service, Production and File Manager windows.
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Navigation keys(to move the cursor within a window on the display):

List: Press to move the cursor from one part of the window to
another (normally separated by a double line).

Previous/Next pagePress to see the next/previous page.

. . Up and Down arrows Press to move the cursor up or down.

- - Left and Right arrows: Press to move the cursor to the left or right.

Motion keys: (to select how the robot or other peripheral equipment should move when
using the joystick — during manual operation):

Motion Unit: Press to jog the robot or other mechanical units.
Motion Type: Press to select how the robot should be jogged,
reorientation or linear.

Motion Type: Axis by axis movement. 1 = axis 1-3, 2 = axis 4-6

Incremental: Incremental jogging on/off
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Other keys:

Stop: Stops program execution.

Contrast: Adjustscontrast of the display
Menu keys Press to display menus containing various commands.

| | Function keys Press to select the various commands directly.

X Delete Deletes the data selected on the display.

- Enter: Press to input data.

Programmable keys

- - - Functions to be defined by the user.

(P4)
(P5)
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4 Starting the System

You are now going to turn the system on, i.e. get it ready for programming, running
programs, etc.

Before you switch the system on, make sure that no-one is inside the safeguarded
space around the robot.

1. Switch the mains switch on (see Figure 8). The robot is then automatically checked.

4 N

o /

Figure 8 Mains switch

After the system has been checked and no errors are located, the following message
(see Figure 9 below) appears on the display.

Welcome to IRB x400 M94A
3HAB XXXX-1

A DI
RpD

ABB Robotics Products AB

Figure 9 The “welcome” window may vary slightly depending on the type and version of your
robot.
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5 Working with Windows

In this chapter, you will find out about the basics of working with windows. The fol-
lowing example shows the window forputs/Outputs (manual handling of in- and
outputs).

1. Press thénputs/Outputs window key (see Figure 10.)

=
1=
Figure 10 The Inputs/Outputs application key, both versions.

2. The window for manual 1/0 is now shown on the display, as in Figure 11. The
appearance of the 1/0O list may vary depending on how the signals have been defined
and how many I/O boards there are in the system.

— -

Menu keys » File Edit View

Window title Inputs / Outputs
All signals

I/O list name Name Value Type 1(40) Line number
di1 ‘

di2
di3
dia
110 list di5
= di6
di7
dis

[eNeoNoNoNoNoNoNa]

DI Cursor

Function keys

Figure 11 Window for manual I/O handling.
When a digital output is selected, its status can be changed using the function keys.

If you press a function key with an arrow to the right of its nameTest>, this will
call up a new window to the display.
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3. You can select a signal in the list (move the cursor) in several ways:

Movement Select

One line up ArrowUp Q

One line down ArrowDown U

To the first line in the list Goto top from theEdit menu

To the last line in the list Goto bottom from theEdit menu
To the next page NextPag

To the previous page PreviousPa

To select a specific line in the list Goto from theEdit menu; enter

the desired line number and pré&3is
4. Windows are sometimes divided in two by a double line (see Figure 12).

5. Press the NextPage key until an output is shown on the first line, two function keys
will be displayed (see Figure 12).

File Edit View

Inputs/Outputs double line

All signals
Name Value / Type

dol
do2
do3
do4
do5
do6
do7
do8

[eNoNoNoNoNoNoNe]

Function keys

Figure 12 A window with two parts.

In some windows, you can move the cursor between the different parts of the window.

In these windows, move the cursor using the List H =
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6. There are four window keys on the teach pendant (see Figure 13 below and

Chapter 3).
ADD
AP o 7 8 9
s 5 4 5 6
) an L4 F20 B3
Window keys R / T 0 .
IS / 14
= e
L -
M
P1 P2
pu
Q) [ O S e P3

Figure 13 The four window keys.

When you press a window key, the active window will be hidden under the new one.

Each time you select a window, it will look the same as it did the last time you worked
with it.

Basic Operation 4-19



Working with Windows Basic Operation

4-20 Basic Operation



Basic Operation Jogging the Robot Using the Joystick

6 Jogging the Robot Using the Joystick

You can move (jog) the robot using the joystick on the teach pendant. This chapter
describes how to jog the robot linearly (i.e. in a straight line) and step by step, to make
it easier to position the robot exactly (known as incremental jogging).

6.1 Linear jogging

1. Make sure that the operating mode selector is in the < 250 mm/s position, as shown
in Figure 14.

<250 mm/s
=
3 (O 1o

Figure 14 The maximum speed during manual operation is 250 mm/s.

2. Check that th&obot motion unit and th&inear motion type are selected
(see Figure 15).

Motion unit D )
§ =
0 &
U L2
Motion type
0

¥ 7»@

Figure 15 Motion keys, LEDs shows the current settings.

With theMotion unit key, you can choose between operating the robot, or some other
unit connected to the controller, using the joystick. Select the robot for this exercise.

With theMotion type key, you can choose the way you want the robot to move when
you use the joystick during manual operation.

You can choose:

- linear movement
- reorientation of a particular end-effector
- axis-by-axis movement (group 1: axie8; group 2: axes 4-6)

We will use linear motion for the purposes of this exercise.

Basic Operation 4-21



Jogging the Robot Using the Joystick Basic Operation

When linear type motion is selected, the robot will move as shown in Figure 16.

Z+
Y+
: E
X+

Figure 16 X, Y, Z form the robot’s coordinate system.

The point that will move linearly, along the axes of the coordinate system above, is
called theTool Centre Point (TCP) Q It is located at the front of the upper arm, in the
centre of the robot’s face plate (see Figure 17).

O )h®

Figure 17 The centre of the face plate is called TCP 0.

Tool Centre Point 0

3. Pushthe enabling device halfway in to switch MM©TORS ON.

4. Now, jog the robot using the joystick.
Standing in front of the robot, the TCP 0 will, depending on how you move the
joystick, move linearly along the X-, Y- and Z-axes (see Figure 18).

X-

7

.
<
TUT)
LN
7

X =
+

Figure 18 Robot movements with different joystick deflections.

Try jogging the robot in the directions corresponding to X, Y and Z above.

You can also combine the various movements of the joystick and move in several
directions simultaneously. Note that the speed of the robot depends on how much you
move the joystick. The larger deflection, the faster the robot moves.
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6.2 Fine positioning

1. Press thdoggingwindow key (see Figure 19).

Figure 19 The Jogging window key.

A window like the one in Figure 20 will appear.

WilndOW Special
Ti
te Jogging Robot Pos:
Unit: Robot X: 1234.5 mm
Motion: Linear y: -244.9 mm
Z: 12.8 mm
Leld * |coord: Base O i |al: 0.7071
: g2: 0.0000
Tool.. tooIQ... 03 0.0000
Wobj: wobj0... g4:  -0.7071
ncremental:  No [ ir 7 ;) | Joystick direction
World Base Tool WObj

Figure 20 The Jogging window.

The appearance of the window changes depending on the type of window selected (i.e.
depending on what you want to do).

TheMenu keys perform different commands. The list of commands available is dis-
played in a pull-down menu when you press any of the menu keys.

The area enclosed by a dashed line is callééld. The highlighted (shaded, grey)
area is known as an input field and can be changed by selecting a different function
using one of th&unction keys(or, in some cases, using tMetion keys on the teach

pendant).

The highlighted input field in Figure 20 is marked with@a “ " after it which means
that:

- Selection is done usingRanction key
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2. Move the cursor (the shaded field) to bheremental field using the
Down arrow key on the teach pendant (see Figure 21).

(]
=
\U

Figure 21 The Down arrow navigation key.

3. If you move the cursor to thiecremental field, as in Figure 22, you can choose
incremental jogging by pressing one fhaction keys.

Special
Jogging Robot Pos:
o X 1234.5 mm
Unit; Robot :
Motion: Linear 32/ '241%%%%
1: 0.7071
Coord:= Base o cq42: 0.0000
Tool:= toolO... g3: 0.0000
Wobj:= wobjo... g4: -0.7071
Incremental:=  Noo )t _y> ?
No Small Medium Large

Figure 22 Selection of incremental jogging.

If you press th&mall, Mediumor Large function keythe No in the Incremental field
will be immediately replaced.

The robot will then move one step at a time each time you move the joystick; the size
of the steps (Small, Medium or Large) will depend on your choice.

You can also use the ke === to turn incremental movement on and off.
Try operating the robot using the joystick and note how the robot moves.

More information on manual operation, the various coordinate systems, etc., can be
found in the chapter on jogging in the User’s Guide.

If you do not wish to continue this exercise, switch off the system as explained in
Chapter 12 “Switching the System off".
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7 Selecting a Program

This chapter explains how to open (choose) a progrgmogram is usually made up
of three different parts, omgain routine (always present), a numbersafbroutines
andprogram data. Only one main routine is permitted per program (see Figure 23).

RAPID-program —
Robot positions
Program data Counters

etc.

main routine

subroutine 1

MoveL.....
. MoveL.....
subroutine 2
subroutine 3
WaitTime 3;
MoveL....

Figure 23 Program structure.

If you open a program, that program replaces the program in the robot's memory.
When a program is opened, the main routine will be shown on the display with the first
instruction in the main routine selected (highlighted).

7.1 Using the training program

The training program is stored on the IRB 2 system diskette, under the directory
DEMO, and is called “EXERCISE".

1. Turn the operating mode selector on the operator’s panel to < 250 mm/s.

2. Press th€rogram window key (see Figure 24).

=

Figure 24 The Program window key.
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If there is no program in the robot’s memory, the following window will appear (Figure
25), otherwise you will see the program that is stored in the memory of the robot.

File

Program Instr
No Program to show.
Use the menu File to

open or to create a new
Program

Figure 25 The Program window.

3. Insert the Setup diskette into the disk drive at the front of the cabinet. The diskette
should be inserted as in Figure 26.

—
= —

Il
®
|

/_\_/—

Figure 26 Inserting the diskette.

4. Press th€&ile menu key (see Figure 25 above). The window in Figure 27 will appear.

% Spen... File
ew...

(Save Program ;82;” Instr
(Save Program as)

—————— Program to show.
(Print...) _
(Preferences...) the menu File to
(Check Program) n or to create a new
(Close Program) PTogram

Figure 27 The File menu when there is no program in the robot’s internal memory.
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The menu that now appears on your display is called a “pull-down menu”. All com-
mands that can be chosen fromfile menuare listed here (commantt cannot be
chosen are indicated by parenthes€ékg other menu keys work in the same way.

From now on we will writd=ile: Open.., File: Save etc. The name on the left of the
colon is the name of the menu and the name on the right stands for the command you
should choose.

The first function in the pull-down menu is always highlighted when you press the
menu key. You can move the cursor within the menu using the arrow keys on the teach
pendant (see Figure 24). When you have selected the command you want to choose,
pressEnter.

You can also use the numeric keyboard to choose a command,; to do this enter the
number in front of the command.

Up arrow
anl
A<l

D "~ Down arrow

Figure 28 Navigation keys: Up arrow and Down arrow.

Three dots “...” following the command means that a dialog box will appear when that
command is chosen.

To remove a pull-down menu, press the menu key with which you opened it.
5. After selecting@pen.., pres€Enter (see Figure 29).
This means that the “Open...” command will be carried out. However, as it has three

dots “..." after it, the command will not be performed directly since more information
is required. You must now, in this case, choose the particular program you wish to

open.
D Enter
A<l

U

Figure 29 The Enter key on the teach pendant.
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Using theUnit function key, you can switch between the robot’s internal memory
(ram1disk), the diskette unit (flpl:) or some other type of mass storage device.

6. PresdJnit. Check that “flpl:” appears after Massmemory unit:=. A dialog box will
appear and the contents of the diskette will be shown, as in Figure 30.

Open...
Select a Program or a Module
. Massmemory

The training Massmemory unit:= flp1: - name
program is / 1(5)
stored here DEMO Directory

MOVEPROG Directory The appear-

README Program |  2Nceofthe

SERVICE Directory list can

SYSPAR Directory vary

Unit Cancel OK

Figure 30 The Open dialog box.

If a dialog box (does not have any menus) is closed by preSaimge| the command
requested will not be carried out. If you préds§, the command requested will be car-

ried out and the dialog box will close.

7. SelecDEMO. Move the cursor with the Up and Down arrow keys.

8. Pres<nter.

9. SelecEXERCISE.

10.Pres©K and a window like the one in Figure 31 will appear.

File Edit View Routine Special
Program Routines EXERCISE
Routines In Module

Name T
main
New.. Decl.. Dupl.. Data-> Test

Figure 31 Opening the main file of the training program.
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11. Then press Ente

Selecting a Program

. The window in Figure 32 appears.

File Edit

View IPL1 IPL2

Program Instr

EXERCISE/main

MovelL *,v300,fine,tool0;
MovelL *,v300,fine,tool0;
MovelL *,v300,fine,tool0;
MovelL *,v300,fine,tool0:

1(4)

Copy Paste

OptArg...

ModPos Test->

Figure 32 The training program appears on the display.

This is the main routine in the training program. It consists of four “move” instructions.

The routines consist of different types of instructions, such as move instructions, wait
instructions, etc. Each instruction is followed by different arguments. Arguments can,
depending on their type, be changed or omitted altogether. Figure 33 indicates an

example of an instruction.

File

Edit

The name of the
instruction which
moves the

robot linearly.

View IPL1 IPL2
Program Instr EXERCISE/main
1(4)
Movel *, v300, fine, tool0; ]
L MoveL * ,v300 ,fine ,tool0
Movel *, y300, fine, tool0;
/Vv300, fine, toolO;
Copy Pasite OptArg... \\\/IodPos Test->

Hides the values of
the instruction’s
position.

Determines the
velocity of the
robot.

!

Determines the
precision of the
robot’s position.

Specifies which
tool is active.

Figure 33 Example of a motion instruction.
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4-29



Selecting a Program Basic Operation

4-30 Basic Operation



Basic Operation Starting the Program

8 Starting the Program

You are now going to start the program you just opened. It should first be run step by
step using reduced velocity, then continuously.

The program consists of four motion instructions and includes positions near the
robot’s “calibration position” (see Figure 34).

TCPO — [P
(TOOLO)
2 3

Figure 34 The robot’s calibration position

A Before starting the program move axis 5, manually with the joystick, downwards
about 45°. (For information on the various robot axes, see Chapter 3.2 on page 8.)

1. Press th@rogram @ window key and a window, like the one in Figure 35,
will appear (you have already reached this stage if you have come directly from

Chapter 7).
File Edit View IPL1 IPL2
Program Instr EXERCISE/main

1(4)
Movel *, v300, fine, tool0;
Movel *, v300, fine, tool0;
Movel *, v300, fine, tool0;
Movel *, v300, fine, toolO:

Copy Paste OptArg... ModPos Test->

Figure 35 The Program window.
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2. Press th&estfunction key. The window in Figure 36 appears.

File Edit View  Special
Program Test EXERCISE/main
Speed:= 100% [
Execution:= Continuous 0
. _ 1(4)
» Program pointer = PP | » | MoveL * v300, fine, tool0;

MovelL *, v300, fine, tool0;
Movel *, v300, fine, tool0;
Movel *, v300, fine, tool0:

Start FWD BWD  Modpos Instr->

Figure 36 The Program Test window.

Function keys displayed:

- Start: continuous running of the program.

- FWD: one instruction forward.

- BWD: one instruction backward.

- Instr->: select the Program instruction window again.

The program point (PP) indicates the instruction with which the program will start
when you press one of the optiddisrt, FWD or BWD.

3. Select the upper part of the window by pressing the t-E . key

4. Reduce the velocity to 75% by pressing-teunction key (see Figure 37).
Correction is carried out in increments of 5%.

File Edit View  Special
Program Test EXERCISE/main
Speed:= 75% O
Running:= Continuous O
1(4)
» | MovelL *, v300, fine, toolO;
Movel *, v300, fine, tool0;
Movel *, v300, fine, tool0;
MovelL *, v300, fine, tool0:
-% +% 25% 100%

Figure 37 Correction of velocity.
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5. Move (using the same key as in point 3) the cursor back to the first line of the
program (see Figure 38).

File Edit View  Special

Program Test EXERCISE/main
Speed:= 75% O
Running:= Continuous O

1(4)
» | Movel *, v300, fine, tool0;
MovelL *, v300, fine, tool0;
MovelL *, v300, fine, tool0;
Movel *, v300, fine, tool0:

Start FWD BWD Modpos Instr->

Figure 38 Window for starting the program.

The program can now be started. Make sure that no-one is inside the
safeguarded space around the robot.

6. Start the program by pushing in the enabling desckpressing theWD function
key (see Figure 38).

When the program has started, the robot will carry out one instruction, then it will stop.
Presg=WD to initiate the next instruction, press again for the next one, and so on.
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The window in Figure 39 is displayed during the execution of the program.

Exec Test

Program Run EXERCISE/main
Speed:= 75% O

Running:= Continuous O

Event Log

1(1)

Executing

Figure 39 Window during program execution.

7. Go through all the program instructions step by step. Pi&&srepeatedly after
the robot is in position.

8. If you pres=WD when the program comes to the final instruction, the program
will start from the beginning again.

9. Let the robot move to position number 4 (see Figure 34).

10. Move, in the same way as before, the cursor tRtiming field and change to
Cycle execution.

11. Move the cursor back to the program.
12. Start the program by pressi@tart

WhenCycleis selected the program will be executed once, and then will stop in
position 4 (one cycle).

13. SelecContinuous execution again.
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9 Stopping the Program

Stop the program by pressing th®p key on the teach pendant (see Figure 40).

mn» o Zl 2 Z
A 4

. T
Is 0 -
L B B
P1 P2 -
vl e P3

WV,

Figure 40 Stop key on the teach pendant.
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10 Automatic Mode

Automatic mode is used to execute ready-made programs.

1. Turn the operating mode selector on the operator’s panel Autbeosition.
The window in Figure 41 appears.

Change of Operating Mode
Operating Mode has been changed
from MANUAL to AUTO.

Please acknowledge this by pressing OK.

(IfCancel,the OperatingMode Selectormust
be switched back to MANUAL.)

Cancel OK

Figure 41 Dialog box used to confirm a change from manual to automatic mode.

2. PresOK. You have now changed to automatic mode an@thduction
window appears on the display (see Figure 42).

File Edit View
Window title —s | Production Program
Program name : EXERCISE = Program name
R0b Status :  Ready ~ Program status
C} O.tt Speed L *mm/s % :100 —+—— Adjusted velocity
velocity Running mode : Continuous ~—7Running mode
Routine : main - @) — Routine name
Pr‘?gram4> » Movel *, v300, fine, tool0; -
pointer MovelL *, v300, fine, tool0;
Movel *, v300, fine, tool0;
Program list— ¥ Movel *, v300, fine, toolO;
Start FWD BWD

Figure 42 The Roduction window in auto mode.
Press th&/OTORS ON button on the operators panel.
Start the program with titart function key.

Stop the program with tH&TOP button on the teach pendant.

2

Then presMOTORS OFF on the operator’s panel.
7. Switch back to < 250 mm/s.

For further information, see Chapter 8, Running Production in the User’s Guide.
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11 Errors

A window displaying an erronessage appears whenever there is any type of error (see

Figure 43).

Error code number—s|Error:6005

Reason for error—=

Operator errors

X(y)

Message log———» [<xx> <....>

<yy> <Operational status>

<time stamp>
<time stamp>
<time stamp>

Check

OK

Figure 43 Example of a window displaying an error message.

Error code number

A number unique to each error.

Category of error

Category of
error

Assigns errors to groups relating to the type of error. Each category has its own code
number series; e.g. Operator errors (6001-6999).

Reason

Describes the reasdor the error in plain language. For more information regarding
hardware faults, see the Product Manual.

Message log

Indicates the most recent errors. The error indicated on the first line is displayed in the
window. The log shows the error code number, a brief description of the error, and the
time the error was registered. If you highlight one of the errors in the log, the window
will then be updated with the appropriate error code number, reason and category.

TheCheckfunction key can be used to get help on how handle a specific error.

If you presOK, the error-message window will disappear.

Using the joystick, try to manually operate the robot outside its operating area. You
will then see an example of an error message.

Basic Operation
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12 Switching the System off
If you are going to continue with the rest of the exercises, you can skip this chapter.

the gripper and peripheral equipment.
So, before switching the system off, check first that the equipment, and any people
in the area, will not come to any harm.

f All output signals will be set to zero when the robot is switched off. This may affect

1. If the program is running, stop it by pressing3$tbep push button on the teach pen-
dant.

2. Then press thRIOTORS OFF push button on the operator’s panel.
3. After you have done this, switch off the mains switch.

The robot’'s memory is battery-backed and is thus not affected when the system is
switched off.
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13 Changing a Program

The following chapters are intended to be read by people who will create programs, edit
programs, etc.

This chapter explains some of the ways in which you can change the program you
opened and started in the preceding chapters. You will:
- run the program step by step until you get to the position you want to modify
- modify this position
- change an argument in an instruction
- enter a new instruction (position)
- program a time delay (WaitTime)

13.1 Modifying positions

1. If you have exited the previous exercises, choosBribgram window

(see Figure 44).

Figure 44 The Program window key.

The window in Figure 45 appears on the display.

File Edit View  Special

Program Test EXERCISE/main
Speed:= 75% [
Running:= Continuous O

1(4)
» | Movel *, v300, fine, tool0;
MovelL *, v300, fine, tool0;
MovelL *, v300, fine, tool0;
MovelL *, v300, fine, tool0:

Start FWD BWD Modpos Instr->

Figure 45 The Program Instr window.
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2. Push in the enabling device and prie¥gD. Move the robot to the first position in
A the program (the first instruction should be highlighted).

File Edit View  Special

Program Test EXERCISE/main
Speed:= 100% O
Running:= Continuous O

1(4)
><| MovelL *, v300, fine, toolO0;
» | Movel *, v300, fine, tool0;
Movel *, v300, fine, tool0;
Movel *, v300, fine, tool0:

Start FWD BWD Modpos Instr->

Figure 46 The first instruction is selected.

3. Then move the robot to a new position with the joystick.

4. Press th&lodPosfunction key. The original position specified will now change to
the current position of the robot.

5. Activate the enabling device and pré¥8D again to move the robot to the next
position.

Repeat points 3 to 5 and go through all the positions in the training program.
6. Test run the program step by stgthout reducing the velocity.

Stop the program in arposition and press thastr function key (to terminate the
Program Test). The window in Figure 47 will then appear on the display.

File Edit View IPL1 IPL2
Program Instr EXERCISE/main
1(4)

MovelL *, v300, fine, tool0;
Movel *, v300, fine, tool0;
Movel *, v300, fine, tool0;
Movel *, v300, fine, tool0:

Copy Paste OptArg.. ModPos Test->

Figure 47 The Program Instr window.
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13.2 Changing arguments

You are now going to change one of the arguments of the first move instruction
(MovelL), which should be highlighted. You are going to change the precision of the

position.
1. Select thefine” argument (see Figure 48). Move the cursor using the right arrow
key.
File Edit View IPL1 IPL2
Program Instr EXERCISE/main
1(4)

MovelL *, v300, fine, tool0;
Movel *, v300, fine, tool0;
MovelL *, v300, fine, tool0;
MovelL *, v300, fine, tool0:

Copy Paste OptArg.. (ModPos) Test->

Figure 48 The “fine” argument is selected.

2. Pres€nter. The window in Figure 49 appears.

Instruction arguments

Movel *, v300, ? fine , tool0

Zone: fine

1(5)

New... fine z1

z5 z10 z15

z20 z30 z40

z50 z60 z80

Next Func More.. Cancel OK

Figure 49 Dialog box for programming instruction arguments.
3. Move the cursor tal0,
4. Press Enter and the fine argument will change to z10.
5. Then pres®K. The instruction has now changed to z10.

6. Move the cursor so as to select the complete instruction (see Figure 50).
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13.3 Adding instructions

You are now going to add a movement instruction to the program after the first instruc-
tion. TheProgram Instr window in Figure 50 should now appear on the display.

File Edit View IPL1 IPL2

Program Instr EXERCISE/main
1(4)

MovelL *, v300, z10, tool0;
MovelL *, v300, fine, tool0;
MovelL *, v300, fine, tool0;
MovelL *, v300, fine, tool0:

Copy Paste OptArg.. (ModPos) Test->

Figure 50 Program window.

1. Press th€opyfunction key to copy the first instruction (highlighted) in Figure 50.

2. Then pres®Paste The window in Figure 51 appears. As it is the first instruction in
the program that is highlighted, you will be asked where you want the new instruc-
tion to be inserted.

MovelL *, v300, z10, tool0;

Insert before: No 0

Yes No Cancel OK

Figure 51 Dialog box used to insert new instructions when the first instruction is highlighted.

3. SeleciNo. PresOK.
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4. The new instruction will be inserted direatigder the instruction that was
highlighted, and will be highlighted itself.

File

Edit

View

IPL1 IPL2

Program Instr

EXERCISE/main

2(5)

Movel *, v300, z10, tool0
MovelL *, v300, z10, tool0;
MovelL *, v300, fine, tool0;
MovelL *, v300, fine, tool0;
Movel *, v300, fine, tool0:

Copy

Paste

OptArg..

ModPos Test->

Figure 52 An extra position (the same as the one copied) is added to the program.

5. Using the joystick, move the robot to the position to which you want it moved.

6. PressMlodpos(see Figure 52).

7. Test run the program using continuous execution.

8. Select Test->.

9. Push the enabling device.

10. Press Start.

Basic Operation
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13.4 Programming a delay

You are now going to program a delay, i.e. make the robot wait a specified amount of
time. The new instruction will be inserted after the fourth instruction.

1. When the program test-run is completed, presksie function key.
The window in Figure 53 appears.

File Edit View IPL1 IPL2

EXERCISE/main
1(5)

Program Instr

Movel *,
Movel *,
Movel *,
Movel *,
Movel *,

v300, z10, tool0
v300, z10, tool0
v300, fine, tool0
v300, fine, tool0
v300, fine, tool0

Copy

Paste OptArg..

ModPos Test->

Figure 53 The Program Instruction window.

2. Using the arrow keys (up and down), move the cursor to the fourth instruction in the
program. The new instruction will be inserted under the highlighted one.

3. SelectPL1: Various (see Figure 54). The window in Figure 54 appears.

File Edit View IPL1 IPL2
Program Instr EXERCISE/main
Various
4(5)
Movel *, v300, z10, tool0 1 :=
MoveL *, v300, z10, tool0 2 Comment
Movel *, v300, fine, tool0 ;
Movel *, v300, fine, tool0 3 Wa!tD_I
MoveL *, v300, fine, tool0 4 WaitTime
5 WaitUntil
Copy Paste OptArg.. ModPos Test->

Figure 54 The pick list including the waitTime instruction.
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4. Select the desired instruction from the pick list, in one of the followangs:

- Using the numeric keyboard, enter the number (4) shown in front of WaitTime
(see Figure 54). (The numeric keyboard is illustrated in chapter 3.)

- Select the pick list by pressing thist key i_E

tion and pres&nter. See Figure 55.

. Then select the desired instruc-

File Edit View IPL1 IPL2
Program Instr EXERCISE/main
Various
5(6)

Movel *, v300, z10, tool0 1 :=

Movel *, v300, z10, tool0 2 WaitTime
Movel *, v300, fine, tool0 . .
MoveL *, v300, fine, tool0 3 Waitund
WaitTime 1;

Movel *, v300, fine, tool0

Copy Paste OPtArg.. (ModPos) Test->

Figure 55 The window after selection of the WaitTime instruction.

5. A window like the one in Figure 56 appears.

Instruction Argument
WaitTime:? <EXP>
Time
1(2)
New... regl reg2
reg3 regd regs
Next Func More.. Cancel OK

Figure 56 Dialog box for entering arguments.

6. Type 3 on the numeric keyboard to get a wait time of 3 seconds.

Basic Operation
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7. PresOK. The window like the one in Figure 57 appears.

File Edit View IPL1 IPL2

Program Instr EXERCISE/main
Various
5(6)
MovelL *, v300, z10, tool0; 1 :=
Movel *, v300, z10, tool0; 2 Comment
* 1 .

MoveL 1300, fine, 0ol0 3 wait)
WaitTime 3; 4 WaitTime
Movel *, v300, fine, tool0; 5 WaitUntil

Copy Paste OPtArg.. (ModPos) Test->

Figure 57 The Program Instr appears on the display.

8. Pres£dit: IPlhide to remove the pick list.

9. Now test run the program again using the Program Test window. Choose continuous
execution.

INFORMATION

TheEdit menu includes a number of functions which can be used to edit the program
(see Figure 58).

1Cut i Edit View IPL1 IPL2
2 Copy Program Ins{1 Cut EXERCISE/main
3 Paste 2 Copy
4 Goto Top 5(6)
5 Goto Bottom Movel *, v300
6 Mark Movel *, v300
MovelL *, v300
7 Change Selected Movel * v300
8 Value WaitTime 3;
9 ModPos MovelL %4300, fine, tool0;
0 Search....

Show/Hide IPL

“

Figure 58 The Edit pull-down menu.

Press th&dit menu key again to remove the menu.

See the User’s Guide for more detailed information.
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14 Storing the Program on Diskette

You are now going to copy the program to a diskette.
Use 3.5” HD (High Density) diskettes.

Do not use the Setup diskette to store the exercise program.

If your diskette is new, you will have to format it fir§his is done under ttféle Man-
ager, which you can access using Mescellaneouskey.

14.1 Formatting a diskette

Note: If you format a diskette which contains information, all information will be
deleted.

1. Insert the diskette into the disk drive on the front of the controller cabinet.

2. Choose th#liscellaneouswindow (see Figure 59).

-

Figure 59 The Miscellaneous window key.

A list of available windows will appear on the display (see Figure 60).

Other windows

1(5)

System parameters
Service

Production
FileManager
Operator & Input

Figure 60 Available windows under Miscellaneous.
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3. SelecFileManager from the list.

Basic Operation

4. Press Enter. The window in Figure 61 appears.

File Edit View Options
FileManager
flp1: /
Name Type Date
1(1)
Unknown

Up

Figure 61 The window displays a list of files if there are any on the diskette.

5. SelecOptions: Format. The dialog box in Figure 62 appears.

Format

New name of volume

Format volume in unit

ramdisk:
flpl:

Cancel

OK

Figure 62 Dialog box for confirming the formatting of the diskette.

6. If you want to name the file, move the cursor to the upper part of the window.

7. Press Ente[«]

8. Write the name. See section 14.2, Storing on diskette.

9. Move the cursor back to the lower part of the window.

10.Select flp1l.

11.Start formatting the diskette by pressiig.

12.Wait until the dialog box disappears from the teach pendant.
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14.2 Storing on diskette

1. Choose th@rogram Instr application (see Figure 63), if you are not already in it.

=

Figure 63 The Program window appears on the display.

2. Press th&ile menu key. The window in Figure 64 appears.

— I
1 Open File Edit View IPL1 IPL2
2 New ... 3 Open -
3 Save Program ... Pl o Jf EXERC'SE’ma':(G)
4 Save Program as N 210, toold.
————— Mq z10, tool0;
; Md fine, toolO;
(Pl’lnt ) Mq fine, toolO;
6 Preferences ... ftTime, 3;
7 Check Program M/ZVEL * v300, fine, tool0:
8 Close Program
Copy Paste OptArg.. ModPos Test->

Figure 64 Commands in the File menu.

3. Selecfrile: Save Program asand pres&nter. (You could, alternatively, use the
numeric keyboard to enter the number shown in front of the function name.) The

dialog box in Figure 65 appears on the display.

Massmemory
Save Program as: name
Name: EXERCISE : /
Massmemory Unit:= flp1:
/DEMO
1(2)
Go up one level
Unit Cancel OK

Figure 65 Dialog box for Save Program as.

4. PressJnit to choose the type of mass storage, if it is not already chosen;
“flp1” should appear on the third line of the window (see Figure 65).
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5. Press the Enter key to enter an optional name. The text-input dialog box in
Figure 66 then appears.

Enter Name
EXERCISE

789
456
123

Figure 66 Window for entering text.

You can now see five groups of characters. Each group is represented on the numeric

/
P

7 8 9

4/{,5 6

1 2 3

- Lo

Some of the characters
obtained by pressing
different numbers.

keyboard: the layout of the keyboard corresponds to the layout of the charéaters.
can move between the various groups usingttend-> function keys (the selected
group is indicated with squares both above and below it, see Figure 66).

Use theDelete <X|

type.

key to delete the name that is displayed or any errors you may

6. Now give the program a new name. When you have entered thisQptess
The window in Figure 67 appears.

Save Program as

Name: XXXXX...
Massmemory Unit:= flpl:
/DEMO
1(1)
Go up one level
Unit Cancel OK

Figure 67 The Save Program as window.
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7. PresOK. A window like the one in Figure 68 appears.

Save Program as
Name: XXXXX...
Mas pisk Changed!
/DE|
The contents of the disk has (1)
been changed since last read.
Reread the contents?
Reread Cancel
Unit Cancel OK

Figure 68 An alert box.

8. Press Enter. The window in Figure 69 appears.

Save Program as

Name: XXXXX...
Massmemory Unit:= flp1:

1(1)

Empty volume

Unit Cancel OK

Figure 69 Window for storing the program on diskette.

9. The program is saved onto diskette when you @&s&eeFigure 69).

10.Close the dialog box.
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15 Printing Programs

15.1 Using a PC

It is also possible to print programs from a PC. Almost all word-processing programs
can be used. The only requirement is that the computer can handle DOS-formatted dis-
kettes.

1. Store the program on diskette.

2. Enter the program into the PC.

3. Print.
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16 1/O Signals

This chapter describes how you can program an instruction which activates a digital
output signal. After you have test run the program, you will manually open the 1/O list
and look at the signal in question.

16.1 Programming an I/O instruction

1. Select thé>rogram window (see Figure 70).

=

Figure 70 The Program window key.

The window in Figure 71 appears on the display.

File Edit View IPL1 IP‘LZ/

Program Instr XXXXX/main
1(6) XXXXX= the
name you gave

MovelL *, v300, z10, tool0;
MovelL *, v300, z10, tool0;

MoveL *, v300, fine, toolO; the program in
MoveL *, v300, fine, tool0; Chapter 14.
WaitTime 3;

MovelL *, v300, fine, tool0;

Copy Paste OptArg.. ModPos Test->

Figure 71 The Program Instruction window.
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The new instruction (set an output) will be entered diragityer the highlighted
instruction. Select the third instruction in the program.

2. SelectPL1: I/O . The window in Figure 72 appears.

File Edit View IPL1 IPL2
Program Instr EXERCISE//main
1/10

3(7)
Movel *, v300, z10, toolO; 1 InvertDO
Movel *, v300, z10, tool0; 2 PulseDO
MoveL *, v300, fine, tool0; 3 Reset
\I\//IVZ\./t(_arl__n:év;OO, fine, toolO; 4 Set

itTi ;

Movel *, v300, fine, tool0; 5 SethO
6 SetDO
7 SetGO
8 WaitDlI

Copy Paste OptArg.. ModPos Test->

Figure 72 The pick list including the set instruction.

Select the functio®etin the same way as you selected the WaitTime instruction in
Chapter 13.

3. After you have selected the functiBat the dialog box in Figure 73 appears.

Instruction Argument
Set ? <EXP>
Signal
1(11)

New... do1 do2
do3 do4 dos
doé6 do7 dos
do9 do10 doll

Next Func  More... Cancel OK

Figure 73 Dialog box for selecting a digital output signal.
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4. Select “do4” in the list. Pre€3K. The window in Figure 74 appears.

File Edit View IPL1 IPL2
Program Instr XXXXX/main
110
4(7)
Movel *, v300, z10, tool0; 1 InvertbO
MovelL *, v300, z10, tool0; 2 PulseDO
Movel *, v300, fine, toolO; 3 Reset
I\S/Iet dC|>_4; 300, fine, tool0 4 Set
ovelL *, v , Tine, tool0;
WaitTime 3; 5 SetA0
MoveL *, v300, fine, toolO: 6 SetDO
7 SetGO
8 WaitDI

Copy Paste OptArg..

ModPos Test->

Figure 74 The “Set do4” instruction has been entered into the program.

5. Remove the pick list of instructions by presdtuit: IPLhide .
The window in Figure 75 will then appear.

MovelL *, v300, z10, tool0;
MovelL *, v300, z10, tool0;
MovelL *, v300, fine, tool0;
Set do4;

MovelL *, v300, fine, tool0;
WaitTime 3;

MovelL *, v300, fine, tool0;

File Edit View IPL1 IPL2
Program Instr XXXXX/main
4(8)

Copy Paste OptArg..

(ModPos) Test->

Figure 75 The Program Instruction window.

6. Test run the program using thest function, one instruction at a time, so that the
“Set do4” instruction can be read by the program.

7. You are now going to manually check the state of the signal.

8. Press thénputs/Outputs window key (see Figure 76).

1=

Inputs/Outputs window key

Figure 76 The Mnual I/Oapplication.

Basic Operation
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Browse through the list displayed in the window with the keys as shown in Figure 76.

9. Find (using the up and down arrow keys) the “do4” signal in the IO list and highlight
it.

10.Check its value.

You can change the value using the function k@y4) that appear on the display each
time an output signal is highlighted.

11.Change the value of the signal and then press the Prog application key.
12. Test run the program once more (Test) and check the value of the signal again.
INFORMATION

When you use listsdm theView menu in the Manual I/0O window, you can choose to
have only input signals, only output signals, etc., shown on the display.
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1 Switching on the Power Supply

Before switching on the power supply, check that no-one is in thafeguarded
space around the robot.

» Switch on the mains switc

The robot hardware is then automatically checked. When the check is complete and if no
errors have been detected, a message (see Figure 1) will be displayed on the teach pendant.

Welcome to IRB x400 M94A
3HAB XXXX-1

AL EDHD
D

ABB Robotics Products AB

Figure 1 The welome message after start-up.
In automatic mode, the Production window will appear after a few seconds.

The robot is started up with the same status as when the power was switched off. The
program pointer remains unchanged and all digital outputs are set to the value before
power off, or to the valugpgcified in the system parameters. When the program is
restarted, this is considered to be a normal stop - start:

- The robot moves back slowly to the programmed path (if there is a deviation)
and then continues on the programmed path.

- Motion settings and data are automatically set to the same values as before
power Off.

- The robot will continue to react on interrupts.

- The mechanical units that was active before power off will automatically be
activated at program start.

- The arc welding and spot welding processes are automatically restarted. But if
a change of weld data has just been executed, this new data will be activated
too early on the seam.

Limitations:

- All files and serial channels are closed (this can be handled by the user
program).
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- All analogue outputs are set to 0 and the Soft servo/Tune servo is set to default
values (can be handled by the user program).

- WeldGuide cannot beestarted.
- Independent axes cannot be restarted.

- If the power failure occurduring a movement in an grtrupt routine or error
handler, the restart of the path is not possible.

- If the program execution is inpart when the CPU is very busy, there is a small
chance that there is not enough time to make a proper close down at power fail-
ure. The robot will in this case tell the user that a restart is not possible.

1.1 Errors onstart-up

During the entire start-up sequence, the robot functions are checked extensively. If an error
occurs, it is reported as a message in plain text on the teach pendant, and recorded in the
robot’s event log. For more information on troubleshooting, see dari€rManual.

2 The Operator’s Panel

The functions of the operator’s panel are described in Figure 2.

< 250 mm/s
G:f’ Operating mode selector

100%

MOTORS ON
~&———  Continuous light= Ready for program execution
Flashing light = The robot is not synchronised
NB: The motors have been switched on.

MOTORS OFF

Continuous light= Ready to be switched on

Flashing light = One of the safeguarded space stops is active
NB: The motors have been switched off.

®
O

-<«— Emergency stop
If pressed in, depress to release

@ 009
|

Figure 2 The operator’s panel is located on the front of the cabinet.

3 Selecting the Operating Mode

The operating mode is selected using the operating mode selector.
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3.1 Automatic mode (production mode)

When the robot is in the automatic operating mode, it is essential that nobody
enters the safeguarded space around it. Carelessness may cause personal injury.

* Turn the key tof_7} .

Automatic mode is used when running complete programs in production operation. In
this mode, the enabling device on the teach pendant is disconnected and the functions
used to edit programs are locked.

3.2 Manual mode with reduced speed (programming mode)
* Turn the operating mode selector[(fj"< 250 mm/s

If the hold-to-run function is active (the function is available by means of a system
parameter), program execution will stop esrsas you release the Start key on the
teach pendant Version 1, and the Hold-to-run key on the teach pendant Version 2. The
two versions of the teach pendant arsatided inThe Teach Pendaoh page 7.

Manual mode with reduced speed is used whegranoming and when working in the
robot working space. In this mode, external units cannot be remotely controlled.

3.3 Manual mode with full speed (testing mode)

In Manual 100% mode, the obot moves at full speed. Thisperating mode may
f} only be used by trained personnel. Carelessness may cause personal injury.
* Turn the operating mode selectowﬂf}" 100%

The hold-to-run function is now active, i.e. program execution will stop as soon as you
release the Start key on the teach pendant.

Manual mode with full speed is only used when testing the robot program at full speed.
In this mode, external units cannot be remotely controlled.

4 Switching the Power Supply to the Motors On/Off

* In automatic mode, press the Motors On/Motors Off button on the operator’s panel.

E”da?/”ing * In manual mode, turn to MOTORS ON mode by pressing the enabling device on the
VI teach pendant halfway in.

If the enabling device is released and pressed again within half a second, the robot
will not return to the MOTORS ON state. If this happens, first release the enabling
device, then push it halfway in again.
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5 Synchronizing External Axes

When the power to the motors is switched on and an external axis is not synchronized,
a dialog box will appear, which you can use to synchronize that axis (see Figure 3).

Not Synchronized Units!

The following units are not
synchronized.
To synchronize, press Sync.

1(2)
Robot Not Synchronized
Orbit Not Synchronized
Sync Cancel

Figure 3 Unsynchronized mechanical units must betsymized beforestarting the program.
* Select the required unit, press the enabling device and press the funct®ymkey

When the unit has been synchronized the robot automatically goes to the MOTORS
OFF state. If there are several units to be synchronized, the robot must first be turned
to MOTORS ON. In manual mode, this is done by releasing the enabling device and
pressing it in again.

6 Emergency Stops

6.1 Activating the emergency stop button

Emergency stop buttons are located on the operator's panel and on the teach pendant. There
are often other ways of activating an emergency stop, but these depend on the robot installa-
tion.

When the emergency stop button is activated, the power supply to the msharsaf
and program execution stops.

6.2 Resetting after an emergency stop

* Fix the problem that caused the emergency stop.
» Reset the emergency stop button by pressing the MOTORS OFF button.
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7 The Teach Pendant

There are two ersions of the teach pendant. Version 2 is outlinedgar€i4 and
Version 1 in Fgure 5.

) ' J<—Hold-to-run

- / _
\ Enabling
ABB = o = o 7819 /\ device
4 5 6
éf —:L I Joystick
Display / — 1T \/
IS / 2 &
- " mB
P1 P2
]
_____ P3 Emergency
stop button

Figure 4 The teach pendant is used to operate the robot (Teach pendant Version 2).
Jogging Used to jog the robot.

Program: Used to program and test.

Inputs/Outputs: Used to manually operate the input and output
signals connected to the robot.

Misc.: Miscellaneous; other windows, i.e. the Systeanameters,
Service, Production and File Manager windows.

)‘

=

1S
Stop: Stops program execution.
O Contrast: Adjuststhe contrast of the display.

Menu keys Press to display menus containing various commands.

Function keys Press to select the various commands directly.
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gl-‘cfﬂ

2

I

N
-

P1 P2 P3

(P4)
(P5)

5-8

Motion Unit: Press to jog the robot or other mechanical units.
Motion Type: Press to select how the robot should be jogged,
reorientation or linear.

Motion Type: Axis by axis movement. 1 = axis 1-3, 2 = axis 3-6

Incremental: Incremental jogging on/off

List: Press to move the cursor from one part of the window to
another (normally separated by a double line).

Previous/Next page Press to see the next/previous page.

Delete Deletes the data selected on the display.

Enter: Press to input data.

Up and Down arrows Press to move the cursor up or down.

Left and Right arrows: Press to move the cursor to the left or right.

User defined keys How to define these, see Chapter 12,
System Parameters
On some teach pendants these keys are dalldeR etc.
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Emergency stop

Enabling
device

o
o
o
o

oo

& o

LD o] [[]l=]Fs
PO RIElI=]-k

— Joystick

Display //

~
[’} (=

(I (I O CED D+~
@ @miEEE U

Figure 5 The teach pendant is used to operate the robot (Teach pendant Version 1).

‘ E‘ Jogging Used to jog the robot.

@ Program: Used to program and test.

= Inputs/Outputs: Used to manually operate the input and output
I={> signals connected to the robot.

Misc.: Miscellaneous; other windows, i.e. the System Parameters,
Ii Service, Production and File Manager windows.
~ L Motion Unit: Press to jog the robot or other mechanical units.
b=
|

Motion Type: Press to select how the robot should be jogged.

IL/ﬂ ld)Z

s
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’I:' List: Press to move the cursor from greet of the window to
y E another (normally separated by a double line).
[ : j Up and Down arrows Press to move the cursor up or down.
Right and Left arrows: Press to move the cursor to the
right or left.
/m /@ Previous/Next pagePress to see the next/previous page.

Help: Press to call up a help menu directly to the display
(no information in this version of the robot).

Enter: Press to input data.

Delete Deletes the data selected on the display.

Contrast: Adjusts the contrast of the display.

Stop: Stops program ecution.
?
P

Menu keys Press to display menus containing various
commands.

Function keys Press to select the various commands
directly.
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7.1 Entering text using the teach pendant

When naming files, routines, data, etc., text can be entered using the teach pendant. As
there is no character keyboard available, the numeric keyboard is uspeaish way
(see Figure 6).

Expression
|:| /
789 ABC MN YZ+ ._
456 DEF PQR -<> [(
123 GHI STU *, 10
-0. JCL VW ?=& %&"
O
A-a <- -> Cancel OK

. Selected characters

Figure 6 The dialog box used for entering text.

The keys on the numeric keyboard correspond to the selected characters on the display.

* Select a group of characters by pressing the functiorkey<-.

* Press the corresponding key on the numeric keyboard. If the third group is selected
(as shown in Figure 6), 7 corresponds to M, 8 to N, 9 to O, etc.

« Move the cursor to the right or left using ArrowLéft]

or ArrowRight

* Delete the character in front of the cursor by pressing De
» Switch between upper and lower case letters by pre8sing
» When you have finished entering text, préss

User's Guide
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8 Error Management

If an error occurs, an error message will be displayed in plain language eadhe t
pendant (see Figure 7). If several errarsus simultaneously, the error that occurred
first will be selected.

Error: 50028 Motion
Jogging error

Jogging was made in wrong direction when

a joint was out of working range.

1(1)

Log —»= | 50028 Jogging error 0810 09:25.30

Check OK

Figure 7 An error message is displayed in plain language as soon as an error occurs.

All errors and status changes are also registered arestamped in a log. For more
detailed information on these logs, see Service in Chapter 14 of this manual.

8.1 Confirming an error message

e PresOK.

The window displayed before the error occurred will be displayed once more. If you
want to view an error message later on, you can find it in theéagService in Chapter
14 of this manual).

8.2 Calling up suggestions on how to correct an error

* Pres€Check

Information about possible corrective measures is displayed, along with the reason for
the error (see Figure 8).
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Error: 50028 Motion
Jogging error

Jogging was made in wrong direction when

a joint was out of working range.

Use the joystick to move the involved
joint into the working range again.

Log oK

Figure 8 Suggestions on how to correct an error.

* Presd_og to display the log instead of the check list.

8.3 Acknowledging warning messages

Sometimes, a warning or information message will be displayed. Thisgeessdis-
played in the form of a minimised alert box that@eals only part of therevious win-
dow.

« Acknowledge the message by pressing E[«<}
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Jogging

1 General

A joystick is used to jog the robot. It has three degrees of freedom, which means that
you can move the robot in three different directions simultaneously. The robot speed
is proportional to the joystick deflection, the greater the joystick deflection, the higher
the speed (but not faster than 250 mm/s).

The joystick can be used irrespective of which window is open at the time. You cannot,
however, jog the robot in the following situations:

- When the robot is in automatic mole |
- When the robot is in the MOTORS OFF state.
- When program execution is in progress.

If any axis is outside its working range, it can only be jogged back into its working
range.

The function of the joystick can be read from and changed in the Jogging window.

Some of the settings can also be changed directly using the motion keys on the teach
pendant. (The different versions are illustrated in Figure 1).

Linear Reorientation
External uni Axes 1,2,3
Robot Axes 4,56
Teach pendant

Version 1 ‘ ©C @ O O

IR 1@2

Robot Reorientation ,:\xes 1,2,3
Teach pendant [} 5 O ™ D 14
Version 2 U = D L 2 u

External unit Linear Axes 4,5, 6

Figure 1 The LEDs above the motion keys show the current settings.

Make sure that no one is standing in the safjuarded space around the robot and
also that the motion settings for jogging are correctly set. Carelessness can injure
someone or damage the robot or other equipment.

f The robot or external unit will start to move immediately you movethe joystick.
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1.1 The Jogging window

* Press the Jogging k@

The window displays the current motion settings for jogging and the current
position of the robot. See the example in Figure 2.

to open the window.

Jogging Robot pos:
Unit: Robot X: 1234.5
Motion:  Linear y: -244.9 -« Current
Z: 12.8 it
c : ol: 0.7071 position
urren Coord: Base 1 Q2:  0.0000
mot_lon Tool: tool0 Q3: 0.0000
settings Wobj: wobjo ... Q4: -0.7071 Motion
a5 resulting from
Incremental: No O Xy z —-~ dlfferent
deflections of
World Base Tool Wobj the joystick

Figure 2 Define the various jogging settings in the Jogging window.

1.2 Reading the current position

The current position of the robot is displayed in the Jogging window (see Figure 2).
In Linear or Reorientatiormotion types, the position and orientation of the tool in

relation to the coordinate system of the chosen work object is displayed (regardless of
the type of coordinate system used).

In Axis-by-Axignotion type withRobotas the unit, the positions of the robot axes are
displayed in degrees related to the calibration position of the respective axis.

When an external unit is moved, the position of the axes is displayed. In the case of
linear axes, the position is displayed in mm related to the calibration position. For
rotating axes, the position is displayed in degrees related to the calibration position.

When a unit is unsynchronised, no position is displayed.
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1.3 How moving the joystick affects movements

The field that indicates the various deflections of the joystick displays how the
principal joystick directions are linked to axes or coordinate directions. See the
example in Figure 3.

Xyz A XYz A

<~
o

= —,
Y--= Y+
&\ N
Y+ Y- . Z|+ Z
|/

Y
7-

X+
Teach pendant
Version 1

Teach pendant
Version 2

Figure 3 The direction of movements associated with each joystick deflection is displayed in the
Jogging window.

2 Jogging the Robot

2.1 Jogging the robot along one of the base coordinate axes

@O @000 ~ £ 0 ~
-Setthekeysg il 1713 or [ 5 0

respectively, to jog the robot in a straight line.
* Select the fieldCoord(see Figure 4).
* Press the function keyase

=

z: 12.8 mm

Q1: 0.7071
Coord: Base O Q2: 0.0000
Tool: tool0 ... Q3: 0.0000
Wobj: wobjo ... Q4: -0.7071

< 9 %
Incremental: No O Xyz
World Base Tool Wobj

Figure 4 Specify the coordinate system in the Jogging window.

The robot will move the TCP along the base coordinate axes (see Figure 5).
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Figure 5 Linear movement in the base coordinate system.

2.2 Jogging the robot in the direction of the tool

@ O @000 2 £ 0 o
° ol o ¢
Set the keysg 11 1@2 or 0 0 E

Y
=

respectively, to jog the robot in a straight line.
* Select the fieldCoord(see Figure 6).
* Press the function keool.

QL 0.7071
Coord: Tool O Q2: 0.0000
Tool: tool0 .. Qs: 0.0000
Wobj: wobjo ... Q4: -0.7071
VO o<
Incremental: No O Xyz
World Base Tool Wobj

Figure 6 Specify the coordinate system in the Jogging window.

The tool that was last used when jogging the robot or last used for progeantiex
is automatically chosen (see Figure 7).
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> X

]

€]

ﬁ

%iﬂ Y+
7-

ol

\/

X+

_Nr\
—+ DT

Figure 7 Linear movement in the tool coordinate system.

If you want to change the tool:
* Select the field ool (see Figure 8).

e Peatae)

~T Coord: Tool m| Q2: 0.0000
Tool: gunl ... Q3: 0.0000
Wobj: wobj0 ... Q4: -0.7071

v=9
Incremental: No O Xyz

Figure 8 Choose a tool by selecting the fi€tbl.

« Press Enter[+]

* Select the desired tool from the dialog box which subsequently appears on the
display. (ToolOin the dialog box corresponds to the centre of the mounting flange.)

Select desired data in the list:
1(2)
gunl gun2 gun3
tool0 tooll
New... Change ... Define ... Cancel OK

Figure 9 Changing or adding a tool.
You can create a new tool as follows:
* PresdNew.
You can change the values of a tool as follows:
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* Press
- Changeto input the value manually
- Define to use the robot to measure up the tool coordinate system.

For more information see Chapter 10 Calibration.

* Pres®OK to terminate the dialog.

2.3 Reorienting the tool

@ O OO0 0
e Set the keysg‘ E| e 1@2 or ]

respectively, to reorient the tool.

The tool is reoriented about the axes of the coordinate system that was chosen. The TCP
of the chosen tool will not move (see Figure 10).

> X

N
A %
y
_<
+

LN
(—+
—

E

Figure 10 Reorientation about the tool coordinate system’s axes.

2.4 Aligning atool along a coordinate axis

The Z-direction of a tool can be aligned along a coordinate axis of a chosen coordinate
system. The angle between the tool's Z-direction and the coordinate axes determines
which coordinate axis the tool should be aligned along; the axis closest to the tool's Z-
direction will be used (see Figure 11).
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X % X Y

Figure 11 The tool is aligned along the Z-axis.
Adjust the direction of the tool manually so that it is close talés#ed direction.
» ChooseSpecial: Align

A dialog box appears displaying the coordinate system used for alignment (see Figure
12).

Align!

The alignment is started by moving the
joystick.

The tool will be aligned along a
coordinate axis of “World”.

Coord: World O

World Base Wobj OK

Figure 12 The dialog box for aligning the tool.

If you want to change the coordinate system, press any of the functiowkelgs
Baseor Wobj.

* To start the alignment, press the enabling device and move the joystick. The joystick
is used to adjust the speed. The robot will automatically stop as soon as it reaches the
desred position.

¢ Pres9OK to confirm.
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2.5 Jogging the robot in the direction of the work object

®@ O 000
- Set the keys | &||[[™|[d,2 or % § % 2
- = 4

respectively, to jog the robot in a straight line.
* Select the fieldCoord(see Figure 13).
* Press the function keyvobj.

E o |

Z: 12-.8 mm

Q1 0.7071
Coord: Wobj o Q2: 0.0000
Tool: tool0 ... Qs3: 0.0000
Wobj: wobjo ... Q4: -0.7071

)
Incremental: No | Xyz
World Base Tool Wobj

Figure 13 Specify the coordinate system in the Jogging window.

The work object that was last used when jogging the robot or last useddaarpro
execution is automatically chosen.

If you want to change the work object:

* Select the fieldVobj (see Figure 14).

Coord: Wobj O Q2: 0.0000
Tool: tool0 ... Qs3: 0.0000
Wobj: wobjo ... Q4: -0.7071
V> 9
Incremental: No O Xyz

Figure 14 Choose a work object by selecting the fiétbj.

« Press Entef«]

* Select the desired work object from the dialog box which subsequently appears on the
display. {VobjOin the dialog box corresponds to the world coordinate system.)
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Select desired data in the list:
1(2)
wobj1 wobj2 wobj3
wobj4
New... Change ... Define ... Cancel OK

Figure 15 Changing or adding a work object.
You can create a new work object as follows:
* PresdNew.
You can change the values of a work object as follows:

* Press
- Changeto input the value manually
- Defineto use the robot to measure up the object coordinate system.

For more information see chapter 10 Calibration.
* PresOK to terminate the dialog.

The robot will move along the axes of the object coordinate system (see Figure 16).

S

EE)

!

S
)Jiﬂ > Y+
Z+
|/ |

™

(:

X -
+

Figure 16 Linear movement in the object coordinate system.
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2.6 Jogging the robot along one of the world coordinate axes

@ O 000 ~ N
-Setthekeysg i| L™ 1@,2 or 0 §. U C

respectively, to jog the robot in a straight line.
* Select the fieldCoord(see Figure 17).
* Press the function keyvorld.

QL 07071
Coord: World O Q2: 0.0000
Tool: tool0 .. Q3: 0.0000
Wobj: wobjo ... Q4: -0.7071
[ k.)
Incremental: No | Xyz
World Base Tool Wobj

Figure 17 Specify the coordinate system in the Jogging window.

The robot will move the TCP along the world coordinate axes (see Figure 18).

Figure 18 TCP movement is independent of the rotminting.

2.7 Using a stationarytool

If a stationary TCP is active, the work object will move in adance with the chosen
coordinate system.
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2.8 Jogging the robot axis-by-axis

» Choose axis-by-axis movement by setting the motion keys (see Figure 19).

Axes 1,2,3 pyAxes4,5,6 Axes 1, 2,3

1
54

(113

D
=7
-l .

Axes 4,5, 6
2 -

Figure 19 Specify the axes you want to move by setting the keys as above.

Only the axis affected by the joystick deflection moves, which means that the TCP
does not move linearly.

2.9 Incremental movement

Incremental movement is used to adjust the position of the robot exactly. This means
that each time the joystick is moved, the robot moves one stpr{ient). If the

joystick is deflected for one or more seconds, a sequence of steps, at a rate of 10 steps
per second, will be generated as long as the joystick is deflected.

* Selecthe fieldIncremental(see Figure 20).
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oor Q47 -0.7071
v =9
Incremental: No O 123
No Small Medium Large

Figure 20 Specify the incremental step size in the field Incremental.

* Specify the size of the steps using the function keys.

- No: Normal (continuous) movement
- Small: Approx. 0.05 mm or 0.005 degrees per joystick deflection
- Medium: Approx. 1 mm or 0.02 degrees per joystick deflection
- Large: Approx. 5 mm or 0.2 degrees per joystick deflection
With the teach pendant Version 2 you can use the === to wremental

movement on and off.

A

2.10 Jogging an unsynchronised axis

If the robot or an external unit is unsynchronised, it can only move using one motor at

atime.

The working range is not checked, which means that the robot can be moved until
it is stopped mechanically.

3 Jogging External Axes

6-14

3.1 Choosing external units

If you wish to use more than one external unit, those units must be chosen from the
Jogging window.

c e
* Set the motion key g §|

or

* Select the fieldJnit (see Figure 21).
* Using the function keys, choose a unit.

O
U

on the external key.

o7

If you are using more than 5 external units and you cannot find the one you want in the

function key dialog, press Ent{«]

and select the desired unit from the new dialog.
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e —

Unit:= Manipl O 1:23.3 Deg

Motion:  Axes 2:37.5 Deg
g> 3:-180.4 Deg

Coord:= Base O 4:

Tool:= tool0 5:

Wobj:= wobjo ... 6:

N
Incremental:= No m| 123
Robot Manipl Manip2 Trackm Manip3

Figure 21 Specify the unit to be jogged in thet field.

)

From this stage onwards, the k%’ =| & respectively, can be used

D

to toggle between the external unit that was last chosen and the robot.

3.2 Jogging external units axis-by-axis

» Choose the desired axis group using the motion keys (see Figure 22). If more than
one external unitis used, seé4 Choosing external usit

Axes 1,2,3 Axes4,5,6 Axes 1, 2,3
N\ ¥ y
OINO) OO0 @ 0O 2 £ 0 L
L ‘@ |12 U & 0 74
ml| (L7 \
3+ Axes 4,5, 6
1-
Ay
2 [l 8
- =7 N
75 X\ 5
_3+|3-
O EEEEE 6+ |6 -
'1+
4+

Figure 22 Specify the external axes you want to move by setting the keys as above.

3.3 Jogging external units coordinated

If an axis is coordinated with the robot (defined by the chosen work object), the robot
also moves when itis jogged. The TCP, however, will not move in relation to the work

object.

If you want to jog the unit uncoordinated, choose a work object which is not connected
to a coordinated unit, e.g/obj0,in the fieldWobj.
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Inputs and Outputs

1 General

The robot can be equipped with both digital signals (max. 96 inputs/96 outputs) and
analog signals (max. 4 inputs/4 outputs). The signals are named and configured in the
system parameters. They can also be assigned various system actions, e.g. program
start.

In addition to this the robot has four serial channelsree RS 232 channels and one
RS 485 channel which can be used to communicate with printers and computers, for
example.

1.1 The Inputs/Outputs window

« Press the Inputs/Outputs k{ |5 to open the window.

The window displays a list of appropriate signals or boards. It also provides
information on the values of the signals. See the example in Figure 1.

File Edit View
] Inputs/Outputs
I/O list name—m | All signals
Name Value yp
4(64)
dil 1 DI
di2 0 DI
gripl 0 DO
; grip2 1 DO
I/O list En 7 DO
grip4 1 DO
progno 13 GO
welderror 0 DO

0 1

Figure 1 The Inputs/Outputs window displays a list of selected signals or I/0 boards.

The information displayed in the window is automatically updated every other second.
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1.2 Choosing an 1/O list

* You can decide which signals you want to look at by choosing any of the lists from
theView menu:

List name Information in the list

Most Common The value of the most important (most used)
signals. This list can be customised to suit
any robot installation.

All signals The value of all signals.

Digital In The value of all digital input signals.

Digital Out The value of all digital output signals.

Analog The value of all analog input and output signals.
Groups The value of all groups of digital signals.

Safety The value of all safety signals.

Boards The type and address of all I/O boards.

I/O Board:name The value and position of all signals of a board.

To look at this list:
» ChooseView: Boards.
« Select the desired board and press E[ <]

Group:name The value and position of all signals in a signal

group.
To look at this list:

» ChooseéView: Groups.
» Select the desired board and press E[«<}

1.3 Defining theMost Common/O list

You can obtain an easy-to-access list of your most frequently-used signals by
specifying the contents of tivost Commornist.

* ChooseFile: Preferences

All signals will be displayed. Those included in tlestCommorlist will be marked
with anx to the left of their names (see Figure 2).
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Most Common Setup
Name Type
P 4(64)
X dil DI
di2 DI
X gripl DO
X grip2 DO
X grip3 DO
X gripd DO
progno GO
welderror DI
Result -  Excl Cancel OK

Figure 2 You specify the signals to be included in the list in the Most Common Setup dialog
box.

» To add a signal, select an appropriate signal and jmess
This signal will then be marked with ario the left of its name.

» To remove a signal, select an appropriate signal and [pxets
This signal will remain in the window, but tixdo the left of the signal name will
disappear.

* PresResult

The signals included in thdostCommorlist will then be displayed (see Figure 3).

Most Common Result
Name Type
4(5)
dil DI
gripl DO
grip2 DO
grip3 DO
grip4 DO
Setup - Up » Down | Cancel OK

Figure 3 The order of the signals in the list can be specified in the Mwestron Rsult
dialog box.

* You can change the order of the signals usipgandDown. The selected signal
moves one step at a time.

* Define the signal and pre€x; if you want to return to thtlost Common Setup
dialog box presSetupfirst.
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2 Changing Signal Values

value of a signal.

Before you do so, make sure that no-one is in the safeguarded space around the
robot. Incorrect operation can injure someone, or damage the robot or other
equipment.

f Robot equipment may be affected (e.g. start to move or fall off) if you change the

2.1 Changing the value of a digital output

* Select the digital output.
» Choose the desired value using the function keys (see Figure 4).

File Edit View
Inputs/Outputs
All signals
Name Value Type
4(64)
dil 1 DI
di2 0 DI
gripl 0 DO
grip2 1 DO
grip3 1 DO
grip4 1 DO
progno 13 GO
welderror 0 DO
0 1

Figure 4 You can change the value of a digital output directly using the function keys.

2.2 Changing the value of an analog output signal or a group of output signals

* Select the signal and preShange(see Figure 5).

File Edit View

Inputs/Outputs
All signals

Name Value Type

4(64)

dil 1

di2 0 DI
gripl 0 DO
grip2 1 DO
grip3 1 DO
grip4 1 DO
progno 13 GO
welderror 0 DO
Change...

Figure 5 You can change a group of outputs or an analog output signal by ch@bsinge
and entering a value using the numeric keyboard.
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A dialog box will appear, which you can use to enter an arbitrary value.
* Specify the desired value using the numeric keyboard and@kess

You can also change the value of a group of output signals, signal by signal, by
pressing Ente[«~] and changing the signals one by one.

3 Displaying Information

3.1 To display information on a given signal

» Select the desired signal and press E[ ]
The following information will be displayed:

- the signal name

- the signal type

- the value of the signal

- the physical connection

- cross-connections (if any)
- etc.

* Pres®OK when ready.

3.2 To display a chart of all digital signals of a board

* Call up theBoardslist by choosing/iew: Boards.
* Select the desired board and pressSfa¢efunction key.

The values of all digital signals related to the selected I/O board will appear on the
display (see Figure 6). The values of the signals are indicated by 1 or 0, where, for
example, 1 is equivalent to +24 V and 0 is equivalent to 0 V.

An “x” means that the signal is not mapped (cannot be used in a program).

A “?” means that the signal value cannot be read.

Sigstate 1/0 Board: ARCW1
DI-01 1011 1100
DI-09 0001 1101
DO-01 1000 1100
DO-09 0000 0O 7?2 x

OK

Figure 6 The value of all the digital values of an I/0O board are displayed together on a signal chart.
* Leave the signal chart by pressing.
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3.3 To print an 1/O list

* Select the desired I/O list from théew menu.
* Choosd-ile: Print.

A dialog box will be displayed (see Figure 7).

Inputs/Outputs Printing

Data to Print : All Signals

Add Signal Info : No O
Print Only to File : No O
Yes No Cancel Print

Figure 7 You can specify the extent of information and the destination.

* In the field,Add Signal Info, specify how much you want to print:
- PresdNo to print the list.

- Pressyesto print other information about the signals, such as their
configuration.

* Select the destination in the fielkint Only to File:
- PresdNoto output to the printer connected to the robot.

- Pressyesto save the list in a file. An additional line with the filename will be
displayed. If you want to change the filename, select it and press| < er

» Start the print-out by pressiigint.
* PresOK to confirm.
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Programming and Testing

1 Creating a New Program

1.1 What is a program?

A program consists of ingictions and data, pgpammed in the RRID pragramming
language, which control the robot goeripheral equipmentin a specified way.

The program is usually made up ofet different parts:

- amain routine
- several subroutines
- program data.

In addition to this, the program memory contains system modules (gee Hi).

—— Program memory

—— Program

Program data

Main Sub-
routine routines

System modules |

Figure 1 The program instructions control thebot and roboperipherals.
The main routines the routine from which program execution starts.

Subroutinesare used to divide the program up into smaller parts in order to obtain a
modular program that is easy to read. They are called from the main routine or from
some other routine. When a routine has been fully executed, progeantior

resumes at the next ingttion in the calling routine.
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Datais used to define positions, numeric valuegisters, counters) and coordinate
systems, etc. Data can be changed manually, but it can also be changed lgrane pro
for example, to redefine a position, or to update a counter.

An instructiondefines a specific action that is to take place when theigtsmn is
executed; for instance, moving the robot, setting an output, changing data or jumping
within the program. During program @sution, the instructions are executed one at a
time, in the order in which they were grammed.

System modulese prgrams thaare always present in the memory. Routines and data
related to the installation rather than the program, such as tools and service routines,
are stored in system modules.

1.2 The Program window

All program and testing is performed using the Program window.

* Press the Pgram key @ to open the window.

The Program window is actuallyade up of a number of different windows. These can
be chosen from theéiew menu.

Window title Used to:

Program Instr Program and change program rastions
Program Routines  Choose or create new routines
Program Data Create or change data

Program DataTypes Choose data of a specific type
Program Test Test programs

Program Modules  Choose or create new modules

8-4

1.3 Creating a new program

* ChoosdFile: New.

If the robot is already loaded with a program which has not been saved, a dialog box
appears and you will be asked whether you want to save it or not. Then Ellense
New again.

* Specify the new name of the gram in the dialog box thappears.

(See Chapter 5, Starting ugntering text using the teach pendanthis manual for
how to handle the text editor.)

* ChooseOK to confirm.

A program with only one empty main routine is created.
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1.4 Loading an existing program

» Chooserile: Open.
A dialog box appears, displaying all grams in the currentiéictory (see Figure 2).

Open...
Select a Program or a Module | Mass memory unit
Massmemory unit:= flp1: PR
ROBOT] -—— = _
a6y — Current directory

. (Go up 1 level)
WELD1 Program
WELD2 Program
USER1 System Module
TEST/ Directory

Unit Cancel OK

Figure 2 The dialog box used to read programs.
* If necessary, change the mass memory unit by pressingintil the correct unit is
displayed.
* Select the desired program. Move up or down in the directory by using either ‘. .
(up), or the desired directory (down) and press
* ChooseOK to confirm.

When a program is alreadgdded into the system, but has not been saved, and you
wish to open another program, a dialbay appears and you will be asked whether you
want to save the old program or not.

Tip  Ifthereis an error in the program, this error will be displayed if you choose
File: Check Program.

Note When a program is loaded into the robot, it requires aboeg times as much
memory compared with the size of the file on diskette.

2 Defining Tools and Work Object
Before starting any programming work, it is essential that you define the tools, work
objects, and other coordinate systems that you intend to use. The more accurately you
do this, the better the results you will obtain.

See Chaptet0, Calibration.
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3 Creating New Routines

3.1 What is a routine?
Before you start to program, you should think out the structure of yogrgono

- The program should be divided into seal subroutines to get a more readable
program.

- Instruction gquences that recur Geently in the program, such aspper
handling, form their own routines.

Figure 3 illustrates an example of a simple program; the robot pakessto and from
a machine. Figure 4 illustrates the structure of thignair.

Machine

M

In feeder | Out feeder

Figure 3 Therobot gives a part to a machine which then processes it.

First, the robot fetches a part from the In feeder aadegl it in the machine where the
part is processed. Then, when this has been done, theakéstheart and phces it
on the Out feeder.

The main routine is built up of a number of routine calls which reflect the robot work
cycle (see Figure 4).

As the gripper grips and releases parts sevienals during the program run, it is best
to set up separate routines for this, which can be called from different places in the
program.
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routinemain
fetch_part = routinefetch_part

leave in machi
—T | MoveJ * vmax,z50, tooll

e P = {| MoveL % v1000, 30, tool1
leave_ part }— MoveL * v200, fine, tooll _
— 1l grip > routinegrip
I\R/IE¥%LRI,\|v200, z30, tooll e Set gripper
WaitTime
; 0.3
[—

L = routinerelease

—— > | Reset gripper
WaitTime 0.3
RETURN

Figure 4 For more information about this example, see Chapter 17, Program Examples.
There are three types of routines: procedures, functions and trap routines.

A procedurecould be described as a number ofrungtions thaperform a specific
task, such as welding a part or changing a tool.

A functionreturns a value and, for example, is used to displace a position or read an
input.

A trap routineis used to deal with intarpts.

A routine comprises four parts: declarations, datarungbns and an error handler
(see Figure 5).

Routine
Name
I Routine type

Declarations Scope
Function data type
Data Parametel’s

Instructions

Error Handler

Figure 5 A routine comprises declarations, routine data, instructions and an error handler.

Thedeclarationspecifies routine parameters, among other things. These are used to
make the routine more gerally applicable. A routine that, for example, moves the

robot a given distance in the direction of the tool can have that distanparaseeter.

This routine can then be called using different distances and thus can be used to move
the robot different distances.

Theerror handlertakes care of automatic error handling Seer Handlingon page
48).
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3.2 TheProgram Routinesvindow
» ChooséView: Routinesto open the window.

The window displays routines and, if there is a function present, also the type of data
returned for that function (see Figure 6).

File Edit View Routine  Special

Program Routines WELDPIPE
Routines In Module

Name Type

4(6)
cleangun
erroroutl
givedist num - Value returned

Routines——» | main for a function
weldseql

weldseq2

New.. Decl ... Dupl.. Data> Test

Figure 6 The Program Routines window displays all routines in the program.

3.3 Creating a new routine

» Open theProgram Routinesvindow by choosing/iew: Routines.
* Press the function kdyew.

A dialog box appears, displaying the name of the routine (see Figure 7). The name is
set toroutineN whereN is a number incremented each time a routine is created.

Routine Definition In USER

Name:= routinel...

Decl ... Cancel OK

Figure 7 A new routine is created.

« Change the name by pressing Er{ <] and specify a new name.
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If you want a normal subprogram (procedure), withmarameters, you should finish
here by pressin@K. In other cases, the atacteristics of the routine must be defined.
* Press the function keyecl.

» Change the characteristics of the routine by selecting the appropriate field, then:

- Press Ente[«<2] and specify the desired alternative in the dialog box that
appears on the display (fields marked with ...).

- Choose an alternative using the function keys (fields marked=with ).

Fiel Description
Name The name of the routine (a maximum of 16 characters)
In Module The module in which the new routine will be used
Type Specifies whether the routine is to be a procedgired,
a function Func) or a trap routineT{rap)
Data type The return value for the data type (only specified for functions)

If the routine is not to include any parameters, you can terminate thaidefby
pressingOK. In other cases, the parameters must also be defined.

« Select the parameter list by pressing the key.
* Add a parameter by pressing thewfunction key.

New parameters are placed after the selected parameter in the list. You can, however,
move the parameter usiipve » (up one step) ochlove v (down); see Figure 8.

Routine definition

Name:= routinel
Type:= function O
In Module:= USER
Data type: num

Name Data type Req Alt Mode
1(2)
paraml num * In
param?2 num 1 In
New Moves Movey  Cancel OK

Figure 8 The dialog box used to define parameters.

* Change the name and characteristics op#lrameter by selecting tl@propriate
field, then:

- Press Ente[«<2] and specify the desired alternative in the dialog box that
appears.

- Choose an alternative using the function keys.
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Fiel Description

Name The name of the parameter (max. 16 characters).

Data type The data type of the parameter.

Required Specifies whether the parameter is compulsggg(or can be

omitted (No) at a call — marked with * in the list.

Alt Non-compulsory parameters can be mutually exclusive, i.e.
they cannot be used simultaneously in the instruction. To input
the first of these parameters, press the functioriFksy and to
input the last one, pre3sil.

Mode Specifies whether the parameter can only be rédddr
whether it can be read and changed in the rouiN@T).

» Add any additional parameters. To remove a parameter, select it and then press
Delete .

* ChooseOK to confirm.

Tip Itis sometimes easier to create a new routinéupyicating and changing
an existing one.

3.4 Duplicating a routine

» ChooséView: Routines

* Select the routine to be duplicated.

* Press the function keyupl.

» Specify the new name of the routine in the dialog box that appears.
* ChooseOK to confirm the duplication.

This creates a new routine that contains the same data and instructions as the original
routine.

4 Starting to Program

4.1 Choosing a routine

» ChooseView: Routines
» Select the routine to be programmed and press [« }r

To call up the main routine

* ChooseView: Main Routine.
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To call up a routine that can be selected from the list of instructions

* Select the routine that you want to look at.
* ChooseView: Selected Routine

4.2 TheProgram Instrwindow
» ChooséView: Instr to open the window.

If you are in thdProgram Tesbr Program Datawindow, you can press the function
key Instr instead.

The instructions for theurrent routine are displayed in the window (see Figure 9).

File Edit View IPL1 IPL2

Program Instr WELDPIPE/main
1(26)

lInit data

counter:=0;

1Go to start position

. MovelL pstart,v500,fine,gripper;
Instructions — WaitUntil di1=1;

IStart

Set startsignal;

open_gripper;

MoveJ *,v500,z10,gripper;

Copy Paste OptArg ... (ModPos) Test —

Figure 9 The Program Instr window is usked programming.

An instruction that does not fit into one line is only displayed in part. Arguments that
lie outside the visible area are moved successively inwards from the right when the
various arguments are selected.

4.3 What is an instruction?

An instruction defines a specific task that is tachaied out when the instruction is
executed, for example:

- Moving the robot

Setting an output
Changing data

Jumping within the program.

Instructions comprise an instruction name and a number of arguments. The name specifies
the principal task of the instruction and the arguments specify the characteristics.

An argument may be either compulsory (regd) or optional. Optional arguments
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may be omitted, anare specified by the name of the argument and its value, if it has
one. For example:

Instruction Meanin
Movel p1,v500,fine,tooll Moves the TCP linearly to the posip@nThe

argumentsy50Q fine andtooll, specify the current
speed, position accuracy and tool.

SetDO do2,1 Sets the outpldg?2to 1.

SetDO \SDelay:=0.5,do2,1 Sets the outntto 1 with a delay 00.5seconds.
\SDelayis an optional argumerdp2and1l are
compulsory.

An argument that does not have a specified value is marked with <...>.
Programs that contain such ingitions (i.e. incomplete instructions) can be executed,
but program egcution stops when that type of instruction occurs.

Arguments can be specified as:

numeric values, e.d.

string values, e.gWaiting for machine"
data, e.greg2

function calls, e.gAbs(reg2)

expressions, e.geg2 + reg3 /5.

4.4 Getting moreinformation about an instruction
« Select the desired instruction and press E[«}

The dialog box shows the names of the arguments (see Figure 10).

Current Instruction
2(5)
MoveL
ToPoint: i (robtarget)
Argument Speed: v500 (speeddata) <— Data type
name » Zone: fine (zonedata)
Tool: tool (tooldata)
Value /
Change (Info) OptArg ... Cancel OK

Figure 10 The name, value and data type of each argument is displayed.

« If you wish to change an argument, choGs@angeor press Ente[«] . See
Changing an argumertn page 30 for more information.
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* If you wish to add or remove an optional argument, ch@ggAarg. SeeAdding
optional argumentsn page 32 for more information.

» ChooseOK to exit the dialog.

5 Programming

In this chapter you will find descriptions for general handling of the various
instructions in a prgram - moving, copying or adding. For details about programming
the most common instructions please see the next chapter in this ndanel,
programming language RAPID

For other instructions see the RAPID B&ihce Manual.

5.1 Choosing from the instruction pick list
You can choose instructions by selecting an appropriate instruction in an instruction
pick list (IPL). Although most of these pick lists are fixed, some can be user-defined.
This means that you can place the instructions you use most in the same pick list (see
Defining the Most Common instruction pick kst page 56).

The following pick lists are available:

From the IPL1 menu

Name Contains

Common Some of the most-commonly usedringtons
Prog. Flow Instructions that control the program flow
Various E.g..= and wait

Motion Settings Instructions that affect movements
Motion & Process Motion instructions

I/O0 I/O instructions

Communicate Communication instructions

Interrupts Instructions that handle interrupts

Error Recovery Instructions that handle errors

System & Time Date and time instructions

Mathematics Arithmetic instructions

From the IPL2 menu

Most Common 1 User-defined
Most Common 2 User-defined
Most Common 3 User-defined
Motion Set Adv. Advanced Motion setting instructions

User's Guide 8-13



Programming and Testing

Motion Adv. Advanced Motion instructions
Ext. Computer Communication Ware instructions
Service Service instructions

* Call up one of the instruction pick lists in th.1 or IPL2 menu.

* Call up the instruction pick list that was used most recently by preSslitig
Show IPL. If the pick list contains more than 9 instructions you can scroll up/down
in the list using 9 on the numeric keyboard.

« Change to the previous or next pick list by selecting the pick[&] ( ) and pressing
PreviousPag@ or NextPa . You can also choose 0 to go directly to the next
page.

* Remove the instruction pick list by choosiadit: Hide IPL.

5.2 Adding an instruction
If a new instruction is added, it is placed after the instruction that is selected.

If the selected instruction is first in a routine, or in a compound instruction (IF, FOR,
WHILE or TEST), you can choose whether you want the new instruction to be placed
before or after the instruction (by means of a question). However, if there is only one
instruction in the routine, or in the compound instruction, new instructions will always
be added after the selected one.

* Select the place where you want the new instruction to be added.

» Call up one of the instruction pick lists by choosing the appropriate pick list from the
IPL1 orIPL2 menu. If you want to call up the instruction pick list that was used most
recently, choosg&dit: Show IPL.

The pick list will be displayed on the right hand side of the window (see Figure 11).

File Edit View IPL1 IPL2

Program Instr WELDPIPE/main
M.C.1

1(26)

lInit data 1 MovelL

counter:=0; 2 Moved

1Go to start position 3 MoveC

MovelL pstart,v500,FINE,gripper; 4 ProcCall

WaitUntil dil=1; 5 Set

IStart 6 Reset

Set startsignal; 7=

open_gripper; 8 Incr

MoveJ *,v500,z10,gripper; 9 More y

Copy Paste OptArg .(ModPos) -Test

Figure 11 The instructions are chosen from an instruction pick list.
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» Choose the desired ingction using one of the following alternatives:

- Using the numeric keyboard, press the number displayed in front of the
appropriate instruction in the pick list.

- Select the pick list by pressing the L{&]  key. Then, select theedesi
instruction and press Ent{«]

- Use 0 on the numeric keyboard to scroll down to the lower part of the pick list
or to the next pick list.

If the instruction has no arguments, or if thaseautomatically set, the instruction is
ready for use right away.

If the instruction has arguments that cannot be automatically set, a dialog box will
appear in which you can specify the value of theumsibnarguments. The argument
is marked with a "?” in front of it (see Figure 12).

Instruction Arguments

Add ?<EXP>,<EXP>;

Data:
13)
New... counter_a counter_b
regl reg2 reg3
reg4
Next Func More Cancel OK

Figure 12 The dialog box used to define arguments. In this example, the instruction Add is
programmed.

The argument can now be defined in four different ways:

by entering a numeric value directly using the numeric keyboard

by choosing data in the lower part of the dialog box

New, the first alternative in the list, is used when you want to create new
data and refer to it. If you chooBkew, you define new data as described
in Creating Dataon page 42.

by choosing a function; press the function keyc and select the desd
alternative from the list

A new dialog box that can be used to program arguments appears, like the
one in Figure 12Specify the function argument in the same way as you
specified the instiction argument. Use the function kBitip to delete

optional arguments that are not to be included.

by entering an expression by presdihgre.

For more information, se@rogramming an expressiam page 17.
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» Choosé\ext to change the next argument.
» ChooseOK to confirm.

Optional arguments that are not included at the start can be insertadgssg
optional argumentsn page 32.

The structure of an IF, FOR or TEST instruction can be change@hsewing the
structure of an IF, FOR or TEST instruction page 32.

5.3 Expressions

What is an expression?

An expression is used as an argument of anucisbn and can have an arbitrary
number of components.

There are three different types of expressions:

- logical expressions;
these have the value truef/false and are used together with tests, e.g.
IF reg1=5 AND reg2 >10 ......
IFdil=1....

- arithmetic expressions;
these have a numeric value and are used together with calculations, e.g.
regl =reg2 + 3 * reg5
regl=reg2+1

- strings, e.g.;
TPWrite "Producing”

8-16

— Data Data
i Value Value i -
— Function - Function —| AND W
| or J
NOT TRUE —1 XOR
|7 —‘ l: FALSE
t Boolean data
Boolean function

Figure 13 Logical expression.
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o | [T Data |—
i
Value 1 Value >
=il
Function 10D Function
DIV

Figure 14 Arithmetic expression.

Programming an expression

Expressions are pgeammed by pressing the function Kegre in the instruction
argument dialog box (see Figur2).

Expressions can be entered or changed directly in the upper part of the dialog box (see
Figure 15) by doing any of the following:

- move the cursor to the left or right using ArrowLéft]  or ArrowRight  ;

- delete what is marked by the cursor by pressing D(<e ;

- add digits in front of the cursor using the numeric keyboard.

Expression
1(2)
counter_a counter_b regl
reg2 reg3 reg4
Text ... Func Content Cancel OK

Figure 15 The Expression dialog box.

Data, functions and operators can be selected in the lower part of the dialog box. Press
[, if needed, select the desired alternative and press [«r

Enter text by pressinbext A dialog box appears in which, using the function keys and
the numeric keyboard, you can enter text.

If the desired information is not in the lower pargss one of the function keipata,
Func or Contentfirst.
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- Datagives a list of all user-defined data of the selected data type
- Func gives a list of all functions of the selected data type
- Contentgives an intermediate dialog where data of a new data type can be

chosen in the same way as the IF instruction, for example. You can also choose
to view user-defined or system-defined data, or beth.
choice (see Figure 16).

denotes the current

Select datatype:
1 num

2 signaldi

3 bool

4 ...

V User data
System data

Add Remove

Cancel

OK

Figure 16 Dialog box for choosing data types.

Editing an expression

Move the cursor using the arrow keys. The content of the list will change so that it
corresponds to that selected. The function&egtentchanges tinsert (see Figure 17).

Expression
reg2<counter_b

1(2)
counter_a counter_b regl
reg2 reg4
Text ... Func Insert Cancel OK

Figure 17 The dialog box for editing an expression.

Replace what has been selected by selecting thedesioice in the lower part of the

box and pressing Ent{«]

You can make an addition to an expression by pressing the functidnsezyy An
underscored “blank” _ will then be inserted before the cursor and the function key

Insert will change toContent(see Figure 18).

8-18
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Expression
reg2<_counter_b

1(2)
counter_a counter_b regl
reg2 reg3 regd
Text ... Func Content Cancel OK

Figure 18 New data can be inserted into an expression.

5.4 Moving and copyingnstructions

» Select the instruction you wish to move or copy. To seleetakwmstuctions, choose
Edit: Mark .

» ChooseEdit: Cut (move) orEdit:Copy .
* Indicate where you wish #&dd the new instructions.
» ChooseEdit: Paste.

In theProgram Instrwindow, copy and paste can also be selected using a function key.

6 Running Programs

6.1 Program execution

A program can be excuted regardless of whether or not it is complete. Nonetheless, if
program execution comes to an incompleterutsion, the program is stopped.

When the program is started, the robot checks that elleretes to data and routines
are correct. If they are not, the fault is indicated and the program is nedsts
check can also h@erformed by choosingjile: Check Program. The first fault in the
program is then indicated.

The program is usually started from the first instruction in the main routine, but can also
be started from an arbitrary routine (pedure) with ngparamegrs. A program that has
been stopped is, unless etise speciéd, always started from the instruction last
executed in the pgvam.
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Test

settings —— = |  Running:= Continuous O

Program pointefs | »

Instructions - MovelL pstart,v500,FINE,gripper;

6.2 TheProgram Testwindow

» ChooséView: Test When you are in thBrogram Instror Program Datawindow,
you can also press the function Kegst

The section of the program that will be executed when you start the program is
displayed in the window.

A program pointer keeps up with the gram execution. This pointer is shown with

in the program list. Program esution normally continues from this point. However,
if the cursor is moved to another instruction when thgnar is stopped, ecution
can be started from the position of the cursor (see Figure 19).

File Edit View  Special

Program and

Program Test WELDPIPE/main routine name

Speed:= 50% O

1(26)

lInit data
counter:=0; -«—— Cursor
1Go to start position

v

WaitUntil di1l=1;
IStart

Set startsignal;
open_gripper;

Start FWD BWD (Modpos) Instr>

Figure 19 The Program Test window is used to execute a program.

If the robot is equipped with an arc-welding function, an extra field with the blocking
status will be shown.

8-20

6.3 Choosing the speed correction

When the program is being tested for the tirsg, it is advisable to reduce the speed.

A 50% speed correction means that the speed will be reduéé&dof the

programmed speed. On the other hand, when the robot is in manual mode with reduced
speed, the speed is never more B30 mm/s.

It is also possible to change the speed correction while tigegonas executing.

« Select the upper part of the windowpingssing the List&] key (if it is not already
selected).

* Select the fieldGpeedsee Figure 20).

User's Guide



Programming and Testing

File Edit

View Special

Program Test
Speed:=
Running:=

50% O
Continuous

WELDPIPE/main

]

> | lnit data
counter:=0;

IStart

Set startsignal;
open_gripper;

1Go to start position
Movel pstart,vfast,fine,gripper;
WaitUntil dil=1;

1(26)

-%

+%

25% 100%

Figure 20 The speed can be changed (0 - 100%).

* Increase or decrease the speed by pressing the functiof¥keys%. Correction
then takes place in steps of 5%.

Set the speed to 25% or 100% by pressing the functio@3#or 100%

6.4 Choosing the program execution mode

The program can be run in three different modes;

- continuous

- cycle (one cycle at a time)

- step-by-step (forwards or backwards, one instruction at a time).

Choose continuous or cyclic running as follows:

« Select the upper part of the window by pressing theliE]t

selected).

* Select the fieldRunning.
* Choose the program execution mode using the functio€keyor Cycle

Use thei&] key to select the lower part of the window.

key (if it is not already

Use the function ke$tartto start program execution in the mode that you chose above.
To step the program forwards/backwards, use the functionf®3andBWD (see

Figure 21).
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Program Test WELDPIPE/main
Speed:= 50% O
Running:= Continuous
1(26)
> [lInit data
counter:=0;

1Go to start position

Movel pstart,v500,FINE,gripper;
WaitUntil dil=1;

IStart

Set startsignal;

open_gripper;

Start FWD BWD (Modpos) Instr
4 \
_ f
Continuous or cycle Step-by-step backwards

Step-by-step forwards

Figure 21 A program can be run in several different program execuimgtes.

Instructions act differently duringegi-by-step egcution than during continuous
execution. The principal differences are as follows:

- Positioning instructions are executed in the normal way, but the robot gets into
position even when a fly-by point is programmed.

- Other instructions execute in the normal way when executing forwards and are
skipped when executing backwards.

6.5 Starting program execution

» Choose the speed correction as above.
« Select the lower part of the window psessing the List&] key (if it is not already
selected).

When youstart program execution,the robot will start to move. Peripheral

equipment may also be started.
Make sure that everything is ready for program execution to begin and that
nobody is in the safeguarded area around the robot. Starting the program
incorrectly can injure someone, or damage the robot or other equipment.
* Press the function ketartfor continuous or cycle execution mode.

If you want to execute ep-by-sep, press the function kéywWD or BWD instead.
When “Hold-to-run” is activated, the following is applicable:

- for Teach pendant Version 1; press 8tartkey and keep it depressed while
the program is running, otherwise the program will stop.

- for Teach pendant Version 2; press$tartkey, release it, and press the Hold-
to-run key. Keep this key depressed while the program is runnirepnosie
the program will stop (see Figure 22).
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Hold-to-run

Staph FWD  BWD (Modpos) Instr> Enabling device

Press the Hold-to-run key within 3 s
after you pressed the Start key. If a

longer time elapses, you must start —
again with the Start key. f:’/

Teach pendant Version 2

Figure 22 The Hold-to-run key is located on the side of the teach pendant.

6.6 Stopping program execution

When Hold-to-run control is enabled

* Release the start key for Version 1 or the Hold-to-run key for Version 2.

When Hold-to-run control is NOT enabled
* Press the Stop key on the teach pendant.

If the program execution mode is clgaa from continuous to step-by-step or cycle, the
robot will stop automatically after it has completed the instruction or the cycle.

6.7 Where will the program start?
How do you recognise the program pointer?

The program pointer shows how far the program has run amarksed with>> in front
of the instruction.

An instruction that has been fully executed iskedrwith anx , butis only shown

during instruction-by-instruction execution. If the cursor is positioned at this
instruction, the program starts from the program pointer . See the example below. (In
all other cases, the cursor will define the instruction that will be executed when you
pressStart)

Example:

IF regl=5 THEN
> reg2:=5; The last instruction executed.
ELSE
reg2:=8;
ENDIF
» Set dol The next instruction to be executed
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If the cursor is not located on the last instruction executed, then when yo&angss
an alert box will be displayed (because thegpam flow has been changed).
Select whether you wish to start from the program po{ifBj or the cursor using the

arrow keys: Cursor does not coincide
with Program Pointer (PP)!!

Start program from:

PP Cursor Cancel

* Press Ente[«] .

To move the cursor to the program pointer
» ChooseSpecial: Move cursor to PP.

To move the program pointer to the cursor
» ChooseSpecial: Move PP to cursor.

Note If the program pointer is moved into a FOR statement the program will run the
rest of the FOR statement to the end, and then continue with the next statement.
To start the program from the beginning

» ChooseSpecial: Move PP to Main.

The program pointer and the cursor are set to the first instruction in the main routine.

To start the program from a routine

The program pointer and cursor can be moved to any routinee(hre) with no
parameters. If it is moved, the call hierarchy at tina& will no longer be valid, which
means that program execution continues from the start of the routine after the routine
has been fully executed.

» ChooseSpecial: Move PP to Routine.

A dialog box appears, displaying all possible routines.

* Select the desired routine and préss

To go to a position without moving the program pointer

Place the cursor on the positiargument in the instruction. You can also select a
position (robtarget) in thBrogram Datawindow.

» ChooseSpecial: Go to selected position.
A dialog box appears, see Figure 23.
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Start robot movement towards
selected position

Start

Cancel

Figure 23 The Go to selected position dialog box.

* Press the function keytartto start the movement.

6.8 Simulating wait conditions

When the robot is stationary in a wait instruction, @/gitDI dilor WaitTime 3a
dialog box is automatically displayed.

« To continue in the program without fillifg the condition or time, press Ent[«]

The dialog box will disappear automatically when the condition has been fulfilled.

7 Saving and Printing Programs

7.1 Saving the program on diskette or some other type of mass memory

To save a program that has been stored previously

» Chooserile: Save Program

The program is duplicated to mass memory and ceglthe ersion that was last saved.
If the file name or module name is not the same, the dizdewg Program Aswill be

displayed automatically.

To save under a new name

» Chooserile: Save Program As

A dialog box appears, displaying all grams in theurrent directory (see Figure 24).
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Save Program As

Name:= WELDPIPE... ___ Mass memory unit
Massmemory unit:= flp1: -

ROBOTl -——w .
—— Directory level

1(5)
. (Goup 1 level)
WELD1 Program
WELD2 Program
WELDPIPE Program
TEST/ Directory
Unit Cancel OK

Figure 24 The dialog box used to store programs.

* If necessary, change the mass memory unit by pressingintil the correct unit is
displayed.

If the program is to be saved in anotheediory:

« Select the lower part of the window by pressing the key.

» Choose the directory in which the program is to be saved. Move up or down in
the directory by choosing either ‘. .” (up), or the desired directory (down) and

press Entel <] .
« Select the upper part of the window by pressing the['&t key.

« Press Ente[«2] when the figkhmeis selected.

* Specify the new name in the dialog box that appears. When you have finished
entering text, presSK.

* ChooseOK to confirm the save.

Note If afile with the same name already exists, a warning will be given and you can
choose to finish or continue.

Note If you have made a change in a system module, you will be requested to save
this alteration.

7.2 Printing a program from the robot

Print a whole program

» Save the program on a diskette or the ramdisk, and print out from the File Manager.
See Chapter 13 in this manudile Manager

Print a module

» ChooseFile: Print. The current module will be printed directly or saved to a file.

To be able to print, a printer must be connected to the robot controller.
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7.3 Printing a program using a PC

A program can be printed using a personal computer. Most word-procesgranpso
can be used, the only requirement being that the P6ugport diskettes in DOS format.
* Store the program on a diskette.

* Load the program into the PC.

* Print the program.

If you do not wish to print out the position values of a position instruction, save the

program using the commafde: Print in theProgramwindow and choosBave to file
Only the current module will be saved.

8 Changing the Program

Programs can be protected against alteration by makirapgitepriate settings in the
system paramete. A password must then be used to make any changes. See chapter 12,
System parametsTopic: Teach Pendant

8.1 Selecting annstruction or an argument

A complete instruction or a single argument can be selected before a command is given
to change the program. If you wish to change a single argument, it is often easiest to
select the argument first. If you wish to change a complete instruction, you select the
complete instruction. Often, e.g. whaading a totally new ingiction, it does not make

any difference whether the complete instruction, or an iddaliargument, is selected.

To select a complete instruction

Movement Choose

Up one instruction ArrowU@
Down one instruction ArrowDown_]
To first instruction Edit: Goto Top
To last instruction Edit: Goto Bottom
To next page NextPagqy]

To previous page PreviousPa

If the cursor is moved to the first line in a compound instruction (IF, FOR, WHILE or
TEST), all instructions, including the last line (e.@F), will be selected. If
ArrowDown is then pressed, the instructions in the compound instruction will be
selected, one after the oth€@erminatorge.g. ENDIF, ELSE) cannot, however, be
selected separately.

When the cursor is moved upwards to a compound instruction, ArrowUp can be used to
select the instructions within that instruction, and Miceft can be used to select the
complete compound instruction.
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To select a number of instructions
You can select a group of instructions thag in sequence.

* Select the first or the last instruction in the group.
» ChooseEdit: Mark .
« Select the other instructions using Arrow(p or ArrowDawh

The selection will automatically be deactivated wksiit: Cut or Edit: Copy is
chosen. You can also make the selection inactive by choBsittgJnmark .
To select an argument

« Use ArrowRight] ) to move the cursor one argument to the right, or ArrowWLéft
to move the cursor one argument to the left.

8.2 Modifying the position in a positioning instruction

» Move the robot to the desired position.

* Select the instruction that is to be changed. For instructions containing more than one
position, e.gMove(C select the position argument to be changed.

* Press the function keylodPosor chooseedit: ModPos.

The maximum movement/reorientation of a position can be limited in the system
parameters. If this has already been implemented, the system parameters must be
changed in a@ler to allow any greater changes of position. See chapt&ystem
parameter3opic: Teach Pendant

The old position is replaced by the current position of the robot. This position is related
to the current tool and work object.

Note If a named position data is modified, all other instructions which refer to that
position data will also be changed.

8-28

8.3 Tuning position during program execution

The tuning command makes it possible to tune the x, y and z coordinates of a robtarget
during program execution. The function is valid only for named robtargets of the
datatypes constant and persistent. It is not valid for positions represented by *' and
robtargets of the datatype variable. The change is also valid in stopped mode.

* Start with theProgram Testwvindow.
* PressStart

The windowProgramRun Infoappears (see Figure 25).
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View

Program Run Info PROG1
Speed:= 50% O
Running:= Continuous 0O

Executing!

Figure 25 The window Program Run Info.
* SelectView: Position.

The windowProgramRun Positiorappears (see Figure 26).

View

Program Run Position PROG1
Speed:= 50% O
Running:= Continuous 0O

Robtarget:=
Tuning Present

1(1) -

No Data

Figure 26 Window for tuning position during execution.

« Select the fieldRobtargetand press Ente« ]
* Select the robtarget to be tuned.
 ChooseOK or press Ente[«J] to confirm the choice.

The x, y and z values of the chosen position are displayed (see Figure 27).
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View
Program Run Position PROG1
Speed:= 50% 0O
Running:= Continuous 0O
Robtarget:= pos10 ...
Tuning Present 13) -
X 0.00 XX.XX mm
y 0.00 yy.yy mm
z 0.00 22.27 mm
- Tune

Figure 27 The Program Run Position window with a robtarget selected.

* Choose the x, y or z coordinate in the list.
* PresslTune.

A dialog box will appear where you can tune the position.

« Enter the desired tuning value and press E[«<f
- Nochange =0
- Maximum change in one step = £10 mm.
Several steps can be ergd. The position data is changed immediately aételn step

but will not affect the robot path until the next instruction using this position data is
executed. The values in tReesentcolumn will be used in this instruction.

The total tuning will be displayed in tA@ining column.

Note If a named position data is modified, all instructions which refer to that position
data will be affected. Unnamed positions (marked as * in the instruction) cannot be
tuned.

8.4 Changing an argument

* Select the argument that is to be djeth
* Press Ente[«] .

The dialog box used to program instruction argumeppears and the selected
argument isnarked with "?” in front of it (see Figure 28).
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Instruction Arguments

regl:=?reg2;

Select Value: reg2

2(3)
New... counter_a counter_b
regl reg2 reg3
reg4
Next Func More... Cancel OK

Figure 28 The dialog box used to change arguments. In this example, the argegentll be
changed.

The argument can now be changed in four different ways:

- by changing a numeric value; this alternative is used when a numeric value is
to be specified, e.®, or when an argument is to be changed, fromreg2to

reg3
* Select the middle part of the dialog and alternately do one of the
following:
- move the cursor to the left or right using Amtceft (| or
ArrowRight| );

- delete the character in front of the cursor by pressing D <Jte ;
- enter digits at the cursor using the numeric keyboard.

- by choosing data in the lower part of the of the dialog box; this alternative is
used when the argument is to constitute a reference tcedai@g2;

- by choosing a function; press the function kemc and select the desired
alternative from the list. This alternative is used when an argument is to
constitute a function call, e.@ffs(p1,5,0,0);

A new dialog box that can be used togreon function argumentgpears.
Use the function kegkip to delete optional arguments that are not to be
included.

- by entering an optional expression, press the functioiMag; this
alternative is used when the argument is to constitute an expression with
several components, erggl+reg2orregl>5, or a string value, e.g.
"Producing part A".

For more information, seéxpression®n page 16.

* If desired, choosBlextto change the next argument.
» ChooseOK to confirm.
Note You can also us€opyandPasteto change arguments.

Note Any changes in an active position instruction (excepviodPo9 will be valid
first for the next execution of the instruction. To get an immediate result, choose
Special: Move PP to cursor.
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8.5 Adding optional arguments

Optional arguments of an imgttion are not normally included when programming an
instruction, but have to edded afterwards.

» Select the instruction that is to be modified.

* Press the function ke9ptArg.
If you are in théProgram Testwindow, you must first select the whole instruction,

then press Entd | and th@ptArg.

A dialog box appears, displaying all arguments that the current instruction can possibly
have. The arguments not included in the instruction are enclosed within square
brackets (see Figure 29).

Instruction Arguments

2(9)

MovelL
[\Conc]
ToPoint
Speed
[\Time] | [\V]
Zone
NZ]
Tool
\WObj]

Add Remove Cancel OK

Figure 29 The dialog box used to add optional arguments.
» Add an optional argument by selecting the desired argument and prédding
Some arguments (displayed on the same line) cannot exist simultaneously in an
instruction. Whersuch an argument is added, the corresponding mutually exclusive
argument is automatically removed.

An optional argument can also be removed by selecting the desired argument and
pressing the function kegemove

» ChooseOK to confirm the change.

8.6 Changing the strature of an IF, FOR or TEST instruction

* Select the complete instruction that is to be changed.

* Press Ente[«] .

A dialog box appears, displaying the structure that the instruction can have. Structure parts
not included in the instruction are enclosed within square brackets (see Figure 30).
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Instruction Arguments

4(6)

IF
expression
\Statement list
[\ELSE]
[\ELSEIF]
ENDIF

Add Remove Cancel OK

Figure 30 The dialog box used to change the structure of an IF instruction.

» Add part of the structure by selecting the desired parpesssingAdd.

* Remove a part of the structure by selecting the desired part and pRessioge

» ChooseOK to confirm the change.

Note If you want to add more than o SEIF or CASE, these can be added in the

Program window usinGopyandPaste Different CASE statements, such as CASE 1,
2, 3, can also be added usi@gpyandPaste

8.7 Changing the name or declaration of a routine

* ChooseView: Routine.
» Select the destd routine.
* Press the function keyecl

A dialog box appears, displaying the routine deafion.

» Make whatever changes you wish to make (3eating a new routinen page 8).
* ChooseOK to confirm the change(s).

8.8 Deleting annstruction or an argument

* Select the instruction or the argument you wish to delete.

* Press Delet

Note An answer must be given to the password check and confirmation dialog if they
have been set to active in the configuration. The correct password must be entered at
the password prompt. The confirmation dialog is confirmed by Yes or No.

If an argument is compulsory (required), it will be replaced by <...>.
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8.9 Deleting a routine

* ChooseView: Routines.

» Select the desired routine.

* Press Deletd <]

Note Ananswer must be given to the password check and confirmation dialog if they
have been set to active in the configuration. The correct password must be entered at

the password prompt. The confirmation dialog is confirmed by Yes or No.

9 Special Editing Functions

9.1 Search & replace

The search and replace function makes it possible to search for, aue r@égla names
in the program. It is also possible to search for/replace procedure/function calls.
Instruction names can also be changed, e.g. MowvelLto Moveld

ChooseEdit: Search & Replacein theProgram Tesbr Program Instrwindow.

A dialog box appears (see Figure 31).

Search & Replace

Replace: do3...

Module: All
Routine: All
Direction: Forward
Search: do2...

Set dol;
Reset do2;
WaitTime 2;

MovelL p1,v100,z10,t00l0;

All Mod...

Figure 31 The search and replace dialog.
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* Define how the search is to be carried out by defining the following fields.

Fiel Description
Module If “All modules” is selected, the current module name is shown

to the right of the field. IMod...or Enter [«<2] are pressed, a
list of available modules is shown, and a specific module can
be selected.

Routine Searching/replacing is performed in all available routines in the
module selected from the module fieldRibut...or Enter[«]
are pressed, a list of available routines is shown, and a specific
routine can be selected.

Direction Directions for garching.

Search Selection field where a list of available names to search for is
shown when you press Ent[«]

Replace Selection field where a list of available names to replace is

shown when you press Ent[«]

To start a search

« Move the cursor to the lower part of the window using the lis{i&) (see Figure
32).

Search & Replace

Module: Al O weldpipe
Routine: All O main
Direction: Forward
Search: do2...
Replace: do3...
1(4)
MovelL p1,v100,z10,t00I0;
Set dol;
Reset do2;
WaitTime 2;
Replace Search Repl.all OK

Figure 32 Search & Replace dialog when fliegram is selected.
* Press the function keyearchto start the search.
The first match will be selected in the lower part of the window.

* PresReplaceto rephce the selected text or pré&spl.all to replace all matches
without having to confirm.
» Continue the search wiearch

* Pres®OK to end the search.
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9.2 Mirroring

The mirror function can be applied to any routine in a program.

Mirroring a routine means that a copy of the routine is created with all positions
mirrored in a pecific mirror plane.

The new, mirrored routine will be given a new name (a default name is proposed). All
stored data of type robtarget, used in the routine, will be mirrored and stored with a new
name (the old name ending with _m). Allimmediate robtarget data, shown with an “*”,
in movement instructions will also be mirrored.

What does mirrored mean?

In general, all data of the type robtarget, used in the routine, will be mirrored. It makes
no difference whether the ravget data ideclred as a constant (which it should be),

as a persistent or as an ordinary variable. Any other data, e.g. of type pos, pose, orient,
etc., will not be mirrored. Mirroring data only affects the initialization value, i.e. any
current value will be ignored. This means that if a robtarget variable has been defined
without an init value, this variable will nbe mirrored.

The mirroring works as follows:

» The new routine is scanned for any local robtarget datdgred inside the routine
with an init value. All such data’s init values are mirrored.

* Then the new routine is scanned for any statement with one or more arguments of
type robtarget.

* When such a statement is found, the following actions will take place:

- If the argument is programmed with a reference to a local variable or a
constant, this argument will be ignored, since it hesadly been mirrored as
described above.

- If the argument is programmed withiammediate robtarget data, shown with
an asterisk “*”, then this value will be mirrored directly.

- If the argument is programmed with a reference to a global variable, persistent
or a constant, defined outside the routine with an init value, thaplecate is
created and stored in the module with a new name (the old name ending with
_m). The init value of this new data is mirrored, and after thatrtdhement in
the statement is changed to the new name. This means that the module data list
will expand with a number of new mirrored robtarget data.

Error handlers or backward handlers, if any, in the routine, are not mirrored.

Mirror plane

The mirror function will mirror all positions, mentioned above, in the mirror plane, i.e.
the mirrored position will be located symmetrically on the other side of the plane,
relative to the original position. The mirror plane is always the xy-plane of an object
frame, used for mirroring. This object frame is defined by a work object data, e.g. with
the name MIRROR_FRAME. The work object MIRROR_FRAME uses, as all work
objects, two frames for defining the object frame: the user frame and object frame.
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The object frame is defined relative to the user frame, and the user frame is defined
relative to the world frame. Usually, the user frame is set equal to the unity frame and,
in such a case, the object frame is defined relative to the world frame (see3gure

The mirror frame must be stated in the mirror dialogue.

mirror
plane

- o original point
world frame « mirrored point

Figure 33 The mirror plane.

Work object

All positions which are to be mirrored are related tpecdic work object frame. This
means that the coordinates of the robtarget data are segnesative to this work

object frame (see the figure above). Furthermore, the mirrored position will be related
to the same work object frame.

In the dialogue, before mirroring, thepecific work object must be stat This work
object will be used as the reference frame for all variablesthdb be mirrored.

IMPORTANT :

Be sure to state the same work object as was originally used when defining the
robtarget data, and which was used parameter in the movement insttions. If no
work object was used, the wobj0 should be stated.

Mirroring of orientation

The orientation of the robtarget position is also mirrored. This mirroring of the
orientation can be done in two different ways, where either the x and z axes are
mirrored or the y and z axes (see Figure 34). The method used, x or y axis (the z axis
is always mirrored), is dependent on the tool used and how the tool coordinate system
is defined. In the mirror dialogue, the method must be stated.
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Mirroring of x- and z-axes

;oo\

X ~

Mirroring of y- and z-axes

Figure 34 Two different ways of mirroring.

Configuration

The configuration will not be mirrored, which means that, after mirroring, it has to be
carefully checked by executing the path in test mode. If the configuration has to be
changed, this must be done manually and the position corrected with a modpos
command.
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Mirror example 1, one robot

A programmed routine, org, is séal in the robot’'s memory. A mirrored copy of this
routine is to be created and stored with the name mir in memory. All positions are
related to the work object, wobj3. The mirror plane is known from three positions in
the plane, p1, p2 and p3.

An original position in org, pos, is mirrored to pos_m (See Figure 35).
y
A

pos

pos_m

Object frame
wobj3

Figure 35 Mirroring of a routine, using one robot.

To perform this mirroring, the mirror frame must first be defined. To do this, start off
by creating a new work object and name it mirror or whatever. Then, use the three
points, pl to p3, to define the object coordinate system with the help of the robot (see
Chapter 10, Calibration).

After this, the routine, org, can be mirrored using wobj3 and mirror as input data.

Mirror example 2, two robots

In this case, a routine, orgreated on one robot, is to be mirrored and used on another
robot. Suppose that a spot welding robot, robot 1, is used for the left side of a car body.
When the program for the left side is done, it should be nedrand used again for the

right side by robot 2.

The original program, org, is programmed relative to a work object, wobj1, which is
defined with the help of three points, A, B and C on the left side of the car body, using
the “3-point” method(see Chapter 10, Calibration). The mirrored program, mir, is to

be related to a corresponding work object, wobj1, defined by the corresponding points
D, E and F on the right side of the car body. Wobj1 for robot2 is defined with robot2,
using the same “3-point” method. Note that since the points D, E, F are reflected images
of points A, B and C, the wobjl for robot2 will also be mirrored. One of the
consequences of this is that the z-axis will point downwards.
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Virtual
Robot 1 mirror plane Robot

wobjl = mirror
pl_m frame

= projection of p1 in xy-plane

Figure 36 Mirroring of a routine, using twmbots.
After the work object, wobj1, has been defined, algpgonming is done in this frame.
Then the program is mirred using the same wobjl frame as the mirroring frame. A
position, p1, will be mirrored to the new positiph_m.

After this, the mirrored pigram is moved to robot 2, using the work object wobj1, as
described bove. This means that the mirrored positih, m, will be “turned up” as
if it were mirrored in a “virtual” mirror plane between the two robots (see Figure 36).

Mirror f unction dialogue

* ChooseView: Routines
» Select the routine to be mirrored.
» ChooseSpecial: Mirror

A dialog box appears (see Figure 37).
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Mirroring Of Routine
Routine to mirror
New routine name

Work object
Mirror frame

Mirror axis

s left
s right...

: left_side...
: car_centre...

' X

Cancel OK

Figure 37 Mirror function dialogue.

* Define how the mirroring is to be performed in the fields below.

Field

Routine to mirror
New routine name

Work object

Mirror frame

Mirror axis

« Start the mirroring witlOK.

User's Guide

Description
The name of the routine that will be mirrored.

The mirrored routine will be given this name. If the
Enter key is pressed when this field is
selected, a text input dialog will be displayed.

The work object to be used when applying the
mirror function on robtarget variables. If the
Enter key is pressed, the work object
selection dialogue will be displayed.

The frame to be used as the mirror plane. The
frame is of the type wobjdata. If the Enf«]  key
is pressed, a mirror frame selection dialogue will
be displayed.

Specifies the mirroring of orientation. When this
field is selected, the function key bar shows the
alternatives X and Y. The mirroring of orientation
is then selected by pressing the corresponding
function key.
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10 Creating Data

10.1

What is data?

Data is used to store values that can be used at a &gernstthe program. Data is
grouped into different datapgs that describe its contents and its fieldpplication.

Data type Used for:

num Numeric values (registers, counters)

bool Logical values (true or false)

robtarget Position data

tooldata Tool data (see Chapter 10, Calibration)

wobjdata Work objects (see Chapter 10, Calibration)

pose Program displacement frames (see Chaptetalibration)

For more detailed information on data and its contents, see the appropriate data type in
Chapter 14 in this ManualData Types

Data must be defined (declared) before it can be used. However, depending on the
configuration of the robot, there is usually a number of predefined data.

Data can be defined as constants, variables or persistents:

- The value of @onstantcan only be changed manually.

- A variablecan also be changed by thegmam, but its initialisation value is
automatically set when:

- the program is read from diskette or the like,

- the program is started from the beginning, i.e. from the first instruction in
the main routine,

- the program pointer is moved to the beginning of a routindnbgstng
Test: Move PP To Routine

- A persistentan be described as a variable whose initialisation value is
constantly updated so that it corresponds to the current value. Thus, its value
is not changed when the gram is started from the beginning. If the program
is output to a diskette, the new initialisation value is stored.
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10.2

TheProgram Datawindow (used to manage data)
» ChooseView: Data to open the Program Data window.

The window displays all data of the type last selected. The current values are also
displayed (see Figure 38).
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File Edit View Data Special

Program Data WELDPIPE
Data type—— | num In System

Name Value Module

3(7)

counter_a 12 WELDPIPE
Data » counter_b 20 WELDPIPE

regl 1 USER

reg2 0 USER

reg3 0 USER

regd 99 USER

regs 45 USER

New.. Decl ... Dupl ... Instr - Test —

Figure 38 All data of a given type are displayed in the Program Data window.

To choose a new data type in theogram Data window
* Open the windowProgram Data Typeby choosing/iew: Data Types

TheProgram Data Typewindow opens and displays all data types that have at least
one declared data (see Figure 39).

File Edit View Types

Prog. DataTypes WELDPIPE

5(7)

All data
bool
clock
num
robtarget
tooldata
wobjdata

Data types—»

All Data

Figure 39 The Program DataTypes window is used to change the data type.

» Select the destd data type and press En[«] . If desred type is not displayed
in the window, you can call up all data types by presaihtype or choosing
Types: All Types

All data can be chosen by selectiljdata.

Data for a selected type can be chosen by preBsitayor Enter[«<] .

10.3 Creating new data
* Open théProgram Datawindow by choosinyiew: Data ...
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TheProgram Datawindow is opened and displays all data of the type last selected.

If you wish to create data of a type other than that displayed, ciiaseData Types
select the desired data type and press <

* Press the function kdyew.

A dialog box appears, displaying the name of the data (see Figure 40). The name of the
data is set taxxNwherexxxdescribes the data type aNds a number incremented
eachtime this type of data is created. The first data of the type clock is rdooéd,

the secondslock? etc. Some data types are abbreviated, e.g.:

Data type  Predefined name Data type  Predefined name
num redN loaddata loall
robtarget Y] tooldata todN

bool flag\ speeddata spelid

Current module

/

num Data Def. in USER ’

Name:=reg7 ...

Decl Cancel OK

Figure 40 New data is created.
« Change the name by pressing Er{ <] and specify a new name.

The data will automatically be given characteristics that are best suited to the current
type, but these can be changed when necessary.

Normally, data is stored as a part of the program. Hewevhen data is to h@esent
in the memory, irrespective of which gram is laded, it is stored in the system
moduleUser. Examples of this type of data are:

- tools and work objects; changing this data will affect algpams.
- registers and other data that are not to be initialised whergeprahages.

When you wish to save in the current module and with standard characteristics, you can
finish by pressin@K. In other cases the characteristic must be defined.

* Press the function kdyecl.
A dialog box appears, displaying the basic dataastatibn (see Figure 41).
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num Data Definition
Name:=reg7 ...
Type:= variable O
In Module:= USER

Initial value

1(1)

reg7:= 0 (num)

Cancel OK

Figure 41 A data declaration includes the name and characteristics of the data.

* Select the appropriate field and specify the desired characteristics by:

- pressing Ente[«2] and specifying the desired alternative in the dialog box
that appears (fields marked with ...)

- choosing an alternative using the function keys (fields markedwith )
- specifying the value dectly using the numeric keyboard (numeric initial

value).

Fiel Description

Name The name of the data (a maximum of 16 characters).

Type Specifies whether the data is to be a cons@on$), variable
(Var) or persistent variabldérs).

In Module The module in which the new routine will be used.

Initial value A value assigned to the data when, e.g. reading from a diskette.
Change the value by pressi{Z&] and enter the new initial
value.

* ChooseOK to terminate the definition.
Tip Itis sometimes easier toeate new data luplicating and changing existing data.

10.4 Duplicating data

* Open the windowProgram Databy choosingview: Data.
» Select the data to be duplicated.

* Press the function kdyupl.

* Specify the new name in the dialog box that appears.
* ChooseOK to confirm the duplication.
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10.5

Storing position data using the robot

» Open theloggingwindow and specify the tool and work object on which th&ipos
is to be based.

* Jog the robot to the desired position.

» Create new data aescribed irCreating Dataon page 42. Specify the data type
robtarget

The current position of the robot will be automatically stored as an initial value.

10.6

Routine data

Normally, data 4program data -€an be accessed from anywhere in the program. Data
can also be linked to a specific routineosdtine data— and, in this case, exists locally
within the routine.

* Open thd’rogram Datawindow by choosingyiew: Data.

* ChooséData: In Routine ...

The window will then display the routine data for the current routine. The window is

identical to the window shown in Figure 38, except that it displays the routine name
after the program name.

Now you can create and change routine data in the same way as for program data.

11 Changing Data
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11.1 Viewing and possibly changing the current value

» Select the desired data in an instruction.
» ChooseEdit: Value.
A dialog box will appear, displaying the current value (see the example in Figure 42).

For more detailed information on the meaning of the various components, see the
appropriate data type in the RAPID Befnce Manual.
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Current Data value
2(17
gunl: (tooldata)
robhold:= TRUE O (bool)
tframe: (pose)
trans: (pos)
X:= 0.0 (num) =] Data types
yi= 0.0 (num)
z:= 0.0 (num)
rot: (orient)
gql:= 1.0000 (num)
TRUE  FALSE Cancel OK

Figure 42 The dialog box used to change values.

» Change the value by selecting the desired field, then:

- Choose an alternative using the function keys.

- Specify the value directly using the numeric keyboard.
* ChooseOK to confirm the change.

You can also open the dialog box as follows:

* ChooseView: Data.

* Select the destd data. If you wish to view data of a type other than that displayed,
chooseéData: Datatypesand select the desd data type.

* Press Ente[«2] or chooBata: Value.

Continue as above when the dialog box appears.

11.2 Changing data names or declarations

* ChooseView: Data.

* Select the destd data. If you wish to view data of a type other than that displayed,
chooseéData: Datatypesand select the desd data type.

* Press the function keyecl.
A dialog box appears, displaying the data desdion.

» Change the name and daetion as described {Dreating Dataon page 42.
* ChooseOK to confirm the change.
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11.3 Deleting data

* ChooseView: Data.
» Select the desired data.

* Press Deletd<x] .

* Pres9OK to confirm the deletion.

12 Error Handling

8-48

Each routine has arror handler that can be programmedeal with anyerrors that
occurduring program execution. In this way, some errors (listed below) can be dealt
with automatically by the program:

when no search stop is obtained during a search,

when a file cannot be opened,

when there is division by 0.

Other errors are listed undeata Types - errnum - Predefined D4RAPID
Reference Manual).

The error handler is programmed in the normal way using RAPID instructions. When an
error occurs, a jJump is made to the error handler in the routine in which the error
occurred.

If there is no error handler, a jump is made instead to the error handler in the routine
that called the routine in question. A general error handler for the whole program can
therefore be created in the main routine. dréhis no error handler when an error
occurs, prgram execution will stop and an error message will be displayed.

The error can then be remedied in the error handler and theaprean be
automatically restarted as in the example in Figure 43.
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Main routine

read_diskette: read_diskette

.
MoveJ .. ~g— Open ...
. Set di1;
ERROR '—(V 2
o
) > ﬁ 6\6‘
i D
Ll
W @ [ERROR 4

Remedy the error by, for example,
— requesting the operator to insert the
— correct diskette.

L IF ERRNO=ERR_FILEOPEN THEN

—RAISE4/
RETURN

Figure 43 The program can be restarted from the error handler in various ways.

If the program cannot read a diskette, a jump is made to the error handler of the routine,
where the error is remedied. The program can then be restarted by re-executing (RETRY)
the instruction that caused the error, executing the next instruction (TRYNEXT) or by
returning (RETURN) to the calling routine. The error can also be remedied in the error
handler of the main routine (RAISE).

To create an error handler

* ChooseView: Routines.
* Choose the routine to which the error handler is to belong.
» ChooseRoutine: Add Error Handler .

To program the error handler

» Choose the routine to which the error handler is to belong.

« In theRoutinewindow: Choosd&outine: Error Handler.
In other windows: Chooséiew: Error Handler .

* Program the error handler in the usual way.
* Return to the main part of the routine by choo&/rey: Instr .

To remove an error handler

* ChooseView: Routines.
» Choose the routine to which the error handler is to belong.
» ChooseRoutine: Remove Error Handler.
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13 Using Modules

13.1 What is a module?

The robot program can be subdivided iptogram moduleseach module containing
a group of routines and data. In addition to this, system modules which are always

present in the memory, can be used (see Figure 44).

—— Program memory

—— Program
—— Main module
Program data
Main Routines
routine
—— Modules

Program data

Routines

System modules —I

Figure 44 Routines and data can be grouped together to form modules.

The entire program @eparate modules can be stored on diskette or some other type of
mass memory. System modules are automatically loaded when the system is cold-

started.
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A module can include, for example:

- general routines for many different installations,

- positions generated via CAD,

- routines for a certain type of extereguipment, such as a workpiece
manipulator.

System modules can, for example, include generaldagatool data) for all programs
used in the same robot.

The main routine of the program is located in one of the modules (the module with the
same name as the program).

Both program and system modules work in the same way once they have been loaded
into the memory. All modules can normally be edited using the teach pendant, but, as
system modules are often write-protected, the write protection must first be removed.

13.2 Choosing modules
* ChooseView: Modules.

The windowProgram Moduleslisplays all modules present in the program memory
(see Figure 45).

File Edit View Module

Program Modules WELDPIPE

Name Type

2(4)

CAD_POS Program Module
Modules———» WELDPIPE Program Module

USER System Module

BASE System Module

New.. Decl ... Data —

Figure 45 The Program Modules window displays all modules in the task program.

» Select the desired module.

* Press Ente[«] .

TheProgram Routinesvindow, in which you can choose the desdiroutine, opens.

13.3 Creating a new module

* Open the windowrogram Modulesy choosingview: Modules.

User's Guide 8-51



* Press the function kdyew.

A dialog box appears, displaying the basic moduleattatibn (see Figure 46). The
name of the routine is setteoduleN whereN is a number incremented each time a
routine is created.

Module definition

Name:= modulel...
Type:= program module O

Cancel OK

Figure 46 A module declaration specifies the name and characteristics of a module.
» Change the name and characteristics of the module by selecting the appropriate field,
then:

- Press Ente[«<2] and specify the desired alternative in the dialog box that
appears on the display (fields marked with...).

- Choose an alternative using the function keys (fields marked®with ).

Fiel Description

Name The name of the module (a maximum of 16 characters).

Type Specify whether the module is to be agramm or system
module.

* Pres9OK to end the module dexdation.
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13.4 Changing the name or declaration of a module

* ChooseView: Module.
» Select the desired module.
* Press the function kdyecl

A dialog box appears, displaying the module destion.

» Make whatever changes you wishntake (se€reating a new modulen page 51).
* ChooseOK to confirm the change(s).
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13.5 Reading a program module from diskette or some other type of mass memory

* ChooseFile: Open.

A dialog box appears, displaying all modules an@j@ms in the current directory (see
Figure 47).

Open
Select a Program or a Module

Massmemory unit:= flp1: - |
MODULES -——r— =~~~ | .
—— Directory level

4(4)

L Mass memory unit

(Go up 1 level)

éAD_POS Program Module
USER System Module
BASE System Module
Unit New Dir Cancel OK

Figure 47 The dialog box used to read modules.

* If necessary, change the mass memory unit by pregsitigintil the correct unit is
displayed.

* Select the destd prgram module. Move up or down in theettory by choosing
either ‘. .’ (up), or the desired directory (down) and press §«<Jr

¢ ChooseéOK to confirm.

The specified module will then be read to the robot memory and added to the rest of the
program.

13.6 Deleting program modules from the program

* Open the windowrogram Moduledy choosing/iew: Modules.
* Select the desired module.
* Press Deletd X

Note  An answer must be given to the password check and confirmation dialog if
they have been set to active in the configuration. The correct password must be entered
at the password prompt. The confirmation dialog is confirmed by Yes or No.

13.7 Listing all routines in all modules

Usually only the routines contained in the current modrgadisplayed in therogram
Routinesnvindow. You can, however, change this so that all routines in all modules are

displayed.
* Open the windowrogram Routineby choosing/iew: Routines.
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» ChooseRoutine: In System

To list only the routines in the current module again, ch&meine: In Module.

13.8 Duplicating a routine from one module to another

* Choose the module in which the new routine is to be included.

* List all routines by choosinBoutine: In Systemin theProgram Routines
window.

* Select the routine to be duplicated.
» Continue in the normal way, as describe®uplicating a routineon page 10.

13.9 Listing all data in the current module

Usually the data contained in all modules is displayed ifPtbgram Datawindow.
You can, however, change this to display only the data in the current module.

» Open the windowProgram Databy choosingview: Data.
» ChooseData: In Module.

To list all program data in all modules again, chdoa&: In System

13.10 Duplicating data from one module to another

Data can be duplicated from one module to another. Routine data cannot, however, be
duplicated.

* Choose the module in which the new data is to be included.

* Select the data to be duplicated in fregram Datawindow.

 Continue in the normal way, as describe®uplicating dataon page 45.

13.11 Saving modules on diskette or some other type of mass memory

To save a module that has been stored previously

* Open the windowrogram Modulesy choosingview: Modules.
» Select the module to be saved.
* Choosd-ile: Save Module

The module is duplicated to mass memory and cegléhe last version saved.
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To save under a new name

* Open the windowrogram Modulesy choosingview: Modules.
» Select the module to be saved.
* ChoosdFile: Save Module As

A dialog box appears, displaying all modules andyms in theurrent directory
(see Figure 48).

Save Module

Name: Cadpos ... . Mass memory unit
Massmemory unit:= flp1: - |
MODULES -——— =~~~ === | Di t | |
1(4) — Irectory leve
. (Go up 1 level)
CAD_POS Program Module
SYSTEM1 System Module
SYSTEM2 System Module
Unit New Dir Cancel OK

Figure 48 The dialog box used to stone@dules.
* If necessary, change the mass memory unit by pregsingintil the correct unitis
displayed.

* Choose the directory in which the module is to be saved. Move up or down in the
directory by choosing either ‘. .” (up), or the desired directory (down) and press
Enter . Create a new directory by pressieyv Dir.

« Press Ente[«2] when the fidkhmeis selected.

* Specify the new name (using the numerighdaard) in the dialog box that appears.
PressOK when you have finished entering the new name.

* Choosd&OK to confirm the save.

13.12 Calling up the complete module list

* ChooseView: Modules.
» Select the desired module.
* ChooseModule: Module List.

The complete module is displayed, including its data declarations and routines. It
cannot, however, be changed.

* Exit the module list by pressirf@K.
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14 Preferences

14.1 Defining theMost Commoninstruction pick list

You can define the contents of thlest Commoinstruction pick list to obtain a pick
list of the instructions you use most.

* Choosd-ile: Preferences
* Select, for exampléylost Common SetUp.1

* Press Ente[«] .

All instructions and procedures are displayed. Those included in the piakelist
marked with arx to the left of their names (see Figure 49).

Most Common SetUp 1

7(40)
X =
AccSet
ClkReset
ClkStart
ClkStop
Close
X Compact IF
ConfJ
ConfL

Result — Excl Cancel OK

Figure 49 You specify the instructions to be included in the list in the Most Common Setup
dialog box.

» Add an instruction by selecting the appropriate instructiorpaessingncl.
That instruction will then be marked with arto its left.

* Remove an instruction by selecting the appropriate instruction and préssing
The instruction will still be displayed in the window but #te its left will disappear.

* PresResult

The instructions included in the pick Iete displayed (see Figure 50).
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Most Common Result 1

4(6)

Compact IF
FOR
GOTO

IF

RESET

Setup - Movetr Movey Cancel OK

Figure 50 You specify the order of the instructions in the list in the Most Common Result
dialog box.

* Change the order of the instructions udihgve + andMovey. Move+r moves the
selected instruction up one step &malve v moves it down one step.

* When the definition is ready, preS«.
To return to thévlost Common Setupalog box, presSetupinstead.

The current Most Common list is automatically chosen as the active pick list. The
various Most Common lists can be chosen from the IPL2 menu in the Program Instr
window.

Note This definition is stored in the systggaramegrs (topic Teach Pendant) which
should be saved from ti8ystem Parametev@gndow.
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The programming language RAPID

1 Programming a Position

1.1 Positioning instructions

A positioning instruction contains the following information:

Type of path (e.g. linear, joint motion)

The destination position to which the robot is to move
Speed

Zone size (accuracy), i.e. how close the robot must be to the destination
position before it can start to move towards the next positifinelis chosen,
the robot moves to the position.

Current tool (TCP).

Type of path
- L=linear
- J=Joint
- C=circular

R\ |
MovelL pl, v100, z10, tooll

Speed specified in the speed data v100 = 100mm/s

Zone size specified in the zone data z10 = 10mm
¢ Tool (TCP)

Destination position
- *= stored in instruction
- p1= stored in position data pl

The speed and zone size refer to different data, which includes the desired speed, zone
size in mm/s, etc. You can create and name this data yourself, but, the most commonly
used values are already available.

You specify the tool — its dimensions and weight — in the tool data (see Chapter 10,
Calibration). The TCP of the tool is moved to the specified destination position when
the instruction is executed (see Figure 1).
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Movel p1, v200, z10, tooll
Movel p2, v100, fine, tooll
MoveJp3, v500, fine, tooll

Figure 1 Positioning the robot.
Apart from these arguments, a positioning instruction may contain optional arguments,
e.g. arguments used to specify the positioning time. See the appropriate instruction in
RAPID Reference Manual for more details.

* Jog the robot to the desired destination position.
* Call up the instruction pick list by choositi®L1: Motion&Process.

The program and specified pick list will then appear in the window (see Figure 2).

File Edit View IPL1 IPL2

Program Instr WELDPIPE/main
Motion&Proc

1(1)
<SMT> 1 MoveL

2 MovelJ

3 MoveC
4 ProcCall
5 Set

6 Reset
7=

8 Incr

9 More y

Copy Paste OptArg ... (ModPos)  Test —

Figure 2 The dialog box used to program positioning instructions.
* Choose the desired instruction by pressing the appropriate numeric key.

The instruction will be added directly to the program, as illustrated in Figure 3. The
arguments are set automatically.
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File Edit View IPL1 IPL2

Program Instr WELDPIPE/main
Motion&Proc

1(1)

Movel *, v100, z10, tooll 1 MoveL

2 Moveld

3 MoveC

4 ProcCall

5 Set

6 Reset

7:=

8 Incr

9 More y

Copy Paste  OptArg ... ModPos Test —

Figure 3 A positioning instruction is added directly to gregram.

If the correct argument was chosen, the instruction is now ready for use. However, we
will continue and change the speed and zone size.

* Select the argument you wish to changQin this example).
* Press Ente[«] .

The dialog box, used to program instruction arguments, appears. The selected
argument is marked with a ? in front of it (see Figure 4). The lower part of the box
displays all available speed data that can be selected.

Instruction Arguments

MovelL *,? v100, z10, tool1;

Speed: v100
4(8)
New... vmax v5
v10 v20 v30
v40 v50 v60
v80 v100 v150
Next Func More... Cancel OK

Figure 4 The dialog box used to change the speed.

* Select the desired speed.
» Go to the next argument (zone data) by pregsag.

All available zone data will be displayed (see Figure 5).
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Instruction Arguments

Movel *, v60,? z10, tool1;

Zone: z10
2(4)
New... fine z5
z10 z15 z20
z30 z40 z50
260 z80 z100
Next Func More... Cancel OK

Figure 5 The dialog box used to change zone data.

» Select the desired zone size.
* ChooseOK to confirm the change.

The instruction is now ready for use.

1.2 Programming an offset
Sometimes it is easier to define a position as an offset from a given position. If, for

example, you know the exact dimensions of a work object, it will only bessey to
jog to one position (see Figure 6).

plL 100 mm P2

50 mm
p4 p3
MovelL p1, ...... MovelL p1, ....
Movel p2, ...... MovelL Offs (p1, 100, 0, 0), ....
Movel p3, ...... MovelL Offs (p1, 100, 50, 0), ....
Movel p4, ...... MovelL Offs (p1, 0, 50, 0), ....
MovelL p1, ...... MovelL p1, ....

Figure 6 Two different ways pfogramming a movement.

Starting point
Displacement in x-direction
Displacement in y-direction

i Displacement in z-direction

MoveL Offs (p1, 100, 50, 0), v100,....
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* Program a positioning instruction as describd@rogramming a Positioon page 3.
» Select the position argument and press E[«}

* Presg~unc.

» Select the functio®ffs and press Entg«]

A dialog box appears in which you can enter the arguments of the function
(See Figure 7).

Function Arguments

Offs (?,<...><..><..>

Point
1(1)
New... pl
Next Func More... Cancel OK

Figure 7 The dialog box used to set an offset.

* Select the starting point.

» Press\ext

* Enter the offset (the offset value) in the x-direction using the numeric keyboard.
* Press\ext

* Enter the offset in the y-direction using the numeric keyboard.

* Press\ext

* Enter the offset in the z-direction using the numeric keyboard.

* PresOK.

2 Changing the Value of an Output

An output instruction contains the following information:
- information on the output to be changed,
- information on the desired value.
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Digital output

Reset dol

Output
Desired value

SetDO dol, high

* Call up the instruction pick list for 1/O instructions by choodiAgl: I/O .

* Choose the desired instruction by pressing the appropriate numeric key.

You must now specify the output to be changed. All the different robot outputs are
displayed for this purpose (see Figure 8).

Instruction Arguments
Reset ?<EXP>;
Signal:
1(4)

New... dol do2
do3 do4 do5
do6 do7 do8
do9 dol10 dol1l

Next Func More... Cancel OK

Figure 8 The dialog box used to define an output.

* Select the desired output.
* ChooseOK to confirm.

3 Waiting

3.1 Wating for an input
A wait-until-input instruction contains the following information:

- the name of the input,
- the input value necessary for progrexecution to continue.
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Input

J

Value

4

WaitDI dil, 1

Input

Value

4

WaitUntil dil =1

TheWaitUntil instruction can also be used to wait for several inputs.

* ChoosdPL1: Various.
* Select the instructiowaitDI.

You must now specify the condition that must be satisfied if program execution is to

continue. You do this using the dialog box illustrated in Figure 9.

Instruction Arguments

WaitDl ?<EXP>,<EXP>;

Input:
1(4)
New... dil di2
di di4 di5
di6 di7 di8
di9 di1l0 di1ll
Next Func More... Cancel OK

Figure 9 The dialog box used to define an input.

* Select the desired input.
» Choose\ext to define the next argument, i.e. the value of the input.
* Enter the input value using the numeric keyboard.

* Pres€OK to confirm.
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3.2 Waiting a specific amount of time

Time to wait

#

WaitTime 0.5

e ChoosdPL1:Various.
* Select the instructiowaitTime.

A dialog box appears in which you can enter the time (see Figure 10).

Instruction Arguments

WaitTime ?<EXP>,

Time:

1(1)

New...

Next Func More... Cancel OK

Figure 10 The dialog box used to define WaitTime.

* Enter the time using the numeric keyboard.
* Pres®OK to confirm.

4 Controlling the Program Flow

4.1 Calling a subroutine
A call instruction contains the following information:

- information on the routine to be called,
- information on any arguments.

The routine name )
Arguments (if any)

routinel reg3, 23

When this instruction is executed, the called routine will be executed. Following this,
execution will return to the calling routine (see Figure 11).
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main routine

routinel; /

'.s(.-:‘t dol; l\\

routinel

Figure 11 A routine can call another routine.

* Call up the instruction pick list for the program flow by choosiigl: Prog. Flow.
* Choose the instructidArocCall by pressing the appropriate numeric key.

You must now specify the routine that is to be called. All routines are displayed for this
purpose (see Figure 12).

Select procedure
1(2)
cleangun erroroutl
weldseql weldseq2 ...
Cancel OK

Figure 12 The dialog box used to select procedures.
* Select the desired routine and prés

If the routine has no parameters, the instruction is ready for use; if it has parameters
(indicated by ...), a dialog box will appear in which you specify the parameters of the
routine in the same way as you specify an instruction argument.

4.2 Program control within a routine

ThelF instruction is used when different instructions are to be executed depending on
whether a condition is satisfied or not, e.g. depending on whether an input is set or not.
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Input

Condition: =, <>, >, <, >=, <=

Value
X
IF dil =1 THEN

Instructions executed if dil=1

ELSE

Instructions executed if dil=0

ENDIF

An IF instruction without ELSE is used when certain instructions are to be executed
only if a condition is satisfied. If only one instruction is to be execut€dnapact IF
instruction can be used.

Compact IF:

Any condition Any instruction

IF regl =reg2 set dol

IF: i
Any condition

IE dil=1ORdi2 = 1 THEN

Instructions executed if dil or di2=1

ENDIF

To program an IF instruction in order to test an input

* Call up the correct instruction pick list by choosiRd11: Prog. Flow.
» Choose the instructidifr (or Compact I by pressing the appropriate numeric key.

You now specify the condition that must be satisfied if program execution is to
continue.

« When the condition <EXP> is selected press E[«]

A dialog box will appear in which youpscify the required data type for the condition
(see Figure 13).
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Select datatype:

1 IF num (e.g. regl=1)

2 IF signaldi (e.g. di1=0)

3 IF bool (e.g. flag1l=TRUE)
4.

Cancel OK

Figure 13 The dialog box used to select data type.

» SelectF signaldi and press Entd«2| . Alternatively, you can use the numeric
keyboard to select the figure in front of the desired data type.

A dialog box will appear in which you can specify the desired input (see Figure 14).

Expression Argument

1(6)

dio di1 di2
di3 di4 di5
di6 di7 di8
di9 di10 dill
di12 di13 dil4
dil5 dil6

Text Func Content  Cancel OK

Figure 14 The dialog box used to define expression arguments.

« Select the desired input and press E{«+]

* ChooseOK to confirm.

The dialog box used to program expressions will be called up again. All operators are
now displayed in the lower part of the box.

« Select the operator = and press Ef <]

 Enter O or 1 directly using the numeric keyboard.

* ChooseOK to confirm the change.

» Add instructions between THEN and ELSE and between the ELSE and ENDIF by
selecting the empty instruction <SMT> and choosing the desired instructions from the
pick list.

If you want to remove the ELSE part of the instruction:

« Select the complete IF instruction and press E[ <}
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A dialog box will appear, displaying the possible structure of the instruction. Structure parts
not included in the instruction are enclosed within square brackets (see Figure 15).

Instruction structure

4(6)

IF
Expression
\Statement list
\ELSE
NELSEIF]
End

Add Remove

Cancel OK

Figure 15 The dialog box to change the structure of an IF instruction.

» SelecdAELSE and presRemove
* ChooseOK to confirm the change.

5 Assigning a Value to Data (Registers)

An assignment instruction contains the following information:

- information on the data to be changed

- information on the desired value, which may be a complete expression, e.g.

regl+5*eg2
Data to be Value
chang;s /
regl =1

The following instructions can be used to perform simple calculations on register variables.

Clear regl
Incr regl
Decr regl
Add regl, 5

clears a register
increments by 1
decrements by 1
adds a value (5) to a register

To program an assignment instruction

* Call up the correct instruction pick list by choosiRg1: Various or Mathematics.

» Choose the instructiar by pressing the appropriate numeric key.
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You must now specify the data to be changed. All the various data are displayed for this
purpose (see Figure 16).

Select datatype:

1 num := (e.g. regl=1)

2 bool := (e.g. di1=0)

3 robtarget:= (e.g. flag1=TRUE)
4.

Cancel OK

Figure 16 The dialog box used to select data type.

» Select the desired data type and press H<|r . Alternatively, you can use the
numeric keyboard to select the figure in front of the desired data type.

If the desired data type is not found among the three predefined types, choose
alternative 4 for morgypes. The data types that have already been used in the program
will now be listed in the lower half of the box (see Figure 17).

To view all the data types, press the function K&yl'ype.

Select datatype:

1 num := (e.g. Regl=1)
bool := (e.g. di1=0)

3 robtarget:= (e.g. flagl=TRUE)

4.

bool
clock
X

X

X

X

All Type

Figure 17 The dialog box shows data types used ipribgram.
* Choose the desired data type and press [« }r

A dialog box will appear in which you can define data that is to be changed (see Figure
18).

User's Guide 9-15



Instruction Arguments

?<VAR>:= <EXP>;

Data:
1(3)
New... counter_a counter_6
regl reg2 reg3
regd regb reg100
Next Func More... Cancel OK

Figure 18 The dialog box used to define data that is to be changed.
Only num data is shown in the list.

» Select the desired data.

* Select the next argument by presdiext

You must now specify the new value for the data. For the purposes of this exercise, we
have chosen a constant value, e.g. reg1:=5.

Use (list) to select a data instead of a numeric value.

* Using the numeric keyboard, enter the value directly.
* ChooseOK to confirm the input of the instruction.

The instruction is now ready for use.
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Calibration

1 Coordinate systems

All robot positions in a robot program, are storedactangular coordinates (e.g. xyz
values for position), related to a defined coordinate system (or frame). This coordinate
system may in turn be related to another coordinate system etc. in a chain. Some of
these coordinate systems are embedded in thegooation of the robot system, and

are not visible to the user, while others may be programmed by the user. The table
below provides an overview of the various coordinate systems (or frames) used in the
robot system:

Coordinate system Defined where Related to

Base Frame of robot Service/View:BaseFrame. World Frame

Base frame definition of robot gives relation betwee
world and base frame.

plate.

World Frame No definition needed Nothing
User Frame, fixed in room. Program/View: Data Types - wobjdata World Frame
(Tool mounted on robot) In any work object data

User Frame, fixed on robot mounting Program/View: Data Types - wobjdata Wrist Frame

(Tool fixed in room)

In any work object data

User Frame, coordinated to an external| Service/View:/BaseFrame. World Frame
axis In the base frame definition of an external mechanical

unit
Object Frame Program/View: Data Types - wobjdata User Frame

In any work object data

Program Displacement Frame In the system variableROGDISP, set up by instruct Object Frame

tions PDispSet or PDispOn etc.

Robtarget frame (Programmed position) When a position is programmed. Program Displacement Frame
Base Frame of a mechanical unit (only for Service/View:BaseFrame. World Frame
internal system use) In the base frame definition of an external mechanicpl

unit or as configuration parameter.

Wrist Frame Implicit in the kinematic model of robot Base Frame of the robot.
Tool Frame Program/View: Data Types - tooldata Wrist Frame
(Tool mounted on robot) In any tool data

User's Guide

Now any programmed position, epd., will be related to the World Coordinate system
through the chain:

world frame’ user framé object framé program displacement frame1

The current position of the robot, i.e. the location of the tool, is related to the World
Coordinate system through the chain:

world frame’ base framé kinematic model wrist centre framé tool frame
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When the robot is moved in automatic mode to a programmed position, the aim is to

bring the tool (tool frame) to coincide with the programmed position, i.e. to close the
chain:

user frameé object framé program displacement frame1

world frame

base framé kinematic model wrist centre framé tool frame

Robot base

The accuracy of the robot, i.e. how well the tool frame will coincide with the pro-
grammed position, is normally independent of the accuracy of the various coordinate
systems. This is true, however, only if the same coordinate systems are used as when
programming the robot, pointing out all positions with the r@teyetition accuracy).

If the coordinate systems are changed, making it possible to displacegtaprthen

the accuracy is dependent on every single link in the chain. This means that the accu-
racy is directly dependent on the calibration accuracy of the various frames. This is
even more important for off-line programming.

In the following chapters, an overview will be given of the steps to be taken to calibrate
and define the robot and the different coordinate systems mentioned above.
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2 Coordinated axes

2.1 External axesgeneral

All external axes are handled in mechanical units. This means that before an external
axis may be moved, the mechanical unit to which it belongs, must be activated. Within
a mechanical unit, the different axes will be given a logical name,drorh In the

system parametts, these logical axes will be connected to the external axes joints. For

each joint a motor and a drive unit is defined. Different joints may share the same motor
and drive unit.

Two or more mechanical units may be activated at the same time, as long as they do
not have the same logical axes defined in their set of external axes. However, two or
more mechanical units may have the same logical axes, if they are not activated simul-
taneously.

Two or more mechanical units may not be activated at the same time, if they share one
or more drive units, even if they use separate logical axes. This means that two logical
axes, each belonging to different mechanical units, may control the same drive unit, but
not at the same time.

2.2 Coordination
A mechanical unit may be coordinated or not coordinated with the robot movements.

If it is not coordinated, each axis will be moved independent of the robot movements,
e.g. when jogging, only the separate axis will move. However durirgggmoexecu-

tion, the external axes will be synchronized to the robot movement, in such a way that
both movements will be completed in the same time.

If the mechanical unit is coordinated, it is guaranteed that the robot TCP movements,
as seen in the object or user coordinate system, will be the same irrespective of the
movements of the external axes.

Two types of coordination categories exist. The first category of coordination is when
the robot itself is moved, e.g. the coordination to a gantry or track movement. This
means that the robot is mounted on a gantry or a track, and may be moved along these
axes. The world and user/object coordinate systems, however, will be fixed in the
room, and the robot movements in these coordinate systems will be independent of
simultaneous gantry or track movements. This coordination is automatically active, if
the mechanical unit with the track motion is active.

The second coordination category, is when the robot movements are coordinated to the
movements of a user frame connected to a mechanical unit. E.g. a user frame may be
placed on a turntable and connected to its movements. An ordinary work object may be
used for this purpose, if it isarked with the name of the mechanical unit to be con-
nected to, and that it should be moveable. The coordination will be active if the
mechanical unit is active, aride “coordinated” work object is active. When such a
“coordinated” work object is used, in jogging or in a move instruction, the data in the
“uframe” component will be ignored and the location of the user coordinate system will
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only depend on the movements of the mechanical unit. However the “oframe” compo-
nent will still work giving an object frame related to the user frame and also the dis-
placement frame may be used.

3 Calibration

3.1 What s calibration?

Calibration involves setting the calibration positions (zero positions) of the axes and is
used as the basis for their positioning. If the robot or external axes are not correctly
calibrated, this will result in incorrect positioning and will have a negative effect on the
agility of the robot. The robot is calibrated on delivery.

The position of the robot axes is determined using a resolver and a counter that counts
the number of resolver revolutions. If the robot is correctly calibrated, it is automati-
cally able to calculate the current position on start-up.

Calibration is carried out in two stages:

- Calibration of resolvers (fine calibration): the axes are placed in their specific
calibration positions and the current resolver values are stored. For information
on how to do this, see the chapterR@pairsin the Product Manual.

- Update of revolution counters: the correct motor revolution for the calibration
is defined; the axes are placed close to their calibration positions and the
revolution counters are updated.

The position of an external axis is determined using sync. switches. The same method
used for the robot can be used.

3.2 Viewing the @libr ation status

* Press the Miscellaneous keﬁ and select the Service window.
» ChooseView: Calibration.

This window displays an overview of the status of all the mechanical units in the robot
system (see Figure 1).
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File Edit View Calib

Service Calibration

Unit Status
1(4)
. . Robot Synchronized
Calibration —= panip1 Synchronized
status Manip2 Synchronized
Trackm Synchronized

Figure 1 The Service Calibrate window shows whether or not the robot system is calibrated.
The calibration status can be any of the following:

- Synchronized
All axes are calibrated and their positions are known. The uady for use.

- Not updated Rev. Counter
All axes are fie-calibrated but one (or more) of the axes has a revolution
counter thatis NOT updated. This oesle must thus be updated.

- Not calibrated
One (or more) of the axes is NOTdhealibrated. This or these must thus be
fine-calibrated.

- Unsynchronized
At least one of the axes has a position that is NOT known. An external axis with
a sync. switch must thus be synchronized. See SectBtading upin this
manual.

3.3 Checking the calibration

Thus, check the calibration very carefully after each update.

f If a revolution counter is incorrectly updated, itwill cause incorrect positioning.
An incorrect update can damage the robot system or injure someone.

* Run the calibration program under the /SERVICE/CALIBRAT/ directory on the
system disketteSet up An alternative method is to jog the robot axis-by-axis until
the axis angles in the Jogging window equetio.

» Check each axis to see if the marks are positioned exactly opposite orez.dhoth
they are not, the calibration must be redone.

The marks may be scribed lines, vernier scales or the like. Their location is described in
the chapter oimstallation and Commissioning the Product Manual.
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3.4 Updating revolution counters

* Open the Service window.
* ChooseView: Calibration .
» Select the desired unit.

* Move the robot or the chosen unit close to (half a motor revolution at the furthest) the
calibration pose. The latter is usually indicated by a scribed lineesneer scaleThe
calibration pose of the robot is described in the chaptarstallation and
Commissioningn the Product Manual.

» ChooseCalib: Rev.Counter Update.

A dialog box will appear, in which you can choose the axis you want to update (see
Figure 2).

Rev.Counter Updating
Robot
To update, include axes and press OK.

Axis Status
4(6)
x 1 Not Rev.Counter updated
X 2 Not Rev.Counter updated
3 Calibrated
4 Calibrated
X 5 Not Rev.Counter updated
X 6 Not Rev.Counter updated
Incl All Cancel OK

Figure 2 The dialog box used to select axes when updating the revolution counter.

* Select the axis to be updated and presmttidunction key
An x to the left indicates that the axis is to be updated.

» Use the same procedure on the remaining axes or press the functédhvdaich
selects all axes. A selected axis can be deselected by presdixglthenction key.

 Confirm the choice of axes by pressiDj.
» Start updating by pressi@K in the confirmation dialog box.
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4 Base Frame for the Robot

4.1 Defining the Base Frame for the Robot

The following methods are used to define the location of the robot’s base frame in rela-
tion to the world coordinate system.

In order to define a robot base frame you need a world fixed tip within the robot’s work-
ing range, and optionally an elongator attached to the tip. If the robot is mounted on a
track or similar, the track should be in its calibration position. The calibration proce-
dure consists of a number of positionings for the robot’s TCP to a reference point. The
reference point’s coordinates in the world coordinate system, must be known. The
coordinates must be stated before the calibration can be done.

The following positions on the world fixed tip device are involved in the calibration:

- the tip itself (with known coordinates in world), used when defining the base
frame translation

- one point on the elongator defining the positive z direction for the world coor-
dinate system

- one point on the elongator defining the positive x direction for the world coor-
dinate system.

Elongator point Z

Elongator point X

World fixed tip device

Z
World X

Figure 3 Robot base frame definition points.

When the necessary conditions are fulfilled the definition of the robot base frame can
be performed. Please observe, that in the casgatkamounted robot, the track must
be in the calibration position before the base frame of the robot may be defined.

* Press the Miscellaneous keﬁ and select the Service window.
» ChooséView:BaseFrame

A dialog containing all synchronized mechanical units is shown.

» Select the robot and press Enj«2]  Def.
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A dialog like the one in Figure 4 will appear.

Robot Base Frame Definition

Unit : MASTER_ROBOT

Method : 4 points...
Point Status

1(4)

Point 1 Modified
Point 2 -
Point 3
Point 4

Set ... ModPos Cancel (OK)

Figure 4 Robot base frame definition dialog.

To choose a definition method
Before you start modifying any positions, make sure the desired method is displayed.

« Select the fieldMethodand press Ente <]
» Choose method for definition and pré3is.

There are two methods available in the list. Zipintsmethod is used when the ori-
entation shall be the same as for the world coordinate system.plets XZmethod
requires an elongator attached to the world fixed tip.

Input of world coordinates of the reference point

* PressSet
* Input the x, y and z values.
* Verify that the input is correct and pre3K.

To record world fixed reference points

* Select the first poirfPoint 1

« Jog the robot as close as possible to the world fixed tip.
» Modify the position by pressing the function KépdPos

* Repeat the above for the poiRtsint 2to Point n.

To record the elongator X point

* Select the elongator poiRbint X.
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» Jog the robot as close as possible to the elongator point on the positive X axis.
» Modify the position by pressing the function KépdPos

To record the elongator Z point

* Select the elongator poiRbint Z.
*» Jog the robot as close as possible to the elongator point on the positive Z axis.
» Modify the position by pressing the function KépdPos

To calculate the robot base frame

* Pres®OK to calculate the robot base frame for the selected mechanical unit.
When the calculation is finished, a dialog like the one in Figure 5 will appear.

Robot Base Frame Calculation Result

Unit : MASTER_ROBOT
Calculation Log
1(10)
Method n points (n=4)
Mean error 1.12
Max error 2.31
Cartesian X 10.34
Cartesian Y 234,56
Cartesian Z -78.56
File ... Cancel OK
Figure 5 The result of eobot base frame callation.
Fiel Description
Unit The name of the mechanical unit for which the definition of

robot base frame is to be done.

List contents Description

Method Displays the selected calibration method.

Mean error The accuracy of the robot positioning against the tip.
Max error The maximum error for one positioning.

Cartesian X The x coordinate for the base frame.

Cartesian Y The y coordinate for the base frame.

Cartesian Z The z coordinate for the base frame.

Quaternion 1-4 Orientation components for the base frame.

The result of the calculation is expressed in the world coordinate system.
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The calculation result can be saved in a separate file for later use in a PC:

* Press the function kdyile.
» Specify a name and a location where to save the result.
* ChooseOK to confirm the save.

If the estimated error is

- acceptable, pre€3K to confirm the new robot base frame.
- not acceptable, redefine by pressiCancel
» ChooseFile: Restart in the Service window to activate the base frame.

The definition is now complete, but before proceeding with other tasks, verify it by
jogging the robot in the world coordinate system.

5 Coordinated track motion

5.1 How to getstarted with a coordinated track motion

In the checklist below, the steps remui to coordinate track motia@re described. In
each sp, there may be a mtnce to another chapter in this manual, where more
details of the specific actions to be taken will be found.

* Define the system paranees$ for the track motion, see chapter 12 in this manual Sys-
tem Parameter®kfining a track motion with coordinated motidfind out the name
of this mechanical unit, and the corresponding logical axis.

* Calibrate the robot and the track motion, i.e. the zero position of the measuring system
for both robot and track must be carefully determined.Cadibration on page 6.

* Define the base frame of the robot, Bedining the Base Frame for the Robotpage
9. Please observe that ti@ck must be in its calibration position when the robot base
frame is defined.

* Define the base frame of thadtk, sedefining the Base Frame for a track motion
on page 13.

* Store all these definitions on a diskette by giving the comrRdadSave All asin
the System parameter window. See chapter 12 in this manual.

* Activate the track unit in the jogging window and check that the coordination is work-
ing satisfactorily. This may be done by choosiigrld or Wobjin the fieldCoord
and then jogging the track axis. The robot TCP should not move, but be fixed relative
to the object coordinate system.
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5.2 Defining the Base Frame for a track motion

To make coordinated track motion possible it is nemgsto define the base frame of
the track. This frame is located in the calibration position of the track, see Figure 6.

For the definition of a track base frame you need a world fixed tip within the robot’s
working range. The calibration procedure consists of a number of positionings of the
TCP to the reference point. Please note that before the base frame of the track may be
defined, the base frame of the robot must be defined with the track in the calibration

position.
Z
T o L
)
World fixed World

tip device X

Z

Robot base = ot base X Track base
= -~

Calibration position
for track

Figure 6 Track base frame definition procedure.

The track’s base coordinate system has its origin in the robot’s base when the track is
in its calibration position. The x direction is pointing along the linear track path and the
z axis of the track’s coordinate system is parallel with the z axis of the robot’s base
coordinate system.

Figure 7 shows an example of how the base systems are oriented for a swaific r
mounting. In this case the robot is mounted on the track at an angle of 45 degrees.

Y
. \ YA
W » “» I\ Track base
X <«—
/Robot base /Robot base # Robot base
X X X

Figure 7 Track and robot base coordinate systems seen from above.

* Press the Miscellaneous keﬁ and select the Service window.
» ChooséView:BaseFrame

A dialog containing all synchronized mechanical units is shown.
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« Select the track unit and press Ef«] Def.

A dialog like the one in Figure 8 will appear.

Track Base Frame Definition
Unit : TRACK
Method . n points (n=3)...
Point Status
1(3)
Point 1 Modified
Point 2 -
Point 3
ModPos Cancel (OK)

Figure 8 Track base frame definition dialog.

To choose definition methods

Before you start modifying any positions, make sure the desired method is displayed.
The method defines the number of track positions from where the robot TCP will be
moved to the reference point.

« Select the fieldMethodand press Entd <]

» Choose the number of points to be used for definition and PkesgCurrently only
the three point method is implemented.)

To record world fixed reference points

Activate the track unit and run it to the calibration position, i.e. zero position should be
displayed on the teach pendant.

* Select the first poirfPoint 1

« Jog the robot as close as possible to the world fixed tip.

» Modify the position by pressing the function KépdPos

* Move the robot along the track and repeat the steps above for theRmnit2 and
Point 3,

To calculate the track base frame

* PresOK to calculate the track base frame for the selected mechanical unit.
When the calculation is finished, a dialog like the one in Figure 9 will appear.
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Track Base Frame Calculation Result

Unit : TRACK
Calculation Log
1(10)
Method n points (n=3)
Mean error 1.19
Max error 2.56
Cartesian X 63.05
Cartesian Y 16.12
Cartesian Z 98.00
File ... Cancel OK

Figure 9 The result of a track base frame calculation.

The result of the calculation is expressed in the world coordinate system.

Field Description

Unit The name of the mechanical unit for which the definition of
base frame is to be done.

List contents Description

Method Displays the selected track definition method.

Mean error The accuracy of the robot positioning against the tip.

Max error The maximum error for one positioning.

Cartesian X The x coordinate for the base frame. (x, y, z is the same as for
the robot base frame).

Cartesian Y The y coordinate for the base frame.

Cartesian Z The z coordinate for the base frame.

Quaternion 1-4 Orientation components for the base frame.
The calculation result can be saved irepasate file for later use in a PC:

* Press the function kefile.
» Specify a name and a location where to save the result.
» ChooseOK to confirm the save.

If the estimated error is

- acceptable, pre€3K to confirm the new track base frame.
- not acceptable, redefine by press@Gancel
» ChooseFile: Restart in the Service window to activate the track base frame.

The definition is now complete but before proceeding with other tasks, verify it by
doing the following:

User's Guide 10-15



* Point out with the robot, in coordinated mode, the world fixed reference point with
the track in different positions, and print out the position in world coordinates. Jog the
track in coordinated mode.

6 Coordinated external axes

6.1 How to getstarted with a coordinated (moveablelser coordinate system

In the checklist below, the steps remui to coordinate a user coordinate system are
described. In each step, there may be a reference to another chapter in this manual,
where more details of the specific actions to be taken will be found.

* Define the system paranees for the external mechanical unit, see chapter 12 in this
manual System Parametdysfining an external mechanical robot coordinated with
the robot Find out the name of this mechanical unit, and the corresponding logical
axis.

* Calibrate the robot and the mechanical unit, i.e. the zero position of the measuring sys-
tem for both robot and mechanical unit must be carefully determine@aibeation
on page 6.

* Define the base frame of the robot, Bedining the Base Frame for the Robotpage
9.

* Define the user frame of the mechanical unit>ekning theUser Frame for a rota-
tional axis (singlepn page 17 ddefining theUser Frame for a two-axes mechanical
unit, Method lon page 20 dbefining the User Frame for a two-axes mechanical
unit, Method 2on page 23.

« Store all these definitions on a diskette, by giving the commfdmdSave All asin
the System parameter window. See chapter 12 in this manual.

* Create a new work object data and give it a nametugrgable In this work object,
change the componeufprogto FALSE, indicating that the user object should be
connected to a moveable mechanical unit. Also change the compdmecto the
name of the mechanical umitrntable (must be written in text mode).

« If you want the object frame to be displaced relative to the user frame, you may write
the displacement in the x, y, z values of the “oframe” component of the work object.
For other methods s&efining a moveable object franoa page 40.

* Activate the mechanical unit in the jogging window and check that the coordination
is working satisfactorily. This may be done by choo$Vapjin the fieldCoord and
the work object, e.durntable in the fieldWobj, and then jogging one of the mechan-
ical unit axes. The robot TCP should also move, following the moveable object coor-
dinate system.

* When programming, it is important to have the coordinated work object, in this case
turntable programmed as an argument in each moveucsbn. This will be auto-
matically added to the move instruction, if the work object is activated in the jogging
window before starting the programming.
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6.2 Defining the User Frame for a rotational axis (single)

This method will define the location of the user coordinate system of a rotational single
axis type mechanical unit, relative to the world coordinate system. This user coordinate
system should be used when a coordinated work object is used.

The definition of a user frame for a rotational external segsiires that the turntable

on the external axis has a marked reference point. The calibration procedure consists
of a number of positionings for the robot’s TCP on theregice point when the turn-
table is rotated to different angles. See Figure 10.

Axis of rotation

>

Turntable run by
single external axis

Position 2. -F =~

',Position 3 Positior\rll
t

Reference point
on turntable

Position 4

Origin for user coordinate
system of rotational single

World X
Figure 10 Definition points for a rotational axis.
The user coordinate system for the rotational axis has its origin in the centre of the turn-
table. The z direction coincides with the axis of rotation and the x axis goes through

the reference point. Figure 11 shows the user coordinate system for two different posi-
tionings of the turntable (turntable seen from above).

0 degrees rotation +45 degrees rotation

Figure 11 The user coordinate system at various angles of rotation.
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* Press the Miscellaneous keﬁ
* ChooseView:BaseFrame

and select the Service window.

A dialog containing all synchronized mechanical units is shown.
« Select the mechanical unit and press E{«]  Dedr

A dialog like the one in Figure 12 will appear.

Rot Single User Frame Definition

Unit : ROT_SINGLE
Method : n points (n=4)...
Point Status
1(3)
Point 1 Modified
Point 2 -
Point 3
ModPos Cancel (OK)

Figure 12 Dialog for definition of user frame for a rotational axis.

To choose a definition method

Before you start modifying any positions, make sure the desired method is displayed.

« Select the fieldMethodand press Ente <]
» Choose number of points to use for definition and po#&q Currently only the four

point method is implemented.)
To record turntable reference points

Activate the mechanical unit and run it to its calibration position, i.e. zero position
should be displayed on the teach pendant.

* Select the first poirfPoint 1
* Point out the reference point on the turntable with the robGR.
* Modify the position by pressing the function KépdPos

* Rotate the turntable in the positive direction and repeat the above for théPpants
2 andPoint 3.

To calculate the user frame

* Pres9OK to calculate the user frame for the selected mechanical unit.
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When the calculation is finished a dialog like the one in Figure 13 will appear.

Rot Single User Frame Calc Result

Unit : ROT_SINGLE
Calculation Log
1(10)
Method n points (n=3)
Mean error 1.12
Max error 2.31
Cartesian X 7.08
Cartesian Y 35.55
Cartesian Z -97.00
File ... Cancel OK

Figure 13 The result of a user frame calculation for a rotating single.

The calculation log shows the user frame expressed in the world coordinate system
when the mechanical unit is in its calibration position.

Fiel
Unit

List contents
Method
Mean error

Max error

Cartesian X
Cartesian Y
Cartesian Z

Quaternion 1-4

Description

The name of the mechanical unit for which the definition of
user frame is to be done.

Description
Displays the selected calibration method.

The accuracy of the robot positioning against the reference
point.

The maximum error for one positioning.
The x coordinate for the user frame.

The y coordinate for the user frame.

The z coordinate for the user frame.
Orientation components for the user frame.

The calculation result can be saved irepasate file for later use in a PC:

* Press the function kefile.

» Specify a name and a location where to save the result.

* ChooseOK to confirm the save.

If the estimated error is

- acceptable, pre€3K to confirm the new user frame.
- not acceptable, redefine by press@Gancel

* Choosdrile: Restartin the Service window to activate the user frame.

User's Guide
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The definition is now complete, but before proceeding with other tasks, verify it by
jogging the mechanical unit in coordinated mode.

Note The user frame is stored in the system pararsets the base frame of the
external mechanical unit. The user frame in the corresponding work objenti®th
not used.

6.3 Defining the User Frame for a two-axes mechanical unp Method 1

This method will define the location of the user coordinate system of an “Orbit” type
mechanical unit, relative to the world coordinate system. This user coordinate system
should be used when a coordinated work object is used.

It should be noted that this method requires that the kinematics (relationship between
two axes) of the mechanical unit are defined in the robot systengematfon. There-

fore, this method can only be used for workpiece manipulaip@isd by ABB, wiere

a ready-nade configuration was included in the delivery. For other types idpiece
manipulator seBefining the User Frame for a two-axes mechanical unit, Methad 2
page 23.

The definition of this user coordinate systerguires that the orbit turntable is rad

with a coordinate system as shown in Figure 14. The coordinate system must have the
x axis in the plane of the two turning axes of the Orbit station, when the turn table is in
its calibration position.

—
] X

D : >
E E \L&U/sers )(/:é)t%rrﬂinate

Figure 14 Orbit user coordinate system.

The coordinate system of the orbit station has its xy plane in tleeswf the turntable,
and the origin is located in the centre of the turntable, i.e. the z axis will coincide with
the second axis.

* Press the Miscellaneous keﬁ and select the Service window.
» ChooseView:BaseFrame
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A dialog containing all synchronized mechanical units is shown.
« Select the mechanical unit and press E[«<]  Dedr

A dialog like the one in Figure 15 will appear.

Orbit User Frame Definition
Unit : ORBIT
Point Status
1(3)
Negative X Modified
Positive X -
Positive Y
ModPos Cancel (OK)

Figure 15 Dialog for definition of user frame for orbit station.

To record reference points

* Activate the mechanical unit and run it to its calibration position, i.e. zero position
should be displayed on the teach pendant.

* Select the first pointlegative X

* Point out the reference point on the negative x axis with the robot’s TCP (it is not
necessary that the position is on tlegative side of the origin, but it must be on the
negative side relative to the next point “Positive X").

» Modify the position by pressing the function KépdPos

* Select the poinositive X

* Point out the reference point on the positive x axis with the robot’'s TCP.
» Modify the position by pressing the function KépdPos

* Select the poinositive Y

* Point out the reference point on the positive y axis with the robot’'s TCP.
* Modify the position by pressing the function KépdPos

To calculate the user frame

* Pres®OK to calculate the user frame for the selected mechanical unit.
When the calculation is finished, a dialog like the one in Figure 16 will appear.

The calculation log shows the user frame expressed in the world coordinate system
when the mechanical unit is in its calibration position.
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Orbit User Frame Calculation Result

Unit :ORBIT

Calculation Log

1(9)

Cartesian X 123.45
Cartesian Y 45.67
Cartesian Z 398.56
Quaternion 1 0.382683
Quaternion 2 0.000000
Quaternion 3 0.923880
File ... Cancel OK

Figure 16 The result of a linear moving base frame calculation.

Field Description

Unit The name of the mechanical unit for which the definition of
user frame is to be done.

List contents Description

Cartesian X The x coordinate for the user frame.

Cartesian Y The y coordinate for the user frame.

Cartesian Z The z coordinate for the user frame.

Quaternion 1-4 Orientation components for the user frame.

The calculation result can be saved in a separate file for later use in a PC:

* Press the function kdyile.
» Specify a name and a location where to save the result.
* ChooseOK to confirm the save.

If the estimated error is

- acceptable, pres3K to confirm the new user frame.
- not acceptable, redefine by pressiCancel

The definition is now complete, but before proceeding with other tasks, verify it by
jogging the mechanical unit in coordinated mode.

Note The user frame is stored in the systeanameters as the base frame of the

external mechanical unit. The user frame in the corresponding work objenti®th
not used.
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6.4 Defining the User Frame for a two-axes mechanical unit, Method 2

This method will define the location of the user coordinate system of an “Orbit” type
mechanical unit, relative to the world coordinate system. This user coordinate system
should be used when a coordinated work object is used.

It should be noted that this method does not require that the kinematics (relationship
between two axes) of the mechanical unit are defined in the robot system configura-
tion. If this is a known factor, another method can be used&k@ng the User

Frame for a two-axes mechanical unit, Methooihlpage 20.

Figure 17 shows an orbit station with two rotational axes and a turntable mounted on
the second axis.

A second axis

I}I:/”y /\::I\

—_— —

—_—

first axis Turntable

Figure 17 Geometric structure of an orbit station.

The definition of the user framequres that the turntable has a markeeénmefice

point. The origin of the user frame is located in the centre of the turntable with the z
axis coinciding with the second axis of rotation. The x axis goes through the reference
point (see figure below).

Y Z

Reference poin

]

(a) (b)
Figure 18 The turntable seen from above (a) and side (b).

The user frame is determined by two definition procedures. One procedure for the first
axis and another similar procedure for the second axis. These two procedures are per-
formed separately but both are necessary to complete the user frame definition.

* Press the Miscellaneous keﬁ and select the Service window.
* ChooseView: Two Axes Definition

A dialog containing all synchronized mechanical units is shown.

« Select the mechanical unit and press E[«] Dedr
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A dialog like the one in Figure 19 will appear.

Mechanical Unit Axes Definition

Unit : MHA160B1

Method : n points (n=4)...

AXis 01
Point Status

14) =
Point 1 Modified
Point 2 -
Point 3
Point 4
ModPos Cancel (OK)

Figure 19 Dialog for definition of axes.

Defining the first axis

Before defining the first axis, both axes must be run to their calibration positions. The
procedure to define the first axis consists of a number of positionings for the robot’s
TCP on the reference point when the first axis is rotated to different angles. Position 1
is the position of the reference point when both axes are fixed to their calibration posi-
tions. The following positions, position 2, 3, 4 etc., are the positions of #remeé

point when the first axis is rotated to greater angles in successive steps. See Figure 20.

AN

\r Position 3
\

Position 4l\ |

Turntable
z

Second axis (in calibration position)
World X

Figure 20 Definition of the first axis. Four positionings of the robot’'s TCP on the reference point
are performed with the first axis rotated to different angles.
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Defining the second axis

Before defining the second axis, both axes must be run to their calibration positions.
The procedure to define the second axis consists of a number of positionings for the
robot’'s TCP on the reference point when the second axis is rotated to different angles.
Position 1 is the position of the reference point when both axes are fixed to their cali-
bration positions. The following positions, position 2, 3, 4 etc., are the positions of the
reference point when the second axis is rotated to greater angles in successive steps.
See Fgure 21.

Position 4 Reference point

Second axi

World X

Figure 21 Definition of the second axis. Four positionings of the robot’s TCP on the reference
point are performed with the second axis rotated to different angles.

This frame coincides with the user frame when both axes are fixed to their calibration
positions.
To choose a definition method

Before you start modifying any positions, make sure the desired method is displayed
and the mechanical unit is activated.

» Select the fieldMethodand press Entg«]
» Choose the number of points to use for the axis definition and@kess

To choose axis

You can choose which one of the axes you want to define. Remember that both axes
must be defined to complete the user frame definition. Itis possible to redefine both
axes or just one of them.

« Select the fieldAxis and press Entd«] to switch axis.
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To record reference points for the first axis definition
Make sure Axis 1 is chosen. Run the mechanical unit to its calibration position.

* Select the first poinRoint 1
* Point out the reference point on the turntable with the robGR.
» Modify the position by pressing the function KépdPos

* Rotate the firséxis to a greater angle and repeat the above for the paimis2 to
Point n.

* Pres€OK to calculate the frame of the first axis.

To record reference points for the second axis definition
Make sure Axis 2 is chosen. Run the mechanical unit to its calibration position.

* Select the first poirfPoint 1
* Point out the reference point on the turntable with the robGR.
» Modify the position by pressing the function KépdPos

* Rotate the secorakis to a greater angle and repeat the above for the paimis2
to Point n.

* Pres9OK to calculate the frame of the second axis.

To confirm/cancel the new axis definition

WhenOK is pressed after the points have been modified for an axis, a dialog like the
one in Figure 22 will appear.

Mechanical Unit Axes Calc Result

Unit : MHA160B1
AXis 01
Calculation Log 1(10)
Method n points (n=4)
Mean error 0.57
Max error 0.98
Cartesian X 7.08
Cartesian Y 35.55
Cartesian Z -97.00
File ... Cancel OK

Figure 22 The result of the first axis definition.

The calculation log shows the calculated frame expressed in the world coordinate sys-
tem.
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Fiel Description
Unit The name of the mechanical unit for which the definition of the
axis is to be done.

AXxis The chosen axis.

List contents Description

Method Displays the selected method.

Mean error Th_e accuracy of the robot positioning relative to the reference
point.

Max error The maximum error for one positioning.

Cartesian X The x coordinate for the frame.

Cartesian Y The y coordinate for the frame.

Cartesian Z The z coordinate for the frame.

Quaternion 1-4 Orientation components for the frame.

The calculation result can be saved irepasate file for later use in a PC:

* Press the function kefile.
» Specify a name and a location where to save the result.
» ChooseOK to confirm the save.

If the estimated error is

- acceptable, pre€3K to confirm the new axis definition. Now the next axis can
be defined if necessary.
- not acceptable, redefine by press@Gancel

The user frame definition is now completed, but before proceeding with atlksr t
verify it by jogging the mechanical unit in coordinated mode.

Note The user frame is stored in the system parameters as the base frame of the

external mechanical unit. The user frame in the corresponding work objesti®th
not used.
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7 Defining Tools

The position of the robot and its movements are always related to its tool coordinate
system, i.e. the TCP and tool orientation (see Figure 23). To get the best performance,
it is important to define the tool coordinate system as correctly as possible. For more
information, see the RAPID Reference Manual/ Motion l@dPrinciples.

X
Figure 23 The tool coordinate system for a gripper.

A tool coordinate system can either be defined manually or the robot can be used as the
measuring tool. Manual definitions can be used if accurate data for the dimensions of
the tool is available or if minor corrections are to be done.

7.1 Creating a newtool

A tool should normally be placed in the system moduker. In that way, it will be
common to all programs, which means that if a TCP is modified, all programs will
automatically be affected. The tool can then also be used for jogging when there is no
program in the program memory.

* Open théProgram Data Typewindow by choosinyiew: Data Types

» Select the typeooldataand press Ente«]

* Create the new tool using one of the following alternatives:

- alt 1. Press the function keyew.
The tool's TCP and orientation will then be the same as the robot’s mounting
flange.

- alt 2. Select an existing tool and press the functionepl.
The tool's TCP and orientation will then be the same as the one duplicated.

A window appears, displaying the name of the data.

« If you want to change the name, press E[«] and specify a new name.
* Press the function kdyecl.

A dialog box appears, displaying the basic tooldataadaton.

* If you want to save the data in another module, select thdridsdule and press
Enter . Specify the name of the module in which the data is to be saved.

* Pres€OK to confirm.

Note: Do not change the type of the tool. This must always be of the persistent type.
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7.2 Manually updating the TCP and weight of a tool

* Open théProgram Data Typewindow by choosiny/iew: Data Types
» Select the typeooldataand press Entd «]

» Select the tool to be changed and press §«<}r

* Select the TCP component (X, y, z) that you wish to change.

» Change the value using the numeric keyboard. To enter a decimal point (. ) or minus
sign ( - ), use the function keys.

* Select thanasscomponent.
* Change the weight using the numeric keyboard.

« If the tool is stationary, i.e. not mounted on the robot, change the compainieoid
to FALSE. For more information about stationary toolsStdionary toobn page
33.

* ChooseOK to confirm the change.

Note: Only the mass of the tool should be specified. A payload handled lppaigs
specified by the instruction GripLoad.

7.3 Methods of defining the tool coordinate system

To define the TCP of a tool, you need a world fixed tip within the robot’s working
space. You then jog to (at least) four robot positions with different orientations, as
close as possible to the world fixed tip (see Figure 24). These positions are called
approach points

OR

World fixed tip

Figure 24 Approach points for a tool's TCP.

To define a complete orientation of a tool, you move any position on thhedlesxis

and any position on the desired x axis to the world fixed tip. These positions are called
elongator pointgsee Figure 25). This can be done by fitting an elongator to the tool to
define the z and x directions or by aligning the tool according to the world coordinate
system and then jogging the robot in these directions.

Note The elongator points must be defined with the same orientation as the last
approach point used.
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TCP X

Elongator points

VA
Figure 25 Elongator points for a tool’s orientation.

If you only want to define the TCP, only the world fixed tip is needed. If you only need
a definition of the orientation in the z direction, the elongator will only point to z.

The following methods are supported:

- 4-point TCP
Four approach points are used to define the TCP. The orientation will be set
according to the wrist coordinate system (see Figure 26).

TCP

N

X y4

Figure 26 Using the 4-point method, only the TCP is defined. The tool direction will
correspond to the wrist coordinate system.

- 4-p TCP ORIENT NOT SET
The same as 4-point TCP but the orientation will not be changed.

- 5-point TCP&Z
Four approach points are used to define the TCP and one elongator point is used
to define the z direction of the tool. The x and y directions will be as close as
possible to the corresponding axes in the wrist coordinate system (see Figure 27).

TCP

Elongator point

4

Figure 27 Using the 5-point method, the TCP and the tool’'s z direction are defined.
The x and y directions are set automatically byrtteot.
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- 6-point TCP&ZX
Four approach points are used to define the TCP, one elongator point is used
to define the z direction and one elongator point is used to define the x
direction of the tool (see Figure 28).

TCP X

Elongator points

VA
Figure 28 Using the 6-point method, the TCP and all the tool’s directions are defined.

7.4 Using the robot to change the TCP and orientation of a tool

* Open théProgram Data Typewindow by choosingiew: Data Types
» Select the typeooldataand press Entd «]

* Select a tool (or create a new tool, sesting a new toolon page 28).

» ChooseSpecial: Define Coord

A dialog box appears, displaying the points defined by whichever method was used
(see Figure 29).

Tool Coordinates Definition

Tool ‘tool4
Method 4 points TCP...

Point Status

1(4)

Approach Point 1 Modified
Approach Point 2 -
Approach Point 3

Approach Point 4

Desc... ModPos Cancel OK

Figure 29 The robot can be used to define the tool coordinate system.

The status can be defined as follows:

Status Meaning
- No position defined
Modified Position modified
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To choose a definition method

Before you start modifying any positions, make sure the desired method is displayed.
SeeMethods of defining the tool coordinate syste@n page 29.

» Select the fieldMethodand press Entd <]

* Choose a method and pre&3K.

To record Approach Points

* Select the first poiMpproach Point 1

« Jog the robot as close as possible to the world fixed tip.
» Modify the position by pressing the function KépdPos

* Repeat the above for the poidAigproach Point 2-4

To record Elongator Point Z (if the 4-point TCP method is not used)

* SelectElongator z Point

» Jog- without changing the orientation from the last approach poanty point on
the desied positive z axis to the world fixed tip. An extension should be fitted to
obtain better accuracy.

* Modify the position by pressing the function KépdPos

To record Elongator Point X (only if the 6-Point TCP&XZ method is used)

* SelectElongator x Point

» Jog- without changing the orientation from the last approach poanty point on
the degied positive x axis to the world fixed tip.

» Modify the position by pressing the function KépdPos

To calculate the tool coordinate system

* PresOK to calculate the tool coordinate system.
When the calculation is finished, a dialog like the one in Figure 30 will appear.
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Tool Calculation Result

Tool : tool4
TCP : (50.57, 0.00, 231.82)

Calculation Log

1(4)

Method 4 points TCP
Mean Error 1.12

Max Error 2.31
Quaternion 1 0.978453

File... Cancel OK

Figure 30 The result of a tool calculation.
Fiel Description
TCP The values of the calculated TCP.

Mean Error The average distance that the approach panetérom the
calculated TCP, i.e. how accurately the robot was positioned
relative to the tip.

Max Error The maximum error for one approach point.
The calculation result can be saved irepagate file for later use in a PC.
However, this file cannot be read by the robot:
* Press the function kefile.
» Specify a name and a place to saverdsalt.
* ChooseOK to confirm the save.
* If the estimated error is
- acceptable, pre€3K to confirm the new tool coordinate system;
- not acceptable, redefine by press@Gancel

The definition is now complete, but before proceeding with other tasks, verify it by
linearly jogging in the tool coordinate system and by reorienting the TCP.

If the tool has been stored in a system module, save this module.

7.5 Stationary tool
When using a stationary tool, the robot is holding the work piece and the tool is sta-
tionary in the room. In this case the TCP coordinates are related to the world coordinate

system, and the work object (i.e. the user coordinate system) is related to the wrist
coordinate system.

Creating a new tool.

» The tool is created as described in previous chapters.
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» The componentobholdis changed to FALSE.

Creating a corresponding work object
When using a stationary tool, it is also necessary to use a work object held by the robot.

» The work object is created as describe@ieating a new work objecin page 36.
» The componentobholdis changed to TRUE.

Methods for defining the tool coordinate system

The methods are the same as for a TCP mounted on the robot. However in this case, the
reference tip is mounted on the robot and the robot ith®o as to bring the tip to

the stationary tool TCP. The tip must be defined and activated as a tool before the def-
inition of the stationary tool may be done.

* Define and activate the tool, which should be used as a pointing tip, and which is
mounted on the robot.

* Now the same methods for defining the stationary tool may be used, as described in
Manually updating the TCP and weight of a toalpage 29 andsing the robot to
change the TCP and orientation of a ta@ol page 31. Use the robot mounted tip to
point out the stationary TCP with four approach points, and if needed, the z and x
directions of the axes. It is possible to use the same positioning for all four TCP
approach points tperform a faster frame deition. However, it is recommended to
point out the stationary TCP with different orientations to obtain a reliable statistical
result. The point that is used to approach the stationary TCP must be thd@&tive
(hold by the robot).
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8 Work Objects and Program Displacements

8.1 General

All programmed positions are related to a program displacement frame, which in turn
is related to the object frame, related to the user frame, related to the world frame. Both
object and user frames are included in a work object, which may be added to each move
instruction. See Figure 31.

A Object coordinate system

» Y

User coordinate system

Figure 31 A user and an object coordinate system describe the position of a work object.

The intention is to use the work object to define both the position of a table (user frame)
and the position of the object to work on (object frame). When the table or the object
is moved, the program mayilkivork if the corresponding work object is updated.
These coordinate systems are very well suited to off-lingr@noming since the posi-
tions specified can usually be taken directly from a drawing of the work object.

The program displacement coordinate system is used for small temporary displace-
ments, e.g. as the result ofemsch operation. This dig@ement is modal, i.e. it is acti-
vated in a separate instruction and then it remains active until it is deactivated in
another separate instruction. See Figure 32.

Figure 32 Using a displacement frame, all positions in the program can be displaced.

All such program displacements include both robot displacements and external axes
displacements.

Please note the difference between work object and program displacement. The work
object used must be added to each moveuasbn and it must be active when pro-
gramming the move ingtction. It should be included from the beginningdogse it is

a little tricky to add it afterwards. A pgoam displacement, however, which is acti-
vated in a separate instruction, is very easy to add afterwards.
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8.2 Using work objects

In the checklist below, theegis requied to define and use a work object are described.
In each step, #re may be a reference to another chapter in this manual, where more
details of the specific actions to be taken will be found.

* Before starting to program, the work objects to be used must bedlefinst create
a new work object and give it a name, e.g. “wobj1”,Gesating a new work object
on page 36.

* Define the work object by using the robot to point out three points on the user frame
and the object frame respectively. &&sng the robot to changle work objecbn
page 38. Please note that if the same positions are used both for the user flmme and
the object frame, then all the locations will go into the user frame and the object frame
will still be zero. It should also be noted that it is possible to update the values of the
work object manually. Sedanually updating the user and object coordinate system
of the work objectn page 37.

* Now check that the definition of the work object is correct by jogging the robot in the
object coordinate system. This may be done by choosirytigin the fieldCoord
in the jogging window, and the work object, ®gbjl, in the fieldWobj, and then
jogging the robot.

* When programming it is important to have the work object, in thiswabg, pro-
grammed as an argument in each moveunson. This will be automatically added
to the move instruction, if the work object is activated in the jogging window before
starting the programming.

8.3 Creating a new work object

10-36

A work object should normally be placed in the system modlider. In this way it

will be common to all programs, which means that if a work object is modified, all
programs will also automatically be modified. The work object can also be used for
jogging when there is no program in the program memory.

* Open théProgram Data Typewindow by choosinyiew: Data Types

» Select the typeobjdataand press Entel«|

* Create the new work object using one of the following alternatives:

- alt 1. Press the function keyew.
The user and object coordinate systems will then coincide with the world
coordinate system.

- alt 2. Select an existing work object and press the functiorDkegy.
The coordinate systems will then be the same as those duplicated.

A window appears, displaying the name of the data.

« If you want to change the name, press E[«] and specify a new name.
* Press the function kdyecl.

A dialog box appears, displaying the basic wobjdataadaton.
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* If you want to save the data in another module, select thdridliddule and press
Enter[«<] . State the name of the module where the data is to be sent.

* Pres9OK to confirm.

Note: Do not change the work object type. This must always be qktisestent type.

8.4 Manually updating the user and object coordinate system of the work object

* Open théProgram Data Typewindow by choosingiew: Data Types
» Select the typaobjdataand press Ente «]

» Select the work object to be changed and press [« br

* Select the component (X, y, z, q1-g4) that you wish to change.

» Change the value using the numeric keyboard. To emkerimal point (. ) and
minus sign ( - ), use the function keys.

* ChooseOK to confirm.
Note If the work object is defined using a movable user coordinate system, only the

object coordinate system need be defined. The user coordinate system is defined in the
Service window. Se€oordinated external axem page 16.

8.5 Methods of defining a work object
The methods used to define the user and object coordinate system are called:

- No change
No changes to the definition of the user or object coordinate system will be
made, i.e. the definition of the user or object frame will be left as it is.

- 3-point
Three points are used: two points on the x axis and one point on the y axis (see
Figure 33). A tool with a known TCP requred.

Object
Z
User User

X1 Y1 v

X1

Figure 33 Measuring points for defining a work object.
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8.6 Using the robot to change the work object
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» ChooseView: Data Types
» Select the typeobjdataand press Entel«]

» Select the work object to be defined (or create a new on€reatng a new work
objecton page 36).

» ChooseSpecial: Define Coord

A dialog box appears, displaying the points defined by the method that was used
(see Figure 34).

Work Object Coordinates Definition Before starting make sure
WODbj : wobj2

- that the tool displayed is
Tool : tool4 the one you want to use.

User Method : 3 points...
Object Method : 3 points...

Points Status

2(6)

User X1 Modified
User X2

User Y1

Object X1

Desc... ModPos Cancel OK

Figure 34 Theobot can be used to define the position of the vobikct.
The status can be defined as follows:

Status Meaning
- No position defined
Modified Position modified

To record Measuring Points for the user coordinate system

Note If the work object is defined using a movable user coordinate system, the user
coordinate system is defined in the Service window GBexdinated external axem

page 16.

* Select the first measuring poidser X1

« Jog the robot as close as possible to a point on the x axis.

» Modify the position by pressing the function KépdPos

* Select the measuring poidser X2

« Jog the robot as close as possible to a point on the x axis defining the positive x
direction.

» Modify the position by pressing the function KépdPos
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* Select the measuring poldser Y1
* Jog the robot as close as possible to a point on the positive y axis.
» Modify the position by pressing the function KépdPos

To record measuring Points for the object coordinate system

* Select the first measuring poi@bject X1

» Jog the robot as close as possible to a point on the x axis.
» Modify the position by pressing the function KépdPos

* Select the measuring pof@bject X2

» Jog the robot as close as possible to a point on the x axis defining the positive x
direction.

* Modify the position by pressing the function KépdPos

» Select the measuring poi@bject Y1

« Jog the robot as close as possible to a point on the positive y axis.
» Modify the position by pressing the function KépdPos

To calculate the user and object coordinate system
* Pres®OK to calculate the coordinate systems.

When the calculation is finished, a dialog like the one shown in Figure 35 will appear.

Work Object Calculation Result
Wobj 1 wobj4

User :(50.57, 0.00, 231.82)
Obj : (150.56, 30.02, 1231.81)

Calculation Log Status

1(10)

User Method 3 points

Quaternion 1 1.000000
Quaternion 2 0.000000
Quaternion 3 0.000000

File Cancel OK

Figure 35 The result of a work object calculation.

Fiel Description
User The origin of the user coordinate system.
Obj The origin of the object coordinate system.

The calculation result can be saved irepasate file for later use in a PC.
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Note, however, that this file cannot be read by the robot:

* Press the function kdyile.
» Specify a name and a place to save the result.
* ChooseOK to confirm the save.
The definition is now complete, pre@K to confirm the new work object, but before

proceeding with other tasks, verify it by jogging linearly in the work object’s
coordinate system.

If the work object was stored in a system module, save this module.

8.7 Defining a noveable object frame

Method 1

» Use the method for defining a work object. 8iséng the robot to change the work
objecton page 38. When using this method, please observe that the coordination flag,
i.e. the componentfprogin the work object data must be temporarily s&tRUE.

You must point out three positions for the user system (which must be placed as the
coordinated one) and three positions for the object system.

If the user system is not possible to reach, use method 2 or 3 below.

Method 2

» Activate the coordinated work object and jog the robot to the point where you want
to place the origin of the object frame.

* Read the coordinates, x, y, z for this position in the jogging window.

» Write these values in thee framecomponent of the work object data.

This will shift the object frame to the new position, with the same orientation as the user
frame. If you want another orientation, use method 3.

Method 3

* Activate the coordinated work object (suppose it is natoed/ ob), create three
positions, e.gpl, p2 andp3. pl should be located at the origin of the shifted object
frame,p2 on the x axis and3in the x-y plane.

* Program and escute the instruction
co_wobj.oframe: = DefFrame(pl, gik);
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8.8 How to use different work objects to get different disgicements

Suppose you have used the work obyealj usewhen creating a procedure,
draw_fig as below.

Movel p1, v200, z1, tooMVObj:=wobj _use;
Movel p2, v200, z1, tooMVObj:=wobj_use;
Movel p3, v200, z1, tooMVObj:=wobj _use;
Movel p4, v200, z1, tooMVObj:=wobj_use;
Movel p5, v200, z1, tooMVObj:=wobj_use;

wobj_use

>
P1 P2y
y raPs
X

Now you want it to be performed digigled, corresponding wobjl, wobj2 or wobj3
see below.

wobj2
wobjl

"y wobj3

Suppose that the valueraiglis used to control which work object should be used.

If regl = 1, wobjlshould be used; gl = 2 wobj2should be used; andriégl = 3
wobj3should be used.
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The program below will set wobj_use = wobjlefd = 1, then call théraw_figpro-
cedure, etc.

IF regl=1 THEN
wobj_use:=wobjl,;
draw_fig;

ENDIF

IF reg1=2 THEN
wobj_use:=wobj2;
draw_fig;

ENDIF

IF reg1=31 THEN
wobj_use:=wobj3;
draw_fig;

ENDIF

8.9 How to adjust the program vertically using the object frame

When running your program in the location definedMmpj2, suppose you find itis
positioned a little too high. The vertical position can be adjusted by moving the object
coordinate system a small amount vertically, relative to the user coordinate system, i.e.
the z coordinate for object is changed. E.g. if the robot is to work a little lower, then the
z value should be decreased.

8.10 Using program disphcement

10-42

A program displacement is set witp@sedata, using &DispSeinstruction. This will

store the program displacement in a system vari@blPROGDISPholding also dis-
placement values for external axes. The current val@e RROGDISHs used in all
movement instructions and added to the programmed positions. The program displace-
ment is cleared, whenRDispOffinstruction is executed, resulting in no further dis-
placement.

A PDispOninstruction will both calculate a new program displacement, from the dif-
ference between two positions, and store this displacement@ PIROGDISRari-
able. When this instruction has been executed a new program displacement will
become active.

The following example will illustrate how to us®®ispOninstruction in combination
with aSearchLinstruction, to make a movement on different locations, depending on
the search point.

The program should do the following:

- Go to a start poinpstart, for searching.

- Make a linear search from the start position to an end pogiemd, When a
digital inputdil is set, the robot should stop the movement and draw a figure,
triangle, the position of which will depend on the search pqsgarch

The figuretriangle, is programmed with no displacement active and with the first posi-
tion in ptrianglel
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The program may look like:

MovelL pstart, v200, fine, tool1;
Searchl\Stop, dil, psearch, pend, v100, tool1;
PDispOn\ExeP: = psearch, ptrianglel, tool1;

triangle;
PDispOff
etc.
pstart psearch pend
ptrianglel * *
isplacement
vector

8.11 Creating a new diplacement frame

* Open théProgram Data Typewindow by choosingiew: Data Types
» Select the typposeand press Ente/«|
* Create the new displacement frame using one of the following alternatives:

- alt 1. Press the function keyew.
The displacement frame will then have no translation or rotation.

- alt 2. Select an existing displacement frame and press the functiddugy
The displacement frame will then be the same as the one duplicated.

A window appears, displaying the name of the data.

« If you want to change the name, press E{«] and specify a new name.
* Pres®OK to confirm.

8.12 Manually updating a disphcement frame

* Open théProgram Data Typewindow by choosiny/iew: Data Types

» Select the typposeand press Entel«]

» Select the displacement to be changed and press [« Jer

* Select the frame component (X, y, z, q1-g4) that you wish to change.

» Change the value using the numeric keyboard. To emkecimal point (. ) and
minus ( - ), use the function keys.

* ChooseOK to confirm the change.
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8.13 Methods for defining a displacement frame
The following method is supported:
- n-point

At least three well-defined points on an object at its initial position and the

same points when the objectis in its new position (see Figure 36) are used to
define the displacement frame.

P1 P3 @
T2 |

Figure 36 A displacement frame can be defined by movingtut to a number of points.

8.14 Using the robot to change a disptement frame

* Open théProgram Data Typewindow by choosinyiew: Data Types
» Select the typposeand press Ente <]

* Select the displacement frame to be definedi@ate a new one, seesating a new
displacement frameon page 43).

» ChooseSpecial: Define Coord

A dialog box appears, displaying the points defined by the method that was used (see

Figure 37).

Displacement Frame Definition

Disp : disp4

Method : n points (n=3)...
Point Status

1(6)

Initial Point 1 Modified
Initial Point 2 Modified
Initial Point 3 -
Moved Point 1
Desc... ModPos Cancel OK

Figure 37 Displacement frame definition dialog

The status can be defined as follows:

Status Meanin
- No position defined
Modified Position modified
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To choose the definition method

Before you start modifying any positions, make suretpeint method, together with
the number of points that you want to use, is displayed:

* Select the fieldMethodand press Ente <]
* Enter the desired number of points and pss

To record the Initial Points

* Select the first definition poinhitial Point 1.

* Jog the robot as close as possible to a well-defined position on the object.
» Modify the position by pressing the function KépdPos

* Repeat the above for the poiftgial Point 2, Initial Point 3, etc.

To record Moved Points

* Move the object to its new position.
* Select the first definition poifloved Point 1

» Jog the robot as close as possible to the same position on the objethigisifor
Point 1

» Modify the position by pressing the function KépdPos
* Repeat the above for the poiMsved Point 2Moved Point 3etc.

To calculate the displacement frame
* Pres®OK to calculate the displacement frame.

When the calculation is finished, a dialog like the one shown in Figure 38 will appear.

Displacement Frame Calculation Result
Disp :disp4
Orig : (1050.51 ,1000.00,1231.82)

Calculation Log

1(4)

Method n points (n=3)
Mean error 4,12
Max error 6.73
Quaternion 1 0.345271
File Cancel OK

Figure 38 The result after a displacement frame calculation.
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Fiel Description

Orig The origin of the displacement frame.

Mean Error The average distance that the points are from the original
points, i.e. how accurately the robot was positioned.

Max Error The maximum error for one point.

The calculation result can be saved in a separate file for later use in a PC.
Note, however, that this file cannot be read by the robot:

* Press the function kdyile.
» Specify a name and a place to save the result.
* ChooseOK to confirm the save.
* If the estimated error is
- acceptable, pres3K to confirm the new displacement frame;
- not acceptable, redefine by pressiCancel
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Production Running

The Production window appears automatically on the teach pendant display when the
power is switched on, and the operating mode selector is in the Auto position. You can
also call it up by pressingﬁ and choodifrgduction

1 The Production Window

The Production window is used to start and stop program execution (see Figure 1).
There are two different views in the Production Window. Production Info is described
below and Production Position is described funing positioron page 7.

File Edit View

Production Info CAR_LIN1 | <«—— Program name
Routine : main :
Status : Stopped

Speed:= 75 0%

Running mode:= Continuous

2(39) —

. Movel p1, v500, z20, tooll;
Program pointers= |» MovelL p2, v500, z20, toold;
Movel p3, v500, z20, tooll;

Program list—— | Setdol;
Set do2;

Start FWD BWD

Figure 1 All production runs are controlled from the Production window.

Before starting the program, check the program name to see that it is the correct
program. The Program name is displayed in the right hand upper corner of the window.

» ChooseView:Info to open the windowroduction Info
To start the program, sé&eStarting the Prograrn page 6.

If the Status field indicates NOT LOADED, then you must load a progran2(see
Reading a Progranon page 4).

Field: Indicates
Routine The subprogram that is being run
Status NOT LOADED = no program is loaded
STOPPED = a program is loaded and it can be
executed (PP is set)
RUNNING = program execution is in progress
NOT EXECUTABLE = a program is loaded but cannot be
executed
Speed The chosen speed correction as a percentage
Running mode Continuous = continuous execution
Cycle = the program is executed once
Program list The part of the program that is being run
Program pointer The instruction to be executed wStantis pressed.
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2 Reading a Program

A program can be read from a diskette or from the robot’s mass memory. To open a
program, do as follows:

» ChooseFile: Load Program. File Edit View
1 Load Program...

The following dialog box will appear (see Figure 2).

Open...
Select a Program to load

Massmemory unit:= flp1:

ROBOT1
4(5)
. (Go up 1 level)
Program list—s | WELD1 Program
WELD2 Program
WELDPIPE Program
TEST/ Directory
Unit Cancel OK

Figure 2 The dialog box displays a list of all available programs.
The Mass memory unit field indicates:

- flpl to denote a diskette
- ramldisk to denote the robot’s internal memory (the RAM disk)

* PresdJnit until the desired unit is displayed.

» Choose the desired program — use Arrov@p or ArrowD@n to scroll

through the list: select. to go up one level and pre{«=d]  to go down one level.
* PresOK.
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3 Changing the Override Speed

The speed of the robot can be adjusted while running production. The function keys
indicate how the speed can be decreased or increased.

% Decreases the value by 5% (or 1% if <5%)
+% Increaseghe value by 5% (or 1% if <5%)
25% Sets the value to 25%

100% Sets the value to 100%

To override the speed, do as follows:

« Select the middle part of the display by presg{=]

* Using one of the arrow keys, select the field for the corrected speed (see Figure 3).

Corrected speed in %o——__
Speed= —== 75 O %
Running mode:= Continuous O
2(39) —
Movel p1, v500, z20, tool1;
/ > Movel p2, v500, z20, tool1;
i Movel p3, v500, z20, tool1;
Program lis Set doL.
Set do2;
-% +% 25% 100%

Figure 3 The function keys can be used to both increase and decreasedtsanmed speed.

* Press the desired alternative.

« To return to the program list, u =

4 Changing the Program Running Mode

A program can be run in either of the following two ways:

- Cont-— continuous execution
- Cycle—the program is executed once.

You can change the program running mode irRtening modefield:

« Select the middle part of the display by press{=]

* SelectRunning mode(see Figure 4).
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Speed:= 75 o% .
Running mode:= Continuous O -<————Program running mode
2(39) —
Movel p1, v500, z20, tooll;
> Movel p2, v500, z20, tooll;
program lis Movel p3, v500, z20, tooll;

Set dol;
Set do2;

Cont Cycle

Figure 4 The function keys are used to select the different program running modes.

* Press the desired function kégnt or Cycle
* To return to the program list part, u #EEl

5 Starting the Program

move. Check that all preparations have been made for program execution. Make

j When the program is started, the robot and any peripheral equipment will start to

sure that the workcell is clear of all personnel before starting the robot.

If NOT LOADED is displayed on the program status line, then a program must be loaded
(see2 Reading a Prograran page 4).

If a program is loaded and is executable, STOPPED will be displayed on the program
status line and the program can be started:

* Press the function ketart Start

5.1 Restarting after a stop

If you wish to restart program execution from where it was interrupted:

e PressStart

The program can also be restarted from the beginning. This is described below.
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5.2 Starting a program from the beginning

To start again from the beginning, proceed as follows:
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» ChooseEdit: Start from Beginning.

File Edit View
1 Goto...

2 Start from Beginning

* Pres9OK to confirm.

The program pointer>  will then move to the first instruction in the program.

e PressStart

6 Stopping the Program

Program execution can be stopped by pressing the stop button on the teach pendant
(see Figure 5).

In case of an emergency, press one of the red stop buttons instead. This will cut off the
power supply to the robot motors and engage all brakes.

|~ =P
%

(T (Y (I
Teach Pendant
Version 1

\

Figure 5 This stop button is used to stop the program.

Teach Pendant
Version 2

7 Tuning position

* ChooseView: Position

File Edit View

1 Info...
2 Position

The tuning function in the Production window makes it possible to tune the x, y and z
coordinates of a robot position (see Figure 6). The tuning can be performed either when
status is Stopped or when status is Running.
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File Edit View

Production Position PROG1
Routine : main:
Status : Stopped
Speed:= 75 o %
Running mode:= Continuous m|
Robtarget:= . - Robtarget selection field.

Tuning Present

1(1)
No Data

Figure 6 The Production Info view. No robtarget selected.

» Select the fieldRobtargetand press Entd «]
* Choose the position to be tuned in the list that will appear.
« PresOK or Enter[«2] to confirm the choice.

File Edit View
Production Position PROG1

Routine :main :

Status : Stopped
Speed:= 75 0%
Running mode:= Continuous |
Robtarget:= pl1o0...

Tuning Present
1(3)

X 0.00 XX.XX  mm

0.00 7777 mm ____— Coordinate list

N <

Tune

Figure 7 The Production Position view with a robtarget selected.

* Choose the x, y or z coordinate in the coordinate list (see Figure 7).
* PressTune
A dialog will appear where you can tune the position.
« Enter the desired tuning value and press

- No change =0.

- Max. change in one step = 10 mm
Several steps can be entered. The position data is changed immediately after each step
but will not affect the robot path until the next instruction using this position data is
executed. The values in tReesentcolumn will be used in this instruction.
The total tuning will be displayed in tA@ining column.
Note If a named position data is modified, all instructions which refer to that position
data will be affected. Unnamed positions (marked as * in the instruction) cannot be
tuned.
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See also Chapter 8 Programming and Testifgng position during program
execution

The tuning function can be disabled in automatic mode. See chapter 12 System
ParametersTopic:Teach Pendant.

8 Operator Dialogs

Special instructions can be created in the program and used as a form of
communication between the program and the operator (see Figure 8).

Operator

Operator Log

The robot is now picking up a part from
the front conveyor belt.

Number of parts to be processed: 25

Figure 8 Example of a message sent to the operator.

* You can return to thBroductionwindow by pressing(Cgg| and choosing
Production

Sometimes, the operator must respond before program execution can continue (see the
example in Figure 9).

Program Waiting for data

How many parts to be processed?:

OK

Figure 9 Use the numeric keyboard to answer questions from the program.

* Use the numeric keys when the reply is a numeric value.
* Pres®OK.

* If text is displayed above the function keys, you can give your answer by pressing the
desired alternative (see Figure 10).
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Select program to run:

Front A Front B Front C Other SERVICE

Figure 10 Operator dialogs can be tailor-made to suit any robot installation.

The dialog window shown in Fig. 10 can only be exited in one of two ways, either by
answering the question or by stopping program execution.
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System Parameters

Thesystem parametedescribe the equipment and area of application obthat sy s-
tem, e.g. I/O names and the characteristics of the external axes.

1 Changing a Parameter

1.1 Subdivision of parameters

The available paramexts are grouped together in a number of diffet@pits These
topics are, in turn, divided up into differegpes.

Topic Parameters that ffct File name
Controller Event routines, etc. SYS.CFG
Communication Serial channels SIO.CFG.

IO Signals I/O boards and signals EIO.CFG
Manipulator The robot and external axes MOC.CFG
TeachPendant Displaying data and access MMC.CFG

on the teach pendant
Arc Welding Arc welding PROC.CFG

* To view all parameters, chooBepics: All Topics in the System Parameters window.

All relevant topics in the robot system will then be displayed. Choosiesited topic
by selecting it and pressing En{ <]

1.2 Changing a paameter

* Press the Miscellaneous keﬁ to open the System Parameters window.
* SelectSystem Parametefsom the dialog box that appears.
* PresOK or Enter[«] .

« Call up the parameter type that contains the parameter to be changed, by choosing a topic
from theTopics menu and a type from tigpesmenu.

All parameters of that type will be displayed, as illustrated in Figure 1. To be able to
display some parameteipgs, however, you must first choose the current suit) as
an 1/0 board or a signal, by selecting it and pressing «<|r
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Parameter types

Parameters—=

File Edit Topics Types
System Parameters 10 Signals
User signals
Parameters Info
1(10)
Signal Name dol
Unit Name DSQC232 1
Signal Type DO
Signal Number 1
Logical Max 0.000000
Physical Max 0.000000
Logical Min 0.000000
Physical Min 0.000000
OK

-——— Parameter topic

Figure 1 All parameters of a given type are displayed in the window at the same time.

» Select the parameter to be changed.

» Change the value of the parameter by

- pressing Ente[«] and specifying the desired alternative in the dialog box that
appears,

- choosing an alternative from the function keys (fields marked with ).

All parameters, together with possible valweg, described in the following sections

under the appropriate topic.

Note.You will have to restart the robot in order for the change to have an effect on
some parameters. You will be informed of this the first time you chsundea param-
eter and when you exit the system parameters, i.e. change window.

1.3 Deleting a paraneter

* Select the parameter to delete

* PresDelete .
* PresOK to confirm the delete.
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1.4 Generating a rstart

You have to restart the robot in order for a change to have an effect on some of the
parameters. If you exit the system parameters without generating a restart, the param-

eter values will not be the same as those used in the robot. Nevertheless, if you generate

arestart at a later stage, then the changes will take effect.

» ChooseFile: Restart and pres©K or turn the mains switch off and then on again.

An error message will be displayed when there is an error in the parameters. However,
this can be due to a sequeng&alor. The origin of an error can be found by looking at
the robot’s error logsSee chaptet4, Service:Logs
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1.5 Viewing the last changes that were made
» Chooseedit: Show Change Log

A dialog box appears, displaying the changes that were last made (see Figure 2).

Change Log
Change Log Transactions
Type of chang 2(7)
chg attr:  EIO EIO_USER_SIGNAL 1=25
Type = DI -> DO
add inst:  EIO EIO_USER_SIGNAL | =33
delinst: EIO EIO_USER_SIGNAL | = 33
load par: FILE=eio_ext.cfg
restart:
save par: FILE=EIO.CFG

OK

Figure 2 The @ange Log dialog box.

The following identification tags are used:

chg attr: Shows the parameter that has been changed and how it was
changed.

add inst:  Shows that a new parameter has been added.

del inst: Shows that a parameter has been deleted.

load par:  Shows that new parameters have been loaded.

save par.  Shows that parameters have been saved.
restart: Shows that the robot has been restarted.

1.6 Checking Parameters

When you have changed a parameter, it is a sendddeto check the change before
restarting, in order to avoid problems when restarting. In the current version the
Manipulator area can be checked.

* Select the area to be checkedapics (only Manipulator can currently be checked)

* SelectFile: Check Parametersand the check will start.

When the checkis finished, a report will be made showing that either there was an error

or the change of the parameter was done correctly. The error will be reported via the
usual error log. See chapter 14, Service.
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2 Saving and Loading Parameters

2.1 Saving parameters to diskette or some other mass storage device
The system paramegts can be stored in their entirety or stored as iddaliparameter
topics, for example, on a diskette.
To save all parameters

The parameters are always saved taecthry in the form of a separate file for each
topic.

* Choosed-ile: Save All As

A dialog box appears, displaying all files in the current directory (see Figure 3).

Save All Parameters!
Select a directory to save to.

Massmemory Unit= flpd: - |

| __— Mass storage unit

PARAM —= Directory level
1(4)
. Go up 1 level
BACKW18 Directory
10 Parameters
ROBOT Parameters *
Unit New Dir ... Cancel OK

Figure 3 The dialog box used to store parameters.

* If necessary, change the mass storage unit by pressldgitHanction key until the cor-
rect unit is displayed. To store on a diskette, chthpte.

» Select the directory to which the parameters are to be saved. You can move to the next
directory level by selecting the desired directory or ‘. ." (upwards) and pressing Enter

-

Create a new directory by pressing Mew Dir function key. Specify the new direc-
tory name in the dialog box that appears. Ch&aseo confirm.

* ChooseOK to confirm the save.

To save an individual parameter topic
* ChooseéFile: Save As

A dialog box appears, displaying all the previously saved parametersaunrtbet
directory.
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* If necessary, change the mass storage unit by presslogitHanction key until the cor-
rect unit is displayed. To store on a diskette, chipge.

« Specify the file name by selecting the fidldmeand pressing Entd«2| . Enter the
desired name and preSK to confirm.

» Select the directory to which the parameters are to be saved. You can move to the next
directory level by selecting the desired directory or ‘. ." (upwards) and pressing Enter

-

* ChooseOK to confirm the save.

2.2 Loading parameters from a diskette or some other mass storage device

Parameters can be kbed in their entirety or loaded as indlual parameter topics. If
several paramets are to be loaded, tharameters must be placed in gedtory.

Paramedrs previously save@isingSave All Asor Save A3 can be loaded back with
File: Load Saved Parametersand new paramets can be loaded wikile: Add New
Parameters

* Chooserile: Load... (Saved Parameters or New Parameters)

A dialog box appears, displaying all parameters in the current directory (see Figure 4).

/;&d.ﬁarameters!
— 7 Select a directory or a file to Open.

Saved or New L

Massmemory Unit= flp1:

| Mass storage unit

PARAM == Directory level
1(2)
. Go up 1 level
BACKW18 Directory
10 Parameters
ROBOT Parameters
Unit Cancel OK

Figure 4 The dialog box used to load parameters.
* If necessary, change the mass storage unit by presslogitHanction key until the cor-
rect unit is displayed. To load parameters from a diskette, cfiphse

» Select the directory from which the parameters are to be loaded. You can move to the next
directory level by selecting the desired directory or ‘. ." (upwards) and pressing Enter

-

* ChooseOK to confirm the load.

An alert box will be displayed during reading. After this the robot must be restarted
(seeGenerating a restambn page 4).
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3 Topic: IO Signals

The following parameters are found under the topic 10 Signals:

» Choose€Topics: 10 Signals

- Specification of all I/O boards
- Name and characteristics of input and output signals

- Groups of digital signals

- System signals

- Cross connections

3.1 Defining I/O boards

» ChooseéTopics: 10 Signals
» Choose€Types: IO Boards

All defined boards will be displayed, as shown in Figure 5.

~ Board slot

File Edit Topics Types
System Parameters 10 Signals
10 Boards
Name Bus Address

3(3)

DSQC228_1 DSQC228 BAS 1
DSQC223_1 DSQC223 BAS 2
ARCW1 DSQC223 BAS 3

Add

Figure 5 System parameters of the type |10 Boards.

« Select the appropriate I/O board to be changed and pres{« jter
pressingAdd.

* Select the desired parameter and change its value.

* PresOK to confirm.
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Parameter
Unit Name
Unit Type

Unit Bus

Address

Digital Outputs
Digital Inputs
Analog Inputs
Analog Outputs

Description
The name of the board (max. 16 characters).

Board type.

Compare with the designation on the front of the board.
Unit typeeipO00andeipO0lare simulated digital and analog
units,eiobusandeiolog are internal boards and are not to be
selected.

The bus on which the board is located,
normally BAS, except for simulated units which are located on
the SIM bus.

The address (slot) of the board on the bus.
The number of digital output signals.

The number of digital input signals.

The number of analog input signals.

The number of analog output signals.

RIO Node Add (octal)The node address for the Allen Bradley PLC. The range is

RIO Baud Rate
RIO Start Group
RIO Rack size
RIO Last rack

Slot Addr
IBS Rack size

To delete a board

(1->77), and the address is input in octal form.

The baud rate on the Allen Bradley RIO link.
Choice (57,6kB, 115kB, 230kB).

The starting group of the Allen Bradley RIO Link.
Choice (0, 2, 4, 6).

The rack size of the Allen Bradley RIO board.
Choice (1/4, 1/2, 3/4, FULL)

Set to Yes if the RIO board is the last Rack in the PLC polling
chain.

Not used

The rack size of the Interbus-S D260 board.
Choice:

1/4 = 16 inputs, 16 outputs

1/2 = 32 inputs, 32 outputs

3/4 = 48 inputs, 48 outputs

Full = 64 inputs, 64 outputs

» Select the appropriate board.

« Press[<X] .

All the signals on this board will remain defined. These must be deleted separately.
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3.2 Defining input and output signals

» ChooseéTopics: 10 Signals
» Choose€Types: User Signals

All named signals will be displayed (see Figure 6).

File Edit Topics Types
System Parameters 10 Signals
User Signals
Name Unit Type Sig
1(96)
currentok DSQC223 1 DI 4
dié DSQC223 1 DI 6
di7 DSQC223 1 DI 7
dol DSQC223 1 DO 1
do2 DSQC223 1 DO 2
do28 DSQC223 2 DO 12
do29 DSQC223 2 DO 13
do32 DSQC223 2 DO 16
Add

Figure 6 System parameters of the type User Signals.

Note that several signals can be connected to the same physical channel. The same sig-
nals cannot, however, be connected to different physical channels.

» Select the signal to be changed and Press [« br , or add a new one byAuldssing

* Select the desired parameter and change its value.
* PresOK to confirm.

Parameter Description

Signal Name The name of the signal (max. 16 characters).

Unit Name The board to which the signal is connected.

Signal Type The type of signaDI = Digital Input,DO= Digital Output,
Al= Analog Input AO= Analog Output.

Signal Number The physical channel to which the signal is connected.
The numbering restarts from 1 for every board.

Logical Max The scaling between the programmed and physical value of

Physical Max an analog signal (see Figure 7). Must be set to O for digital

Logical Min signals.

Physical Min
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tysmal value of the
utput signal (V, mA, etc.)

A Physical Max
Logical Max
Logical Mire p?ogétr:glmva ue in the
~ Physical Mir

Figure 7 Diagram to show how analog signal values are scaled

Filter Passive

Filter Active

Inverted

Store

Logical max/min. is the maximum/minimum value that an
analog input or output can be set to, from a RAPID program or
from the teach pendant. The units are user define (e.g. meter/
minute).

Physical max/min. is the maximum/minimum physical value
that can be set on the output or input. To obtain the physical
limit for a specified board, see the Product Manual.

If both physical and logical max/min. are set to 0, the default
values for the board are picked up, which are the physical max-
imum and minimum limits. The logical and physical is set to
the same value, which gives an amplification factor of 1.
If any of the values is set by the user, all four must be defined.
Therefore, make sure that:

physical maximum is > physical minimum

logical maximum is > logical minimum.

Example: An analog board is controlling a current source with
an amplification of 50 A/V and a max current of 500A. The
following settings could then be applicable.

Physical Max =10 V
Physical Min =0V
Logical Max = 500 A/V
Logical Min =0 A/V

The time (in millisecs) that a digital input signal mustbe zero,
before the robot acts on the signal change (100 ms to 32 s).

The time (in millisecs) that a digital input signal must be 1,
before the robot acts on the signal change (100 ms to 32 s).
Filter resolution 10 ms.

A maximum of 5 different filter times can be used. If two
signals are connected to the same physical channel, the filter
time for these signals must be the same. The filter parameters
mustbe set td for analog signals and digital outputs.

Setto YES, if the digital signal shall be inverted, i.e. if logical
"1” should be set on the output &'."This must be "NO” for
analog signals.

If set to YES, the digital outputs will be stored at a power
failure, and restored when the system is powered up again.

It should be noted that the value is connected to a logical sig-
nal. If more than one logical signal is connected to the same
physical signal, an unexpected value may be obtained. In such
cases this parametdrauld be set to NO.

Maximum number of user defined signals including group signals = 256.
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3.3 Defining signal groups
Digital signals can be grouped together and handled as if they were one signal. The
value of such a signal will thus be a positive integer that is binary coded using the indi-
vidual digital signals as a basis.

» Choose€Topics: 10 Signals
» Choose€Types: Groups

All defined signal groups will be displayed (see Figure 8).

File Edit Topics Types  Special
System Parameters 10 Signals
Groups
Name Unit Len Phsig.

1(2
inportl DSQC223 1 4 5
outportl DSQC223 1 6 9
Add

Figure 8 System parameters of the t@reups.

To view all signals contained in a given group, select the group in question and press

Enter :

» Select the signal group to be changed, and Press|« Jer , Or add a new one by
pressingAdd.

* Select the desired parameter and change its value.
* PresOK to confirm.

Parameter Description

Signal Name The name of the signal (max. 16 characters).

Unit Name The board to which the signal is connected.

Signal Type The type of signalGi= Group of input signal€0= Group of

output signals.

Group length The number of digital signals in the group. The length must be
set so that the group is within one board. The maximum value
for length is 16.

Start signal The physical channel of the board to which the first signal (the
least significant) is connected. The remaining signals are auto-
matically connected to the next channels on the same board.

Inverted Set to Yes if all signals in the group shall be inverted.
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Store If set to YES, the digital outputs will be stored at a power
failure, and restored when the system is powered up again.
It should be noted that the value is connected to a logical signal.
If more than one logical signal is connected to the same physi-
cal signal, an unexpected value may be obtained. In such cases
this parameter should be set to NO.

3.4 Defining cross connections

12-14

A digital input or output signal can be logically connected to one or several digital input
or output signals. This means that a cross-connected signal will automatically be
changed when the “activation” signal is changed. For more information, see RAPID
Reference ManualMotion and I/O Principles

« If the signal has not already been defined, then define its name in the normal way. See
Defining input and output signats page 11.

» ChooseTypes: Cross Connections

All the defined cross connections will be displayed (see Figure 9).

File Edit Topics Types
System Parameters 10 Signals
Cross Connections
From To

1(4)

dil do5
do8 do5
do8 dil
do9 di25

Add

Figure 9 An output signal can be logically connected to an input signal.

« Select the cross connection to be changed and press[ < ter , or add a new one by
pressingAdd.

» Define the "activation (From)” signal and the corresponding "cross connected (To)” sig-
nal.

* PresOK to confirm.

A maximum of 40 signals can be cross connected. Make sure that the same signal is not
connected on both the "From” and "To” sides, in the same chain.
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3.5 Cross connections with logical conditions

The digital I/O signals can have the logical conditions AND or OR, to set up a condi-
tion for a cross connection. These conditions cannot be entered from the teach pendant.
They are instead set up in the configuration file EIO.SYS in the cross-connection sec-
tion (starting with the line “EIO_CROSS:”) using a standard PC. The same rules apply
to the logical condition connections for the result signals as for the normal cross-con-
nected result signals. The actors in the cross-connection section have the logical con-
dition operators.

The logical condition operators are:

- AND, syntax in configuration file = “&”
- OR, syntax in configuration file = “I”

For each logical condition connection there can only be one kind of logical operator.
Each logical condition connection can be seen as a logical operator box.
The AND operator has the following function:
- If all in signals (actor signals) to the AND box are high, the result signals will
be high.
The OR operator has the following function:
- If anyin signals (actor signals) to the OR box are high, the result signals will
be high.
There is one help operator:
- INV, syntax in configuration file = “*” | inverted.
The INV help operator can be connected before an in signal (actor signal) to an AND

or OR box which means that the signal is inverted before being checked in the operator
box.

Examples

Logical Box AND

r— - - - - - - - - - - - - - — al
| |
podir |
| |
| do2 & do26 |
| |
| |
| dol10 |
| |
Lo _

In Configuration file:

EIO_CROSS:
-Lres do26 -Lact dil & do2 & do10
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Logical Box OR

| |
| dil |
| |
| do2 I do26 |
| . |
| |
| dol10 |
| |
Lo _

In Configuration file:

EIO_CROSS:
-Lres do26 -Lactdil!do2!dol0

r———— - - - - - - - - - - — - — ul

| |

podil | .

| | O =INV = Invert signal
| do2 I do26 |

| . |

| |

| dol0 0O |

| |

L J

In Configuration file

EIO_CROSS:
-Lres do26  -Lact *dil ! do2 ! *do10

The actor signals can be both digital In and Out signals. There can be 5 actor signals in
each condition but there can be several conditions. The cross-connected signals cannot
use Delay or Pulse or any parameters, only “clean” set and reset of digital in and out
signals. The example below describes a configuration file that has several logical con-
dition connections
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| . |
di2
| doll |
| d03 & 0 | r— - - - - — T
| | : :
T T T T T T T T - | dol5 |
r—— - - - - - - - - = 7 I | |
| . | | o | — 5
iz & | do14 | | . |
| d03_C | | | | |
| | Fm === i | do54 |
Lo J | — ) |
| |
e 1 - - - '
di13 | I -
| i |
| do3 diLl | | & |do33
| & | do23 I | |
| dol7 | : :
: : S |
| I (R .
b= = = = - | |
| |
do3 | & do6l |
| |
| |
In Configuration file
EIO_CROSS:

-Lres doll -Lactdi2 & do3

-Lres do1l4 -Lact dil2 & *do3

-Lres dill + do23 + dol7 -Lactdil3 & do3
-Lres dol5 -Lactdoll!dol4!*dill

-Lres do33  -Lact dill & do23

-Lres do61 -Lact dol7 & do3

-Lres do54  -Lact dol1l5! *do33
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3.6 Defining system inputs

The input signals can be assigned specific system actions. In this case, they will auto-
matically be handled by the robot. See also the Product Manual - Installation and Com-
missioning PLC CommunicationThey are normally allowed in automatic mode

only.

« If the signal has not already been defined, define its name in the normal wagfiSeey
input and output signalsn page 11.

» Choose€lypes: System Inputs

All defined system inputs will be displayed (see Figure 10).

File Edit Topics Types
System Parameters 10 Signals
System Inputs
Name Action
1(4)
di8 MotorOn
di9 MotorOff
progstart StartMain
servicegprog Maninterrupt
Add

Figure 10 Input signals can be assigned specific system actions.

* Select the system input to be changed and press , or add a new one by
pressingAdd.

* Define the name of the signal and the system action that is assigned to it. To add the sys-
tem actionsinterrupt, LoadStartandSync ExtAxgefine their arguments as well.

* PresOK to confirm.

The following system actions are available:
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System action

MotorOn
MotOnStart

MotorOfft
Start
StartMain
Stop

Stoplnstt

StopCyclé

SysReset
Interrupt

ResetError
SyncExtAX

LoadStart

ResetEstop

Description
Sets the robot to the MOTORS ON state.

Sets the robot to the MOTORS ON state and starts the program
(continuous execution) from the current instruction, i.e. from
the program pointer.

Sets the robot to the MOTORS OFF state.

If a program is executing, it will be stopped before changing
state. The robot cannot be set to the MOTOR ON state when
this signal is high.

Starts the program (continuous execution) from the current
instruction, i.e. from the program pointer.

Starts the program (continuous execution) from the beginning.
Not valid during program execution.

Stops program execution. A program cannot be started when
this signal is high.

Stops program execution after the current instruction has been
finished. A program cannot be started when this signal is high.

Stops program execution when the complete program has been
executed, i.e. when the last instruction in the main routine has
been executed. A program cannot be started when this signal is
high.

Performs a system reset (restart), i.e. similar to power off/on.

Executes a routine (procedure) without changing the start
pointer.

Not valid during program execution. When the routine has
been executed, the normal program can be restarted.

The name of the routine to be executed is also defined in this
dialog, e.g. routinel.

This signal, for example, can be used to go to a service
position. When the normal program is started again, the robot
will move to the point where it was stopped and continue from
there.

Resets the system output signal Error.

Synchronizes an external mechanical unit. The unit to be
synchronized is also defined in this dialog e.g. orbitl. One sig-
nal is required for each unit.

Loads a program from diskette or other mass storage device.
The program is then started from the beginning.

The program file name (including mass memory unit) to be
loaded is also defined in this dialog, e.g.

flpl: PROGRAML1.PRG.

Not valid during program execution.

Resets the emergency stop. The robot can then be set to the
MOTORS ON state.
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Several signals can be assigned the same system actions.

1. Allowed in both manual and automatic mode.

To delete a system action

» Select the signal to be deleted.

« Press[<X]

The system action assigned to this signal is then deleted, but the signal itself remains
defined.

3.7 Defining system outputs

The output signals can be assigned a specific system status. In this case, they will auto-
matically be handled by the robot.

« If the signal has not already been defined, define its name in the normal wagfiSeey
input and output signalsn page 11.

» Choose€lypes: System Outputs

All defined system outputs will be displayed (see Figure 11).

File Edit Topics Types
System Parameters 10 Signals
System Outputs
Name Status
13)
do8 MotorOn
do9 MotorOff
progrun CycleOn
Add

Figure 11 Output signals can be assigned specific types of system status

» Select the system output to be changed and press[« ler , or add a new one by press-
ing Add.

* Define the name of the signal and the system action assigned to it.
* PresOK to confirm.

The following types of system status are available:
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System status

MotorOn
MotOnState
MotorOff
MotOffState
CycleOn

EmStop

AutoOn

RunchOk

TCPSpeed

Error

PFError

Description

The robot is in the MOTORS ON state. If the robot system is
not synchronized, the output will start flashing.

The robot is in the MOTORS ON state.
The output is stable, i.e. no flashing.

The robot is in the MOTORS OFF state.
If the safety chain is broken, the output will start flashing.

The robot is in the MOTORS OFF state.
The output is stable, i.e. no flashing.

A program is executing.

The robot is in the Emergency Stop state. The emergency stop
must be reset before the robot can be set to the MOTORS ON
state.

The robot is in automatic mode.
The run chain is not broken.

An analog signal that describes the speed of the TCP.

The logical value of the signal is specified in m/s, e.g. a speed
of 2000 mm/s corresponds to the logical value 2. The scaling
factor for the physical value is specified in the system parame-
ters of the corresponding signal.

The robot execution has been stopped due to an error. (If an
error occurs when a program is not executing, this output will
not be set.)

A power failure error has occurred.
The program would not restart after this type of error. The pro-
gram can usually be started, but it will start from the beginning.

Several signals can be assigned the same system status.

To delete a system status

» Select the signal to be deleted.

« Press[<X] .

The system status assigned to this signal is then deleted but the signal itself remains

defined.
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4 Topic: Communication
The following parameters are found under the Communication topic:

- Specification of physical channels.
- Transmission protocols.
- Application protocols.

» Choose€Topics: Communication

4.1 Defining physical channels

» Choose€T opics: Communication
» Choose€Types: Physical Channels

All defined physical channels will be displayed, as shown in Figure 12.

File Edit Topics Types
System Parameters Communication
Physical Channels
Name Type Channel
1(1)
siol: sio 1
Add

Figure 12 System parameters of the type Seff@rDels.

* Select the physical channel to be changed and press[«—ler add amew one by
pressingAdd.

* Select the desired parameter and change its value JXasonfirm.
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Parameters Description

Name Name of physical channel (max. 16 characters)
Type Type of physical channel (sio)

Channel Channel number (1 - 4).

Baud rate Baud rate for the serial channel (300 - 19200).
Parity Type of parity for serial channel. (Odd, Even, None).
No / of bits Number of data bits (7,8).

No / of stops bits Number of stop bits (1, 2).

RTS /CTS Control RTS/CTS flow control when sending from the robot (ON/
OFF). If channel 1 is set to ON, DCD and DTR must be
strapped. RTS / CTS must be set to OFF for channel 4.

4.2 Defining Transmission Protocol

» Choos€Topics: Communication
» Choos€Types: Transmission Protocol

All defined transmission protocols will be displayed, as shown in Figure 13.

File Edit Topics Types
System Parameters Communication
Transmission Protocols
Name T PhyCh I
ype yChanne 131)
slipl SLIP siol:
com?2 XON/XOFF sio2:
Add

Figure 13 System parameters of the type Transmission protocol.

» Select the transmission protocol to be changed and press| < fer , or add a new one
by pressingAdd.

* Select the desired parameter and change its value ¥asonfirm.
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Parameters Description

Name Name of the transmission protocol (max. 16 characters). The
name must be unique and must not be used anywhere else.

Type Type of transmission protocol (None, XON/XOFF, SLIP).

PhyChannel Name of the physical channel the protocol should use.

For Slip only:

Local Address (SLIP)Local address of the SLIP connection.
Remote Address (SLIRemote address of the SLIP connection.
PortNo The TCP protocol port number of the remote computer.

4.3 Defining Application Protocol

» Choose€T opics: Communication
» Choose€Types: Application Protocol

All defined application protocols will be displayed, as shown in Figure 14.

File Edit Topics  Types
System Parameters Communication
Application Protocols
Name T T . Prot.

ype rans. Pro 11)
rapl RAP slipl
Add

Figure 14 System parameters of the type Application protocol.

» Select the application protocol to be changed and press[«ler , or add a new one by
pressingAdd.

* Select the desired parameter and change its value JXasonfirm.
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Parameters
Name

Type

Trans Prot.

For RAP only:
Enable SysEvent

Description

Name of the application protocol (max. 16 characters). The
name must be unique and must not be used anywhere else.

Type of application protocol (RAP).
Name of the transmission protocol the protocol should use.

See RAP Service Specification, Start-up Log Event.
(TRUE/FALSE)
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5 Topic: Controller
The following parametrs are found under the Controller topic:

- Activation of Hold-To-Run Control
- Event routines
- Maximum regain distances
- System miscellaneous
- Automatic loading of modules and programs
- Tasks (option Multitasking is required)
» Choose€Topics: Controller.

5.1 Activate Hold-To-Run Control

When using the Hold-To-Run control, the program start key must be held down all the
time, in order to execute a [gram.

This function is always activated in the manual operating mode at full speed, but can
also be activated at reduced speed.

» Choose€lypes: Safety

» Select the safety function to be changed and press [« kr , or add a new one by
pressingAdd.

* Define the function and whether or not it shall be a¢livee).
* Pres©OK to confirm.

5.2 Defining event routines
Special system events, such as program stop, camibeated together with an ordi-
nary routine. When the event occurs, the corresponding routine is executed automati-
cally.
» Choose€lypes: Event Routines.

All defined event routines will be displayed (see Figure 15).

User's Guide 12-27



12-28

File Edit Topics Types
System Parameters Controller
Event Routines
Event Routine Task

1(4)

STOP STOP ROUTINE MAIN
POWER ON RESTORE_IO  MAIN — Predefined, but could be modified
START SYS_RESE_T MAIN | — Predefined and should not be
RESET SYS_RESET MAIN -~ removed

Add

Figure 15 Certain events can start routines automatically.

» Select the event routine to be changed and press [« fer add arnew one by
pressingAdd.

* Define the system event and the routine assigned to it, also select which task the definition
is for.

* PresOK to confirm.

The following types of system events are available:

System event Description

POWER ON The robot is started.

START Execution is started from the beginning of the program.

RESTART Execution is started from the position where is was stopped.

STOP The program was stoppeldote: A delayed stop after current
cycle will not execute the routines connected to this state.

QSTOP The robot was quick stopped (emergency stop).

RESET The old program was esad.

The specified routine must be a procedure withoupangmeters. The routines should
be in a system module, at least the routines for the RESET event.

If the robot cannot find thepecified routine, n@rror message will be given.

Avoid motion instructions in the routines. For STOP/QSTOP, a motion instruction in
the corresponding event routine will result in an error. It is advisable to keep the rou-
tines short and quick.

A maximum of four routines may be specified for each system event and each task
(multitasking). The same routine can be used in more than one event.

The task(s) available are dependent on the Tgs&s
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5.3 Specifying regain distances
Maximum distance for a regain movement (the distance from the current robot position
to the last executed path). This can be set both for start in manual mode and for start in
automatic mode.
A regain movement will begin when program startriseoed and before the g@am
continues with the instruction thags interrupted due to a stop request. If the regain
distance exceeds the specified max. distance, an error messagewill o
» Choos€lypes: Regain distances.

The operating modes will be listed, (see Figure 16).

File Edit Topics Types
System Parameters Controller
Regain distances
Mode Tcp_dist Tcp_rot
1(2)
MAN 0.02 0.35
AUTO 0.5 1.57

Figure 16 Maximum regain distances.

» Select the operating mode to be changed and press|ler
* Select the desired parameter and change its value.
* PresOK to confirm.

Parameter Description

Mode AUTO or MAN.

Tcp_dist The maximum TCP distance (m).

Tcp_rot The maximum TCP rotation (rad).

Ext_dist The maximum distance for external axes (m).
Ext_rot The maximum rotation for external axes (rad).

5.4 System miscellaneous
Changes to any item in this menu will force the system to restart the program handling

part of the system at the next warm start. All usegqams will be erased and all task
modules specified in the configuration will be reloaded.
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» Choose€Types: System misc.

All functions already added will be listed, (see Figlire.

File Edit Topics Types
System Parameters Controller
System misc
Function Value

alu 13)

MemTask0 [%] 75
SimMenu YES
AveragePers 20

ADD

Figure 17 System miscellaneous.

» Mark the function to be changed and change it, or add a new one.
* PresOK to confirm.

Function Description
MemTaskO Only valid if the robot is equipped with option Multitasking. If

the parametesize (Types: Taskg not is set for the main task
(program 0), this function specifies the amount of the total
memory that the main task should occupy. The rest will be
shared by the other tasks. If it is a single task system the amount
will always be 100%

SimMenu The WaitTime, WaitUntiland WaitDl instructions willgenerate
an alert box in manual mode to make it possible for the user to
simulate the instruction and continue to execute the next
instruction. If this is set tblO, no menu will be generated.

YES is the default behaviour.

AveragePers Average size in bytes of one PERSENT variable. This
setting will affect the maximum number of persistents in the
system.

5.5 Automatic loading of modules and programs

12-30

System modules and/or normal RAPIDgnams can behded automatically when the
robot is powered on (restarted).

Changes to any item in this menu will force the system to restart tip@aprdnandling

part of the system at the next warm start. All user programs will becgrand all task
modules specified in the cogfiration will be reloaded.
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» Choose€lypes: Task modules.

A list of the files which will be preloaded will be shown, (see Figure 18).

File Edit Topics Types
System Parameters Controller
Task modules
Task Fil
ile 1(6)
MAIN ramldisk:base.sys
MAIN ramldisk:user.sys
SUPERVISION ramldisk:base_mt.sy
SUPERVISION ramldisk:superv.prg
GUN ramldisk:base_mt.sy
GUN ramldisk:gun.prg
Add

Figure 18 Programs loaded into the system in the waam sequence.

» Select the item to be changed and press E«<|r  adca new one by

pressingAdd.

* Select the desired parameter and change its value.

* PresOK to confirm.

Parameter
File

Task

Storage

TextResource

Description

A path to the program fileNote: The file must be reachable
in every warm start, e.g. ramldisk:base.sys)

The symbolic name of the task to which the module should
be loaded. The available task(s) are those under the type
Tasks (SeeDefining multitaskingon page 31).

Built in orloaded A built in module is not visible, it will not
occur in the list of modules and cannot be removed from the
program window. Loaded is the default behaviour.

If Storage is set t8uilt in it is possible to use a national lan-
guage for routine names, for example. This parameter should
be 0 as English is used for the RAPID language.

The files “raml1disk:base.sys” and “ramldisser.sys” are predefined and should not
be removed, but the contents of “user.sys” may be modified.

The file “ram1disk:base_mt.sys” should always be defined for any additional tasks.

5.6 Defining multitasking

Available when the optioNlultitaskingis installed. The various tasks are defined with
name, priority and execution behaviour.
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Changes to any item in this menu will force the system to restart tip@aprdnandling
part of the system at the next warm start.uskr programs will be erased and all task
modules specified in the cogfiration will be reloaded.

» Choose€Types: Tasks.

All specified tasks will be listed, (see Figure 19).

File Edit Topics Types
System Parameters Controller
Tasks
Task Prog Type

1(3)

MAIN 0 NORMAL
SUPERVISION 1 SEMISTATIC
GUN 2 SEMISTATIC

Add

Figure 19 All available tasks.
» Select the task to be changed and press §«}r , or add a new one by

pressingAdd.
* Select the desired parameter anaihgje its value.
* PresOK to confirm.

Parameter Desciption

Task The name of a task. (max 16 characters)

Prog The program number. Program no. 0 is reserved for the normal
robot program which is the only one that may include motion
instructions.

Type Controls the start/stop and system restart
behaviour.

NORMAL - The task will react on START/STOP requests
given from the teach pendant or other sources.

STATIC - The task will be started from the beginning at the
first warm start after a cold start, and automatically restarted at
the current position at all other warm starts.

SEMISTATIC - The task will be restarted from the beginning
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Task in foreground

Main entry

BindRef

Size

at all warm starts.
Program no. 0 must be of type NORMAL. The other tasks
should be of type STATIC or SEMISTATIC.

The name (or program number) of a task that should run in
foreground the of this. If “-1” or an empty string ““ is set for
this parameter, it will run at the highest level with no other task
that could suspend its execution.

The name of the start routine. It should be a RAPID routine
without any parameters and reachable in this task (only valid
for STATIC and SEMISTATIC tasks).

This parameter should be seNO if the system is to accept
unsolved references in the program while linking a module, or
otherwise set t&¥ES (default value iYES). The parameter
must be set tdlO if the instructiond.oad/Eraseare to be

used.

There will be a runtime error on execution of an unresolved
reference.

If specified, the system will allocate the specified amount of
memory for this task. If notecified (the default setting) the
system will give this task a memory with a size depending on
how many other tasks there are in the system. Dspeuify a

size less than 120 000 bytes unless a reduced set of instructions
is used in this task. The only tasks with a reduced set of instruc-
tions are those included in an application package delivered
from ABB. In these cases, this size iseady preset.

If a task is specified as a STKC or SEMISTATIC type, all modules must be
prelcaded. Sedutomatic loading of modules and prograamspage 30.

User's Guide

12-33



12-34 User's Guide



6 Topic: TeachPendant
The following parametrs are found under the TeachPendant topic:

- Optional packages
- Defining customised file extensions
- Authorising and confirmation of user commands, changing Pass Codes.
- Activation of limited modpos function.
» Choose€Topics: Teach Pendant

The Most Common instruction pick lists and 1/O hs¢ also sted when saving this
topic.

6.1 Defining Optional Packages

If several process packages (ArcWare, SpotWargledve been added to the system,

it is possible to define which package is to be used for the Program window and the
Production window.

» Choose€Topics: TeachPendant

» Choose€lypes: Optional Package.
* Press Ente[ ] .

* Select the desired parameter and change its value.
* PresOK to confirm.

Parameter Description

Use for Program The name of the process package to be used fgrdPno or
NONE if not used.

Use for Production The name of the process package to be used for Production, or
NONE if not used. (No process package available in this
version).

6.2 Defining File Extension

Itis possible to add file extensions for RAPID created files, so that they are recognised
by any file dialogue.

» Choose€Topics: TeachPendant
» Choose€Types: File Extensions.

User's Guide 12-35



» Select the File extension to be changed and press|[« ler or add a new one by
pressingAdd.

* Select the desired parameter and change its value.
* PresOK to confirm.

Parameter Description
Name The name of the extension (max. 3 characters)
Description Explains the type of file

6.3 Defining authorisation and confirmation

12-36

It is possible to limit the aess tacertain commands, by using user levels and associ-
ated pass codes. This means that a function will not be executed unless you have the
correct user level. It is also possible to define that a command will not be performed
until it is confirmed.

In the robot there are fo4) user levels:
Operator for functions accessible to all users.

No pass code needed.

Service for functions associated with service.
Pass code needed.

Programmer for functions related to programming and testing.
Pass code needed.

Service& Programmer
For functions needed for both gramming and service.
Pass code needed for either Service or Programmer.

A pass code can be up to 8 digits long.

If you try to perform a command and you do not have the correct user level, a dialogue
will appear, as shown in Figure 20:
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Pass Code Input!

“Service” pass code required
to be able to continue!

*kkkkkkk

Cancel OK

Figure 20 Pass Code Input Dialogue.

* Input your pass code for the correct user level.
* Pres©OK to confirm the pass code input.

If the pass code is still notect,pressCanceland ask your system administrator for
the correct one.
Defining new pass codes

» Choose€Topics: TeachPendant
» ChooseEdit: Change Pass Codes
» Read the warning message and p@dss

Change Pass Code!

Input the old Pass Code before
changing to a new Pass Code.

Old New
Operator  No “Pass Code”

Service

Programmer

Cancel OK

Figure 21 Pass CodeChange Dialogue

» Select the old pass code of the user level to be changed (use the arrow keys Up or Down)

* Input the old pass code (the pass code will not be visible). After installation of the control
program, the pass coded@y.

* Select the new pass code of the user level to be changed.
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* Input the new pass code, (the pass code willdigl®).
* PresOK to acknowledge the change of pass code.
* Press Ente[«<2] to confirm the updating.

Defining authorisation
To authorise a function:

» Choos€Topics: TeachPendant

* Choose from th&ypesmenu, the window you want to authorise (names start with
Authorise...).

All functions that can be authorised will be displayed (e.g. as shown in Figure 22).

» Select the function to change and press

Parameter Description
Function The name of the function to be authorised (cannot be changed).
User Level Requred user level to be able to execute the function,
(can be Operator, Service and Programmer).
Confirm Should the function be confirmed before it is executed? Yes or
No.
» To change

- User Level, select parametdser Leveland press Entg«]
- Confirm, select paramet@onfirm and press Ente] « |

» Choose appropriate value and pi@ss

* When finished, pre€3K to confirm the change.

Authorise SystemParameters

» Choose€Topics: TeachPendant
» Choose€Types: Authorise SystemParameters

All possible functions will be displayed, as shown in Figure 22.
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File Edit Topics Types

System Parameters TeachPendant
Authorise SystemParameters
Function User level Confirm

1(3)
Launch Service No
Change Code Service Yes
Delete Inst Service Yes

Figure 22 Authorise System Parameters.

Function Description

Launch To authorise the opening of the window.
Change Code To authorise the change of pass codes.
Delete Inst To authorise the deletion of a parameter.

*» To change user level and/or confirm, Bedining authorisatioron page 38.

Authorise Program

» Choose€Topics: TeachPendant
» Choose€Types: Authorise Program.

All possible functions will be displayed, as shown in Figure 23.

File Edit Topics Types
System Parameters TeachPendant
Authorise Program
Function User level Confirm

1(5)

Launch Operator No
Edit Program Operator No
Delete Instr Programmer Yes
Delete Object Programmer Yes
Conf. Start Operator Yes

Figure 23 Authorise Program.
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Function Description

Launch To authorise the opening of the window.

Edit Program To authorise changing of the program.

Delete Instr To a_luthorise the deletion of any instruction in a RAPID
routine.

Delete Object To authorise the deletion of any RAPID objects (e.g. routines,

modules or data).

Conf. Start Only confirmation. If set tdNo the program excution will
always start from the program poin{éP).

* To change user level and/or confirm, Bedining authorisatioron page 38.

6.4 Activation of Limited ModPos Function
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If the Limit ModPos function is active, only a limited deviation from the original posi-
tion is allowed, when thiglodPoskey is pressed to modify a position. The limited devi-
ation concerns both the linear distance and the orientation.

» Choose€T opics: TeachPendant
» Choose€Types: Modify Position.

Now the current type of ModPos function will be displaydddPosor LModPos

* Press Ente[«<] .

* Select the desired parameter anahgje its value.
* PresOK to confirm.

Paramedr Description
Type The current type of modpadslodPosmeans that Limit Mod-

Pos is deactivated, i.e. any change is accepli¢odPosmeans
that Limit ModPos is activated, i.e. the change must be within
a limited area.

Tuning In Auto Tuning Off or On in auto.
On= tuning functionality enabled in automatic mode.
Off = tuning functionality disabled in automatic mode.

Mode The current mode of limited modpos.
Abs= The limited area is around a fixed original point.
Rel= The limited area is around the current point and will be
moved when you modify the point.

Max Trans The maximum allowed deviation in mm from the current or
original position.

Max Rot The maximum allowed reorientation in degrees from the cur-
rent or original position.

Max External Trans The maximum allowed deviation in mm from the current or
original position concerning external linear axes.
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Max External Rot

If Auto

The maximum allowed deviation in degrees from the current
or original position concerning external rotational axes.

Parameter for automatic activation ofrit ModPos when the
operator’s key is switched to Auto ModéJlodPosmeans that
Limit ModPos is activated when the operator’s key is switched
to Auto Mode As Ismeans that ModPos is not changed.

6.5 Programmable keys

On Version 2 of the Teach pendant, see Figure 24, you can define five keyspiarthe
pose of setting outputs and generating signal events.

ADD
ol ]

P1 [
Tl o,

AN
oON O1 0
] w

| m &~

=
=

Figure 24 There are five programmable keys on the teach pendant.

» Choosdopics: Teach Pendant

» Choos@ypes: Programmable Keys

Now the definition of the keys will be displayed.

» Select the key to be defined and press

Parameter
Key

Type
Connection

Description

The designation of the key P1-P5

Type of key:Input, Output or None (nhot activated)
Name of signal to be chosen.

When Type is selected as Output, tlewing are also available

Key Pressed

User's Guide

Defines how the output should be set.

Toggle: if the signal value is high (1), it will become low (0)
and vice versa.

Pulse: a positive pulse is generated.

Setl/Set0: either to high (1) or to low (0).

Press/Release: the signal will be high (1) as long as the key is
depressed. When the key is released, the signal will change to
low (0).
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When Type is selected as Inplt events will wait for this input to be activated. These
events can be:

- System inputs. The input must then be associated with a system activity, see
Defining input and output signats page 11.

- Interruptions are defined by the instruction I1SignalDI (see RAPI21Rate
Manual).

- Waiting for input via the instruction WaitDI (but not WaitUntil). (See RAPID
Reference Manual).

A physical signal can be connected to the output. However, its value will be affected.
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7 Topic: Manipulator

The Manipulator topic contains parameters associated with motion control in the robot
and external axeg,g.:

- The commutation offset
- The calibration offset
- The working space limits.

» ChooseT opics: Manipulator.

Do not change “Transm gear ratio” or other kinematic parameters from the teach
pendant or a PC. This will affect the safety functiorReduced spee2b0 mm/s

7.1 Defining the commutation offset and calibration offset of the motors

These values are generally updated from the Service window. If, however, they are
known, they can be specified in the System Parameters window.

» ChooseT opics: Manipulator.

» Choose€Types: Motor.

» Selecthe desired motor and press Er{«]

* Select the desired parameter and change its value.

* PresOK to confirm.

Parameter Description

Name The name of the motor, e.g. motor_1 (max. 16 characters).

Cal offset The position of the motor (resolver) when it is in the calibra-
tion position (in radians).

Cal offset valid Specifies if the calibration offset is defined.

Com offset The position of the motor (resolver) when the rotor is in the

electrical zero position relative to the stator (in radians).
Com offset valid Specifies if the commutation offset is defined.

7.2 Defining the range of movement and calibration position of each axis

» ChooseT opics: Manipulator.

* ChooseTypes: Arm.

» Selecthe desired arm (axis) and press Ef«]

* Select the desired parameter and change its value.
* PresOK to confirm.
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Parameter Description

Name The name of the arm, e.g. arm_1 (max. 16 characters).

Upper joint bound The upper joint limit, e.g. +3.139 for axis 1 (in radians).
18P = 3.1416 radians.

Lower joint bound The lower joint limit, e.g. -3.139 faxis 1 (in radians).

Use check point The name of a check point (if any). S&&fining arm check

pointon page 46.

Use customer arm load The name of an arm load (if any). $&&fining arm loacbn
page 45.

Cal pos The position of the axis when it was calibrated. If this value
is changed, the robot must subsequently be fine-calibrated
in the Service window. See the Product Manual.

7.3 Defining supervision level

It is possible to change the default supervision levels if a system needs to be more or
less tolerant to external disturbances.

A Increasing the tune factors can reduce the lifetime of the robot

» Choose€Topics: Manipulator .

» Choose€Types: Arm

» Selecthe desired arm (axis) and press Ef«]

* Select the desired parameter and change its value.
* PresOK to confirm.

Parameter Description

Jam supervision trim factor Tune factor for jam supervision. The factor influences
maximum allowed time at zero speed with maximum
torque.

Load supervision trim factor Tune factor for load supervision. The factor
influences maximum allowed time at non-zero speed
with maximum torque.

Speed supervision trim factorTune factor for speed supervision. The factor
influences the maximum allowed speed error.

Position supervision trim factofune factor for position supervisions. The factor
influences the maximum allowed position error.
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7.4 Defining sync speed
If the default values for sync speed are not satisfactory they can be changed.

» ChooseT opics: Manipulator.

» Choose€Types: Arm.

» Selecthe desired arm (axis) and press Ef «]

» Select the desired parameter and change its value.
* PresOK to confirm.

Parameter Description
Sync speed high High sync speed. Use (rad/s) or (m/s) depending on whether

it is a rotating or linear motion.

Sync speed low Low sync speed. Use (rad/s) or (m/s) depending on whether
it is a rotating or linear motion. This speed must be suffi-
ciently low so that the motor stops within one revolution
after leaving the sync switch.

7.5 Defining teach mode speed

When there is a requirement to monitor manual mode with reduced speed lower than
250 mm/s, this can be achieved by changing the teach mode maximum speed.

» ChooseT opics: Manipulator.

» Choose€Types: Motion system

« Selecthe desired system and press E[«]

* Select the desired parameter and change its value.

* PresOK to confirm.

Parameter Description
Teach mode max speedMaximum allowed speed in manual mode with reduced
speed.

7.6 Defining arm load
The performance of the robot will be negatively affected if the arm load is not defined.

When more than one load is mounted on one and the same arm, the total weight and
the position of the centre of gravity must be calculated.
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All loads mounted on the upper arm are related to axis 3, including loads on the rotating
part.

» Choose€Topics: Manipulator.
» ChooseTypes: Arm load.

Parameter Description

Name The name of the arm load, e.g. armload_1 (max. 16 characters).
Mass The mass of the arm load (in kg).

Mass cent x The mass centre, specified based on the coordinate system
Mass cent y of the arm. See the example in Figure 25.

Mass cent z

Figure 25 The arm coordinate system for axes 1, 2 and 3.

Now, this arm load must be connected to the current arm (axis):

» Choose€Types: Arm.
« Selecthe desired arm and press Er <

* Select the parametdise customer arm loadnd specify the name of the arm load previ-
ously defined.

* PresOK to confirm.

7.7 Defining arm check point
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If an extra load, such as a transformer or a welding-bar roller, is attached to an arm, then
a point on this equipment can be defined. In this case, the robot monitors the speed of
that point so that it does not exceed 250 mm/s in the manual operating mode (reduced
speed).

» Choose€Topics: Manipulator.

» ChooseTypes: Arm check point
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* Select the desired parameter and change its value.
* PresOK to confirm.

Parameter Description
Name The name of the check poietg. chk_pnt_1 (max. 16

characters).
Pos x The position of the check point, specified on the basis of the
Posy current coordinate system of the arm (in meters). See the
Pos z example in Figure 26.

Zarm 3
Check point

Figure 26 Definition of the check point for arm 3.
Now, this check point must be connected to the current arm (axis):

» Choose€Types: Arm.
« Selecthe desired axis and press Erf{«]

» Select the parametdise check poinand specify the name of the arm check point previ-
ously defined.

* PresOK to confirm.

7.8 Defining the base coordinate system

Normally the base coordinate system of the robot coincides with the global coordinate
system. However, the base coordinate system can be moved relative to the global coor-
dinate system. Please note that the programmed positions are always related to the glo-
bal coordinate system, and all positions will therefore also be moved, as seen from the
robot. Normally this would be defined from the Service window, but if the values are
known they can be input from the system parameters.

» Choose€T opics: Manipulator .

» Choose€Types: Robot

* Select the manipulator whose base coordinate system is to be changed.
* Press Ente[ ] .

» Select the desired parameter and change its value.

* PresOK to confirm.
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Z world

Parameter Description

Name The name of the robot, e.g. robot_1 (max. 16 characters).

Type Robot type (not to be changed).

Base frame x The X-coordinate of the base coordinate system'’s position
in relation to the world coordinate system (in metres).

Base frame y The Y-coordinate of thbase coordinate systgin metres).

Base frame z The Z-coordinate of the base coordinate system (in metres).

Base frame u0-u3 The orientation of thease coordinate system in relation to

the world coordinate system (expressed in quaternions g1-
g4). Figure 27 illustrates some examples of different values.

Base frame moved by Specifies if the robot is to be operated in coordination with
a track. Se®efining a track motion with coordinated
motionon page 49.

Suspended Suspended
Floor mounted case 1 case 2

>X base

Z bas
Y base
X base :
(X,Y,Z,1,0,0,0) (X,Y,Z,0,1,0,0) X,Y,Z,0,0,1,0)
Y world
X world

Figure 27 Some examples of definitions of the base coordinate system.

7.9 Defining external manipulators with more than one axis
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To achieve the best possible performance from an external manipulator, a set of data,
describing its kinematic and dynamic properties (among other things), must be defined.
This data cannot be defined in the system parameters, but must be read from a diskette.
If no diskette was supplied with the manipulator, the manipulator cannot be coordi-
nated with the robot. It can, however, be defined as a number of separate external axes.
SeeDefining external axes with external drive uratspage 49 obefining external

axes with internal drive unitsn page 53.

» Read the files that define the manipulator. ISsling parameters from a diskette or
some other mass storage dewcegpage 7. Use the commdribk: Add New parame-
ters.

* Define the calibration offset, name of the mechanical unit et &@@ng external axes
with external drive uniten page 49 dbefining external axes with internal drive units
on page 53.
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* Define the base coordinate system as descrili2efining an external mechanical unit
coordinated with the robain page 49.

7.10 Defining a track motion with coordinated motion

* Define the axis in the usual way. $&efining external axes with external drive units
on page 49 ddefining external axesith internal drive unitoon page 53. Define the
base coordinate system of the track motion, from the Service window, for example. See
Chapter 10, Calibration.

» Choose€Types: Robot
« Select the robot and press En«]

* Set the parametBase frame moved kg the name of the axis (single) that is used by the
defined track.

7.11 Defining an external mechanical unit coordinated with the robot

* Define the axis in the usual way. $&efining external axes with external drive units
on page 49 ddefining external axesith internal drive unitoon page 53. Define the
base coordinate system of the unit from the Service window, for example. See Chapter
10, Calibration.

» Choose€Types: Mechanical unit
» Select the mechanical unit to be coordinated with the robot and pres{« ter

* Set the parametelser frame moved bip the name of the axiSifglg that rotates the
work object.

7.12 Defining external axes with external drive units

The system diskett&et-up supplied with the robot, contains a number of predefined
combinations of external axes. These can be found in the EXTAXIS directory and must
be used for the installation.

» When defining external axeService motion parametarsust be used. To activate these,
the control program must be installed once again. Seeeiceat the questioBervice/
Standard motion parameters3ee Product Manual - Installation and Commissioning.

» Read the files corresponding to the current installation. Use one file for each axis accord-
ing to the physical channel connection. Beading parameters from a diskette or
some other mass storage dewicepage 7. Use the commdrite: Add New

parameters

File name Content

/[EXTLIN/ ECLIN7 Linear external axis 7 with external drive unit
ECLIN12 Rotating external axis 12 with external drive unit

/[EXTROT/ECROT7 Rotating external axis 7 with external drive unit
ECROT12 Rotating external axis 12 with external drive unit
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A mechanical unit is now created for each axis. The name of this unit is the same as the
name of the file, e.g. ECROT7.

» Restart the roboEile: Restart.

» Choose€Topics: Manipulator .

» Choose€Types: Mechanical Unitand specify the characteristics of the mechanical unit.

Parameter Description
Name The name of the unit (max. 7 characters)

This name will subsequently be used in the Jogging window
and from the program, e.g. when a unit is to be activated.

Stand-by state The unit waits until the first move instruction or jogging com-
mand, before releasing the brakes and controlling the axis.

Activate at start up  The unit is to be activated automatically at start up.
Do not allow deact. The unit cannot be deactivated.

» ChooseTypes: Joint and specify, under the paramdtegical axis the logical number
of the axis from the RAPID program. For example, ECROT10 is by default defined as
logical axis 10. This would correspond to ##x_dfield of arobtargetdata.

* ChooseTypes: Axc Channeland verify the measurement type for each channel (axis).

» Choose€Tlypes: Motor and define the calibration offset adiefining the commutation
offset and calibration offset of the motorspage 43. Do not forget to set the parameter
Cal offset validto Yes The calibration offset can be suitably updated by putting the axis
in its calibration position and then fine-calibrating in the Service window. When the
synch-switch is in use, the synchronisation should be tested a number of times from dif-
ferent directions. If an erroneous result is sometimes obtained, the synch-switch should be
moved just a very short distance.
It is not necessary to specify the commutation offset for an axis with an external drive unit.

* Restart the roboEile: Restart.

Specify whether common drive units are used
When one or more axes use a common drive unit, this fact must be specified.

» Choose€Topics: Manipulator.

» ChooseTypes: Drive Systemand specify under the paramdtkse drive unif the name
of the drive unit used.

If axis 7 is read, for example, then axis 7 will have a drive unit with the name ECROT7
after that the file ECROT7 has been read. Axis 10 will have a drive unit with the name
ECROTI10. If thesaxes share a common drieit, the name of the drive unit for axis

10, for example, should be changed to ECROT?7.

Add activation relays (if connected)

The external drive unit can be activated via signals from the robot. If the unit is acti-
vated, for example, by selecting the unit in the Jogging window, the corresponding sig-
nal is set automatically. A check is then made that the corresponding output signal from
the relay is set.
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» Define the input and output signals of the relays[®d@ing input and output signals
on page 11. Restart the rolfete: Restart, and check that the external axes can be acti-
vated via the Inputs/Outputs window.

* Read a relay configuration file, EXTAXIS/UTIL/RELAY on the Set-up diskette. See
Loading parameters from a diskette or some other mass storage deypage 7. Use
the commandFile: Add New parameters This will create a new relay with the name
RELAY_x.

» ChooseT opics: Manipulator.
» Choose€Types: Relayand specify the name of the relay and its signal connections.

Parameter Description

Name The name of the relay, emglay_track(max. 16 characters).
This must be changed if more than one relay is used.

Delay time The time delay between the activation signal and the electrical
relay function, e.g. 0.2 s.

Inverted input Specifies if an inverted input is to be used in the relay.

In signal Specifies the logical name of the input signal to the relay. The

name must be identical (including upper and lower case letters)
to the signal name specified in the I/O configuration.

Out signal Specifies the logical name of the output signal to the relay. The
name must be identical (including upper and lower case letters)
to the signal name specified in the 1/0O configuration.

» Choose€Types: Mechanical Unitand specify, under the paramdikse act relaythe
name of the activating relay.

* When more than one activating relay is used, read in a new relay (file RELAY) and repeat
the above procedure.

Add brake relays (if connected)

If the external unit is equipped with a brake, it will be activated automatically when the
unit is deactivated or when the robot system assumes the MOTORS OFF state. It will
also be activated when the robot has been stationary for a specific time in the
MOTORS ON state.

Define the input and output signals of the relays.[B&ming input and output signals
on page 11. Restart the robéite: Restart, andcheck that the brakes can be activated
from the Inputs/Outputs window.

* Read a relay configuration file, EXTAXIS/UTIL/RELAY on the Set-up diskette. See
Loading parameters from a diskette or some other mass storage deypage 7. Use
the commandFile: Add New parameters This will create a new relay with the name
RELAY_x.

» ChooseT opics: Manipulator.
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» ChooseTypes: Relayand specify the name of the relay and its signal connections. See
Add activation relays (if connected) page 50.

» Choose€Types: Mechanical Unitand specify, under the parametise brake relaythe
name of the brake relay.

* The point in time, at which the regulator shall stop braking the axis and allow the mechan-
ical brakes to work on their own, can be changed by chodgjmes: Brake.
Parameter Description

Control off delay timeTime delay (s) before the regulator is turned off, if the speed is
< Control off speed

Control off peed The speed (as a percentage of the max. speed) at which the time
delay starts.

« If more than one brake relay is used, read a new relay into the system (file RELAY) and
repeat the above procedure.

Define the other parameters for an external axis
» ChooseTypes: Arm and specify the geometrical characteristics of the axis.

Parameter Description

Transm gear ratio  The transmission ratio of the motor to the axis.
Example: For a linear axis, 21.43 means that the axis moves
1 m when the motor rotates 21.43 radians.

Upper joint bound  The upper joint limit (in radians or meters).
Lower joint bound  The lower joint limit (in radians or meters).

Cal pos The position of the axis when it was calibrated. If this value is
changed, the robot must accordingly be fine-calibrated in the
Service window.

Rotating move Specifies if the axis is rotatingy€9 or linear No).

wc_acc The acceleration of the axis in radiaRsl§the values entered
are too high, the motor will run at its torque limit.

wc_dec The deceleration of the axis in radiadsIthe values entered
are too high, the motor will run at its torque limit.

If these numbers are not available or if friction is very large,
choose a reasonable number in the range 1.5 to 2.0 depending
upon the inertia and motor.

» ChooseTypes: Stress Duty Cycleand specify the characteristics of the drive system at
maximum utilisation.

Parameter Description
Speed abs. max The max. allowed motor speed (in radians/s).

* ChooseTypes: Drive Unit and specify the type of drive unit.

User’s Guide



Parameter Description
Speed constant Conversion factor from voltage (Volt) to speed (radians/s).

Trimming the axes
The servo control method can be adjusted to achieve thpdssible performance.

» Choosél'ypes: Lag control master Gand specify the values that give good performance.

Parameter Description
Kp The amplification of the position control, e.g. 10. A high value

will give a stiff axis that quickly assumes its new position. The
value should be large without inducing overshoot in the posi-
tion or oscillations of the axis.

The simplest way to tune is to incre&gesuccessively, until the axis starts to oscillate
or show signs of overshooting. The other parameters need not be specified.

» Choosél'ypes: Uncal control master Gand specify the tuning values that give good per-
formance when jogging, and when the axis is run uncalibrated.

7.13 Defining external axes with internal drive units

The system diskett&et-up supplied with the robot, contains a number of predefined
combinations of external axes. These can be found in the EXTAXIS directory and must
be used to make the installation.

* When defining external axe3ervice motion parametarsust be used. To activate these,
the control program must be installed once again. Seeeiceat the questioBervice/
Standard motion parameter§ge Product Manual - Installation and Commissioning.

* Read the drive unit configuration file, EXTAXIS/UTIL/IC236C from the Set-up diskette.
(Depending on the type of drive unit physically installed, read an additional IC236T or IC
236G configuration file.)

Seel.oading parameters from a diskette or some other mass storage deyiage

7. Use the commarfdle: Add New parameters

This file must be read only once, even if there are several external axes in use. The drive
unit will then be defined automatically, as the common drive unit for all external axes with
internal drive units.

* Read a motor configuration file, EXTAXIS/UTIL/ICMOTORS from the Set-up diskette.
Seel.oading parameters from a diskette or some other mass storage deiage
7. Use the commarfdle: Add New parameters
This file must be read only once, even if there are several external axes in use.

* Read the files corresponding to the current installation, one file for each axis to be used.
Seel.oading parameters from a diskette or some other mass storage deyiage
7. Use the commarfdle: Add New parameters

File name Content
/EXTLIN/ ICLIN7 Linear external axis 7 with internal drive unit
iCLIN12 Linear external axis 12 with internal drive unit

User's Guide 12-53



12-54

[EXTROT/ICROT7 Rotating external axis 7 with internal drive unit
iCROTlZ Rotating external axis 12 with internal drive unit

A mechanical unit is now created for each axis. The name of this unit is the same as the
name of the file, e.g. ICROT7.

* Restart the roboEile: Restart.

» Choosé&ypes: Drive unitand specify, under the parameitise Drive Unit Typethe type
of drive unit in use (type number).

» Choose€Topics: Manipulator .

» Chooselypes: Motor and specify, under the paramdtkse Motor Typethe type of the
motor in use (article number).

If the article number is unknown, or not found in the list of available motor types, then
use one of the general purpose typ€smotor_11C_motor2 orlC_motor_3 Then
chooselypes: Motor Type and specify the following information.

Parameter Description
Pole pairs The number of pole pairs for the motor, typically 2 or 3.
ke (V/rad/S) Nominal voltage constant, induced voltage phase to phase.

Max Current (A rms) Maximum current without irreversible demagnetisation.

» Choose€Types: Mechanical Unitand specify, under the parametiarme the character-
istics of the mechanical axis.

Parameter Description
Name The name of the unit (max. 7 characters).

This name will subsequently be used in the Jogging window
and from the program, e.g. when an unit is to be activated.

Stand by state The unit waits until the first move instruction or jogging com-
mand, before releasing the brakes and controlling the axis.

Activate at start up The unit is to be activated automatically at start up.
Do not allow deact. The unit cannot be deactivated.
» Choosdypes: Jointand specify the logical number of the axis from the RAPID program.

For example, ICROT10 is by default defined as logical axis 10. This would correspond to
theeax_dield of arobtargetdata.

» Choose€Types: Motor and define the calibration and commutation offset &seiiming
the commutation offset and calibration offset of the matonzage 43. Do not forget
to set the paramete@al offset validandCom offset valido Yes

* Restart the roboEile: Restart.

The calibration offset is suitably updated by moving the axis to its calibration position
and then fine-calibrating from the Service window.

The commutation offset can be calculated by running the program /SERVICE/
MOTOR on the Set-up diskette:

User’s Guide



1. Turn the operating mode selector to Manual 250 mm/s.

2. Press in the enabling device to the intermediate position.

3. Press the emergency stop (with the enabling device still pressed in).

4. Reset the emergency stop, by acknowledging the error message and by pressing the
MOTORS OFF button (still with the enabling device pressed in).

5. Open the Program Test window and selest: Simulate SpecifyAdd in the dia-

log box that follows.

6. Start the program and follow the instructions shown on the display. When the brakes
are released manually, the specified motor moves to the commutation angle.

7. Release the enabling device and commutate the axis in the Service window.

Add activation relays (if connected)

The external unit can be activated via signals from the robot. When the unit is activated,
e.g. by selecting the unit in the Jogging window, the corresponding signal is set auto-
matically. A check is subsequently made that the corresponding output signal from the
relay is set.

» Define the input and output signals of the relays[#d&ing input and output signals
on page 11. Restart the rolfete: Restart, and check that the external axes can be acti-
vated via the Inputs/Outputs window.

* Read a relay configuration file, EXTAXIS/UTIL/RELAY from the Set-up diskette. See
Loading parameters from a diskette or some other mass storage deypage 7. Use
the commandFile: Add New parameters This will create a new relay with the name
RELAY_Xx.

» ChooseT opics: Manipulator.
» Choose€Types: Relayand specify the name of the relay and its signal connections.

Parameter Description

Name The name of the relay, e.g. relay_track (max. 16 characters).
This must be changed if more than one relay is used.

Delay time The time delay between the activation signal and the electrical
relay function, e.g. 0.2 s.

Inverted input Specifies if an inverted input is to be used in the relay.

In signal Specifies the logical name of the input signal to the relay. The

name must be identical (including upper and lower case letters)
to the signal name specified in the I/O configuration.

Out signal Specifies the logical name of the output signal to the relay. The
name must be identical (including upper and lower case letters)
to the signal name specified in the 1/0O configuration.

» Choose€Types: Mechanical Unitand specify, under the paramdikse act relaythe
name of the activating relay.

* When more than one activating relay is used, read a new relay (file RELAY) and repeat
the above procedure.
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Add brake relays (if connected)

If the external unit is equipped with a brake, it will be activated automatically when the
unit is deactivated or when the robot system assumes the MOTORS OFF state. It will
also be activated when the robot has been stationary for a specific time, in the
MOTORS ON state.

» Define the input and output signals of the relays.[Bdming input and output signals
on page 11. Restart the rolféile: Restart, and check that the brakes can be activated
via the Inputs/Outputs window.

* Read a relay configuration file, EXTAXIS/UTIL/RELAY on the Set-up diskette. See
Loading parameters from a diskette or some other mass storage olepage 7. Use
the commandéFile: Add New parameters This will create a new relay with the name
RELAY_x.

» Choose€Topics: Manipulator.

» Choosdypes: Relayand specify the relay name and its signal connectionédsegcti-
vation relayg(if connectedpn page 50.

» Choose€Types: Mechanical Unitand specify, under the parametise brake relaythe
name of the brake relay.

* The point in time at which the regulator shall stop braking the axis and allow the mechan-
ical brakes to work on their own, can be modified by choobypgs: Brake.
Parameter Description

Control off delay timeTime delay (s) before the regulator is turned off, if the speed is
< Control off speed

Control off peed The speed (as a percentage of the max. speed) at which the time
delay starts.

« If more than one brake relay is used, read a new relay into the system (file RELAY) and
repeat the above procedure.

Define other parameters for an external axis
» ChooseTypes: Arm and specify the geometrical characteristics of the axis.

Parameter Description

Transm gear ratio  The transmission ratio of the motor to the axis.
Example: For a linear axis, 21.43 means that the axis moves
1 m when the motor rotates 21.43 radians.

Upper joint bound  The upper joint limit (in radians or meters).
Lower joint bound  The lower joint limit (in radians or meters).

Cal pos The position of the axis when it was calibrated. If this value is
changed, the robot must accordingly be fine-calibrated in the
Service window.

Rotating move Specifies if the axis is rotatingy €9 or linear No).
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wcC_acc The acceleration of the axis in radiadst§the values entered
are too high, the motor will run at its torque limit.

wc_dec The deceleration of the axis in radiadsf6the values entered
are too high, the motor will run at its torque limit. If the value
is too low then overshoot will be high and the axis will oscil-
late.

» Choose€Types: Stress Duty Cyclend specify the characteristics of the drive system at
maximum utilisation.

Parameter Description
Torque abs. max The max. allowed motor torque (in Nm).
Speed abs. max The max. allowed motor speed (in radians/s).

Tuning the axes
The servo control method can be adjusted to achieve thpds=sible performance.

» Choosél'ypes: Lag control master Gand specify the values that give good performance.

Parameter Description
Kp The amplification of the position control, e.g. 15. A high value

will give a stiff axis that quickly assumes its new position. The
value should be large without inducing overshoot in the posi-
tion or oscillations of the axis.

Kv The amplification of the velocity control, e.g. 2. A high value
gives better high frequency stiffness, better response speed and
low overshoot. If the value is too high the axis will vibrate.

Kv controls the amount of damping for the axis and is the most
limiting of the parameters. A poor valuek# will limit Kp
andTi, and the axis will not be fully utilised.

Ti The integration interval constant of the velocity control, e.g.
0.2. A low value gives low steady state error and better path
following.

» Choosél'ypes: Uncal control master Gand specify the tuning values that give good per-
formance when jogging, and when the axis is run uncalibrated.

Simple trimming

» Setkpto 5.

» SelecfTi based on the mass moment of inertia of the externallasisould be in the
range from 0.1 for very light axes (J = 0.3 kgrto 0.5 for the heaviest axes (J = 12 kgm
A typical value is 0.3.

* Increas&v to its highest value until the axis starts to vibrate/oscillate or a clear vibration
can be heard from the axis, either during motion or when stationary. The axis velocity
supervision may also indicate speed failure. When you reach the unstable point, reduce
(divide) Kv by a factor of 2.
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* Increas&p in increments of 0.5 for the fastest response time, until the first signs of over-
shooting are observed. Then reduce (subtkaehy 1. If you observe overshooting at a
later time, reduc&p to an even lower value.

Final trimming

» Connect the printer channels to the test outputs in the cabinet. The outputs are marked 1
and 2 with a common zero point ground. Voltage level £10V. (Required: a two channel
printer, chart recorder, 25-135 mm/s, e.g. Brush 220.) Inputs:

-X410V
- X42 TESTOUT1
- X43 TESTOUT2.

» Make sure that the external axis is commutated and calibrated. Any position may be
defined as the calibration position.

* Tune the axis so it may be jogged without stopping due to speed or torque supervision.
Keep the same valueskyb andKv as above but multiplyi by a factor of ZTi will be re-
tuned last in the procedure.

* Program a back-and-forth motion of the external axes with test signals enabled. The fol-
lowing program may be used as an example:

PROC main()
TestSign 1,speed STN1,1,1,0;
TestSign 2,torque_ref,STN1,1,8,0;
ActUnit STN1;
FORiFROM 1TO 10 DO
Moved t1,v_tune,fine,too10
Moved t2,v_tune,fine,too10;
ENDFOR
ENDPROC

The velocity data and test positions can be modified depending to the value that is to
be tuned.

TestSignOutput, Signalld, MechUnit, Axis, Scale, Stime

Output Data typenum
Selection of test output, acceptable values are 1 and 2.

Signalld Data typetestsignal
Name of the test signal.

MechUnit  Data typemecunit
Mechanical unit for which test signal is required.

Axis Data typenum
Axis number.
Scale Data typenum

Scaling factor. Acceptable values are 1, 2, 4, 8, 16, etc.
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Stime Data typenum
Sampling time in seconds. The test output is updated with a
new value at each sampling.
The value 1 denotes an updating every second.
The value 0 denotes an updating as often as possible.
The value 0.01 denotes 100 updatings per second.

Nominal acceleration and deceleration

If an axis has a variable moment of inemdaminal accelerationandNominal decel-
eration should be tuned with the maximum inertia.

If gravity has an influence on the axis, tiéominal accelerationshould be tuned
with a motion accelerating upwards against graWtyminal decelerationshould be
tuned with a stopping motion (deceleration) while moving downwards with gravity.

Selecting Positions and velocity:

Program two test points for acceleration and two test points for deceleration with the
following requirements:

* Velocity: choose a velocity that is approximat&l@o of the maximum speed of the
external axis, i.e. speed test signal of approximatély.

* Distance: the distance should be chosen to ensure that the axis stabilises at the pro-
grammed velocity before deceleration.

1. Using the chart recorder, record the valuespetdandtorque_reffor the external
axis.

2. Use test positions fdfominal acceleration Run the motion and check the value of
torque_reffor the torque limit. Adjust the value Bfominal accelerationupwards or
downwards in increments 8f5until thetorque_refsignal shows that the axis does not
reach the torque limit. Reduce the final valuelb$o to allow for variations of the
mechanical system over time.

3. Use test positions fddominal deceleration Run the motion and check the value
of torque_reffor the torque limit. Adjust the value Bfominal decelerationupwards
or downwards in increments 0f5 until thetorque_refsignal shows that the axis does
not reach the torque limit. Reduce the final valu@é®@3 to allow for variations of the
mechanical system over time.

Position and speed control, internally controlled axes

If the axis has a variable moment of inertia, KipeandKv gains should be tuned with
the maximum value for the moment of inertia. The integral Jajrshould also be
tuned with the maximum moment of inertia.

Selecting positions and velocity:

Program two test points with the following requirements:
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Velocity: choose a velocity that is approximaté$b of the maximum speed of the
external axis. The speed must be low enough to guarantee that the axis does not encoun-
ter the current limit but high enough to prevent friction from affecting the result.

Distance: approximateliO revolutions of the resolver. The distance should be chosen
to ensure that the axis stabilizes at the programmed velocity before deceleration starts.

1. Using the chart recorder, record the valuespekdandtorque_reffor the external
axis.

2. Adjust the value dfv for theLag ctrl master O for the externahxis.Kv should be
adjusted to be as high as possible on the basis of the noise and vibration of the external
axis, as in simple tuning above, but verified using the chart recorder spethdand
torque_ref

Divide Kv by a factor of to provide a robustness margin.

7.14 Activate notch filter for an external axis

This is used only in arc welding applications when a variation in external axis speed
affects the welding process. This problem sometimes occurs when both coordinated
interpolation and weaving are used. The frequency affgbed variation is typically 2
times the weaving frequency. The notch filter will prevent the external axis from oscil-
lating at the weave motion frequency.

» ChooseTypes: Lag control master O

Parameter Description
Notch filter activated  Yes (if activated), No (otherwise)

Notch filter frequency Frequency of speed variation
2 x Weld speed
Weave length

Notch filter width Width of notch filter. A higher value increases the width but
can also have a negative effect on the performance
(response) of the external axis.
Recommended value: 0.2.

Typical value:
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File Manager

The File Manager is used to

- copy or transfer files,

- change the name of a file,

- create directories on diskettes or other mass storage devices,
- print files,

- format diskettes.

1 Program/Data Storage

Programs and datae stored as normal PC text files. These can be saved and restored
to/from a diskette or an internal RAM disk.

Thediskettes a standard 3.5", High Density, 1.44 Mbytes, DOS formatted diskette.

Note. Before saving programs and data, the diskette should be formatted in the
robot or in a PC. Pre-formatted DOS diskettes will not alvays opeate satisfacto-

rily.

Note. The diskettes must never bstored insidethe cabinet as thenform ation on
them can be destroyed due to heat and magnetic fields.

The internaRAM diskis a speciapart of the robot's memory, and canused in the
same way as a diskette.

A file can be a program, data created by the program or system pesaamet the like,
stored in some sort of mass storage.

Directoriesare used to group files together to achieve a memory unit thatis more struc-
tured. For example, test gr@ams in one dectory and production programs in another
(see Figure 1).

03
[ & Directories: Files:

/ SERVICE
TESTPROG —_
TEST1

PARTA
% PARTB

PRODPROG
w<::::::::PARTC
PARTD

Figure 1 The files can be stored in directories on a diskette.
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2 The FileManager Window

* Press the Miscellaneous keﬁ
» SelectFileManagerin the dialog box that appears.

* Press Ente[«] .

The FileManager window will be displayed (see Figure 2)

File Edit View  Options
. FileManager )
Current unit —s= | flp1:/WELDINGS/TEST - Current directory
Name Type Date —= - Latest change
2(12)
. Go Up One Level .
PROC1 Program 1993-05-28
. PROC2 Program 1993-05-09
Files —| PROCFUNC Program Module 1993-05-01
WDATA Program Module 1993-05-01
WTOOLS Directory 1993-05-01
RESULTS  Directory 1993-06-01
Up—>

Figure 2 The FileManager window displays all files in a directory.
» Choose the desired unit from tWgeew menu:

- Diskette View: [flp1:]
- RAM disk View: [ram1disk:]

2.1 Choosing a diectory

* Select the destd directory.

* Press Ente[«] .

The directories and files located in the chosen directory will be displayed. The next
directory above this can be selected by moving to the top line in the list (..) and then
pressing Ente{«]| , or by using thip function key.

2.2 Viewing file information
« Select a file in the list and press En[«]
The following information will be specified:

- the name and type of the file,

- the size of the file in bytes,

- the date and time when the file was last changed.
» ChooseOK to terminate the dialog.
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3 Creating or Moving Files and Directories

3.1 Creating a new directory
» Chooserile: New Directory.

A dialog will be displayed, as in Figure 3.

—

Create directory named : DIRNAME

Cancel OK

Figure 3 The New Directory dialog.

* Press Ente[«] .

* Enter the new name and pre&3is.

Confirm by pressin@K. The directory will be created under the current directory.

3.2 Renaming a file or a diectory
» Chooserile: Rename

A dialog will be displayed, as in Figure 4.

Rename

Old directory name : WELDINGS

New directory name : DIRNAME

Figure 4 The Rename dialog for a directory.

* Press Ente[«] .

 Enter the new name (max. 8 characters) and @Kss
» Confirm by pressin@K.
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3.3 Deleting a file or directory

» Select the desired file or directory.

* Press Delete] <X
* ChooseOK to confirm the deletion.

You can only delete a directory if it is empty.

3.4 Copying files and directories

» Select the file or directory to be copied. If you select a directory, all subordinate
directories and files will also be copied.

* Chooseile: Copy.

A dialog will be displayed, as in Figure 5.

Type of file — 1~
Copy “Program”
ramldisk:/PROC1

Current file —

(Copy from)
To: PROCI ...

New file name/ At : ram1disk:/SERVICE

5(18)
Go Up One Level

iSROCO Program Content of
PROC52 Program ; ; ;
PROGS Program Modul destination directory
SDATA Program Modul
Unit Cancel Copy

Figure 5 The dialog for copying files or catalogues.

« Specify the name of the new file by selecting the fidand press Entg <]
If you do not specify a name, the copied file/directory will be given the same as the

original.
* Specify the destination unit (first partAf field) by pressing the Unit function key.
If you do not specify a unit, the same unit that was used originally will be used.

* Specify the destination directory (latter parfoffield) by selecting the lower part of
the window. Select the desi directory and press Entl«] . If you do raecfy
a directory, the same directory that was used originally will be used.

» ChooseCopyto start copying.
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3.5 Moving files and Directories

* Select the file or directory that is to be moved.
» ChooseFile: Move.

A dialog will be displayed, as in Figure 6.

Type of file/’\
Move “Program”
Current file—s | From : ramldisk:/PROC1

(Move from)

To: PROCL ...
New file name— | At :ram1disk/SERVICE

5(18

. Go Up One Level (18)

PROC31 Program Content of

PROC52 Program destination directory

PROCS Program Modul

SDATA Program Modul

Unit Cancel Copy

Figure 6 The dialog for moving of files and catalogues.
« Give the file to be moved a new name by seleclimgand press Entd«?] . If you
do not specify a new name, the filegtitory that is moved will retain the same name.

* Specify the destination unit (first partAf field) by pressing the Unit function key.
If you do not specify a unit, the same unit that was used originally will be used.

* Specify the destination directory (latter parAdffield) by selecting the lower part
of the window. Select the desiredelitory andpress Ente[«] .

» Choosavioveto start moving.

3.6 Printing files

* Select the file to be printed.
* Choose-ile: Print File
* ChooseOK to start printing.

4 Formatting a Diskette
NB: The previous contents on the diskette will be erased when formatting.
» ChooseéOption: Format.
A confirmation dialog will be displayed.

« If desired, rename the diskette and press B« F
* ChooseOK to start formatting.
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Service

The Service window is used to

- obtain information on the robot system

- view and change logs (e.g. error log)

- calibrate the measuring system for the robot and external axes
- commutate the motors for the robot and external axes

- set the date and time.

For more detailed information on service, maintenance and troubleshooting, see the
Product Manual.

1 The Service Window

* Press the Miscellaneous keﬁ to openSkevice window.
* SelectServicein the dialog box that appears.

* Press Ente[«] .

The service window comprises a number of different windows:

Window title Used to

Service Date & Time Change the current date and time

Service Logs View logs.

Service Calibrate Test/Calibrate the measuring system for the robot
or external axes.

Service Commutate Test/Commutate the motors for the robot or
external axes.

Frame Definition Define base or user coordinate system.

Two Axes Definition Define user frame for a two axes rotational

mechanical unit

System Info Obtain information about storage capacity, task
states, system and product ID etc.

2 Changing the Current Date and Time
» ChooseView: Date & Time.

A dialog box will be called up displaying the current date and time (see Figure 1).
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Service Date & Time

Date: 1994 26 Feb
Time: 09: 35.10
< > Cancel OK

Figure 1 The dialog box used to set the date and time.

* Select that which you wish to change using the arrow keys.

 Using the function keys; (decreases) arw(increases), change the date or time.
* ChooseOK to confirm.

3 Logs

3.1 What s a log?

All messageseportedsuch as error messages and changes in the status, are stored in

alog. Each message stored is timestamped and it is thus possible to determine the order
of events from a log.

When the maximum number of messages in a log is attamnew message will
replace the oldest one.

3.2 What types of logs are there?

The following logs exist:
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Name
Common
Operational

System

Hardware

Motion

Program

Operator

I/O & Communication
User

Arc Welding

Spot Welding

Internal

Max. limit

20

20

20

20

20

20

20

20

20

20

20

Used to show
All messages

Changes in the status, e.g. a change of
operating mode

The messages related to the control
program

The messages related to defective hardware
components

Any messages that appear when moving the
robot or other mechanical units

Any messages displayed during program
execution

Any messages that appear when using the
teach pendant

The messages related to /O and
communication

User defined messages
(by using the instruction ErrWrite)

The messages related to the arc welding
process

The messages related to the spot welding
process

Internal errors — does not usually contain
any messages

3.3 Viewing alllogs

» ChooseView: Log.

The window will display information on all logs in the robot (see Figure 2).

No. of messages

/ .
| __—Time of most rece
Message / message

4(9)

File Edit View  Special
Service Log
I—Og list Name # Latest

™ Common 10 0810 20:30.32
Operational 20 0810 20:25.14
System 0
Hardware 1 0810 20:30.32
Motion 3 0810 19:15.12
Program 0
Operator 4 0810 19:15.12
1/0 & Communication 0809 12:30.00

Msg->

\

Displays the messages in selected

Figure 2 The Service Log window displays all existing logs.
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3.4 Viewing a message in a log

* Open the Log window by choosidiew: Log.

» Choose the log you wish to look at by selecting that log from the list and pressing the
Msg function key, or press Entd«]

The window will display all messages for the log that you choose (see Figure 3).

File Edit View  Special
Service Logs
Log name —= | Motion
Message Date
1(1)

50028 Jogging error 0810 20:11:20
Error number
Heading

Logs->

Displays all logs
Figure 3 The Service Log Messages window displays all messages in the log.

* You can obtain more information on a specific sagg by selecting the message and
pressing Ente[«] , or by choosikglit: Info .

3.5 Erasing the contents of a log

* Open the Log window by choosidiew: Log.
* Select the log to be erased.

» ChooseSpecial: Erase Log

* ChooseOK to confirm.

3.6 Erasing the contents of allogs

* Open the Log windowy choosingview: Log.

* If there are log messages dism@édy press the function kéggs
» ChooseSpecial: Erase All Logs

* ChooseOK to confirm.
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3.7 Updating the contents of a log autometally or by means of a command

When you view a log message and a new message appears, you have two choices: you
can either update the log

- automatically when the message appears; or

- update the log using the function Kdpdate
(TheUpdatefunction key is only visible if there are more messages.)

To update automatically:
» ChooseSpecial: Update log on Event.
To update on command:

* ChooseSpecial: Update log on Command.

3.8 Avoiding normal error reports

When trying to isolate faults in different hardware components, you may not wish to
be shown error alert boxes. To prevent these appearing:

* Open the Log window by choosidiew: Log.
* Choose the Common log by selecting it and pressinlyiiggfunction key, or press

Enter :

Now, error alert boxes will not be shown. Error messages will be either displayed
directly (if you chose&pecial: Update log on Eventor following a command in the
log (if you choseSpecial: Update log on Commang

3.9 Saving log messages diskette or some other mass storage device

* Open the Log window by choosidiew: Log.
» Select the log that you wish to save and chédlse Save As
A dialog box will appear, displaying the contents of the current directory (see Figure 4).
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Save log messages as!
Name:= ELOG ...
Massmemory unit:= flp1: - | M_aSS storage unit
/ROBOT1 —= Directory level
4(5)
. (Go up 1 level)
OPLOG Event log
SYSLOG Event log
COMLOG Event log
TEST/ Directory
Unit New Dir Cancel OK

Figure 4 Dialog box for storing logs.
* If necessary, change the mass storage unit by presslogitHanction key until the cor-
rect unit is displayed. To store on a diskette, chipge.

« Select thé&damefield, press Ente[«2] and enter the new name in the dialog box that
appears. ChooseK to confirm.

» Select the directory to which the log is to be saved. You can move to the next directory
level by selecting the desired directory or ‘. .’ (upwards) and pressing[«ler

Create a new directory by pressing ew Dirfunction key. Specify the new direc-
tory name in the dialog box that appears. Ch@aséo confirm.

* ChooseOK to confirm the save.

4 Calibration

4.1 What s calibration?

Calibration involves setting the calibration positions of the axes and is used as the basis
for their positioning. If the robot or external axes are not correctly calibrated, this will
result in incorect positioning and will have a negative effect on the agility of the robot.
The robot is calibrated on delivery.

For more information se@alibrating the roboin Chapter 10 Calibration in this
manual.
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5 commutation

5.1 What is commutation?
Each motor must be commutated in order to be able to utilise it to its full capacity.
Commutation involves reading the resolver value when the motor is in a given pose. The
robot motors are commutated on delivery.

For information on how to do this, see the sectioRepairsin the Product Manual.

6 Frame Definition

SeeFramesin Chapter 10 Calibration in this manual.

7 Two Axes Definition

SeeFramesin Chapter 10 Calibration in this manual.

8 Obtaining information on the robot system
» ChooseView: System Info.

A list of topics is shown in the dialog box (see Figure 5).

Service System Info
Select topic and press Enter

Topics

1(6)
Storage capacity

Task state

System ID

Product ID

Robot type

Program resources

OK

Figure 5 The system information window.

« Select a topic using the arrow keys and press -« }r . Information on the selected
topic will be displayed.
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Topic Description

Storage capacity All available storage devices are shown in a list
containing the device name, free space and total
size.

Task state All tasks are shown in a list containing task name,

free memory, the total assigned memory and the
current task state. Possible task states are
uninitialised,ready, executing and stopped.

System ID The unique system identification code is shown.

Product ID The identification code for all installed products is
shown.

Robot type Shows the robot type specification.

Program resources Shows the total program memory befaskt
configuration and the maximum number of
persistents.

» PresdJpdateto update the information.
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Programming ArcWare

Before you start to program arc welding instructions, you must configure the arc

welding system and any external axes. This is described in Chapter 12 of this manual,
System Parameters

1 Programming Arc Welding

1.1 Program structure

When there are several seams to be welded on an object, the welding sequence may be
of critical importance for the quality of the object. The risk of deformation due to
thermal stress can be reduced by choosing the seam welding sequence. It is often best
to make a specific routine for thighject routire, with all the seams specified in the

correct order. When the object is placed in a positioner, its orientation can also be
specified in the object routine.

The object routine can call a welding routine for each seam to be welded.

1.2 Arc welding instructions

An arc welding instruction basically contains the same types of information as a
positioning instruction. However, each arc welding instruction includes a further three
argumentsseam, wel@ndweavethat serve as data for the arc welding process (data
types:seamdata, welddat@andweavedata

Argument forflying start
of the process

ArcL \On, p1, v100seaml, weldl, weaveline, gunl

Data for the start and end sequences of the weld
Data for the ongoing weld

Data for weaving

'
Lo L

— i Arguments as in
L = Linear > ,
C = Circular theMoveL.instruction

Thespeed argument10Q in the instruction is only valid when executing the program
instruction-by-instruction (forwards or backwards). Jnecess speeih different
phases of the process is included as components of seam and weld data.

For more information on programming this type of instructionPsegramming arc
welding instruction®n page 5.

User's Guide 15-3



1.3 Defining arc welding data

Before starting to program arc welding instructions, you should define the arc welding
data that is to be used. This data is divided into three types:

- seamdatadescribes how the weld is to be started and ended,

- welddata describes the actual welding phase,

- weavedatadescribes how any weaving is to be carried out.

The exact components of the above data depend on the configuration of the robot at the
time.

Normally, data is stored as a part of the program. However, when data is to remain in
the memory regardless of which program is loaded, it is stored in a system module.

* Open théProgram Data Typewindow by choosinyiew: Data Types

« Select the typseamdatawelddataor weavedatand press Ente« |

* Press the function kdyew.

A window appears, displaying the name of the data (see Figure 1).

/

welddata Data Def. In WELDPIPE

Current module

Name:= weldl

Decl ... Cancel OK

Figure 1 Definition of welddata

« Change the name by pressing Er{«] and specify a new name.
* Press the function kdyecl.

A dialog box appears, displaying the basic welddata declaration (see Figure 2).
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Welddata Definition

Name:= weld1...
In Module:= WELDPIPE

Type:= persistent O
Initial value
1(5

weld_sched:= 0 (num) ©)
weld_speed:= 0 (num)
weld_voltage:= 0 (num)
weld_wirefeed:= 0 (num)
delay_distance:= 0 (num)

Cancel OK

Figure 2 Definition of welddata.
* If you wish to save the data in another module, select thelfidltbduleand press
Enter . Choose the module in which the data is to be saved.
« Select the lower part of the window by pressing the [{&} key.

» Select the appropriate component in the data and specify the desired value. More
information on the individual components can be found in RAPID Reference
Manual.

» ChooseOK to terminate the definition.
Tip It is sometimes easier to create new dateopying and modifying existing data.

1.4 Programming arc welding instructions

* Jog the robot to the desired destination position.
* Call up the instruction pick list by choositiRlL1: Motion & Process.
* Select the instructioArcL or ArcC.

The instruction will be added directly to the program, as illustrated in Figure 3. The
arguments are set in relation to the last arc welding instruction that was programmed.

File Edit View IPL1 IPL2

Program Instr WELDPIPE/main
Motion&Proc

1(1)
ArcL *v100,seaml1,weldl,wea 1 ActUnit

2 ArcC

3 ArcL

4 DeactUnit
5 MoveC

6 MovelJ

7 MovelL

8 SearchC
9 More y

Copy Paste OptArg ... ModPos Test

Figure 3 An arc welding instruction is added directly to the program.
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If the correct argument was chosen, the instruction is now ready for use. Hdeever,
the purposes of this exercise, we will also change the seam, weld and weave arguments.

* Select the argument you wish to chargga(nlin this example).
* Press Ente[«] .

The window used to program instruction arguments appears. The selected argument is
marked with a ? in front of it (see Figure 4). The lower part of the box displays all
available seam data that can be selected.

Instruction Arguments

ArcL *,v100,?seam1,weld1,weavel,z10,gunl

Seam data: seam1

1(2)
New... seaml seam?2
seam3 seam4
Next Func More... Cancel OK

Figure 4 The dialog box used to change seamdata.

» Select the desired seam data.
* Move to the next argument (weld data) by presbiagt

All available weld data will be displayed (see Figure 5).

Instruction Arguments

ArcL *,v100,seam1,?weld1,weavel,z10,gunl

Weld data: weldl

1(2)
New... weldl weld2
weld3 weld4 weld5
Next Func More... Cancel OK

Figure 5 The dialog box used to change welddata.

» Select the desired weld data.
* Move to the next argument (weave data) by pressexd

All available weave data will be displayed (see Figure 6).
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Instruction Arguments

ArcL *,v100,seaml,weld1,?weavel,z10,gunl

Weave data: weavel

1(2)
New... noweave weavel
weave2
Next Func More... Cancel OK

Figure 6 The dialog box used to change weavedata.

» Select the desired weave data.
* ChooseOK to confirm the change.

The instruction is now ready for use.

1.5 Example of an arc welding instruction

The seam illustrated in Figure 7 is to be welded. The seam line is represented by the
thick line in the figure.

The xxxxx characters between points p10 and p20 desigfigiegastart In other
words, preparations (e.g. gas preflowing) for welding are carried out on the way to the
starting-point, p20. The weld is terminated at point p80.

The weld dataweldl, applies until position a is reached, where a transitiovetd2
takes place.
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Moveld

/ ArcL\On
P2~

pl10

MoveJd

\ ArcL\Off

Movement with no welding
xxxxxx  Flying start
1 weld2 —  \Velding

Figure 7 An example of an arc welding instruction.
The programming sequence for this weld could be written as follows:

MoveJ p10, v100, z10, guni;

ArcL \On, p20, v100, seaml, weldl, weavel, fine, gunl;
ArcC p30, p40, v100, seaml, weldl, weavel, z10, gunl;
ArcL p50, v100, seaml, weldl, weavel, z10, guni,
ArcC p60, p70, v100, seaml, weld2, weavel, z10, gunl,;
ArcL \Off, p80, v100, seaml, weld2, weavel, fine, gunl,;
MoveJ p90, v100, z10, guni;

If the weld is to be coordinated with an external axis, an argument of the type
workobjectmust be included in all arc welding instructions except for the start
instruction. For more information, see RAPID Reference Manual.

The following values apply to theelddatacomponents in the above example:

Component weldl weld2

weld_speed 15 mm/s 15 mm/s

weld_voltage 45V 50V

weld_wirefeed 20 m/min. 20 m/min.

delay_distance 25 mm 0 mm (weld2 is delayed 25 mm)

The schedule number, voltage adjustment and current adjustment of the components
are not active in this example.
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2 Manual functions for arcwelding
More than one arcwelding system can exist configured in the robot.
The dialogs for manual functions all start with the windenwgram Test

* SelectView: Test

2.1 Choice of arcwelding system
* SelectArcweld: Select syst

The following dialog box is displayed (see Figure 8):

Select AW system

1(1)

ESAB1 ESAB2 ESAB3

Cancel OK

Figure 8 Dialog box for selection of arcwelding system.

* Select the desired system using the arrow keys.

* ChooseOK to confirm.
If ‘Cancel’ is chosen, the previous AW system is retained as the current system.

2.2 Blocking certain parts of the process
* SelectArcweld: Blocking.

The following dialog box is displayed (see Figure 9):
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Block/Release—»

AW Blocking
To block a process, press Block.
To release a process, press Rel.

Blocked Process
13)
Welding
X Weaving
X Tracking
Block Cancel OK

Figure 9 Dialog box for blocking.

* Select the desired process using the arrow keys.

» SelecBlock or Release

* ChoosaOK to confirm.

Blocking can also be implemented by activating the digital inputs.

The parts of the process that have been blocked will be shownRnoipeam Tesand
Program Rurwindows.

Blocking that is implemented in the above dialog, is active only in the Manual
operating mode.

2.3 Manual wire feed

* SelectArcweld: Man wiref .

The following dialog box will be displayed (see Figure 10):

AW Manual Wirefeed

To feed forward, press Fwd.
To feed backward, press Bwd.

The wirefeed is going on as long as
the function key is pressed.

FWD BWD OK

Figure 10 Dialog box for manual wire feed.
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* SelectFwWD or BWD.

The wire will be fed forwards or backwards at the preset speed, as long as the function

button is pressed in.

* ChooseOK to terminate the dialog.

2.4 Manual gas on/off

» SelectArcweld: Gas on/off.

The following dialog box will be displayed (see Figure 11):

AW Manual Gas On/Off

To activate, press Gas On.

The gas is on as long as
the function key is pressed

Gas on

OK

Figure 11 Dialog box for gas on/off.

» SelectGas on.

The output GAS will remain activated as long as the function button is pressed in.

» ChooseOK to terminate the dialog.

3 Tuning arcwelding data

Certain arcwelding data can be tuned using the Tuning function.

There are two stored valuts all tunable arcwelding data, namely, the current value
and the so called "original value”. This allows you to be able to see how much the value

was changed and to be able to revert to the original value.

When tuning, it is always the current value that is changed.

The original value can also be updated, i.e. it can be set to the same value as the current

value. This updating can be done by the operator using a dialog.

The same changes can also be made iRtbgram Datawindow.

User's Guide
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3.1 Tuning welding data when program execution has been stopped

* SelectArcweld: Weld Tuning.

A dialog box is shown where the current values and tuning of the latest selected weld-
ing data is displayed (see Figure 12).

AW Weld Tuning

Change Present value Implemented tuning,

— ifany
welddata:= welddatal
T Current value
Tuning Present

List of tunabl )
ISt 0 unai € weld_speed +5.5 105.5 mm/s
components » | Weld_wirefeed -0.15 2.30 m/min

weld_voltage +3.50 33.50 Volts

Origin > - + Revert OK

15-12

Figure 12 Dialog box for tuning current welding data.

Select welding data to be tuned

« Select the fieldvelddataand press Entd«2]
* Select the desired welding data in the dialog box displayed, andQitess

Tuning current values
Select the values to be tuned, in the lower part of the box, and press the function keys
“-” or “+”. Each time these keys are pressed, the value will decrease/increase in incre-
ments. The tuning increment can be preset. For adjustme@haaging the tuning
incrementon page 16.
Resetting the curent tuning value
* PresRevertto reset the tuning value.

The current value will be reset to the original value.
Updating the original value to the current value

* Pres®Origin

A dialog box will be shown where the current value and the original value are displayed
(see Figure 13).
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Aw Weld Tuning /Current value

Update Origin value

welddata:= welddatal /

Present Origin

| Original value

1(3)
weld_speed 105.5 100.5 mm/s
weld_wirefeed 2.30 2.45 m/min
weld_voltage 33.50 30.00 Volts
Pres Update OK

Figure 13 Dialog box for updating the original value.
» PresdJpdate
The original value will be reset to the current value.
» PressPresto revert to the first dialog box .
* Pres9OK to terminate the dialog.

3.2 Tuning weaving data when program execution has been stopped.
* SelectArcweld: Weave Tuning.

A dialog box is shown where the current values and tuning values, if any, for the latest
selected weaving data are displayed (see Figure 14).

Aw Weave Tuning Implemented

Change Present value — tuning, if any

weavedata:= zickzack | Current values

/

Tuning Present

List of tunable 1(3)
components weave_width +0.4 8.4 mm
s weave_height 0.0 mm
weave_bias +0.2 4.2 mm
Origin - + Revert OK

Figure 14 Dialog box for tuning current weaving data.

Selecting weaving data to be tuned

« Select the fieldveavedatand press Entd «|
* Select the desired weaving data in the dialog box displayed andiess
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Tuning current
Select the values to be tuned, in the lower part of the box, and press the function keys
“-" or“+”. Each time these keys are pressed, the value will decrease/increase by a fixed
value (defined in the system parameters).
Resetting the curent tuning value
* PresRevertto reset the tuning value.
The current value will be reset to the original value.
Updating the original value to the current value
* Pres®Origin

A dialog box is shown where the current and original values are displayed (see Figure 15).

: Current value
Aw Weave Tuning

Update Origin value

weavedata:= zickzack /

Present Origin

| Original value

1(3)
weave_width 8.4 8.0 mm
weave_heigth 0.0 0.0 mm
weave_bias 4.2 4.0 mm
Pres > Update OK

Figure 15 Dialog box for updating original value of weaving data.
* PresdJpdate
The original value will be reset to the current value.
* Presdresto revert to the first dialog box .
* PresOK to terminate the dialog.

3.3 Tuning data while the program is executing

15-14

Certain data can be tuned while it is active, when the program is executing. However,
only the current values can be tuned. The original values can be tuned only when pro-
gram execution has been terminated.

Tuning while the program is executing is not possible when Hold-to-run is active.

* Start with theProgram Testvindow.
* PressStart
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The windowProgram Rurnwill be displayed, during program execution, with a list of
tunable data of the type that was latest selected (see Figure 16).

Test Arcweld
Program Run WELDPIPE Implemented
Speed: 106.5 mm/s  100% 0| _~ changes, if any
Running mode:=  Continuous O
| Current value
Blocked: Weave Track
Welddata: welddatal
Tuning Present
1(3)
weld_speed +5.5 105.5 mm/s
weld_wirefeed -0.15 2.30 m/min
weld_voltage +3.50 33.50 Volts
Tuning

Figure 16 Window for tuning welding data, duripgbgram execution.

Selecting data type to be tuned
* SelectArcweld and enter the desired type using the number keys.

Selection of the type of data, of the type chosen, to be displayed is done automatically
during program execution as follows:

- When welding is in progress, the data in use is displayed.
- When welding is not in progress, the latest data used is displayed.

Tuning data type
* PressTuning.

The following window is shown (see Figure 17).

Run Arcweld
Program Run WELDPIPE
Speed: 100% O
Running mode:= Continuous O
Blocked: Weave, Track
Welddata: welddatal
Tunin Present
2 13)
weld_speed +5.5 105.5 mm/s
weld_wirefeed -0.15 2.30 m/min
weld_voltage +3.50 33.50 Volts
- + Revert

Figure 17 Window for tuning data type.

* Select what you want to tune, in the lower part of the box, and press the function keys
“- 7 or “+” to reduce/increase the value.
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Resetting the curent tuning value

* PresRevertto reset the tuning value.
The current value is reset to the original value.

When the welding data displayed is no longer activeT theng window will disap-

pear automatically. This prevents the unintentional modification of data when changing
data between two instructioriauining is interlocked, which is indicated by parenthesis

() around the function button text.

If any part of the process has been blocked, it is not possible to tune the parameters that
affect the part of the process that is blocked.

3.4 Changing the tuning increments

* Start with theProgram Testvindow.
* SelectArcweld: Increments.

The following window is shown (see Figure 18):

AW Tuning increments
Welding speed: 2.0 mm/s
Wirefeed: 15 m/s
Distance: 15 mm
Voltage: 0.5 Volts
OK

Figure 18 Dialog box for changing tuning imenents.

* Move to the desired field using the arrow keys.
» Change the value using the number keys.
» ChooseOK to terminate the dialog.
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Programming SpotWare

The SpotWare package is added to the base system and is ready to use. However, in
order to be able to adapt the package to special needs, the I/O configuration and
application specific program data and routines can be reddifieeCustomizing the

spot weld instruedn on page 20.

4 Programming Spot Welding

4.1 Spot weld instructions

A spot weld instruction comprises both motion and process. It contains basically the
same types of information as a positioning instruction. However, each spot weld
instruction inclides further argumentspotandgun that serve as data for the spot
weld process (data typespotdataandgundatg.

Data for the spot weld process
Switch inhibiting gun pre-closing
Switch inhibiting concurrent execution

Choice for opening gap after the weld
| Gun specific spot weld data

SpotL pl, v100spotl\inpos \NoConc\Retract, gunl, tooll\framel
e b

Arguments asin
the MoveL instruction

L = Linear

EachSpotLinstruction includes a movement to the weld position and one weld.
Since the spot weld is always carried out at a stop point the zone argunreittad.o

Note.gunl and tooll contain data for the same tool, i.e. the spot weld gun, where tooll
contains the motion-specific data known from the MoveL instruction.

4.2 Defining spot weld data

Before starting to program the instructions, you should define the spot weld data that
is to be used. This data is divided into two types:
- spotdata describes the spot weld process-specific data
- gundata;describes spot weld gun setup.
There is already data defined in the spot weld system modultsS®R. For SpotWare
Plus the corresponding system module is SWURSF. If the new data that is being

defined belongs to the spot weld application, it should also be stored in SWUSER/
SWUSRF(SpotWare Plus).
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4.3 Manual gun control

The gun control is done by digital outputs.

To ensure fast access to the gun, design your own I/O preference list with the gun
control on top.

SpotWare

close_tipY close_tip2for closing and opening the gun

work_selector choosing the opening gap (esmalk1/retract=big=0)

SpotWare Plus

The gun is controlled by actions executing the user defined rogt\ngdose gun /
sw_open_gunThese routines use the internal gundata of the last SpotL instructions.
Useman_gurandman_retrin the system module SWUSRC to change this internal
gundata.

SwOpenGun / SwCloseGtor closing and opening the gun.

SwNewDatdor transferring the contents of man_gun to the internal gundata.

4.4 Manual weld (SpotWare Plus)

A complete weld, including supervision and error recovery, may be run independently
of the positioning. It is activated by a digital output triggering the attached action. The
same principle as for manual gun manipulation is used, i.enasespofor

transferring data.

SwRunProdor executing a spot weld including gun open/close.

4.5 Programming spot weld instructions

15-18

* Jog the robot to the desired destination position.
* Call up the instruction pick list by choosif®®L1: Motion&Process.
* Select the instructioSpotL

The instruction will be added directly to the gram. The arguments are set in relation
to the last spot weld instruction. (See Figure 19).
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File Edit View IPL1 IPL2

Program Instr WELDPIPE/main
Motion&Proc

11 ) ———
SpotL p60,v100,spotl,guni,tooll. ( 1 ActUnit
2 DeactUnit
3 MoveC
4 Moveld
5 MovelL
6 SearchC
7 SearchL
8 SpotL

Copy Paste IPLhide (ModPos) Test >

Figure 19 A spot weld instruction is added directly to the program.

» Change the arguments if necessary.

4.6 Testing a spot weld instruction

To prevent the spot weld procesgeuting during prgramming, it is possible to run
SpotLin simulation mode.

This can be done by settisg_inhib_weldTRUE. This will set the output
current_enabldow and the simulation will be carried out by the weld timer.

If such a signal is not connected the spot weld can be internally inhibited by setting
sw_sim_weldRUE. The simulated weld time is thenrsih insw_sim_timeln this
simulation mode the start signal is never sent to the welding timer.

Note. The gun will be opened and closed as normal.

5 Defining gun closing times

TheSpotLinstruction has a built-in pre-closing of the weld gun, i.e. when approaching
the position the gun will start to close in advance, in order to save time. The
pre_closingrelates to closing the gun from the work stroke. Closing the retract stroke
should be handled in the user program, by a fly-by position.

The gun closing times are definedjindata It is possible to define a closing time for
each gun pressure (max. 4).

The pressure to use in the actBpbtLinstruction is stored igpotdatalt will also pick
the accurate closing time.

Note. The pre-closing can be disabled by choosing the \InPos argument in the

instruction or by settingw_inposSTRUE in SWUSER / SWURSF (SpotWare Plus)
(global disabling).
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Defining the closing time manually

* First, define a rough guess in the actual gundata
 Look up the pressure in spotdata

* Move to the test window

» Choose execution modiestruction

* RunSpotLforward and check the closing. The gun should be just about closed when
the robot stops in the position.

« If the result is not OK, execu&potLbackwards. The gun will open automatically
before it moves.

* Adjust the corresponding closing time.
* Repeat the test until the result is OK.

* Repeat the whole sequence for a different pressure and different stroke until all
closing times are defined.

Defining the closing time automatically

It is possible to measure and store the closing times using a RARJEpr.o

6 Customizing the spot weld instruction

15-20

Customizing can be done at different levels:

- SWUSER / SWUSRF, SWUSRC: Modules containing routines and data used
by SpotL

- I/O configuration.

SWUSER

Global data, service and supervision routines affecting the entgeapro
(See Predefined Data and Programs).

SWUSRF (SpotWare Plus)

Global data, service and equipment routines affecting the entire program.
(See Predefined Data and Programs).

SWUSRC (SpotWare Plus)

Global data, service and equipment routines affecting the entire program.
(See Predefined Data and Programs).
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I/O configuration

Mirroring the connected equipment.
(See System Parameters).

- Program memory.

—— Program

_ Main module

Program data

Main Routines
routine

— System module SWUSE
System modules
Data
||

System Parameters

eio
r | sweio.cfg |

Figure 20 The SpotWare environment.
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Program memory: task 0 (Mair)

—— Program

— Main module

Program data

Main Routines
routine

System modulesi_—l

— System module SWUS

Data

)

- Program memory: task 1 (Supervisiot

— System module SWUSRES
Data

=)

Program memory: task 2 (Process)
— System module SWUSRG

Data
Routines | |

- System Parameters

eio

sweio.cfg

15-22

Figure 21 The SpotWare Plus environment.
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7 Running spot weld instructions

In continuous mode the spot weld instructions are by default running in concurrent
execution, i.e. the program execution is continuing whilst welding is in progress, and
it will not stop until the next motion instruction.

Therefore if the running is stopped during welding, thg@m pointer is normally
moved to nexSpotLor motion instruction. This fact is important to remember when
SpotLpositions are modified witModPos

To avoid problems it is recommended to execute thgrano in step-by-step mode

when positions are modified. In this mode the program pointer is in agreement with the
robot position. If a strictly sequential executiodésred also in continuous mode the
NoConcflag must be set in the instruction.

8 Tip-dressing

The gundata contains counters and limits for each pair of tips. The counters will be
incremented for each spot.

A tip-dress supervision can however be programmed in the maireprar in the
SpotLsupervision routines.

In this way, an automatic tip-dressing can be performed.
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Programming GlueWare

The GlueWare package is added to the base system readlysto use. However, in
order to adapt the package pesial neds, the I1/0 configuration and application
specific program data and routines can be modifiedCostomizing the glue
instructionon page 27.

9 Programming Glueing

9.1 Glue instructions

A glue instruction includes both motion and process. It basically contains the same
types of information as a positioning instruction. Howeeach glue instiction also
includes further arguments for the glue process.

Switch (On or Off) to start or stop the gluing process

Glue gun data

Flowl value

Flow2 value

/ Preaction displacement
GlueL \On \Concp1l, v100gun1\F1:=100\F2:=100\D:=10, z10, tool1 \wobj

S | L
. Arguments as in

L = Linear theMovelLinstruction
C = Circular

NB: gunlandtooll are containing data for the same tool i.e. the glue gun wbade
contains the motion specific data known fromM@/eLinstruction andjunlcontains
process specific data.

9.2 Glue data

Before starting to program the insttions, you should define tiggundata(glue gun
data) thatis to be used.

Ggundata has the following structure:

- Which gun is to be used (1 or 2).

- Time for preopening angreclosing the gun.

- Type of flowl and flow2.

- Times for presetting of flowl and flow2 on.

- Times for presetting flowl and flow2 changes.
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- Times for presetting of flowl and flow2 off.

- Times for lag in glue gun for speed dips.

- Value for the speed, at which the logical maximum value for the analog outputs
shall be set.

There are akady data defined in the glue system module GLUSER. If new data shall
that is being defined belongs to the glue application, it should also be stored in
GLUSER.

9.3 Programming glue instructions

* Jog the robot to the desired destination position.
* Call up the instruction pick list by choosiif®l1: Motion & Process.
* Select the desired instructi@lueL, GlueL/On, GlueL/Off or GlueC

The instruction will be added directly to the gram. The arguments are set in relation
to the last programmed glue insttion.

File Edit View IPL1 IPL2

Program Instr GLUEROPE/main

1(1) | ———
1 Spoil

GluelL p60,v100,guni,z10,tooll > ArcL/on

3 ArcL

4 ArcL/Off

5 GlueL/On

6 GlueL

7 GlueL/Off

8 GlueC

Copy Paste Optarg Modpos Test »>

Figure 22 A glue instruction is added directly to iregram.

» Change the arguments if necessary.

10 Testing glue instructions without gluing.
There are two possibilities to run glue instructions without gluing.

* Run the program stepwiserteard or backward.

* Run the program in simulation mode. This can be done by sgttisgn_glueto
TRUE. Choosé&/iew: DataTypes-bool
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11 Manual gun control
The gun control is done by digital and analog outputs.

To have a fast access to the gun make sutedign your most commafO list with
the gun control on top.

DO_Ggunlfor closing and opening the gunl.
AO_G1FlowIfor setting the flowl values.
AO_GI1FlowZor setting the flow2 values.

If two guns are used, define aldesred signals for gun two in the list.

12 Customizing the glue instruction
The customizing can be done on different levels.

- Instructionparameters

- GLUSER: Module containing routines and data used by the glue instructions.
- I/0 configuration

— Program memory.

—— Program

_ Main module — System module GLUSER
GlobalData |

=)

|  Program data

P{I)ﬂ{?ne Routines

System modulesi_—l

System Parameters

eio
r |__gleio.cfg |
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Instruction parameters

Data and switches are affecting the actual instruction as well as the following ones, if
these are not using new data.

GLUSER
Global data and routines affecting the entireggpan (see RAPID Reference Manual,
Predefined Programs and Data

I/O configuration

As default all Glue outputs are defined but connected to a simulated board. Used glue
outputs have to be connected to physical signals. Not used signals shall remain on the
standard simulated boarske System Parametgrs
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1 Arc Welding

The arc welding topic contains parameters that define the arc welding functions:

- The units used when the parameters are entered
- The process functions used

- The equipment used

- The weldguide sensor used

» Choose€Topics: Arc Weld.

1.1 Activating arc welding parameters

Note When an arc welding parameter is activated, the program memory will be
erased. So, make sure that you have saved all programs on diskette.

Make sure that all input and output signals referenced by the Arc Weld configuration
are defined in the topl© Signals before any parameters are activated.

Arc welding datageamdatawelddataandweavedatgis always adapted to the current
configuration. If, for instance, an analog output is defined to control the weld voltage,
the Voltagecomponent will be included in thveelddata Changing these parameters

will thus also affect the RAPID program as a whole, which may mean that any pro-
grams created with a different set of parameters cannot be run. Activating this change
requires a special procedure.

It is not always neceasy to convert the AW data from one configuration to another.
When opening a program, mismatching AW data in the program being opened is
always pointed out.

The RAPID converter is a tool to prepare a RAPID program in the current configura-
tion for later use, and later also to make it usable again in any configuration.

In order to be able to run old programs, they must be stored in a special format:

* Open the FileManager window.

* Select the program to be converted.

» Start conversion by using the comm&nqtions: RAPID Converters.

*» The program will be stored in the new format with the extension XRG (instead of PRG).
This XRG file is to be used in any later configuration to re-shape a PRG file, i.e. a working
RAPID program.

» Change the parameters as desired.

* Perform a normal warm start by choodfilg: Restart.

» Chooseile: Restart in theService window

* When the confirmation dialog appears, enter the digits 2, 5 and 8.

* The text above the fifth function key will then changPtstart Activate the parameters
by pressing this key.
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 Convert the program back to the normal format again, using the cor@paoas:
RAPID Converters, in the FileManager as described above.

1.2 Defining arc welding systems

Up to 5 arc welding systems can be activated simultaneously in the same robot
installation. This may be required when, for example:

- more than one piece of process equipment is connected;

- two different electrode dimensions are used (different feeding systems must be
used for this to happen);

- more than one process is used, e.g. TIG and MIG/MAG.
If more than one arc welding system is defined, a new set of instructions and data types
is activated for each system. The first additional system (which is defined by the
sequence of defined system in a configuration file) is connected to instructions and data

types with the suffix 1, and the second to the suffix 2. In other wArdsl andArcC1
would be connected seamdatalwelddatal weavedatal

» ChooseTopic: Arc Weld.
» ChooseTypes: Arc Weld System

All defined arc welding systems will be displayed, as shown in Figure 1.

File Edit Topics Types
System Parameters Arc Weld
Arc Weld System
Name
1(6)
AWSYS1
Add

Figure 1 All defined arc welding systems are displayed.

» Select the arc welding system to be changed and presg < ler , or add a new one by
pressingAdd.
* Select the desired parameter and change its value.

* PresOK to confirm.
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Parameter Description

name The name of the system (max. 16 characters).

unitst The name of the group of measurements to be used. These
groups are defined iDefining measurements page 5.

functions! The name of the group of functions to be used. These groups
are defined iDefining arc welding functionsn page 6.

equipmen% The name of the equipment to be used. This is defined in
Defining arc welding equipmenh page 9.

weldguide The name of the weldguide definition to be used. This is

defined inDefining weldguide arc welding sensan page 12.

1.3 Defining measurements

The welding speed, dimensions and the like can be specified in different units. These
are grouped together under a common name and coupled to the appropriate arc welding
system.

» Choose€T opic: Arc Weld.
» Choose€lypes: Arc Weld Unit.

All defined groups of measurements (max. 5) will be displayed, as shown in Figure 2.

File Edit Topics Types
System Parameters Arc Weld
Arc Weld Unit
Name

1(2)

unit_mm
unit_inch

Add Delete

Figure 2 All groups of measurements are displayed.

« Select the group of units to be changed and press| < fer , Or add a new one by pressing
Add.

* Select the desired parameter and change its value.
* PresOK to confirm.

1. These parameters must always be defined.
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Parameter
namet
speed

lengtht
wire feed

Description
The name of the group (max. 16 characters).

The desired unit for speed of welding (m/min, mm/s, ipm or
cm/min).

The desired unit for distance and dimensions (mm or inch).
The desired unit for wire feed (m/min, mm/s or ipm).

Note: Scaling between a logical and a physical value on an ana-
log output signal, is always expressed in m/s.

Example: If a wire feed of 1m/min. shall be equivalent to a
value of 10 V on the analog output signal, the scaling shall be
expressed as Logical Max= 60 (m/s)

Physical Max= 10 (V).
See Chapter 12, System Parameters.

1.4 Defining arc welding functions

To obtain the desired arc welding functionality, such as the restart and crater fill func-
tions, the appropriate functions must be activated in the system parameters. The func-
tions are grouped together under a common name and then connected to the appropriate
arc welding system.

» ChooseT opic: Arc Weld.

» ChooseTypes: Arc Weld Function.

All defined function groups (max. 5) will be displayed, as shown in Figure 3.

File Edit Topics Types
System Parameters Arc Weld
Arc Weld Function
Name

1(2)

TIG
MIG

Add Delete

Figure 3 All groups of functions are displayed.

1. These parameters must always be defined
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» Select the group of functions to be changed and press|« ler

pressingAdd.

, or add a new one by

* Select the desired parameter and change its value.

* PresOK to confirm.

Parameter
namet
restart

restart distance

regain speed

no of retries
scrape

opt ignition scrape

scrape width
scrape direction

scrape cycle time

ignition data

User's Guide

Description
The name of the function group (max. 16 characters).

Specifies whether the weld is to be restarted in the event of a
welding defect. This restart can be done in three different ways:

- Automatically (the number of times specified in the parame-
terno of retrieg

- Program controlled (using the routine’s error handler)

- Manually (when the error has been remedied, the program can
be started in the normal way).

If a restart is chosen (yes), the robot automatically reverses to
a position before the position where it was interrupted (as spec-
ified in the parameteaestart distancg The weld is then

restarted and program execution continues.

The distance that the robot must reverse (relative to the position
where it was interrupted) before a restart will take place (0-150
mm).

The speed at which the robot moves to the position where it
was interrupted.

The number of automatic restart attempts.

Specifies if the robot is to weave at the actual weld start (scrape
start). This weaving is automatically interrupted when the arc
is ignited.

Specifies scrape type at weld start. This function will not affect
the scrape type at restart. The scrape types are specified in
seamdata

The width of the weave pattern for a scrape start.

The angle of direction of the weave for a scrape start. It is spec-
ified in degrees, wher@@mplies a weave that is carried out at
right angles to the direction of the weld.

The time (in seconds) it takes for a complete weave cycle for a
scrape start.

Specifies if ignition data is to be used at the start of the weld
phase. At the start it is often beneficial to define higher weld
data values for a better ignition. Th&@ues to be used are spec-
ified in seamdata

If the ignition data parameter is changed, the contents of
seamdatavill also change and therefore it must be activated as
in Activating arc welding parametem page 3.

1. These parameters must always be defined
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preheating

weave

weldguide
weave sync

track
crater fill

burnback

rollback

override
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Specifies whether preheating is to be used at the start of the
weld phase.

When the arc is ignited, the seam will generally not have
reached the correct temperature. Preheating can thus be used at
the start of the weld to define higher weld data values. The val-
ues to be used are specifiedseamdata

If the preheating parameter is changed, the contents of
seamdatavill also change and therefore it must be activated as
in Activating arc welding parametem page 3.

Specifies whether a weave pattern is to be added to the basic
path. In this case, the weave starts when preheating is started at
the beginning of the weld phase. The way the weave is to be
carried out is described weavedata

If coordinated interpolation is used, a notch filter for the exter-
nal axis may have to be used. See Chapter 12, System Parame-
ters.

Specifies whether Weldguide is to be used.

Specifies whether synchronisation pulses are to be transmitted
at the end positions of the weave.

Specifies that a tracker is connected to the senor interface.

Specifies whether a crater fill is to be used in the final phase.
This means that the end crater that can form in the completed
weld will be filled in with extra filler material. Exactly how the
crater fill is to be carried out is describedseamdata

If the Crater fill parameter is changed, the contents of
seamdatavill also change and therefore it must be activated as
in Activating arc welding parametem page 3.

Specifies whether burnback is to be used in the final phase. It
is used in MIG/MAG welding and means that the power supply
switches on for a short while after the electrode feed has been
turned off. The end of the weld electrode is then melted and
transferred to the molten metal in the weld deposit. In this way,
the electrode will separate from the molten metal and not stick
to it when it starts to harden. Exactly how the burnback is to be
carried out is described seamdata

If the Burnback parameter is changed, the contents of
seamdatavill also change and therefore it must be activated as
in Activating arc welding parametem page 3.

Specifies whether rollback is to be used in the final phase. It is
used in TIG welding and means that the cold wire is reversed
before the molten metal hardens, to prevent the wire sticking.
Exactly how the rollback is to be carried out is described in
seamdata

If the Rollback parameter is changed, the contergearhdata
will also change and therefore it must be activated Astin
vating arc welding parameterm page 3.

Specifies whether override is to used.
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precond Specifies whether preconditions is to be used. If precond is on,
the gas supervision and water supervision signals are verified
before welding is started.

auto inhib Specifies whether inhibition will be allowed in AUTO-mode
or not.

1.5 Defining arc welding equipment

The equipment used in arc welding must be defined. In addition, the signals must be
connected to the desired arc welding functions. These are grouped together under a
common name and then connected to the appropriate arc welding system.

* First, define the names of the signals to be used for communication between the robot and
welding equipment. See Chapter 12, System Parameters.
» Choose€T opic: Arc Weld.

» ChooseTypes: Arc Weld Equipment.

All defined equipment (max. 5) will be displayed, as shown in Figure 4.

File Edit Topics Types

System Parameters Arc Weld
Arc Weld Equipment

Name

1(2)

TIG
MIG

Add

Figure 4 All defined equipment is displayed.

« Select the equipment to be changed and press [« r , Or add new equipment by press-
ing Add.

» Select the desired parameter and change its value.
* PresOK to confirm.

Parameter Description
name The name of the equipment (max. 16 characters).

manual wirefeed Digital input signal for manual wire feed (actikiggh).

1. These parameters must always be defined
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weld inhibit
weave inhibit
superv inhibit

stop process

ign timeout

arc ok delay

arc supervision
volt supervision
current supevision
water supervision
wire supervision
gas supervision
torch supervision
wirestick status

arc weld status

gas control
power controt

arc preset time

Digital input signal for program execution without welding
(activeHigh).

Digital input signal for program execution without weaving
(activeHigh).

Digital input signal for program execution without any super-
vision. (activeHigh).

Digital input signal for stopping program execution. This sig-
nal only affects arc welding instructions.

A high signal means that program execution will stop as soon
as an arc welding instruction is executed.

The maximum time (in seconds) permitted for igniting the
welding arc.

The time it takes the welding arc to stabilise at the start of a
weld. The arc is only considered ignited afterahesupervi-
sion signal has been high for the specified number of seconds.

Digital input signal for supervision of the welding arc.

A high signal means that the welding arc is ignited.
Digital input signal for supervision of the voltage.

A high signal means that the voltage is OK.

Digital input signal for supervision of the current.

A high signal means that the current is OK.

Digital input signal for supervision of the coolingter.

A high signal means that the cooling water is OK.
Digital input signal for supervision of the wire feed.

A high signal means that the wire feed is OK.

Digital input signal for supervision of the protective gas.
A high signal means that the protective gas is OK.
Digital input signal for supervision of the torch.

A high signal means that the torch is OK.

Digital input signal for supervision of the wire stick status.
A high signal means that an error has occurred.

Digital output signal for indication of welding defects.

A high signal means that an error has occurred. If a normal pro-
gram stop occurs in the middle of a weld, no high signal will be
generated.

Digital output signal for control of the gas flow (actidggh).

Digital output signal for control of the weld voltage (active
High).

Delays thepower controlsignal. This allows the analog refer-
ence signals enough time to stabilise before the weld is started.

1. These parameters must always be defined
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wirefeed
wirefeed backward
weldschedule port

schedule strobe

schedule port type

weld voltage
voltage adjust

wire feed
current adjust

process stopped

supervision arc

supervision voltage

supervisioncurrent

supervision water

supervision gas

supervision torch

Digital output signal for activation of the wire feed (active
High).

Digital output signal for backward activation of the wire feed
(activeHigh).

Group of digital output signals used to transfer program num-
bers to the welding equipment.

Digital output signal used for handshaking if, when program
numbers are transferred to the welding equipnsshigdule
port typehas been defined &ailse(activeHigh).

Type of port used to transfer program numbers to the welding
equipment:

Binary = Binary-coded group of digital output signals

Pulse= Program numbers are sent in the form of a number of
pulses on the Weldschedule port signal which should then
comprise two digital signals. They are pulsed in tens on one of
the outputs and in ones on the other.

CAN = Weldschedule number written on the CAN bus (dedi-
cated for the Arcitec system).

Analog output signal for analog voltage reference.

Analog output signal for relative adjustment of the analog volt-
age reference.

Analog output signal for analog wire feed reference.

Analog output signal for relative adjustment of the analog cur-
rent reference.

Digital output signal used to indicate that the weld has been
interrupted.

A high signal means that the weld has been interrupted either
because of a welding defect or because of a normal program
stop.

Digital output signal for indication of welding arc errors.
A high signal means that an error has occurred.

Digital output signal for indication of voltage errors.

A high signal means that an error has occurred.

Digital output signal for indication of current errors.

A high signal means that an error has occurred.

Digital output signal for indication of cooling water errors.
A high signal means that an error has occurred.

Digital output signal for indication of protective gas errors.
A high signal means that an error has occurred.

Digital output signal for indication of torch errors.

A high signal means that an error has occurred.

supervision wirefeed Digital output signal for indication of wire feed errors.

User's Guide

A high signal means that an error has occurred.
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1.6 Defining weldguide arc welding sensor

The weldguide used in arc welding must be defined. In addition, the signals must be
coupled to the desired arc welding functions. These are grouped together under a com-
mon name and then coupled to the appropriate arc welding system.

* First, define the names of the signals to be used for communication between the robot and
Weldguide. See Chapter 12, System Parameters.

» Define in which functions weldguide is to be used (parameter weldguide, weave sync).
SeeDefining arc welding functionsn page 6.

» Choos€Topic: Arc Weld.
» ChooseTypes: Arc Weld Weldguide.

All defined weldguides (max. 5) will be displayed, as shown in Figure 5.

File Edit Topics Types

System Parameters Arc Weld
Arc Weld Weldguide

Name

1(2)

AWWG1
AWWG2

Add

Figure 5 All defined weldguides are displayed.
» Select the weldguide to be changed and press [« pr , or add new weldguide by
pressingAdd.
* Select the desired parameter and change its value.
* PresOK to confirm.

Parameter Description

name The name of the weldguide sensor (max. 16 characters).

wg ready Digital input signal indicating that the weldguide tracker is
ready (active High).

wg inhib Digital output signal for stopping the weldguide tracker (active
High).

wg track Digital output signal for starting the weldguide tracker (active
High).

1. These parameters must always be defined.
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wg left sync
wg right sync

wg height corr
wg side corr
wg data valid

wg data ack

User's Guide

Digital output signal indicating that the welding torch is at the
left hand joint side of the weave pattern (active High).

Digital output signal indicating that the welding torch is at the
right hand joint side of the weave pattern (active High).

Group of digital input signals for height corrections.
Group of digital input signals for side corrections.

Digital input signal indicating that weldguide is giving height
and side corrections (active High).

Digital output signals for acknowledgement of data valid. The
acknowledgement output pulse must be least 10 ms wide
(active High).
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2 Spot Welding

The spot welding system parameters are defined by input and output signals.

» ChooseTopics: 10 Signals
» ChooseTypes: User Signals

See Chapter 12, System Parameters.

2.1 10 configuration

The SpotWare package can be configured for diffexguippment setups. This chapter
describes the signals used by SpotWare and their dependency of the equipment.

The physical connections can be freely changed. To save physical signals, signals not
in use can be connected to a virtual board (type eip000).

If different signal names arequired, new logical signals candded and connected
to the corresponding physical signal. The predefined logical name must remain in the
configuration as it is used internally by the SpotL instruction.

2.2 Basic setup
There are two predefined boards:
-one physical, DSQC 223 board, named SW_BOARD, at address 1.
-one virtual, named SIM-BOARD.

The basic setup signals are connected to the SW_BOARD. Alisodine connected to
the SIM_BOARD which makes them easy to activate.

Start and monitoring of the weld

startl output 7 Start signal to the weld timer (Tipl if a dual gun
is used)
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Weld program number
prog_no_group output 11-16 Weld program number

N.B. Signals in the same group must be connected to physical signals in sequence on
the same board.

Gun control
close_tipl output 5 Close gun signal. (Tip 1, if a dual gun is used).
work_select  output 6 Work stroke select. Default functionality: The sig-

nal is setto 1 after the welding, if work stroke
(small gap) is desired, and is set to O if retract
stroke (large gap) is desired. When the SpotL
instruction orders the gun to close, the work_select
is also set. The signal is also set according to the
Retract argument in the instruction.

Pressure setting and supervision

pressure_groupoutput 2-4 p2_reqg-p4_req
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The SpotWare can set and supervise up to four discrete pressure levels. The pressure
values are selected in spotdata.The number of possible pressure levels is defined for
each gun byof_plevelsn gundata. The corresponding output sigpasreqto

p4_regmust be defined as consecutive physical outputs. When only one pressure level
exists, no pressure request signals need to be connected.

nof_plevels output

1 none

2 p2_req
3 p3_req
4 p4_req

output group
pressure group (simulated outputs)
pressure group (p2_req)
pressure group (p2_req, p3_req)
pressure group (p2_req, p3_req, p4_req)

When supervision of the ordered pressure valtegsired before welding is allowed
to start €lose_request TRUE in gundata), this is done on one of the input signals
pl_oktop4_okdepending on the selected pressure value in spotdata.

Gun opening supervision

If open_request TRUE in gundata, a check is made whether or not the gun is open

before a motion is released.

Timer reset

reset_fault output 1

Process error

process_error output 9

Current signal

current_enable output 8

Equipment supervision

Reset signal. Can be used to reset the welding
controller after a weld error. The signal is pulsed
with a user defined pulse length.
(sw_reset_timel) before manual or automatic
rewelding.

Operator request is set when an error situation
occurs.

Current enable signal. Used for the weld inhibit
function. See Predefined Data andd?ams
(sw_inhib_weld).

By default, the following input signals are tested in every welding position before the
weld start. If desired, other user defined signals can be tested, before or after the weld-
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ing process. (See also Predefined Data)

timer_ready  input8 The timer is ready to weld.

flow_ok input 9 Signal indicating problems with the water sup-
ply.

temp_ok input 10 Signal indicating over-temperature.

current_ok input 11 Signal indicating that the weld current exceeds

the permissible tolerances.

2.3 Double gun

If a double gun is used it has to be indicated in gundat@byips= 2. Tip_no in spot-
data chooses the tip (tip_no =12 or 21 closes both tips together). Close_tip1,
work_select and close_tip2 must be defined as consecutive physical signals.

close_tip2 sim output  Close gun request, tip 2

2.4 Equipment control (SpotWare Plus only)

By default, the following input signals are set depending on the motor on state and the
output signals current_enable and process_error. (See also Predefined Data)

weld_power  simoutput Possible to use for a weld power unit contactor

water_start sim output  Possible to use to activate water cooling

Table 1 Default functionality of watertast and weld_power

0 1 0 1 0 1 0 1

Activators | motors on

process_error 0 0 1 1 0 0 1 1
current_enable O 0 0 0 1 1 1 1

Result water_start 0 0 0 0 0
weld_power 0 0 0 0 0 1 0

2.5 Manual Actions (SpotWare Plus only)

The manual action signals are internally triggering RAPID routines to execute. The sig-
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nal are defined on the SIM_BOARD.

The manual actions operate on local data. This data may be updated in three ways:

* Running SpotL - local data contains the contents of the SpotL-parameters.

 Set the outpubwNew Data local data contains the contents of the manual data
man_spatman_gurandman_rett

* Using the utility routine$SwSetCurrSpoetc. (See also “Predefined data”.)

SwNewData
SwCloseGun
SwOpenGun

SwRunProc

SwSkipProc

sim output  Transfers manual data to the manual actions
sim output  Close the gun, rua®_close_gun
sim output  Open the gun, rua®_open gun

sim output  Runs complete spot weld including opening/
closing of the gun. This action may also be used to
run a reweld when the process has stopped in a
weld ready timeout situation.

sim output  Skip the ongoing action and be ready for a new
action. This signal is also used by SpotWare for
internal process abortion.

2.6 Process state (SpotWare Plusly)

The following signals give the information about the state of the SpotWare process:

proc_run

inhib_move

weld_error

User's Guide

sim output  Process is executing

sim output  SpotL movement is blocked and waiting to be
released.

sim output  Setwhen a weld ready timeout has occurred. Reset

when re-welding was successful or after skipping
the current weld.
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3 Gluing

The glueware parameters are defined by output signals:

» Choose Topicd/O Signals
» Choose TypedJser Signals

SeeSystem Parameters

3.1 I/O Configuration

The GlueWare package can be configured to suit different types of equipment. This
chapter describes the signals used by GlueWare and their dependencgqnthe
ment.

The physical connections can be freely geah To save physical signals, signals not
in use can be connected to a virtual board (type eip000).

If different signal names arequired, new logical signals can be added and connected
to the corresponding physical signal. The predefined logical name must remain in the
configuration as it is used internally by the GlueL instruction.

3.2 Basicsetup

There is one predefined board:

- a simulated board named GL_SIMBOARD.

The basic setup signals are connected to GL_SIMBOARD. The signals in use must be

connected to the desd physical outputs.

Output signals controlling the glue gun

DO_Ggunl digital output 1  Signal for the gluing equipment to open gun 1
when the signal is set, or to close the gun when the
signal is reset.

DO_Ggun2 digital output 2 Signal for the gluing equipment to open gun 2
when the signal is set, or to close the gun when the
signal is reset.

AO_G1Flowl analog outputl Signalfor setting the value of flow1 for glue gun 1.

AO_G1Flow2 analog output 2 Signal for setting the value of flow2 for glue gun 1.

AO_G2Flowl analog output 3 Signal for setting the value of flow1 for glue gun 2.

AO_G2Flow2 analog output 4 Signal for setting the value of flow2 for glue gun 2
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Error signals

DO_GL_Err  digital output 3 A high signal indicates any glue spe@fior
when gluing is active.

DO_GL_OvrSpddigital output 4 A high signal indicates that the calculated value for
one analog output signal exceeds the logical maxi-
mum value.

Other signals

DO_GL_Active digital output 5 A high signal indicates that the glue process is
active. Used internally by thelueL andGlueC
instructions.

3.3 Analog output scaling

16-22

The analog output signals above are defined with the following default values:

Logical Min: 0
Logical Max: 1000
Physical Min: oV
Physical Max: 10V

Normally, the user only needs to adapt the Physical Min and Max égtigment in
use. Se€alculation of the glue flow valu@sRAPID Reference Manudhstructions
- GlueL
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1 Simple Material Handling

1.1 What the robot does

The robot takes parts to and from a machine, as in Figure 1.

Machine

AN

g

In feeder | Out feeder

Figure 1 The robot gives a part to a machine which then processes it.

First, the robot fetches a part from the In feeder and places it in the machine where the
part is processed. Then, when this has been done, the robot takes the part and places it
on the Out feeder.

This work cycle is repeated until the operator stops production.

1.2 The main routine

The main routine is built up of a number of routine calls which reflect the robot work

cycle.

Routinemain Comments

fetch_part; Fetch part from In feeder.
leave_machine; Leave the part in the machine.
process_part; Start the actual processing.
fetch_machine; Fetch the part.

leave part; Leave the part on the Out feeder.

1.3 Operating the gripper

The robot is equipped with a gripper that handles parts. Aitmbl, and its associated
tool centre point (TCP), is defined for this.

The tool is controlled by a digital output signal defined in the system parameters with

the nam@ripper. A high signal indicates that the gripper is holding the part, and a low
signal indicates that the part has been released.
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In addition, a load datladl, is defined which describes the load held by the gripper. The
best possible motion performance is achieved if the correct load is always specified.

As the gripper grips and releases parts several times during the course of the program, it
is best to set up separate routines for this which can be called by the program.

Routinegrip Comments

Set gripper; Grip the part.

WaitTime 0.3; Wait 0.3 s.

GripLoad load1; Specify that there is a load in
the gripper.

Routinerelease Comments

Reset gripper; Releasiee part.

WaitTime 0.3; Wait 0.3 s.

GripLoad LOADQO; Specify that there is no load in
the gripper

1.4 Fetching a part from the In feeder

A part is fetched from the In feeder. As the robot cannot go straight from the previous
position (Out feeder), it performs a joint movement to the first position. Then, it uses
linear movement to achieve good path accuracy.

Routinefetch_part Comments

MoveJ * vmax, z50, tooll,; Go quickly to position near In feeder.
Movel * v1000, z30, tooll; Go to position above part.

Movel * v200, fine, tooll; Go slowly to grip position.

arip; Grip part.

Movel * v200, z30, tooll; Go to position above part.

1.5 Leaving the part in the machine

The robot leaves the part in the machine and then leaves that area so that the machine
can be started.

Routineleave _machine Comments

Moved * vmax, z50, tool1; Go quickly to position outside
machine.

Movel * v500, z10, tooll; Go to machine.

Movel * v200, fine, tooll; Go to leave position.

release; Release part.

Movel * v200, z30, tooll; Go to position above part.

Movel * v500, z30, tooll; Go to position above machine.
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1.6 Starting to process

Processing starts when the robot pulses an owtpiitThen, using the inpulil, the
machine informs the robot that the part has been processed and can be fetched.

Routineprocess_part Comments
PulseDO do1; Pulse output to start machine.
WaitDI dil, 1; Wait for the ready signal.

1.7 Fetching the part from the machine

The robot fetches the part from the machine.

Routinefetch_machine Comments

Movel * v500, z10, tooll; Go to machine.

MovelL * v200, fine, tooll, Go to fetch position.

grip; Grip part.

Movel * v200, z30, tooll; Go to position above part.
Movel * v500, z30, tool1; Go to position outside machine.

1.8 Leaving the part on the Out feeder

The robot leaves the part on the Out feeder.

Routineleave part Comments

MoveJ * vmax, z30, tooll,; Go quickly to position near Out feeder.
Movel * v500, z30, tooll; Go to position above part.

Movel * v200, fine, tooll; Go slowly to leave position.

release; Release part.

Movel * v200, z30, tooll; Go to position above part.
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2 Material Handling

2.1 What the robot does

The robot takes parts to and from a machine, as in Figure 2.

Die casting machine

=

In feeder |

Out feeder |

Figure 2 The robot serves a machine.

First, the robot fetches a part from the In feeder and places it in the machine. When the
machine is ready, the robot grips the part and places it on the Out feeder.

The work cycle is repeated until the operator presses a push-button “Stop production”.
The robot then completes the cycle, but does not fetch any new part from the In feeder.

The robot keeps a record of production statistics; it displays the number of parts pro-
duced during the day on the teach pendant and also, at the end of the work day, stores
this information on a diskette that can be read using a PC.

2.2 The main routine
The main routine is built up of a number of routine calls which reflect the robot work cycle.
A digital input signalprodstop defined in the system parameters, is used to find out

if the button “Stop production” is depressed. The button remains depressed until some-
one presses it again.
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Routinemain

start_production;
WHILE Dinput(prodstop) = 0 DO

fetch_part;
leave_machine;
process_part;
fetch_machine;
leave_part;
update_cycle;
ENDWHILE
stop_production;

Comments

Initialise production for the day.

Repeat the cycle until the button
is pressed.

Fetch the part from In feeder.
Leave part in the machine.
Start the actual processing.
Fetch the part.

Leave the part on Out feeder.
Update operating statistics.

Stop production for the day.

The routinegprocess_partfetch_machineandleave_partare not included in this

example.

2.3 Operating the gripper

17-8

A tool, gripperl, defines the TCP and the weight of the gripper. This tool data is
defined in the system module USER. In this way, the tool is always present in memory

irrespective of which program is loaded.

The gripper is controlled by electric, bistable air valves, which means that there is one
signal that controls the grip action and another that controls the release. The names of
the signals are defined in the system parametags@ksandreleasel There is also a
signal,gripok, that is high if a part is held by the gripper. This signal is used to check

if the gripper has gripped a part correctly.

A load datapayload is defined which describes the load held by the gripper. The best
possible motion performance is achieved if the correct load is always specified.

As the gripper grips and releases parts several times during the course of the program,
it is best to set up separate routines for this which can be called by the program. For

example:

Routinegrip_part

Reset releasel,;

Set gripl;

WaitTime 0.5;

IF DInput(gripok)=0 THEN

Comments

Grip the part.
Wait 0.5 s.
If error (no part in the gripper) ...

TPWrite "ERROR: No part in the gripper"; Write error message on teach pendant.

EXIT,;
ENDIF
GripLoad payload,;

Exit program execution.

Specify that there is a load.

The routinerelease_parts not included in this example.
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2.4 Starting production

Before the actual production is started, the counggrl), which counts the number of
parts that are produced during the day, is set to zero. The robot also goes into a home

position.

Routinestart_production Comments

regl :=0; Reset the counter.
MoveJ home, v500, fine, gripperl, Go to home position.

In this example, all positions (elgomeor pl) are named. They are stored as separate
position data and can thus be reused in subsequent instructions. However, it is often
just as easy to store the positions directly in the instructions (indicated by * in the
instruction).

2.5 Fetching the part from the In feeder

Before fetching a part, the robot must check if there is any part to fetch. It does this by
means of a photocell (via tiieedersignal). This informs the robot if there is a part in
position or not. If there is no part, the operator is semssage and mustst correct

the error before starting program execution again.

Routinefetch_part Comments

WHILE DInput(feeder) = 0 DO Check if there is any part to fetch.
TPErase; If not: Clear the teach pendant and
TPWrite "ERROR: No part on feeder"; write error message. Then wait until
TPWrite ", the start signal is given by the opera-

tor.
TPReadFK reg2, "Put part on feeder and press start", "Start", "™, "™,","";

ENDWHILE

MoveJ pl, vmax, z50, gripperl; Go quickly to position above part.

Movel p2, v100, fine, gripperl; Go to grip position.

grip_part; Grip part.

Movel p1, v200, z30, gripperl; Go to position above part.

2.6 Leaving the part in the machine

The robot leaves the part in the machine and then leaves that area so that the machine
can be started. Often, the robot and the machine communicate with one another to
check such things as whether the machine is open. This check is not included in the
following example.
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Routineleave _machine Comments

MoveJ p3, vmax, z50, gripperl; Go quickly to position outside
machine.

MovelL p4, v500, z10, gripperl; Go in to machine.

MovelL p5, v100, fine, gripperl; Go to release position.

release_part; Release part.

MovelL p4, v200, z30, gripperl; Go to position above part.

MovelL p3, v500, z50, gripperl; Go to position outside machine.

2.7 Updating operating statistics

The number of parts produced during the day is written on the teach pendant display.

Routineupdate_cycle Comments

regl :=regl +1; Increment produced parts.
TPErase; Clear the display.

TPWrite ", A few blank lines.

TPWrite ™;

TPWrite "No of produced parts =" \Num:=reg1, The number of parts.

2.8 Stopping production for the day

If the operator presses “Stop production” and the robot has completed a work cycle, the
robot goes to home position. In addition, the production figures for the day (the day’s
date followed by the number of parts produced) are written on diskette.

Routinestop_production Comments

MoveJ home, v500, fine, gripperl; Go to home position.
Open "flp1:" \File:="logfile.doc", file\Append; Open the file for writing.
Write file, CDate() \Num:=reg1,; Write to the file.

Close file; Close the file.

Stop; Stop program execution.

Before a file can be opened, the déita, must be created by the tyjpelev The real
name of the file i¢ogfile.doc
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1 The Jogging Window

1.1 Window: Jogging

Special
Jogging Robot pos:
Unit: Robot X: 12345 mm
Motion:  Linear y: -2449 mm Current
z: 128 mm iti
QL 07071 position
Current Coord:  Base 0O Q2:  0.0000
motion Tool: tool0 Q3: 0.0000
parameters Wobj: wobjo ... Q4: -0.7071
Ve Motion
Incremental: No ] Xyz resulting from
World Base Tool Wobj ﬁ)lggt:iﬂt
deflections
1.1.1 Menu: Special
Special
1 Align
Command Used to
Align Align the tool (see page 6-8)
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2 The Inputs/Outputs Window

2.1 Window: Inputs/Outputs

File Edit View
Inputs/Outputs
Name Of ——» | Allsignals
the 1/O list Name Value Type
4(64)
di1 1 DI
di2 0 DI
gripl 0 DO
; grip2 1 DO
I/O list arip3 1 Do
grip4 1 DO
progno 13 GO
welderror 0 DO
0 1
2.1.1 Menu: File
File
1Print ..
2 Preferences
Command Used to:
Print print the current I/O list (see page 7-8)
Preferences make preferences in the Inputs/Outputs window

(see page 7-4)
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2.1.2 Menu: Edit

Edit

1 Goto ...
2 Goto Top
3 Goto Bottom

Command:
Goto

Goto Top
Goto Bottom

Used to:

go to a specific line in the list
go to the first line in the list
go to the last line in the list

2.1.3 Menu: View

View

1 Most Common
2 All Signals

3 Digital In

4 Digital Out

5 Analog

6 Groups

7 Safety

8 Boards

Command:
Most Common
All Signals
Digital In
Digital Out
Analog
Groups

Safety

Boards

User's Guide

Used to view(see page 7-4)
the most common list

all user signals

all digital inputs

all digital outputs

all analog signals

all groups of digital signals
all safety signals

all /0 boards
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3 The Program Window

3.1 Moving between different parts of the program

— Program memory

— Program

View: Data

/

Program data

View: Main Routine

/

Main
routine

Current routine

V<
Data

V'

Instructions

V'

Error Handler

View: Routines

View: Routine Data

View: Instructions

View: Error Handler

A

Sub-
routines

Vi

/

ew: Modules

System modules —I

18-6
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3.2 General menus

3.2.1 Menu: File

File

1 Open ...

2 New ...

3 Save Program

4 Save Program As

5 Print

6 Preferences

7 Check Program
8 Close Program

9 Save Module
0 Save Module As

Only shown in
the module window

Command:

Open

New

Save Program
Save Program As

Print
Preferences

Check Program
Close Program
Save Module
Save Module As

User's Guide

Used to:

read programs from mass storage (see page 8-5)
create new programs (see page 8-4)

save programs on mass storage (see page 8-25)

save programs on mass storage with new names
(see page 8-25)

print the program (see page 8-26)

make preferences in the Program window
(see page 8-56)

check that the program is correct (see page 8-19)
erase the program from the program memory
save a module on mass storage (see page 8-54)

save a module on mass storage with a new name
(see page 8-54)
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3.2.2 Menu: Edit

Edit

1 Cut

2 Copy

3 Paste

4 Goto Top

5 Goto Bottom
6 Mark

7 Change Selected

8 Value

9 ModPos

0 Search ...
Show/Hide IPL

Command
Cut

Copy
Paste

Goto Top

Goto Bottom
Mark

Change Selected
Value

ModPos
Search

Show/Hide IPL

Used to:

cut selected lines to the clipboard buffer (see page
8-19)

copy selected lines to the clipboard buffer (see
page 8-19)

paste the contents of the clipboard buffer into a
program (see page 8-19)

go to the first line (see page 8-27)

go to the last line (see page 8-27)

select several lines (see page 8-28)

change an instruction argument (see page 8-30)

show the current value (for the selected argument)
(see page 8-46)

modify a position (see page 8-28)

search for/replace a specific argument (see page 8-
34)

show/hide an instruction pick list (see page 8-13)
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3.2.3 Menu: View

View

1 Instr.”’<latest routine>"
2 Routines

3 Data "<latest type>"

4 Data Types

5 Test

6 Modules

7 Main Routine
8 Selected Routine

9 Error Handler

Command Used to view:

Instr. instructions for the current routineRrogram
Instructionwindow — (see page 8-11)

Routines all routines -Program Routinesvindow — (see
page 8-8)

Data program data Program Datavindow — (see page
8-42)

Data Types all data types Program Data Typewindow —
(see page 8-42)

Test theProgram Teswindow (see page 8-20)

Modules all modules Program Modulesvindow —
(see page 8-51)

Main Routine instructions for the main routine (spage 8-10)

Selected Routine instructions for the selected routine (page 8-
11)

Error Handler error handler of the current routine (see page 8-48)

User's Guide 18-9



3.3 Window: Program Instr

File Edit View IPL1 IPL2

Program Instr

1(26)

Instructions —=|

lInit data

counter:=0;

1Go to start position

Movel pstart,v500,fine,gripper;
WaitUntil dil=1;

IStart

Set startsignal;

open_gripper;

MoveJ *,v500,z10,gripper;

WELDPIPE/main

Copy Paste OptArg (Modpos) Test —

Go to\‘ne windowProgram Test

3.3.1 Menu: IPL1 (shows different instruction pick lists)

IPL1

1 Common

2 Prog. Flow

3 Various

4 Motion Settings

5 Motion&Process

610

7 Communicate

8 Interrupts

9 Error Recovery

0 System&Time
Mathematics

3.3.2 Menu: IPL2 (shows different instruction pick lists)

IPL2

1 Most Common 1
2 Most Common 2
3 Most Common 3

4 Motion Set Adv
5 Motion Adv

6 Ext. Computer
7 Multi Tasking

8 RAPID Support
9 Service

18-10
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3.4 Window: Program Routines

Routines —=

Create a new routine/

User's Guide

File Edit View  Routine Special
Program Routines WELDPIPE/
Routines In Module
Name Type

4(6)
cleangun
erroroutl
givedist num -
main
weldseql
weldseqg2

New.. Decl ... Dupl.. Data > Test

| \
|
Duplicate

Change the declaration

View routine data

Return value
of a function
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3.4.1 Menu: Routine

Routine

1 Routine Data

2 Instructions
3 Error Handler
4 Backward Handler

5 In Module
6 In System

7 Add Error Handler
8 Add Backward Handler

Command:
Routine Data
Instructions

Error Handler
Backward Handler

In Module

In System
Add/Remove Error Handler

Add/Remove Backward Handler

Used to:

create a new routine (see page 8-8)

view the instructions of the selected routine
view the error handler of the selected routine

view the backward handler of the selected
routine

view only the routines in the current module
(see page 8-53)

view all routines in all modules (see page 8-53)
add/remove an error handler to the selected
routine (see page 8-49)

add/remove a backward handler to the selected
routine (see RAPID Reference Manual -
Programming off-ling

3.4.2 Menu: Special

Special
Mirror

Command:
Mirror

18-12

Used to:
mirror a routine or a module (see page 8-36)
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3.5 Window: Program Data

File Edit View Data  Special

Program Data WELDPIPE/

Data typeé — | tooldata In Module
Name

3(3)

Data — » gripper

gunl
gun2

New.. Decl ... Dupl... Types - Test -

Create new data Duplicate \ Go to the windowProgram Test
Change the declaration  View all data types

3.5.1 Menu: Data

Data

1 Value
2 Types

3 In Module
4 In System
5 In Routine “routine name”

Command: Used to:

Value read or change the current value of selected data
(see page 8-46)

Types call up the list with all data types (see page 8-42)

In Module call up only the data in the current module
(see page 8-54)

In System create new data (see page 8-43)

In Routine call up all routine data
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3.5.2 Menu: Special

Special
1 Define Coord

2 Go to selected position

Command: Used to:

Define Coord define a tool, work object or program displacement
(see Chapter 10, Calibration)

Go to selected position go to a selected position
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3.6 Window: Program Data Types

File Edit View Types
Program Data Types WELDPIPE/
5(6)
All data
bool
num
Data types—= | oGt
wobjdata
All Data
3.6.1 Menu: Types
Types
1 Data
2 Used Types
3 All Types
Command: Used to:
Data call up all data of a selected type
Used Types call up only those data types that are used
All Types call up all data types (see page 8-42)
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3.7 Window: Program Test

File Edit View  Special
Program Test WELDPIPE/main
: Speed:= 50% O
Test runnin o :
parametersg_’ Running:= Continuous | 1(26)
Program pointeps{ > !Init data
counter:=0;
. 1Go to start position
Instructions—= MoveL pstart,v100,FINE,gripper;
WaitUntil DInput(ready)=1;
IStart
Set startsignal;
open_gripper;
Start FWD BWD (Modpos) Instr -

Go to theProgram Instrwindow

18-16

3.7.1 Menu: Test

Special

1 Move Cursor to PP
2 Move PP to Cursor
3 Move PP to Main

4 Move PP to Routine

5 Go to selected position

6 Simulate

Command:
Move Cursor to PP

Move PP to Cursor
Move PP to Main
Move PP to Routine
Go to selected position
Simulate

Used to:

start from the latest stopped instruction (see page
8-23)

start fromthe selected instruction (see page 8-23)
start fromthe main routine (see page 8-23)

start fromany routine (see page 8-23)

go to a selected position

allow program execution in MOTORSFF mode
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3.8 Window: Program Modules

File

Edit

View Module

Name

Program Modules

Type

WELDPIPE

2(4)

Modules — = | Mainmodule
System1
System2

Cadpositions

Program Module
Program Module
System Module
System Module

New..

Decl ...

Data —

/

Create a new modul

\

N

View program data

Change the declaration

3.8.1 Menu: Module

Module

1 Data
2 Module List

Command:
Data
Module List

User's Guide

Used to
view program data
view the complete module in a list (see page 8-55)
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4 The Production Window

4.1 Window: Production

File Edit View
Production Info CAR_LIN1
Routine : main:
Status : Stopped
Speed:= 75 0%
Running mode:= Continuous
2(39) —
. Movel p1, v500, z20, tool1;
Program pointer—s |5 Movel p2, v500, 220, tool1:
) Movel p3, v500, z20, tooll;
Program list—— | Setdo1;
Set do2;
Start FWD BWD
4.1.1 Menu: File
File
1 Load Program
Command Used to:
Load Program load a program (see page 11-4)
4.1.2 Menu: Edit
Edit
1 Goto ...
2 Start from Beginning
Command Used to:
Goto go to a specific instruction
Start from Beginning go to the first instruction in the program (see page
11-6)
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4.1.3 Menu: View

View
1 Info
2 Position
Command Used to:
Info display the program in the lower part of the
window
Position tune a position (see page 11-7)
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5 The FileManager

5.1 Window: FileManager

File Edit View  Options
. FileManager .
Current unit—s| fp1:/WELDINGS/TEST - Current directory
Name Type Date —--—— Latest change
2(12)
. Go Up One Level .
PROC1 Program 1993-05-28
. PROC2 Program 1993-05-09
Files —| PROCFUNC Program Module 1993-05-01
WDATA Program Module 1993-05-01
WTOOLS  Directory 1993-05-01
RESULTS  Directory 1993-06-01
Up—-
5.1.1 Menu: File
File
1 New Directory
2 Rename...
3 Copy ...
4 Move ...
5 Print File
Command: Used to:
New Directory create a new directory (see page 13-5)
Rename change the name of a selected file (see page 13-5)
Copy copy a selected file or directory to another mass
memory or directory (see page 13-6)
Move move a selected file or directory to another mass
memory or directory (see page 13-7)
Print File print a file on a printer
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5.1.2 Menu: Edit

Edit
1 Goto ...
2 Goto Top
3 Goto Bottom

Command: Used to:

Goto go to a specific line in a list
Goto Top go to the first file in a list
Goto Bottom go to the last file in a list

5.1.3 Menu: View

View
1 [ram1disk:]
2 [flp1:] Disc#12

Command: Used to view:
ramldisk: the files on the RAM disk (see page 13-4)
flpl: the files on the diskette (see page 13-4)

5.1.4 Menu: Options
Options

1 Format
2 Rapid Converters

Command: Used to:
Format format a diskette (see page 13-7)
Rapid Converters convert old program versions
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6 The Service Window

6.1 General menus

6.1.1 Menu: File

File
1 Save as
Restart
Command Used to:
Save as save logs on a diskette or other mass memory (see
page 14-7)
Restart restart the robot
6.1.2 Menu: Edit
Edit
1 Goto ...
2 Goto Top
3 Goto Bottom
4 Info
Command Used to:
Goto go to a specific line in a list
Goto Top go to the first line in a list
Goto Bottom go to the last line in a list
Info view information about selected log rsages (see
page 14-6)
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6.1.3 Menu: View

View

1 Log
2 Date & Time
3 Calibration

4 Commutation

5 BaseFrame

6 Two Axes Definition
7 System Info

Command Used to:

Log display the different logs (see page 14-5)

Date & Time set the date and time (see page 14-3)

Calibration calibrate the robot (see page 14-8)

Commutation commutate the motors (see The Product Manual/
Repairg

BaseFrame calibrate the base coordinate system (see Chapter
10, Calibration)

Two Axes Definition calibrate the base coordinate system for a two axes

manipulator (see Chapter 10, Calibration)
System Info display system information (see page 14-9)
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6.2 Window Service Log

File Edit View  Special
. No. of messages
Service Log | __—Time of most recent
Messages—— , — message
Name # Latest
4(9)
Common 10 0810 20:30.32
Operational status 20 0810 20:25.14
System 0
. Hardware 1 0810 20:30.32
Log list ——— | program 0
Motion 3 0810 19:15.12
Operator 4 0809 12:30.00
Process 0
Msg->
Displays the messages in selected log
6.2.1 Menu: Special
Special
1 Erase Log
2 Erase All Logs
3 Update log on Event
Command: Used to:
Erase Log erase contents in selected log (see page 14-6)

Erase All Logs

Update log

18-24

on Event

erase contents in all logs (see page 14-6)

updatethe log directly when a message is sent—the
command is changed tdpdate log on Com-

mand” when selected, which means that the log is
not updated until the function ke&ypdateis

pressed (see page 14-7)
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6.3 Window Service Calibration

File Edit View Calib

Service Calibration

Unit Status
1(4)
. . Robot Synchronized
Calibration —#=| Manip1 Synchronized
status Manip2 Synchronized
Trackm Synchronized
6.3.1 Menu: Calib
Calib
1 Rev.Counter Update
2 Calibrate
Command: Used to
Rev.Counter Update update the counter (see Chapter 10, Calibration)
Calibrate calibrate using the measurement system (see the

Product ManuaRepair9
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6.4 Window Service Commutation

File Edit View Com

Service Commutation

Unit Status
1(4)
Robot Commutated
Manipl Commutated
Status Manip2 Commutated
Trackm Commutated
6.4.1 Menu: Com
Com

1 Commutate ...

Command: Used to

Commutate commutate using the measurement

system (see the Product Man&apairs
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7 The System Parameters

7.1 Window: System Parameters

File Edit Topics Types
System Parameters 10 -——— Parameter topic
Parameter types | User signals
Parameters Info
1(10)
Signal Name dol
Unit Name DSQC232 1
Parameters— | sjgnal Type DO
Signal Number 1
Logical Max 0.000000
Physical Max 0.000000
Logical Min 0.000000
Physical Min 0.000000
Cancel OK
7.1.1 Menu: File
File
1 Load Saved Parameters
2 Add New Parameters
3 Save All As
4 Save As
5 Check Parameters
Restart
Command: Used to:
Load Saved Parameters load parameters from mass storage (see page 12-7)
Add New Parameters add parameters from mass storage (see page 12-7)
Save All As save all parameters on mass storage (see page 12-6)
Save As save parameters on mass storage (see page 12-6)
Check Parameters check parameters before restart (see page 12-5)
Restart restart the robot (see page 12-4)
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7.1.2 Menu: Edit

Edit

2 Goto Top
3 Goto Bottom
3 Goto ...

4 Show Change Log
5 Change Pass Codes

Command

Goto Top

Goto Bottom
Goto

Show Changelog

Change Pass Codes

Used to

go to the first line in a list
go to the last line in a list
go to a specific line in a list

view information about the latest modifications
made (see page 12-5)

change pass codes (see page 12-36)

7.1.3 Menu: Topics

18-28

Topics

1 Controller

2 Communication
3 10 Signals

4 Manipulator

5 Arc Weld

6 Teach Pendant

All Topics

Command

Controller
Communication

IO Signals
Manipulator

Arc Weld
Teach Pendant

All Topics

Used to view

the parameter of the Controller topic (see page 12-27)

the parameter of the Communication topic (see page
12-14)

the parameters of the 10 topic (see page 12-9)

the parameters of the Manipulator topic (see page 12-
43)

the parameters of the Arc Weld topic (see Chapter 16,
System Parameters ProcessWare

the parameters of the Teach Pendant topic (see page
12-35)

all topics (see page 12-3)

User's Guide



' A\ | 4 | 4

The contents under the chapter
“Special Functionality in this Robot”

Is depending on how the robot is equipped,
and is therefore not included in the On-line Manual.

Click on the Main menu button below to continue to the front page.

Main menu
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