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1 Safety
1
SAFETY

Before operating, servicing or in any other way handling the robot system, the Safety Manual in
the Product Manual must be thoroughly studied.
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2 THE CONTROLS

2.1
The Control cabinet

External features
Control panel
Programming unit
Disk drive

Winchester memory
(Option)

Monitor
(Option)

Customer connections

2 The Controls

Main functions for robot operation

All functions for robot operation and programming.
Built-in system test.

Storing/loading of data on diskette.
Storing/loading of dataon hard disk.

Additional display of user program and process
messages.

Connectors for process communication.

Progr ainming



Main components
Unit

Computer board

System board

Digital /O boards
(option)

Analogue I/O boards
(option)

Power unit

Power supply

Drive units

Control board for external
axes (option)

Mains transformer

Software

2 TheControls

Functions

*  Containsfour microprocessors:

- Main computer - for overdl control.

- Servo computer - for control of servo functions and robot
movements.

- Axiscomputer - for individual control of robot axes

- 1/O computer - for control of communication with
operators unit, periferal equipment, host computer
(option), floppy disc unit and Winchester memory.

» Containsal robot primary memory.

Contains circuitsfor the persona safety functions
emergency stop;

work hold;

etc.

Controls, viathe safety functions, power supply and
brakes for the robot motors,

P Y

Digital process communication (parallel or serial).

Analogue process communication.

Distributes voltagesin the control cabinet to drive system
and robot brakes

Stabilized voltage supply to al eectronics, for the
I/O-units and robot brakes.

Current amplification and control of motor
current with a common rectifier. (Up to 7 unitsincl.
one external axis.)

Reference signalsfor speed and connection of
resolversfor 16 external axes (axes 7-12).

Provides:

* gavanic isolation of the control system from the mains
supply;

*  adaptsthe system to mains voltages between 200V and
600V.

Two versons:

* Arcwdd
* Materia handling, glue, spotweld
(Shortening MH/GL/SW)

How to find out which version is present is described
in 9.12.1.
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2 The Controls

Process connections (option)

The system can handle the following input and output signals from the peripheral
equipment:

* Digital I/O

- upto 128inand 128 out.

* Analogue /O

- upto4inand4out.

» Computer communication viaRS 232 interface.
* Control signalsfor 1-6 externa axes.

The AC drive system, for the robot motors and one integrated axis 7 (option), consists of the
following units.

Computer board - for overdl contral. _ _

Rectifier unit - for power supply to the drive units.

Drive unit - receives current references from the computer
board.

Serial measurement board - monitorsresolver signals

Dttt el el M

. Drive Unit N

. Position Speed Torque Curreqt® = = == ===

Y e B s I = T

— L]

‘ I XCurreft*,

' Position Speed Rotor angte—————u +

]

L Uy,

Serial measure-
ment board
(on manipulator)

AC drive system, robot axesand integrated axis 7
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2 The Controls

Drive unitsfor optional externa axes, other than the integrated axis 7, are located outside
the cabinet.

These drive units are provided with a speed reference by the control system.

Separate drive unit

Control cabinet outside control cabinet

----------------

' Position N . (

. ] Control|__ Speed -

. board N

. forext.| ¥ R

\ axes \ ———
L} \

. .

N * + Position

] L]

Diagnostics

The control system is provided with its own built-in diagnostics with the following
characteristics:

*  Test on start-up:

computer board

programming unit

monitor (option)

power supply

power unit

rectifier unit

location control of 1/0 board and drive unit

* During test running, ared LED on the computer board is flashing.

*  Successful test running isindicated by:
- theabsence of red LEDs on dl units
- agreen LED lights up on the computer board

*  Unsuccessful test running is indicated by:
- ared LED lighting up on the faulty board
- ifitispossble, afault message on the programming unit, (and on an optional monitor)

* Running of the control system in a specia test mode during servicing, with the
following functions:

start-up test:

full test of the 1/0 boards, jumpers included

test running of the drive units at full voltage

program for cleaning heads on floppy disk unit

L 1 L *
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2 The Controls
2.2
Mains switch

J

The mains switch is used for connection and disconnection of the mains voltage.

If the robot is provided with the optional flange disconnect, the door will be mechanical
interlocked. To open the door the flange disconnectet must be in OFF position.

Progrjunming 7 S3



2 TheControls
2.3
Control pand

<250 mm/s
& @ Eg
10086 —— 1
— 2
3
—| 4

(1) Operation mode selector dockable)
Three different operation modes may be selected:
AUTO (production mode) is used in production and program execution.

MANUAL REDUCED SPEED (programming mode) is used when working in the robot
working range, when programming the robot and testing of programs.

MANUAL FULL SPEED (test mode for 100% speed) is used for testing the robot programs
at full program speed.

(2 MOTOR ON
The MOTOR ON button isused in AUTO mode to put the robot to MOTOR ON mode .
power is connected to the robot motors.

The MOTOR ON lamp is normally steadily lit. When arestart after a power failureis
possible or when external axes are not synchronized, the MOTOR ON lamp flashes.

(3) MOTOR OFF
The MOTOR OFF button is used to put the robot in the MOTOR OFF mode regardless of
the operation mode. Brakes are applied and power is disconnected from the motors.

The MOTOR OFF lamp isnormally steadily lit, but flashes when an error is detected.
Theerror indication isreset by depress of the button.

(4) EMERGENCY STOP

An emergency stop immediately stops the robot regardless of previous state and operation
mode. The robot will enter MOTOR OFF mode with MOTOR OFF flashing. Emergency stop
mode is reset by depress of MOTOR OFF button.

Programming 8 S3
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2 The Controls
2.3.1

AUTO mode

AUTO (production mode) is used to run previoudy entered programsin production.

The following applies to AUTO mode:
general mode stop is possible
auto-mode stop is possible
enabling device not in operation
control via computer link/remote control is enabled
programming/editing is disabled
manual running (using the joystick) is disabled
no robot speed limitation
corrections during programexecution are disabled
Some of these features can be changed by system parameters, see Installation S3

2.3.2
MANUAL REDUCED SPEED mode

MANUAL REDUCED SPEED mode (programming mode) is used when working inside the
robot working range and when programming the robot and testing of programs at limited

Thefollowing appliesto the MANUAL REDUCED SPEED mode;
general mode stop is possible
auto mode stop is not possible
enabling device in operation
control via computer link/remote control is disabled
programming/editing is enabled
manual running (using the joystick) is dlowed
robot speed is limited to 250 mmy/s
HOLD TO RUN is active but can be disabled by a system parameter

2.3.3
MANUAL FULL SPEED mode

MANUAL FULL SPEED mode (test mode for 100% robot speed) is used for programming
and testing the robot programs at full program speed.

The following applies to the MANUAL FULL SPEED mode:
» general mode stop is possible

auto mode stop is not possible

enabling device in operation

control via computer link/remote control is disabled
programming/editing is alowed

manual running (using thejoystick) is dlowed

no robot speed limitation

HOLD TO RUN is active




2 The Controls
234

Change of operation mode

The function "Software Key" meansthat the operator hasto confirm the change in
operation mode to AUTO mode or to MANUAL FULL SPEED mode before the new
operation mode is acknowledged.

The confirmation is done by answering a check question given on the programming unit
when changing the operation mode.

AUTO MODE OK?

PLEASE:
CHANGE TO MANUAL REDUCED SPEED

The operator wants to change mode, YES was selected.

Programming 10 S3



2 The Controls

| PLEASE;
{CHANGE TO MANUAL REDUCED SPEED

MANUAL REDUCED SPEED

Change from AUTO/MANUAL FULL SPEED to MANUAL REDUCED SPEED: no
question is asked.

The buttons on the programming unit are disabled until the question is answered, or until
the operation mode selector is turned to the MANUAL REDUCED SPEED position.

Programming 11 S3



2 The Controls

2
2]
I
X%

J

SHIFT

« Shift of part of message on upper display bie
« CanceOation of error message

-y

od—

,
)

A1)

fff

of (N | )

MENUS

LOGICAL INSTRUCTION
« Selection of program control instructions

POSITION
« Selection of position instruction

AUTOMATIC

« Automatic program execution
(continuous or siep-by-step)

« Simulation of input signals

« Displacement of positions, programmed

previously

EDITING
« Selection of program correction functions

MANUAL
« Selection of manual functions

VISION
* Image handling functions

PROCESS
« Selection of appication-specific instructions

PROGRAM STOP

« Immediate stop of automatic program execution

DECIMAL POINT
« Decimal point

« Shift of error message in plain language

SPEED CORRECTION

Overriding programmed basic speed

+%

« Accuracy + 5 % of programmed basic speed
« Current correction value shown on upper display Brie

&

« Active only in MANUAL modes (can be changed by a
parameter to be active also in AUTO mode)

Rectangular base coordinates

Robot coordinates

Tool coordinates

¢4

(142

ft

INCREMENTAL POSITIONING (toggle function)
« Fine trimming of robot position using the joystick
(1 step»0,1 mm)

Iftl (R PPERL CPEN, CLOSED

ft

7 Ef_t] R PPER2 CPEN, CLOSED

Programming
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2 TheContrals
24.1

Dialog via programming unit

Programming and other work with the robot system via the programming unit is performed
as adialogue between the operator and the robot system. The dialogue isbased on a set of
menus from which different alternatives can be chosen.

The menus are presented on the programming unit display. The operator selects a menu by
pressing the button under the alternative required.

The robot system responds by presenting consequential questions, by presenting an
information or error text or by presenting aprogram instruction on the display. If
necessary, the menu which the operator needs to continue the diadlogueis also presented.

The main menus are obtained by pressing the buttons LOGICAL INSTRUCTION,
POSITION, AUTOMATIC, EDITING, MANUAL, VISION and PROCESS on the
programming unit.

The five buttons located immediately below the display are designated multi-function
buttons as their function depends on the current menu alternatives, displayed above.

SCAN is used to page new alternatives forward on the display. SCAN is always at the
extreme rightin the menus.

When an alternative has been selected either a sub-menu or a question with response
alternatives is presented. If avalue isrequested thisis supplied by means of the numerical
buttons. Complete program instructions are presented on the upper line of the display
when the dialogue is finished.

An incorrect choice of main menu or menu alternative can most often be corrected by a
reselection of menu or alternative. If the sdlection has resulted in the creation of a complete
program instruction, this must be erased before any further work is performed.

10 different dialogue languages can be selected.

Programming 13 3



25
Joystick

Togg! /
putions .

2 The Controls

Emergency stop

Enabling
device

Joystick

Thejoystick on the programming unit is used for positioning of the robot, when
programming. Thejoystick can aso be used to change the positions of external axes
which may be connected to the system. The joystick can aso be used for override of
the current and voltage when arc welding.

The joystick can be moved forward, backward, up and down and turned clockwise and
counterclockwise or combinations of these. The speed of the corresponding robot movement
is proportional to the deflection of the joystick.

Therobot moves immediately when thejoystick is operated. Make sure nobody is
inside therobot working area beforerunning the robot.

Two toggle buttons are associated with thejoystick.
Either control of robot axes or control of external axesis selected by pressing the upper
button. The functions of the lower button depend on the status of the upper button as

follows

* |f control of robot axes has been selected, selection of function 1 results in linear
movement of the TCP if rectangular coordinates are active, or movement of axes 1-3, if
robot coordinates are active. If function 2 is selected, wrist orientation can be performed
around TCP, if rectangular coordinates are active, or, if robot coordinates, axis 4-6 can be

moved.

o If control of external axes has been sdlected with the upper button, axes 7, 8 and 9
can be controlled with function 1. When function 2 is selected, the axes 10, 11 and 12 can be

controlled.

Each time atoggle button is pressed, the selection changes. The LEDs in the buttons
illuminate to indicate activation of the corresponding selection.

Programming
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2 TheControls

26 _

Enabling device
The enabling device is in operation when the operation mode selector isin either the
MANUAL REDUCED SPEED or the MANUAL FULL SPEED mode.
When the enabling device iskept in the middle position, the robot is brought to the
MOTOR ON mode.
When released or fully depressed, the robot returns to the MOTOR OFF mode.

2.7

Monitor (option)

A monitor, isused for display d:

* program section in the active program when program execution is stopped. The
current instruction is pointed out by the cursor

* any commentsin the program during program execution.

* error messages.

During program execution, the most recently executed comment will be presented on the
screen until the next comment in the program is executed. (This assumes the presence of
comments in the program.)

An example of a program section with comments is given below:

120 POSV=100%

130 ("WAITING FOR OBJECT*)

140 WAIT UNTIL INPUT 6=1

150 POSV =100 %

160 ("COMPONENT 1 MOUNTED*)

2.8
Program printout (option)

This option makes it possible to connect a printer for printout of:
e Individual programs.

» The contents of the error buffer.

* Parameters

The communication with the printer is serial asynchronous at a speed of 300/1200 baud.
The interface is RS 232C/V24. The printer connected must have an internal memory buffer.

Programming 15 S3



2 The Controls
2.9

Computer link (option)
Computer link makes it possible to connect a superior computer (S.C.).

The communication link, is serial asynchronous at 9600 baud. The interfaceis RS 232
CI\V.24.

The S.C. can be of any type provided that it is equipped with the same interface and
contains software to handle the same communication protocol as the robot.

Computer link with all of its functions provides added possihilities for flexible automatic
production.

Simplified coordination and production supervison of complex processes is obtained with
the help of functions for program transmission, remote control and status supervision.

Detailed documentation with respect to communication and applications functions is
included in the document Computer Link.

2.10

Remote control
Remote control makes it possible to operate the robot from an external panel
or fromaPLC.

Digita 1/O signals are used with aparallel or seriad interface. The signals accessible are
described further in chapter 4.12 and 4.13.

Programming 16 3
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3 Movement principles

3 MOVEMENT PRINCIPLES

31
The Manipulator

The robot's movement pattern can be briefly described as follows (see dso the figure bdow

showing the IRB 2000).

Axis1 (C) Turning of the complete mechanical robot arm system.
Axis2 (B) Forward and reverse movement of the lower arm.
AXxis3 (A) Up and down movement of the upper arm.

Axis4 (D) Turning of the complete wrist centre.

Axis5 (E) Bending of wrist around the wrist centre.

AXxis6 (P) Turning of mounting flange.

Motor unit 5th and
6th axes

3rd (A) axis

Motor unit 4th axis 5th (E) axis

4th (D) axis

6th (P) axis
Wrist

2nd (B) axis

Motor unit and Motor unit and

gear box 3rd axis

1st (C) axis

Base

Gear box 1st axis
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3 Movement principles
Drive system

All motors are servo controlled, brushless AC motors, specialy adapted for each axis.
Feedback system:

. one resolver per axis for position and speed indication
. acircuit board reading the resolver feedback from al axes

Brakes

The robot is supplied with brakes on all axes. The robot is automatically braked at
emergency stops, power failure, or when taken to MOTORS OFF mode. Brakes are
also activated after till-stand for 30 seconds (automatic operation) or 5 min (manual
operation).

Programming 4 S3
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32
Coordinate systems

321
Coordinate systems for defining positions

All positions of the robot are expressed with the help of coordinate values. These values
describe the positions of the robot in space. To know how to interpret the coordinates, i.e. to

know from what reference and in what direction to measure the position, a reference frame
or coordinate system must be defined.

FIG.1 COORDINATE SYSTEMS USED TO DEFINE POSITIONS
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Theinternal calculationsin the robot controller will be expressed in the Base Coordinate
System (BCS), seethefigure above. BCSis awaysfixed to the robot base with the x-y plane
in the floor and the z-axis pointing upwards and concentric with the first rotation axis.

However, itisnot aways agood ideato express the programmed positionsin the BCS,
because then it will be hard to change the positionsif the robot installation changes. Often,
when an installation changes, the relative movements are the same but the positions
should be some what displaced. Then itis not necessary to reprogram all the positions but
just to redefine the used coordinate system. For this purpose, aWorld Coordinate System
(WCS) is used for defining the stored positions, see the figure above. The didocation of the
WCS from the BCS is defined with a FRAME-vaue, holding an x, y, z value defining the
displacement, and an orientation quaternion (afour value vector) defining the
reorientation.

In some cases atemporary displacement search will be needed, e.g, if an object islocated at
different positions ffom time to time and localized with a search function. In this case the
position is expressed in the Object Coordinate System (OCS) and the displacement is
defined with a REFERENCE POINT. Please note that REF. POINT displacement will only
give aparallell displacement, i.e. no reorientation.

The outermost coordinate system of the figure above is the God Coordinate System (GCS).
This defines the god position (with an X, y, z value for the origin) and orientation (defined
by a quaternion) which the robot should reach with itstool. The GCSis stored in every
position instruction.

To summarize, the god position and orientation is aways stored in a position instruction
relative to the OCS. The location of OCSis defined relative to the WCS, with REF. POINT.
If REF. POINT isnot active OCS and WCS will coincide. The location of WCSiis defined
relative to BCS with FRAME. If no FRAME is active WCS and BCS will coincide.

3.2.2
Coordinate system in program execution

While the final position or god of a movement always is expressed in rectangular
coordinates as have been described above, the path between positions can be executed in
three different coordinate systems. These are Rectangular Coordinates, Robot Coordinates
and Modifed Rectangular Coordinates which can all be activated through instructionsin a
robot program. Each of these coordinate systems will give adightly different path and
should be used depending on priority of speed, accuracy or orientation.

Rectangular Coordinates

These coordinates are default and should be used in most movements. The path, which the
TCPfallows, will be linear or circular depending on the used position instruction. The
speed will be controlled to the programmed value, but the path accuracy will be given
priority. The speed will therefore be reduced when necessary. The orientation will be
changed regularly from start orientation to end orientation. If start and end orientations
are the same, the orientation will be held constant. A reduction in TCP velocity may occur
during passage near a singular point (see section 3.9 and below), or during wrist
reorientation.

Robot Coordinates

When running the robot in Robot Coordinates (Joint Coordinates) all axes are moved with
constant motor speed from start position to end position. All axeswill reach their goa
position at the same time. The path will be curved in space. Robot Coordinates are used
when afast motion is given higher priority than the linear path accuracy.

Programming 6 S3
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Modified Rectangular Coordinates (MODRECT)

All sx axisrobotswill have so caled "singular points' in their working area. A singular
point is a point where two or more of the robot axes are parallell. Very big robot axes
movements or movement stop (with error message) can arise in or near singular points
when running the robot in rectangular coordinates. In such casesit is advisable to use
Modified Rectangular Coordinates to avoid the singular point.

When running the robot in MODRECT the TCP is moved along alinear path, asin
rectangular coordinates. The wrist axes (axes 4, 5 and 6) however, are moved with constant
speed in Joint coor dinates from the start orientation to the end orientation. This means
that the orientation will not be held constant during the movement, but will change dightly
along the path.

Note: When changing from robot to rectangular coordinates the robot movement makes a
short stop, while coordinating the axes. This stop does not occur when changing from
rectangular to robot coordinates.

Programming 7 S3
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323
Coordinate systems for manual movements

Three coordinate systems are used to define manual (joystick controlled) movements of the
robot These are Base Coordinate System, Tool Coordinate System and Robot Coordinate

System (seefigure 2).

z!

) - v! gﬁ;&
v '@6{

y I @“‘b
5o
TCP
ol { J

WRIST COORDINATE SYSTEM

Flg-2 Coordinate system used for manual .movemens.
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3 Movement principles
The Base Coordinate System is always fixed to the robot base with the x-y planein the floor
and the z-axis pointing upwards and concentric to the first axis. When using the Base
Coordinate System, joystick movements will correspond to TCP movements parallell to
Base axes.

The Wrist Coordinate System, (see figure 2) is used to define the tool and the Tool
Coordinate System. The Hand Coordinate System is dways fixed to the mounting flange of
the robot, with the origin in the center of the flange, the x-axis pointing outwards and the
z-axis pointing through the pinhole.

TheTool Coordinate System hasitsorigin in the Tool Center Point (TCP) and is defined
relative to the Wrist Coordinate System of the robot. The Tool Coordinate System is used to
define the god positions of the robot, i.e. the Tool Coordinate System is moved to coincide
with the God Coordinate System (see 3.2.1).

Normally the orientation of the Tool Coordinate System is the same as for the
Wrist Coordinate System. In this case only the TCP-values (x,y,z), defining the are origin,
are defined (see figure 3).

e

XII

TCP TOOL COORDINATE SYSTEM

PINHOLE

o X!
)} WRIST COORDINATE SYSTEM

MOUNTING FLANGE

Fig. 3 Toed coordinate system with no base point
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TheToal Coordinate System can, however, aso be given another orientation according to the

mounted tool. In this case dso a Base point has to be defined (see figure 4). The orientation of the
Tool Coordinate System will be determined in the following way:

. The x"-axis will point through the TCP and the Basepoint.

. They"-axisis perpendicular to the x-axis and points through the TCP and on aline through
the Basepoint, which is parallell to the x'-axis of the Wrist Coordinate System. If the x"-axis

is perpendicular to the x'-axis of the hand coordinate system, the y"-axis will point in the
negative X'-direction.

. The z"-axis will be perpendicular to the x"-axis and the y"-axis.

YI.

LINE THROUGH BASE POINT
—_—— PARALLELLTOX -A%[S

)} WRIST COORDINATE SYSTEM

MOUNTING FLANGE

Fig 4 Todl coordinate system with base point

When using Tool Coordinate System, joystick movements will correspond to TCP movements
paralell to Tool axes. In both Base Coordinates and Tool Coordinates, reorientation around TCP
will be performed so that joystick movements will correspond to rotations around the Tool axes.

Robot Coordinates are used to control each individual axis of the robot. Joystick movements will
correspond to movements of particular axis, aswill be described later. Note that the use of

different coordinate systems when manually moving the robot, will in no way affect the behaviour
of the robot in automatic mode.
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3.24
Moving therobot with thejoystick

Sdlect the coordinate system which is most convenient to run the robot to the required position
with thejoystick. (When programming positions, how the robot has reached a position is
immaterial, it isthe position itself that is registered).

Rectangular base coordinates C-m-b

Robot coordinates @
Tool coordinates "@"'

The robot system has to be synchronized before coordinate system can be selected. How the
movements of the joystick affect the movements of the robot in the different coordinate systemsis
described in the following sections.

A\

Therobot movesimmediately when thejoystick is moved. Make sure nobody remains
inside therobot working area before running therobot.
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3241

Rectangular base coordinate system

Obtained with button combination

| .

[o))] 2

LY

The coordinate system is permanently located at the origin in the robot base in accordance with
the figures above. When the joystick is moved in the directions of the arrows, the robot TCP
currently active movesin straight linesin the X, Y-and Z-directions respectively.

Notel

When the robot is mounted in an inverted position (function parameter MOUNTING=2), the
movement directions of y and z are reversed relative to the robot base.
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3242
Robot main axes coor dinatesystem

Obtained with button combination

sz
o> AT
. : ~
£ all

When the robot coordinate system is selected, joystick deflections in accordance with the

arrows correspond to movements of the robot axes 1,2 and 3 respectively in accordance with the
robat sketches. The TCP does not movein straight lines.

The robot reacts to joystick deflection as described above aso when the robot is not synchronized.

A\

Theworkingrange of the axesis not supervised when the robot is manoeuvr ed
unsynchronized. The movements are only interrupted by the mechanical stop if the
robot attemptsto move outside the working range.

Notel

When the robot is mounted in an inverted position (function parameter MOUNTING=2), the
movement directions of axes 1 and 3 are reversed relative to the robot base.
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3.24.3
Robot wrist axes coordinatesystem

Obtained with button comlbination
Y ,

’\/5906 1) [T

’ il

6 -

When the robot coordinate system is selected, joystick deflections in accordance with the arrows
correspond to movements of the robot axes 4, 5 and 6 respectively in accordance with the robot
sketch. The TCP does not move in straight lines.

An unsynchronized robot a so reacts to joystick deflections as described above.

A\

Theworking range of therobot axes is not supervised when an unsynchronized robot
ismaneuvred. Attempted movements outside the workingrangeareonly interrupted

by the mechanical stop.
Note!

When the robot is mounted in an inverted position (function parameter MOUNTING=2), the
movement direction of axis5 isreversed.
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3244
Tool coordinate system, no basepoint active

Obtained with button combination

g A T
Lo

Thetool coordinate system gives movements of the active TCP in straight lines, paralell to the
axes of thetool coordinate system. If no basepoint is active the movement will be parallell to the
wrist coordi nate system, as shown above.

N\

L%

[ 1
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3.24.5
Tool coordinate system, basepoint active

x» Obtained with button combination

kil

BASEP1

Thetool coordinate system gives movements of the active TCPin straight lines, paralléll to the
axes of thetool coordinate system.
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3.2.4.6
Reorientation around TCP

Obtained with button combination

-

- . |

G
B

: |

)

\"

[.
.

>
»

w—-&=-/

The joystick deflections will rotate the tool around the axes of the tool coordinate system as
shown above. The robot axesinteract to keep the TCP stationary, despite the movements of
the robot.
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TCPisan abbreviation of Tool Center Point. Normally the TCP refers to the point moved
by the robot (see 3.3.1). It can dso refer to aroom fixed point, around which the robot
moves an object (see 3.3.2).

Normal TCP

3311

The active TCPis the point moved by the robot when positioning and it is the position of
the TCP which is registered when programming positions.

As many different types of tool with different forms and sizes can be mounted on the robot,
the work point for each tool must be determined individualy e.g. the nozzle of aglue
dispenser, the centre point of agripper, thetip of adrill or adeburring tool etc.

19 different normal TCFs can be stored simultaneoudly in addition to TCP O which is
predefined as the centre of the mounting flange of the robot.

TCPO

TCPO

Only one TCP can be active at atime. TCP 0 becomes active immediately on start up and
remains active until achange is made.

A TCP can be defined either manually or automatically. With manual definition, the
operator statesthe measuresin x-, y-, and z- directions from the center of the tool fixing
(TCP 0) to the working point of the tool viathe programming unit.

An example of automatic definition is the utilization of afixed point in space to which first
the TCP 0 and then the TCP to be defined are positioned. The robot system then calculates
the difference between the TCP 0 and the new TCP, thus defining the new TCP.

When aTCP is redefined the origina TCP-values are erased and the new measures are
entered instead.

Base point

The BASE POINT is used in combination with TCP to define the "Tool Coordinate System”,
see section 3.2.3. This coordinate system is used to define not only the TCP of atool but aso
its orientation, which is necessary if tool relative motions should be programmed or
performed.
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3.3.2
Room Fixed TCP
3321
General
This section describes the function room fixed TCP. The function facilitates jogging of the
robot, when the work piece is held by the robot and the toal isfixed. When reorienting the
work piece, the movement is carried out in relation to the room fixed tool point (TCP),
independent of the position of the robot.
When running the program, the work piece is going to move, either in astraightlineorina
circle, when passing the room fixed tool point. The velocity of the work piece, relativeto the
room fixed point, is the programmed velocity.
~ 10 differet room fixed TCP's can be stored.
The function is not available in the arc weld software.
~ 3322

Moving therobot with thejoystick

The robot will move normally in the base, wrist and robot coordinates, whenjogging the
robot. The difference, compared to anormal TCP, is when reorientation of the wrist is
performed. Then the work piece will twist and move in relation to the room fixed work
point, independent of the position of the robot. See figure next page.
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3.3.23
Program execution with room fixed TCP

When running the program the work piece is goingto move either in a straight line or in a
circle while passingthe fixed tool point. The path and veloicity are not affected by
reorientation of the work piece during the movement. See figure below.

Linear interpolation with room fixed TCP.

Room fixed TCP
il ——

: The movement in relation
Base coordinate system tothework piece.

Che

Circular interpolation with roomfixed TCP

Room fixed TCP

i —

The movement in relation
tothe work piece

&g(m

Progr ai nming 20 S3

Base coordinate system




3324
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Limitations

BASE POINT
Definition of base pointsis not possible for aroom fixed TCP. An error message is
displayed if an attempt is made.

REFERENCE POINT

The reference point does not move the room fixed TCP. Instead the work point on the work
piece is moved. The reference point must be deactivated before changing between an
ordinary and a room fixed TCP.

FRAME

Manual and automatic definition of frame can not be done with an active room fixed TCP.
An earlier defined frame can be used. The frame moves the room fixed TCP and changes
the orientation of the work piece in the same way as for an ordinary position.

MIRROR
The function is interrupted with an error message if a position is programmed with a room
fixed TCP.

WEAVING
Weaving is blocked for programming and program execution when afixed TCPis active.

MODPOS
The function MODPOS is working normally when aroom fixed TCP is active, but if the
position instruction in question was created with an ordinary TCP, the function is blocked.

RELTOOL
The function is blocked for programming and program execution if aroom fixed TCP is
active.

VISION
If aroom fixed TCPis active al the vision functions are blocked for programming and
program running.
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Position programming

A

341

The following principles apply to position programming.
» Theroboat, i.e. the TCP, is moved by deflecting the joystick, to the position it is to pass
when the program is executed.

The position, i.e. TCP position and wrist/tool orientation (see below) expressed in the world
coordinate system (see 3.2.1), is programmed and stored in memory by pressing the POS-
button.

When a position is programmed:
» The wrist orientation is stored, if no basepoint is defined for the active TCP.
* The tool orientation is stored if a base point for the active TCP is defined.

It diouldtenoted, that a poationcouW be pix*rammed with one TCP activeand
later amovement tothat position could be performed with another TCP active.
Generally thisshould beavoided, sinceit could result in dangerousand
unexpected movements.

Sometimes this could be useful, however, giving a possibility to use different tools in the
same position, which has to be programmed only once. In most casesthe different tools
have different mounting orientations relative to the mounting flange, and in these cases
base points must be used to define the tool orientations.

When a position is programmed, a number of optional arguments describing the movement,
may also be defined. Such arguments are for instance corner zones (see 3.6) and speed (see
3.5). For a complete description of the position instruction, see chapter 6.

Robot configuration

Many combinations of tool position and orientation can be reached with more than one
robot configuration. The controller therefore has to make a choise of configuration, before
going to the position in question.

Information on the configuration at programming time is stored in each position
instruction.

Rectangular coordinates

The configuration in the next position that gives the smallest wrist axes movementsis
chosen.

The configuration is supervised so that execution stops and an error message is issued

if either

° the configuration obtained as the next postion isreached is not the same

asthe one at programming time if the position is a FINE-position.

ontheway towardsthe next position, the axis 4 deviates more than 45 degrees,

or axis 6 deviates more than 90 degrees from the start position in direction away from
the stored configuration of the next position.

o

This supervision can be deactivated (see 85) so asto dlow the configuration to be different
at programming and execution time.
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Robot coordinates and modified rectangular coordinates

The configuration which is closest (normaly identical) to that at programming time
will be chosen.

Displacement

If some kind of position displacement is made (reference point or frame active, pallett
instruction, stored position with offsat or mirrored program), the configuration information
in the position is no longer used (as it is not valid for the displaced position).

This meansthat, regardless of coordinate system, the configuration in the next position
that gives the smallest wrist axes movements will be chosen. There will be no supervision
of the configuration.

7 Note! When mirroring a program the operator is given the option of retaining the
configruration information.

From software verson M93/7 and on, the configuration handling for displaced programs
(except for mirrored programs) can be changed by the parameter DHANDCHK. If setto 1
~ the following apply:

Displaced and undisplaced programs are handled in the same way. This change will lead to
some positions causing the supervision to trip in rectangular coordinates. To avoid this, the
supervisions can be deactivated for such positions (see section 8.5).

The advantages of the changed handling in displaced programs are:

1 The user can chose whether configuration supervision should be active or not (always
deactivate previoudy).

2. The user can choose between the programmed and the closest configuration in
modified rectangular coordinates and in robot coordinates (by chosing DHANDCHK
active or not). Previoudy the closest configuration was aways chosen.

-~ 35 _
Movement velocity

The speed of robot movement during program execution depends on the basic and
maximum speeds, programmed in avelocity instruction, and the speed percentage specified
p~—~ in each positioning instruction. The speed is aso affected by the speed correction (the plus
' and minus buttons on the programming unit). The preprogrammed basic speed is 1000
mm/s and the preprogrammed maximum speed is 2500 mm/s.

The positioning speed is specified in each instruction as a percentage of the basic speed.
There is however a check that this never exceeds the maximum speed. If an attempt is

made to program an impossible maximum speed, an error message is obtained and the

value is rgected.

Note that speed correction, with the plus (+%) and minus (%0 buttons, is only to be used
for testing of different speeds. The percentage should aways be set to 100% when the
finished program is run in production. Otherwise unnecessary speed reduction and jerks
can result in corners.
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Rectangular coordinate system

The programmed velocity refersto the velocity of the TCP. The robot will alwaystry to
reach the programmed velocity, but due to physica limitations, this might not always be
possible for high speeds.

If minimum cyde timeis strived for (and robot coordinates cannot be used), it is advisable
to program arealistic velocity. If a velocity which cannot be reached is programmed,
unnecessary delays will be introduced in corners, which will lead to alonger cydetime
than would have been the case with alower programmed speed.

Wrist reorientation and external axes movements are synchronized with the TCP so

that they are spread evenly over the available path length and all conclude the
movement simultaneously. For large wrist reorientation, the reorientation can set alimit
to the TCP veocity to enable the programmed orientation to be reached at the programmed
position. At low percentage speeds (V% below 10%0) the rate of reorientation is reduced
proportionally to the percentage speed value. Note that the rate of reorientation is aso
affected by the + % buttons.

The external axes velocities are limited by the instruction velocity.
V=100% corresponds to maximum external axesvelocity.

Influence of programming functions on the robot velocity:

Programming functions

Progranmed  Programmed Speed correc-

velocity V POS-speed V%  tion + %-%
TCPveocity X X X
Reorientation velocity - below 10% X
External axes velocity - X X
Velocity dependent X X .
zone

Robot coordinate system

When robot coordinates are active, the robot moves at approximately the speed
programmed.

To guarantee the shortest possible cyde time, the maximum (2500 mm/s) speed should be
programmed. All axes concerned begin and conclude their movements simutaneoudly and
they all run at constant speed.

Thespeed of external axesand therobot speed when runningin robot
coor dinatesmay super sedethe programmed speed!
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36
Movement characteristics

Two different modes of path planning can be chosen with the system parameter PATH
(see"Installation S3"). These are path and speed optimization.

36.1

Path, optimization

To ensure accurate path performance with the high speed and agility of ABB robots, the S3
controller usesthe so cdled SPF (servo path following) concept

SPF results in optimum path accuracy in rectangular and modified rectangular
coordinates.

SPF

AN

Zone
(see section 3.6.2)

500 mm/s PATH
Scde 14
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3.6.11
Path following principles

SPF keeps the TCP dose to the straight line between two programmed positions while
compensating for changing moment of inertia, gravity and robot dynamics without
overshoot.

Path following in rectangular coordinates is carried out by continuoudy coordinating the
movements of each individual axisto the speed of the axis which limits the performance for
the moment. When a change of direction in TCP movement is programmed, a parabolic
corner path is automatically generated.

The corner path starts at a defined distance from the programmed position. Thisdistance is
caled the corner zone or just zone.

Zone

A — |-|—_-_q\ B
/

automatically generated
corner path

c

If the robot TCP velocity istoo high to take the corner, the incoming velocity isreduced to a
suitable value. A certain speed reduction will also take place within the corner zone.

Because of servo lag logica instructions are executed just before the robot TCP entersinto
the zone.

Sarvo Zone
A - > |

= qut' 3

robot TCPis here when

logica instructions logicd instructions
are executed 4"¢ processed
here by the
controller
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3.6.1.2

Zones

The zone is the distance from the programmed position to the point at which the robot TCP
leaves the straight-line path. The different zone sizes are defined in the system parameters
(S3 Installation) and a suitable zone is selected when programming aposition (see 6.3).

The size of the zoneis defined in mm or inch, however the valueis applicable only when
using rectangular coordinates. When using robot coordinates the zone size might differ
somewhat from that programmed.

The zone can have afixed size or avelocity dependent size.

The zone has fixed sze if the zone Sze is entered as a positive value. If the valueis
entered as anegative value, the zone will be treated as a velocity dependent one.

A velocity dependent zone size corresponds to the defined value (in mm or inches) at aTCP
velocity of 2000 mmv/sec and is directly proportiona to the velocity. For examplein
rectangular coordinates and defined zone value of-25 mm, the zone size at 100 mnVsecis
2,5mm.

Zone

The figure shows zone Size variation due to either:
- changein zone definition for position B
- change in programmed TCP veocity (if velocity dependent zone is used for B)

The size of avedocity dependent zone is proportiona to the programmed velocity VELOC
(section 5.5) and the programmed percentage velocity V % (section 6.1). Itis not affected by
the speed correction (%) (+%) buttons on the programming unit thus, retaining an
unchanged path when testing a program at different speeds.
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If the velocities before and after a programmed position differ, the zone entry and exit Szes

of aveocity dependent zone will differ, and will be directly proportiona to the velocity
ratios. The path is automatically generated accordingly.

50 mm
A 500 mmys |<
.: ------------
Zone

Example: the zone = 50 mm for position B. » 250 mm/s
Veocity to position B = 500 mm/sec Y
Véocity to position C = 250 mm/sec
The exit size of the zoneisfor B c

250
=——x50=25mm

300

Using zones when programming positions

One of four different corner zones can be selected in a position instruction with the
argument Fine, Path or Comer 1/2. The different zone types will be briefly described in th
following:

1. Position Fine

With argument FINE, the robot TCP moves towards the programmed position, pauses
until all axeshave entered, and then goes on to the next instruction. Logicd instructions
are carried out within the defined zone.

2. Position Path, Cl or C2

With argument PATH, CI or C2, aparabolic path is automatically generated at corners.
The TCP moves through the corner without halting. Logicd instructions are carried out
before entering the zone as described in 3.6.1.1. With default settings PATH sgnifiesa
normal and C2 abig speed dependent zone wheras Cl sgnifies a small fixed size (see 6.3
for default values).

A corner can also be programmed with a CIRCLE instruction. In this case three positions

e

have to be programmed to construct the corner. The result will be acircular arc instead of a

parabola. The deviation from the corner will be bigger than when using zones. The speed
through the corner will be constant in contrast to the zone case (see 3.6.1.3).
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36.13

Velocity in corners
Highest incoming velocity
If necessary, the velocity when entering the zone is reduced automatically to the maximum
velocity allowed to perform the programmed path without overshoot. The maximum

velocity is a function of the zone size and the corner angle. It can also be limited by large
wrist reorientation.

VELOCITIES

Variation in TCP velocity when passing
PROGRAMMED through a position zone at high speed.

MAXIMUM INCOMING~=~~~ TETTTON /
l“-“““-k-

MINIMUM

ZONE TIME

Approximate maximum incoming velocity mm/sec (without large wrist reorientation)

Zone size Corner angle

(mm) 0°  45°  90°  1F°  180°
1 40 40 20 15 15
2 80 80 40 30 30
5 200 200 100 70 70
15 600 600 300 200 200
25 1000 1000 500 350 350
50 2100 1000 700 500 400
100 2500 2100 800 700 600

Velocity through the curve

The optimum acceleration and deceleration performance of the axes is used through the
corner. This results in a smooth reduction of velocity along the curved path to aminimum
value, and an increase again to the exit value.

The minimum velocity is proportional to the incoming velocity and is a function of the
corner angle. It can also be limited by large wrist reorientation.

Corner | minimum velocity in % of
angle | incoming velocity

0° 100%
45° 90%
90° 70%

135° 40%
180° 0%
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Velocity between overlapping zones.
If two postions lie so close that their programmed zones overlap, there will be an automatic
reduction of zone sizes, so asto avoid overlap. The TCP veocity between the two positions will
then aso be reduced. The reduction is directly proportional to the reduction of zone size, see the

figure below.
A Yo A X B
& e
| ZONE | |
| 1 2
Entry zoneto postion A = ZONE1
EXIT zonefrom position A = ZONE2

The X = Vo, x ZONE2
ZONE1

Example: Theoriginal zoneis 15 mm, the positions are 15 mm apart so that the exit zone size for
position Ais 7.5 mm. Theveocity at X will then be 7.5/15 = 0.5 times the programmed vel ocity.

Thespeed correction buttons-% and +%

As mentioned earlier, the speed correction buttons do not affect the size of zones, and the TCP
path is therefore unchanged.

However, the TCP veocity and the velocity of external axes are affected by these buttons, as well
astherate of reorientation. Thiswill give the possibility to check the path with alower speed.

This possihility should only be used at testing. The speed correction should be set to 100% in
production.
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3.6.14

Corner deviation

The deviation from the corner point is a function of the zone size and the corner angle.

| B
h V |
\ corner angle

\ .

A - Zone |

deviation = d

Deviation in nun

Zopnesize Carner angle

(nun) 0° 45° o 1350 180° |
1 0 0,2 04 0,5 05
2 0 04 0,7 09 1
5 0 18 A 25
15 0 55 7 75
25 0 9 15 125
50 0 10 18 23 25
100 0 19 36 46 50

Note that for velocity dependent zones, the current velocity must of course be taken into
account to calculate the actual zone size.
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3615
Exceptions
No corner path is generated after the following instructions and functions:
after aTCP instruction (section 5.9)
at aFINE postion (section 6.3)
after a SEARCH STOP (section 6.4)
between two circle segments (section 6.13)
on PROGRAM START after
aPROGRAM STOPin azone (section 7.1)
on INSTRUCTION START (section 7.2)
on BACKWARD instruction (section 7.3)
on WEAVE (section 6.5, 12.4)
on LASERTRAK operations (separate document)
on manual control with the joystick (section 2.5)
Examples:
A o> POS A FINE
— N POS B PATH
. . TCP
TCP instruction PSS C FINE
The TCP is activated at the entry
point to the zone and moves
directly to the next position (argument
FINE recommended)
B p—— c r— o— C
I/ ,1 /
|
l Program stop I Program stop
A
Program stop within the zone of position B.
Forward movement Backward movement
to C after star tto B after start
8 o C
/
4
A INSTRUCTION START
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Observethat if thevelocity ishigh and/or the programmed pointsareclose, the
instruction execution can beserveral stepsahead of thephysical position of the TCP.

Thiscan result man unexpected path at Program Start after emer gency stop or smilar.

A
~ This pogition instruction

Position of TCPwhen ™o ga;g?]m b%?gfr?g by the
the emergency stop occurs amergency Stop

TCP position when the

robot stops after the

TCP path after
emergency stop program start

To avoid callisgon risk in these situations, the Move Restart function (see 7.10) should be
used instead of Program Start.

Note: Emergency stop or similar connected as" Category 1 safety stop” (controlled stop),
seeInstallation S3 chapter 3.5, does not cause this phenomenon.
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3.6.2 o
Speed optimization

Speed optimization is advantagous in applications where problems

are caused by speed reductions. Using speed optimization, the movement
characteristicswill be smilar to that of ABB robots of M87 modd or earlier. This
means, for instance, that there will be no speed reductions due to overlapping corner
zones and that the cyde time will be shorter than for path optimization.
optimization is only described in 3.6.2. In therest of thismanual the default value,
path optimization is presupposed.

The zones used at corners have different meaning and values, depending on which
optimization pridpleis used. Path optimization uses a corner zone, showing how far
ahead of a point the control system will begin to generate a parabolic path. Speed
optimization uses azero zone, showing the servo system how close to the point the
axes should be before driving towards the next point Both type of zones areinstalled
with MANUAL/PARAM/CHANGE/AUTO/ZONE. If path optimization is chosen,
comer zones will automatically be installed and if speed optimizing is chosen, zero
zones will beinstalled.

3.6.21 Guidetext

The below tables show the guide texts used for zero and corner zones respectively.

Instruction texts:

Speed optimization Path optimization
POS FINE POS FINE
POSFINE L POS ClI

POS FINE XL POSC2

POS POS PATH

Zone install ation texts:

Speed optimization Path optimization
FINE ZONE

SMALL FINE

LARGE CORNER 1
XLARGE CORNER 2
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3 Movement principles

When speed optimization has been chosen, three different types of fine points and
coarse points can be chosen.

» Finepoint with SMALL, LARGE or EXLARGE zero zone. The zero zoneis
defined with the installation parameter PARAM/CHANGE/AUTO/ZONE.

» Coarse point without defined zero zone. Y ou can however define a zero zone also
for coarse points. The coarse point will then work as afine point.

The accuracy of aprogrammed point is aways the same, independent of whether it is
acoarse point or afine point, and independeant of the size of the zero zone. The
differenceis that with coarse points the next instruction will start when the robot
begins to decelerate towards the point. If the next instruction is a WAFT, the robot
will continue to the point asif it was afine point For fine points the next instruction
will begin when the robot is within the zero zone for the point.

If you want to use speed optimization for programs programmed for path
optimization, it might be necessary to adjust some pointsin the program. Also extra
points and wait instructions could be used to obtain the requested path.

Useof coar sepointswithout defined zer o zone can causethe sameproblem as

emer gency stop in connection with path optimization. See 3& 1.5for more
information.

Programming
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Circles

371

3 Movement principles

Circles are programmed by puttingin acircle point between two ordinary positions.
The circle point is used only to define aposition on the circle, i.e speed and
orientation are not influenced by the circle point.

Orientation interpolation

There are three different ways to interpolate the wrist orientation in a circular
movement:

Inter polation with CIRCLE =0

The wrist orientation will be interpolated as during alinear movement. All
reorientation calculations are handled as orientations relative to the base coordinate
system. This means, that the wrist orientation will change from start pos A to end
pos B, without respect to the TCP's circular movement. Asin linear interpolation, the
wrist reorientation will aways be done in the shortest possible way, i.e. reorientation
during path will aways be less than 180 degrees.

Example:

Inter polation with CIRCLE =1

The wrist orientation will be interpolated as orientations relative to the circle
coordinate system (CCS). This means, that the wrist orientation will change from
start pos A to end pos B, with respect to the TCP's circular movement.

The CCSis a coordinate system which moves along the circle line during
interpolation.

Asin linear interpolation the wrist reorientation will always be donein the shortest
possible way, i.e. reorientation during path will awaysbe lessthan 180 degrees (in
the CCS).

Programming
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Qbserve: Only CIRCLE = 1 should be used when running circlesin arotational
EXTFRAME.

Example with small reorientation relative to the CCS:
|

Inter polation with CIRCLE =2

This mode isintended only for specid needs and is normally not used. For small
reorientatdons, it isidentical to CIRCLE = 1. For big reorientations, the reorientation
will normally be made in the opposite direction, i.e. the longer way.
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3.7.2Vdocity in circle.

3 Movement principles

The maximum avaiable velocity in acircle is afunction of the circle diameter. It can aso
be limited by large wrist reorientation.

VELOCITIES

PROGRAMMED

MAXIMUM
IN CIRCLE

Variation in TCP velocity
when passing through a
circular path at high speed

1
1
1
1

CIRCLE

TIME

Maximum attainable velocity in a circular path (without large wrist reorientation)

circle radius maximum speed | maximum speed to achie-
limited by robot | o= st St et
25mm 90 mm/s 10 mm/s
5mm 130 mm/s 20 mm/s
12 mm 220 mmy/s 50 mm/s
25mm 300 mm/s 100 mmv/s
50 mm 450 mm/s 200 mm/s
100 mm 650 mm/s 400 mm/s
200 mm 900 mmv/s 800 mm/s
400 mm 1200 mm/s 1200 mm/s
38
Soft servo
381

I ntroduction

The SOFT SERVO function only existsin the MH/GI/SW software.

The SOFT SERVO function enables the operator to:
* define 9 sets of "softness percentages’; each set containing a softness value for each

axis

» manually activate any of the 9 sets, or normal axis control
* program an instruction in the robot program for activation of any of these sets, or

normal control

* check the number of the active "softness percentage” set.

When SOFT SERVO for any axis (1-7) is active, aforce applied on thisaxiswill cause a
positiona deviation from the programmed position. The deviation is directly proportiona to
the force (except for frictional effects which are significant for small forces).

Programming
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382
Definition of softness

When the "softness’ for an axis has the value 0%, the axis is controlled normally and no
deviation is alowed. If aforce islarge enough to cause deviation from the programmed
position, an error message is displayed and program execution is stopped.

éNh_en_the axisis"soft" with percentage value between 1-100, an outer force will cause axis
eviation.

Static loads are automatically compensated, thus the robot will not move at
activation or deactivation of SOFT SERVO, if the load remains the same.

For a specific face, the deviation will increase for increased softness, seefig below

Deviation

® f——
0 1% 100%  Softness
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3 Movement principles

Use of SOFT SERVO

A

SOFT SERVO is a software alternative to mechanical compliance in
grippersin applications where imperfections in processed objects can be assumed.
Assembly, grinding and polishing are such applications.

SOFT SERVO can aso be used to limit the forces caused by the robot on the processed
objects, e.g. assembly of fragile parts such as glass.

"Trial and error" methods in assembly applications can be performed with SOFT SERVO
together with the function "JUMP IF NOT INPOS'. Thisfunction controls the program
depending on whether the robot has reached close enough to the programmed position or
not.

Different characteristics of SOFT SERVO compliance can be used in the same robot
program.

Soft servo is defined for each axis individually. The purpose is often to obtain "softness’ in
a pecific rectangular direction and therefore the softness should be defined on those axes
that mainlly are working in that direction. Because of the robots non-rectangular structure
some softness is aso obtained in other directions.

Often, an application for soft servo requires arobot TCP movement in one direction while a
force is applied at the TCP in another direction. A robot configuration should be chosen so
that the main movement is carried out by one or two axes and these should be given a
rather "giff' softness value (for example 10%), while the force istaken up by one axis (with
movement in the direction of the force) and with a"soft" value of soft servo

(e.g. 70% to 90 %). In other words, softnessin the axes contributing the most to the TCP
movement should be avoided.

The brakes are activated 30 seconds after the robot has stopped during program execution.
Activated brakes disable softness. If along period with force on an axis without movement
isrequired, activate softness immediately after movement has ceased. In this case, SOFT
SERVO will be active for 9 hours until brakes are activated.

Some notes regarding the SOFT SERVO function:

* if SOFT SERVO is active for any axisfrom 1 to 7 the dynamic performance of all
axesis decreased

* the static load compensation is the same as was vdid in the position, when SOFT
SERVO was activated. When the "soft" axes are moved from this position, they will
deviate from the nominal path. Thiswill result in axis movement when the
function is deactivated as the nomina part in resumed.

* Motion speed dffects the path strongly when SOFT SERVO is active. Using delays (for
example "WATT 0.5 S') helpskeeping the path dose to nominal.

When using the Soft Servo function, speed and path are affected!

Programming 40 S3



3 Movement principles

39 _
Program displacement

Two different functions are available for program displacement:
* Parallel displacement by means of a reference point.

* Program displacement by change of reference frame, i.e. displacement of the world
coordinate system.

Both functions mean that all positions in aprogram are displaced in relation to their
original locations. Both functions should be activated at a FINE position.

391
Parallel displacement with areference point (REFP)

Parallell displacement is used for temporary displacement which will changefor every new
operation cycle of therobot. A typical application iswhen the exact location of an object is
being searched for with a sensor, and the following sequence of positions should al be
displaced equally.

Only one reference point can be defined at atime and it is always defined and activated in
the sameinstruction, POS KEFPOINT. When programming the instruction POS
REFPOINT the position POS1 (see thefigure below) is stored in the instruction. When
executing the instruction the robot is in position POS1' after a search operation. The REF
POINT vector (d) defines the displacement of the Object Coordinate System (figurein
section 3.2.1) relative to the World Coordinate System. If no FRAME is active the World
Coordinate System will be the same as the Base Coordinate System.

POS1'

POS1
The reference point vector
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Example
Subprogram 5 includes a movement pattern which must be capable of parallel
displacement For practical reasons, the movement pattern is placed in a separate
subprogram 100.

Program 5:

200 POSV =50% FINE The position for the reference point is
defined here. Thisposition would typically
(but not necessarily) be a search position.

210 CALL PROG 100 Execution of program 100 then continues
from this position.

Program 100: _ _ _

10 POSV REFPOINT ON The reference point is activated in the
position of the robot when instruction 200
In program 5 was executed

20 POSV =100% The movement pattern (including other
instructions) is performed parallel but
displaced

150 POS V = 100 % FINE Movement to the final pointin the pattern

160 POSV =0 % REFPOINT OFF The reference point is deactivated.

170 RETURN Program execution returns to
subprogram 5.

When the instruction REFPOINT is executed a displacement vector is calculated which is
equal to the difference in position between the point where REFPOINT is executed and the
point where it was originaly programmed. All points after REFPOINT will be displaced in
accordance with this displacement vector. See the figure below.

Instruction 10 is executed here ~a

®
Displacement vector
o
Instruction 10 was .
programmed here
® -
-—
’
-—
—
- Instruction 20 is
d Instruction 20 was executed here

& programmed here
Note!
Theinstructions 10 and 160 are not positioning instructions. Their only purpose

isto activate and deactivate parallel displacement of the program section
between them.
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3.9.2

Program displacement with reference frame (FRAME)

With a FRAME instruction it is possible to displace and reorient al positionsin aprogram

with the same amount. FRAME is used if a more permanent change has occured in the

station, (e.g. the robot has been displaced or afixture has been moved). The FRAME

function can, however, aso be used in combination with search functions to adapt to .

temporary displacements of the object, like REF.POINT. The FRAME function is more

ga/yerful than the REF.POINT, asit also alows for rotations, but it is more complicated to
ine.

All stored positions in position instructions are expressed relative to the World Coordinate
System WCS (let us suppose that REF.POINT is zero) (see thefigurein section 3.2.1). If
thereis no FRAME active the WCS will coincide with the Base Coordinate System BCS.
A FRAME instruction however will displacethe WCS relativeto the BCS withan x, y, z
value and a quaternion value for reorientation (both symbolised by vector FRAME) i.e. the
WCS will be displaced and rotated relative to the BCS. Rotation may be performed around
any axis.

Up to five FRAME-vectors may be stored in frame registersin memory, i.e. FRAME 1 -
FRAME 5. A FRAME-vector can be defined by didocation of three positions (see figure
below). This can be done either manually by moving the robot with the joystick or
automatically during program execution. A FRAME vector is stored in the frame register
until it is overwritten by a new definition of the frame with the same number.

If possible, the orientation of the tool should be kept unchanged, to get the highest
accuracy.

POS3'

POS2'

POS3

POST

POS1 POS2

DEFINING A FRAME
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When defining a frame in automatic mode, the disocations are measured with POS FRAME
POS instructions. Suppose that the robot isin position POS1 when programming the POS
FRAME POS 1 instruction (seefigure above). The coordinates for this position will be stored
in the instruction. When executing the instruction the robot will be in position POSI',
perhaps after a search operation, and the disocation vector d will be calculated. The same
operations are performed for POS2 and POS3. After this the execution of a FRAME 1
DEFINE instruction will calculate the FRAME vector from the three didocation vectors and
store the result in FRAME 1 (the same will go for FRAME 2-5). Please observe that no real
didocation of the following stored positions is performed yet. Thiswill not happen until
FRAME 1 isactivated with a FRAME 1 instruction.

A new FRAME may be activated while aformer oneis still active. Thiswill give an
accumulated displacement. This should however be avoided since the accuracy will be
suffering. Thus an active FRAME should be deactivated a FRAME 0 instruction before a
new FRAME is activated. Also observe that through both FRAME instructions and POS
REFPOINT instructions can be active at the same time.

Three positions are included in the definition of a program displacement. In order to
succeed with the definition, the three positions must be located as below:
. In atriangle.
> 100 mm from each other.
. Position 1 must be defined with the high accuracy.
* Pogition 2 defines the direction of the line between POS| and POS2 and can be
positioned anywhere on the line.
* Pogition 3 defines the orientation of the plane through POSI, POS2 and POS3
and can be positioned anywhere in the plane. See figures below.

Position 1 defines the new loceation for position (1):
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Position 2 defines the new direction, for theline (1) - (2),as1- 2:

Displacement
inrelationto 1

PR R RN AR N N N ]

Displacement
inrelationto 1 and 2

(1) &(2) 3
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As thedirection only isimportant, position 2 can be placed asin the figure below:

2 can be
placed here

R R R L I B NI A R R ey ——ay—ay—r——}

As the postion of the plane only isimportant, position 3 can be placed according
to the figure below:

3 can be
placed here
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3.10 _
Singular points

Singular points are points in the robot working range where the axis of rotation of two
robot axes coincide. Sometimes, when driving the robot in rectangular coordinates, thiswill
cause very big robot axes movements or movement stop (with error message). To overcome
this problem when jogging with the joystick, the robot coordinate system should be chosen
when the point is to be passed.

In the case of program execution, singular point problems can be handled by the following
instructions:

MODRECT COORD enter the modified rectangular coordinate system before the
positioning instruction at which the problem occured. This means
that linearity and speed are preserved but the wrist orientation
may change.

RECT COORD return to the rectangular coordinate system after the problem
area.

Of course MODRECT COORD can be used throughout the program if the orientation is of
minor inportance.

Another type of singularity occurs when the wrist rotates around the z-axis of the Base
Coordinate System. To meet this, the following limitations are introduced:

» Thewrist center can not move through aprohibited zone with theradius 2 cm in
rectangular coordinates. A pass-through can be performed in robot coordinates.

*  When runningin MODRECT coordinates, the TCP aswell must not be located inside a
corresponding prohibited zone around the z-axis. The radius of the zone in question
varies and can asamaximum reach a Sze equa to the TCP vector, depending on the
TCP orientation at the pass-through.

* Itisnot possible to program a point with the wrist center inside the prohibited zone.
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4.1
Start

4 Operation

4.1.1 Power on, power off, synchronization

Power on

A\

Beforetherobot isstarted, ensurethat theworking rangeoftherobot is
unobstructed and that no per son isin any danger ouszone.

Therobot must be'left alone’ duringtheinitiation.

The initiation is ended by displaying the text shown below at the same time as all the panel
and programming unit lights are lit for 3 seconds.

"ABB ROBOT SYSTEM AT YOUR SERVICE"
SOFTWARE FOR IRB XXXX

After the initiation followed by MOTOR ON command a safety test is performed. This will

cause the robot movement, initiated by a program start or by the joystick, to be delayed
about 10 sec.

First, stop any program execution. Then bring the robot to the MOTOR OFF mode.
Turn off the mains switch.

When therobot isswitched a&, all outputsarer eset Thismay affect the
peripheral equipment and gripperswhich in turn might cause damage.

The memory utilizes battery backup, and is not affected by mains switched df.

If optiond external axes are not equipped with absolute measurement system, the MOTOR
ON lamp will start flashing when the robot is taken to the MOTOR ON mode for the first
time after initiating. Thisisto indicate that the robot has not been synchronized.

p—
p—
Power off
Synchronization
ﬁ

~ A

Press the programming unit SYNC button to synchronize the external axes. The MOTOR
ON lamp will be on steadily when the synchronization is completed.

When SYNC is selected, the external axesimmediately start moving.
Makesurenobody isinsideany danger ouszone.

Programming
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4.1.2 Program Execution

Programs can be executed only in the MOTOR ON mode.

Position instructions can be executed

* Instruction by instruction forward

» Continuoudy forward

* Instruction by instruction backwards

Other instructions can only be executed forwards, instruction by instruction or
continuoudly. When executing backwards, other instructions have to be skipped, using the
SKIPBW button.

When aprogrammed movement is executed, the robot aways moves towards the
programmed position irrespective of where the movement began.

When the operating mode selector isin any of the positions MANUAL REDUCED SPEED
or MANUAL FULL SPEED, built-in safety functions ensure that:

» Therobot can not be controlled viathe remote control or computer link.

» The enabeling device must be operated to switch to the MOTOR ON mode.

» Thebutton starting the execution must be kept depressed (HOLD TO RUN)

When the operating mode selector isin the MANUAL REDUCED SPEED position,

the following also applies:

» Therobot programs are executed at max. 250 mmy/s.

* TheHOLD TO RUN-function can be deactivated by a system parameter

4.1.3 Stop

Program execution may be stopped in severa ways.

manually, by releasing HOLD TO RUN

manually, using the programming unit STOP button.

manually, using the remote control STOP button.
automatically, using the program stop digital input (system 1/O)
automatically, using programmed stop in the robot program
automatically, dueto a system fault

Note!

Program execution stop performed in one of the above mentioned waysresultsin
a shortest possible smooth stop on the path. Release of the enabling devicein
MANUAL mode or use of any switch in the MOTOR ON chainswill activatethe
brakesimmediately causing therobot to stop without path control.

Note!

Stopping program execution in the MANUAL REDUCED SPEED and MANUAL
FULL SPEED modes should be done by pressingthe PROG STOP button on the
programming unit beforereleasing the safety pad. Otherwise the brakingis done
mor e harshly since hardwar e is performing the braking (safely demand).

NandR

On program stop, an R (ready) is shown at the right hand side of the second line of the
display if the current instruction is completed. An in completed instruction is shown by the
letter N (not ready). (An instruction can be executed twice by entering the Editing menu
between the two executions).
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4.2
Restart after power failure

421 General

By using the automatic restart function program execution can be resumed at the
instruction interrupted by a power failure. Automatic restart can be performed at:
* the programming unit

» aremote control panel

e asuperior computer

A robot system provided with absolute measurement need not be synchronized before
restart, as the measurement system automatically registers the robot position anywhere
insidethe working area. Calibration of the measurement system is performed during
installation. Seethe Installation S3.

4.2.2 Automatic restart

When automatic restart is possible, the following apply:

* The MOTOR ON lamp is flashing

* The text RESTART POSSIBLE is shown on the display of the programming unit,
together with soft key texts CH OUT (check outputs) and NO RSTRT (no automatic
restart).

One of the following four aternativesis selected:

1. MOTOR ON command isissued

2. PressCH OUT on the programming unit

3. PressNO RSTRT on the programming unit.

4. Restart from PLC i.e. by remote panel, see chapter 4.2.4.

1. This commences aprocedure for a smple automatic restart without output checks:
1A MOTOR ON command
IB RESTART command
1C START PROGRAM or MOVE RESTART or AW RESTART commmand. The robot
will then continue the program where the interruption occurred.

2. This dlows checking output val ues before the automatic start is activated:

2A press CH OUT (check outputs) on the prog. unit.

2B enter the logicd number of the output to be checked.

2C  CHANGE the ouput value, or check the next output

2D when outputs are checked press BREAK and the MOTOR ON button.

2E  Press RESTART on the programming unit. The start can be aborted by
pressing NO RSTRT (no restart) on the prog unit.

2F  Pressthe START PROGRAM button or MOVE RESTART or AW RESTART
button on the programming unit.
The robot will then continue the program where the interruption occured.

3. Thisdlows amanual restart as described in the next section.

On pressing RESTART thefirst line of the Automatic Menu is displayed on the
programming unit The robot prepares automatic restart of the program. This meansthat
the following functions will be set as before the power failure:

» Digita outputs. (As an alternative, outputs can be set to a status as explained above)
* All registers.

Programming 3
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TCP and FRAME.
Reference point.
The calling sequence between the different subprograms.
The speed correction.

Note!
Analogoutputs are clear ed.

4.2.3 Manual restart

Manual restart is performed when:

The system parameter for automatic restart has been deactivated.

The operator sdlected NO RSTRT, i e manual restart on the programming unit.

* Therobot istoo far from the programmed path (error message displayed).

* Any of the buttons EDIT or MAN was pressed after program execution or the robot was
moved manually by means of the joystick before the power failure occurred.

* Therobot, or an external axis, is outside the working area (error message displayed).

¢ Aninstruction, which cannot be restarted was performed at the power failure (error
message displayed).

» The internal close-down of program execution failed (error message

displayed).

Manual restart means that:

» Thefirstinstruction in program O is presented.

All outputs are reset.

TCP 0 and FRAME 0 are activated.

REFPOINT is deactivated.

The absolute speed is set to 1000 mm/s and the speed correction to 100%.

Manual restart is performed as follows:

1. GotoMOTOR ON status.

2. Restart the program running from a suitable instruction in the main program.
All calling sequences has disappeared, caused by the power failure. Run the robot
manually to a suitable position.

3. Check the status for digital outputs, and values in registers, and change if required.

When everything is ready, start program running.

Program start (PROG ST, INS ST, EXEC BW, AW REST) means that the robot will move
at high speed.

Makesurenobody remainsinsidetherobot working rangeand tiiat all safety
A equipment isfunctioning correctly.

Before program execution isstarted makesuretherobot isin a suitabe position.

Programming S3
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4 Operation

Restart from PLC

After apower failure the logic for a pic can be like the following:

Read output SYNC.

When SYNC is high (after lamptest which is approx 3 seconds) then set input MOTOR
ON with apulse,

Read the output MOTOR ON.

When MOTOR ON is high, set input SYNC with apulse.

When output SYNC is low, start program execution by either PROG START or MOVE
RESTART.

See chapter 4.12 and 4.13 for definition of the signals. (If MOVE RESTART isdesired, 1/0-
map hasto be used.)

Programming



4 Operation

Control Panel Programming Unit
gynclampliton
remote control panel
ot} RESTART POSSIBLE
CH OUT NO RSTRT
Manual Restart

50 WAIT 1S
OUTPUTNO = CE  ENTER

T A
ol whon] B
-1 -3 R

A 4

MOTOR ONvia
control pand/remote
control panel

A A
RESTART (sync
input) viaremote
control (synclamp
goesout).

\ 4

START PROGRAM
viaremaotecontrol




4 Operation
4.3

L anguage selection

The dialogwith therobot system can be performed in ten different languages: English,

German, French, Dutch, Spanish, Italian, Portuguese, Finish, Japanese (katakana) or
Swedish.

Thelanguage used can be changed, at any time during the cour se of the dialog. Not only
the menus, guide questions and messages presented on the display are changed, but all of
the robot programs are presented in the new language.

Language is changed according to the following:

Put therobot system in the MOTOR OFF mode.

Pressthe MANUAL button.

Pressthe SCAN button until a menu containing an asterisk (*) is shown.
Pressthe button directly under the asterisk.

Select the language from the menu.

g R

The asterisk isthere to smplify finding the language function, no matter if the langauge
presently on the display is not under stood by the operator.

44

Software configuration

The code for the software supplied in the controller can be read on the programming unit
display or on the Monitor. When the programming unit display shows ERRORS, these
should be scanned through by pressing the SHIFT button until finally details of the
softwar e configuration are shown.

Robot type Program Program Week

version revlson/'//

X Programming S3
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45

Program information

Program information is available by using the SHIFT button. The following example shows
Whatlnformatlon is dlspl ayed

100 POSV = 100% FINE

Euler anglesfor the
programmed position.

PROG 10 TCPO ERAME 0 REFP

Programming 10 S3



4 Operation
4.6

Error buffer

The system containsan internal error buffer, which can store 9 error messages. In the
buffer the system stores:

* All kinds of error messages (both system errors and operator errors), occurred at the
latest error occasion.
» Earlier messages about system errors.

The system can, on request, present the contents of the error buffer via:

» The programming unit. (Just error messages from the latest error occasion.)
* A printer, if the optional function Program printout is provided.

* A monitor, if this optional function is provided.

Display on the programming unit of error messages.

The programming unit displays one error message at atime, according to the following:

* Whenthesystem stopsrunningduetoan error, the operator will see the first
error message. An arrow on thedisplay indicatesif there are any consequent errors. In
this case the operator can display these messages also, one by one.

» Duringmanual.operation the operator can, on request, display stored messages from
the latest error occasion, one by one. The error messages are chronologically displayed.

» For most error messages, it is possible to get text in plain language by pressing "< on
the programming unit.

Display on the monitor of error messages.

Themonitor displays all the messages within the error buffer, according to the following:

* Whenthesystem stopsrunning duetoan error, the operator will see all messages
in plain language, occurred duringthat error occason. The error messages are
chronologically displayed.

» During manual operation the operator can, on request, display all stored messages. The
error messages ar e chronologically displayed. The oldest message on top of thelist.

Printout of error messages.

 Duringmanual operation the operator can, on request, display all stored messages.
Theerror messages are chronologically displayed, the oldest one on top of thelist.

Elrasure of the contentsin the error buffer and display of text in plain language.
» During manual operation the operator can, on request, erase all messages stored in
the error buffer.
» Onrequest, the operator can get text in plain language for most error messages.
* Onrequest, the operator can load thetextsin plain language from disk
(See Installation S3).

Programming S3
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4 Operation
4.7

Disk handling

The disk drive is used for storage and loading of robot programs, system parameters and
program parameters. 35'-2DD (two side, double density) IMbytes disk are used.

A block corresponds to the whole contents of theuser memory, including main program, all
subprograms and program data.

Up to 7 program blocks with different numbers can be stored on each disk, in addition to

system parameters, and program parameters (See Installation S3 for system parameter
information).

Program blocks can have numbers from 0 to 9999. Program blocks stored previoudy are
written over if anew block with the same number is entered for storage.

arl

Initialize disk
Anew disk must be initialized before being used. The contents of a disk used previoudy
will be erased by initializing the disk again.
A disk can only be initialized when the robot isin MOTOR OFF mode.

The procedure is described in section 9.2.3.

Programming S3
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4 Operation

4.8
Computer link
48.1
General
Connections to the Superior Computer are point-to-point as shown below.
SC
IRB1 \ IRB5 1
IRB2 IRB4
1KB 3
48.2

Commands to robot

A large number of commands can be given to arobot from the superior computer (SC). Each
command must be acknowledged by the robot. The different types of commands are
described below:

* Loading of program blocks or individual programs from the SC.
» Start or stop of program execution.

Reading and writing of
« robot data
+ process data

Reading of the current status of the robot

* Position of active TCP, wrist and externa axes

* Change of robot mode (MOTOR OFF, MOTOR ON etc)

* Control of IRB from SC. by means of X, Y, Z and wrist position and orientation
coordinates.

Note: While the robot program is executing logica (i.e. non-position) instructions,
commands from SC can not be received. Therfore if along sequence (approximately 15) of
logical instructionsis executed, eg. in aloop waiting for an input, occational WAIT 0.1s
instructions should be entered so as to alow receptions of SC commands,

Programming 12 S3
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4 Operation

Commandsfrom robot

484

A few commands can be initiated manually from arobot to the SC viathe programming
unit:
* Storage or loading from the SC of program blocks or an individual program (for arc

welding robots even weld data, see chapter 12).

» Storage or loading from the SC of system data.

Spontaneous status messages

When certain events occur in the robot, a message is automatically transmitted to the
superior computer. The message contains information regarding the current robot status
with respect to:

485

Robot mode (MOTOR OFF, MOTOR ON, PROGRAM EXECUTING or EMERGENCY
STOP).

The operating mode selector in position AUTO or MANUAL REDUCED
SPEED/MANUAL FULL SPEED.
Interrupt viadirect acting inputs (permitted or not permitted).
Active program and instruction number

* Position of active TCP, wrist and any external axes.

A spontaneous status message is transmitted each time:

Theinstruction SUCTRL is executed. See section 4.8.5

Emergency stop istripped.

Search stop isgiven.

Program execution is stopped manually.

The operating mode sdlector is switched between MANUAL REDUCED SPEED and
AUTO (not between MANUAL REDUCED SPEED and MANUAL FULL SPEED).
Faults which activate error codes occur.

Therobot is powered on.

Request for superior control

The robot will send arequest for superior control to the SC by executing the instruction
SUCTRL. Theinstruction can have a combination of functions for program stop and
register information.

Programming
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4.8.6

Operation status
A robot can be run in two different operation modes.

» Loca operation mode, when the robot control system does not accept commands from an
SC.

» Remote operation mode, when commands from an SC are processed by the robot control
system.

The different operation modes can be sdected manually using the Programming Unit.

After power on, the remote operation mode is obtained automatically if the robot is
configurated for a computer link.

The robot can be programmed in either operation mode. It is however necessary for the
locd operation mode to be selected when programs are transferred to and from disk and
when function parameters are changed. The remote operation mode must be selected when
the above operations are to be performed with the SC.

All functions are dlowed in the AUTO mode, but the following are not dlowed in the
MANUAL REDUCED SPEED and MANUAL FULL SPEED modes when issued from a

SC.

* Write to program/block » Write to frame register

¢ Start of robot program * Order MOTOR ON and SYNC
* Write to sensor register * Write arc weld data

*  Write parameters

¢ Writeto TCPregister * * Erase program

e Writeto location register * * Load program/block from disk
+ Writetoregister * « Write positioning data

» Writeto digital output * » Write to analog outputs

* Allowed from control program M93/2.

49
Registers
49.1
Register
Control of program or peripheral equipment is performed on the basisof avalueina
numerical register.
The system contains 120 numerical registers, number 0 -119, where one integer value at a
time can be stored. When anew valueis stored, the previous value is written over.
Permitted valuesrangefrom - 32 768 to +32 767.
During program execution, a numerical value can:
* Be stored directly.
» Bedoredindirect fromadigital or an analog input port.
* Be sentto the periphera equipment via adigital or on anlogue output port.
» Compared with another value in a jump instruction.
» Beadded, subtracted, multiplied or divided with another register value.
Programming S3
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4 Operation
* Bea
- Program number at an indirect cdl of a program.
- Position register number when running to a stored position.
- Block number at indirect read of a block from diskette.
» Define avalue for arobot position
»  Spedify which module in apattern program is to be called.
* Define displacement or rotation of alocation, or a position, defined by one of the
instructions POS LOC, POS POS or RELTOOL (not on ARCW software).
» Define the current position in a pallet (not on ARCW software).
It is possible to manually check and change the value in one register at a time.

The register instruction is used for:

Storing avalue into anumerical register directly or via other registers.
Fetching a value from a port.

Transferring avalue from a register to a port.

Arithmetic handling of the register value.

Entry of location coordinate val ues.

The manual function is used in checking and editing the program.

The robot reacts immediately as soon as amanual or a programmed command, as described
above, is concluded.

Position register, location

Means:
Storage and reuse of a position in a position register during program execution as an
argument in positioning instructions.

Facts:

When using a position register there is a difference between location and position.

» A robot location is only three coordinates in the memory, i.e. the TCP location.
Positions of external axes are also saved.

* A robot position is, besides of the TCP coordinates, also the tool orientation and the
positions of external axes (provided that any one of the position registers 0 - 95 is used).

(Arcweldingrobots only)
By activating/deactivating a parameter (REF POINT MODE) it is possible to
compensate/not compensate for the influence by an active reference point.

Used:

* When the same position is to be used for the tool several times during awork cyde.

* When aprogrammed position is to be displaced step by step each time the tool moves to
the position.

Executed:

By the STO POS-instruction, the TCP location, thetool orientation and the positions
for the external axesare stored in aposition register.

By the POS POS-instuction aposition is programmed in such away that the robot, during
program execution, will move to a stored position with the tool orientation stored.
The position can be provided with an offst if required.

Programming S3
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4 Operation

The offsat can be given in three different ways:

1. Enteredfromthe programming unit asx, y and z values when programming the POS
POS instruction.

2. Entered by moving the robot with thejoystick the distance wanted, when programming
the POS POS instruction.

3. Thex,y and z values are read from three numerical registerswhen theinstructionis
executed. When the POS POS instruction is programmed the number of the referred
numerical registersare given. In thisway the offsets can be changed dynamically while
the program is running.

By the POS LOC-ingtruction a position is programmed in such away that the robot, during
program running, will move to a stored location with the current tool orientation. The
location can aso be provided with an offset if required.

“=  Inputsand outputs

_—
~ 411

Ports
~

M eans:
The robot and peripheral equipment communicate viainputs and outputs of both digital
and analog types. The analog version is described under *Ports”.

Facts:

A digital input or output can have one of two different statuses, "1" (voltage) and "0" (no
voltage). Viathe outputs, the robot transmits information and commands to the peripheral
equipment and the corresponding information from thisis received at the inputs. The
setting of outputsto 1 or 0 is managed by specid instructions during program execution
and such an instruction applies until a similar but contradictory instruction is encountered
during the execution.

A manual function permits:
» checking of the status of individual digital inputs.

» checking of digital outputs individualy. It is aso possible to make, an immediate
correction when the status of an output is found out to be faulty.

It isaso possible to invert an output and to send a negative or positive pulse of 200 ms
duration viaan output (short change of the current status of the output).

A port is agroup configuration of digital inputs/outputs or a single analog input/output. It
ispossible, in auser program, by using REGISTER instructions (section 5.8) to connect
register 0-119 to ports. The connection istemporary and is only active in connection with
execution of REGISTER instructions. The normal functions of the digital inputs/outputsin
other program sectionsis not affected.

The function per mits:

» The accessing of the status of a group of digital inputs for storage in a numerical
register. The status of each of theinputsisgiven by abinary digit," 1" (closed input) or
"0" (open input), and the binary value formed is stored in the register.

» Transmission of the binary value in a register to a group of digital outputs for setting
these to one or zero. The vaue is coded in binary form, "V (active output) or "0"
(inactive output).

Programming

17



4111
Digital ports

4 Operation

In this context agroup is either 4 inputs/outputs (ports 1,2,11 or 12) or 8 inputs/outputs

(port 3, 4, 13 or 14). There aretwo 16 bit ports, 70 and 80, which embrace both inputs and
outputs. Two analog outputs, port 21 and 22, are used in arcwelding and glueing software,
see chapter 12 and 13.

The group configuration of inputs/outputs for ports 1-4 and ports 11-14 are shown in the
table below. (L SB means Least Significant Bit and MSB means Mog Significant Bit".)

Port no.

Port no.

11

12

13

Output no.

1
2
3
4
13
14
15
16

17
18
19
20
21
22
23
24

25
26
27
28
29
30
31
32

Input no.

PrWON PR

L ogical output
First bit (LSB)

Last bit (MSB)
First bit (LSB)
>
>
Last bit (MSB)

First bit (LSB)

a
*»

<«
*y

Lastbit (MSB)

17rst bit (LSB)

1L ast bit (MSB)
Logical input

First bit (LSB)

| j.Last bit (MSB)

JFirst bit (LSB)

JLast bit (MSB)
JFirst bit (LSB)

No. of bits

No. of bits

Valuein register

0-15

0-15

0-255

0-255

Valuein register

0-15

0-15

0-255

Programming
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21 .

22 &

23 «

24 Last bit (MSB)
25 First bit (LSB)
26 .

27 «@

14 28 . 8 0-255

29 .

30 .

31 .

32 asthitCM SB)

Theuseof port 70 and port 80

The portsnumber 70 and 80 are used to transmit 16 bits binary values. The transmission
is sequential and divided into four sections with four bits each time. The robot system and
the peripheral equipment "shake hands" between each section.

Before the start of the transmission of the 16 bits, a control word of four bitsis sent to the
peripheral equipment. The value of thisword, between 0 and 15, is determined by the
register number. If a higher register number is used, the value will be Reg. no MOD 16, i.e
the remainder of an integer divison by 16. E.g. Reg.no. 16= Control word 0, Reg.no 17=
Control word 1, and so on.

In the user program it is only necessary to spedify transferring or fetching of datato or
from the different ports. The robot system then automatically manages all signal handling
until the transmission is complete.

The table below shows the configuration of inputs/outputs for ports 70 and 80. The number
of bitsis4 x 4, and the value in the register can be between -32.768 and +32.767.

Port no. L ogical in/foutput Note
Output no.
1 Firstbit (LSB)  Outputs 14 used for control word and data
2 ™
70 3 .
4 Last bit (MSB) _ _
5 * Outputs 5-6 used for handshaking during
6 . data transmission
Input no.
5 * Input 5 is used for handshaking during data
transmission
Input no.
1 Firstbit (LSB) Inputs 14 used for data
2 .
80 3 b
4 Last bit (MSB) _ _ _
5 . Input 5 isused for handshaking during data
transmission
Prograinming S3
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4 Operation

Output no.

% Firstbit (LSB)  Outputs 14 used for control word

3 .

4 Last bit (MSB)

) . Outputs 56 are used for handshaking during
6 * data transmission

Thereisatime supervision in therobot. If input 5 is not inverted within 400 ms after
output 6 isinverted the program execution will be stopped.

When transmitting via Port 70 it is never checked that databit 0-3 has been read input 5
inverted. Therefore awaiting time in the program will secure that data has been
transmitted correctly before output 14 is changed.

Activity sequence at datatransfer to port 70
Robot External equipment

Set output 6

Transmit control datato outputs 14
Invert output 5

Wait 2 ms
Read the control word
Invert input 5
Transmit bits 12-15 to outputs 14
Invert output 6
Wait 2 ms
Reed data
Invert input 5
Transmit bits 8-11 to outputs 14
Invert output 6
Wait 2 ms
Reed data
Invert input 5
Transmit bits 4-7 to outputs 14
Invert output 6
Wait 2 ms
Read data
Invert input 5
Transmit bits 0-3 to outputs 14
Invert output 6
Wait 2 ms
Reed data
(Invert input 5)
Programming S3
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Activity sequence at data fetching from port 80

Reset output 6

Transmit control datato outputs 14

Invert output 5

Read data from input 14
Invert output 6

Read datafrom inputs 14
Invert output 6

Read datafrom inputs 14
Invert output 6

Read datafrom inputs 14
Invert output 6
Reset outputs 14

411.2
Analog ports

Wait 2 ms

Read control word

Transmit data, bit 12-15 to inputs 14
Invert input 5

Wait 2 ms
Transmit data, bit 8-11 to inputs 14
Invert input 5

Wait 2 ms
Transmit data, bit 4-7 to inputs 14
Invert input 5

Wait 2 ms
Transmit data, bit 0-3 to inputs 14
Invert input 5

For analog input/output signals there are four ports , numbered according to the table
below. The same REGISTER instructions as for digital ports apply.

Port no. Output no.
21 1

22 2

23 3

24 4

Port no. Inputno.
31 1

32 2

33 3

34 4

Limit values
0+ 10V

0+ 10V

0+ 10V

0+ 20 mA

Limit values
0+ 10V
0+10V
0+10V
0+10V

Corresponding
Register values
0-+1024
0-+1024
0-+1024
0-+1024

0-+1024
0-+1024
0-1 1024
0-+1024

Programming
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4 Operation
4.12 '
SYSTEM-I/O

System-1/0O is a group of functions which can be sdected in two ways, either as a standard
set according to the list below, or as aflexible set decided by the user (see Installation S3).
The sdlection is done by defining the 1/0 USE - SYS parameter in PREDEFINED
(standard) mode or in 1/0 MAP (flexible) mode. In the standard mode only the 1/0-board
position, preferrably the last one, hasto be selected. The input and output channelsno. 9.,
16 will then be occupied. In the flexible mode the functions desired can be selected on any
board and any channel.

4121
Standard SYSTEM-I/O, inputs

There are 8 inputs which can control the execution of the user program from outside. The

robot to reacts on an input signal if: “N

 theinstruction ENABLE INTERRUPT is executed in the user program before any of
INTERRUPT INSTRUCTION, INTERRUPT PROGRAM, JUMP TO PROGRAM is
used.

 theinput signal is changed from"0" to "1* (theinput is closed)

Combined input signals must be delayed in relation to each other by at least 10 ms and
activated in the correct sequence to make sure that they are processed in the correct order
and interpreted correctly by the robot.

Input channel on Function
board selected

INPUT CH 9 Interrupt instruction
When the signal is activated, the robot interrupts the execution of
the current instruction. Execution of the next instruction in the
program then begins.

INPUT CH 10 Interrupt program
When the signal is activated, the robot completes the execution of
the current instruction. The program execution is then stopped.

INPUT CH9and 10  Interrupt instruction before Interrupt program.
When the signal combination is activated, the robot interrupts the Y
execution of the current instruction in the program. Execution of
the next instruction in the program is then begun. The robot
completes this and program execution is then stopped.
Interrupt program before Interrupt instruction.
When the signal combination is activated, program execution is “N
stopped immediately.

INPUT CH 11-15 Jump to program
Each one of the inputsis connected to a fixed subprogram:
* Input channel 11 to subprogram 1.

Input channel 12 to subprogram 2.

Input channel 13 to subprogram 3.

Input channel 14 to subprogram 4.

Input channd 15 to subprogram 5.

When one of these signalsis activated, the robot first completes
execution of the current instruction. The associated subprogram is
then called and executed. Then execution continuesin the program
that was interrupted. Only one signal at a time may be activated.

Programming - S3



4 Operation

INPUT 16 Arcweld restart (AW only)
When this signd is activated, the program execution is restarted
with a correct set of arc weld data.

INPUT CH 9 and one of INPUT CH11-15

Jump to program before Interrupt instruction .

When the signa combination is activated, the associated subprogram is called immediately
and executed. Then the program that was interrupted is contiuned by repeating the
interrupted instruction.

Interrupt instruction before Jump to program

When the signal combination is activated, the robot interrupts the execution of the current
instruction and execution of the next instruction in the program is completed. The
associated subprogram is then called and executed.When the sub program isfinished, the
interrupted program is resumed at the next instruction after the last completed.

Jump to program only
The current instruction is executed before the subprogram is caled. When the subprogram
is finished, the interrupted program is resumed at the next instruction after the last
completed.

4122

Standard SYSTEM-1/O, outputs

There are 7 outputs for indication of the status of the robot:

Output channel on  Function
board selected

Gipl
QUTPUT CHO Grip/release - activation of gripper no. 1
Grip 2
OUPUT GH10 Grip/release - activation of gripper no. 2
QUTPUTCH11 ~ MOTORON

An active signal indicates that the robot isin the MOTOR ON
mode, i. e. that voltage is applied to the motors.

QUTPUT CH12 Cycle on
An active signal indicates that program execution of the robot is
in progress. When execution instruction by instruction, the signa
is deactivated when the instruction is completed.

QUTPUT CH13 CycleError
An active signd indicates a malfunction in the robot during
program execution. Error code is displayed.

QUTPUT CH14 MANUAL mode
An active signa indicates mode MANUAL REDUCED SPEED or
MANUAL FULL SPEED.

Programming S3
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OUTPUT CH 15 Sear ch stop
An active signdl indicates that searching function has been
stopped by a sensor signal.
4123
Additional System 1/O at I/O MAP
41231

Summary of HOLD, HOLD RESET and AUTO INPUT

Stoping of program exection followed by MOTOR OFF mode is possible by to active HOLD
command. If the operating mode selector isin AUTO it is possible to resume program
execution with one commend by either AUTO INPUT or HOLD RESET.

Presumption: Robot in AUTO mode and a program is executing. An (EXT) HOLD stops
program execution, sets HOLD-ACK and sets MOTOR OFF. If the operating mode selector
remainsin AUTO, it is possible to resume program execution again by AUTO INPUT (or if
SYSTEM AUTO s set by (EXT) HOLD RESET).

HOLD-ACK indicates that the robot has been stopped by HOLD and hasto be started by
AUTO INPUT or (EXT) HOLD RESET. HOLD-ACK can bereset by MOTOR OFF.

See time chart.

The following signals are involved in thisfunctionality:

Inputs Outputs

HOLD HOLD-ACKnowledge
EXTERNAL HOLD

HOLD RESET

EXTERNAL HOLDRESET

AUTOI NPUT SYSTEMAUTO

Each of the signals covered in this chapter have to be defined in the I/O-MAP before they
can be used. The exception is HOLD which is not always part of the SYSTEM 1/O but is
involved in the functionality. HOLD isinputs to the System board DSQC 256A in robots
from M93.

EXTERNAL HOLD isnearly indentical to HOLD.
EXTERNAL HOLD RESET isindentical to HOLD RESET.

In the following text the term "(EXT) HOLD" symbolized any of HOLD and EXTERNAL
HOLD. (EXT) HOLD RESET is equalsto any of EXTERNAL HOLD RESET and HOLD
RESET.

The (EXT) HOLD is an inverted signal i.e. it is activated when it goesfrom 1 to 0 and
passive when it is high.

Examples of some simple ways to utilze thisfunctionality.

A. If no signals are defined in a robot equipped with DSQC 256A: .

- A program execution can be stopped followed by a delayed MOTOR OFF in one step
by HOLD on the System board. When the signals become passiveit is possible to
resume program execution by commending MOTOR ON and Program Start.

(If the robot doesn't have DSQC 256A, (EXT) HOLD has to be defined to get the
same functionality).

Programming S3
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B. If AUTO INPUT is defined. After commanding (EXT) HOLD, the program execution

can be resumed by AUTO INPUTafler that (EXT) HOLD has been set passive. AUTO
INPUT carries out MOTOR ON , reset HOLD-ACK, executes Program Start and sets
SYSTEM OUTPUT, if it is defined.

Note the following columns in the time chart.

Column4 (EXT) HOLD RESET when SYSTEM AUTO isreset. (Compare column no 7.)

Column 5 AUTO INPUT starts program execution instead of (EXT) HOLD RESET.

Programming
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4 Operation
4.12.3.2
Inputs

HOLD and EXTERNAL HOLD
HOLD (HOLDI and HOLD?) carries out aprogram stop by the software. Connected in the
MOTOR ON chains, the hardware on system the board delays MOTOR OFF by approx. 15

Sec.

EXTERNAL HOLD executesboth program stop and sets MOTOR OFF by software.

(If the robot is not equipped with the system board DSQC 256A, HOLD can be defined by
I/O MAP and consequently only executes a program stop.)

AUTO INPUT
1) If program is executing, AUTO INPUT, will set the output SYSTEM AUTO.

2) If program execution is stopped by (EXT) HOLD, AUTO INPUT will start program
execution. (HOLD ACK must be set and HOLD passive.)) HOLD ACK isthen reset
and SYSTEM AUTO is set

Note. Neither of the outputs HOLD ACK and SYSTEM AUTO have to be defined to get
this functionality.

HOLDBESET and EXTERNAL HOLDRESET

If HOLD_ACK and SYSTEM AUTO are set and (EXT) HOLD is passive, program
execution is resumed by any of these two signals. Thismeansthat AUTO INPUT, which
sets SYSTEM AUTO, isa"master” for (EXT) HOLD RESET. It determines when (EXT)
HOLD RESET is dlowed to be used.

MOV REST

The purpose of thisinput isto avoid collisons at a start after an abrupt stop. For detailed
information see section 7.10.

4.12.4.3
Outputs

HOLD ACKNOWLEDGE (HOLD ACK)
Thisoutput is set by (EXT) HOLD, and isreset by either MOTOR OFF, AUTO INPUT or
(EXT) HOLD RESET if (EXT) HOLD ispassive.

HOLD ACK informsthe operator or a PLC that the robot is stopped by an (EXT) HOLD
signal. Aslong asthe output is active, program execution can only be resumed by AUTO
INPUT or (EXT) HOLD RESET, if (EXT) HOLD is passive.

When (EXT) HOLD becomes passiveit is also possible to reset HOLD ACK by MOTOR
OFF. Thus program execution has to be started by MOTOR ON and Program Start.

ERROR in AUTO

Thisoutput is set at errors stopping program execution provided that SYSTEM AUTO is
Set.

SYSTEM AUTO

The purpose of this output is only to inform the operator of the status for the AUTO
INPUT. See above.

Programming S3
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4.13

4 Operation

Remote control panel signals, Pand-1/0

The following section is valid if PANEL 1/O is defined under PARAM/CHANGE/I/O-
USE/PREDEF. If /0 MAP is used board, place and in- and outputs can be fredly selected.
A central control panel or a PLC for remote control can be used by one or more robots. The
remote control panel may be used in paralell with the cabinet control panel. The inputs are
caled buttons and outputs are cdled lamps, snce thisis intended for aremote panel.

Input channel on
board selected

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

CHI

CH2

CH3

CH4

CH5

CHG6

CH7

CHS8

Function

MOTOR ON button
Bringsthe robot to MOTOR ON in AUTO mode.
Voltage is gpplied to the robot motors.

MOTOR OFF button
Putsthe robot to MOTOR OFF. Removes voltage to
the robot motors. Reset of emergency stop mode.

FROM DISK button

Loads program from disk in AUTO mode. The disk
program block O isloaded into the robot memory when
the button is pressed twice. The loaded program block
replaces the dld contents in the user memory.

Disabling edit
When set, editing of programs from programming unit
IS prevented.

LAMPTEST button

Is used to check the function of the control system and
remote control panel lamps. All lamps are lit when the
button is pressed. (Except Robot/Ext, axes and 1-2
key functions.

PROG STOP button
Interrupts progam execution and synchronization
procedure.

PROG START button

Starts program execution in AUTO mode. In specid
circumstances the AUTO button on the programming
unit hasto be pressed before starting the program
execution.

SYNCHRONIZATION button

Thisbutton is used to restart the robot after a power
failure during program execution . The
synchronization of external axesis started when the
button is pressed.

Programming
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4.13

4 Operation

Remote control panel signals, Pand-1/O

The following section isvalid if PANEL 1/O is defined under PARAM/CHANGE/I/O-
USE/PREDEF. If 1/0 MAP is used board, place and in- and outputs can be fredly selected.
A central control panel or a PLC for remote control can be used by one or more robots. The
remote control panel may be used in paralell with the cabinet control panel. The inputs are
caled buttons and outputs are caled lamps, since thisis intended for aremote panel.

Input channel on
board selected

INPUT CHI

INPUT CH2

INPUT CH 3

INPUT CH4

INPUT CH5

INPUT CH 6

INPUT CH 7

INPUT CH 8

Function

MOTOR ON button
Brings the robot to MOTOR ON in AUTO mode.
Voltage is applied to the robot motors.

MOTOR OFF button
Puts the robot to MOTOR OFF. Removes voltage to
the robot motors. Reset of emergency stop mode.

FROM DISK button

Loads program from disk in AUTO mode. The disk
program block O is loaded into the robot memory when
the button is pressed twice. The loaded program block
replaces the old contents in the user memory.

Disabling edit
When set, editing of programs from programming unit
is prevented.

LAMPTEST button

Is used to check the function of the control system and
remote control panel lamps. All lamps are lit when the
button is pressed. (Except Robot/Ext, axesand 1 - 2
key functions.

PROG STOP button
Interrupts progam execution and synchronization
procedure.

PROG START button

Starts program execution in AUTO mode. In specid
circumstances the AUTO button on the programming
unit has to be pressed before starting the program
execution.

SYNCHRONIZATION button

Thisbutton is used to restart the robot after a power
failure during program execution . The
synchronization of external axes is started when the
button is pressed.

Programming
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L ogical instructions menu

Section
51 GRIPPER
52  WAIT

52.1 WAIT (TIME)
522  WAIT (INPUT)

53 OUTPUT

54 JUMP
541  JUMP (unconditional)
542  JUMP (conditional)
543 JUMP (SEARCH)
544  JUMP (NINPOS)

55 VELOC
56 CALL

57 RETURN
58 REG

58.1 REG (FETCH)
5.8.2 REG (SET)
583 REG (TRANSFER)
5.8.4 REG (LOC)
59 TCP
510 INTER
511 COORD
512 GET B/ADD BLOCK
5.13 COM
514 SUCTRL
515 FRAME/FRAME DEFINE
516 SOFTS
517 EXTAX
518 EXTFRAME
519 GLUE SCA
520 LOAD (IRB 6000 only)
521 TRIM (IRB 6000 only)
522 LOCATE and VISCTRL

5 Logicd instruction menu

Page

5:5
57

59
59

512
5:13
5:15
5:15

5:18
5:19
5:21
5:21
5:22
5:23
554
5:25
5:26
5:27
5:27
5:27
5.27
5:28
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5 Logical instruction menu

= | OGICAL INSTRUCTION

GRIPPER WAIT OUTPUT JUMP BCAN
Gripper- Time/lnput Control of UncondV
control status digital output cond-jump
VELOC CALL RETURN REG SCAN
Beasic/Max Jump to Prog end Set/r eset
speed subprog. register
TCP INTER COORD GETB 8CAN
Activate Enable/ Selection Load prog,
TCP disable of coord. block from
interrupt syst. disk/Winchester
e
coM SUCTRL EXTFRAME FRAME SCAN
LOCATE
Entry of Request for External Activation
commenitary superior FRAME of displayed
control system
L] o *
EXTAX SOFTS GLUESCA VISCTRL SCAN
Independent SOFT SERVO Gluescaling
rotating
external axes
oo % o
oo * o
LOAD TRIM SCAN
*MH/GL/SW
** |f Vision is defined
eee AW only

*eee |RB 6000 only
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5 Logical instruction menu
51
GRIPPER

Gripper function

Menu: INSTRUCTION Function: GRIPPER

M eans:
A gripper, awelding gun or corresponding toal is operated during program execution.

Facts:

The gripper can assume two positions, GRIP or RELEASE. With gripper operations the robot
must remain still until the movement is completed. For thisreason, awaitingtimeisgivenin
the instruction.

The gripper instruction isimplemented in two versions; one for MH/GL/SW robots and one for
AW robots.

In the MH/GL/SW case, up to eight tools can be controlled and the release/grip movement for
the chosen gripper is explicitely programmed in the instruction. Only one gripper can be
controlled by oneinstruction. In this case the actual positions of the grippers does not matter
when programming. The connection of the grippers is described briefly below (see Outputs for
gripper) and in detail in the Installation S3.

Inthe AW case, only grippers can be controlled. The release/grip function isimplicitely defined
by the actual positions of the grippers when programming,i.e the grippers must be positioned
manually befor the instruction is programmed. Both of the grippers can be controlled in one
instruction.

Executed:
During program execution, the gripper is positioned to the position decided when
programming. The robot then stands still until the waiting time has expired.

Procedure:
Instruction for gripper operation MH/GL/SV
Menu: INSTRUCTION Function: GRIPPER

1. Select GRIPPER under the INSTRUCTION menu.

2. Spedfy gripper number 1-8.
The gripper number last used will be taken if ENTER is pressed without giving any
gripper number.

3. Sedlect GRIP or RELEASE.

4. Spedfy if the waiting time for gripper operation is to be entered with the numerical button
set (YES) or haveits pre- programmed value 0.3 s (NO).

If NO is selected, the instruction is now completed. Otherwise continue with point 5 below.

5. Spedfy the waiting timein therange 0.1 - 9.9 in seconds with one decimal.
The instruction is thereby completed.

Programming S3



5 Logical instruction menu
Manual control of gripper MH/GL/SWV

Menu: RELEASE or GRIP

Manual operation of the "GRIPPER" viathe programming unit is done as shown below:

Thefunction is divided in two cases:

» Two grippers defined (default value)
The button for gripper 1 (grip, release) handles gripper one
The button for gripper 2 (grip, release) handles gripper two

* More than two grippers defined (n pcs)
The button for gripper 1 (grip, release) handles gripper one
The button for gripper 2 (grip, release) gives the question which gripper you want to
control.Valid answers rabge from 2-8.
The last gripper number is used as a default value, and only ENTER is needed.

Hiegripper isusually opened directly when thethegripper button ispressed.
Makesurenodetail isdropped causingdamageor injury.

Procedure:
Instruction for gripper operation (AW)

1 Setthegripper or the welding gun in the position required with gripper buttons on the
operators panel.

2 Sdect GRIPPER under the INSTRUCTION menu.

3 Spedify if the waiting time for gripper opertaion is to be enterd with the numerical button
set (YES) or haveits pre- programmed value 0.5 s (NO).

If NO is sdlected, the isntruction is now completed. Otherwise continue with point 4 below.
4  Spedify the waiting time in the range 0.1 - 9.9 in seconds with one decimal.

The instruction isthereby completed.
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5 Logical instruction menu
Outputsfor gripper (MH/GL/SW)

It is possible to connect grippers (in a multi-gripper) to the robot via digital outputs.

The robot will automatically reserve a group of logica outputs. The reservation will only affect
the number of ligica outputs necessary for the specified number of grippers

Example: Five grippers are to be connected to the robot system.
Gripper 1 and 2 are connected to their respective outputsin system I/O.
Thefollowing gripper datais entered in the system parameter:

1. Fivegrippers

2. Logicd output 14 (output for gripper 3)

When connecting the grippers 3-5:

* Gripper 3 is connected to the logica output 14
* Gripper 4 is connected to the logicd output 15
* Gripper 5 is connected to the logicd output 16

Thelogica outputs 17-19 are not reserved for gripper 6-8, because five grippers has been
specified under 1 above.

52

WAIT
Pause in program running
Menu: INSTRUCTION Function: WAIT
Means:
The running of the program isinterruped:
* A predetermined time.
* Until 1-8digital inputs have assumed the required status.
« Until 1-8 digital inputs have assumed the required status, or the supervision time has

expired.

Facts:
A waiting time can be determined in seconds with two decimalsin therange 0 - 99.99 s.
The correct status before restart of program execution at each of the inputs included in the
condition canbe 1 or 0.
If required, a maximum permitted time before restart can be set in complete seconds in the
range 0 - 320 s. A time of 60 sis preprogrammed. See Installation S3.
U%d: e - .
When program execution must be interrupted at a particular position in the program while
another machine, or the operator, performes some other operation.

Programming S3



5 Logical instruction menu

Executed:

During program execution, the program remainsinactive:

* Until the time selected has expired.

* Until al 1 - 8 inputsin the condition have assumed their correct status or, if supervision is
selected, the time has expired.

If CLINK isdefined, a WAIT-instruction should beused if thereare more than 15
instructions between two POS-instructions, two WAIT-instructions or one POS and
one WAIT-instruction. Then the delay time should be at least 0.01 seconds.

521
WAIT (TIME)
Procedure:
Instruction with waiting time
1. Select WATT under the INSTRUCTION menu.
2. Sdect TIME.
3. Spedify thetime 0.01 - 99.99 s.
Theinstruction is now complete.
522
WAIT (INPUT)
Instruction with input conditions
1. Select WAIT under the INSTRUCTION menu.
2. Select INPUT.
3. State the number of the first input in the condition.
4. Givethe correct statusfor the first input.
5. Repeat the points 3-4 above for anew input (YES) or go to point 6 (NO).
6. Specify (with YES) if there is to be supervison of the maximum permitted waiting time
before restart of program execution. Continue in this case to point 7.
The instruction is otherwise now complete.
7. Spedify the time 0 - 320 seconds. Press ENTER directly if the preprogrammed value
(normally 60 s) isto apply.
The instruction is now complete.
Programming S3



5 Logical instruction menu
A program example is shown below:

160 POSV=100%

170 WATT UNTIL INP6=1MAX =60 S
180 JUMPTO 200 IFINP6 =1

190 CALL PROG 1000

200 POSV=100%

5.3
OUTPUT
Change of the status of an output during program execution
Menu: INSTRUCTION  Function: OUTPUT
1. Sdect OUTPUT under the INSTRUCTION menu.
2. State the number of the output concerned.
3. Sdlect one of the following alternatives:
* Set the output to 1 irrespective of its current status.
* Set the output to O irrespective of its current status.
* Change the status.
» Send a 200 ms pulse (negative if the output is a 1, positive if the output is at 0 when
the command is executed).
Theinstruction is now completed.
54
JUMP
Jump within the program
Menu: INSTRUCTION Function: JUMP
M eans:
A program execution can jump to another instruction uncondionaly or when one or more
conditions are fullfilled.
Facts:
Jumps can be made both forwards and backwards in the program
* Unconditionaly.
* Under 1-8 conditions each of which can be one of the following:
- Onedigital inputistobe 1 or 0.
- Onedigital outputistobe 1 or 0.
- Thevauein anumber register 0 - 99 isto be either
- greater than (>)
- lessthen (<)
- equd to (=)
or
- notequa to<->
areference value. ( <>)
Programming S3



5 Logical instruction menu
Used:
Generally, when program execution is to be controlled by internal or external conditions.

Executed:

After the jump instruction has been executed, ajump will be performed to the instruction with
the number given in the jump instruction. If the jJump instruction is conditional, the jJump will
be performed only if the condition is fulfilled, otherwise the execution will go on with the
instruction following the jump instruction.

54.1
JUMP (unconditional)

Executed:
An unconditiona jump is performed as followed:

1. Sdect JUMP under the INSTRUCTION menu.

2. a?elcl;ify which instruction in the program is to be executed instead of that immediately
ollowing.

3. Spedify that there are no conditions for the jump with NO.
Theinstruction is complete.

5.4.2
JUMP (conditional)

Procedure:
Jump instruction with 1-8 conditions

1. Sdect JUMP under the INSTRUCTION menu.

2. Specify ‘which instruction in the program is to be executed instead of that immediately
following when all conditions are satisfied.

3. Spedify that conditions for the jJump is to be set with YES.

4. Specify if the condition is to apply to either:
- Aregister, with REG.
- Aninput, with INPUT.
- Anoutput, with OUTPUT.
- Search condition

Continue through the conditions selected (see "Facts’, aove) until the question CONTINUE?is
presented on the display.

5. Spedify if several conditions are to be set for the jump (YES). Repeat in this case
points 3 and 4 for the next conditions.

If NO, the instruction is now concluded.

Programming S3
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5 Logica instruction menu

JUMP (SEARCH)

54.4

Jump with search stop conditions

Search stop can be used as a jump condition. A jump can be programmed to take place when
the search stop is either active (one) or inactive (0). Through these the following program
execution can be controlled by the search result. See the example below.

Example: Main program
80 POS SEARCH

90 JUMPTO 110 IF
SEARCH =0

100 CALL PROG5
110POS

In the program above, the robot searches for an object when instruction so is executed. If the
object is encountered SEARCH becomes = 1 and subprogram 5is called. If however no object is
encountered during the search, SEARCH remains = 0 and the program call in the instruction
100 is omitted.

Further information about jJump in program, see "Jump within the program”.

If the robot contains extra digital outputs, the output SEARCH STOP can control
peripheral equipment. See Installation S3.

Theinstruction is now programmed and no further arguments can be added.
4. PressENTER |

5. PressYES

6. Press SEARCH

7. If the search stop is to be a jump condition press =1 otherwise press =0.

JUMP (N INPOS)

Jump if not in position

Means:
A conditiona jump instruction which causes ajump in the program if the robot does not
reach the programmed position. No other conditions are permitted together with N INPOS.

Facts:
To use the function, 0ft servo must be and activated. See section 9.5.

The dlowed position error can be chosen by specifying different zones. When using this
instruction the position of the robot must not be programmed with a FINE zone.

Programming
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5 Logical instruction menu
Program example:

100 SOFTSERVO 1 Activate soft servo

110 POSV =100% PATH Position

130 JUMPTO300IFNINPOS Jump if the podtion is incorrect

FINE

140 SOFT SERVO 0 Deactivate s0ft servo

150... Assembly is correct. Continue.

300 POSV =100% PATH Assembly is not correct. Move the toal to
free pace and make error handling.

310 SOFT SERVO 0

320...

Used:

The instruction can be used to check if the robot has reached the desired position or not. If the
position is not reached, ajump is made in the program and corrections of the error can be done. -~

Executed:
Asthe normal conditional JUMP instruction.

Procedure: -~
Menu: INSTRUCTION Function: JUMP

1. Sdect JUMP under the INSTRUCTION menu.

2. Spedfy which instruction in the program is to be executed instead of that immediately
following when the condition is satisfied.

3. Spedify that conditions for the jump are to be set with YES.
4. SdectN INPOS.

5. Soedify zone by selecting CORNERI, CORNER2 or PATH.
The instruction is now completed.

5.5
VELOC

Change of basic and maximum speeds
Menu: INSTRUCTION Function: VELOC

Means:
Definition of basic and maximum speeds for a number of instructions.

Facts.
The speed with which a movement is to be performed to a programmed position is built by
three different components:

* An absolute basic speed with pre-programmed value 1000 mm/s.

* A relative percentages speed specified for each individual instruction as a percentage of
the basic gpeed with pre-programmed value 0 %.

» An absolute max. speed with pre-programmed value 2500 mm/s.

Programming S3
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5 Logical instruction menu
The relationship between these is shown in the following example:

110V = 1000 MM/S MAX = 2000 MM/S Basic and max. speeds are specified for
the succeeding instructions.

120 POSV =100 % Movement with 100 % x 1000 mm/s =
1000 mm/s

130V =1000 MM/SMAX =200 MM/S A new maximum speed is specified for the
succeeding instructions.

140 POSV =25% Moation with 200 mm/s. The maximum

gpeed isless than the programmed speed.

Used:
When basic and maximum speeds are to be redefined (from their pre-programmed values).

Performed:

After definition of the speeds during program execution these apply until a new definition is
encountered in some program, irrespective of the number of program changes which have
occurred before,

Procedur es:
1. Sdect VELCO under INSTRUCTION menu

2. Speaify both basic and maximum speeds, even if only one of these is to be redefined.

/f\ The speed of the external axesand robot may, when running in robot
| » \ coordinates, exceed the programmed speed.

5.6
CALL
Program exchange
Menu: INSTRUCTION Function: CALL
Means:
The program execution continues in a subprogram, performed completely or module by module
before execution of the program interrupted is continued.
Facts:
Program change is performed via call. The program called can be performed when called an
optional number of timesfrom 1 - 99 before return to the calling program is executed.
The number of the program to be called can be specified in the instruction, either:
* Directly.
* Indirectly viathe value in anumberical register O - 119.
Used:
Generally, when program exchange is necessary during program execution.
Programming S3
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5 Logical instruction menu
Executed:

1. Thecdl instruction isissued.
2. The execution of the calling program is interrupted.

3. The program called (or the module within the program) is executed 1-99 times.
4. The program caled continues with the instruction after the call instruction.

Procedure:
1. Sdect CALL under the INSTRUCTION menu.

2. Spedify if the number of the programmed called is to be sdected via a register (YES) or
directly (NO).

3. Spedfy the program number or the register number depending on the selection in point 2
above (0- 9999 or 0-119).

4. Speaify if the program called is a pattern program (YES) or not (NO).
If YES, continue with point 5 below. If NO, go directly to point 6.

5. Specify the number register 0-119 which is to control the cal of the modules within the
program.

6. Spedify if the program caled is to be performed 2-99 times (YES) or once only (NO) at
the time of the call.

When the repetition is to be performed, continue to point 7. The instruction is otherwise now
complete.

7. Specify how many times the program isto be performed (2 -119).

Theinstruction is now completed.

Programming S3
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5 Logical instruction menu

RETURN

REG

End of instruction sequence
Menu: INSTRUCTION Function: RETURN

Means:
Thelast instruction in a program.

In a pattern program it is aso the last instruction within a program module, see section 11.4.

Facts:
Theinstruction returns the program running to:
. The first instruction in the same program.
. The calling program where the running continues with the first instruction after the
cal when the program called is executed the number of times required.

Procedure:
Instruction for program end (or end of program module)
1. Sdect RETURN under the INSTRUCTION menu.

Theinstruction isthen completed.

Arithmetic handling

The values stored in the registers can be handled with arithmetics, i e be added, subtracted,
multiplied or divided, with each other or with constant values. The values can be positive as
well as negative.

Example:

RI = R2 + 5 (Rl, R2 and R3 are dataregisters).
R2= R3 + RI

Rl = R3 + 1

Divison with 0 or overflow causes PROGRAM RUN ERROR 27.

Divison is performed without respect to decimals, i e 85 = 2.7/1 = 1, and the decimd partis
adjusted. If the decimd part is 0.5 or greater it is adjusted upwards to the next unit value.
Range -32768 to 32 767

Programming
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5 Logical instruction menu

REG (FETCH)

5.8.2

Accessing of register value
A robot register is given avalue from an external source.

Menu: INSTRUCTION Function: REG

1 Sdect REG under the INSTRUCTION menu.
2 Select FETCH.
3 Spedify register number 0 - 119.
4. Specify:
- Digita port 11-14
- Andog port 31-34

The instruction is hereby concluded.

Port I nput
. 11 1-4

13 17-24

14 25-32
Analog 31 1

32 2

33 3

34 4

See Installation manual.

Digita ports 11 and 12 can accessfour bits, i.e values between 0-15, ports 13-14 can access
eight bits, i.e values between 0-255. The analog ports have a scale factor of 10 mV and 0.02 mA
respectively corresponding to value 1 in the register.

REG (LET)

Procedures:

Arithmetic handling of register values

Menu: INSTRUCTION Function: REG

1. Sdect REG under the INSTRUCTION menu.

2. Select LET.

3. Spedfy register number.

4. Select VALUE, REG dler REG- depending on if a constant value, a positive or a negative
value isto be entered.

5. Define the register number or the constant value.

6. Define whether the earlier value is to be added, subtracted, multiplied or divided with the
following specified values.

Programming
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5.8.3
REG

5.8.4

5 Logical instruction menu
7. Define VALUE or REG depending on if a constant value or a register number is to be
entered.
8. Define the register number or the constant value.
9. Check the fina formula on the upper line of the programming unit's display.

Finaly, leave the menu by, for example, pressing MANUAL

(TRANSFER)

Transmission of register value during program execution

A robot register value is transmitted to an external.

Menu: INSTRUCTION Function: REG
1. Select REG under the INSTRUCTION menu.

2. Select TRANSFER.

3. Spedify register number 0-119.

4

State port number in accordance with the following:
* Digitd port 1-4
* Andog port 21-24

Port I nput
1 1-4
. 2

Digtd 3 %%2
4 25-32
21 1
22 2

Andog o3 3
24 4

See Installation manual.
Theinstruction is hereby concluded.
Digital ports 1 and 2 can transmit volues of 0-15 units, ports 3 and 4 can transmit 0-255 units.

The analog ports have a scale factor of 10 mV = oneregister unit and 0,02 mA = oneregister
unit.

REG (LOC)

Robot positions

The different positions of the robot can be stored in the dataregisters (REG NO 0-119). The
three coordinate values (x, y and z) are stored in three consecutive registers. With the help of
register arithmetics (see above), displaced positions can be calculated for example.

The stored position is the location for the active TCP when the instruction is executed. The

Programming
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TCP

5 Logical instruction menu
location is expressed with aresolution of 0.1 mm or 0.01 inches and is defined relative the
object coordinate system.

A specific pogition in space will cause different values depending on the FRAME or REFPOINT
ACTIVE. Thismeans that when the displacement between the two pointsis to be calculated,
the same FRAME (REFPOINT) must be active for both points during storage in registers.

During entry to registers, the first register number only is specified and the two remaining
valueswill be stored in the two consecutively numbered registers.

Entry of robot position

1. Sedect REG under the INSTRUCTION menu.
2. SdlectLOC.

3. Specify register number 0-119.

Theinstruction is hereby complete.

Activation of TCP during program execution
Menu: INSTRUCTION Function: TCP
Previous definition of the TCP-sdlected is assumed

1. Seect TCP under the INSTRUCTION menu.
2. Spedfy TCP number 0-19 for ordinary TCP. MH/GL/SW only: 20 - 29 are reserved for
room fixed TCP.

Notel!
When theinstruction is programmed the TCP selected is also activated.

Activation of an incorrect TCPwQl cause Hierobot to perform unintended motions.

When the TCP instruction is executed during program execution, the internal representation of
the TCP position will change but the TCP instruction itself will cause any robot motion. The
first pogition instruction after the TCP instruction, however, will move the robot using the new
TCPto the programmed position.

Please note, that if a path is programmed with zones, no comerpath will be generated after the
TCPinstruction but the robot will move directly to the following position with the new TCP
activated. See section 3.6. To avoid problems, the TCP instruction should be executed after a
POS FINE instruction, i.e. in awel defined position.

Warning text for TCP

In certain circumstances when editing and interchanging programs, there is an increased risk
that an incorrect TCPis active. A warning text is presented on the programming unit to
indicate that an incorrect TCP may be active.

The warning text is obtained with execution of the program after the following operationsif a
TCPinstruction has not been executed before the first POS instruction.

* Exchange of active instruction during editing.

* Exchange of active TCP during manual operation.

* Exchange of active program during editing.

* Exchange of active program during system intialization.

* Exchange of active program during CLEAR.

Programming
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» Exchange of active program during downloading from a disk.
» Exchange of active program during synchronization.

The warning text on the programming unit has the following appearance:
TCPxx ISACTIVE!

An error code asfollowsis presented in the error buffer and on the monitor:
504 PROGRAM RUN ERROR 72
The TCP must be checked when the warningis presented. Continue execution by pressing

again program start or instruction start.
For Room Fixed TCP see chapter 3.3.2.

5.10
INTER
Interrupt in the program execution via direct-acting inputs
Menu: INSTRUCTION Function: INTER
Means:
Program execution can be interrupted with the help of digital signalsfrom peripheral
equipment via direct-acting inputs. These interrupts can be controlled to affect or not affect the
program running during different stages of the work cycle.
Facts:
Interrupt can be performed in one of the following ways:
*  Current instruction interrupted and the next instruction is begun.
* Program stop when the current instruction is performed.
* Immediate program stop.
» Jump to one of the subprograms 1-5 when the current instruction is executed.
* Immediate jump to one of the subprograms 1-5.
A small program example is shown below:
60 DISABLE INTERRUPT Interrupt caused by direct-acting inputs are not
permitted to affect program execution from and
including instruction number 70.
Assume that input JUMP TO PROGRAM 5 is connected to the peripheral equipment. If the
input isthen set to 1, the program execution is not affected as the interrupt request is not
registered by the robot.
250 ENABLE INTERRUPT From thisinstruction, interrupt in program
execution is permitted from direct-acting inputs.
When the signal is set to 1 beforeinstruction 250 isentered, therobot isagain
unaffected by the signal because the signal must be set to 1 after instruction 250 is
executed.
The following happens however when JUMP TO PROGRAM 5 is set to 1 after instruction 250
has been executed:
1. Theinstruction under execution, eg. instruction 340, is completed.
2. Subprogram 5 is called and executed.
Pmgramniing S3
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5 Logical instruction menu

3. Program execution returns to the program interrupted, i.e. execution continues with
instruction 350.

Aninstruction in the program which enables or disables interruptions in the execution applies
until anew instruction of the same type is encountered.

The direct-acting functions according to the above are connected, as hardware, during the
installation of the robot. See Installation S3.

Used:

When the peripheral equipment may enable the program execution during the work cycle. The
instruction determines when thisis alowed.

Executed:

If interruption of program execution is currently alowed, the robot immediately reacts to
signasfrom the direct-acting inputs. Note that there are certain limitations which are
described in the Installation S3.

Procedures:

1. Seect INTER under the INSTRUCTION menu.

2. State whether interruptions are to be alowed, ENABLE, or not dlowed, DISABLE, for the
following instructions.

Programming S3
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511

COORD

Change of coordinate system for programmed execution
Menu: INSTRUCTION Function: COORD

1. Sdect COORD under the INSTRUCTION menu.

2. Select RECT(angular) MODRECT or ROBOT.

512
GETS

Aninstruction for program loading in arobot program is prepared as follows
Programmed loading of program block
Menu: INSTRUCTION Function: GET B

1. Sdect GET B in the menu INSTRUCTION.

2. Speafy whether the block number isto be selected viaregisters (YES) or directly (NO).

3. Spedfy the block number or the register number depending on the sdction made in point 2
above (0-9999 or 0-119).

4. Select either of:
- FRDISK The program block is loaded from the diskette.
- FRWIN The program is loaded from Winchester memory (if such is connected)

5. Sdect either o
- REPLACE The contents of the program memory are replaced by the block to be loaded.
The instruction GET BLOCK is completed when REPLACE is pressed.
- ADD ALL The contents of the user memory are supplemented by the block to be loaded.
However, any duplicates in the program memory are replaced by the programs loaded.

6. When ADD ALL hasbeen selected, a question is displayed whether any program in the
program memory is to be erased before the loading is executed. Press ENTER if erasureis
not required. The instruction ADD BLOCK is completed.

7. Specify the number of a single program to be erased and press ENTER if a program is to be
erased. If aseries of programs are to be erased, spedify the number of the first and last
programsin the series and press ENTER. Theinstruction ADD BLOCK.. ERASE... isnow
completed.

Note! « When a GET BLOCK instruction has been executed, program execution
continues from thefirst instruction in the main program of the newly loaded
program block.

» When an ADD BLOCK instruction has been executed, program execution
con tinues from the next instruction in the program which called for program
loading. ADD BLOCK can be executed from main program level only, not from a
subprogram.

» Program blocks containing the same program number as the program requesting
theloading, can not beloaded. An error message will be displayed and program
execution is stopped.

» Avoid program printout and displacement of positions when mass storage is used.

Programming S3
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Program stop with comments
Menu: INSTRUCTION Function: COM

M eans:

Comments can be entered in the program using the programming unit. When the optional
function "Program Printout" is provided , a comment can be inserted in the program from the
printer.

Facts:

The comments in the program, with associated program stop can consist of up to 72 ASCII code
characters, including spaces, read in from akeyboard or 24 charactersread in from the
programming unit.

Used:

The commentary in the program with associated program stop is used in program sequencesin

which it is necessary to be able, smultaneoudly, to:

* Stop program execution.

* Recave areadout on amonitor or on the programming unit, or aprintout on a printer
indicating why the robot is at standstill. Even without program stop, the comment

takes time to present. Comments may therefor not be suitable in al situations.

Executed:

When a commentary instruction with associated program stop is performed, the robot stops
and the commentary is presented. If the program stop is not used, comments are presented on
the display and monitor when the instruction with comment is executed, and remains untill
the next comment is presented.

Procedure:
Instruction with comments and associated program stop (from keyboard)

1. Select COM under the INSTRUCTION menu.

2. Select YES on the question "FROM TERMINAL? if an external keyboard is to be used.
3. Specify whether program stop is to be associated with the commentary, or not.

4. Enter the comments from the keyboard, with up to 72 charactersincluding spaces.

5. Make acarriage return on the keyboard.

" 21 3H 10STOP(*COMMENTY) |
4 5 6 ABCDEF CHIJKL MNOPQR STUVWX

Instruction with comments and associated program stop (from programming unit)

1. Sdect COM under the INSTRUCTION menu.

2. Sdlect NO on the question "FROM TERMINAL?" if the programming unit is to be used.

3. Spedify whether program stop is to be associated with the commentary, or not.

4. Enter the comments from the programming unit, according to the figure below.

5. Enter """ when the comment is completed. The text string is otherwise concluded
automatically after 24 characters"-" for erasure.

Entry is performed with the help of the multi-function buttons and numbers. To enter, for
example, aP, first pressthe button F3 and then "4".

* #isavailable but does not appear.

Programming
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514

SUCTRL
SUCTRL, request for superior computer control
The function SUCTRL is used when a programmed request for superior computer control is to
be sent to the SC. When the instruction is executed during programmed execution, the robot
system concerned will send a spontaneous status message to the S.C. The robot isthen
prepared to react immediately on order from the S.C.
If stop is programmed, a siop-command must be given from the S.C. before a start of program
execution can be requested again. When the robot isin the instruction SUCTRL before a STOP
command is given from the S.C. the programming unit is blocked. It is possible to execute
commands from the SC.
If required, the request for superior control can be cancelled manually by means of a program
stop viathe programming unit. In addition arequest for superior control can also be cancelled
by a program stop via an digital inpuit.
Program the function in accordance with the following:
1. Pressthefunction control button INSTR
2. Pressthefunction button SCAN three times.
3. Pressthefunction button SUCTRL.
4. If the robot is to continue to execute without halting, press YES. If it isto stop and await a

STOP command from the S.C, press NO.
5. If aregister valueisto be sent to the S.C, press REG NO and enter the required register
number (0-119)

The instruction SUCTRL is now completely programmed and no further arguments can be
added.

Programming S3
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5.15

FRAME/FRAME DEFINE

Activation of program displacement

Menu: INSTRUCTION Function: FRAME

1. Sdect FRAME under the INSTRUCTION menu.

2. Speaify'which of the program displacements 1 - 5 is to be activated.
3. Sdect SET.

Note that the frame displacement and a reference point displacement can be active
simultaneoudly. In such a case, the frame displacement is always calculated first, and
consequently, the reference point displacement will be calculated and superpositioned upon the
frame displacement, according to the figure below.

-
Y

The patternis
AX programmed hiere! The program i
executed here after
instruction 100!

\

X

This displacement
is activated in
INSTRUCTION 50
10

"50 REFP

100 FRAME

Lig

See section 3.9.2 for a more detailed description of the FRAME function.
See section 6.14 for programmed actovation of desireed FRAME.

See section 2.6 for manual definition of FRAME.

See section 10.7 for automatic definition of FRAME.

Programming S3
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5.16
SOFTS (MH/GL/SW only)

Instruction programming

Any set of defined softness or normal speed control, can be activated manually or during
program execution. An attempt to execute a SOFT SERVO instruction with an undefined
number will cause the program execution to stop and disply an error message C504 PROGRAM
RUN ERROR 70").

A SOFT SERVO ingtruction is programmed asfollows

1. Select SOFTS under the INSTRUCTION menu.

2. Soexify desired set of soft servo. Number O provides normal speed control on al axes.
Position instructions executed while SOFT SERVO is activated should not be FINE.

All nine sets of softness percentages form apart of the system parameters, possible to store on
adisk for later use.

for detailed information, see section 3.8.
See section 9.5 for definition of softness percentage.

{ |\ When usntg the function Soft Servo, the robot speed and path ar e changed-
|}

Note. In order to prevent abrupt motions when activating and deactivating SOFT SERVO,
aWAIT instruction can be programmed before and after the SOFT SERVO sequence.

Programming S3
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EXTAX Independant External Axes

EXTAX isafunction which alows the external axes of arobot to be moved independently of the
normal positioning. Independent mode or normal mode may be selected dynamically duringthe
robot program execution by using instructions "AXIS x START" or "AXIS x STOP" respectively.

During independent mode, an axis may be rotated in one direction for long periods, and
because of this, it is necessary to dlow it to have an undefined working area, so that it does not
become limited. The working area can be sdlected as undefined or defined during definition of
the system parameters (See Installation S3). As axes may have a defined or undefined working
areain both independent and norma movement modes, there is no restriction.

In some cases, an external axismay be arotational device (e.g arotatingtable), in some cases
it may be linear device (e.g. track motion). As a consequence of this, it is possible to specify the
axistype asrotational or linear during definition of the system parameters.

When EXTAX isused, the parameter ROTAX should be set to 1. Thismeansthat, for example,
arotating table will only ever rotate up to one revolution to reach a position. For such a device
it isimportant to define the external axis gear ratios correctly.

Programming of external axesto start independent movement will be done by the following
programming unit interaction:

Menu: INSTRUCTION Function: EXTAX
1. Sdect EXTAX under the INSTRUCTION menu.

2. Spedify ‘the number of the axis in question.

Thevalid range of "AXIS NO="is 7-12.

There will be NO check to ensure that the programmed axis is defined because it is possible to
modify the parameters and undefine an axis at some later time. Instead, operations on
undefined axes will be ignored at execution time asis aready the case with normal external
axes programming.

3. Sdect START.
4. Specify the velocity of the external axis in question (RPM if rotational, UNITSS if linear).

Thevalid range for "VELOCITY (RPM)=" is -5000...+5000 rpm.

There will be NO check to ensure that the programmed speed does not exceed the maximum
gpeed because it is possible to modify the parameters and change the maximum speed at some
later time. Instead, the speed will be limited at execution time if necessary.

Programming of external axesto stop independent movement and return to normal movement
mode will be done by the fallowing programming unit interaction:

Menu: INSTRUCTION Function: EXTAX
Step 1 and 2 are the same asfor the start instruction above.
3. Sdect STOP.

Programming
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5.18
EXTFRAM (AW only)

Theinstruction makes it possible to program interpolated movement between the robot and one
external axis.

Ses section 12.6.5 for detailed description and how to program.

5.19
GLUE SCA (MH/GL/SW only)

Used for gluing only. See chapter 13.

5.20
LOAD (1KB 6000 only)

The instruction makes it possible to program differernt wrist loads. Thus the prefrmance of the
robot can be optimized to the actual load in order to reduce cyde time. See 11.8 for detailed
information. 20 different loads can be programmed.

1. Sdlected LOAD under the instruction menue.
2. Specify LOAD number 0-19.

LOAD 0 isdefined as a system parameter, see Installation S3.
LOAD 1-19 is defined according to section 9.5.

The defined LOAD 0 values are stored as systemparameters and LOAD 1-19 values as user
parameters like TCP.

5.21
TRIM (1KB 6000 only)

To be able to optimize the robot's 'movement into FINE pointsin a movement, afunction
TRIM is available. The TRIM function makes it possible to adjust the movement between

two FINE points, according to mod. A described in Chapter 4, in the optimum manner. Aswell
asmodeA, itisonly availablefor 1KB 6000.

The function is programmed as an ordinary instruction and can change the servo position
control with + 100 scde divisons.

Preselected value is O, the same as when disconnected. The TRIM factor is a part of the robot
program and will be saved on a disk or superiorur computer together with the robot program.

All fine points programmed according to a TRIM instruction will be using the programmed
factor until anew TRIM instruction is programmed.

The current TRIM factor is displayed out on the topline on an optional monitor when the
program stops.
The same information is displayed on the programming unit by pressing the SHIFT key.

5.22
LOCATE andVISCTKL

Theinstructions makes it possible to program image processing instructions. For detailed
information of the function and how to program, see OptiMaster User's manual.

Programming 3
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140
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INPUT, PAGE 32

i
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SCAN, PAGE 32
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6. Position instruction menu
Section Page
61 V% 6:5
6.2 SAME 6:5
6.3 ZONE 6:5
64 SEARCH 6:6

6.4.1 SEARCH (dist)
6.4.2 SEARCH (dir)
6.4.3 SEARCH (auto)

6.5 WEAVING 6.8

66 REFP 6:12
6.7 VCTRL 6:12
6.8 CONTOUR 6:13
69 CORVEC 6:14
6.10 POSPOS 6:14
6.11 STOPOS 6:16
6.12 POSLOC 6:17
6.13 CIRCLE 6:18
6.14 FRAME 6:18
6.15 TIME 6:19
6.16 PALLET 6:19
6.17 RELTOOL 6:21

6.17.1RELTOOL (X,Y, 2)
6.17.2RELTOOL (viaREG)
6.18 EXTFRAME 6:23
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]
I = POSITIONING
*
1 1 1
A
¥ (%) SAME ZONE SEARCH SCAN
Pos.-speed Arg. ace.to Fine point Searching
I ] i
WEAVE REFP VCTRL FCONTOUR SCAN
Weaving Ref. point Speed Contour
ON/OFF control tracing
CORVEC POS POS STO POS POS LOC SCAN
Correction iStore location Pos. to
movement stored loc.
I 1 1
CIRCLE FRAME TIME SCAN
circle Automatic Pos.-time
movement correction of
FRAME
1 ] | ] |
* *
PALLET RELTOOL SCAN
Pallet pos. Pos. relative
actual pos.
* MH/GL/SW

"" MH/GL/SW not IRB 6000
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6. POSITIONING

6.1
V%

6.2
SAME

6.3
ZONES

Programming of position
The Menu button gives the instruction

1. Position the tool to the required position with the joy stick
2. Pressthe POSITION menu button. The position is programmed and the percentage
gpeed which appliesis shown.

If the percentage speed is not to be changed omit the next procedure. If the position is only
to be a PATH point, the programming of the position is now complete.

Note
When 10 -12 axes are present the system generates two instructions, according to the
following examle:

240 AXES 10-12 POS Extrainstruction
250 POSV = 100% PATH Normal instruction
Change of percentage velocity

1. Sdect V % in the menu
2. Spedify the percentage speed 0-799.9 %.

If the complete instruction isto be repeated in a new position, select SAME in the menu
and conclude in thisway the programming of the position.

In other cases, the definition of the zero zone is described in the next procedure whereas
other arguments described briefly under "Otherwise'.

There are four alternatives for programming azone. The valuesfor the aternatives are
defined as system parameters. The default zone alternative for an instruction is PATH. The
other alternatives are programmed by using the ZONE button:

Three alternatives will appear:

ZONE

FINE CORNER 1 CORNER2
The text on the display shows which alternative is active:

100 POSV =100 % PATH
100 POSV =100 % FINE
100 POSV =100 % Cl
100 POSV =100% C2

Programming 5 S3
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The default values of the system parameters have been chosen to provide auseful choice of
zone sizes. Particular applications may require other values to be defined, see chapter 11.

ZONE Default value

PATH -2 Note! (*-") indicates velocity dependent zone size
CORNER1 15

CORNER2 -100

FINE 2

Use of zones

PATH for normal path

CORNER1 for corners with small deviation, regardless of speed
CORNER2 for big corner rounding and thus high speed

FINE for precise positioning and when logical instruction must

be carried out at the position.

See section 3.6.1 for amore detailed description of corner handling.
6.4 SEARCH

See section 10.3 for more detailed description.
6.4.1 SEARCH (DIST)

Program a distance searching as follows:

1. Program aFINE position instruction

2. Press SEARCH

Press DISTANCE

3
4. Specify the number of the sensor (1-16) with the numerical button set.
5

. Press ENTER. If the question "STOP CONDITIONS=" is shown on the lower line of the
display, continue with point 6. Otherwise continue directly to point 8.

6. Specify the search stop condition as a percentage (0-100) of the maximum signal range
of the sensor with the numerical button set. If the current signal level isto be a stop
value, run the robot with thejoy stick to the position where the sensor gives the
required signal.

7. Press ENTER.

8 If several sensors are to be used press YES and repeat the points 4-6 for the new
sensor. Otherwise press NO and continue with point 9.

9. If adelayed search stop is required, press the function button Y ES. Otherwise press
NO.

The argument SEARCH is now programmed. If required, more arguments can be added to
the instruction.
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6.4.2 SEARCH (DIR)
Program a direction searching as follows:
1 Program FINE position instruction.
2 Press SEARCH
3 PressDIR
4 Enter the number of the sensor (1-16) with the numerical button set

5 Press ENTER. If the question "STOP CONDITIONS=" is shown on the lower line of the
display, continue with point 6. Otherwise proceed to point 8.

6 Spedify the search stop condition, as a percentage (0-100) of the maximum signa range
with the numerical button set. If the current signal level isto be a stop value, run the
robot with the joy stick to the position where the sensor gives the required signal.

7 PressENTER.

8 If more sensors are to be used, press YES and repeat the points 4-6 for the new sensor.
Otherwise press NO and continue with point 9.

9 If adetailed search stop is required, press function button YES. Otherwise press NO.
The SEARCH argument is now programmed completely. If required, more arguments can
be added to theinstruction.

6.4.3 SEARCH (AUTO) AW only
Program automatic distance searching AUTO SEARCH as follows

Program the start position in accordance with " Distance search. Thenjog the robot to the
position close to the intended search stop position:

1 Program a FINE position instruction.

2 Press SEARCH.

3 PressAUTO.

4 Spedfy the number of the sensor (1-16) with the numerical keyboard.
5 PressENTER.

6 Answer the question "MORE SENSORS?'. If YES, return to point 4. Otherwise,
continue as below.

7 Answer the question "DELAY?". The instruction is now complete.
The resulting instruction looks as the example below:

140 POSV = 100% AUTOSEARCH S
where" SI" isthe sensor used.
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6.5 Weaving MH/GL/SW not IRB 6000

In AW robot the function is replaced by the integrated weaving function which is part of
the welding instruction.

Menu: POSITIONING Function: WEAVE

Means:

A periodic recalling transverse movement (weaving), stored in a separate sub-program, the
weaving program is superimposed on a movement to a programmed position, the main
movement.

Facts:

The weaving movement is a combination of:

» The main movement between the start point and the end point, in the ordinary
program.

* A superimposed periodic weaving movement, in a separate weaving subprogram.

The example below shows how each of the programs contributes with one part of the
resulting weaving movement.

Example
The movement below is performed during running of subprogram 10, with the help of
wesaving subprogram 200, where the periodic weaving movement is programmed.

20,30
10

40,50
Subprogram 10

90 POSV = 10% WEAVING PROG 200 H = 100%

Subprogram 200 (weaving program)

10 POSV = 100% (Movement sdeways to the left end position)
20 WAIT 1S (Pausin the left end position)

30 POSV =100% (Movement sideways to the right end position)
40WAIT1S (Pausin the right end position)

S0 RETURN (Program end)
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The resulting weaving movement will look as below:

22 0V 200
” JNE "2
Start pogtion  10-7 —+—\. -#- End pogtion
\—/
40 0 40 20

Subprogram 10

;90 POSV = 0% WEAVING PROG 200V =!

Subprogram 200
10POSV =

30POSV = 100%&"

Vm = The percentage speed for the main movement in subprogram 10, instruction 90. (An
increase of the percent value resultsin a smaller number of weavings on a specified
distance. The weaving pattern is "streched out" in the direction of the main movement and
keepsit's proportions.)

Before increase of Vi,

— T -

After increase of Vi,

ST\ —

Vp = The percentage speed in the weaving program 200 for all movements. (An increase of
the percent value results in faster movements sideways. On the other hand, the tool will
remain in the end positions during the same time asbefore. The weaving pattern is
"shortened” in the direction of the main movement, but will not keep it's proportions.)

Before increase of V

‘(_\\_f

Afterincreaseof V

J A\ -
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6 Position instruction menu

V¢ = The correction factor, expressed in percent, for how fast the weaving pattern isto be
performed relative to it's own programmed speed. (An increase of the percent value gives a
greater number of weavings on a specified distance. The weaving pattern is "shortened” in
the direction of the main movement and will keep it's proportions.)

Beforeincrease of V .
2 N s WD
VAR

After increase of V

—APf\A- -

Weavingis performed in basic coordinates, i.e. the tool does not change orientation. It
means a so that the same movement pattern, performed in anew direction, requires a
special weaving program. See the example below:

1 2 3 4
10 10 20,30
5/I_ovement 3 20 - ,\1.0,\ - 30 A 3
20 20 0 10,40
Main movement I
1 #
20 30 3“' 0
0 < A 100 20
Result ! b ’ \ ’
D <A
0 — 40 30 40
20 00
Weaving program
10POSV = 10POSV = 10POSV = 10POSV =
100% 100% 100% 100%
20POSV = 20POSV = 20POSV = 20WATT 1S
100% 100% 100%
30 RETURN 30 RETURN 30POSV = 30POSV =
100% 100%
40 RETURN AOWATT 1S

50 RETURN

Prngra-nmitii'li 10 S3



6 Position instruction menu

Executed:
The main movement and the weaving program start at the same time to the programmed

position. The resulting motion is concluded:
Within the zone for the main movement

Note.
Weaving can not be combined with movements of an external axis.
External axis can not be used in the weaving pattern.

Procedure: _
The procedure is adirect continuation of positioning programming. Proceed in accordance

with the following:

1. Selectthe WEAVE function.
2. State which weaving program 1 -9999 isto be used.
3. State the adjustment factor 0.1 -100% for the basic speed of the weaving program.

Programming 11 S3



6 Positioninstruction menu

6.6 REFP

See section 3.9.1 for more detailed description.
and 3.4.1 for parameter DHANDCK.

Program the REFP (reference point) instruction, as follows:
1. Check that the reference point is not active.
2. Program the position (program segment) parallel to desired positions.

3. OIID_ro ;éargdthe REFPOINT ON instruction immediately befor ethefirst position to be
ispl :

4. Program the REFPOINT OFF instruction immediately after the last postion to be
displaced.

Note
The reference point is not activated/deactivated until the REFPOINT ON/OFF instruction
is executed. Use a FINE pogition before REFPOINT is activated.

Reference point can be used alsot with an external axis. In this caseyou do not achieve a
paralel displacement but:

* arotating external axis moves a number of degrees from it's current starting position.

» alinear externa axis moves anumber of millimeters fromit's starting position.
6.7VELCTRL |

See section 104 for more detailed description.

Speed control is programmed as follows:

1 Program a FINE position instruction.

2 PressVELCTRL

3 Enter the number of the sensor (1-16) with the numerical button set

4 Press the function button ENTER. If the question THRESHOLD VALUE=" is
presented on the lower line of the display, go directly to point 7. Otherwise go to point 5.

5 Spedifiy the speed as a percentage (0-100) of the programmed speed with the
numerical button set.

6 PressENTER.

7 Specifiy with the numerical button set the required threshold value as a percentage (0-
100) of the maximum signal range of the sensor. If the current signal level isto bea
threshold or maximum value, run the robot with the joy stick to the position where the
sensor gives the required signal.

8 PressENTER.

The argument is now programmed. If required, further arguments can be added to the
instruction.
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6.8 CONTOUR
See section 10.5 for more detailed description.
Contour tracing is programmed asfollows.
1 Program aFINE postion instruction.
2 PressSCAN
3 Press CONTOUR
4 Enter the number of the sensor (1-16) with the numerical button set

5 Press ENTER. If the question "BIAS = "is shown on the lower line of the display,
continue to point 6. Otherwise go to point 8 directly

6 Specify with the numerical button set the required bias as a percentage (0-100) of the
maximum signa range of the sensor. If the current signal level isto be the bias, run the
robot with the joy stick to the position at which the sensor gives the required signal
before the value is programmed.

7 PressENTER

8 If further sensors are to be used press YES and repeat points 4-6 for the new
sensor. Otherwise press NO.

The argument CONTOUR is now programmed. If required, further arguments can be
added to the instruction.

Note
Thisinstruction is affected by the use of the speed correction buttons +%, -%
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6 Position instruction menu

6.9CORVEC
See section 10.6 for more detailed description.
A correction movement is programmed as follows.
1 Check that the relevant sensor is defined.
2 Press SCAN twice
3 PressCORVEC
4

Specify the number of the sensor (1-16) for which the correction movement is to be
programmed with the numerical button set

5 PressENTER
6 Run the robot with the joystick a short distance in the direction required
7 PressEND POS

Note

If the operator should release the enabeling device during running with thejoy
stick befor e finishing the sequence the programming of thisfunction hasto be
started from the beginning.

If the current percent value V = .... % on the upper line of the display isto be changed for
the correction separately, execute the points 7 and 8 below. Otherwise omit these.

8 Spedify with the numerical button set the required percentage value for the correction
(0.1-799.9)

9 Press ENTER.
6.10 POS POS

Position argument for movement

With POS POS a positioning instruction is programmed in such away that the robot,

during program execution, will move to a stored_podition i. e. with the tool_orientation

stored. The position can be provided with an offst if required.

1. Sdlect POS POS under the POSITION menu.

2. The system now asks: VIA REG? Answer YES if you wish to specify aregister which
contains the position regist number. Answer NO if you wish to give the position register
number directly.

3. Specify arequired register number (0 - 199)

4. Specify if adisplacement (OFFSET) isto be added. If the answer is NO, the argument
is entered and ready.
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6 Position instruction menu

5. If the answer is YES, the offst, it can be given in one of the ways described here:

A. Enter the x-, y- and z-valuesin basic coordinates in mm with one decimal and with the
correct sign. If any of thevaluesisto be 0, press ENTER directly. See figure below.

Run the tool the distance required in the direction required and then press END POS.

Seect VIA REG

Definethe scale factor (0.1 - 20, scalefactor L0 means 1 mm or 0.1 inch).
Define the dataregister which contains the required x- displacement.
Define the data register which contains the required y- displacement.

* Ddfine the dataregister which contains the required z- displacement.

B
C
]
.
L ]

The | atter procedure thus alows entry of displacements from dataregistersis possible.
In this way the offsets can be changed dynamicaly during program execution.

See section 34.1for more information about, parameter DHANDCK.

Z

From above

Side view
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6 Position instruction menu

6.11 STO POS

Stor age of position
Menu: POSITIONING Function: STO POS

1. Sdect STO POS under the POSITIONING menu.

2. Spedify apogition register 0-199 in which the position isto be stored.

3. (vdid if pogtion register 0-49). Speafy if the current position of the robot isto be stored
at occason of programming (Answer YES on the question PROGRAMMED POSITION?)
or if current position shall be stored during program running (answer NO).

Note that only register 0-95 stores external axes. Register 96-199 does not store external
axes.

The instruction is now complete.

Note STO POS isintended for FINE positions. If the instruction is used on other types of
position zone, the starting point of the zone (the zone entry point) will be stored.

For more detailed information see section 4.9.2.

If Programmed point is selected,the position will be fixed and can not be changed during
execution. |.e. execution of the position does not store the current position of the robot.

(vdidfor AW)
L\ Check if reference point shall have influence over stored coordinate values or not. If the
reference point shall be counted must the parameter REF POINT MOD be activated.
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6.12 POSLOC

Location argument for movement
Menu: POSITIONING Function: POS LOC

With POS LOC a positioning instruction is programmed in such away that the robot,
during program execution, will move to a stored location i e with the current tool
grientation. The location can be provided with an offset if required.

1. Sdect POS LOC under the POSITIONING menu.

2. The system now asks: VIA REG? Answer with YES if you wish to name the register
which contains the number of the position register you wish to use. Answer NO if you
wish to give the number of the position register directly.

3. Spedify the required register number (0-99)

4. Spedify if adisplacement (OFFSET) is to be added. If the answer is NO, the argument is
entered and ready.

5. The offset, can be given in one of the ways described here:

A. Enter the x-, y- and z-valuesin basic coordinatesin mm with one decima and with the

correct sign. If any of the valuesisto be O, press ENTER directly.

Run the tool the distance required in the direction required and then press END POS.

Select VIA REG

Definethe scalefactor (0.1 - 20, scale factor L0 means 1 mm or 0.1 inch).
Define the data register which contains the required x- displacement.
Define the data register which contains the required y- displacement.
Define the dataregister which contains the required z- displacement.

.....OUJ

The latter procedure thus dlows entry of displacements from data registers.
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6.13 CIRCLE

Circular movement

Menu: POSITIONING Function: CIRCLE
Means:
The tool movesin acircular arc if the program is executing in RECT or MODRECT
coordinates.
3

2=CIRCLE POINT

1
Facts:

A circular arc < 180 degreesis built up of two standard points and an intermediate circle
point. For circular arcs, equal to or greater than 180 degrees, two circular arcs with the

same radius must be used in succession (the end point for the first becomes the starting
point of the second).

6.14 FRAME

Activation of program displacement
Menu: INSTRUCTION Function: FRAME

1. Select FRAME under the POSITION menu.
2. Pogition (1-3) that should be stored.

The new frame will be calculated, when the instruction FRAME (1-5) DEFINE is executed.
It will be activated when FRAME (1 - 5) is executed.

For moreinformation, see section 3.9.2, 5.15, 9.6 and 10.7.
See section 3.4.1 for more information about, parameter DHANDCK.
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6 Position instruction menu

6.15 TIME
Definition of positioning time
Menu: POSITIONING Function: TIME
1. Select TIME in the menu

2. Speaify the pogitioning time for movement from the preceding position in the program
forward to the current position in seconds with one decimal. Max time is 650 seconds.

Note

The TIME-argument can occur together with the following arguments:
SEARCH POSLOC

FINE CI, C2 RELTOOL (MH/GL/SW)
POS POS

All other arguments:
» Disappear when the TIME function is selected
* Areimpermissible when the TIME function has been selected.

6.16 PALLET
(MH/ASM and GLUE)

Means:

A pallet (matrix) is defined by specifying three of the corner points. The robot isthen
automatically positioned to the different points in the pallet. Every time the PALLET-
instruction is executed the positioning will be made to the next element in the pallet.

Facts:

The pallet is defined by specifying the size, number of rows and columns, and by manually
moving the robot to three corner points. A position above the pallet can aso be defined by

giving the fourth position. This position specifies a displacement from the first point. This
displacement can then be used for all points to define afetch position above the pallet. 10

pallets can be defined with a Sze of up to 99x99 elements in each. Also single columns can
be defined.

The pallets can be stored on floppy disc together with the other system data.

The pallets can be placed anywhere in the working area and they need not be rectangular.
Actua position in the pallet is pointed out by two ordinary registers. These are
automatically updated when a PALLET- instruction is executed but can aso be set by the
REGister- instructioin.

The positioning can be done both to aposition aove the pallet and to the real pallet
position.

When the pallet is defined the orientation of the tool (not the wrist) is stored. This hasthe
effect that a multigrip with different TCPs can be used if the BASEPoints are defined.

Used:
When any type of pallet or matrix-pattern is used.
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6 Position instruction menu

Executed:

The robot is positioned to the next position in the pallet. If the last position in the pallet
has been passed or if the registers are pointing out a nonexistent position in the pallet an
error message is given.

Meny: POSITIONING Funktion: PALLET

1 Select PALLET under the POSITIONING menu.

2 Speaify pallet number 0-9

3 Specify the register which contains actual column.

4 Specify the register which contains actual row.

5 If positioning shall be done above the pallet select YES, if it shall be done in the
palletlevel select NO.

The instruction is now ready.

Note!
The registers must be set to correct values before the PALLET instruction is performed.

See section 3.4.1 for more information about, parameter DHANDCK.

Example:

The robot shall fetch details from a pallet and assemble these somewhere. The pallet has
been defined as Pallet no. 1. Two points contain no details because they are check holes for
the fixture. Seefigure.

e 6 o o o o Pallet 1.7 rows - 6 colums
( J ® [ ) [ ) ® ®

® & o o o o

X ®© o o o [X\ Check hole

® o ¢ © a

e o o ® o 1

o [ D o D D
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'PROGRAM 10

+

+

100SETRI=I

110SETR2=I

120SETR3=I

130SETR4=1

140 JUMPTO 300 IFRI=I * R2=4
150 JUMPTO 300 IFRI=6* R2=4
160 POS V=100% PALLET 1 RI R2 OFFSET
170 POSV=50% FIN PALLET 1R3 R4
180GRIP1WATT 0.3S

190 POS V=50% RELTOOL DX=-50
200 CALL PROG11

210 JUMPTO 140 IF R2<8

220 !

|

250JUMPTO 100

300 SET RI =R 1+1
310SETR3 = R3+|
320JUMPTO140IFR1<7
330SETR1=1
340SETR2 = R2+|
350SETR3 = |

360 SET R4=R4+1

370 JUMPTO 140

6.17 RELTOOL

Tool-relative displacement (MH/GL/SW)

M eans:

6 Position instruction menu

Initiate

Initiate

Initiate

Initiate

Jump if hole 1
Jumpif hole2
Above pallet

In pallet

Grip

50 mm above pallet
Assemble
Continue until all details are used.
Change pallet....

Control hole
New column
Jump if not end of row

New row

The next god position is calculated relative to the present position and orientation of the
tool and based on the arguments given in the instruction or in the referred registers.

Facts:

The arguments are given as elementary translations and rotations in the rectangular hand
or tool coordinate system defined in the chapter 3.2 'Coordinate systems. If the active TCP
does not have a corresponding basepoint (BASEP) the movement is calculated in the hand

coordinate system.

The movements (arguments) resemble the joystick movements. No more than six

arguments can be given in one instruction.

Thetranslations (DX, DY, DZ) and rotations (RX, RY, RZ using the 'right hand rul€') are
combined based on the initial orientation of the tool. (For example RX is arotation about
X"-axis) The resulting position isthe result of this combination and the initial position.

Additional POSITIONING arguments (V(%), FINE, TIME, SEARCH, CONTOUR and

VELCTRL) can be given with RELTOOL.

Thetranslational arguments are given in mm or inches and the rotational in degrees.
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6 Position instruction menu

When the arguments are given in registers, they can be scaled with a scale factor, that can
have valuesfrom 0.1 to 20 with 0.1 increments. Then the real argument value isthe integer
in the referred register multiplied with the scale factor. The resolution of the valuesin the
registersis 1 mm, 0.1 inch and 1 degree with scale factor of 1.

For safety reasons limit values for the arguments can not be exceeded. They are 400 mm for
translations and 180 degreesfor rotations.

The arguments can be modified by the DISPL-function.

Used:

When a movement relative to the present position and orientation of tool isdesired. The
arguments can be also calculated outside robot and transferred to robot viaaport as
described in the section 5.8.

Executed:

Asaspecid variant of POSITIONING. The movement is performed if the arguments are
within the safety limits.

The movements are always performed in the rectangular coordinates (RECT).

6.17.1 REL TOOL (X.Y.2)

Procedure:
POS RELTOOL with immediate arguments

Menu: POSITIONING Function: RELTOOL
1 Select RELTOOL under the POSITIONING menu.
2 Spedify that the arguments are given in the instruction by pressing NO.
3. Enter translational arguments (DX, DY, DZ) as required
4.  Enter rotational arguments (RX, RY, RZ) asrequired.
5 Push 'BREAK.
6 Enter other POSITIONING arguments.
The instruction is now complete.
Recommendation:

The instruction should be programmed with FINE point.
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6.17.2 REL TOOL (viaREG)

Procedure;

POS RELTOOL with pointers to registers containing arguments

Menu: POSITIONING FunctionrREL TOOL

Select RELTOOL under the POSITIONING menu.

Soecify that the arguments are given in registers by pressing YES.

Enter the scaling factor for the arguments.

Enter register numbers containing translational arguments (DX, DY, DZ) asrequired.
Enter registers numbers containing rotational arguments (RX, RY, RZ) asrequired

Push'BREAK.

N o g M w N p

Enter other POSITIONING arguments.

The instruction is now complete.

6.18EXTFRAME (AW only)

Programming of EXTFRAME, see section 12.6.5.
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PREVIOUS
INSTRUCTION:
90 POS
V=100% FINE

6 Postion instruction menu

PATH
d V%) SAME ZONE SEARCH SCANH

!

H 100 POS V= 100% PATH i

FINE CORNER1 CORNER2

i 100POS V= 100% FINE

ZONE SEARCH SCAN i

V(%) ZONE SEARCH SCAN |

{ 100 POS V=100% C2 |
V(%) ZONE SEARCH SCAN [




6 Position instruction menu

100 POS V - 100 % FIWE
I V0b) SAME ZONE SEARCH SATS)

AUTO button, Only Arc Welding

SEE PAGE 26
SEE PAGE 27

T 1o L

___________ l

100 POS V.100% FINE SEARCH S6

ZONE SEARCH SCAN]J

* |fananlog or digital multibitsensor is used, the system asks for a stop condition before thisis

shown on the display. The answer isto be entered in percent of the maximum sensor voltage.
** The stop condition for the current multibitsensor is displayed when theinstruction is
completed (e.g. S6/45%).
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6 Position instruction menu

SEARCH/DIR

A —

100FOS V=100% FINE

AEEE
|

SENSOR NO 6

E 100 POS V = 100% FINE

MORE SENSORS? YES NO

100 POS V = 100% FINE
DELAY?

i 100 POS Vs 100* FINE DIBSEARCH DELAY SG

] V(%) ZONE SEARCH SCAN

* |f an analog or digital multibitsensor is used, the system asks for a stop condition
before thisis shown on the display. The answer isto be enterde in percent of the
maximum Sensor voltage.

** The stop condition for the current multibitsensor is displayed when the instruction is
completed (e.g. S6/45%)
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6 Position instiruction menu

{ 100 POS V= 100% FINE

SENSOR NO=1

00 POS V = 100% FINE
MORE SENSORS?

| 100POSV = 100% FINE
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-+  SCAN

100POS V = 20% FINE

REFP VELCTRL CONTOUR SCAN

e | o= _— :
; 100 POS V =20 % ; -~

Programming
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6 Postion instruction menu

SCAN

EAVE REFP VELCTRL CONTOUR SCAN

100 POSV = 100>

** For multibit sensors these texts are replaced according to following:

» The threshold value, before the speed is to decrease, is specified in % of the maximum
sensorvoltage.

The argument to the positioning instruction is presented without
"VCORR = 20%" instead threshold and maximum values are displayed (e.g. S2/20% max = 75%)

*
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6 Postion instruction menu

—~,
-~
MORE SENSORS? YES
;\
* |f analog or digital multibitsensor is used, the system asks for a bias before thisis
shown on the display. The answer is to be entered in percent of the maximum sensor
voltage.It is displayed when the instruction is completed (e.g. S9/40%) -
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6 Position instruction menu

— SCAN2TIMES

{

OR.VEC POSPOS STOPOS POSLOC SCAN

SEE PAGE 32
-
SEEPAGE™
1
100 POS V= 100* FINE |
4 4 6l PoSTIONNO= CE ENTER ||
T 50

N8& Siffi8SLDfI&

L )

SENSOR NO =9 POSTIONNO =7

100 POSV = 10 % STORE POSTION 7
?
PROGRAMMED POSTION? YES NO

100 POS V=100* STORE POSMON7

{ 100POS V=1000%PATH ;
SH VELOCITY o CE ENTER |

100POS V= 10% VECTORS9
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FROM PAGE 31

100POS V = 60%FINE

OR.VEC Pé)SPOS STOPOS POSLOC

e RmnnANmAmmAAmSAsasiatmsmstssnsnstmsmiissnse: n Rt nah R A R R AR VAR5 P y

100POS V = 60% FINE ;
POSITION NO= CE ENTER

T —— p—— py—— Y A XA o B DAM

{100POS V=60% FINE POSITION (R2) 100POS V=60% FINEPOSITION5 H
H v, ZONE SEARCH ScANE




6 Position instruction menu

FROM PAGE 31

SEE PAGE 36
-

h:x;D

100 POSV =60 % POSTION 5 :
Y= CE

g

ZONE SEARCH
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FROM PAGE 31

| VECTOR POSPOS STOPOS POSLOC SCAN

112 |3 B 100POS V = 60 % FINE “
7|89
-101-.

LOCATION NO =5

100POSV = 60%FINE LOCATION (RIO)
OFFSET ? YES  NO

I 100POSV = 60%FINE LOCATION 5

OFFSET?

SEE PAGE 33 SEEPAGE]| 33
-

1 100POSV = 60%FINE LOCATION (R10)

Wo ZONE SEARCH SCAN
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PROM PAGE 31

100 POSV =60% LOCATION 5

SEE PAGE 36

S At AR AL LRy

i 100 POSY =60% LOCATIONS E
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6 Position instruction menu

FROM PAGE 33 and 35

10POSV =100% POSITION 1
XREGNO =

OFFSET SC=15 X=(R2) Y =0 Z=(R3)

V(%) FINE SEARCH SCAN [
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SCAN3TIMES

100 POS V =100 % PATH

d 100 POS V =100 % CIRCLE

E— -
H V(%) POSPOS POS LOC

§ 100POSV =100% PATH {100 POSV =100 % PATH

100 POS V =100 % FRAME POS1
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mp-  SCAN4TIMES

140POSV=100 %PATH

H
]

PALLET REL TOOL SCAN

-3
Q] o |

Y
] o] e

[]
=

REGNO 2
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7 Automatic menu
Section

7.1-4 PROGST., INSST., BWD., SIM
75 DISPL
76 CORV ST
7.7 ALIGN
7.7.1 Tool direction
7.7.2 External axes
7.7.3 Homeposition
7.8 AW REST
79 RESYNC
7.10 MOV REST

7 Automatic menu

Page

75
75
7:6
7:6

7.8
7.8
79

Programming
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7 Automatic menu

= AUTO
|t1 MI/GL/SW
rs —————— PR — . -~
PROGST INS ST BWD SIM SCAN
ConEprogr instruction Exec, of pos: Simulation
execution WIiseprogr. ingtr. back- ofWATT
execution wards condition
DISPL \ CORVST ALIGN SCAN
Displace- Check of Alignment
ment of progr. correction of tool or home
pos movem position
{ | i 1
®
RESYNC MOVREST SCAN
Resynchro- Restart after
nization of interrupt
sync, axes
1 = AUTO
* Possibleto block by parameter setting, |$ AW
(seeIngallation S3 chapter 5)
| | ] ]
» * » x
PROGST INSST BWD SIM SCAN
Cont progr. Ingruction Exec, of pos. Simulation
execution wiseprogr. instr. back- of WAIT
execution wards condition
I ] | ]
*
DISPL CORVST AW REST ALIGN SCAN
Displace- (Jheck ot Arcwed Alignment
ment of progr. correction Regart of external axes or
pos movem homeposition
| 1 | I
|
RESYNC MOVREST SCAN
Resynchro- Redtart after
nization of interrupt
sync, axes
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7.1-4

7 Automatic menu

PROG ST.,INSST., BWD., SM

7.5
DISPL

Menu: AUTOMATIC  Functions; seebdow

PROGST Continuous execution forward.
INSST Execution instruction by instruction forward.
BWD Execution of tool movements only, instruction by

instruction backwards, logicd instructions must be skipped over
using the SKIP BW button. Position instructions can be skipped if
desired.

The PROG ST, INS ST resp. EXEC BW keys must be pressed
during program runningin manual full speed mode.

When execution in MANUAL REDUCED SPEED modeitis
possible to disconnect this function with the parameter HOLD RC.

SIM Simulation of input conditions for WAIT instruction. If the button
is depressed when aWAIT instruction is executed, all conditions
are assumed to be satisfied.

Program start (PROG ST, INS ST, EXEC BW, AW REST) meansthat therobot
will start moving at high speed.

Make sure nobody remainsinside therobot workingrange before starting the
robot and make sure all safety equipment is functioning correctly.

Definition of position by reading in during program execution.
Menu: AUTOMATIC Function: DISPL

1. Sdect DISPL during programming program execution.

Soedify the program 0- 9999 within which the position to be changed is located.
Spedify the instruction number for the position within the program 10 - 65 535.
Spedify the displacement from the present position in mm, with one decimal,

for the X- Y- and Z-coordinates in the base coordinate system. If any of the
displacements are zero press ENTER directly when the coordinate value concerned is
requested by the system. Permitted maximum value for the different coordinate
displacement is 10 mm.

Interrupt the procedure completely by selecting the AUTOMATIC menu again.
Informationabout the active program etc. is then presented again.

AWN

Select the AUTOMATIC menu again if the displacement is to be executed again with this
function by:

» A position which is before the newly adjusted position in the same program.

* A position within another program.
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7.6
CORVST

Execution of correction movement
Menu: AUTOMATIC Function;: CORV ST

The CORV ST function is used when the correction movement for a specific sensor is to be
checked. The check is performed according to the following:

1. Call thevector instruction required, see program selection and searching within the
program.

2. PressAUTO

3. PressSCAN

4. Press CORVST

When point 4 as above is performed, the robot will move in the direction programmed for
the activated sensor (Activation takes place when the desired instruction is executed).

Note. If the sensor concerned is mounted on the robot in accordance with the sensor data entered
(see chapter 9.5), the direction of the robot orientation is affected when the button CORV
ST ispressed.

To enable the function the robot must be in AUTO with no program execution.

1.7

ALIGN

7.7.1

Tool direction (MH/GL/SW only)
Menu: AUTOMATIC Function: ALIGN
M eans:

The tool isrotated to desired orientation while TCP stand still. With BASE mode the x"-
axis of tool (see chapter 3.2.3) is aligned with one axis of the rectangular basic coordinate
system.

Facts:

Ten different orientations of (0-9) can be stored and used afterwards. For practical reasons
the tool should be rotated at first with ajoystick close to the desired orientation. If the
overall rotation will be wider than 20 degreesin the BASE mode and 45 degreesin the
FETCH mode, an error messageis displayed.

Because ALIGN depends excessively on the definition of the TCP, it should be checked
before ALIGN isused at first time with aTCP.

The TCP can be changed between storing and reusing an orientation.

Stored orientations are transferred to and from diskette with other system parameters.

Used: _
When a specific, or repeated orientation is used in arobot program. Thusit isused during
teaching of positions.

Programming 6 S3
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1.7.2

7 Automatic menu

Executed:
Only if the desired rotation is not wider than the limits above and the operator starts the

movement.

Procedures:
Storing an orientation (STORE)

1. Sdect ALIGN under the AUTOMATIC menu.

2. Sdect STORE.
3. Enter the number of the orientation.

Reusing a stored orientation (FETCH)

1. Sdect ALIGN under the AUTOMATIC menu.
2. Sdect FETCH.
3. Enter the number of the orientation.

4. Start align movemen.
The robot will move with dow speed and "ROBOT ALIGNED" will be displayed.
Aligning the tool to a base coor dinate system axis. (BASE)

1. Sdlect ALIGN under the AUTOMATIC menu.

2. Select BASE.

3. Start align movement.
The robot will move with dow speed and "ROBOT ALIGNED" will be displayed.

Exter nal axes, (AW only)

Menu: AUTOMATIC Function: ALIGN
Alignment of exter nal axes together with the EXTFRAME function.
See description of EXTFRAME in section 12.6.5.

1. Sdect ALIGN under the AUTOMATIC menu.

2. Enterthe EXTFRAME number
3. Start align movement

The external axeswill move with dow speed and "EXTERNAL AXES ALIGNED" will be
displayed.

Programming 7 S3
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7.7.3
HOMEPOS

Menu: AUTOMATIC Function: ALIGN

Alignment of robot axes towards a defined home position.
See description of HOMEPOS in section 9.17

1. Select ALIGN under the AUTOMATIC menu.

2. Select HOMEPO under ALIGN.

3. Select homepos number and start align.

Therobot will movein robot coordinates with dow speed to the specified home position.

7.8
AW REST (AW only)

Arcweld restart

Thefunction AW REST facilitatesrestarting of the welding process after an interruption.
To makethewelding seam as good as possible, the robot is moved to an optional position
which it had 0 - 0.45 seconds before the interruption.

(See Installation S3 for parameter setting). Then the welding processisrestarted with the

same welding parameter s as wer e used before the interruption. AW restart is performed as
follows:

1. PressAUTO.
2. Press SCAN.
3. PressAW REST.

Note.

A restart attempt when itis not allowed will result in an error message: "NOT ALLOWED
COMMAND".

gart moving at highspeed.
Make surenobody remainsinsdetherobot working range beforestarting therobot

c Program start (PROG ST, INSST, EXEC BW, AW BEST) meansthat therobot will
and make sureall safety equipment isfunctioning correctly.

7.9
RESYNC

Using the function RESYNC it is possible to make synchronized axes unsynchronized
without reinitiatingthe entire system. Thisis done in accordance with the following:
PressAUTO.

Press SCAN twice.

PressRESYNC.

If therobot includes syncronized external axesthen press SYNC white will commence
the synchronization movement.

Calibrate the robot. (See Service manual IRB XXXX.)

AONPE

o1

Programming 8 S3
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7.10
MOV REST

The function Move Restart is used for restarting the robot when thereisarisk for
collisons, eg. after an emergency stop (see 3.6.1.5).

Therobot starts from standing still (2) by moving back (3) to the path, to approximately
where the interrupt occured (1).

This movement is made at about 125 mm/s.

The robot then moves forward (4) on the path at a speed of 25% of program speed.
When the TCP has reached the postion (5) of the path planner at the interrupt, normal
program execution is resumed (6).

All positioning instructions except WEAVE, PALLET and RELTOOL can be restarted.
Note that a continous process, like gluing and arc welding is not resumed until the next
processinstruction is executed (for AW; use AW restart).

forward path at

TCP position at E-stop
/ 25% of program speed

path planner position
at E-stop

A

-—-"‘"
forward path at 6
program speed l

reverse path
at 125 mm/s
TCPpogition
at stand till
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=~ Scan 2 times

P

50POSV=100%PATH
RESYNC MOVREST

Synchronizing

Programming 16 S3



8 Editingmenu
8 Editingmenu

Section Page
81 W 8:5
8.2 INSTNO 85
8.3 STEP 85
84 MODPOS 85
85 MODIFY 8.6

8.5.1 HANDCHK
8.5.2 MODIF and MODARG

8.5.3 DISPL

8.5.4 MODEXT
8.6 DELETE 88
8.7 INSERT 88
8.8 PROGRAM 8.9
89  RESEQ 8:9
8.10 COPY 8:10
8.11 ERASE 811
8.12 PROG NO 811
8.13 MIRROR 813
8.14 TIME 814
8.15 COPY INS 8:15

Programming S3



8 Editing menu

Programming S3



f-*f

= Editing

8 Editing menu

7 /1 ]
V(%) INSTNO STEP MODPOS SCAN
Change of Calling of Stepinstr. Change of
speed aninstr. byinstr. progr. pos.
MODIFY DELETE INSERT PROGRAM SCAN
Change of Erasure of Addition of Calling sequence
aninstr. aninstr. aninstr. Calling of progr.
RESEQ COPY ERASE PROG NO SCAN
Resequencing Copying of Erasure of listing of
of instr. a program program used progr. no.
MIRROR TIME COPY INS SCAN
Mirroring of Change of Copying of
‘program pos.time instruction
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8.1 V %)

Change of speed

Menu: EDITING Function: V%
Means:
The percentage speed in an instruction is changed. For changing of the basic or maximum

Speed, see8.5.

Used:
When editing a program.

Executed:
After the concluson of the procedure, the robot reacts immediately.

~ Procedure:
Change of percentage speed

1. Ensurethat the instruction required is presented on the display.
2. Sdlect V% under the EDITING menu.
~ 3. Specify the new percentage speed 0 - 799.9% as a percentage with one decimal.

The new percentage speed is shown in the instruction.
8.2 INSTNO

Instead of stepping forward to a certain instruction, it is possible to cdl it up directly by
pressing INST NO. The robot then asks which instruction number is required and when
thisisgiven, theinstruction lineis shown on the display.

83 STEP
The STEP function is used when, for example, the program is to be presented instruction by
instruction. When STEPis pressed, it is possible to press INST NO FORW or BWD as
required. For each pressing of these buttons, anew instruction lineis presented on the

display.
~ 84 MODPOS

Procedures:
Redefinition of location by running the tool

~ Menu: EDITING Function: MODPOS
_ 1. Ensurethat:
*  Thetool moves as programmed to the position to be changed.
*  Thecorrect instruction is shown on the display after the positioning.
2. Run thetool to the correct position.
3. Sdect MODPOS under the EDITING menu.
4. If the parameter MODPOS is defined (see Installation S3). Answer YES to verify the
change.

If the axes 10 - 12 are present in the system "MODPOS" will affect both instructions, if
"MODPOS' is selected when the POS-instructions are displayed on the programming unit.
The procedure is now completed.

Programming 3
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8.5 MODIFY

Change of instruction
Menu: EDITING Function: MODIFY

M eans.
Aninstruction is changed, partly or completely.

Facts:
Different subfunctions are available:
HANDCHK
MODINST, the complete instruction is reprogrammed.
MODARG, amotion instruction argument except position and speed is reprogrammed.
DISPL, the position for amotion instruction is changed.
MODEXT, modification of external axes.

With AW software a subfunction CLE LO (clear local override) isalso available. See
Override, section 12.7.2.

Note Change only absolute positionsin the program, i.e. deactivated reference point and
reference frame 0 active. Otherwise, the expected change of position does not
correspond to the actual.

851 HANDCHK

Thereis an implicit argument to the POS-instruction, HANDPOS, which storesinformation
of the configuration of the robot arm as it was when the POS-instruction was programmed.
Thisinformation is used when running the robot in Robot Coordinates or Modrect
Coordinates to ensure a specific configuration (see chapter 34) of the arm. When running in
rectangular coordinates the robot will choose the configuration corresponding to the
smallest movement from start to end position. In rectangular coordinates a supervison is
available, which will stop the robot if anything of the following occurs:

1. Thefourth axisis more than 45 degreesin direction from its position at programming
time.

2. The sixth axisis more than 90 degrees from its position at programming time.

3. The programmed axis configuration is not achieved.

This supervision is normally active, but can be deactivated and then reactivated with the
function HANDCHK

If the ingpection is not to be performed, "*" will be displayed in the instruction.
Change of HANDCHK argument

1. Cdl up the positioning instruction which isto be changed.

2. Sdlect CHANGE under the EDITING menu.

3. Sdect HANDCHK

4. Answer YES or NO to the question WRIST CONFIGURATION CHECK?

Programming S3
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8.5.2 MODINST and MODARG

Procedure:
Change of instruction

1. Cadll up theinstruction to be changed.

2. Sdlect MODIFY under EDITING menu.

3. Sdect either MODINST or MODARG.

4. Reprogram the instruction in the usual way.

The procedureis now complete.

853 DISPL
Definition of position by entry without moving the tool

1. Cadll up the correct program and instruction on the display.
. Sdlect MODIFY under the EDITING menu.

2
3. Select DISPL.
4. Spedify the displacement from the present location in mm max 10 mm with one decimal

for X-, Y- and Z-coordinates in the base coordinate system. If any of the displacements
areto be 0, press ENTER directly when the coordinate value is requested by the system.

When the menu, shown before point 3 above is performed, is presented again, the
procedure is complete.

Programming
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854 MODEXT

M odification of external axes

Means:

MODEXT is afunction with which it is possible to copy the position of an external axisto
another, within one and the same POS-instruction. It is possible to execute the copying
within a sequence of instructions.

The system copies the position from the required external axisto another external axis
immediately after the procedure is concluded. The possibility of displacement is available.

Procedure:
Copying of external axes

1. Cdl the program and the first instruction (of several) which is to be modified.
2. Select MODEXT under the EDIT/MODIFY menu.

3. Spedfy the axis from which the position isto be copied.

4. Spedfy the axisto which the position isto be copied.

5. State the number of instructions up to and including the last to be modified.
6. State the displacement inincrement. (Max = working range).

When the modification is completed the instruction most recently changed is the current
instruction.

Any intermediate logicd instructions and POS-instructions which do not include the
external axes concerned are not affected.

Programming S3
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8.6 DELETE

Erasure of an instruction

Menu: EDITING Function: DELETE
Means:
Aninstruction, or severa, in a sequence in the program is erased.

Executed:
The system reacts immediately after the procedure is concluded.

Procedure:
Erase of instruction

1. Call the program required and the first instruction (of several) which is to be erased.
2. Sdlect DELETE under the EDITING menu.

3. Soedify the number of instructions which is to be erased, from and including the
instruction displayed.

The first remaining instruction in the program (or the message PROGRAM END) is
presented, thereby concluding the procedure.

Note.
In order to regain memory space you must clear the program block, see Clearing of program

block, (see section 9.1) or make aprogram selection.
8.7 INSERT

Addition of an instruction

Menu: EDITING Function: INSERT
Means:

Addition of instructions at an optiona place in an existing program.

Facts:

When instructions are added, the new instructions will be numbered in accordance with the
following system.

* If the next multiple often is vacant, the instruction will receive this number.

* If the next multiple often is occupied, the next following vacant number will be used.

See example next page:
Existing Instructions Program after
program tobeinserted insertion
AN fos 110
110 POS 120 POS
140 POS 130 POS
: 131 POS
Programming S3
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Procedure;
Addition of instruction

1. Cdl theinstruction after which the addition isto be made, in the required program.
2. Sdect INSERT under the EDITING menu.
3. Spedify’ the number of the new instruction.

Programming in the normal way of the instructions which are to be added can now begin.

8.8 PROGRAM

To write arobot program, begin by selecting a program number by pressing PROGRAM in
the editing menu after which the robot system asks for the required program number.
When the number is specified, line 10 without an instruction is shown if anew program is
created. If the program aready contains instructions, the first program line is presented.

89 RESEQ
Numbering in even tenths of instructions

Menu: EDITING Function: RESEQ

Means:
Renumbering of the instructions within a corrected program so that all instructions again
have numbering in consequitive multiples of 10.

Used:
After editing of a program

Executed:
The system reacts immediately after the concluson of the procedure.

Programming S3
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Procedure:
Numbering of instructions in multiples of 10

1. Call the program required.
2. Sdect RESEQ under the EDITING menu.

The procedure is now concluded.

Otherwise:
When the function RESEQ is executed, thejump addresses within the program are also

changed.
An error message is presented when ajump is to be made to an erased instruction.

The renumbering function RESEQ is associated with afunction parameter with the same
name. Renumbering is not permitted when the parameter is set to the value 0.

810 COPY
Copying of a program

Menu: EDITING Function: COPY
Means:

A program existing in the user memory is copied under another number.

Used:

For example, when two or several similar programs are to be created.

Procedure:
Copying of a program

1. Cdl the program to be copied.

2. Select COPY under the EDITING menu (used program number is shown with the active
program marked-up with "*" beside the number. Empty memory space, in percent of the
total memory area, is also displayed.).

3. Speaify the program number 0- 9999 under which the copy of the program is to be
stored in the user memory. (Attemptsto copy a program under an already occupied
program will cause an error message.)

The procedure is now completed.

Programming S3
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8.11 ERASE

Erasure of a program
Menu: EDITING Function: ERASE

Means:

One or several programs are to be erased from the user memory.

Facts:

When the function is selected, the sSize of the remaining user memory can be presented as a
readout by pressing the SHIFT button.

Executed:
The system reacts immediately after the procedure is concluded by specifying which
program is to be erased.

Procedure:
Erasure of a program

1. Select ERASE under the EDITING menu (the numbers of program used are presented
with the active program marked with an asterisk. Empty memory space, in percent of
the total memory area, is aso displayed.).

2. Givethe program (or the first program in a continuous number seri es) to be erased with
the number O - 9999.

If only this program isto be erased, press ENTER. Thereby concluding the procedure.
Otherwise continue with point 3 below.

3. Spedify the last program number, 0 - 9999, in the number series of the program to be
erased.

The procedure is now concluded and the system erases the programs specified, regains the
gpace after the erased programs in the memory and responds with information about which
programs that have been erased.

8.12 PROG NO
All numbers of programs stored in memory can be displayed by pressing PROG NO. Al

program numbersin use are then presented on the display. An active program is marked
with an asterisk after the program number. Empty memory spaceis also displayed.

Programming S3
12



8 Editing menu
813 MIRROR

Mirroring of program

Menu: EDITING Function: MIRROR
Means:
All the positions of the active program are reflected in relation to a mirroring plane.
Facts:
The program isreflected in base coordinates. Three different planes are available:

XZ-plane YZ-plane XY-plane

Z V4
Y

X

In addition, a displacement in base coordinates can be added to each of the planes.

Note.
The robot tool must be designed so that it can aso be used, in the same way as before, in a
mirrored program i.e. it should be symmetric around the selected plane.

Used:
When a (copied) program isto be mirrored (in relation to the origina program).

Executed:

A mirroring of a program is performed immediately after the conclusion of the procedure.
Two examples of mirroring are shown below:

Example 1: Mirroringin XZ-plane

Y

Programming S3
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Example 2: Mirroringin parallel displaced XZ-plane

Y

MIRRORING PLANE

Procedure:

1. Select the program to be mirrored.

2. Sdect MIRROR under the EDITING menu.

3. CLEAR CONFIG YES NO. (from M93/5, otherwise continue with 4)

Answer Yes and the robot will take the shortest way to get the right orientation of the tool.
Thismeamsthat axis 1,4 and 6 can be rotated 180 degrees compared to the origina
program (performance as in control programs up to and including M93/4).

Answer No, and it will try to have axes 1,4 and 6 in goproximatdy the same postion as
they had when the program was not mirrored. Depending on the orientation it is not
always possible to not clear the configuration.

When you once have answered Y ES, you can not restore the configuration.

Hint: Try to mirror the program by answer NO.If you the later on want to clear the
configuration, mirror the program twice and clear the configuration when you mirror the
program.

4. Sdect mirroring plane according to the figures below:
5. PressYESif aparallel offsst iswanted.

XZ-plane YZ-plane XY -plane SAME
z z z Which meansthe
same mirroring
7 planethat was
Hected thelast
time the MIRROR-
Y Y / y  function was used.

6. Press NO if no paralell displacement is wanted.

In this case the mirror plane is defined by the base coordinate system like in example 1
above. The mirroring will be executed immediately.

A displacement can be defined in two ways, A, by entering avalue from the teachpendant,

Programming S3
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or B, by moving the robot a corresponding distance.

A Enter the displacement concerned along the relevant axis in the basic coordinate
system. Usethe correct sign for the value which isto be expressed in mm.

In example 2 above a negative value should be entered, corresponding to the distance
from origo to the mirroring plane in negative y-direction.

B Position the robot to a position in the origina program with the joystick and press
ST POS. Run then to the corresponding position in the "mirror image" of the program
and press ENDPOS.

In example 2 above the robot isfirst positioned, for instance, in the point 3 in the
original program and STPOS is pressed. After that the robot is manually moved to the
point 3 where it should be located in the reflected program and ENDPOS is pressed.
Then the mirrorplane will be automatically calculated and al positions in the program
will be mirrored.

Note, when placing the robot in the mirrored point, only the distance perpendiular to
the mirror plane will be used in the calculation.

Before mirroring After mirroring
814 TIME
Change of positioning time
Menu: EDITING Function: TIME
Means:
The positioning time in an instruction is changed.
Used:
When editing a program.
Executed:

After the conclusion of the procedure, the system reacts immediately.

15



8 Editingmenu
Procedure:
Change of positioning time

1. Ensurethat the instruction required is presented on the display.
2. Sdlect TIME under the EDITING menu.
3. Spedify the new positioning time in seconds with two decimals (0.00 - 650.00 ).

The new positioning time is shown in the instruction.
815 COPY INS
Copying of instruction

Means:
Oneinstruction, or more, are copied.

Facts:
The copied instructions are placed after the current instruction.

Copying to a place between two instructions can be performed if enough spare instruction
numbers are available.

Instructions can be copied from another program.

Performed:
The system reacts immediately after concluded procedure.

Procedures:

Menu: EDITING Function: COPYINS

1. Call theinstruction, after which the copied instructions are to be placed.

2. Select COPYINS under the EDITING menu.

3. Speaify from which program the instructions are to be copied. If they are to be copied
from the current program, press
ENTER directly.

4. Spedify the instruction number for the first instruction to be copied.

5. Speaify the number of instructions that is to be copied. If one instruction only isto be
copied, press ENTER directly.

The last copied instruction is now shown and the procedure is thereby concluded.

Programming S3
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PAGE 19
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ERASE, PAGE 22
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MIRROR, PAGE 22
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9 Manual menu
Section Page
91 CLEAR 95
92 DISK 9:6

9.2.1 DISK (FROM DISK)
922 DISK (TO DISK)
9.23 DISK(INIT)
924 DISK (DELETE)
9.3 WINCHESTER MEMORY 9:8
9.3.1 WINCH (FRWINCH)
9.32  WINCH (TO WINCH)
9.3.3 WINCH (INIT)
9.34 WINCH (DELETE)

9.4 IN/OUT (INPUT, OUTPUT, REG) 9:9

95 TOOL (TCP, SENSOR, WRIST LOAD, SOFT S) 9:10

9.6 FRAME 9:26

9.7 LIST (prog, errors) 9:28
9.71 PROG

9.72 ERRORS
9.7.3 SYSPAR
9.74 USERPAR

9.8 FRSC 9:28
99 TOSC 9:29
9.10 RBMODE 9:30
9.11 <LANG 9:30
9.12 ERRORS 9:30
9.12.1 Software Configuration
9.13 TEACH 9:32
9.14 WDATA (arc weld function) 9:34
9.15 PALLET 9:34
9.16 EXTFRAME 9:35
9.17 HOMEPOS (from M93/5) 9:35
9.18 REFP 9:36
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I I I
x
TOOL PARAM PALLET FRAME SCAN
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]
]
EXTERA L REFP SCAN
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chapter 12. 0S/On
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9 Manual menu
9.1 CLEAR

Clearing of a program block

Menu: MANUAL Function: CLEAR

M eans.

The program block isreset so that:

- Thefirst instruction in the program 0 is presented.

All outputs and register are cleared.

All stored positions (with STO POS function) in position registers are cleared.
Correction movementsfor all sensors are cleared, see Adaptivity.

The system regains memory space after erased instructions.

Program displacement by means of reference point is deactivated.

The velocity override is set to 100%.

Used:
* When aprogram block is to be restarted from the beginning.
*  When it is necessary to regain blocked memory space after manual erasure.

. @ & 0

Executed:
The system reacts immediately after the procedure is completed.

Procedure:
Clearing of a program (Regaining of memory space).
Select CLEAR under the MANUAL menu, thereby concluding the procedure.

Otherwise:

The function should be used with discretion during manual work with a program after a
program stop. The contents of the register and outputs can control the complete working
process which has been stopped.

If a program assumes certain value at the output and register, this must be set manually
before the program is started after aresettingto O.

Programming S3
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9.2.2

9 Manua menu
DISK

DISK (FR DISK)

The transfer of information (data) from a diskette to the robot system user memory is
designated loading. A complete program block or an individua program can be loaded with
the help of the programming unit.

Loading of a program block or program with the same number as one already in the user
memory resultsin the previous program/block being written over.

Manual loading from diskette
Menu: MANUAL Function: DISK

1. Placetherequired diskette in the disk drive,

2. Sdect DISK from the MANUAL menu.

3. Sdect FRDISK

4. Specify the number of the BLOCK to be loaded.
5. Select either:

- REPLACE The complete user memory is erased and the block is entered.

- ADD ALL The user memory contents remain intact and are supplemented with the
block which is entered. The program loaded however writes over any duplicates in the
user memory.

- ADD ONLY The user memory is supplemented with one of the programsin the block
specified in Point 4 after the program to be loaded has been specified. The loading is
started when ENTER is pressed.

6. If ADD ALL is used, state whether arc weld data is to be loaded or not.

DISK (TO DISK)

A complete program block can be stored on a diskette.

Manual. storing on a diskette

Menu: MANUAL Function: DISK

1. Placetherequired diskettein the disk drive,

2. Sdect DIK from the MANUAL menu.
3. Sdect TODISK
4. Specify the number of the BLOCK to be stored.

An error message is presented on the display if there is no diskette in the disk drjve.

Up to 7 program blocks with different numbers can be stored on each diskette, in addition
to system data. Program blocks can have numbers from 0 to 9999. Program blocks stored
previoudy are written over if anew block with the same number is entered for storage.

The entry of the block into storage is completed when "READY" is presented on the display.
When storing a block on diskette the welding data, if any, are adso stored in the same block.
For adescription of welding data, see chapter 10.2.3. No other data are stored in the block.
However TCP-registers and FRAME-registers will be stored on diskette together with
systemparameters under function PARAM. See Installation Manual.

Programming
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9 Manual menu
DISK (INIT)

A new diskette must be initialized before being used. The contents of a diskette used
previoudy can be erased by initializing the diskette again.

Diskettes can only be initialized when the robot systemis at Standby.
Initializing of a diskette
Menu: MANUAL Function: DISK

1. Placethe required diskettein the disk drive.

2. Select DISK from the MANUAL menu.
3. Select INIT.
4. The question INITIATE DISK?is presented. Start theintializing by pressing YES.

Theinitiaization is completed when "READY" is presented.

DISK (DELETE)

A complete program block can be deleted from the diskette.

Manual. deleting from diskette

Menu: MANUAL Function: DISK

1. Placetherequired diskettein the disk drive.

2. Sdect DISK fromthe MANUAL menu.

3. Sdlect DELETE.

4. Jpecify the number of the BLOCK to be deleted.

5. The question DELETE BLOCK?is presented start deletion by pressing YES.

Pragrafwemikng
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9.3 WINCHESTER
9.3.1 WINCH (FR WIN)
The transfer of information (data) from Winchester to the robot system user memory is
designated loading. A complete program block can be loaded with the help of the
programming unit.
Loading of a program block or program with the same number as one already in the user
memory resultsin the previous program/block being written over.
Manual loading from Winchester
Menu: MANUAL Function: WINCH
1. Select WINCH from the MANUAL menu.
2. Select FRWIN.
3. Soexify the number of the BLOCK to be loaded.
4. Select either:
- REPLACE The complete user memory is erased and the block is entered
- ADD ALL The user memory contents remain intact and is supplemented with the
block which is entered. The program loaded is however written over any duplcatesin
the user memory.
- ADD ONLY The user memory is supplemented with one of the programs in the
block specified in point 3 above after the program to be loaded has been specified.
Theloading is started when ENTER is pressed.
9.3.2 WINCH (TO WINCH)
A complete program block can be stored on the Winchester memory.
Manual storing on Winchester
Menu: MANUAL Function: WINCH
1. Select WINCH from the MANUAL menu.
2. Select TOWIN.
3. Specify the number of the BLOCK to be stored.
Up to 250 program blocks with different numbers, 0-9999, can be stored. Program blocks
previously stored is written over if a new block with the same number is entered for
storage.
The entry of the block into storage is completed when "READY is shown on the display.
Programming S3



9 Manual menu
9.3.3 WINCH (INIT)

The Winchester memory must be initialized before being used, which can only be performed
when the robot system 1sin the STANDBY mode.

Initializing the Winchester

Menu: MANUAL Function: WINCH

1. Sdect WINCH from the MANUAL menu.
2. Sdect INIT.

3. Thequestion INITIATE WINCHESTER? is presented. Start the initialization by
pressing YES.
Theinitiaization is completed when "READY" is presented.

9.34 WINCH (DELETE)

A complete program block can be deleted from the Winchester.
Manual deleting from Winchester
Menu: MANUAL Function: WINCH

1. Sdect WINCH from the MANUAL menul.

2. Select DELETE.
3. Speaify the number of the BLOCK to be deleted.
4. Veify the deletion by pressing YES.

94 IN/OUT
IN/OUT (INPUT)
Check of the status of an input
Menu: MANUAL Function: IN/OUT

1. Sdect INJOUT under the MANUAL menu.
2. Sdlect INPUT.
3. Giveinput number.

The current status of the input is read once and displayed. It is possble to:
* Read the status of the input once more with SAME.
* Present the status of the next input with NEXT.

Exit finaly from this menu by selecting any other menu except POSITION.

Programming S3
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9 Manua menu
IN/OUT (OUTPUT)

Check and possible changing of status of an output
Menu: MANUAL Function: IN/OUT

1. Select IN/OUT under the MANUAL menu.
2. Select OUTPUT.
3. State the output number.

The current status of the output is now displayed. It is possible to:
» Setthe output to 1 with 1.

» Setthe output to O with O.

* Present the status of the next output with NEXT.

Exit finally from this menu by selecting any other menu than POSITION, because
POSITIONING means programming of a position.

Changing the status of an output may affect the peripheral equipment which in
turn might cause damage or injuries.

IN/OUT (REG)
Manual check and possible change of the value in the number register.
Menu: MANUAL Function: IN/OUT

1. Sdect IN/OUT under the MANUAL menu.

2. Sdect REG.
3. Spedify register number 0-119.

The value in the register sdlected is now shown. Itispossible to:
* Change the value with CHANGE.
» Present the value in the next register with NEXT.

TOOL

TOOL (TCP, CHANGE, MAN DEF)

Manual definition of TCP or BASEP

Menu: MANUAL Function: TOOL

1. Select TOOL under the MANUAL menu.
2. Seect TCP.

3. Specify TCP number 1 -19 for norma TCP. (MH/GL/SW only 20 - 29 are for

Room fixed TCP.)

Select CHANGE.
.Select MAN DEF.

Norma TCP: Speafy x-, y- and z-valuesin hand coordinates, relative to the turn disc of
the robot. If no valueisto be changed, press ENTER directly.

ook

Room fixed TCP: X, y and z-values are in the base coordinate system.

Progr ainming
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9 Manual menu

Note! Allowed rangefor x-, y- z- coordinatesis+ 1500mm, and for the vector

V X2+Y2+Z2for 1KB 2000. £1500 mm, far 1KB 3000 + 1290 mm and for
IRB 6000+ 2500 mm. I f thesevaluesar eexceeded theerror message TDATA ERROR" is
displayed on the programming unit.

7. Activate (see Manual activation of TCP, below) and test run the TCP by manually
changing the tool orientation. If necessary, correct the TCP by a new definition, manually
or automatically.

TOOL (TCP,CHANGE, AUTO DEF)
Automatic definition of anormal TCP

Facts:

¥*A With the automatic definition it is possible to use an aready known TCP value of one tool

to measure, with the help of the robot, the TCP coordinates for a new tool. The known "tool"
could be the center of the mounting flange, defined by TCP 0.

Procedure:
The known tool is mounted and the corresponding TCP value is activated. Then the robot is

positioned with the tool-tip (TCP) in a defined position. This position is stored in the robot
memory as the start position.

After the new tool, which should be measured, is mounted and the robot is repositioned so
that the TCP of the new tool isin the defined position. This position will be used as the end
position, and the system will automatically calculate the new TCP value and storeit in the
pecified register.

If the center of the mounting flange is used as the known TCP, no tool should be mounted
~when defining the start position, and TCP 0 should be activated.

When the start position has once been defined and stored in the robot memory, it can be
reused when measuring new tools, without the need to remounting the old tool and
reposition the robot. However, the old TCP must be active when measuring and defining
the new TCP.

Menu: MANUAL Function: TOOL

1. Activate TCP 0 (see Manual activation of TCP, below).

2. Select TOOL under the MANUAL mode.

3. Select TCP.

4. Specify TCP number 1 -19.

5. If abasepoint is to be defined, press BASEP.

6. Select CHANGE.

7. Select AUTO DEF.

8. If anew starting position for TCP measuring is to be defined, select YES. Otherwise,
select NO and go directly to point 9.

9. Dismount thetool, jog the robot manually to aknown position, press ST POS and
finally, mount the tool again.

10. Jog the robot manually to the known point where the tool islocated, and then press:
ENDPOS.

11. Activate the TCP and test run by orientation of thetool. If necessary, correct the TCP
by anew definition automatically or manually.

Programming S3
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Automatic definition of a Room fixed TCP.

Move the active normal TCP to the desired position where the Room fixed TCP should be
defined.

Press TCP

Enter avalue in the range 20 - 29

Press AUTO DEF

Press END POS Use the BREAK function (under point 8 - 9) to, if required, break:

» The entire procedure if the function was selected erronously.

* Definition of a TCP if the intention is to define a starting position for the TCP definition
by running.

For IRB 1500, 2000 and 6000 systems, there is a set of TCP aids which simplifies the

handling and increases the accuracy when determining the TCP with the function AUTO

DEF. Thefollowing is a brief description of the operation:

1. Thetool, can remain mounted on the mounting flange during the complete procedure.

2. Mountthe guide pin in the outer hole of the mounting flange .

3. Define a suitable TCP number for the guide pin at TCP position given according to the
table below.

4. Follow the procedure for AUTODEF of TCP in accordance with the programming
manual with the following exception:

) OnIRB 1500itis X Y Z |Art.no. for kit
possible to usethe
TCP-pin on robots IRB 1500 -6.5 -100 0 3HAA 2246-1
dellvefeggfégm IRB 2000 -8 100 | 0 |3HAA 2246-1
autumn :
IRB 6000 -15 0 -150 |} 3HAA 0001-UA

a Activate the previoudy sdlected TCP (see point 3 above) instead of TCP 0.
b When defiriing the starting point for the TCP measurement the tip of the guide pin (and
not the TCP 0) isrun to the starting point with ST POS.

Programming 1 S3
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TOOL (TCP,ACTIVE)

Manual activation of TCP

Menu: MANUAL Function: TOOL
Previous definition of the TCP sdlected is assumed

1. Sdect TOOL under the MANUAL menu.

2. Select TCP.
3. Specify TCP number O - 29.
4, Sdect ACTIVE.

The TCP sdected is now activated immediately.

Activation of an incorrect TCP might result in unintentional robot movements.
TOOL (TCP, NEXT)

Control of TCP-position

Menu: MANUAL Function: TOOL

1. Sdect TOOL under the MANUAL menu.

2. Select TCP.
3. Specify the TCP with which the check isto begin.

The x-, y- and z-values, in hand coordinates, of the TCP are now presented.
Room fixed TCP:
The x-, y- and z-values are measured in the base coordinate system.

If the next TCP isto be checked, page with the NEXT function. Finally, when coordinates
for aTCP are not available, the TCP concerned has not been defined.

TOOL (TCP, DELETE)
TCP definition cancded

It is assumed that the TCP concerned is not active.

1. Sdect TOOL under the MANUAL menu.
2. Sdect TCP.

3. Specify TCP number 1 - 29.

4. Sdect DELETE.

5. DELETETCP?YES, NO.

(The coordinates of the TCP selected are now erased immediately.)

Programming
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9 Manual menu
TOOL (TCP,BASEP)

Normal TCP only.

Itis described below how the tool coordinate system can be defined with a TCP and a
Basepoint. First the Startpoint is defined to a reference point in the work piece, for instance
with the help of aguide pin as described above, see figure below. After that the tool is
mounted and the TCP is defined, see figure below. The Basepoint should now be located on
the symmetrical axis of the tool to define the orientation of the tool coordinate system.

REFERENCE POINT
TCP
REFERENCE POINT
? l ' /
MOUNTING HLANGE L SYMMETRICAL AXISOF TOOL

FIG.7 DEFNING START POSTION FIG.8 DEFNINGTCP

The base point can be defined manually or by Automatic definition. Below three ways of
using the automatic definition are described.

When defining the Basepoint the robot should first be
moved to a position where the symmetrical axisor its
extension points through the referencepoint, see the
figure below. In thisfigure, the Basepoint will be defined
in point B, i.e. outside the TCP.

Note.This means that the z-axis of the tool-coordinate system will point in the
opposite tool direction, but thisis generally of less importance.

REFERENCE POINT
B-BASE POINT

TCP

X-AXIS

FIG.9 . DEFINING BASEPOINT

Alternative 1:

1. Direct the tool to the orientation required, relative the work piece.

2. Define the TCP with the AUTO DEF method.

3. When ENDPOS is entered the TCP is defined. Move the TCP a couple of centimeters
backwards from the work piece by moving the robot manually with thejoystick.

4. Define the BASEPoint with the AUTO method without moving the robot, i. e. answer
thequestion "NEW START POS" with NO, and then press ENDPOS.

5. Activate the recently defined TCP.

Programming S3
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9 Manual menu
Alternative 2:
If the tool orientation isto be changed during the program execution, a new pair of
basepoint/TCP must be defined.

1. Activatethe old TCP.

2. Direct the tool to the orientation required (by manual running).

3. Copy the old TCP-location under the new TCP-number with the AUTO method,
i e answer the question "NEW START POS" with YES, press START POS and then
press ENDPOS, without moving the robot in between.

4. Move the TCP a couple of centimeters backwards from the work piece by moving the
robot manually.

5. De€fine the new basepoint with the AUTO method without moving the robot, i e answer
the question "NEW START POS' with NO, and then press ENDPOS.

Alternative 3:

Define the TCP (Manually or already defined).

Press BASEP, CHANGE and AUTO DEF.

NEW START POS: answer YES.

Press ST POS

Move the robot in the desired x-direction, showed in the fig. 9.

TOOL (SENSOR)

The following menu for selection of sensor numbers is avaiable under TOOL + SENSOR in
the MANUAL menu on the programming unit.

1. The numbers of the sensors which are already defined in the system are presented in
theupper display line.

2. Select the number of the sensor which is to be checked, changed or defined.

3 The system then presents a succession of questions for all parameters which are
availablefor the sensor concerned.

4. With ENTER without specification of data, a value already defined for the parameter
concerned is not changed. Thisis used if parameter values are only to be checked.

5. When the sensor definition is completed, the following menu is presented:

YES: Return to the basic menu for definition of further sensors. NO: Conclusion.

Programming S3
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9 Manual menu
Sensor data upper display line
Parameter values previoudy deffned for the sensor concerned is shown on the upper
display line. The display lineis updated after each new entry of parameter values. The
following figure shows an example of a completely defined sensor.

1 j‘:)i) 3) J(5) |(6)|(7)

=

MORE SENSORS?

For the numbering (1) - (7) ace. to thefigure above, refer to parameter | to VIl ace. to the
following:

1 2 SENSORNO =2

2 A Analog sensor

2 B NOOFBITS = 2

3 INP1 INPUT NO=1

4 R INSTALLED ON ROBOT
NOT INSTALLED ON ROBOT

5 02 SCALE=0,2

6 -500 MINVALUE =-500

7 500 MAXVALUE =500

Parameter definitions

Parameter | The parameter refers to the logica number of the sensor specified
when programming adaptive instructions.

Menu Basic menu for sensor definition.

Guide text SENSORNO =

Def.range 1-16

Parameter |1 The parameter specifies whether an instal led sensor is of the

analog or digital type. For digital sensors, the parameter
also defines the number of digital bits for the sensor concerned.

Menu Consequential question above.
Guidetext NO OF BITS=

Def.range 0= Anaog sensor.
1 = Digital one bit sensor of ON/OFF type
2 = Digitd two bit sensor.
The two bit sensor can be interpreted as a one bit sensor with a
sggn bit (MSB).

Note It is possible to define adigital multi bit sensor with 3-8 bits, but
the performance is ungpecified.

Programming S3
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Parameter 111 The parameter specifies, for an analog or digital sensor, to which
physical inputs or outputsthe sensor is connected.

Menu Consequentia question above

Guide text INPUT NO=

Def.range 1-4 = Anaog inputs
1-96 = Normd digital inputs

237 - 239 = Fast digita inputs

Type of inputs 1. Andoginputs:

The parameter value 14 corresponds to the connection of the
sensor to aphysica input 14 on analog /O board DSQC 209.
E.g. Parameter value 2 = Physical input 2.

2. Normal digital inputs:
The parameter value 1-96 corresponds to the connection of the
least significant bit (LSB) of the sensor to logicd inputs 1-96 on
up to 6 digital 1/0 board DSQC 223 . For definitions, see section
7.5.3.1. E.g. Parameter value 17 = Logicd input 17 i.e. first
physical input on the second digital 1/0 board.

3. Fast digital inputs:
The parameter values 237-239 correspond to connection of the
Sensor to sensor input 1-3 on the system board DSQC 256 A.
E.g. Parameter value 238 = Sensor input 2.

Note 1. Normd digital inputs:

a Intended for digital sensorswith 12 hits.

b The figure below shows how the other bits of the sensor are
connected:

¢ A sensor must be connected within the same input group of
8 inputs (SCAN group).

DSQC 223

( 1' . 9 - 4L_SB
2+ <10 MSB Digita 3-bit sensor
-

Input 4o 12
groupi? 5+ 13

6 14
7¢ 15
8e 16

2. Fast digital inputs:
a Intended for digital one bit sensors for which high speed is
required eg. for searching

Programming
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Parameter 1V

Menu

Dd. range

Parameter V

Menu

Guide text
Def.range

Note

9 Manua menu

DSQC 256A

1

SENSOR |  Digital
o] 1-bit sensor
2 [*&—

3

When tracing contours and with free searching, the
adaptive procedureis afected by an active correction
vector for the sensor concerned. The parameter below
defines whether an active correction vector is defined or
follows the orientation of the robot wrist.

Conseguentia question above "INSTALLED ON ROBOT 7'

NO = Active correction vector isfixed in the basic coordinate
system of the robot. Corresponding normally to the sensor not
being mounted on the robot.

YES = Active correction vector isfixed in the robot wrist
coordinate system. Means that the correction vector follows any
reorientation of the wrist between the prgramming of the
correction vector and the adaptive procedure. Corresponds
normally to the sensor being mounted in the hand of the robot.

1. The parameter defines the position gain (correction in mm per
bit change of sensor signal) which affects the magnitude of the
reference issued by the control system of correction movement
with contour tracking.

2. The parameter defineds in addition a scale factor which affects
the reference issued by the control system for:

a The speed of the correction movement with contour tracking,
b The search speed with free searching.

Consequentia question above. Final question for digital one
bit and two bit sensors.

SCALE=
0.00- 99.99
Practically usable values0,01 -

When using contour tracking with weld guard, too high values can
result in instabile weaving direction.

S3
18



9 Manual menu
Parameter VI The parameter defines te least permissible digital value of the
sensor signdl i.e. the control system, before use, filters out sensor
signds less than a certain value.

Menu Consequentia question above concerning analog sensor or digital
(3-8) bit sensor.

Guide text MINVALUE =

Def.range For an analog sensor the permissible definition rangeis +- 1023.

The permissble range correspondsto +/- (2(n-1)-1), where n = the
number of bits.

Note An analog sensor reading of +/-10V is converted to adigita value
of+/-1023. This corresponds to a sensor with 11 bits of which one
isadgn bit.

Parameter VII The parameter defines the greatest permissible digital value of the

sensor signal, i.e the control signal before use, filters out the sensor
signals greater than a certain value.

Menu Consequentia question above. Final question anal og sensor or
digital (3-8) bit sensor.

Guide text MAXVALUE =

Def.range See parameter VI above.

Note 1. See parameter VI above.

2. MAX VALUE and MIN VALUE areto be defined so that the
sensor signa receives a suitably large working range.

TOOL (WRIST LOAD)
Manual definition of programmable wrist load (only IRB 6000)

19 sets of wrist loads can be defined (No. 1-19).

Each contains wrist weight, distancein X direction to the centre of gravity of the wrist load
from rotary plate of the axis 6, acceleration and position gain indeces for axes 4-6. (See
chapter 11.9 for detailed description). Wrist load No. 0 can only be changed under the
parameter meny as it contains values for normal wrist load.

Any sets of values can be activated manually or during program execution displayed as
follows

$SSSK SSK K SttK S i

LOADO01%*347

The values in the upper row displays the defined sets of wrist loads, the digit with a star
displays the set currently activ.

Menu The following menue will be displayed when WRIST LOAD=0-19
is selected.

Programming S3
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9 Manual menu
* Active LOAD : e

**  Notfor LOAD 0 7 LOAD 3M=50KG X=200 MM 5
***  Not for undedfined LOAD CHANGE**ACTIVE***NEXT DELETE :
**** Not for active LOAD ;

When the shift key on the programming unit is pressed the acceleration and position gain
indeces are displayed.

CHANGE
-~
ATIE
LOAD 3 M=50 KG X=200 MM
2(5(6
71819 -
IR
30
11213 H | OAD 3M=30KG X=200 MM
G
713 |9
~ 0]
120
-~
1
4
7
A‘

Cont.
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o .
112 |3l A4=12 A5=10 A6=I] P4=10 P5=I| P6=12
P8 |6 ACCS O = CE  ENTER
718 |9
-0 ]
12
Pl .
112 13 H A4=12 A5=12 A6=I| P4=10 P5=Il P6=12
6
418 16 Hacce 0= CE _ ENTER
7189
=01
10
il
il
112 |8 [ A4=12 A5=12 A6=10 P4=10 P5=I1 P6=12 |
415 |6 PGaATNG ()= CE _ ENTER E
7l8 ]9
=10 ]
8
——aal L
1]2]s = - = P —
A4=12 A5=12 A6=10 P4=8 P5=I| P6=12
415 |SH Pcas = CE  ENTER
718 |9
-J01]-
. |
. -
1412 |33 Ad=l2 AS=12 AG=)() Pdn8 12
al5]6
PGAINE ()= CE ENTER
71 lse :
O EY
10
1(23 = -
LOAD3 M=30KG X=120MM =3
4156
—fa 3L CHANGE ACTIVE NEXT DELETE
=0k
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9 Manua menu
ACTIVE

LOAD 0134*7
OLEAR DISK

Current set of WRIST LOAD values is activated.

NEXT

I RN, AR o AR RGN A KK KNI OG0

= f
| LOAD 4 M= 75KG X =250 MM — f
| CHANGE ACTIVE NEXT DELETE f

DA RN B DN K 2 D B D L DO T O M A M A

[ LOAD5 M=_KGX=-MM —3» |
CHANGE NEXT

If the WRIST LOAD number is undefined, the values for the acceleration and position gain
indeces will be uppdated with predefined values.

Programming - S3
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DELETE

e e
LOAD 3M=75KG X =200 MM w2

CHANGE ACTIVE NEXT DELETE

TOOL (SOFT S, MH/GL/SW only)

Use of soft servo function

Nine sets of "softness percentages’ can be defined (1-9). Each set contains softness values
for each axis. Number O can not be changed asit contains values for normal servo control.
Number 1- 9 are undefined as default. Any set of values, or normal control, can be activated
manually or during program execution displayed as follows:

| SOFTSERVO 012%49
SOFT SERVO CE ENTER B

Thevaluesin the upper row displays the defined sets of softness percentages. The digit
with a star displays the set currently active.

Note! I f HUB 6000, the current wrist load should be trimmed before defining
SOFT SERVO.
Programming S3
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9 Manual menu
MENU

The following menu will be displayed when SOFT SERVO=I-9 is selected and the selected
number is active:

When the shift key on the programming unit is pressed, axes A4-A7 are displayed. Should
the 7th axis be undefined it will not be displayed and can not be changed.

CHANGE

Programming o4 S3



9 Manua menu

If £he SOFT SERVO number was undefined, the values for all axes will be updated with
the values for normal servo (0).

All values entered with the ENTER key will be displayed in the upper row. ENTER
without avalue will leave the dld value displayed.

When the SOFT SERVO number isACTIVE, dl changeswill immediatly be transferred to
the SERVO COMPUTER. Accordingly, no activiation of the SOFT SERVO number is
necessary after a change if the number was already active.

When the desired value has been entered for axis A7 the display will return to the SOFT
SERVO menu.

The values for axes A1-A7 are defined in percent (0-100%). 0% corresponds to normal servo.
1-100% activates SOFT SERVO. Maximum SOFT SERVO is obtained at 100%.

ACTIVE

o

| SOFTSERVO 3 —
£ %
HANGE ACTIVE NEXT DELETE

"

| SOFT SERVO 023 5 — |

Current set of SOFT SERVO valuesis activated.
When using the Soft Servo function, therobot speed and path ischanged.

NEXT  Hsorr ssrvo 4AI=10A2=20A3=30— }
{ CHANGE ACTIVE NEXT  DELETE}

 D— " 3
H{ SOFT SERVO 5A1=15A2=25A3=35 == ;

HCHANGE ACTIVE NEXT DELETE

The next set of SOFT SERVO valuesis displayed. If NEXT is pressed at
SOFT SERVO 9 the display returnsto SOFT SERVO 0.

Progr ainming 3
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9 Manual menu
DELETE T ——————e——

n SOFT SERVO 4 AI=10 A2=20 A3=30 — >+ ||

]

DELETE SOFT SERVO?

YES: Current set of SOFT SERVO vaues are ddeted. The SOFT SERVO number becomes
undefined. Return to the SOFT SERVO menul.

NO: Nothing will happen and the SOFT SERVO menu will be displayed.
9.6 FRAME

Menu: MANUAL Function: FRAME

1. Check that program displacement O is active using the SHIFT button, see section 4.5.
stored displacements give an uncertain result

2. Select FRAME under the MANUAL menu.

3. Sdlect DEFINE (RESET resets program displacement to its origina place.)

4. Typein FRAME number 1 - 5.

5. Runthetoal to the origina position 1, select FRAME under the MANUAL menu and

then press ST POS 1.

6. Position the tool with the joystick to the new position 1 and then press END POS 1.

7. Repeat points 5-6 above for position 2 (ST POS 2 and ENDPOS 2 are presented on the
display).

8. Repeat points5 - 6 for position 3 (ST POS 3 and ENDPOS 3 are presented on the
display).

Note!

If the operator happensto release the safety pad during jogging, the system exits

from the function selected. In that case, start from the beginning once again with

function selection.

Automatic definition

The entire procedure is described in detail in section 10.7.

Programming o8 S3



9.7
9.7.

Note!

9.7.2

9.7.3

9.74

9 Manual menu

LIST
PROGRAM,

Program printout
Menu: MANUAL Function: LIST

M eans:
Readout of program on adisplay or printout on a printer (option).

Facts:

A printout queue of up to five programs can be requested and the printouts are performed
in the order in which they are commanded. The printout of a program can be commanded
while another program is under execution.

The printout isin groups of 60 lines each to suit A4 format paper.

Executed:
The system reacts immediately after the concluson of the procedure (one program at a
time, if thereis no queue of printouts to be processed).

Procedure:

1. Ensure that the printer or screen is switched on.

2. Select LIST under the MANUAL menu.

3. Select PROGRAM.

4. Specify the number 0 - 9999 of the program to be printed out.

The procedure is now completed.

Avoid the following operations during program printout:
» Clearing of program block

* Hoppy disk operations

e Manual program selection

e Erasure of programs

The reason is that you can indirectly interfere the program which the system prints out,
with the consequence that the printout is faulty.

LIST (ERRORS)

Printout of all error messages in the buffer

Menu: MANUAL Function: LIST

1. Select LIST under the MANUAL menu

2. Sdlect ERRORS

The system responds by printing out alist of the messages int the buffer. The version of the
control program is aso printed out.

SY SPARI. Select LIST under the MANUAL menu
2. Select SYSPAR
The function prints the system parameters i.e. parameters under PARMICHANGE.

USEPARI. Sdlect LIST under the MANUAL menu
2. Sdlect USEPAR
Thefunction prints user parametersi.e. TCP, SENSOR, EXTFRAME, FRAME, LANG.

Programming
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9.8

9 Manual menu
FR SC

L oading of program from SC

The function FROM SC is used to load B(rdogram blocks or individua programs from the SC.
The different procedures are described below.

Note that the remote operation mode must be selected before FROM SC can be used.

Procedure A
Loading of a program block is performed as follows

1. Sdect the menu MANUAL.

2. Pressfunction button SCAN twice.

3. Pressfunction button FROM SC.

4. Pressfunction button BLOCK

5. Enter the number (storage identity) of the system data block required (0-9999) with the
numerical button set.

6. Pressthe function button ENTER.

Theloading beginsimmediately after this. The upper line of the display presentsthe text:

* "COMMAND IN PROGRESS' (during the loading phase itseif)
» "READY" (when the loading is complete)

Procedure B

The loading of an individual program is performed as described in the following:

1. Sdect the menu MANUAL.

2. Pressfunction button SCAN twice.

3. Pressfunction button FROM SC.

4. Press function button PROGRAM.

5. Enter the number (0-9999) of the program block required (in which the program sought
islocated) with the numerical button set.

6. Pressthe function button ENTER

7. Enter the number of the program required (storage identity)in the block (0-9999) with
the numerical button set.

8. Pressfunction button ENTER.

The entry begins immediately after this. The following text is then presented on the upper
line of the programming unit:

* "COMMAND IN PROGRESS' (during the loading phase itsdif)
» "READY" (when theloading is complete)

Programming
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9.9

9 Manual menu
TO SC

Storage of program in SC

Thefunction TO SC isused to store program blocks or individua programs in the SC. The
different procedures are described below.

Note that the remote operation mode must be sdlected before TO SC can be used.
Procedure A

Storage of a program block is performed in accordance with the following:

1. Sdectthe menu MANUAL.

2. Pressfunction button SCAN twice.

3. Pressfunction button TO SC.

4. Press function button BLOCK

5. Enter the number (storage identity) of the program block required (0-9999) with the
numerical button set.

6. Pressfunction button ENTER

The storage then begins immediately and when thisis completed, the text "READY" is
presented on the upper line of the display on the programming unit.

Procedure B
Storage of an individual program is performed in accordance with the following:

1. Select the menu MANUAL.

2. Pressfunction button SCAN twice.

3. Pressfunction button TO SC.

4. Pressfunction button PROGRAM.

5. Enter the number (0-9999) of the program block in which the program sought is to be
stored by means of the numerical button set.

6. Pressfunction button ENTER.

7. Enter the number (storage identity) of the program required (0-9999) with the
numerical button set.

8. Pressthe function button ENTER.

The storage then begins immediately and when thisis completed, the text "READY" is
presented on the upper line of the programming unit display.

Programming
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9.10

9.11

9.12

9 Manual menu
RB MODE

Change of operational modein relation to SC

The function RB MODE is used when the operational mode of the robot system in relation
to the SC isto be changed.

The change is performed in accordance with the following:

1. Select the menu MANUAL.

2. Pressfunction button SCAN twice.

3. Pressfunction button RBMODE.

4. Check which operational mode is currently selected on the upper line of the
programming unit display. If a changeis to be performed, continue with point 5.
Otherwise return to the manua menu by pressing the Manual button.

5. If the remote operation mode is to be selected, press function button REMOTE. If locdl
operation is to be selected, press function button LOCAL.

When the status changes to REMOTE, the robot may be started by an superior
computer. Before switching to REMOTE, make sure nobody remainsinside
therobot working area.

*LANG
Selection of language
A change of language is obtained in the following manner:

1. Settherobot system in the MOTOR OFF mode.

2. Pressthe MANUAL button.

3. Scan forward the menu to the text marked with an asterisk at the extreme |eft.
4. Pressthe button with the asterisk.i.e the language button.

5. Sdect alanguage from those sHown in the menu now presented.

This asterisk isintended to smplify location of the language button in the menus when the
language currently in use in te programming unit is not understood by the operator.

Errors
Display on the programming unit of error messages (after production stop)

Read the error message. For most messages it is possible to get text in plain language by
pressing "+" on the programming unit. Use the SHIFT button to display more error
messages, if required. If you want to read messages about system errors once again, select

errors under the MANUAL meny as below:

Display on the programming unit of error messages from the latest error
occasion

Menu: MANUAL Function: ERRORS
1. Select ERRORS under the MANUAL menu and read the error message.

2. Press"«" to show textin plain language.

3. Use the SHIFT button to display more error messages if required.

Programming
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9 Manual menu
Display of error messages on the monitor after production stop

Read the error message displayed on the monitor.

Display of all error messages in the buffer on the monitor

Manu: MANUAL Function: ERRORS

Select ERRORS under the MANUAL menu and read the error messagestat are displayed
on the monitor.

Erasure of all messages in the error buffer

Menu: MANUAL Function: ERRORS
1 Sdect ERRORS under the MANUAL menu.

2 Sdect ERASE.
3 Answer with YES. (If the answer is NO the system will not erase any message).

Optional Error message in plain language (to be selected)
Menu: MANUAL ' Function: ERRORS
1. Sdlect ERRORS under the MANUAL menu.

2. Sdlect TEXT.
3. Answer with message number and code.

Load textsin plain language into memory

Menu: MANUAL Function: ERRORS

1. Select ERRORS under the MANUAL menu.

2. Sdect FRDISK

3. Answer with block number (see Installation Manual).

Softwar e Configuration

The controller software configuration can be read by pressing the ERROR button, and then
scanning through any errors in the buffer by pressing the SHIFT button until finaly the
software configuration is shown on the display.

Menu: MANUAL Function: ERRORS

Roboat type Program Program Week

RB 600024—120 NB/6 9412 M93/6 :

Display error messages with te - un nti the display shows the following
information:

The control program version is also displayed on the monitor.

Programming S3
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9.13

9 Manual menu
TEACH

Position definition for Off-line

Means
Definition of robot positions for use with Off-line programming.

Facts
The TEACH function can only be used when the Off-line Programming Package is
connected via a computer link to the robot.

Positioning instructions in programs developed Off-line can refer to robot positions stored
on acoordinatefile in the development computer.

When TEACH is utilized, the name, position and wrist orientation of each robot position is
registered on a coordinate file. When external axes are used, the positions of these are so
stored if they are defined in the robot system.

A position is defined by placing the robot in the required position with the joystick and
pressing the POS button of the TEACH function.

Used
To be able to use TEACH, the function must start from the Off- line package and be
selected under the MANUAL menu on the programming unit.

When TEACH is used in the development computer, al of the TEACH messages and
spontaneous messages from the robot system are presented on the devel opment computer
display screen. In addition the messages are saved in accordance with the above on the
TEACH LOG file in the development computer.

The parameters "Communication board", "Robot identity” and "Computer Link" areto be
set correctly in the robot system and the REMOTE mode isto be selected (See Installation
S3) for the control system. The parameters "Robat identity" and "Computer link™ in the
development computer are to have the same values as the corresponding parametersin the
robot system.

The robot system isto be in the MOTOR ON mode when TEACH is used.

To check that the connections between the development computer and the robot system
function, some action can be taken in the robot system which resultsin the presentation of
a spontaneous message on the computer display. For example, the programming unit can
be extracted from the robot system control cabinet and then returned.

ProcedureMenu: MANUAL Function: TEACH

When names on coordinate files and positions are to be specified, the write function on the
programming unit is to be used in accordance with the following.

Six letters are shown at each multifunction-button on the lower display line on the
programming unit. If for example an "N" is required, the third button from the left is
pressed followed by the figure 2 ("N" is the second letter in the group of letters at the third
multifunction button). The letter "NT isthen presented on the display. Numbers are typed
in a the numerical key set of the programming unit. Characters are erased with the minus
sggn "-". Each name is concluded with a period sign (.).

Programming
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9 Manual menu
Sequence definition of positions means that positions are named in sequence when
defining. A basic named is given and each new position defined is given the basic name
followed by a sequence number. If, for example, the basic name"BOX 1" is selected, the
first position defined will be given the designation "BOX 1", the second "BOX 2" etc. The
alternative to sequence naming of positions is manual entry of each name.

1 Seect TEACH under the menu MANUAL. Then start TEACH from the Off-line package
in the development computer.

2 Thequestion "NEW COORDINATE FILE?" is asked.

Answer YES if anew fileisto be created and give the name of the new coordinatefile.
Answer NO if the coordinate file shown on the upper line of the display is to be used (the
coordinate most recently edited.

3 The dternatives DEF, CHANGE, ERASE and EXIT are shown on the lower line of the
display.

DEF )

4 The system asks if a sequentia definition is required.

If YES, give the base name for the position sequence to be defined (e.g. BOX 1). If NO, give
the name of the position to be defined (conclude the name with a point).

5 Run the robot to the required position with thejoystick and then press the button to
define the position.

6A Sequence-definition
The name of the next position (eg. BOX 2) is shown on the display.

Define the next position in accordance with the point 5 above and repeat the procedure
until all positions are defined within the sequence.

Pressing "BREAK" breaks the definition of positions within the sequence and resultsin the
repetition of the presentation on the display of the menu in accordance with point 3 above.

6B Manual entry of each name
The robot system asks if more positions are to be defined.

With YES, give the name of the position and then define the position in accordance with
point 5 above. Repeat until all positionshave been entered. With NO, the menuin
accordance with point 3 above is presented again.

CHANGE

4 The system asks which position is to be changed. Give the name of the position,
concluded with a point.

5 Run the robot to the position required with the joystick. Then press the menu button
POS to redefine the position.

ERASE
4 The system asks which position is to be erased.

Give the name of the position and conclude with a point. The point named is then erased

EXIT

4 Conclude TEACH.
Programming S3
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9 Manual menu
9.14 WDATA

Weld data (W DATA) containsinstructions for definding the different parts of the arcweld
process:

START DATA

MAIN DATA

 END DATA

* WEAVE DATA

* SENSOR DATA

These are described in chapter 10 under the Arc Welding Process. Theinstructions are
availablein the IRB 2000 AW software only.

9.15 PALLET
Definition of a pallet. Available on MH/ASM and GLUE software.

Menu: MANUAL Function:PALLET

Check that correct TPC is active.

Select PALLET under the MANUAL menu.
Specify pallet number 0-9.

Run the tool with thejoystick to the first point in the pallet. Check that the orientation
is correct.

Press END POSI.

Run the tool to desired position above the pallet.
Press ST POS

Run the toal to the last point in the first row.
Press END PO2

10 Specify no of pointsin-every row 1-99.

11 Runthetool to thefirst pointin the last row.

12 Press END POS3.

13 Specify no of rows 1-9

©CO~NOUT DWN R

The pallet is now defined. The definition can be interrupted by pressing BREAK. The pallet
will then be undefined.

ST POS END POS 2
I/ /
|
END POS 1 _ END POS 3
Programming 3



9 Manual menu
9.16 EXTFRAM (AW only)

Defoliation of EXTFRA (external frame), see section 10.25.5

9.17 HOMEPOS (From M93/5)
HOMEPOS

This function makes it possible to indicate if the robot is in a certain position, the so cdled
HOMEPOS, via setting/resetting of adigital output. Up to three homepositions can be used
at the same time.

See also section 7.7 ALIGN/HOMEPOS

P The HOMEPOS supervision is done in robot axes coordinates, which means that the
HOMEPOS is not a TCP-position, but always refers to a certain mechanical position of all
robot axes. As soon as the homeposition is defined, a (selectable) digital output will be set
aslong astherobotisin (resp. doseto) this postion.

- The zone around the HOMEPOS is +/- 60 increments for each axis. Thisisthe value which
corresponds to azone of 10 mm radius around TCP 0 whan the IRB 6000/S3.0-100 isinit's
most extendend position.

The HOMEPOS supervision is done as soon as any home position is defined by the user.
The supervison is active during program execution as well as during manual moving via
thejoystick.

Any defined homepos is internally handled as user parameters like TCP-data and can be
stored and loaded toffrom disk.

NOTE 1 External axespositions are not included in the HOMEPCS, i.e. it is only the 6 robot axes

which are supervised.

~ NOTE 2 Asthere is a sampling time of 200 ms and because servo-lags are not observed, the output
will - especidly at high speeds - not be set at the exact point of time when the robot isin
the home position. When using the HOMEPOS-output during program execution -
especialy at high speeds - specid care hasto be taken about the timing.

ﬁ

DEFINITION OF THE HOMEPOS AND THE CORRESPONDING OUTPUT
The homepos definition is done under the manual menu.

For a complete homepos definition, the position and a corresponding output have to be
defined. The position is defined by moving the robot into the desired position and then
enter this postion to the HOMEPOS memory. Any free accessable output may be used as
homepos indicator.

The HOMEPOS definition is done by selecting the HAND menu and then depressing SCAN
4times.
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9 Manual menu
9.18 REFP

Reference point can be turned dff by answering YES.

Programming S3
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9 Manual menu

I 1OV 1000MM/SMAX 1000 MM/S
k
CLEAR DISK WINCH IN/JOUT  SCAN *

P

100 POS V= 100% PATH

1100 POSV= 100% PATH

FHi DISK TO DISK INITDELETE BREAK K

DELETE, PAGE 38
-

INIT.PAGE38

INIT.PAGES8
-

1|2 1]2]3
1s 4|5]6
7|8 718]9
- 10 -|0]"
USED BLOCKS: 15
REFLACE ADDALL ADDONLY
112 EDBLOCKS: 1,5
ol PROGRAM NO=
78
.lo
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9 Manual menu
DELETE, PAGE 37

. 4

USED BLOCKS: 1, §

et B
=3 L Ll B

H USED BLOCKS: 1,5
DELETE BLOCK? YES

Block deleted

INIT, PAGE 37

INIT, PAGE 37
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9 Manual menu

| 100 POS  V=100%PATH
LEAR DISK WINCH INJOUT SCAN

REG, PAGE 40
OUTPUT, PAGE 40
] 2
100 POS V=100 % PATH | a—

45

q 8

10
INPUT NO 38
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9 Manual menu
REG, PAGE 39

OUTPUT, PAGE 39

:

i‘; 100 POS  V=100%PATH
4 5 4IREGNO- CE

SR

REGISTER NO 11

T K 11=-23 _
CHANGE NEXT :
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9 Manua menu

D AN A O R RN LR ORI AR

AR AR S AL AT B A A TS i 8 A AN B R

00 POS V=100% PATH

OOL PARAM PALLET FRAME SCAN

* Only IRB 6000
(see section 11.8)

SOFTS (MH/GL/SW only)
PAGE 45

o
»

SENSOR, PAGE 44

L L

ol

IFTCPO-19 IF TCP 20-29 PAGE 59

ex. TCP5 -

s A

BASER PAGE 43

INJOUT  SCAN [

TCP, PAGE 42

-
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9 Manual menu
TCP, PAGE 41

e A A AN R A A AP AN PP

4 TCP5 X250 Y =0 Z=0

o

{ TCP5 X=250

e

Y=0 70

THE TOOL

[
i

&

o

it

{TCP5 x=100 Y=50 =75
HANGE ACTIVE NEXT BASEP DELETE
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9 Manual menu
BASEP.PAGE41

E /a_mm.u‘h.\. O A Y T M MV M o D AR A AL M W

H TCP5 X=250 Y=0 Z=0MM
CHANGE ACTIV NEXT BASEP DELETE

‘J

BASEPSX— . Y=_ Z=..MM
AUTODEF MANDEF

REMOVE
THETOOL

BASEPS x=.. Y-... Z=..
X=a

11213 i BASEPS X=.. Y=.. Z=..
41518 == CE  ENTER
71819 : :
-lo|e
Z =100
BASEP5 X=5 Y=70 Z =100
CHANGE NEXT TCP ERASE
BASEPSX 5 Y=70 7= 1oo
:’s CHANGE NEXT TCP DELETE
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9 Manua menu
SENSOR, PAGE 41

Seeadso
SENSOR
INTERFACE
Chapter 10.
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SOFT SERVO, PAGE 41

9 Manual menu

A4=15 A5=45 A6=35 A7=50

=g I

Oln

L)
—l ok [V

SOFT SERVO 4 Al=15 A2=20 A3=50

CE ENTER

15

Y v

ACTIVATE
CURRENT
VALUES
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9 Manual menu

100 POS V =100 PATH

CLEAR DISK WINCH

IN/OUT SCAN

PALLET, PAGE 57

£ -
INSTALLA-
TION S3
Progr amm?ng S3
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9 Manual menu

00 POS

V=100%PATH

V =100% PATH

[ioros_v-iowerr ]
!—ﬂ
. -.-i-”

= | FRAME, PAGE 48
b > [F >

RUN THE ROBOT INSTRUCTION-
WISE TO POINT 2.
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9 Manual menu

RUN THE ROBOT INSTRUCTION-
WISE TO POINT 3.

E}

v

170 POS V=100%PATH

e

TOOL PARAM PALLET FRAME SCANH

170 POS V=100%PATH
STPOSS

P R O e P DT AL I N A,

170 POS V = 100%PATH
BREAK
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*)JAVAILABLE ONLY IF THE

ROBOT ISPROVIDED WITH

PROGRAM PRINTOUT.

9 Manual menu

100 POS V=100 % PATH

.POOL PARAM PALLET FRAME

L2
. . kKVAILABLE ONLY IFTHE ROBOT
100 POS V=100%PATH IS PROVIDED WITH COMPUTER
: pp . LINK.

100 POS V=100%PATH

PROGRAM ERRORS LTDATAWDATA

AW SOFTWARE ONLY

o
AW SOFTWARE

¥ WITH LASERTRAK OPTION
ONLY

|—y PRINTOUT OF

ERROR BUFFER.

4| §
| 8
- °l

100 POS V=100%PATH
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FROM SC/TO SC. PAGE 49

] 100 POS V=100% PATH

H{ BLOCK PROGRAM

00 POS V=100%PATH *H100 POS Vv=100%PATH

o = § -
S lon | A

4 100 POS Vv = 100%PATH :
CE ENTER

Programming 0



9 Manua menu

100 POS V = 100%PATH

d RemoTE MODE
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9 Manual menu

100 POS V=100%PATH

CLEAR DISK  WINCH IN/OUT SCAN

LR A AN A A

100 POS =lOO% PATH
TOOL PARAM PALLET FRAME SCAN

KR IR K K KA T M L A A B Ao R DA O, 0 M OO

ﬂ 100 POS V=100%PATH

RBMOD

- — e PR

{100 POS  V=100%PATH

[] *LANG ERRORS5 TEACH WDATA* *SCAN FEi

s

TEACH, PAGE 53

ry

ERRORS, PAGE 56

**(AWONLY)
DESCRIBED IN CHAPTER 12,

By

SELECTED LANGUAGE
APPEARSAT ONCE
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9 Manual menu

TEACH, PAGE 52
If nofilehasbeen _ & The file edited most
edited previously, COORDINATE FILE =AFILE 5 recently is shown on
themenubelowis . NEW COORDINATE FILE? YES  NO the upper line.

shown directly.

COORDINATE FILE * AFILE

‘\‘*H
Wim| W
L-T Y I

[
<o

LETTERNO. 2

CONCLUDE
TEACH

ERASE, PAGE 55

““Inbr-l
ol o] 9
o] o] ¢4

CHANGE, PAGE 55

v

DEF, PAGE 54

>

I TS
®len | N

+
L]

COORDINATEFILE =TES
ABCDEF GHUKL MNOPQR STUVWX Y2

E FI

DEF CHANGE ERASE

IS I
Dleon

CONCLUDE
TEACH

ERASE, PAGE 55

CHANGE, PAGE 55

vy

e =
(=3 1.3 T ]

DEF, PAGE 54

o
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DEF, PAGE 53

If nofilehasbeen

edited previoudly, 4 COORDINATEFILE>=...

T

the menu below is SEQUENCE?
shown directly.

9 Manual menu

The file edited most
recently is shown on
the upper line.

w3 ] -

el

Enter the first namein the sequence
with the function and numerical
buttons as on the previous page.
Conclude with a point

A A A P P AR P B i
=

Run therobot to therequired position
for "Box 1" with the joy stick.

3B NAME =

ogoofegnN

ABCDEF GHIJKL MNOPQR STUVWX YZ

Enter the first namein the sequence
with the function and numerical
buttons as on the previous page.
Conclude with a point.

e e AP P\ AR

NAME = SQUARE

Run the robot to the required position
for "SQUARE" with the joystick.

Run therobot to therequired position
for "Box 2" with thejoy stick.

AP

NAME=BOX3

SEE THISPAGE CONCLUDE TEACH

SEETH S
PAGE

ERASE, PAGE 55

CHANGE, PAGE 55 |,
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CHANGE, PAGE 53

9 Manua menu

Enter the name of the
position to be changed.
Conclude with a point.

Run therobot totherequired
position for "BOX 2" with

thejoystick.

ERASE, PAGE 53

NAME=B0X2

Enter the name of the position
which isto be erased. Conclude

with a point.

ABCDEF GHUKL MNOPQR STUVWX YZ

NAME =B0X2

NAME = BOX 2

DEP CHANGE ERASE

S3
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9 Manual menu
ERRORS PAGE 52

| 503 EMERGENCY STOP

ERASE TEXT FRDISK .
t n times

9104 1991
-~

: ERASE TEXT FRDISK

Ty

4 NO ERROR MESSAGE T
ANG ERRORS TEACH SCAN

S - §$-

H 503 EMERGENCY STOP !
ERASE TEXT FRDISK

1 503 EMERGENCY STOP

H
:
H

H 504 - 51 STOP! TCP NOT DEFINED

ERASE TEXT FRDISK
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9 Manual menu
AN 1 TIME

PALLET, PAGE 46

PALLET, PAGE 58
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PALLET, PAGE 57

FROMSTPOS

) 9 Manual menu

Y

PAT.TJT
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9 Manua menu
TCP, PAGE 41

ex. TCP 22

o R P T B A P R e e e I PO

AUTODEF MANDEF

Y-VALUE = 200M M

-3
(=1 B0 K-8 -

P

Z-VALUE=1650MM

S 4 AL

X=1500 Y=200 Z=1650 MM
{ CHANGE ACTIVE NEXT BASEP DELETE |
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9 Manual menu

w» SCAN 4 TIMES i

RIM READSYN TSIG HOMEPOS SCAN

A4:-0 A5:15 A6:-200 OUTPUT=10

iz Py —— AR AR R A AR,
Ed

HOMEPOS 1:=A1:-90 A2£0 A3:-20 -> ‘
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10 Adaptivity
10.1 Adaptivity sensor interface

Introduction

The adaptivity functions are utilized when it is advantageous to use the same robot
program for atask, despite it being possible that the work situation may be changed during
the program execution. For example, the task can beto pick up work pieces from a conveyor
at standstill, irrespective of the placing of individual units on the conveyor, to apply
adhesive to the contour of work pieces each with itsindividual shape or to grind objects
with varying dimensions to a specified dimension.

The adaptivity functions utilize indications from sensors which are connected to the robot
system to permit adaption of the robot movements to the position and form of the work
piece.

10.2 Connection and definition of sensors

The following sensor types can be connected:

SENSOR TYPE SIGNAL LEVEL
Digital one bit sensors High "1t
Low "0
Digital two bit sensors High "01"
No signa 00"
Low 10"
Error status"11" (stop of programmed
running)
Anaog senors -IOVto  +10V
The sensors can be used for the following functions and are connected in accordance with
the table:
SENSOR FUNCTION CONNECTED VIA
Digital one bit sensor Distance searching System board
Speed control System board
Digital two bit sensor Distance searching Digitd 1/0O board
Direction searching Digital 1/0O board
Speed control Digital 1/O board
Contour tracking Digital /O board
Analog sensor Distance searching Analog 1/0 board
Direction searching  Anaog I/0 board
Speed control Analog /O board
Contour tracking Analog 1/0 board

A digital sensor can be connected to any digital input on any digital 1/0O board. Both bitsin
atwo bit sensor are to be connected to input channels within the same supply group. The
connections is to be made i nput channel s next to each other, with the lowest bit connection
to the input channel  with the lower number.

Up to three one-hit sensorsfor distance searching can aso be connected to the direct action
inputs of the system board. These inputs have aresponse time of 12 +£5 msec,
i.e. 7to 17 msec. Theresponse timefor inputson the digital 1/O board 12 (- 5+ 15) msec,

Programming S3



10 Adaptivity
i.e. 7to 27 msec.

Connection of one bit sensors via the system board is described in Installation S3,

chapter 3.

Analog sensors can be connected to arbitrary analog input.

Except the physical connection according to above, must the sensors be logicaly definined
before the adaptive functions can be used. Thisis described in chapter 9.

10.3 Sear ching

The search function is usable for example when the position of the work piece which the
robot isto process is not completely known or if it can vary from cycle to cycle.

The robot searchesfor the part and uses its location as a starting point for the processing.

Two variants of searching can be programmed, distance searching and direction searching.
In both cases a search distance is defined during the programming which determines the
direction of the searching to be performed.

Up to three sensors can be used simultaneously when searching. When distance searching
all sensor types can be used (one bit and two bit digital and analog) and when using
direction searching all except digital one bit sensors.

When a sensor "finds' an object in the search distance, its signal level changes. During
distance searching, this causes a so-cdled search stop i.e. the searching movement is
interrupted.

During direction searching such a signal change results instead in the start of free
searching.

When two-bit sensor are used, a search stop is given when the sensor signal changes leve
from " 01" to "10" (or from "10" to "01"). During free searching under direction searching, a
search stop is given when level "00" is searched.

For analog sensors, asignal level is programmed at which a search stop isto be given. The
search stop is given irrespective of whether the signal was previoudy at aleve higher or
lower than that programmed.

With free searching under direction searching, a search stop is aso given when a certain
level programmed previoudly is reached.

Asthe search stop statusis presented at the robot outputs, this can be utilized to control
peripherals or as jump conditions etc.

The length of the search movements are determined by the positioning tolerances of the
workpiece. To ensure constant search speed the start and stop positions of the searches
should be placed approx. 5 mm outside the tolerance range of the workpiece.
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If the position of the workpiece varies within very wide limits, the long search movements
necessary become excessively time-consuming. An introductory quick search with reduced
accuracy can then be used to advantage to give a start point for a search with normal speed
and accuracy. To secure that the whole distance of the programmed search movement is
executed, the start and end position of the search must be fine points.

Reference point

Reference point instructions are used to refer the search and TCP movements to the
preceding search stop. This procedure permits transposition of the TCP movementsto the
correct position. Reference point instruction REFP should be programmed at a FINE
position.

When areference point is programmed, the current position of the robot TCPis stored in
the robot memory. When the reference point instruction is executed, the difference between
the stored position when programming and the current position is calculated. This
difference is added, with further programming or program execution, to the position of al
position instructions until anew reference point is activated or the instruction "REFP OFF
isexecuted. A new reference point can be activated without deactivation of the preceding
reference point.

Conditional jumps

When executing a search movement, the register "Search” is activated to indicate that the
search has resulted in a search stop. The search register is one of the arguments with
conditional jumps. This permits repetition of unsuccessful searches or jump to an error,
control program. If aso ajump, conditiona with respect to the contents of aregister is
used, unsuccessful searches can be repeated a programmed number of times before the
error control program is called.

Distance sear ching

If a sensor detects that which is required during a distance searching the searchingis
interrupted and a search stop is activated. The next instruction in the program isthen
executed. The search stop applies until anew search begins.

If no search stop is activated, the robot continues to the end of the search distance and then
begins execution of the next instruction.

It isalso possible to program a delay so that the search stop is not actuated until 0.5
seconds after the sensor detection.

Direction sear ching

Direction searching can be used when the robot is to locate the corner of a sheet or a box.
When such acorner is located in the search distance, searching continuesin anew
direction (free searching) without a search stop.

The direction of the free searchingis determined by correction vectors, the magnitude and
direction of which are programmed with the help of the VECTOR function. (See section
10.6 Correction vector for amore detailed description of how the function is utilized).
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The free searching continues until all of the sensors used give signals that no more
correction is necessary, (i.e. level "00" for two bit sensors. For analog sensors, the level to
apply is selected at programming). The position of the corner is determined and a search
s%opr)] becomes effective. The search stop can aso be delayed until 0.5 seconds after location
of the corner.

The stop position is adjusted with respect to the zero zone after which execution of the next
instruction is begun.

If no sensor reacts during the first search distance free searching begins at the end of the
search distance.

Free searching is stopped if it reaches outside aradius of 5 cm from where it began.
10.3.3  Autosearch (AW only)

The function AUTOSEARCH is afurther development of distance searching. Some
differences are described below:

During programming of the search distance, there are sometimes problems to define the
end position for the search, depending on difficulties to reach the position physically, or
other obstacles. Then it is possible to define a calculated end position, as follows:

* Program the start position of the search in the same way as for distance search.
*  Then program an end position close to the expected position for search stop.

With theinstruction AUTO (under the SEARCH menu) itis possible to simulate an end
position. It is placed as follows

1. The operator runs the robot tool to a position, where a search stop islikely to occur.
That position is situated on the distance A from the start position for the search.

ﬁ
»
*o— -~-0

Start pogtion A Expected postion
for seerch stop

Simulated end position

2. The operator performes the procedure as below.

3. The system will, as an answer, an end position situated at a distance 2 * A from the
start position for the search.

When the search stop occurs the search is interruppted and the robot position stored. The
reference point is dso activated (REFP ON). This will smplify complicated searching
sequences with many consequent searches.
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104 Speed control

In some robot applications, the possibility of controlling the working speed of the robot isto
advantage, particularly when different parts may require different processing.

A sensor is utilized for speed control so that the sensor signal controls the reduction of the
programmed speed. The reduction (X % below) is pecified when programming digital
sensors. In the case of analog sensors a threshold value and a maximum value are specified

(seebdow)

One bit sensors: O=Unreduced speed
|=Speed reduced by X %

Two bit sensor: 01=Unreduced speed
OO0=Fpad reduced by X %
10=Speed reduced by 2x X %
[1=Stop

Anaog sensor: When the signd is lower than the

threshold value, the speed is not reduced.
For signals equal to or greater than the
threshold value but less than the
maximum value, the speed is reduced in
proportion to the signa with signals equal
to or greater than the maximum value,
the robot movement is halted.

Only one sensor is used with speed control. All types of sensor can be used.
The present velocity correction is saved when the program is stopped (irrespective of how).

It is still active when the program restarts (even at backwards execution). The correction is
erased first when a POS-instruction without a VCTRL-argument is executed.
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Contour tracing

When the robot is to follow a contour between two points the contour tracing function can
be utilized. The function is activated with the argument CONTOUR.

Start and stop pointsfor the tracing distance are specified during the program as FINE
positions. During movement between the two points, the sensors signal states where the
robot is, in relation to the followed contour.

The position of the robot is corrected if it departs from its path. The direction in which the
correction isto be made is given with the help of correction vectors (see section 10.6).

Up to three sensors can be used at the same time when tracing contours. Analog sensors,
digital two bit sensors but not one bit sensors can be used.

When programming, the signal level to be adopted by the anal og sensors when the contour
isfollowed correctly i.e. when no correction is necessary (a so- caled BIAS level). For two
bit sensorsthelevel "00" isthe BIAS level.

For contour tracing, the following applies:

» Up to three sensors can be used

» Digital one-bit sensors cannot be used

» Correction vectors for each sensor used must have been programmed previoudly.

Principle

The contouring function is designed to enable small path corrections to be made when the
robot moves between two pre-programmed points. Correction are performed by each
interpolated interval (each 48 ms) that are proportional to value of the sensor and the
programmed speed of the correction vector.

The actual formulafor calculating the correction is as follows.
CORR=( SENSCRVALUE) * SCALEFACTOR* (CORR VEC. VELOATY) * K
where K isainternal constant.

The sensor value isread every 10 ms and a correction value calculated which is
accumulated in aregister and is used for calculation of the next interpolated step.

To obtain amore stable movement there is a+0.1 mm zero zone from desired location
within which no correction is done.

The actual deviation from the nominal path is saved when the program is stopped(no
matter how). Itisin effect when the program is restarted(even at backwards execution).
The correction is cleared first when a POS-instruction without contour argument is
executed.

Limitations
The contouring function is designed for welding applications where low robot speeds are
used. Itis not intended for cases where large deviations from the programmed path are

expected.

In general the contour function should be used at robot speeds of less than 20 mm/s and
deviations of lessthan +10 degrees. The function has atime constant of around 210 ms (of
which the mechanical time constant of the robot is around 120 ms).
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The agorithm for calculating the position corrections is located in the robot system and
therefore the function is not designed to receive pre-caculated position corrections from
"smart" sensors such as seam trackers.

ABB Robotics seam tracking system - LaserTrak - operates on a different principle which
means that the limitations in the speed and deviations given above do not apply.

Complementary programming notes
Normally is an analog sensor used for contouring. As can be seen from the formula given

above, the scale factor and correction vector speed together determine the size of the
correction.

The recommended procedure for obtaining smooth contouring is to define a small scae
factor and then to adjust the correction vector speed.

A recommended scale factor value is between 0.01-0.1 and a suggested starting value for
the correction vector speed is four times the robot speed.

Note that the direction on the correction vector normally should be perpendicular to the
programmed robot path and that if the speed of the correction vector is less than that of the
programmed points no correction to the pre-programmed path will be noticed.

The BIAS defined in the contour instruction is given as a percentage of the working range
of the sensor which in turn is defined as the max-/min values provided in the list of sensor
parameters. If the sensor operates from 0-10 V the min-/max values should be given as 0
and 1023 (since, an analog sensor is converted to an ten bit digital value). A BIAS of 50%,
therefore, means that corrections will be caculated when the sensor value deviates from 5
V. If the sensor voltage lies outside the defined MinTMax range ADAPTWTTY ERROR 1
will be displayed.

The correction vector operates in hand coordinates or base coordinates depending on
whether the sensor is defined as being ON or OFF the robot in the sensor parameter
definition. "ON the robot" means that the correction vector follows the orientation of the
robot hand. "OFF the robot" means that the correction vector is fixed relative the robot's
base coordinates.

Note!
A correction vector cannot be defined as a pure rotation: a correction vector must be defined
between two separate TCP points.

Speed

Since the contouring function is intended to be used when small deviations from the
programmed path are expected, the robot speed with contouring is approx. the same asthe
programmed speed of the robot without contouring.

Where control of the speed of the robot is important, the VELOCITY CONTROL function
should be used.
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Correction vector
During free searching (direction search and counter search) the correction is given as a
vector with speed and direction. When programming a correction vector, the speed is

specified as a percentage of the basic speed. The direction is defined by running-the robot
from astart point to afina point in the direction specified for the vector.

For analog sensors, asignal level at which no correction isrequired is defined. (For two bit
sensors, the zero level applies).

All signals lower than this level give a correction in the direction of the correction vector
and all signals higher than the level give corrections in the opposite direction of the vector.

The speed value, V, in an instruction in which a correction vector is defined, has different
meanings for free searching and for contour tracing as follows

* V gpecifies the maximum search speed with free searching (as a percentage of the basic
eV speéifies again factor for position correction when contour tracing.

The formulafor calculation of the correction, at counter tracing is given in section 10.5.
The formula for the speed of a correction during free searching is as follows:

Search speed (mnVs) = 20 x scalefactor x the difference between required and actual sensor
signal.

If the current sensor signal deviates less than £3 % from the required sensor signal no
correction movement is performed (zero zone).

The max. value for the search speed is determined by the programmed speed, in mnv/s.

When two or three sensors with associated correction vectors together control a free
search or contour tracing, the different directions and speeds will be stored as shown in the
example below.

Vector 1

Resulting vector
Vector 2

The robot can locate an object in aplane or follow an optional contour with two correction
movements. An object in space can be localized by the robot with three correction
movements.

When a sensor, in accor dance with sensor data entered (see section 9.5) is mounted on
the robot, the associated correction movement follows the robot orientation. If the robot
wrist isrotated around the TCP, the direction is affected. When a sensor, according to
sensor data entered, isinstalled elsawhere, the above does not apply.
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A correction movement for a spedific sensor can be programmed in a program at any time.
It applies until:
* A new movement for the same sensor is programmed and activated.
* The contents of the program memory are lost.

The VECTOR function is used when the direction and the speed of a correction movement
are to be determined.

When the instruction is executed, the new correction vector will replace any previous
vector for the sensor concerned.
The following applies for a correction vector:

» A correction vector for a sensor is programmed. If several vectorsfor several sensors

are tobeprogram, one instruction is required for each sensor.

» The correction vector for a sensor applies until a new movement for one and the same
sensor is programmed and activated

* A program correction vector follows the orientation of the robot if the sensor concerned
is mounted on the robot in accordance with the sensor data read in.

* If the memory content in the program memory is logt, al vectors disappear

At start-up, no correction vectors are programmed.

» At Testart the correction vectors remain active.

10.7 FRAME

The procedure for programming automatic definition of FRAME is described in detail in the
following pages. Note that the method for searching for objects must aways be adapted
from case to case. The basic definition of the FRAME function is found under section 3.9.2.

A smple example of the appearance of a program section with automatic definition of
program displacement is given below. Itis assumed that the program isto be twisted in a
plane.

1. Ensurethat program displacement O is active. Displacements stored on each other give
an inaccurate result.

2. Placethe object to be located in a suitable place.

3. Program the start point for searching for the actual location of position 1, (FINE
position)

4. Program the end point for the seraching so that the searching is aways successful if an
objectis available, (FINE position).

5. Program an instruction with the FRAME function under the POSITIONING menu for
position 1.

6. Perform points 3-5 above for position 2.

7. Perform points 3-5 above for position 3.

The program is now to have the following appearance. Note that all instruction numbers
and numerical valuesin the instructions are examples only.

90 SETFRAMEO Norma position for program
displacement, i.e. no displacement is
activated.

100 POSV=100% FINE Start point for searching for the true
location of position 1.

110 POSV=10% FINE Searching for the position 1 true location.

SEARCH S|
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120 POSV=10% FRAME  Definition  of  displacement of podtion  1*

POS1
130 POSV=100% FINE Start point for searching for the true
location of position 2.
140 POSV=10% FINE Searching for the position 2 true location.
SEARCH &2
150 POSV=10% FRAME  Ddfinition  of  displacement of podgtion 2%
POS2
160 POS V= 100% FINE Start point for searching for the true
location of position 3.
170 POSV=10% FINE Searching for the position 3 true location.
SEARCH S3
180 POSV=10% FRAME  Dédfinition of displacement of postion  3.*
POS 3

8. Enter instruction 190 with the help of the FRAME instruction under the LOGICAL
INSTRUCTION menu. Select the sub-instruction DEF. The result isto become as
follows

190 DEFINE FRAME 1

*)Note

When these positions are programmed, the robot is to stand in the positions which
correspond to the search points on a non-displaced object. Each FRAME-POS instruction
has to be executed once were the non-displaced positions are. The execution of these
instructions will give information for the instruction DEFINE FRAME later on were the
non-displaced object were placed.

For a successful search for the true location of the positions 2 and 3, the complete program
must be parallel displaced when the searching for the true location of position 1 is
performed. When the definition of FRAME 1 is performed in accordance with the example,
the parallel displacement is cancelled. The program displacement accordingto FRAME 1
isto be activated instead. Thisis to be continued asfollows.

9. Add an instruction with number 125 to the program. Thisinstruction isto activate a
reference point. Use:

* INSERT under the EDITING menu to create the new instruction number.

* REFPunder the POSITIONING menu for activation of the reference point.

10. Program deactivation of areference point as an instruction 200. Use the REFP under
the POSITIONING menu.

11. Activate the program displacement FRAME 1 with the help of instruction 210. Use SET
under the FRAME function in the INSTRUCTION menu.
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12.The program should now continue with afurther searching which determines how the
object is parallel-displaced in relation to the established program displacement. The
instructions 220 - 240 are used for thisis accordance with the following:

220

230

240

POS V=50% FINE

POS V=10% FINE DIST
SEARCH S

POS V=10% REFPOINT ON

The start point is placed wel within the
area occupied by the object.

Searching transversely along
the position of onelong side.

Continued program running is performed
parallel displaced and adapted to the true
position of the object.

The program is now to have the following appearance:

20
95
100

110

120
125

140

150
160

170

FRAME O
POS V=0% REFPOINT OFF
POS V=100% FINE

POS V=10% FINE
SEARCH Sl

POS V=10% FRAME POS 1
POSV=0% REFPOINT ON

POS V=100 %FINE

POSV=10%

SEARCH &2

POS V=10% FRAME POS 2
POS V=100% FINE

POS V=10% FINE
SEARCH S3

180 POS V= 10% FRAME POS 3

190

200

210

FRAME 1 DEFINE

POS V=0% REFPOINT OFF

FRAME 1

Any program displacement is cleared.
REFPOINT off

The start point for searching for the true
location of position 1.

Height tracing downward of the true
location of position 1.

Definition of displacement of position 1.
Parallel displacement of the program
before searching for the positions 2 and 3
is activated.

Start point for searching for the true
location of position 2.

Transverse searching for the true
location of position 2.

Definition of displacement of position 2.

Start point for searching for the true
location of position 3.

Transverse searching for the true
location of position 3.

Definition of displacement of position 3.

Position of FRAME 1 is calculated on the
basis of the three searches above.

Parallel displacement of the program is
deactivated.

The program displacement is activated.

Programming
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220

230

240

410

POS V=30% FINE

POS V=10% FINE
SEARCH S

POSV=0% REFPOINT ON

REFPOINT OFF
RETURN

10 Adaptivity
The start point is placed well within the

area occupied by the object.

Transverse searching along the
position of onelong side.

Continued program running is performed

parallel displaced, adapted to the true
location of the object.

Programming
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11 Programming

11.1 Overview of five programming menus:
Descriptionsof theinstructionsarefound under respective chapter and section, The

section corresponds
totheposition on themenu. Example: TIME isdescribed in chapter 6 section 15. etc.
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I nitialization sequence for the main program

It is recommended that programmers make a habit of entering the following instruction
sequence with the required initialization values at the beginning of each main program
when programming the robot. This ensures that programmed operations begin with correct
values from the beginning.

10 V=(val ue) MAX=(val ue) Basic and max. speeds

20 TCP (nunber) Required TCP number

30 RECT COORDor ROBOT COORD Sdlection of coordinate system

40 FRAME ( No) Required reference frame

50 REFP OFF Any previoudy activated ref. pointis
removed

If these values are not specified the robot system utilizes instead the values most recently
used.

The SHIFT button on the programming unit can be used to check the values currently
activated program information is then presented on the display.

Program structure

Each robot program hasits own program number and consists of a series of instructions
which are numbered within the program. Programs can include positioning instructions,
logica instructions such as jump, alocation statements tests and comparisons, cal of
subprogram etc.

Programs can be numbered optionally between 0 and 9999. Instructions within aprogram
can be numbered optiondly from 1 to 65535.

The types of instructions determine how many can be accommodated in the memory at any
one time. Positioning instructions occupy considerable space - more than logical
instructions. The primary memory accommodates 64 kbytes which corresponds to 2500
coarse points.

An appropriate program congtruction includes an administrative main program which
controls the work of the robot and calls subprogram for different sub-processes which are
often repeated during a work cycle.

A main program with all associated subprograms is designated a program block. Program
number O should be used for the main program if possible.
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MAIN PROGRAM

Cdl of asubprogram
Subprogram can be called with repetition so that they are executed the number of times

required before areturn is made to the main program. (Max 99 repetitions)
Cal of subprogram with repetition

MAIN PROGRAM 0

J

SUB-PROGRAMS
" N

EXECUTE
3TIMES

RO —

Cal of asubprogram with repetition

A subprogram can dso cdl a further subprogram (maximum 12 levels down). If a
subprogram on level 12 attemptsto cal afurther subprogram, program execution is
stopped and an error message is presented.

Programming
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MAIN PROGRAM 0

10 mmmmmmmm - Y LEVEL 1
20 CALLS

30 MmMmMMmissmsse:

40 seemssmmMmsmmmz SUB-PROGRAM 3

B0 s * % (kO mmmins i

LEVEL2
Y

SUB-PROGRAM7

20 CALLS

114 Pattern program
A pattern program is a sub-program and istreated in a special way asfollows:
The program is divided into a number of modules separated by RETURN-instructions.

PATTERN PROGRAM

> module 0

> module 1

W J

370 PCB ™
380

390
400 & module 6
410

420 REQ STER- 0
430 RETURN

. J 7

Each module can, for example, contain:

Progr ai nming S3



11 Programming

* A number of positions for arepetitive task where the task itself is stored within another
sub-program which is caled from each program module, see example below:

PATTERN PROGRAM
SUB-PROGRAM

" 10 POS A FOR PATTERN

20 CALL

30_RETURN - —»{ 10 REFPON TN

40 POS 20 POS

50 CALL 30 POS

60 RETURN 40 GRIPPER

70 POS 50 POS

80 CALL 60 REFPOFF

90 RETURN 70 RETURN _/
W

POS
CALL

REGISTER =0
RETURN

* Variations of a task.
* Different tasks which are executed during different stages of the main program's work
cycle.

When calling such a program a number register is defined for control of which module that
isto be called.

The register is normally set to 0. When the content of the register is O, the first module is
caled. When the content is 1, the second module is called etc. Theregister isincremented
with 1 each time the patternprogram is called. At the first call, the content thus becomes 1,
at the second, 2 etc.

Only aregister defined in such away should be used for this purpose.

Programming



11 Programming
Below is shown an example on how the calling instruction co- operates with the number
register when executing the different modules within a sub-program.

VALUE 0
MAIN PROGRAM PATTERN PROGRAM
SUB-PROGRAM
— 10 POS 2 FOR MOVEMENTS
20 20 CALL
30 30_RETURN et 10 REFPON
40 g 40 POS 20 POS
50 50 CALL 30 POS
PROGXRY ™ 60 _RETURN 40 GRIPPER
60 70 POS 50 POS
70 80 CALL 60 REFPOFF
80 90 RETURN 70 RETURN
90 \_sf\\_,gﬁ‘\\__/r\,
[}
L]
L]

POS
CALL

REGISTER =0
RETURN

VALUE 1
PATTERN PROGRAM
MAIN PROGRAM SUB.PROGRAM
(10 2 : ) (10 POS N\ FOR MOVEMENTS
20 % 20 CALL
30 30 RETURN 0 REFPON
40 Fore s -40 POS
50 CALL —H 50 CALL 2 hoe
PROGXRY - 60 RETURN ) 40 GRIPPER
€0 = 5 : 70 POS 50 POS
70 80 CALL 60 REFPOFF
80 MM \70 RETURN

POS
CALL

REGISTER =0
RETURN

Programming s3



When programming the last module an instruction, before the RETURN-instruction,
should reset the number register which controls the module execution, see figure below:

MAIN PROGRAM

/10

When executing a pattern program the modules can be executed in any desired order. It
isnot necessary to reset the register in the last module if appropriate values are inserted
into the register from somehwere else within the program block.

Values can aso be entered into a number register, see "Registers’.

VALUE

PATTERN PROGRAM

0

”

' 10
20
30

POS
CALL
RETURN

*\

11 Programming

SUB-PROGRAM

FOR MOVEMENTS

40

50
60

POS
CALL
RETURN

70
80

POS
CALL

POS
CALL

REGISTER =0

RETURN

=i

REFPON
POS

POS
GRIPPER
POS
REFPOFF
RETURN

A\

Programming
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115 Programmingrobot paths

Earlier sections of the manual describe how path following and other robot instructions are
affected by zone instructions (section 3.6, 6.3 etc). This section contains recommendations
for programming various robot applications with respect to path following.

1151 Smooth wrist reorientation

Reorientation of the wrist should be spread out over as long a path as possible to ensure
fast and smooth movemement. Reorientations of the wrist within a short path can limit the
robot TCP velocity and lenghten the cyde time.

The example below is a case where the TCP positions P5, P6, P7 are programmed, and the
reorientation of the wrist between position P6 and P7 has resulted in undesirable reduction
invelocity. The reorientation will now be reprogrammed to take place between P5 and P7.
(seefigure)

C: s

original programmed
positions

1
1
\

'
P5

programmed positions
after adjustment

To obtain a smooth reorientation between positions P5 and P7 the following method can be
used: Depending on the profile of the path, either remove P6 temporarly or change P6 to a
circle point. Run the program dowly from P5 towards P7 in rectangular coordinates. When
the TCP passes P6 stop the robot. Correct the X, Y, Z location of the TCP to position P6
without changing the orientation. Program position 6 and change vack from a circle point
to aposition.

The wrist reorientation is now spread out smoothly ffom P5 to P7. It ispossible to spread
out the reorientation even more by means of more positions, in order to achieve a smooth
reorientation over alonger path.

At some TCP velocities a circular arc can give best smoothness for reorientation. This
assumes that the position zones do not overlap, and that the circle radius is more than
twice the zone size (to avoid overlap at entry and exit from the circle).

Programming S3
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11 Programming

1152 Recommendation for Arc Welding

Recommended system parameter values

FI NE 2 mm (=defaul t)
CORNER1 5 mm

CORNER2  -100 nm (=defaul t
PATH -25 mm (=defaul t

Thevalue 5 mm for CORNERL is chosen to give a small corner radius while still allowing
aufficient path length for smooth reorientation.

Position Zones

FINE Used for weld start and finish positions

CORNER1  Used during the weld process. Note that the robot starts the corner path
about 5 mm before the programmed position. Logicd instructions and for
example, change of weld data, are executed just before entry to the zone.

CORNER2  Used for fast movements between weld paths.

PATH Used during the weld process. Note that because of the low velocity the
zoneisvery small. The robot TCP will therefor enter the position and
logicd instructions will execute at the programmed position.

Program structure
Rectangular coordinates should be used during the weld process.
Robot coordinates are used for movement between process runs as this gives the highest

velocity.
FINE positions are used at weld start and finish.
CIRCLE is used when possible on curved weld runs. Reorientation is spread out

over aslong apath as possible.

CORNER 1 is used on sharp turns on a weld run. Note that the distance between
programmed positions should be over 10 mm to avoid velocity reduction due
to zone interference.

1153 _ _ _
Recommendation for Glueing and Sealing

Recommended system parameter values

FINE 2mm (=default)
CORNER1 15mm (=default)
CORNER2  -100mm (=defaullt)
PATH -25 mm (=default)

Position Zones

PATH Used in glue/seal process for start of flow, change in flow etc. PATH is the
only argument to the GLUE instruction. The size of the PATH zone at a TCP
velocity of 150 mm/sec is 3,75 mm and at 500 mm/sec is 12,5 mm.

CORNER 1 Used in the glue/seal process.

CORNER2  Used for fast movement to and from the process.

Program Structure
Rectangular coordinates are used in the process.

Robot coordinates together with CORNER2 are used for movements to and from the
process. Thisgives the fastest possible movement.

Programming S3
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Circle is used for curved glueing paths.

Reorientation of the wrist is spread out over the greatest available space to give smooth

reorientation. The distance between positions should be greater than two times the zone
gze to avoid velocity reduction at interfering zones.

1154  Process application type plastic cutting, metal cleaning, deburring

and polishing

Recommended parameter values

FINE 2mm (=defauilt)
CORNER1I 15mm (=default)
CORNER2  -100 mm (=default)
PATH -25 mm (=default)
Use of ZONES

FINE Use a the start and end of a program as "Start” and "end" positions. Avoid
in the process program because of loss of cydetime.

CORNER1  Used during the process for reorientation with large angles.

CORNER2  Used with robot coordinates for movements to and from workpiece for
example between deburring operations.

PATH Used to foom a path to fdlow the curve of a workpiece.

PATH and CIRCLE are very ussful in corners with a circular radius, or when working on
round holes. At the working speeds of 80-200 mmV/sec used for cutting and deburring a good
zone is obtained with PATH. Example: a 150 mm/sec the PATH zone is 3,8 mm.

Program structure

Movements in space, for example between two process machines are programmed using

« ROBOT COORD and CORNER? for fastest movements.

In a process program, for example a cutting process, straights or uneven curves
» RECT COORD and PATH

in circular paths or even curves

» RECT COORD and PATH and CIRCLE

Workpiece reorientation is done over as long a distance as possible, or, if thisis not possible
use a TIME instruction to alow smooth reorientation.

FINE positions should be avoided in the process as the TCP pause can cause an uneven
finish on the work piece.

It is important to avoid overlapping zones to obtain as even a process speed as possible.
That isto say, the distance between positions must be at |east double the relevant zone
sze.

Do not change from ROB COORD to RECT COORD during the process because of the
resulting pause in TCP movement.

Programming S3
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11.5.6

11 Programming

Recommendation for Assembly, Machine Tending and M aterial
Handling

Recommended system parameter values

FINE 2 mm (=default)
CORNER1 15mm (=defauilt)
CORNER2  -100 mm (=defauilt)
PATH -25 mm (=default)

Position Zones

FINE Used in connection with fetching or hand-over of work components, I/O-
handling, activation of reference points, store positions etc.

CORNER1 Used in connection with change of direction of a robot TCP in a small space,
deceleration of robot velocity before a fetch or hand-over position and such
cases.

PATH Used for TCP movements in movement sub-programs for the first and last
positions in fetch and assembly sub-programs etc.

Program structure

The main program is used for movement of the robot, blocks of logical instructions and calls
to subprograms. This program section should not require very accurate path following. The
accuracy of the path can be dlowed to vary with the robot TCP velocity.

Generally robot coordinates are used for this program section and PATH is used for
movement between different work-centers. If positions are at a distance from each other a
faster result can be obtained using CORNERZ, but if positions lie close to each other PATH
giveshigher velocity. Where possible, logicd instructions should be collected in blocksin
connection with calling a sub-program or with areturn from a sub-program.

Sub-programs are used where there is arequirement for accurate path following at all
speeds. Rectangular coordinates are used. The choice of zone depends on the required path
accuracy.

Closdly spaced positions

To avoid problems with closdly spaced positions, the distance between two positionsisto be
two steps at the speed currently programmed, eg. 10 mm at IOOmm/s, 50 mm at 500 mmn/s.

In applications with critical cyde times and closdy spaced positions, programming without
cal of sub-programs is recommended to minimize the number of logic instructions.

Programming
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11 Programming
11.6 Programming examples

General

Qel number of functions often used when examples are to be programmed are summarized
OW.

A subprogram is cdled up as follows:

1. PressEDITING.

2. Pressthe function button SCAN.

3. Pressthe function button PROG.

4. Enter the number of the required subprogram with the numerical keyboard.
5. Pressthe function button ENTER.

Searching of an instruction within the program is executed as follows

1. PresseDITING.

2. Pressthe function button STEP.

Now three subfunctions are displayed, which can be used, namely:
» FORW, step forward to next instruction number.

* BWD, step backwards to the subsequent instruction number.

* INST NO, jump directly to an instruction number, which is entered with the numerical
keyboard.

Functions for program execution are located under the AUTO menue, see chapter 7.
Continuous program execution is commanded with the function button START P.

Program execution forwar d, instruction by instruction, is commanded with the function
button START I.

Positioning backward, instruction by instruction, is commanded with the function button
BWD.

"Satisfied conditions' for WAIT instructions are smulated with the function button SIM.

Programming S3



11.6.1 Arc welding of rear axis member

11 Programming

The example shows a program for
arc welding oneside of acar rear
axismember. Three Sdeswill be
welded.

Main program O

10 V=2500 mm/s. Max 2500 mnv/s
20 TCP=1

30 ROB COORD

40 FRAME O

50 POSV = 100% C2

60 WAIT until INPUT 5=1

70 CALL PROG 100

80 RETURN

Weld program 100

10 POSV = 100% C2

20 POSV = 100% C2

30 RECT COORD

40 POSV= 10% FINE AWELD 1100
50 POSV= 10% CIRCLE

60 POSV= 10% PATH

70 POSV=10% PATH

80 POS V= 10% CIRCLE

90 POSV =10% PATH

100 POSV =10%Cl

120 POSV = 10% FINEWEND 1100
130 POSV =50% PATH CALL PROG 300
140 POSV =500% PATH

etc.

Cleaning program 300
10 Set output 4

20 Wait0,5s

30 Reset output 4

40 Wait0,2 s

50 Set output 4

60 Wait05 s

70 Reset output 4

80 Return

section A-A

(home position)
(walit for start signd)
(call weld program)

(move to work piece)
(move to work piece)

(start first weld)

(circle paint)

(circle paint)

(small radius and reorientation, use Cl)

(end of firg weld)
(cleaning program)

(first cleaning)

(second cleaning)

i

Programming
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1162 Glueingof acar door

11 Programming

-

< P12
.}
® P14

oV [ [ [ (T T T 1T 111111717
P3 A * b i i g i i g d g i i i iididl

PO.PIU
\

e! P15

¢ | P16, P17

Car door

Main Program O
10 V= 2500 mm/s Max 2500 mm/s

20 TCP1
30 ROB COORD
40 FRAMEO

50 POSV = 100% C2

60  WAIT until INPUTX=1
70 POSV = 100% C2

80 POSYV = 100% CI

90 CALL Prog 1

100 RETURN

Glue: Processprogram 1

10 V=500 mm/sMax 1000 mm/s

20 PosV = 100% PATH

30 RECT COORD

40 POSV = 100% FINE

50 POSV = 100% GLUE FLOW = 100%
60 POSV = 100% PATH

70 POSYV =100% CIRCLE

80 POSV =100% PATH

90 POSV = 100% PATH

100 POSYV =100% CIRCLE

110 POSV =100% PATH

120 POSV = 100% PATH

130 POSYV = 100% CI

140 POSV =60% GLUE FLOW = 30%
150 POSV =100% GLUE FLOW = 100%
160 POSV = 100% CI

170 POSV =60% GLUE FLOW = 30%
180 POSYV = 100% GLUE FLOW = 100%
190 POSV =100% PATH

200 POSV =100% PATH

210 POSV = 100% GLUE FLOW = 0%

PO

P10
P8

Profile

(home position)
(wait for start signal)
(positions close to the start pos)

(PO, above start pos)
(PI, glue start position)
(P2)

(P3)

(P4)

(PS)

(P6)

(P7)

(P8)

(P9, note 1)

(P10 reduced flow)
(Pllincreased flow)
(P12)

(P13 reduced flow)
(P14 increased flow)
(P15)

(P16)

(P17, glue end position above P16y

Programming
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11.6.3 Cuttin

11 Programming

and deburring of plastic, forming of holes using the
CIRCLE function

In this exampleit is not necessary to reorient the work-tool.

Progr
10 g

20
30
40
50
60
70
80
90
100
110
120
130
140

230
240
250
260

am 10

V = 1000 mm/s max 2500 mm/s

TCP=1

RECT COORD
PosV = 100% PATH
WAIT till INPUT 10=1
PosV =50% PATH
PosV = 5% PATH
PosV = 10% CIRCLE
PosV = 5% PATH
PosV = 5% CIRCLE
PosV = 5% PATH
PosV = 10% CIRCLE
PosV = 5% PATH
PosV = 5% CIRCLE

PosV = 5% PATH
PosV= 10% PATH
PosV = 100% PATH
WAIT till INPUT 20=1

(start position)

(in front of work piece)
(movement to work piece)
(cutting large circle)

(cutting small circle)

(as pos 70, cutting finished)
(movement from work piece)
(return to start position)

Programming
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11.6.4  Cutting and deburring of plastic lining for a car door

- 800 mm

Pos 210

h

700 mm

Pos 310 O
Y
POS 90,400, Start and Stop positions

I'n this example the work-tool is reoriented.

Program 100

10 V = 1000 mm/s max 2500 mm/s

20 TCP=1

30 Robot Coord

40 PosV= 100% PATH (to start position)

50 WAIT till INPUT 1=1

60 PosV = 100% PATH (in front of work piece)
70 Rect Coord

80 PosV =50% PATH (movement to workpiece)
90 PosV =5% PATH (tool to work piece)

100 PosV = 5% PATH (cutting starts)

1.80 Robot Coord

190 Pos V= 100% PATH (reorientation of workpiece in free space)
200 RECT COORD

210 PosV =50% PATH (movement to work piece)

220 PosV = 5% PATH (tool to work piece)

3.10 PosV = 5%C2 (cutting in a circular shape)

320 PosV =5% CIRCLE
330 PosV =5% C2

400 PosV =5% PATH (cutting finished)
410 Robot Coord

420 PosV = 100% PATH (tool from work piece)
430 PosV = 100% PATH (to start position)

440 WAIT until INPUT 2=1

Programming 19 S3
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_ _ o 11 Programming
Material handling applications

When logical instructions must be executed at the programmed position a FINE zoneis
used. Define and activate a suitable TCP in the sub-program. This will help to ensure that
the robot will move to the correct programmed position during program testing, editing etc.
Deflne and activate a suitable TCP and Basepoint for assembly applications which include
twisting around afixed center point. This smplifies programming. When positions with
displacementinthe X, Y, Z axesrelative to areference point are used, a FINE zoneis
programmed where the reference point is activated. When positions with displacement in
the X, Y, Z-axesrelative to a stored position are used, a FINE zone is programmed where
the positionisto red (STO POS). A program layout can be asfollows:

Program 10
10 TCPO
20 ROBOT COORD Program 110
30 POSV=100% PATH 10 TCP1

40 POS V= 100% PATH
50 POS V= 100% PATH
60 CALL PROG 110
70 TCPO

80 ROBOT COORD

90 OUTPUT 10=0

100 REGI-REG1 + 1
110 POS V= 100% PATH
120 POS V= 100% PATH
130 POSV=100% PATH
140 POSV=100% PATH
150 WAIT TILL IN 8=1
160 OUTPUT 11~1

170 CALL PROG 120
180 TCPO

190 ROBOT COORD

POS

20 RECT COORD
30 GRIPPER 1 OPENWAIT=5S
V= 100% PATH
50 POSV=100%C1
60 POSV=100%C1
70 POSV=5% FINE
80 GRIPPER 1 CLOSEWAIT 03 S
90 POSV=10%C1
100 POSV=25% PATH
110 RETURN

When first programming these applications the robot may enter afault condition. If and
when this may happen depends on possibilities which are then shown on the display. To
handle these situations it is important that the programmer structures the program in an

operator-friendly way.

Programming
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Therefore:

1. Fallow the recommended program structure.

2. After areturn to the main or transport program from a sub- program use the following
three- instruction sequence:

TCPX
ROBOT COORD
POSV=100% PATH

The position should lie about 200 mm above or in front of the fetch or hand-over
position. This position resultsin controlled path following even if the operator by
mistake makes arestart from the end of the sub-program. Instruction TCP X isdso a
safety measure if something has happend in the sub-program. ROBOT COORD gives
the fastest cycle times.

3. Thefirst pogtion in a sub-program should be the same as the last position in the main
program. Thiswill result in a controlled path following even if the operator by mistake
restarts from the sub-programs first instruction.

These recommendations will alow the operator to proceed with the operations after afault
condition without needing to restart from the beginning of the program, and without
needing to know exactly at which robot position the stop occured. The operator can read-in
the first or last instruction in the sub-program depending on whether it is desired to repeat
or hop over the operation which failed.

Programming S3
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11.7
11.71

11.7.2

11 Programming
HIGH PERFORMANCE PROGRAMMING

General

Two servo concepts (mode A and B) ensure high performance of IRB 6000. In mode A
advanced a gorithms are used to handl e flexible mechanical arm structures. Thereby, it
will be possible to dlow very rapid motor torque changes, resulting in very fast
movements.

One of the two servo modes is automatically chosen:
« Mode A for short movements for axis 1, < 120 mm, with high programmed speed.
- Mode B isfor longer movements or short movements at low speed.

The difference in cyde time between mode A and mode B is especidly large for short axis 1

motions.

The maximum TCP motion distance for mode A varies between approx. 60 mm and

120 mm, depending on the TCP position in the workspace. Mode A will not be activated
for the main axes if any of the wrist axes performs a too long motion.

Mode A is never activated during motions within corner zone (path, corner 1 or corner 2)
or immediately before or after the corner zone.

Recommendation for best performance

Use robot coordinates the whole time, which results in smooth and fast movements.

At spot weld programming it is suitable to set the parameter ZONE to PATH=-25, CI=15
and C2=-100. (Minus before the number means that this zero zone is dependent of the
velocity, directly proportional against the programmed velocity.)

Vaue -25 means one computer step through the zero zone irrespective of the
programmed velocity (seefig. 1).

Vaue 15 means afixed zero zone irrespective of the programmed velocity, suitable when
onewant'sto program high velocity without increasing zero zones. Thisresultsin a
dynamica velocity reduction through the zero zone.

Value -100 means 4 or more steps through the zero zone, which reduces the speed
(rarely used in spot weld programs).

This means that the smallest velocity reduction is obtained when PATH= (-25) is used.
For each extra computer step inside the zero zone the cydetimeisincreased by 0.05 sec.

Overlapping zero zones aso resultsin speed reduction. The speed reduction increases
more than described above, if the overlapping islarger, seefig. 2.

Thisis not valid when zero zone -25 is used.

In this case big path faults can appear, if the zero zones are overlapping, seefig. 3.

Programming
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Fig.l Fig.2
PATH= - 25
1000 mm/s C2 = (-100)
vy 1000 mm/s
%, 1
g
g reduction of
N velocity
PATH=-25 ¥
2000 mm/s
(
Fig.3 - (.
g PATH= (25) PATH= (-25)
1000 mm/s 2000 mm/s
]k —-h
£ 2 £ overlap less steps,
E | better path, £ worsearp))alh, P
2 I more steps =4 faster
|
r L i
4 (step)

Above mentioned recomendations can be summarized according to the rules of thumbon

the next page:

Programming
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Example around obstacles:

corner zone

distance between points

Mmoo T o0

B—>n-

40

50

11 Programming

Programming example, distance between points = 80 mm:

10 V=1000 mm/s Max= 2500 mm/s
20 ROBOT COORD
;10 POS V=250 % FINE W(WELD)
50 POS V=250 % FINE W(WELD)
60 POSV=100% PATH
70 POSV=100 % PATH
80 POSV=100% FINE WCWELD)
90 POS V=250 % FINE W(WELD)
Rules of thumb
distance between type of corner velocity (mm/s)
points (mm) (parameter)
20-50 path (-25) 500
50-125 path (-25) 1000
>125 path (-50) 2500
Programming S3
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11.7.3 Movement principle choice

11.7.3.1 Coordinate system

When very short cycletimeisrequired as eg. in spot welding, ROBOT coordinates
should be used. In applications where path following is more important than short cyce
time, RECT-coordinates is the best choice.

Using RECT-coordinates, servo path following (SPF) is carried out, see section 3.6.1.
11.7.3.2 Movement principle

PrincipleQ: (param. AUTO/PATH=)

Coner paths are generated according to section 4.2.

When changing from ROBOT - to RECT-coordinates, the movement is stopped.

Principle 1: (param. AUTO/PATH=)

The problem with overlapping zero zones can be avoided, because no corner paths are
generated.

The movement is not stopped when changing between ROBOT- and RECT-coordinates.
Worse path following in RECT-coordinates.

Programming
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11.8 LOAD, PROGRAMMABLE

11.8.1 General function

Thisfunction is only accessible for IRB 6000 and means that the robot's load can be
selected and altered manually or direct in the robot program, in the same way as TCP.
This meansthat the robot can operate optimally even when great weight differences are
involved in the same program. This avoids cyde time losses.

The compensation is performed for the wrist load. Any equipment mounted on robot arm
may aso be defined as an additional load. Thisload is part of the parameters and cannot be
altered during program execution.

Wrist load definition involves thefollowing parameters:

- Wrist weight.

- Distancein X direction to the centre of gravity of the wrist load, in mm from mounting
flange.

- Accderation index (A4.. A6) for axis4..6.

Position adjustment index (P4..P6) for axis 4..6.
20 different loads can be defined under the MANUAL button.

Load no. O is defined under the PARAMmMmenu. Load no. 1-19 are defined under menue
TOOL (see chapter 9.5).

Therelevant load is activated when a specia load instruction, LOAD, is executed, or
manually under menu TOOL.

The weight for any equipment on the robot arm is defined, under PARAM, (see Installation
S3) in the same way as the wrist load, but cannot be activated by a program instruction.

The weight and distance values control the main axis's operations and should precisely
correspond to the load concerned. Vaues that are too low may lead to overload in the
mechanica structure and severe arm deflections. Values that are too high cause
unnecessary cycde time loss and somewhat oscillative performance.

11.82 Wrist operations (A and P).

The wrist's preset acceleration and position adjustment correspond to aload with
maximum permitted weight and a moment of inertia within the load diagram, although
these may be atered by the user.

In applications where wrist loads with higher moments of inertia (Jo) than the load
diagram permits, the acceleration and controller gain can be reduced by the user.

For loads with low moment of inertia and a positive margin to the load diagram it isaso
possible to increase wrist operations to further optimize cyde time.

Programming S3
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o ) 11 Programming
11.82.1 Acceleration index calculation.

The A value is controlled by two different calculations depending on the load's moment of
inertia

Procedure:
- Caculate K
- Read A in diagram next page.

11.8.2.1.1PT- loads

Press tending operation involves using large sheets extending out some distance and with a
high moment of inertia. This may result in greater forces and torque loadings than
permitted on the wrist.

At high loadings the robot reaches the current limit, which may result in oscillative
behaviour and unpermitted mechanica loadings, especialy in gears and structuresin the
wrist.

To reduce such loadings, the acceleration performance has to be reduced.

K hasto be defined so asto utilise available torque without exceeding the permitted

transverse force loading.

E isthe smaller value out of K| and K2.

Axis4and 5
Other variants | 2.4-150 kg variant
K1=(950-Ms)/JIxx K1 =(1350-Ms)/JIxx
* 05
K2=47/(Ax*m ) K 2=70/(Ax * m°®)
where:

Jxx = Jab, Jb4 or Jb5 according to Description 1KB 6000
Msisthe static moment on axis4 or 5. Ms=Ax* m* 9.81

AX in metres as per definition in diagram in section 11.8.2.1.2
misthetotal handling weight.

AXiS6:

In the case of axis 6 there will be a distinction depending on what the robot cyde looks like
but the same formulae apply to al variants.

Kl = 750/J6

K2=47/(Ay*m°-°)

Robot cycle according to case B in Description IRB 6000
Kl = (550-Ms)/J6

K2 =25/(Ay*m°>°)

Programming 3
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where:
Msisthe static moment on axis6, Ms=Ay * m* 9.81
J6 isthe moment of inertia on axis 6,

m isthe handling weight
Ay isinmeter. ... see diagram in section 11.82.1.2

150 kg  Other

variants

A = acceleration index
10
9
3 8
7
6
2 5
4
3
y —2
1

K= smaller value

123 456 7 89 10 out of K1 and K2

11.8.2.1.2L ow loads, Jo<10 kgm”™ and weight within theload diagram

In the case of loads with moment of inertialower than 10 kgm? and handling weight within
the load diagram, the torque margin is regarded as utilised for increased acceleration of

the wrist axis.
The following appliesto al IRB 6000 variants.

A parameter K which is proportional to the margin to the load diagram's limitation for the
relevant handling weight is created.

AXxis 4 05 K=Lx/AX
AXxis6 K=Ly/Ay

Lx isthe X load diagram for relevant handling weight +0.2 m for axis 4 and

Ly istheY load diagram for the relevant handling weight for axis 6

AX is the relevant distance of the centre of gravity for the total handling weight in the X
direction from the mounting flange + 0.2 m for axis4 and 5

Ay is the relevant distanse of the centre of gravity for the total handling weight in the Y

direction from the mounting flange.

Prograimming S3
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'
Ay A
/ [ 1
Ly b L
: e ——
Centreof gravity for
relevant handling
weight -
Y
=i \
Centreof = ﬂ y ¥
rotation
axisb ]
i
Load diagram for relevant
handling weight
Robot variants A acc. index.
2.4-150 2.4-120 Others
11 15
10 14
9 13 15
8 12 14
7 11 13
6 10 12 _|
5 9 11
4 8 10 |

10 11 12 13 14 15 16 17 (L/A)
K

Note: Because of stability limitations the actual acceleration may remain at alimited level despite the
index rising.
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11822 Trimming of position gain index.

"P" denotesthe index for postion gain. It controls stability and settling and should be

trimmed gfter. the correct accel eration has been calculated and activated. " 1" denotes very
dow and stable settling, "15" denotes rapid and unstable behaviour.

Position gain depends on the load's moment of inertiaand structural flexibility.
When it is desired to alter the value, it should be trimmed asfollows:

- Place the robot in a position corresponding to the greatest moment of inertia (in the
program that is to use the load) for the axis that isto be trimmed.

- Write aprogram that only concerns the axis that is to be trimmedin along
movement at maximum speed.

- Alter the pogition gain index until a distinct performance without overshoot is achieved.

Note! SOFT SERVO activated.

As the position gain affects controller stiffness, it should be trimmed before the softness
parameter is determined.

11.8.2.3 Preset values.

/Robot type Index \

Ad A5 A6 P4 PS5 P6
IRB 6000/2.4-100 10 10 11 10 11 12
IRB 6000/2.4-150 4 4 5 4 13 9
IRB 6000/2.8-100 10 10 11 10 11 12
IRB 6000/3.0-75 10 10 11 10 11 12
IRB 6000/S3.0-100 10 10 11 10 11 12
IRB 6000 £.4-120 8 8 8 8 8 8

IRB 6000 £.25 PE-75 10 10 11 10 11 12 J

The acceleration and position gain are set automatically to these predefined values when
the weight and offsat are undefined (LOAD 1.19) even if they are altered for the
installation load (LOAD 0).
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11.824 Measuresto deal with overshoots.

Wrist overshoot may occur during trimming work if the accel eration and/or the position
gain aretoo high.

Too high accdleration value: the motor torque reaches its maximum limit and overshoot
occurs because there is not sufficient torque to stop the movement.

Too high podtion gain: the controller becomes too quick for the load's inertiaand structual
flexibility, therby leading to oscillations.

119 TRIM, PROGRAMMABLE

See section 5.21.
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12 Arc welding

Arcwelding
12.1 Introduction

122

Thecontentsin this chapter are only valid for arc welding robots.

This chapter describes operation of the robot for arc welding and the specia function
developed for this application.

The design of arobot welding station is described first and then how the robot interacts
with the welding equipment and other peripheral equipment. The general principles and
methods of preparing a program for robotized arc welding are discussed.

After this broad description of the arc welding system and program structure, detailed
instructions for how the welding data (parameter vaues for the welding process) is
programmed and used and how the robot instructions specific to arc welding applications
aregiven.

A special section contains a description of program execution, how a program is tested and
optimized, how the override function is used and how the welding process is monitored. In
conclusion, an example of arobot program for welding of a smple workpiece is given.

System principles

Example of station design

A robot station for arc welding can consist of the following main parts:
* Robat

- manipulator

- control system
*  Waelding equipment

- current source

- wire feed

- welding gun with hose package

- spatter cleaning equipment

* Positioning equipment
- mechanical unit
- drive equipment
- fixtur

* Sundries
- operators's panel
- adaption unit
smoke extractor
cooling unit
safety equipment

Programming



12 Arcwelding
The requirement for exchange of signals between the robot and the other equipment
depends on the configuration concerned but the basic requirement is in accordance with the
following list:

* Andog signals
- reference voltage for control of the current source
- reference voltage for control of the current wire feed unit

» Digita output signals

current source, on/off

wire feed unit, or/off

protective gas, on/off

spatter cleaning, onoff

contour following active (Applies only under certain conditions.)
- right edge of joint (Applies only under certain conditions.)

- |eft edge of joint (Applies only under certain conditions.)

» Digita input signals

current indication

supervision gas/coolant

ready signal (workpiece fixed)
command, block welding process
command, block weaving
command, manual wire feed

The signa exchange with the positioning equipment can vary considerably depending on
the type of positioner (servo powered or indexing) and should be determined for each
individual case.

All programming and testing of robot programs is performed from the programming unit.
Normal production execution in the station is controlled from the station operator's panel
which should be easily accessible to the operator.

The stations operator's panel can normally contain controls for:

* Program start

* Ready signa (workpiece fixed)

* Program stop

* Blocking of welding process and weaving
* Manual wire feed

* Emergency stop

Programming S3
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12 Arcwelding
REGISTER (AW)

M eans.

Control of program or peripheral equipment is performed on the basis of avaluein a
number register.

Facts:

The system contains 120 numerical registers, number 0 -119, where onevalue at atime can
be stored. When anew value is stored, the previous value is written over. Permitted values
arefrom -32 768 to +23 767.

During program execution, anumerical value can:

* Be stored directly.
* Be accessed from adigital or an analog input.
» Be sent to the peripheral equipment on digital or an analog outpui.
» Be compared with another value in ajump instruction, see "Jump within the program”.
* Added or subtracted.
* Bea
- Program number at cal of a program, see "Program change'.
- Number in a position register when moving to a stored position, see "Position
register".
» Spedify which module in a pattern program is to be called, see "Program structure”.

It is aso possible to check manually and if necessary, to change the value in one register at
atime.

Used:
The register instruction itself is used for:

* Reading the value into a number register directly or with the help of the contentsin
other registers.

» Accessing avalue from aport.

» Transmitting a value from aregister to a port.

The manual function is used in checking and editing the program.
Executed:

The robot reacts immediately as soon as amanual or a programmed command, as described
above, is concluded.

Programming S3



12 Arc welding
Interface to welding equipment
The robot is provided with an interface for communication with the welding equipment. A
survey of the signals concerned is given below. More detailed instructions with respect to
connection, function parameters, etc., are given in the Installation S3.

Analog outputs

The system is provided with two anal og outputs for control of the power source (Port 21)
and the wire feed unit (Port 22). The parameter output to the source -voltage- is expressed
involts. The parameter output to the wire feed unit is selected using afunction parameter
(see Installation S3) and can be either current (expressed in amperes) or wire speed
(expressed in meter/minute or inch/minute). These outputs are normally dedicated to the
functions specified above (via the integrated welding process control) but they can also be
programmed fredly (via 1/O instructions).

The relation between the parameter value, programmed via the programming unit and the
reference voltage obtained from the analog outputs is determined by function parameters.
See aso figure below.

Ref. voltage
from analog

output

10 V—

— e W W W S S T T T T T E W OR R OE W M W R T E AW EOEmW™ WS B EwOm W s W omwm

L]
LY
= ,1 Param. max
: -
' ! ! | ’ weld
50 A 100 A 200 A 300 A 400A  500A current

Example of relation between programmed value (current in A) and reference
voltage from analog output.
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The function can be specified via function parameter definition of:
* Min/max values for reference
* Min/max values for parameter value

The functions described below are completely integrated in the robot system and no
programming of these is necessary.

Digital inputs
The robot is provided with five specia digital inputsfor the arc welding application.
» Current indication (INPUT 7)

Theinput is used for supervision of the ignition sequence and the continuous welding and
is connected to the current relay in the power source.

The signal isto be active for at least 50ms during the ignition procedure for the arc to be
considered to be struck. If the arc has not struck within the weld start max time specified
in the start data, an error indication is presented.

If during continuous welding the signd is absent for longer than 150 ms, the arc is
considered to have extinguished and an error is presented.

In the event of malfunction the execution of the program is halted and an error printout is
presented.

* Gag/coolant (INPUT 6)

The input is used for supervision of protective gas and/or liquid cooling and is connected to
the flow monitorsin the welding equipment.

The input is monitored at weld-start and continoudy during the welding process.

If the signal is absent, execution of the program is halted and an error is presented.

e Manua wirefeed (INPUT 8)
The input is used when the wire isfed forward manually, eg. when anew wireis
introduced.
The following takes place when the input is set:
- Output 8 (wire feed unit on) is set
- 30 % of max reference voltage isissued to the wire feed unit
The command is only accepted when the program is not execution.

* Blocking of welding process (INPUT 9)
Theinput is used to block the welding process manually during, for example, testing of the
robot movements.
- If the input is set during program execution, any welding in progress will be halted
as from the next WELD instruction.

* Blocking of weaving (INPUT 10)
Theinput is used to block a superimposed weaving motion manually during, for example,
testing of the robot movements.

Programming



12 Arc welding
Digital outputs
The robot is provided with three specia digital outputs for the arc welding application.

» Switch-on of power source (OUTPUT 7)

The output is set when the gas pre-flow time has expired. The signa then remains active

during welding until the weld end procedure has started. During the concluson procedure,

Lhe ogtptlj(t is reset during the cooling time and set again during the crater-fill time and the
urn-back time.

« Switch-on, wire feed unit (OUTPUT 8)
This output has the same function as " Switch-on, power source” except for during the burn-
back time when itis cleared.

* Switch-on, protective gas (OUTPUT 9)
The output is set approximately 250 ms before the robot isin position for weld-start. It
remains active until the gas pog-flow time has expired.

» Contour following active (OUTPUT 19
The output is set to logica " 1" when the welding arc is energized. The output setting will
remain until just before the welding isinterrupted. The output is valid when the WELD-
instruction is executed with automatic contour following.

* Right edgejoint (OUTPUT 17)
The output will be set to logica " 1" to indicate the right limit of the weaving during contour
following.

* Left edge joint (OUTPUT 18)
The output will be set to logical " 1" to indicate the left limit of the weaving during contour
following.
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12 Arcwelding
Arc welding-1/0 is primarily used with ESAB welding equipment and positioner controlled
with external axes and common drive unit.
A description of the principles of three arc welding functionsis given below:

Welding cycle during three instructions

g

N
L )
BB A ESSS
l.III.I'Il

L)

Port 22
Welding
current

Robot
movement

Inactive signal
or activity

Gas pre-flow

= Ignition (incl.
possible strike)
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Servo controlled positioner with common drive unit

12 Arcwelding

The external axis can be distributed to different stations with the help of the function

STATION so that it becomes possible to activate these in suitable groups.

The stations can be activated/deactivated independently, except when axes share a common
drive unit. Aninput and an output are connected to each station to permit activation of the
station and to check the status of the station respectively.

Example:
STATION

STATION B*
STATION C*

STATION

A

D

INPUT 11 OUTPUT 1
INPUT 12 OUTPUT 2
INPUT 13 OUTPUT 12
INPUT 14 OUTPUT 13

and AXES7
and AXESS, 9
and AXES 10,11
and AXES12

Axes 8 and 10 respectively 9 and 11 share two drive units, which means that the stations B
and C cannot be active smultaneoudly. Thisis marked with a"*".

In this case the synchronization order would be the following:
1. C+robot
2.B + A + D +robot
3. B + D isheing desctivated so that only A is activated after the synchronization.

A switchover from station B to station C isillustrated by the following time diagram:

Output
Input
Servo

Output
Input
Servo

Output
Input

Searvo

1

1

active

K

deactivated

=
w

activated

OR OROF

OrrOrROR OFROKO
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12 Arcwelding
Signals, servo controlled positioner with common drive unit

L ogical
input/output Function

Outputs 1-128 An output used to activate/deactivate the drive unit of a
station. The servo-control is disconnected before the output
isreset to zero to deactivate the drive unit.

Inputs 11-16 The acknowledgement that a station is activated. The servo
contral is connected when the signal has been received.

Only one input and one output is used in each station in accordance with the function
parameter STATION.

Non-servo-controlled positioner

A non-servo-controlled positioner can be run with the help of ports 70 and 80. A description
isgivenin section 12.5.2.

12.3
Program structure

Robot program construction

A robot program for a robot welding station has in principle, the following construction
elements

» Welding data, specid data fields containing parameter values for control of the
welding procedure. Welding data is programmed under the control button MANUAL, for
preference, separately from the programming instructions themselves.

» Main program, includes basic data such asbasic speed, TCP and coordinate type,
welding and positioning instructions and other instructions of a general nature as
required. The system welding instructions are of a combination type, i.e. they command
positioning of the welding gun and call of the appropriaten welding data selected. The
welding instructions are programmed under the control button PROCESS (P) and may
be conveniently entered into a subprogram, awelding program.

* A series of subprograms, as required, for control of spatter cleaning equipment,
positions, weaving, etc. The system has specid instructionsfor checking and control of

external equipment and spatter cleaning. These instructions are programmed under the
control button PROCESS (P).

A good structure is of great importancein arobot program. It permits easier tracing of
faults, amendments and additions.
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Even if subprograms may be numbered optionally (except interrupt programs) itis

recommended that subprogram groups be organized so that a certain type is always within

the same number series as shown in the following table.

Program number Program type
0 O Main program

1

¢ > Interrupt programs

£

Welding programs

External check program

Spatter cleaning program

Weaving program

g 8
M — N\

‘ Other subprograms

Building the robot program of these elements

« WELDING DATA

* MAIN PROGRAM

* SUBPROGRAMS .

provides a good structure, and changes and additions are easily performed.

WELDING DATA isfurther divided into five different groups to further simplify
programming and to increase the possibilities of flexible program construction.

PragraTn-miTig
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12 Arcwelding

START DATA which contains parameter values for the weld start procedure.
MAIN DATA which contains parameter values for the welding operation itself.
END DATA which contains parameter values for the concluson of the welding.
WEAVE DATA, containg parameter values for automatic weaving.

SENSOR DATA, containing parameter values for contour following.

-
L
L
*
*

The different types of DATA are cdled by the weaving instructions when executing the

program.

e Theinstruction AWELD calls START DATA, MAIN DATA, WEAVE DATA and
SENSOR DATA

* Theinstruction WEND calsEND DATA.

Main principles for programming

Preparation of arobot program for arc welding should fallow a predetermined plan, for

example, asfollows:

» Examine the workpiece concerned and determine the order in which the different welds
are to be run. Determine aso in which positions of the positioner the different joints are
to be welded.

» Make an estimate of the parameter values for the different welding runs and program
the necessary welding data.

» Program the necessary basic datain the main program.

* Program suitable sub-programs for, for example, spatter cleaning and control of the
positioner.

* Program the robot motion with POS/AWELD / WEND instructions. The principle on
whicharc welding programming is based is:

- Postion the robot to the start or end point required.
- Pressthe P-button.
- Sdect the function required (AWELD or WEND)

At suitable places, CLEAN and EXTERNAL CONTROL (EXTC) instructions are

programmed in accordance with the same principle .

» When the first version of the program is complete, atest run can be executed to permit
correction of any errors. Test the robot motion first with the welding and any weaving
function blocked. Trimming to obtain optimum welding data is performed with the help
of the override function available by means of the programming unit joystick. (See
further section 12.7.2)

Programming S3
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12 Arcwelding
124

Description and programming of welding data
Welding data; description

WELD DATA consists of specia collections of datain which all parameter val ues necessary
to control the welding process are assembled.

WELD DATA isof five different types:

START DATA

MAI NDATA

END DATA

WEAVE DATA

SENSCRDATA

WELD DATA isprogrammed under the control button MANUAL by means of adialogue
procedure in a manner similar to that used for other programming. Parameter values are
expressed in technical terms (V, A, mnV/s, etc.) and it is easy to check and amend values
programmed.

Restrike is defined under START DATA. It removes coating from the point of the weld
wire by performing a zig-zag weaving at one point. The weaving movement is perpendicular
to the welding direction in all cases except when thefallowing point is a circle point. The
weaving movement will then be perpendiculer to the vector from the start point to the
circle point. The weaving motion will continue until the arcislit, then the movement will
terminate and return to the middle line.

Restrike is defined by defining the amplitude and weaving time. If these are not given, the
weld start will be performed without restrike.

WEAVE DATA isadatagroup which contains all data necessary for the weaving
movement of the welding gun. They are:

Weave-type: - Zigzag
- Triangular
- V-shape
- Wristweave

Amplitude: Total width of weaving movement. The weaving amplitude
for the origina zig-zag pattern is, asbefore, the peak to
peak amplitude. With triangular and V-shaped weaving, the
weaving amplitude is defined as the base of the isosceles
triangle formed by the lines joining the weaving points, i.e.
the distance between points 2 and 3 and between points 2
and 5 with triangular and V-shaped weaving respectively.

Crosstime: The cross time is the time required for the movement, by the
shortest path in the weaving pattern, between the points
which limit the weaving. A specified cross time gives
different weaving frequencies determined by the weaving
pattern.

Dwell time L€ft: During the dwell time, the TCP is moved parallel with the
direction vector from point 1 to point 2 with triangular and
V-shaped weaving in accordance with the description below.

Programming S3
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Dwell time Right:

Dwell time Middle:

Seam angle:

Forward bias:

Weaving angle:

Perpendicular weaving:

Note!

12 Arcwelding
During the dwell time, the TCP is moved parallel to the
direction vector from point 3 to point 4 with triangular
weaving and from point 5 to point 6 with VV-shaped weaving
in accordance with the description below.

During the dwell time, the TCPis moved parallel with the
direction vector from point 5 to point 6 with triangular
weaving. With V-shaped weaving, thereis corresponding
movement with both passages of the mean point, i.e. from
point 3 to point 4 and from point 7 to point 8 in accordance
with the description below.

The seam angle is the opening angle of the triangular and V
shaped weaving. When the forward bias is not zero, the
seam angle is defined as the opening angle of the weaving
triangle projected on a plane at right angles to the direction
vector.

Forward bias is the component of the movement, parallel
with the direction vector, which is subtracted from pos 1,23
and 4 with triangular weaving, and pos 1,2, 5 and 6 with V-
shaped weaving in accordance with the description below.

The weaving angle is the angle between the TCP vector in
the tool plane and the weaving vector, according to the
weaving-coordinate system below.

Determines whether the weaving direction isto be
caculated at every step order (every 48:th milliseconds) or
only for each AWELD instruction.

Dwel time left and right (and middle at V-shaped and triangular weaving) should not be
chosen less than 0.05 s, besides when weaving with maximum weaving frequency. This
dwell time is needed to obtain full amplitude at weaving.

Zig-zag, triangular and V-shaped weaving

The weaving points which are superimposed on the process movement are described below
in a coordinate system which is given by the direction vector, the weaving vector and the

TCPvector.

Programming
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12 Arc welding
The weave-coordinate system will adapt to the path so that the weaving will be carried out

perpendicular to the path for velocities down to 2,7 mmy/s. Bedow this velocity, the operator

must himself check that the weaving is oriented correctly in relation to the path of the
ordinary movement.

Weaving vector
o N P Dlrectlerlve_cto-r_
TCP
\
\
\
\
\
« Base point
'TCPV&IOI‘
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WEAVE PATTERN

12 Arcwelding

Zig-zag

V-shape

Triangular

Programming
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12 Arcwelding
The tool direction defined by the TCP and base point, is always in the plane formed by the
TCP vector and the direction vector in the weaving-coordinate system. The weaving vector
is normally orientated perpendicular (90°) to this plane, which we call the tool-plane.

The direction of the weaving vector to the tool plane can be varied by help of the weaving
angle parameter according to the following figures.

Zig-zag weaving, seen from the front.

W

Weaving vector
- — -4 * @ -

Fl Weaving angle 90°

TCP vector

Zig-zag weaving, seen from the front.

W

Weaving vector

T
- 100° Weaving
TCP vector
v
Programming S3
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12 Arcwelding

The three dimensional patterns, V-shaped and triangular weaving, are always performed

symmetric to the normal of the weaving vector, as shown below.

V-shaped weaving, seen from the front.

Weaving angle

TCP vector

Triangular weaving, seen from the front.

Weaving angle

TCPvector

Programming
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12 Arcwelding
Weaving points

Definitions:

AVARS Dwdl time Left

Vv : Dwdl time Right
Vh: Dwel time Middle
Am: Amplitude

L : Forward bias
H : Process velocity
F Seam angle

Pn (m): Weaving point number n component m
m=I: direction vector
m=2: weaving vector
m=3: TCP vector

Triangular weaving

P(X1) = 0 PI(l)=-L

P(K2) = 0 PI(2) = A2
POO)=0 PI(3) = A/ (2*tan(F/2))
P2() = PI(l) +W* H P3(1)= P2(l)
P2(2) = PI(2) P3(2) = -Al2
P2(3) = PI(3) P3(3)= P2(3)
P4()= P3(l) + Vh*H P5(1) = PA(l) + L
P4(2)= P3(9) P5(2) = 0
P4(3)= P3(3) P5(3)= 0
P6(1)= P5(I) + Vm*H

P6(2)= P5(2)

P6(3)= P5(3)

Output signals:

Weaving points FO PI P2 P3 P4 P5 F6

Output signals
Left

Output signas -
Right

The output signals are valid at least 15 ms.
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PO(1) =0
PO(2) = 0
POO) =0

P2(1) = P1(1) + W* H
P2(2) = PI(2)
P2(3) = PI(3)

P4(1)= P3(I) + Vm*H
PA(2)= P3(2)

P4(3) = P3(3)

P6(l) = P5(I) + Vh* H
P6(2)= PS(2)

P6(3)= P3(3)

P8(1) = P7(1) + Vm*H
P8(2)= P7(2)

P8(3)= P1(3)
Output signals:

Weaving points PO

Output signals

PI(1)=-L
PI(2) = AR
PI(3) = A/ (2*tan(F/2))

P3(1) = P2(I) +L
P3(2)= 0
P3(3)= 0

P5U) = PA(]) - L
P5(2) = -A2
P5(3) = A/(2*tan(F/2))

P7(1) = P6(I) + L
P7(2)= 0
P7(3)= 0

P2 P3 PA P5 P66 P7 P8

Left

Output signals

Right

The output signalsare valid at least 15 ms.

12 Arcwelding
V-shaped weaving (also Zig-zag weaving, but then with a seam angle of 180°)

Programming
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12 Arcwelding
Wrist weaving

Wrist weaving is a specia type of weaving for axis 6. It enables weaving in confined spaces
where weaving with axes 1-3 isimpossible. Wrist weaving can also be used when ahigher
weaving frequency is required as the dynamic massis smaller.

Designations

Weaving arm is an arm which extends from the TCP to the weaving axis. Thearm is
perpendicular to the weaving axis.

Weaving plane
Weaving plane is the plane in which the weaving arm moves.

The wrist weaving is superimposed on the ordinary movement, but there is no vertical
error compensation. See the figure below. To reduce the vertical error, the weaving arm
should be relatively large and the amplitude small.

The robot operator must check that the weaving plane is oriented correctly in relation to
the ordinary movement. The rules which apply otherwise to the other types of weaving
apply aso to the wrist weaving.

weaving arm

N L
vertical error x_/
[
A corner path (parabolic path) is generated at a corner for normal movements, but not for

WEAVE data movement. Weaving starts when entering the zone of the start position and
ends when entering the zone of the finish position.

If the weld datais changed at an intermediate position a fine point is automatically
defined. To avoid atemporary halt in robot movement at the fine point the programmer
should change the position definition to a PATH or CORNERL.

Weaving at maximum weaving frequency

The parameters shold be chosen as bdow when weaving at maximum weaving frequency is
used.

Zig-zag, V-shaped and triangul ar weaving (maximum weaving frequency 5 Hz)

Crosstime=0.1s
Dwel timeright =0s
Dwdl timeleft=0s
Dwdl timemiddle=0s

Programming S3
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12 Arcwelding
Wrist weaving (maximum weaving frequency 10 Hz)

Crosstime=0.05s
Dwdl timeright =0s
Dwdl timeleft=0s

Note! Dwdl time left and right (and middle at V-shaped and triangular weaving) should
not be chosen less than 0.05 s, besides when weaving with maximum weaving frequency.
This dwdl time is needed to obtain full amplitude at weaving.

The handling of weaving outputs for contour following (output 17 and 18) are aso affected
when the dwell times are set to 0 sfor weaving with maximum weaving frequency. These

outputs are therefor set 0.05 s earlier than normal to be ableto be set and cleared in pace
with the maximum weaving frequency (see figures below).

AMPLITUDE

OUTPUT LEFT SEX =1
5 =X
. \a20f <
1 1——. A ] A ’.
005010015“\@ OUTPUT Rl GHT CLEARED=0
OUTPUT Rl GHT SEX=1
0.05s

Weaving at 5 Hz (zig-zag, V-shaped and triangular weaving)
AMPLITUDE

QUTPUT LEFT SEE=1

/
/R A . / .
006 \QW \0:25 s
\" OUTPUT RIGHT CLEARED = 0
OUTPUT RIGHT SET =1

-

Weaving a 10 Hz (wrist weaving)

AMPLITUDE
QUTPUT LEFTSET =1
ClJTPUTRI GHT CLEARED=0

. OQOAOZO/\ A /
olo@5¥v 0. 1§WOJ5§?/ \zv t[s]

ClJTFUTRIGH'I'SEX 1
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12 Arc welding
Sensor data

Sensor datais a collection of data containing necessary data for definition of contour
following during AWELD. They are:

Side corr. sensor no.: The number of the sensor used for side correction.

Side corr. sensor bias: BIASin percent of the sensor's total working range. 50 %
indicates sensor in the centre of its working range.

Heightcorr. sensor no.: The number of the sensor used for height correction.

Heightcorr. sensor bias: BIASin percent of the sensor's total working range. 50%
indicates sensor in the centre of its working range.

Sidecorr. angle: The angle between the weaving vector and the side
correction vector at simultaneous contour following and
weaving.

Normally the weaving vector corresponds to the side correction vector, which means that
the side correction angle normally is 0°. The direction can however be adjusted according to
the figures below.

The height correction vector corresponds to the TCP vector in both figures.

Zig-zag weaving, seen from the front

"

4 Side correction vector
Side correction .
angle - +10° _. " Weaving vector
- Weaving angle
-100°
¥ TCPvector

Zig-zag weaving, seen from the front correction angle normally is0°. The
direction can however be adjusted according to the figures below.

s

Side correction

angle - -30° ., Weaving vector

) » Side correction vector
Weaving angle
-100°

Y TCP vector
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12 Arcwelding
Fifty different collections of each MAIN DATA type can be defined.
Twenty different collections of each WEAVE DATA type can be defined.
Ten different data collections of each of the other WELD DATA types can be defined.
The table below shows the parameter values which can be programmed.
Current is replaced by wire speed if wire speed is selected in the system parameters, (see

Installation S3).
- : Basic|] Min. | Max. | Reso-
Type | Parameter Givenin value] value| value] lution
Ignition voltage Volt 0.0 -40.0{ 400} 01
Ignition current Ampere 0.0 -400.04 400.0} 0.1
Ign. wire speed m/min 0.0 -200] 200 | 01
inch/min 0 -787 | 787 1
Geas preflow seconds 0.00 | 000 } 99.99| 001
Start | Hot start voltage Volt 0.0 -400] 400 | 01
data | Hot start current Ampere 00 | -40009 4000{ 01
Hot st. wire speed m/min 0.0 -200| 2001 01
inch/min 0 -787 | 787 1
Hot start time sepqnds 0.00 0.00 99.99 0.01
Restrike amplitude millimeter | 0.0 0.0 9991 01
Restrike weave time seconds 0.00 0.00 99.9 0.01
wdd st. max time seconds 2.00 0.50 99.99 0.01
Wed voltage Volt 0.0 -30.0] 1000] 0.1
Main| Wdd current Ampere 0.0 0 100040 0.1
data | Wed wire speed m/min 0.0 0.0 50.0 | 0.1
inch/min 0 0 1981 1
Wed speed mm/s 0.0 0 200.0] 0.1
inch/min 0 0 476 1
End voltage Volt 0 -40.0f 40.0 | 01
End current Ampere 0 -400.0¢ 400.0| 0.1
End | End wire speed m/min 0 -20.0|] 200 | 01
- inch/min 0 -787 | 787 1
Gas podt-flow time seconds 1 0 99.99| o001
Burn back time seconds 0.05 0 99.99f 001
Coolingtime seconds 0 0 99.991 001
Fill time seconds 0 0 99.99F 001
Type - zig-zag} - - -
Amplitude mm 10 0.0 [99.99{ 0.01
Wea- | Crosstime seconds 1.00 0.00 | 9999} 001
ving | Dwell times:
Hafa. | I€ft, right, center seconds 005 | O 99.99
Seam angle degrees 90 10 170 1
Forward bias mm 0.0 0.0 9299 | 01
Weaveangle degrees 90 0 180 1
Perpendicular YesNo Yes - - -
Side, corr. sensor no. . 0 0 16 1
Sen- | Height, corr. sensor no. | - 0 0 16 1
sor | Side, corr. sensor bias % 50 0 100 1
data | Height, corr. sensor bias | % 50 0 100 1
Sdecorr. angle degrees 0 -90 90 1

Note! Ignition, hot start and end values for voltage and current/wire speed are given as
differences relative to corresponding Main data.
*) IRB 1500: ZIG-ZAG, Triangular, V-shape maximum 16 mm, Wrist maximum 7 mm.

Programming S3
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12 Arc welding

The following diagram shows the relation between different signals, times, etc.

START

MAIN

END

TO = Gas pre-flow time

Tl = Ignition time (< 50 ms)

T2 = Maximum restrike time

T3 = Hot start time

T4 = Burn-back ti
T5 = Cool time

T6 = Fillingtime

me

T7 = Gas post-flow time

DATA DATA DATA
/1111111 RCTTTY 1T TTTTTTAYY Yy Yy YYYYYY YY) Gas
—VYYYYyyyy [ Y I? YA AL wad voltage on
—YYYYYYYYYYYYYYYYYYYYYYY 2 ‘Weld current on
TTTTTTTNITTTTTTTTTT] | feA—F7777— Contour
_W//W////////V////am_mg age
TTTTTTITTTTTT A £ Ref. voltage
wire feed unit
xzz&yyWI T TTTTTTTTTTI-A Robot movement
Y7L movement
TO 1 Tl Restrike
]
% T s feth |
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12 Arcwelding

Programming of weld data
Welding data is programmed under the control button MANUAL. Begins with:

NN S

ot

Press SCAN.
Press SCAN.
Press SCAN.
PressWDATA

10POSV =60% PATH

CLEAR DISK  WINCH IN/OUT SCAN

10POSV = 60% PATH

TOOL PARAM

3,

10 POS V = 60% PATH

FRSC TOSC RBMODE SCAN

10POSV =60% PATH

*LANG ERRORS TEACH WDATA  SCAN

0 POSV =60% PATH

IIWEAVE SENSOR

Programming
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12 Arcwelding
After the above sequence, START DATA, MAIN DATA, END DATA, WEAVE DATA or
SENSOR DATA can be programmed.
Programming START DATA
1. Pressfunction button START.

2. Sdect the required START DATA number (1-10) with the numerical button set. Data
numbers not used are marked on the display with -.

3. PressENTER.
4. Write the ignition voltage difference value with the numerical button

5. PressENTER. (* The value programmed is now shown on the upper line of the
display. New values can be programmed directly if required.)

6. PressENTER.

7. Write the ignition current/wire speed difference value required with the numerical
button set.

8. PressENTER. (* Seepoint 5 above)

9. PressENTER.

10. Write the gas pre-flow time value required with the numerical button set.

11. PressENTER. (* Seepoint 5)

12. PressENTER.

13. Write the hot start voltage difference value required with the numerical button set.
14. PressENTER. (* Seepoint 5)

15. PressENTER.

16. Write the hot start current/wire speed difference value required with the numerical
button set.

17. PressENTER. (* Seepoint 5)

18. PressENTER.

19. Write the hot start time required with the numerical button set.

20. PressENTER. (* Seepoint 5)

21. Press ENTER.

22. Write the restrike weaving amplitude required with the numerical button set.
23. PresseENTER. (* Seepoint 5)

24. PressENTER

Programming S3
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12 Arcwelding
25. Write the restrike weaving cross time required with the numerical button set.
26. PressENTER. (* Seepoint 5)
27. PressENTER.
28. Write the weld start max time required with the numerical button set.
29. PressENTER. (* Seepoint 5)

30. PressENTER.

N 3!

If it isdecided to retain the basic value for a parameter, the sequence can be

continued by pressing ENTER directly, instead of writing another numerical -

value.
A
~
A\

Programming S3
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{ START  MAIN

START DATA 1 IGNI VOLT DIFF (V) =0.0 ’

VOLTAGE (V) ENTER

START DATA 1 IGNIV

12 Arc welding

Programming
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START DATA 1IGNI VOLT DIFF (V) = 15

12 Arcwelding

) . e B

8] 200 wwRE DIFF

E' replaces )

E1el] "CURR DIFF -
A
ﬁ

Programming
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10.

11.

12.

13.

14.

15.

(I s
BER
IZIE]

START DATA 1 GAS PREFLOW TIME (S) 0. OO

TIME(9=15 CE ENTERH

START DATA 1 HOT VOLT DIFF (v) 00
VOLTAGE (V) =

5* START DATA 1 HOT VOLT DIFF (V) 00
Iﬂ ENTE

| START DATA 1 HOT VOLT DIFF (V) 1100
VOLTAGE (V) = ENTE

12 Arc welding

Programming
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12 Arc welding

STARTDATA 1 HOT CURRDIFF (A) = 00 |
g:
F CURRENT (A)— ENTER ]

16. 159 )If wire speed was
selected the text
"WIRE DIFF'
replaces
"CURR DIFF"
17 B arant DATA 1 HOT (1 Ion
18.
19.
20. START DATA 1 HOTSTART TIME (S) 00 0 f
Programming >
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12 Arcwelding

21.
[ START DATA 1 RESTREKEAMPL (MM)=00 E
AMPLITUDE (MM) =
22,
23,

24. *" START DATA 1 RESTRKE AMPL (MM) = 500 ’
# i
AMPLITUDE (MM) =

25,
26. [ START DATA 1RESTR. CROSSTIME (S =000 |
TIME(S)=10
Programming 33
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27.

28.

29.

30.

A s e A2 A~ AR i i i 8 =

| STARTDATA 1 RESTR.CROSSTIME (S) = 10.00

[ TIME ©)= CE  ENTER|

AN At AR AN 7 AN R L1 1.1 L KNSR AT R AN L8 k8 etk 88O A SN

[ START DATA T AWSTART MAX. TI ME= 2 00
TIME (S)=

12 Arcwelding
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12 Arcwelding

Programming MAIN DATA

1
2.

o

© ® N o

Press function button MAIN.

Select the MAIN DATA number required (1-50) with the numerical button set. Data
numbers not used are indicated on the display with -.

Press ENTER.
Write the weld voltage value required with the numerical button set.

PressENTER (* The value programmed is now shown on the display. New values can
be programmed directly if so.required.)

PressENTER.

Write the weld current/wire speed value required with the numerical button set.
PressENTER. (* See point 5)

PressENTER.

10. Write the weld speed required with the numerical button set.

11. PressENTER. (* Seepoint 5)

12. PressENTER.

NJ3!

Ifit isdecided toretain the basic value for a parameter, it is possibleto proceed
with the sequence by pressing ENTER directly instead of writing another
numerical value.

Programming
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12 Arcwelding

1.
use the SHIFT
button for further
data fields.

2.

3.

4.

'™
S. i1 MAIN DATA 1 VOLTAGE (V) 0.0
Programming >
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12 Arcwelding

MAIN DATA 1 VOLTAGE (V) 27. 0
VOLTAGE (V)=
MAIN DATA 1 CURRENT (A) 00
7. B *) If wire speed was
%E’ 150 selected the text
"WIRE SPEED"
IEI replaces
EI D "CURRENT-
s‘ oo - i o oo o
MAIN DATA 1 CURRENT (A) 0.0
CURRENT(A)= CE
9.
Programming S3
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12 Arcwelding

nEn

1. AIN DATA 1 WELD VELOCITY (MM/S) = 0.0

IN DATA 1WELD VELOCITY (MM/S) =10.0 ‘
VELOCITY (MM/S) = CE ENTE

Programming S3
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12 Arcwelding
Programming END DATA

1. Pressthe function button END.

2. Select the END DATA number required (1-10) with the numerical button set. Data
numbers not used are indicated on the display with -.

3. PresseENTER.
4. Write the end voltage difference value required with the numerical button set.

5. PressENTER. (* The vaue programmed is now shown on the display. A new value can,
if required, be programmed directly.)

6. PressENTER.

7. Write the end current/wire speed difference value required with the numerical button
Set.

8. PressENTER (* Seepoint 5)

9. PressENTER.

10. Write the gas pog-flow time required with the numerical button set.
11. PressENTER. (* Seepoint 5)

12. PressENTER.

13. Write the burn-back time required with the numerical button set.
14. PressENTER (* Seepoint 5)

15. PressENTER

16. Write the cooling time required with the numerical button set.

17. PressENTER (* Seepoint 5)

18. PressENTER

19. Write thefill time with the numerical button set.

20. PressENTER (* See point 5)

21. Press ENTER

NJB!. Ifit is decided toretain the basic value of a parameter, the sequence can be

continued by pressing ENTER directly instead of entering another numerical
value.

Programming S3
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12 Arc welding

®. END DATA 1 END VOLTAGE DIFF{V}=-15.0
= CE ENTER
ND DATA 1 END CURRENT DIFF (V) =0.0
CURRENT (A) CE ENTER
7. *) If wire speed was
selected the text
"WIRE DIFF"
replaces
"CURRENT DIFF*
8. END DATA 1 END CURRENT DIFF (A) = 0.0
CURRENT (A) = -180 CE ENTE
S ND DATA 1 END CURRENT DIFF (A) =-180.0
CE ENTER
Programming S3
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10.

11.

12.

13.

14.

15.

2

7 P

END DATA 1 BURN BACK TIME (S) = 0.05

ENTEH

END DATA 1 BURN BACK TIME (S) = 0.20

CE

ENTER

12 Arcwelding
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16,
17.
18,
END DATA 1FILL TIME(S) 0.00 }
IRENER) CE "
19,

20.

Programming S3
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21.

START MAIN

END

12 Arcwelding
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12 Arcwelding

Programming WEAVE DATA

The different parameters are described in Chapter 12.4.

1.
2.

9.

10.
11,
12
13,
14,
15,
16.

Press the function button WEAVE.

Select required WEAVE DATA number (1-20) with the numerical button set. Not used
data numbers are marked with " -" on the display.

Press ENTER

Choose some weaving pattern (ZIG-ZAG, TRIANGLE or V-SHAPED) or wrist weaving
(WRIST) and then press ENTER

Soecify required amplitude (mm) with the numerical button set.

Press ENTER (Now the programmed value is displayed. A new value can be entered if
required).

Press ENTER

Specify required cross time () with the numerical button set.

Press ENTER (see point 6).

Press ENTER.

Soedify required dwel time, Left (), with the numerical button set.
Press ENTER (see point 6).

Press ENTER

Soecify required dwell time, Right (), with the numerical button set.
Press ENTER (see point 6).

PressENTER

17. If wrist weaving is chosen, jump to point 31. Otherwise secify required dwell

18.
19.

time, Middle (s), with the numerical button set.
Press ENTER (see point 6).
PressENTER

20. If zig-zag weaving is chosen, jump to point 23. Otherwise oecify required seam angle

21.
22.
23.
24,

(deg) with the numerical button set.

Press ENTER (see point 6).

Press ENTER.

Soedify required forward bias (mm) with the numerical button set.
Press ENTER (see point 6).

Programming
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25.
26.
27.
28.
29.

30

12 Arcwelding
Press ENTER.
Specify required weave angle (deg) with the numerical button set.
Press ENTER (see point 6).
Press ENTER.

State whether the weaving motion always s to be perpedicular to the programmed
robot path or not (YES/NO).

Press ENTER

31. Spedify if reset is required. Then the starting menu will return.

LA LALL o 8 A AL LA LA LLLLLLLLL 1. LA AN R IIAR S f e B 5 LA ALLL S AI

10 POSV = 60% PATH
WEAVE SENSOR

Programming
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g oa A eppep ot e A £ 12 L1t 0 A bt L et AP0
P =

| WEAVE DATA 1 TYPE ZIG-ZAG

k3

ENTER

TYPE WRIST

12 Arc welding

Programming 49

S3



6.

10.

\fﬁ.\mm.‘.‘. e e Bt e e ot 88 8 L1 e o At e

ff; WEAVE DATA 1AMPUTUDECMM) =10
CE  ENTER

WEAVE DATA 1AMPLITUDE (MM) 55
MPLITUDE =

WEAVE DATA 1 CROSSTIME (S) 1.00 -
CROSSTIME CE  ENTE

RN,
(3L ellal
°[O n

A S ey BT LT TR S R

&
WEAVE DATA 1CROSSTIME (S) =100 :

WEAVE DATA 1 CROSS TIME (S) = 5.5

12 Arc welding
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12 Arcwelding

£ AN A B A AN S AR AN B £ P g

WEAVE DATA 1 DWELL TIME L(S) = 0.05

11.

12.

13.

ﬂ WEAVE DATA 1DWELL TIME R (S) - 005 [
|| DWELLTIMER = CE

14.

15.

Programming - S3



12 Arcwelding

- rere——— =
WEAVE DATA 1 DWELL TIME R( S) =0.01

i i m nn a R  mm mmmA

16.

L ars 0L IF WRIST
17 Q10 WEAVING,
'  8]| 9l PAGE 54 o~

]

18.

19.

.-,.....-.........-c.-.-‘-.....k-..‘-,-‘-,‘-.-.-.-.-...-...-,.-.m-.‘-.“:----‘-.-.‘-..‘-,-........-.....-.,-.—..-H.EE,?; |F ZIG-ZAG

e ' _ WEAVING,
| WEAVE DATA 1 SEAM ANGLE (DEG)=90 || WEAVIN

CE  ENTER

20.

[l
[o]foolfen] ]
[Jfelle]l]

Programming
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21.

22.

23.

24,

25.

12 Arcwelding

WEAVE DATA 1 SEAM ANGEL (DEG) =90 ||

IF ZIG-ZAG
WEAVING

WEAVE DATA 1 SEAM ANGLE (DEG) =80 |
SEAM ANGEL = CE  ENTER

| WEAVE DATA 1 FORWARD BIAS (MM)=00 |,
] FORWARD BIAS= CE  ENTER|

IF WRIST

[l2ifs]
[«][5][6] ? WEAVING
HBE

T £ 4 B T T T T T kA ¥ o ¥ b i A D
[

+ (Continue next page)

Programming
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26.

27.

28.

29.

30.

31.

WEAVE DATA 1 WEAVE ANGEL (DEG) = 90

WEAVE DATA PERPENDI CULAR = YES

NN

12 Arc welding

IFWRIST
WEAVING

Programming

54

S3



12 Arcwelding

Programming SENSOR DATA

The various parameters are described in chapter 12.4.

1
2.

a1

© © N O

10.
11.
12.
13.
14.
15.
16.
17.
18.

Press the function key SENSOR.

Sdlect the desired SENSOR DATA -number (1-10) on the numerical keyboard. Data
numbers not in use are displayed as'-".

PressENTER.
Type the desired sensor number for side correction on the numerical keyboard.

Press ENTER. (The programmed value is now displayed. A new value can be entered
immediately if desired.

Press ENTER.

Typethe desred BIAS vaue on the numerical keyboard.

Press ENTER.

PressENTER. (Seepoint 5).

Type the desired sensor number for height correction on the numerical keyboard.
Press ENTER. (See point 5).

PressENTER.

Type the desired sensor BIAS on the numerical keyboard.
PressENTER. (See point 5).

PressENTER.

Type the desired side correction angle on the numerical keyboard.
PressENTER. (Seepoint 5).

PressENTER.

Programming



mna LA LLLLLI

[ POS H = 60% PATH
VE SENSO

ﬁ SENSOR DATA 1SIDE =0 BIAS=50

ﬂ SENSOR DATA 1SIDE =0 BIAS = 50

12 Arc welding
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10.

12 Arcwelding

SENSOR DATA 1SIDE = 1 BIAS= 50

AR L m T Y Y PP ER Y

| SENSORDATA 1 SIDE = 1 BIAS=50

]] SENSOR DATA 1SIDE= 1 BIAS=50 3
CE  ENTER!

Programming

S3
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11.

12.

13.

14.

15.

16.

| SENSOR DATA 1 HEIGHT = 0 BIAS= 50

SENSOR DATA 1 HEIGHT =2 BIAS=50
HEIGHT=2 CE

ENTER}]

| SENSOR DATA 1 HEIGHT = 2 BIAS = 50

| SENSORDATA 1HEIGHT=2 BIAS=45 |

12 Arcwelding
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12 Arcwelding

17.

SENSOR DATA 1 SCORRANGLE (DEG,) = -
18. SIDE CORRECTION ANGLE CE

Check and editing of weld data

When the programming of the weld datais complete or previously programmed weld data
is tobe used, it may be necessary to check and/or make amendments. This is performed
simply in accordance with the following:

1. Pressthe control button MANUAL once and SCAN three times.

2. Pressfunction button WDATA. :

3. Select the datatype required (START/MAIN/END/WEAVE/SENSOR).

4. Select the data number required.

5. Press ENTER a number of times. Each pressing steps the parameter sequence one step.
If avalue isto be changed, the new valueis written in with the numerical button set
and the button ENTER is pressed.

Storage of welding data

Disk

With storage of a robot program on a disk (TO DISK) the weld data is stored automatically
in the same block as the robot program. The weld data area consists of the 10 START
DATA, 50 MAIN DATA, 10 END DATA 20 WEAVE DATA and 10 SENSOR DATA.

Thetransfer of the weld data from the disk (FR DISK) can be performed in three different
ways.

1. With REPLACE, the weld datain the robot is replaced with that from the disk
(according to the block number selected).

2. With ADD ALL, the operator determines whether arc weld datais to be entered or not.

3. With ADD ONLY, itis possibleto select the transfer of robot program (PROG) or weld
data (WDATA) from the disk (according to the block number selected).

With all transfers from the disk the override register is cleared.
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12 Arcwelding
Computer link
In systems equipped with a computer link function, the weld data area can be stored on or
?cltl:@ed from the superior computer. The transfer is performed in accordance with the
ollowing:

1. Sdect thefunction TO SC or FROM SC under the control button MANUAL.
2. Sdlect the function WDATA.

3. Specify under which block identity the weld datais to be stored.

4. The dataistransferred to/from the SC.

Programming S3
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o _ _ 12 Arc welding
125 Description of robot instructions

1251 Instructionsfor the welding process

There are three instructions for the welding process under the control button P.
 AWELD

« WEND

» CLEAN (spatter cleaning)

These instructions are of the combination type. The first contains a positioning and call for:
START DATA, MAIN DATA and WEAVE DATA and SENSOR DATA. The second contains
apositioning and call of END DATA. Thethird contains a positioning and a call of arobot
sub-program. The instructions are programmed by positioning the robot to the required
point with the joystick and then pressing the P button. The robot position is then stored
automatically in the memory after which one of the above instruction alternatives is
selected. The rules which apply to POS instructions aso apply to coordinate systems, TCPs,
basic and maximum speed, positioning accuracy, editing, etc.

AWELD instruction

Thisinstruction is used to program positioning forward to a point for welding start or weld
data amendment and call for data for the weld start procedure, the weld procedure, the
weaving movement of the welding gun and the sensor's method of operation. The
instruction is given automatically the speed percentage which appliesfor the P- and POS-
instruction most recently programmed and fine point. The instruction is also given the
START DATA number, the MAIN DATA number, the WEAVE DATA and SENSOR DATA
number which applies for the AWELD instruction most recently programmed. If required,
it is possble to enter anew speed percentage, new data number and/or change the
positioning accuracy to PATH or CORNERL.

Thefollowing isthe procedure when theinstruction is executed:

The robot is positioned to the specified location at the speed defined in the instruction. This
appliesif the positioning is forward to a point for weld start. If the positioning is forward to
apoint for weld data change (welding in progress) the weld speed specifled in - the
instruction (included in the MAIN DATA cdled) applies.

When in the location specified (positioning accuracy reached) the weld start procedure is
started in accordance with the START DATA given in theinstruction. If SENSOR DATA
are programmed the function SPS (Servo Parameter Scheduling) is disconnected to achieve
constant servo log during contour following. The weld parameters VOLTAGE,
CURRENT/WIRE SPEED and WELD VELOCITY (but not WEAVE DATA or SENSOR
DATA) can be corrected during welding in progress with the direct action override function
(see section 12.7.2). During welding, weaving is performed (if specified) and if WEAVE
DATA isnot 0. A correction is performed according to the data entered in the SENSOR
DATA- fidd (sensor data*K) and > 1 sensor *« 0). If two or more successve AWELD
instructions are programmed, thefirst resultsin awed start whereas the following only
result in change of MAIN DATA and/or SENSOR DATA.
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12 Arcwelding
WEND instruction
Thisinstruction is used to program positioning forward to a point for weld end and cal of
datafor the weld end procedure. The instruction is given automatically the speed
percentage (this is sgnificant only when executing instruction by instruction, see section
12.7.4) which appliesfor the P- or POS-instruction most recently programmed and aso fine
point Theinstruction is aso given the END DATA number which applies for the WEND-
instruction most recently programmed. If required, a new speed percentage and new data
number can be entered and/or the positioning accuracy can be adjusted to PATH or
COENERL.

When the instruction is executed the following takes place:
The robot is positioned to the location specified with the welding speed programmed in the
MAIN DATA cdled by the preceding AWEL D-instruction.

When in position (or at zone) the weld end procedure is executed in accordance with the
END DATA specified in the instruction.
If SPS has been disconnected (contour following), it is automatically reconnected.

CLEAN instruction

Positioning of the robot to a point for spatter cleaning and call of arobot sub-program is
programmed with this instruction.

The positioning is given automatically the speed percentage which applies for the P- or
POS-instruction most recently programmed and PATH. Theinstruction isaso given
automatically the sub-program number which appliesfor the CLEAN instruction most
recently programmed. If required it is also possible to enter a new speed percentage or a
new subprogram number and/or to change the positioning to fine point or CORNERL.

When thisinstruction is executed, the subprogram is called when the positioning is
completed (reached zone).

The subprogram called is to contain instructions for control of the spatter cleaning
procedure.

1252 Instructionsfor positioner

There are two instructions under the control button Pfor controlling external equipment
such as a positioner for handling the workpiece.

» EXTC (external control)
» EXTPOS (externa positioning)

These instructions are of the combination type. The first contains a positioning and call of a
robot subprogram and the other contains a positioning and a transfer of position
information to external equipment and acknowledgment that the transfer is concluded.

EXTC instruction

Thisinstruction is used to program positioning of the robot to a suitable point and call of a
robot subprogram. The positioning is automatically allocated the speed percentage which
appliesfor the P- or POS-instruction most recently programmed and PATH. The
instruction is also given automatically the subprogram which applies for the EXTC
instruction most recently programmed. If required, a new speed percentage and a new
subprogram number can be entered and/or the positioning can be changed to fine point or
CORNERL.
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When theinstruction is executed, the subprogram is called after the positioning is
complete. The subprogram caled isto contain instructions to control the external
equipment concerned.

EXTPOS instruction
Thisinstruction permits positioning of external equipment without servo control.

Thisinstruction is used to program positioning of the robot forward to a point and
transmission of position information to external equipment.

The position of the external equipment is read and stored in the instruction when
programming. (Position information is accessed via port 70 and transmitted via port 80.
Compare with the instructions GET and TRANSFER.) The positioningis given
automatically the speed percentage which applies for the P- or POS-instruction most
recently programmed.

If required, a new speed percentage can be entered and/or the positioning can be changed to
fine point or CORNERI.

When the instruction is executed, the position information is transferred after the
positioning is completed and an acknowledgment is received.
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126 Programming of robot instructions

1261

Notel

12.6.2

Generad
The following functions are discussed in this section:

12.6.1 Define a position with a PATH zone

12.6.2 Instructions for the weld process
AWELD  Program aweld instruction
WEND Program an end instruction
CLEAN  Program a spatter cleaning instruction

12.6.3 Instructions for manipulator movements
EXTC Program an external control instruction
EXTPOS Program an external positioning instruction

12.6.4 Common functions for the instructions.
Define a position with a PATH zone

When the P button is pressed, the robot position is defined as a PATH. The instruction
stored isidentical with that obtained by pressing the POS- button.

The following function buttons are accessible after the P-button has been pressed:
AWELD WEND CLEAN EXTC

EXTPOS

There are thus three types of arc weld instructions and two types of positioner instructions
available. The following sections describe in detail how these are programmed.

All instruction numbers and parameter values are examples only.
I nstructions for the weld process

Program a AWELD instruction

The AWELD function is used to program simultaneously:

» Pogitioning to afine point.

* Call of START DATA and MAIN DATA and performance of a weld start.
o Call of WEAVE DATA and SENSOR DATA

When the AWELD instruction is performed, the robot will:

1. Position to the programmed position with the accuracy most recently specified.

2. aWhen positioning forward to aweld start point, the weld start procedure is executed in
accordance with the instruction START DATA, at the same time as weaving and welding
supervision via sensors starts if required. MAIN DATA is then called for.

b) When positioning forward to a point changing weld data, welding in accordance with
the previous MAIN DATA is performed during the positioning. New MAIN DATA isthen
caled for.

Only then is the next instruction executed. Programming of the AWELD function is
described under procedure 0 below. Selection of new speed, new positioning accuracy and/or
new weld datais described under the procedures A, C and D respectively in section 12.6.4.
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Notel The relevant START, MAIN DATA WEAVE and SENSOR DATA numbers are presented

on the display (at the end of the instruction).

PROCEDURE 0

Program positioning with subsequent weld start and/or welding according to the following:
1.

Press control button P.
2.  Pressfunction button AWELD

P

100 POSV = 100% PATH
M AWELD WEND CLEAN EXTC SCAN

Main data no.
Start data no.

Weave data no.

Sensor data no.

S e s S e S

100 POSV= 100% FINE AWELD 1/2/3/4 |
V(%0 PATH ZONE WDATA SCAN

4 100 POSV= 100% FINEAWELD  1/2/3/4 B

The AWELD instruction is now completely programmed. If a hew speed, new positioning

accuracy and/or new weld data are to be selected, continue with the corresponding
procedures (section 12.6.4).
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A. The POS POS instruction gives the position argument for the movement in accordance
with chapter 6.10.

B. The POS LOC instruction gives the location argument for the movement, in accordance
with chapter 6.12.

C. Definition of positioning time is done with the instruction TIME as in chapter 6.15.

When theinstruction TIME is given, the specified positioning time will override
the given process speed.

Program a WEND instruction

The WEND instruction is used to program:

» Positioning to afine point.

* Call of END DATA and execution of the END procedure.

When the WEND instruction is executed the robot will:

1. Position to the programmed position with the appropriate accuracy or zone most
recently specified.

2. Perform awed end in accordance with the END DATA specified in theinstruction.

Only then isthe next instruction executed.

The programming of the WEND instruction is described under procedure O below.
The selection of new speed, new positioning accuracy and/or new DATA are described
under the procedures A, C and D respectively in section 12.6.4.

PROCEDURE 0

Program positioning with the subsequent weld end in accordance with the following:
1. Press control button P.

2. Pressfunction button WEND

The WEND-instruction programming is now complete. If a new speed, new positioning
accuracy and/or new weld dataiis to be selected, continue with the corresponding procedure
(section 12.6.4).
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100 POSV =100 % PATH

100 POS V= 100% FINEWELD 5
V% PATH ZONE WDATA SCAN

H 100 POSV= 100% FINEWELD 5
POSPOS POSLOC  TIME

Programming . S3
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A. The POS POS instruction gives the position argument for the movement according to
chapter 6.10.

B. The POS LOC instruction gives the location argument for the movement according to
chapter 6.12.

C. Definition of positioning time is done with the instruction TIME as in chapter 6.15.

Note!
When theinstruction TIME is given, the specified positioning time will override
the given process speed.

Programming of a CLEAN instruction

The CLEAN function is used for simultaneous programming of:

» Positioningto a PATH

* Cdl and execution of a specid subprogram for spatter cleaning

When the CLEAN instruction is executed, the robot will:
1. Position to the zone.
2. Execute the subprogram.

Only then is the next instruction executed. The programming of the CLEAN instruction is
described under procedure O below.

Sdlection of new speed and new positioning accuracy and/or new subprogram number is
described under the procedures A, C and B respectively in section 12.6.4.

PROCEDURE 0

]?rl(l)gram positions with subsequent call of subprogram for spatter cleaning according to the
ollowing:

1. Presscontrol button P.

2. Pressfunction button CLEAN.

T ———— s mm i m mmmm s mmm o m mmm MU Wi S ' i m 2 m m T T T e gt

| 100POSV = 100% PATH
AWELD WEND CLEAN EXTC  SCAN

% PATH ZONE PROGRAM SCAN

The CLEAN instruction is now programmed completely. If a new speed or anew
positioning accuracy is to be selected, continue with the corresponding procedures (section
12.6.4).
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12.6.3 Instructionsfor positioner movements
Program an EXTC instruction
The EXTC function is used to program at the same time:
*  Pogitioning to afine point.
» Cdl and execution of a specid subprogram for control of external equipment.
When the EXTC instruction is executed, the robot will:
1. Position to the programmed position at the zone currently specified.
2. Execute the subprogram.
Only then isthe next instruction executed.
Programming of the EXTC instruction is described under procedure O below.
Sdlection of new speed, new positioning accuracy and/or new subprogram number are
described under the procedures A, C and B respectively in section 12.6.4 below.
PROCEDURE 0
Program positioning with accompanying call of subprogram for external control according
to the following:
1. Pressstart button P.
2. Pressfunction button EXTC.
1. { 100POSV = 1009%6PATH
AWELD WEND CLEAN EXTC SCAN
2. | 100 POSV = 1009 EXTC 400 |
V% PATH ZONE PROGRAM SCAN §
The EXTC instruction is now completely programmed. If a new speed, new positioning
accuracy and/or new subprogram are to be selected, continue with the corresponding
procedures (section 12.6.4).
Programming S3

69



12 Arcwelding
Program an EXTPOS instruction
The EXTPOS function is used to program at the same time:
» Positioning to a PATH point
e Transfer of position information to external equipment. This position information has
been accessed and stored in the instruction when programming.

When the EXTPOS instruction is executed, the robot will:

1. Position to the programmed position at the zone currently specified.
2. Transmit the position information.

3. Await acknowledgment.

Only then is the next instruction executed. The programming of EXTPOS instructionsis
described under procedure 0 below.

Selection of new speed and new positioning accuracy described under the procedures A and
C respectively in section 12.6.4 below.

PROCEDURE 0

Program positioning with associated transmission of position information according to the
following:

1. Press control button P.

2. Press SCAN.

3. Pressfunction button EXTPOS.

—" PR A AR AR R L P b R R o 411 Rk o AR R R 88 8BTS

100 POSV =100 % EXTPOS

ZONE

positioning accuracy are to be selected, continue with the corresponding procedures (section
12.6.4).
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12.6.4 Common functions

PROCEDURE A
Select a new speed percentage in accordance with the following:

1. Pressfunction button V(%).
2. Writethe speed percentage required (0.1 - 799.9 %) with the numerical button set.

3. Pressfunction button ENTER.

L 100 POSV— 100% FINE AWELD 1/2/3/4
V% PATH ZONE WDATA SCAN

3. 100POSV=

S3
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PROCEDURE B

Select anew subprogram number in accordance with the following:
1. Pressfunction button PROGRAM.

2. Write the subprogram number required (1-9999) with the numerical button set.
3. Pressfunction button ENTER.

1 T e ———

|| 100 POSV= 1003

V% PATH ZONE PROGRAM SCAN §i

2, 100 POS V = 100 %

3.
100 POSV=100%
V% PATH ZONE
Programming
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PROCEDURE C

Select a new positioning accuracy in accordance with the following:

PATH POINT
1. Press function button PATH.

1 S ey
V% PATH ZONE
100 POSV = 100 % PATH
V% PATH ZONE
FINE POINT

1. Pressfunction button ZONE.
2. Pressfunction button FINE.

L 100 POS V = 100%
V%  PATH
, 100 POSV = 100%

CORNER POINT
1. Pressfunction button ZONE.
2. Press function button CORNER 1 or CORNER 2.

12 Arcwelding
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PROCEDURE D
Select a new data number in accordance with the following:

START, MAIN DATA, WEAVE or SENSOR DATA number

1.

2
3.
4

Press function button WDATA.
Press either function button START, MAIN,WEAVE or SENSOR depending on which

' datatypeisto be changed.

Write the new data number with the numerical button set.
Press ENTER

100 POSV = 100% FINE AWELD 1/1/1/1
H% PATH ZONE WDATA SCAN

o o AR AR A AR A

100POSV =100% FINEAWELDI/l/l/l
MAIN  WEAVE SENSOR

100POSV=100% FINE AWELDI/1/1/1
START DATA NO=

100 POSV= 100% FINE AWELD 1/ 1/]L /1 l
STARTDATANO= CE  ENTER||

100POSV=100% FINE AWELD 1/1/1/1
V% PATH ZONE WDATA SCAN

*|)The same sequence appliesto MAIN and WEAVE

Programming

S3
74



' 12 Arcwelding
END DATA number
1. Pressfunction button WDATA.

2. Write the new data number with the numerical button set.
3. PressENTER.

[ 100POSv=1003 FINEWEND T ||
V%  PATH ZONE WDATA SCAN |

1OOPOSV 100% FINE WEND 1

1OOPOSV 100% FINEWEND2
V% PATH ZONE WDATA SCAN
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12.6.5 EXTFRAME

External axes are used for moving workpieces or the whole robot unit The position and
direction of these axes are not known for the robot control system and therefore
interpolation between internal and external axesisnot possible.

With help of the function EXTFRAME a geometric relation of an external axis and the
robot coordinate system can be described. The EXTFRAME bringsby that one interpolated
external axisto the robot system. Thismeansthat it is possible to perform linear and
circular paths with the robot and the interpolated axis at the same time. The programming
isassmple asfor a stillstanding external axis. Joining of tubes can, for example, be
programmed with a few points even if the tube has been mounted excentric or not even
parallel with arotating interpolated axis.

Thereal relative velocity between the edge of the tool and the workpiece is the programmed
velocity. This meansthat the weld parametersincl. the process velocity easily can be
adjusted afterwards, without path interfering.

Programmed weaving will be carried out relative to the moving workpiece without more
programming work then with a stillstanding workpiece.

Note! To avoid path following faults because of different dynamic quality of the external and
internal robot axes must, in certain cases, the weld velocity be limited. To get agood result
in respect of path following is it important that the KP-vaue for the external axisis
optimizied.

FUNCTION OVERWEEV
- Gear ratio for the external axisis defined under the function parameters.

- Arotating or linear external axisis defined in the EXTFRAME refering to location and
direction related to the robot coordinate system.

- 20 different EXTFRAMES can be defined. 1-10 for rotating external axes, 11-20 for
linear external axes.

- As standard the movement of all external axes is blocked when the EXTFRAME, for
certain axisis active.

- It is possible to exclude axes, that don't influence the geometric determination of the
interpolated axis, from blocking.

- Before EXTFRAME (n) is activated, external axes that have becomes blocked at
activation, can be run to positions valid at the time of deffnition of the EXTFRAME (n)
with the help of the function EXALIGN.

- Activation of earlier defined EXTFRAMES is done either manually, through
programming or execution of the EXTFRAME instruction. EXTFRAME 0 deactivates
the EXTFRAME function.

An active EXTFRAME will have the following effects on the system:
- during program execution interpolation will be carried out with the EXTFRAME

active.
- dl externa axes except the ORBIT axes and those axes not specified as blocked axes
(BLOCKAX) areblocked.
Programming S3
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At activation severa checks are conducted concerning the possibility of proper activation
with respect to active REFPOINT, active STATIONS and the positions of those external
axes wich must have afix position when the EXTFRAME is active (i.e. which were defined
as BLOCKAXes for that specific EXTFRAME). If any of these checks fails, the system will
not activate the EXTFRAME, but respond with an error message.

Before activating an EXTFRAME it is necessary to move al interfering external axesto a
position where the EXTFRAME data set isvaid. For this purpose it is possible to adign the
interfering external axes according to each defined EXTFRAME. Alignment towards an
EXTFRAME means, that dl externa axes, which are supposed to be at afixed position for
that same EXTFRAME, are moved to the positions they had at EXTFRAME definition
time. Thisis done under AUTO menu; EXALIGN.

To be able to work on different external axes or to handle indexed tilting of an external axis
by another external device it is possble to switch between these data sets within the robot
program.

EXTFRAME definition is carried out by positioning the robot's TCP to a special calibration
point on the ORBIT (or on the mounted workpiece), then two times turning the axis about
90 degrees and positioning the robot's TCP to the same point on the ORBIT each time the
ORBIT has been moved. From these three positions the system will calculate the movement
of theexterna axis.

Only two points are necessary for alinear axis. There are two cases:

- When the rqbot stands in front of the external axis the calibration position should be
fixed on the moving object (as for the rotating axis in the case above). The TCP of the
robot is placed on the calibration position, there after the object is moved at least 1
meter. Finally isthe robots TCP placed on the same calibration point again.

- When the robot is mounted on the trackmotion the calibration position isa postion on
the fix object. The robot is once moved to the calibrationpos on that object. Then the
external axis (with the robot mounted) is to be moved for an optiona distance (dist.
should not be less than 1 mtr for accuracy reasons). Finally the robot's TCP hasto be
repositioned to the fix calibrationpos. Observe, that the robot don't need to have a
certain relation toward the external axisit is mounted on, i.e. itis not necessary to take
care of parallelity of (eg.) extax movement direction and y-axis of the robot system.

Note that the zero (origo) position of the new coordinate system for these linear casesisin
the middle, between the two cdibration locations. Transport from origo can be done
+ 4096 mm.

For improved accuracy a specid tool with well defined TCP can be used. It is recommended
not to reorientate the TCP during the calibration procedure.

During EXTFRAME definition the movements of al other external axes, except the ORBIT
axis, are blocked to avoid unwanted movements of external axes which might interfere with
the calibration.

In the end of the EXTFRAME definition it is possible to define those external axes, which
shall not be blocked when the EXTFRAME is active.

After the EXTFRAME definition is completed it is possible to activate the defined
EXTFRAME viathe pushbutton ACTIVE.
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5 + SCANX5

EXTFRAME REFP HOMEPOS SCAN

-
-~
| EXTFR L EXTAX=7 BLOCKAX=89 |
*  NotforEXTFRAMEO
~** Notfor active or
: undefined
EXTFRAME
*** Not for undefined
EXTFRAME -~
A
S3
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ONLY FOR
LINEAR CASES
(EXTFRAME > 10

EXTFR 2-

EXTFR 2-

NOT FOR
LINEAR CASE
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EXTFR (R) 2 EXTAX=7 BLOCKAX=8-12 1 (R) only for linear
case with robot on
external axis

UNBLOCK EXTERNAL AXIS= CE

EXTFR 2 EXTAX=7 BLOCKAX=9.10,11,12
CE

EXTFR 2 EXTAX=7 BLOCKAX=9.10,H,12
CHANGE ACTIVE NEXT

Progr ainming S3
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12.6.5.1 Alignment of External axes

Description

One specific EXTFRAME set is valid only for a defined position of the robot relative to the
external axis. There might be installations where movements of other external axes may
interfere with this relation thus making the EXTFRAME data unusable. Such interfering
external axes may be abending axis of the ORBIT or atrack motion of the robot.

If for some reason those "interfering” external axes have been moved before a specific
EXTFRAME isto be activated, the system will react with an error message.

It will then be necessary to regain the positions of these interfering external axes to make
the desired EXTFRAME data valid again. For this purpose the EXALIGN function for
external axes should be used. The interfering axes (defined as BLOCKAXes in the
EXTFRAME datafield) will be aigned with sync-speed. No robot axis or any other external
axis will be moved during alignment.
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50 POSV = 100 % PATH |
DISPL CORVST AW REST ALIGN SCAN

50 POSV= 100% PATH

EXTAX HOMEPO

50 POS V= 100% PATH
START ALIGN?

50 POSV = 100 % PATH

DISPL CORVST AW REST ALIGN SCAN

12 Arcwelding
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12.7 Program execution

1271  Program test

The first version of arobot program for an arc welding application must be tested before

use.

The robot system has severa functions for testing and editing programs:

» Overridefunction which permitsindividua or collective adjustment of the weld
parameters CURRENT/WIRE SPEED, VOLTAGE and WELD VELOCITY during
welding (see section 12.4). WEAVE and SENSOR DATA can not be adjusted in this
way.

* +9% and -% buttons, for adjustment of the positioning speed between the weld runs.

¢ DISPLACEMENT, which permits displacement of a certain position during program
running (see programming manual).

¢ The possihility of blocking the welding process during program execution.

¢ Thepossihility of blocking weaving during program execution.

¢ The possibility of simulating input signals during program execution.

1272 Overidefunction

The robot system is provided with a direct action override function for the welding
parameters speed, current/wire speed and voltage. This function is managed with the
programming unit joystick which permitsindividua or collective adjustment of the
parameters named above, during welding. The parameter values tested can be
permanently stored in the program.

The three degrees of freedom of the joystick can be utilized in correcting welding data as
shown in the figure below.

A ]

——-current (A)/
= wire speed (m/mm/

e (102 & NWARES S
v - ' mm/s
et NPT
voltage (V)

-Reduced
current (A)/
wire speed (m/min)

N

The change in data obtained is proportiona to the deflection of the joystick.
Increasing/decreasing is limited according to the table below. (Greater changes can be made
by repeated use of the function.)
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Parameter | Givenin Min. value { Max.value
Voltage Volt -40.0 400
Current Apere -400.0 400.0
e e
Veocity mnvs -40.0 40.0
inch/min -94 A

The changes of welding data obtained in thisway are stored in a specid register. The
correction is direct-acting, i.e. the welding is performed with the parameters stored in the
program (current MAIN DATA) plus the correction stored in the register. The correction
can be entered permanently into the program by means of the programming unit function
buttons.

Corrections can be made permanent in two different ways:

 GLOBAL

+ LOCAL

Globdl storage means that corrected parameter values are added to the current MAIN
DATA. This means that the datais changed in al weld instructions in which just this
MAIN DATA iscdled.

Locd storage means that the correction is only associated with the weld concerned (the
correction is stored in the instruction). Welding with the same MAIN DATA in other parts
of the program is thus not affected by local storage. Values twice the valuesin the table
above can be stored.

These two correction storage possibilities provide almost unlimited possibilities of trimming
the weld process.

The correction register mentioned above and the corrections stored locally can be cleared
viathe programming unit.

To maintain control over the corrections etc., the current welding data concerned can be
presented during the welding in progress.

Thejoystick is activated for the override function by depressing a function button (ORIDE).
The enabling device must be held depressed to permit use of the override function.

Notel Override should be performed in MANUAL REDUCED SPEED mode. The safety function
Hold-to-run can be deactivated in that mode to smplify the use of override.
Programming S3
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The exact sequence in which buttons are pressed for the override function and welding data

presentation is as follows:

1. After program start, the function button ORIDE is presented on the display. Pressing of
ORIDE gives the function buttons STO.LO, CLE.LO, CLE.O, STO.GLO and
presentation of the welding data concerned. In addition, two status indications are
shown at the right in the display:

Override-register containing correction value.

Instruction under execution contains the correction stored.

@)
L

The active MAIN DATA number is aso specified.

2. STO. GLO = Globd storage of correction values.
STO. LO = Loca storage of correction values.
CLE.LO = Clearing of correction values
CLE.O = Clearing of override.

1 10POSV=10%
DISFL ORIDE M
2,
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12.7.3 Supervision of welding process

To ensure the quality of the welding performed, the robot is provided with supervision of
WELD CURRENT, GAS and COOLANT. These functions are integrated in the robort
control program on delivery.

The welding equipment must be provided with sensors which provide the robot with status
information viareserved inputs, connected as shown in Installation S3.

Current supervision:

When the wire-feed is activated during the welding start procedure, current supervision
aso begins. The robot interrupts the start procedure if no indication that the weld has
struck is received within the weld start max time specified in the start dataAn error
message is then presented on the display.

If the start sequence proceeds normally, the supervision remains during the complete
welding operation and if the current indication disappears, the welding is interrupted,
following afixed sequence and an error message is presented on the display. (Very short
interruptions and disturbances are not registered.)

The current supervision is deactivated when the current source is disconnected during the
weld end sequence.

Gas and coolant supervision:

The supervision isinitiated when the weld start procedure begins and is deactivated when
the weld end procedure is concluded. If during this time the indication disappears the
welding isinterrupted and an error message is presented on the display.

The figure below shows when the supervision is activated and concluded.

. Sart Main , End .
| data » data ' data )

/ — Gason

——W Wed voltageon
%W Wirefeed unit on

m m_._ Current

-
-

- -
- -

N ‘ , : supervision
77 Z\/ffla___ Supervision,
gasand coolant

Supervision of welding process
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12.7 .4 Execution of welding instructions

Specid rules apply to the execution of AWELDMWEND instructions asillustrated in the
following example.

100
140

110 120

130

100POSV = 100% PATH

110POSV = 25% PATH AWELD 1/1/4/1
120POSV = 25% PATH AWELD 1/2/4/1
130POSV =  25% PATH WEND 1

» Theweding is consdered to start at point 110, to be changed at point 120 and is
concluded at point 130.

» Therobot is positioned to the point concerned and then stopped with a start instruction
at the instructions 100-130. There is no welding performed with execution, instruction
by instruction. The movements of the robot will be performed at the speed percentage
gpecified in the instruction.

* With astart program at the instructions 100 or 110, the weld start will be performed at
point 110. If the start program begins at instruction 120, the robot will position to this
point and begin welding there.

» When executing a series of wdd instructions in reverse, only the positioning will be
performed, at the speed percentage pecified in the instruction.

» With astart program at instruction 130, only positioning will be performed. No weld
end sequence will be executed.

* If the input "Block weld process’ is set, the positioning program will be executed in
accordance with the above but the weld process will not be started.

* Whilethe welding isin progress (instructions 120 and 130 above) the welding speed in
the MAIN DATA isthe basic speed. This has certain effects on the programming of
weaving (see section 12.4).
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12.8 Program example

Introduction

12 Arcwelding

This section describes how a robot program for arc welding can be written.

The program is assumed to be used in welding a workpiece as shown in the figure below.

The different welds are numbered in the figure.

The program example isbased on an installation as shown in the figure below. The
positioner is assumed to be servo-powered (external axes of the robot system)

€% 5 8
AR
A-A
5\:\./2
A L A
VTS|
L - - - —— - |
8
(I

The program isto perform the following:

Set the positioner in the start position - wed 1
Reorient theobject - weld 2, 3,4, 5, 6, 7, 8.

All of the welds are started and concluded with the same START-data and END- data.

Three different sets of MAIN data are necessary:

WELD1 MAIN-data 1 WEAVE DATA 1
WELD 2 MAIN-data 1 and 2 WEAVE DATA 3
WELD 3 MAIN-data 1 and 2 WEAVEDATA 4
WELD 4 MAIN-data2,1and2 WEAVE DATA 1
WELDS5-8 MAIN-data 3 WEAVE DATA 2

SENSOR DATA 4
SENSOR DATA 2
SENSOR DATA 4
SENSOR DATA 1
SENSOR DATA 1

Welding data for the welds 2, 3,4, is exchanged during the welding.

The following program numbering has been used:
Program O Main program .

Program 100 Weld program

Program 300 Spatter cleaning program

Programming
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12 Arc welding
Thefollowing data fields numbers have been used:

START-data No. 1
MAIN-data No.1-3
WEAVE-data No.1-3
SENSOR-data No. 1-2,4
END-data No. 1

The working range of the power source concerned is 17 V to 50V (parameter values
selected).

The power source generates 17 V with areference voltage of +3 V and 50V with areference
voltage of + 10V.

Reference
value
T g -
L]
]
L)
= [
L]
]
8 - '
4
]
L
= 1
L]
L]
6 _| 1
L]
L]
L]
- L]
[ ]
[ ]
4 - '
1
]
NN EL ER PN MR R T W W A l
] 1
[] 1
1 L]
2 - ' '
[] 1
[] 1
[] 1
- ' .
] \
[] 1
! ! ' ' ! Paramete:/ajue
10 20 30 40 50 60
In this case, the parameters are to be defined in accordance with the following:
PARAM MIN (V) =17
PARAMMAXCV) =50
REFMIN(V) = 3
REF MAX (V) =10

The max. and min. values of the parameters and reference values for current, and
wire-feed unit are calculated and entered in a corresponding way.
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PROGRAM 0, MAIN PROGRAM

Basic data
Wait for ready signa
Cdl wedd program

PROGRAM 100; WELD PROGRAM

I nstruction:
POS

Instruction:
AWELD

I nstruction:
WEND

I nstruction:
POS

I nstruction:
CLEAN

I nstruction:
AWELD

ew.
RETURN

Positioning

Pos +cdl of

start data, main
data, weave data,
and sensor data

Post cdl of
end data

Positioning
Post call of

Spatter cleaning
program

Pos+ cal of

start data, main
data, weave data,
and sensor data.

12 Arcwelding

Speed, TCP Coordinate system
From pushbutton on operator's panel

Control of positioner
to initial position
The robot moves to the start point

point for the first weld and
beginswelding.

Conclusion of first weld.
Control of

positioning unit
Positioning of robot

and spatter cleaning
program.

The robot goes forward to the start

- point for second weld and begins

the welding.

PROGRAM 300, SPATTER CLEANING PROGRAM

I nstruction:
SET OUTPUT...

I nstruction:
WATT..S

I nstruction:
RESET OUTPUT...

Instruction:
WATT...S

Instruction:
SET OUTPUT...

Instruction:
WATT...S

Instruction:
RESET OUTPUT...

RETURN

Switch on
compressed air

Wait -
Switch dff
compressed air

Wait

1<t cleaning

Interval between 1st and 2nd cleaning.

Switch on compressed air

Wait

2nd cleaning

Switch off compressed air

Programming
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Program list

START DATA 1
Ignition voltage
Ignition current
Gas pre-flow time
Hot start voltage
Hot start current
Hot start time

MAIN DATA 1
Weddvoltage
Wed current
Weld velocity

MAIN DATA 2
Weddvoltage
Wed current
Weld velocity

MAIN DATA 3
Weddvoltage
Wed current
Weld velocity

END DATA1
End voltage- 2
End current

Gas pod-flow time
Burn-back time
Coolingtime

Fill ime 08

WEAVE DATA 1-10
Type Zzig-zag
Amplitude 10
Crosstime 2
Dwdl timeL
Dwdl timeR
Dwdl timeM
Seam angle 90
Forward bias
Weaving angle
Perpendicular

SENSORDATA 1

Side corr. sensor no.

Height corr. sensor no.

Side corr. sensor prestress
Height corr. sensor prestress

SENSOR DATA 2

Side corr. sensor no.

Height corr. sensor no.

Side corr. sensor prestress
Height corr. sensor prestress

22
160

10

215
150

21
145

-15

0.2
0.5

12 Arcwelding

nr<

><

mm/s

mm/s

> <

mm/s

wonon>

(7]

mm

%
%

%
%
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SENSOR DATA 3

Side corr. sensor no.

Height corr. sensor no.

Side corr. sensor prestress
Height corr. sensor prestress

/R

12 Arcwelding

Programming
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13 Gluing
131 I ntroduction
1311 General

The following chapter contains certain abbreviations describing the various functions and
signals. Explanations of these are given below:

GLFL = GLUE FLOW

AIRFL = AIR FLOW

GLVP = GLUE FLOW SPEED VELOCITY PROPORTIONAL
AIRVP = AIR FLOW SPEED VELOCITY PROPORTIONAL
GLSP = GLUE SPEED (scaling speed for the glueflow)
AIRSP = AIR SPEED (scaling speed for the air flow)

GOELAY = GLUE DELAY
ADELAY = A RDELAY

FLADJ = FLOWADJUSTMENT
RDE =O0O/ERRDE

GLUE REF = GLUE REFERENCE

AIRREF = AIR REFERENCE The gluing function is a process function by means of
which external gluing and sealing equipment can be controlled.
Two instructions are intended for these applications:

(1) Oneisapositioning instruction, which, in addition to functioning as an ordinary
positioning instruction, also offersthe possibility of programming GLUE- and AIR FLOWSs.
It ispossibleto select if the GLUE and AIR FLOW isto be proportional to the TCP-speed or
not (the parameters GLVP and AIRVP active or inactive respectively). Thefollowing figure
shows the appear ance of the instructions:

9999 POSV=100% PAT GLUEFLOW= 80% =
AIRFLOW= 0%

GLVP AIRFL AIRVP SCAN

Programming S3



13 Gluing

(2) The second is a scaling instruction for calibrating the robot at different speeds and
different gluing/sealing equipment. See the following figure:

9999 GLSP: 10v=500 mm/s GDELAY=0.1s ->
AIRSP:10V=500mm/s ADELAYz0.18 -»
FLADJ= 100%

GLSP GDELAY AIRSP

Adjustment of the gluing parameters GLUE- and AIR FLOW during the gluing processis
made possible with an override function (ORIDE).

An ordinary OUTPUT-ingtruction is used to open and close the glue gun (SET/RESET
OUTPUT).

1312 Signals

The gluing/sealing function uses the following input and output signals:

Analogoutput 1, Port 21, (0-10V):
Thisisthe reference signa for the glue flow to the gluing equipment (GLUE FLOW).

Analog output 2, Port 22, (0-10V):
Thisisthe reference signal for the air flow to the gluing equipment (AIR FLOW).

Digital output 7, (0/1):
Thisisthe signa for glue reference error. It is set to 1 when the calculated value of GLUE
FLOW or AIR FLOW exceeds 10V. Itisonly set/reset when the parameter GLUE = 1.

Digital input 6, (0/1):

Theinput is used to block the gluing operation. When external equipment setsthe signa to
1, the reference signals GLUE FLOW and AIR FLOW are reset to zero as soon asthe
current execution of an instruction is concluded.

In addition, adigital output must be used to open and close the glue gun. This output and
the analog outputs 1 and 2 aso have a delaying function which permits compensation,
during the execution of the program, for lag in the robot movement and for delay in the
gluing equipment.

Programming S3
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13 Gluing
The following figure shows the connections described:

Glue equipment connections Glue equipment
o Glue inhibit .
Digital input 6 ot Gluing gun
. Glue reference error
Digital output 7 o Glue and
Glue flow reference air supply
Analog ouput 1 L -
Ait flow reference
Analog output 2 Lt
. luin n_on/off ,J
Digital output x Gluing qun on/o

Digital input 6 and digital output 7 are dedicated for processcontrol. The user is
to ensurethat the input and the output are not used for other instructions.

If an error situation occurs, it is aso possible for external equipment to close off the GLUE
FLOW and the AIR FLOW by setting digital input 6 to 1. The input then resetsthe
reference signals as soon as the current instruction execution is completed and before
execution of the next instruction. Thisinput ismainly intended for testing of robot
programs. The analog outputs are however limited to 10V. When any of the reference
signals exceed 10V, the cdculation are changed somewhat. See the following section.

10.1.1.3 Calculation of the reference signals

(1) If GLUE FLOW or AIR FLOW are proportional to the TCP speed (GLVP or AIRVP are
active), the calculation is performed in accordance with the following general equation:

new GLUE/AIR-REF := FLADJ* FLOW * TCPSP/ SCALESP* 10V

where How Adjustment (FLADJ) is a master override function which affectsall flow
instructions. This and the GLUE/AIR flow (FLOW) are given as percentages. The TCP
speed (TCPSP) and the scaling speed for the GLUE/AIR flow (SCALESP) programmed, are
normally given in mnvs or inch/min. 10V is a correction factor.

(2 If however the GLUE FLOW or the AIR ALOW are not proportional to the TCP speed
(GLVP or AIRVP isinactive), the calculation is performed in accordance with the following
equation:

new GLUE/AIR-REF := FLADJ* FLOW * 10V

Note that al of the factors affect the new output reference. Even if the TCP speed and the
GLUE/AIR speed are equd, the new reference need not be 10V. This aso depends on any

“flow adjustment and the GLUE/AIR flow.

Programming S3



13 Gluing
Example 1:
The glue reference is thus calculated in accordance with the following:

GLUE REF := FLADJ* GLAL * TCPSP/GLSP* 10V

Programmed FLADJ : 80%
Programmed GLFL : 0%
Programmed GLSP : 10V =500 mm/s
Calculated TCPSP - 400 mm/s

If GLVPisactive, then GLUE REF :=08* 09* 400/500* 10V =576V

Otherwise GLUE REF :=0,8* 09* 10V = 7,2V

Example 2:

The air referenceis calculated in a corresponding way in accordance with the following:

AIRREF :=FLADJ* AIRFL * TCPSP/AIRSP* 10V

Programmed FLADJ : 120%
Programmed AIRFL : 75%
Programmed AIRSP : 10V =650 mm/s
Calculated TCPSP : 400 mm/s

If AIRVPisactive, then AIRREF :=12* 0,75* 400/ 650 * 10V =554V

OtherwiseAIRREF := 12* 0,75 * 10V =90V

The analog outputs are however limited to 10V. There is an exception from the normal
calculations when one of the reference signals (GLUE/AIR REF) exceeds 10V.

When both signals are proportiona to the TCP speed, the higher valueislimited to 10V
and the lower is reduced proportionally to maintain the relation between the two reference
signals (see the formula above). This applies even when both signals are not proportional to
the TCP speed, i.e. when GLVP and AIRVP not active.

If only one of the signalsis proportional to the TCP speed, the values are only limited to a
maximum of 10V without retaining the relation.

Example:
Calculated GLUE REF : 15V
Calculated AIR REF Y

(@ Both signals proportiona to the TCP speed.

As GLUE REF > AIR REF, the outputs are set to:
GLUE REF = 10V

AIRREF :=12/15* 10V =8V

(b) Only GLUE REF isproportional to the TCP speed.

The outputs are then set to:
GLUE REF =10V
AIRREF =10V

Digita output 7 issetto 1 (Digital output 7 := 1) at the same time and remains so while
the reference signals are limited.
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. 13 Gluing
13.2 Programming

1321 Gluinginstruction

The gluing instruction functions as a normal positioning instruction with the added
capability of setting reference signals for the glue and air flows. When a gluing instruction
is executed, the robot positions to the zone of the position programmed and sets the glue
and air signasto the voltages which correspond to the percentages for GLUE- and AIR
FLOW. These are retained until a new gluing instruction is performed.

Note that the two percentages programmed in the gluing instruction apply to different
robot movements.

# The percentage for the speed (V=x%) appliesto the robot track befor e the programmed
position, i.e. the speed at which the robot positions to the point programmed.

# The percentages for the glue/air flows (GLFL=x% and AIRFL=x%) apply to the the robot
track after the programmed position, i.e. the magnitude of the glue flow when the robot
leaves the point concerned. See the following figure:

N s
GLFL/AIRF

With respect to the coordinate system, TCP, basic and maximum speed, positioning
accuracy, editing etc. the same rules gpply as for normal positioning instructions.

Theinstruction is programmed by positioning the robot to the point required and then
pressing the P-button. Them

9999 POSV=100% PATH GLUEFLOW= 80% >
AIRFLOW= 0%

GLVP AIRFL AIRVP SCAN

Four different position types are available: PATH, CI, C2, FINE.

GLFL (Glue How), Range 0-100%, Resolution 1%:

Andog output 1 is set to avalue corresponding to the percentage specified, 10V corresponds
to 100%. Remember that the glue flow signal is dso affected by the globd override
parameter FLADJ (How Adjustment), and by the TCP speed if the parameter GLVP is
active.

AIRFL (Air Flow):
Asfor GLFL except for air flow and for analog output 2.
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13 Gluing
GLVP (Glue How Speed Vdocity Proportiona), Vaue: activeAnactive:
If the parameter is active, the glue flow is scded proportiona to the TCP speed. An
activated GLVP parameter isindicated with the letter (V) after the glue flow in the
programming menu. The parameter is activated/deactivated by pressing the button GLVP
as shown in the example below.

ABRVP (Air How Speed Vdocity Proportional):

Asfor GLVP except for air flow.

Default values:

POSTYPE :PATH

GLFL 0%

AIRFL 0%

GLVP : inactive

AIRVP > inactive
-~
N
~
-~
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13 Gluing
Example:
Gluing instructions are programmed via the P-button. See thefallowing figure:

P

9999 POSV=100% PATH GLUEFLOW=0%
AIRFLOW= 0%

9999 POS V=100% PATH GLUEFLOW= 0%
AIRFLOW: 0%

GLFL GLVP AIRFL AIRVP

AIRFLOW= 0%
GLUEFLOW (%) =

Specify the glue flow on the numeric display panel 80

9999 POSV=100% PATH  GLUEFLOW= 0%
AIRFLOW: 0%
GLUEFLOW (%) = 80

9999 POSV=100%_ PATH GLUEFLOW=80%

. AIRFLOW: 0%
GLFL GLVP AIRFL AIRVP SCAN

Programming S3



9999 POSV=100% PATH GLUEFLOW=z 80% -»
AIRFLOW= 0%

AIRFLOW (%) =

9999 POSv=100% PATH GLUEFLOWS 80%
AIRFLOW= 0%
AIRFLOW (%) = 50

9999 POSV=100% PATH GLUEFLOWSs 80% ->

AIRFLOW= 50%

GLFL GLVP AIRFL AIRVP SCAN

9999 POSV=100% PATH GLUEFLOW= 80% (V) ->
AIRFLOW= 50%
GLVP

The parameter is deactivated
and (V) disappears when
GLVP is pressed once again:

PATH GLUEFLOW=80%
AIRFLOW= 50%
GLVP AIRFL AIRVP

9999 POSV=100% PATH GLUEFLOWS 80% -
AIRFLOW= 50% (V)
GLFL GLVP AIRFL AIRVP

Programming S3
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13 Gluing
1322  Scalinginstruction

The scaling instruction enables the user to program the relation between the calculated
TCP speed and the output voltage on the two anaog channels. The instruction aso includes
agloba override (FLADJ) which functions as a type of scale factor in al subsequent
GLUE/AIR instructions until a new scaling instruction is executed.

The scaling instruction is normally located at the beginning of the program, as nominal
Speed, reference frame etc. However, the instruction can be used anywhere in the program
if the scaling values are to be changed. If no scaling instruction is given, the preset values
apply as default values. The menu for the instruction parameters has the following
appearance:

9999 GLSP: 10V=500 mm/s GDELAYs 0.1 S_
AIRSP:10V=500mm/s ADELAY=0.1s ->

FLADJ= 100%

GLSP GDELAY AIRSP ADELAY FLADJ

GL SP (Glue Speed):

I the robot controls the gluing equipment by using the TCP speed as areference, a
reference speed must be defined for the maximum voltage 10V at the anaog output. Thisis
done by setting avalue for the glue speed (mmvs or inch/min) which corresponds to 10V.

AIRSP (Air Speed):
Asfor GLSP except for air.

GDELAY (Glue Delay):

The updated analog output signal is set a certain time before the TCP reaches the position
where the new value of the output signal is programmed. The signal thus arrives before the
TCP. It is therefore possible to delay the new reference signal to permit compensation
during program execution.

The robot reaches the position concerned a certain time, depending on the TCP speed, after
the analog signal is set. In addition, the lag varies in different gluing equipment and the
delay must be adjusted in each particular case. The following figure showsthe delay times:

The analog signals Theflow The TCP reaches
programmed are set is changed the position
t 3
{ : |(13 ] N time
7
VA ]
~ (]O |
% >
(te) " \
Programming S3
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13 Gluing
The analog reference signals GLUE FLOW and AIR FLOW are set at the same time (tl).
This occurs the time (tf) before the time at which the TCP reaches the position. The gluing
equipment changes the flow the time (te) after the change in the reference signalsif no
extradday isintroduced. To force the change in flow to the time (t3) when the TCP has
reached the position, the delay time (td) must be programmed in the scaling instruction. If
the delay is set to zero, the flow will change somewhat before the TCP reaches the position
programmed (provided that the gluing equipment is faster than the robot).

ADELAY (Air Delay):
Asfor GDELAY except for air.

FLADJ (FHow Adjust):
The flow adjustment factor functions as ageneral overridein all of the subsequent flow

instructions until the next scaling instruction is reached or program execution concludes.
This appliesto both GLUE ALOW and AIR FLOW.

Argument range:

GLSP : 100 - 2000 mm/s resolution 1 mm/s
(236 - 4724 inch/min resolution 1 inch/min)
AIRSP: 100 - 2000 mm/s resolution 1 mm/s
(236 - 4724 inch/min resolution 1 inch/min)
GDELAY :0-05s resolution 0,01 s
ADELAY :0-05s resolution 0,01 s
FLADJ : 50 - 200% resolution 1%

Default values:
GLSP : 500 mm/s
AIRSP: 500 mm/s
GDELAY :0,1s
ADELAY :01s
FLADJ : 100%

Programming S3



The scaling is located under the F-button. See the following figure:

F

ress SCAN 4 times

3 0990 POSV=100% PATH
3 EXTAX SOFTS GLUESCA SCAN

9999 GLSP: 10V=500 mm/s GDELAY=0.1s <>
AIRSP: 10V=500 mm/s ADELAY=0.1s ->
FLADJ=100%
GLSP GDELAY AIRSP ADELAY FLADJ

9999 GLSP: 10V=500 mm/s GDELAY=0.1s ->

|
| AIRSP: 10vV=500 mm/s  ADELAY=0.1s ->
1 FLADJs100%

GLUESP 10V (mm/s) =

Specify the glue speed on the panel 650

| 9999 GLSP: 10V=500 mm/s GDELAY=0.1s ->
AIRSP: 10V= 500 mm/s ADELAY=0.1s ->
FLADJ=100%
GLUESP 10V (mm/s) = 650

GDELAY=0.1s ->

AIRSP: 10V= 500 mm/s ADELAY=0.18
FLADJ= 100% |
GLSP GDELAY AIRSP ADELAY FLADJ '

13 Gluing

Programming
13
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13 Gluing

9999 GLSP: 10V= 650 mm/s

AIRSP: 10V= 500 mm/s ADELAY=0.1s ->

FLADJs 100%

AIRDELAY (s) =

| 9999 GLSP: 10V= 650 mm/s GDELAY=0.1ls ->
AIRSP: 10V= 500 mm/s ADELAY=0.1s ->

L
|

FLADJ=100%

AIRDELAY (s) =0.25

99 GDELAYs 0.1 S ->

AIRSP:10V= 500 mm/s ADELAY=0.25% -»
FLADJ= 100%
GDELAY

9999 GLSP: 10Vr 650 mm/s GDELAY=0.1s ->

AIRSP: 10V= 500 mm/s ADELAY=0.258 -»
FLADJ= 100%
FLOW ADJUST (%) =

9999 GLSP: 10v=650 mm/s GDELAY=0.1s ->

AIRSP: 10V= 500 mm/s ADELAY=0.25s8 -
FLADJ= 100%

FLOW ADJUST (%) = 50

Programming S3
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13 Gluing

133
Overrides
It is possible, with the override function ORIDE, to control the GLUE/AIR flow for
individual gluing instructions Gocd override), or viathe scaling instruction FLADJ (global
override).
Changing the reference signals with ORIDE during automatic program execution affects
the reference signals the next time a gluing instruction is executed.
There are thus two principally different overrides:
(1) One which affectsthe GLUE/AIR flow.
(2) One which affects the scaling instruction FLADJ.
The instruction number is requested when the ORIDE button is pressed during program
execution. The instruction number specified determines which type of override function is
applied. If the instruction number is that of a GLUE/AIR function, it becomes a local
override, but if the number isthat of ascaling instruction, it becomes agloba override.
Programming S3
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13 Gluing

1331 Overrideon the GLUE/AIR instruction
The following flgure shows hovv th|s ORIDE functlon is used

SpeC|fy the instruction number on the panel 9999

Programming S3
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9999 POSV=100% PATH GLUEFLOWTr 80% (V)->

AIRFLOW= 75% (V)

GLUEFLOW (%) =

AIRFLOW= 75% (V)

GLUEFLOW (%) = 100

Specify

9999 POSV=100% PATH GLUEFLOWr 100% (V)->

AIRFLOW= 75% (V)

AIRFLOW (%) = 60

AIRFLOW= 60% (V)

DISPL ORIDE NEXT BWD

13 Gluing

It ispossible to continue in the program with the NEXT or BWD buttons. When an
instruction is affected which is neither a scaling instruction nor a GLUE/AIR instruction,
the system will not go to the submenu for entry of new values for How Adjustment

(FLADJ) or GLUE/AIR flow. The robot then shows only the current instruction on the top
line of the display of the programming unit. It is however possible to step farther through

the program by pressing the NEXT button until a scalinginstruction or a GLUE/AIR

instruction is encountered.

Programming
17
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13 Gluing
1332 Overrideon thescalinginstruction

This override function is used in a way similar to that described above. See the faollowing
figure:

DISPL ORIDE

SpeC|fy the |nstruct|on number on the panel 9999

Programming' | S3
18



13 Gluing

->

AIRSP: 10V= 500 mm/s ADELAY::0.25s -

FLADJ=100%
FLOW ADJUST (%) =

9999 GLSP: 10V=650 mm/s GDELAY=0.1s «»
AIRSP: 10V=500 mm/s ADELAYr 025 s ==

FLADJ=100%
FLOW ADJUST (%) = 120

9999 GLSP: 1

AIRSP: 10V= 500 mm/s ADELAY=0.25s -

FLADJ=120%

DISPL  ORIDE NEXT

Itis aso possble here to continue in the program with the NEXT or BWD buttons. When
an instruction is affected which is neither a scaling instruction nor a GLUE/AIR
instruction, the robot will not go to the submenu for entry of new values for How
Adjustment (FLADJ) or GLUE/AIR flow. The robot then shows only the current instruction
on the top line of the display of the programming unit. It is however possible to step further
through the program by pressing the NEXT button until a scaling instruction or a
GLUE/AIR instruction is encountered.

Programming S3
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13 Gluing
134 Error handling

As described in section 13.1.2, the calculation of reference signals can result in values
which exceed 10V, the maximum permitted value. In such a case, the higher valueis
limited to 10V and the lower is scaled down proportionally to maintain the relation between
the signals GLUE REF and AIR REF.

At the sametime, digital output 7 is set to 1 while the references are limited. Program
execution continues however.

The reference signals are reset to zero when execution of the program stops or with an
emergency stop (GLUE REF and AIR REF := QV).

Programming S3
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14  Spot welding
INTRODUCTION

For spot welding, aweld controller is necessary to control the weld sequence. The weld
controller consists mainly of atimer unit and a power unit. This chapter describes how
to program awed instruction, both with a standard function, and with SWI (= Spot
Wed Interface) function.

To amplify the programming of a spot weld instruction special, acontrol button P
(Process) on the programming unit is used. An instruction which is a combination of a
position instruction and a weld sequence instruction is obtained when this button is
pressed.

THE STANDARD FUNCTION

General

The spot weld function controls an external welding controller with an instruction that
contains a call for a sub-program. The physical communication between the robot and
the weld controller is effected via a digita 1/0 board (DSQC 223). The signal sequenceis
defined in the sub program mentioned above, where ordinary logicd instructions are
used to set the outputs and to contral the inputs that are necessary.

The programming of a spot weld instruction requires only one push on the

programming unit P button. The number of the sub- program that is to be used is given
in the instruction, and also any register that is intended for the step function.

Welding gun, manual oper ation

The GRIPPER function works, in the programmed instruction, by stating the number
of the gripper and "grip" or "release” and the waiting time.

The spot weld function deals with two different cases of the GRIPPER function:
1 Only two welding guns.
The buttonsfor grippers 1 and 2 (grip, release) on the programming unit will open and
close respectively the gun without any change in the display on the p-unit.
2 Morethan two guns,
GRIPPER 1 will open and dose gun 1 without changesin the p-unit.
GRIPPER 2 will put the question GRIPPER NO =..
Function parameters

To get the welding function under the P-button, a specid function parameter, SWELD,
must be activated (SWELD = 1).

The function parameter SWELD isfound in the MANUAL meny
See S3 Installation section 5.2.4.26.
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14  Spot welding
The parameter ZONE is used to chose the zero zone size for the different types o
fine pointsin the spot weld instruction.

Thevaid sizes are:

Type D€ range default value
SMALL 2-100mm 2mm
LARGE 2-100mm 10mm
XLARGE 2-100 mm 20mm

Note that the actual size of the zero zone will be vary throughout the working range.
The size will correspond to the value stated in the parametersfor movementsin axis 1
with the arm fully stretched out. For other cases the size will be smaller.

(The figure describes how to set the parameter ZONE if SWELD = 1)

MAN + SCAN + PARAM + CHANGE + SCAN + SCAN + SCAN + ZONE

FINE CORNER1 CORNER2 PATH BREAK Only if
I PATH=0

Only if
SWELD =1

L
o @] &

Programming
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14  Spot welding
1424  Thespot weld instruction

Here follows an example of what a standard instruction looks like:
100 POSV=100% FINE L WELDPR120 R5

Vdid parameter values:

Zexo zone Size: FINE, FINE L, FINE XL
Program numbers: 100 - 9999

Register numbers: 0-119

Note.

In spot weld instructions, it is possible to program three different types of FINE
arguments. Thisisnecessary to adlow the programmer to adjust the zero zone to the
closng time of the gun.

Note.
Program numbers 0-99 are not dlowed as subprogram numbersin the instruction.
Thisisin order to avoid confuson with welding programsin the welding controller.

Programming



_ _ _ _ 14  Spot welding
1425  Programming of the first instruction.

The spot weld instruction is used for simultaneous programming of:
* A fine point with optimal speed and accuracy.

* A cdl of asubprogram which contains instructions for activation of the weld
controller.

The spot weld instruction is programmed with the menu control button P. When the
function is programmed it is possible to change the zero zone type and speed with the
help of the corresponding function button O- ZONE and V(%). For the function O-ZONE
the argument is changed from large (FINE L) to extralarge (FINE XL) and then to small
(FINE) zero zone after each time the button is depressed.

See thefigure on the next page.

The positioning speed is expressed in % (0.1-799.9 % ) of the programmed basi ¢ speed.
Procedure

1 Position the robot to the required weld point.

2 Pressthe P-button.

3 Pressthe PROGRAM button and select sub-program number (100-9999) and
ENTER.

4 If aregister isto be used for any step function press the button REG NO and select a
number (0-119) and press ENTER. If the welding program is written as a pattern
program with severa returns, the register is used to ensure that the right sequence
in the pattern program is executed.*)

5 Thefirst spot weld instruction is now programmed.

*) The register is not a compensation register and the register is not incremented
automatically ( see pattern program in the section 11.4).

Programming



14 Spot welding
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14 Spot welding
1426  Subsequent spot weld instructions

The same argument which applied for the preceding spot weld instruction is repeated for
the subsequent spot weld instruction in the program (i.e. each time the P -button is
depressed). If required, it is dways possible to change an argument through pressing the
corresponding function button V (%), O-ZONE or PROGRAM.

Procedure

1 Run the robot to the next wed point.

2 Pressthe P- button.

The instruction number and the same sub-program number and argument as in the
preceeding spot weld instruction are presented on the upper line of the programming

unit display. If no further changes are necessary, the instruction is now completely
programmed.

Otherwise change the arguments by pressing (V%), 0-ZONE or PROGRAM.
14.2.7  Editing of spot weld instructions

A spot weld program often contains a large number of spot weld instructions with the
same argument. To save editing time when the same argument is to be changed at the
same timein anumber of such instructions, the function button MODARG under the
control button f- g has the fallowing function:

When the button is used for a spot weld instruction, the same argument which applies
for the preceeding edited instruction is obtained. After the first spot weld instruction has
been modified, only the function button MODARG needs to be used for the following
spot weld instructions to obtain the same argument as in that first edited. Change spot
weld instructions as follows

Procedure

1 Pressf-g.

2 Cadl thefirst spot weld instruction to be changed with the function button INST NO
or STEP.

3 Press SCAN.

4 PressMODIFY.

5 Press MODARG.

Change the argument(s) to be modified V (%), O-ZONE or PROGRAM by pressing the
corresponding function button.

NOTE! When MODARG is depressed, the same argument is obtained asfor the
previous edited spot weld instruction.

1428  Execution of instruction
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14 Spot welding
During the execution of a spot wdd instruction the following happens:

1 Therobot is positioned to the programmed weld point.

2 When therobot TCP is within the zero zone selected, the sdlected subprogram is
executed in the same way as an ordinary sub-program.

3 If aregister number is programmed in the instruction, the selected part of the
subprogram is executed in the same way as a pattern program. The register isnot
automatically incremented. This function gives the opportunity to successively
change the welding parameters depending on the number of spots ( step function).

When executing a spot weld instruction backwards, only the movement of the robot is
performed.

Programming



14.3
1431

14.3.2

14  Spot welding
THE SWI FUNCTION

General

SWI ( Spot Welding Interface) is a software function in the robot system that controls
the communication with the external weld controller. Programming is similar to that for
the standard function. The instruction states which weld program is to be used and
which register isto be used for control of the opening time of the gun. Subprograms for
control af the weld controller are not necessary.

The concept also presents the possibility of using adouble gun. In that case it is necessary
to specifiy in the instruction which of the gunsisto be activated (gun 1, gun 2, or both).

When a spot weld instruction is executed, the signal communication between weld
controller and gun is performed automatically in a predetermined order.

The physica communication between the robot and weld controller is accomplished via a
digital 1/0 board, (DSQC 223). Supervision and control of the gun is also performed through
this board.

The function is developed to suit weld controllersthat can use the same signal interface,
like BOSCH PSS 208 IB, SATTWELD 1000 and others. It is aso prepared for adaptation
to weld controllers with a different signal interface. It is possible to read and edit a
subset of the BOSCH weld controller parameters by use of serial communication.

Function parameters

To obtain access to the SWI function a specia function parameter must be activated. The
parameter SWELD, which gives access to the spot weld function under the button P on the
programming unit, also hasto be activated.

Thefunction parameter SWELD isfound in the MANUAL menu.
See Installation S3 section 5.2.4.26 - 27.

SWELD =1 or 2 gives accessto the parameters SWI, SERIAL COMM BOSCH and 64
PROGRAMS.

Thedigital 1/0O board DSQC 223 can be located in any dot and receives I/0 numbersin
the ordinary way. When the function parameter SWI is activated, a question appears
regarding which board postion (1- 6) isto be used.

The standard function with subprograms for control of the weld controller can also be
used when the parameter SWI is activated.

Note.
If the SWELD parameter is reset, the parameter SWI is aso reset.

Programming
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1433 1/O signals

14  Spot welding

Seedso Installation S3, section 3.13, for description on how to use 1/0 signals!

Output signals:
START 1

START?2

CURRENT ENABLE

WELD POWER

RESET

GRIP1
GRIP 2
PARITY

WELD PROGRAM

Start signd to the weld controller.

The signa is automatically activated at execution of the SWI
instruction. If adouble gun isused, the signa is activated when
weldingis ordered for gun 1.

Start signa to the weld controller if adouble gunis used and
welding with gun 2 is ordered.

Thissignal is set low by the manual command INHIB, for
testing of the robot program without weld current. The input
signals HLOW OK, TEMP OK and CURRENT OK will not be
isupervised. The output signal WELD POWER will also be set
ow.

High signa when the robot isin the MOTOR ON provided the
signd CURRENT ENABLE ishigh. Low signa in all other
cases. The signal can be used to control the weld power

supply.

A pulse with alength of 50 msis obtainedwhen switching from
MOTOR of to MOTOR ON and a PROG ST. It can be used to
reset certain weld controllers after errors.

Reset can dso be activated manually.

Controls the work stroke of the gun. Equivalent to the
corresponding system 1/0 signal.

Controls the opening stroke of the gun. Equivalent to the
corresponding system 1/0 signal

Parity bit for program number (uneven parity). The signal is
activated automatically when an SWI instruction is executed.

5 or 6 outputs to choosethe weld program to be activatedin
the weld controller, depending on the definition of the
parameter "64 programs'.

Programs 0-31 or 0-63 are permitted.

For example, at execution of a SWI instruction with weld
program 26, the outputs 10,12 and 13 ("2" +'8'+"16") will be
set (Boardin dot 1).

Programming
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Input signals:

WELD READY

TIMER OK

CURRENT OK

ALOW OK

TEMPOK

14  Spot welding

High signal from the weld controller when the weld isready.
The signal need to be low before START 1 or START 2 is set for
the next spot weld. If not, error message 550 WELD ERROR 1
is displayed and program execution stops. If WELD READY is
not recived within 20 sec. after START 1 or START 2, error
message 550 WELD ERROR 2 is displayed and program
execution stops (if SWI=1, MOTOR OFF is a so received).

High signals to indicate that weld controller is OK. Aslow
signal, error message 551 WELD ERROR TIMER is displayed.

SWI=1 Supervised during MOTOR ON. Low signal disables
program execution and gives MOTOR OFF.

SWI=2 Supervised when WELD READY ishigh. Low signal
stops program execution. At PROG ST, the SWI
instruction is repeated.

High signd to indicate that the weld current is within
permissible tolerances. At low signal, error message 552 WELD
ERROR CURRENT is displayed.

SWI=1 Supervised during WELD POWER high. Low signa
disables program execution, and gives MOTOR OFF.

SWI=2 Supervised when WELD READY ishigh. Low signal
stops program execution. REPEAT of weldis possible.

High signdl to indicate that the water supply is OK If the
ggnd islow for more than 5 sec. error message 553 WELD
ERROR FLOW is displayed.

SWI=1 Supervised during WELD POWER high. Low signa
for more then 5 sec.stops program execution and gives
MOTOR OFF.

SWI=2 Supervised when WELD READY ishigh. Low signa
for more than 5 sec. stops program execution. At
PROG ST next instruction is executed.

High signal to indicate that the temperaure is OK At low
signal, error message 554 WELD ERROR TEMP s displayed.

SWI=1 Supervised during WELD POWER high. Low signa
stops program execution and gives MOTOR OFF.

SWI=2 Supervised when WELD READY ishigh Low signal
for stops program execution. At PROG ST next
instruction is executed.

Programming
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14 Spot welding

ENABLE MOVE High signal indicates that the gun(s) is(are) open. Low signal is
used to prevent robot movements when the gun is closed. The
sgnal is checked after the programmed opening time has
expired. If low after programmed opening time, register 98 is
incremented by 1. If the signal islow more than 5 sec, error
message 555 WELD ERROR ENABLE MOVE isdisplayed and
robot movement is blocke (If SWI=1, MOTOR OFF isreceived).

Note! Reserved input signalsthat are not used must be strapped to 24 V. This does not apply to
WELD READY which hasto be supplied from the weld controller (see above) to make it
possible to execute the SWI -instruction.

1434 The spot weld instruction
Example of a spot weld instruction:

100 POSV = 100% FINE L WELDPR20 R5 G12
Permitted parameter val ues.
Zero zone Sizes: FINE, FINEL, FINE XL

predefined in the function parameters
Program numbers: 0-31 (0-63) give the SWI function

100 - 9999 give the standard function
Register numbers: 0-119
Gun arguments: (Gl), G2or G12
The instruction corresponds to the standard spot weld instruction with external weld
controller. Itisthe programmed weld program number that determines whether the
instruction should be executed as a standard or a SWI instruction.
The register in the SWI instruction contains the opening time for the gun in ms. If no
register is programmed the opening timeis set to 0. If the signal WELD READY is not
given until the gun has been opened, it is not necessary to program any opening timein
the instruction.
The reason why the opening time is set in aregister and not directly in the instruction
is that when trimming the opening time of the gun it is only necessary to edit one
instruction.
When double gun is used, the last argument (GUN) states which of the gunsisto be
activated. If only gun 1 isto be activated, the argument is left out. If only gun 2 isto be
activated, the argument G2 is displayed, and if both guns are to be activated, G12 is
displayed.

Notel If the SWI parameter 1 or 2 isnot activated, only standard function program numbers are
possible. Gun argument is not possible to program.

Programming S3
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14  Spot welding

1435  Programming the spot weld instruction

The spot weld instruction is programmed viathe P button on the programming unit.

When programming the very first spot weld all necessary arguments have to be
specified. The subsequent spot weld instructions will get the same arguments

automatically when pressing the P button.

P

N 0 4 T i e N T 8 W SR e

100 POSV=100% CI !
V(%) O0ZONE  PROGRAM  GUN M

RSN R

y = -~
11238 H 100 P08 V=100% C1 112
21518 HVELOCITY - CE ENTER &
78 ; 718
-101= i . - 0
VELOCITY(%) =50 PROGRAMNO = 26

100 POS V=50% C1 E
V(% O0ZONE PROGRAM  GUN [

Note!
If only one gun is used no

argument is displayed.
g piay See next

page.

B TR = e

4 00 POSV=100% FINE XL WELDPR 120R 5}
V(%) OZONE PROGRAM  GUN ¢§

T G

-

G A GRS TR AR AL TR AR AL AA A EOC0 S,

100 POSV=100% FINE WELDPR 120R
V(%) OZONE  PROGRAM  GUN
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The choice of gun when a double gun is used is effected as follows:

14  Spot welding

One press on the button gives the argument G12 (both guns activated), one more press
on the button givesthe argument G2 (gun 2 isactivated). Seefig. below.

First pressureon GUN
givesthe argument G12

E

E

100 POS ¥ = 100% FINE L. WELDPR 20 RS G12 E
V(%) 0.ZONE ROGRAM GUN

Second pressure on GUN
givesthe argument G2

1wmsv.1mm1.wmzonsm i
{ viz) 0-ZONE PROGRAM GUN

Programming
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' _ . 14 Spot welding
1436 Execution of instruction

When executing the spot weld instruction, the robot will perform the following actions:
1. Outputs for program number and parity bit are set.
2. The robot moves to the programmed point.
3. Outputsfor START 1 and GRIP 1 are set.when the zerozone is reacted.
4. The robot waits for input WELD READY. If the waiting time exceeds 20 sec,
START 1 and GRIP 1 arereset and program excution is stopped.
If not, continues with 5.

5. START 1and GRIP 1 are reset.

6. Theinternal timer for the opening time starts and spot counter (register 99) is
incremented.

7. Theinstruction is now completed and execution of the next instruction is started.
Any logica instruction will be executed directly. Another spot weld instruction will
perform the following actions.

8. Outputsfor program number and parity bit are set.

9. If input ENABLE MOVE is high, the robot moves to the next point.
If ENABLE MOVE is low for more than 5 sec, the program excution stops.

A timetable of the signa sequencesis shown beow (principle):

Robot in weld position

Change of PROGNO: CURRENT | NEXT

START 1 (START 2) _T

GRIP1 (GRIP2) J

WELD READY
ENABLE MOVE

Prog, opening time

Programming 6



14  Spot welding

Observe that there is a certain gain of cyde timeif the WELD READY signal is received
before the gun's opening phase is concluded. In such a case the opening time is used to
perform the calculations for the next position. Thisis why the gun's opening time has to
be specified in the instruction via the register number.

If the weld controller does not set the WELD READY signa before the gun has opened
completely, the opening time isto be set to zero in the program. In such acasethe
register number can be omitted in the instruction.

Register 99 is used for counting the welded spots. Its content is incremented
automatically after each spot. Resetting must be carried out through the user's
program. :
Register 98 is used for counting at how many spots the robot has been waiting for the
signd ENABLE MOVE é&fter the programmed opening time has expired. The register is
therefore suitable for checking why the opening time of the gun has started to increase.
Resetting of the register is performed in the user program.
When executing a spot weld instruction backwards, only the robot movements are
performed.

14.3.7 Repeat weld after interrupt

If 550 WELD ERROR 1, 550 WELD ERROR 2 or 552 WELD ERROR CURRENT is
recieved during weld process the question REPEAT? is displayed.

YES (or no answer) means that the interrupted instruction is executed again at PROG
ST.

NO means that the next instruction is executed at PROG ST.

If 551 WELD ERROR TIMER the interrupted instruction is executed again at PROG
ST.

If 553 WELD ERROR HLOW and 554 WELD ERROR TEMP, the program will start
with the instruction that comes after the interrupted one at PROG ST.

At Restart after power failure, the instruction is repeated if WELD READY was not
received before the power failure.

Programming
17



14 Spot welding

14.3.8 Execution of instruction without weld current

In order to amplify the test procedure for a robot program with spot weld instructions,
the program can be run without welding current. When this inhibit function is activated
thereis no supervison of LOW OK, TEMP OK and CURRENT OK. Thesignals
CURRENT ENABLE and WELD POWER will be set low.

When the INHIBIT function is deactivated CURRENT ENABLE is set high. WELD
POWER will then be set high when the robot isin MOTOR ON mode.

The inhibit function is activated/ deactivated via a specid SWI button under the AUTO
menu. This button is only accessible if the SWI parameter is set
(SWI = 1 or 2). Thefunction is automatically deactivated if an INIT is performed. See

figure below:

AUTO + SCAN

1439 Reset of theweld controller

Manual reset of the weld controller can be done via the button RESET under the
pushbutton SWI under the AUTO menu, (see figure above).

Programming 18
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14  Spot welding

14.3.10 Weld Controller programming.

The serial interface to the weld controller Bosch PSS 2081 B is aRS232/V24 standard
interface. The communication protocol is fixed to the controllers design. The parameters
which can be programmed from the robot are a selection of the whole range of the timer
parameters needed to control the weld process. The whole parameter set can be
programmed from an external device supplied by the weld controller manufacturer.

The parameters which can be changed from the robot are as follow.

Operating mode 0,1 or 2 PHA/SSU/KSR
Force 0,0-99kN
Squeeze time 01-99 cydes

1st Wdld time 01 - 30 cycles

1st Heat 00 - 99 scae vaues
1<t Current in kA

1st Pause time 00 - 99 cydles
Pulsation 01-09 pulses
Wed time 00 - 30 cycles

Heat 00 - 99 scde values
Current in KA
Pause time 00 - 99 cycles

Hold time 01-99 cydes

With thisinterface it is possible to read the datablock described above, to change the
dataand to send it back to the weld controller. Additionaly, the actual current values of
the last weld can be received by the robot control system and displayed together with the
programmed values and in case of aweld controller error code can be received from the
weld timer.

Programming
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* PARAM reads programsg/parameters
in weld contraoller and displays them
for editing on the S3 teach pendent.

** RDCURR reads and displaysthe
actual weld current of thelast weld
together with the programmed
values enclosed in parenthesis.

14 Spot welding

AUTO + SCAN + SWI

OPERATING MODE-2 26
OPMODE. BREAK CE ;

Parameters are also shown on the optional LCD of the S3 control systerh.
If thereis no answer within 30 sec, an error message NO SERIAL CONTACT TIMER

will be diplayed.

~_~

Programming
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General

Note!

15 Errorlist

When an error is detected, the ERROR lamp on the control panel illuminates. If a P-unit is
connected to the robot system, an error message is presented at the same timein plain
language on the upper line of the display. This applies also when a P- unit is connected
after the error has developed and the ERROR lamp has illuminated.

Errors which can occur are divided into:
* Operationa errors; the error messages beginning with a number 001-499.
» System errors; the error messages beginning with a number 501-999.

The appropriate corrective actions for the different errors are described below.

OPERATIONAL ERRORS

1 Check the error type on the upper line of the P-unit display.

2 If further information is necessary, go directly to point 6. Otherwise continue with point 3.

3 Pressthe control button SHIFT - the error message is then cleared.

4 Perform the control operation correctly so that the error status is not repeated.

5 Continue with point 8.

6 Seek the error message displayed in section 3.

7 Perform the appropriate actions stipulated in section 3.

8 If the same error message returns or persists, despite the incorrect operation not being
repeated, contact service personnel.

SYSTEM FAULTS

1 Seek the error message presented in section 4.
2 Peform the appropriate corrective actions as described in section 4.
3 If the same error message persists or returns, cal service personnel.

Some error messages described in the sections 2-4 can occur for certain types of
robots only.

Error List



15 Errorlist

2
Error buffer

Means. The system contains an internal error buffer, which can store 9 error messages. In the
buffer the system stores:
* All kinds of error messages (both system errors and operator errors), occurred at the
|atest error occasion.
* Earlier messages about system errors.

The system can, on request, present the contents of the error buffer via:

* The programming unit. (Just error messages from the latest error occason.)
* A printer, if the optiona function Program printout is provided.

» A monitor, if this optional function is provided.

Facts: Display on the programming unit of error messages
The programming unit displays one error message at atime, according to the following:

» When the system stops running due to an error, the operator will see the first error
message. An arrow on the display indicatesif there are any consequent errors. In this
casethe operator can display these messages a'so, one by one.

» Duringmanual operation the operator can, on request, display stored messages from the
latest error occason, one by one. The error messages are chronologicaly displayed.

* For most error messages, it's possible to get text in plain language by pressing "«" on the
programming unit.

Display on the programming unit of error messages

The monitor displays all the messages within the error buffer, according to the following:

» When the system stops running due to an error, the operator will see al messages,
occurred duringthat error occason. The error messages are chronologicaly displayed.

 During manual operation the operator can, on request, display all stored messages. The
error messages are in plain language and chronologically displayed.

Printout of error messages

 During manual operation the operator can, on request, display stored messages from the
latest error occasion, one by one.The error messages are chronologicaly displayed.

Erasure of the contentsin theerror buffer and show text in plain language

 During manual operation the operator can, on request, erase all messages stored in
the error buffer.

* On request, the operator can get text in plain language for most error messages.

« On request, the operator can load the texts in plain language from disk. (See Installation
manual, S3.)

Error List S3



15 Error list

Example of a list of error messages

ERROR MESSAGE CODE
***** Vg N
506 SERVO ERROR 2 1405>
506 SERVO ERROR 2 1605

536 ENABLE CHAIN FAULT 21

506 SERVO ERROR 2 1805
506 ENABLE CHAIN FAULT 21

504 PROGRAM RUN ERROR 7

Used: For fault tracing and for production follow-up.
Executed: The system reacts immediately after the procedure is concluded.

Procedures. Display on the programming unit of error messages (after production stop)
Read the error message. Use the SHIFT button to display more error messages, if
required.

If you want to read messages about system errors once again, select ERRORS under
- the MANUAL menu.

Error List S3
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3

Operational errors
The following tables describe the errors which the operator can cause when programming or
operating the robot system.

These are numbered from 001-499. The table gives.
* Error message

» Causes

» Recommended corrective action

ERROR MESSAGE CAUSES RECOMMENDED CORREC-
TIVEACTION
1NOT ALLOWED The button concerned is Select another button.
COMMAND temporarily blocked by
the sysem.HOLD can
be active.
1LNOT ALLOWED Closed due to that input Deactivate input PROG STOP.
COMMAND 10 PROG STOPisactive.
3J)ATA ERROR Attempted entry of Depress ERASE and enter new
incorrect numerical numerical value.
value.
4INSTRNOT After resequencing a Check the program and correct the
FOUND program the system has faulty jJump addresses.
detected jumps to non-
existing instructions.
5PROGRAM Attempt to use a program * Program the instruction
MISSING number where instructions under the program number
are missing with: concerned.
* programming running » Sdect another program number.
* editing of complete
program
6MEMORY Attempt to: ¢ 1 Clear the program block.
FILLED UP * enter further 2 Erase superfluous instructions
instructions and programs.
* Copy program when the 3 Clear program block once again.
robot memory is full * |f the system includes a floppy disk

unit, it is possibleto: .

1. Divide the existing program
and store each section on a
floppy disk under a separate
program number.

2. Utilize the mass memory function
for automatic exchange of the
different program partsin the user
memory.

Error List S3



ERROR MESSAGE

7.PROGRAMEND

8.PROGRAM NUMBER
OCCuUPD2D

9. INSTRUCTION
NUMBER
OVERFLOW

10. ADAPTIVILTY
ERROR1

10. ADAPT1IVITY

ERROR 2

10. ADAPTTVITY
ERROR3

10.ADAPTTVrry
ERROR 4

ICADAPNVITY
ERRORG6

CAUSES

Attempt to step past
the last instruc-
tion

Attempt to copy a pro-
gram under a program
number where instruc-
tions are already stored.

A.Attempt to program in-
struction with higher
number than 65530.

B. Attempt toresequence
a program containing
more than 6553
instructions.

A digital multi-bit
sensor s or analog
sensor gives a
signal outside its
working area.

A digital 2-bit sensor
givesan illegal
signal.

A 1-bit sensor is used
for direction searching or
contour following.

A digital sensor with

2-8 bitsis completely con-
nected to the samegroup
of digital inputs.

The correction move-
ment has no direction
or speed.

15 Error list

RECOMMENDED CORREC-
TIVE ACTION

Call thefirst instruction number in
the program concer ned.

Select another program number for
the program copy.

A. Dividetheexisting program into a
main program and subprograms.
Copy the program and erase super-
fluos parts. Resequence and insert
CALL-ingtructions. If available
memory space istoo small, use
floppy disc.

B. Avoid resequencing, or split the
program according to point A above.

» Change one of the min. or max.
-limits (or both) for the signal from
the sensor concer ned.

e Correct current positionsin
the program.

Check the sensor.

» Select another sensor
* Replace the sensor

Change the connection according
to the Installation manual.

Determine direction and speed

for the correction movement:

* In anew instruction

* By editing an existinginstruction.

10.ADAPNVITY Sensor data for Enter sensor data according

ERROR 7 a sensor used to the Programming manual,
missing. chapter 9.

Error List
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ERROR MESSAGE

IO.ADAPNVITY
ERROR 8

11. OUTSIDE
WORKING
AREA 1-12

11. OUTSIDE
WORKING
AREA 20

11. OUTSIDE
WORKING
AREA 23

11. OUTSD3E
WORKING AREA 99

13ROBOT NOT
SYNCHRONIZED

14AUT O MODE/
KEYLOCK

15. SENSOR NOT
DEFINED

16. SENSOR TYPE

CAUSES

The signal leved pro-
grammed for search stop
is outside the working
range of at least one

of the sensor.

Therobot axis 1 to 12 has
been run outside its
working area with the
joystick.

Too large movement with
axis 1,4 or 6 using the
joystick.

The angle between the
lower and upper arms at
axis 3istoo smal or too
large.

The main processor isin a
temporary fault condition.

A Some axisisNOT
positioned if itisa
robot with absolute
measurement system.

B Some axisisnot synch-
ronized.

A Thekey-switchisin

position AUTO and/or the

key input on the remote
control is activated.

B Corresponding parameter
iISACTIVE under AUTO C.

No sensor defined for
sensor number entered.

Incorrect sensor type for

15 Error list
RECOMM ENDED CORREC-
TIVEACTION

Edit the instruction concerned
so that the signal level for
search stop is within the
working range of the sensor.

Run the robot in the opposite
direction with thejoystick.

Switch-off and start-up the
robot system again.

Leave this area using thejoystick

Re-initiate the system.

A Re-start the system.

Remedy possible faullt.
B Synchronize the system.

A Choose position MANUAL REDUCED
SPEED or MANUAL FULL SPEED
and/or deactivate the key input
on the remote control.

B Changeto MANUAL REDUCED
SPEED or MANUAL FULL SPEED
mode or deactivate the parameter.

Press ERASE and enter
new sensor number.

Press ERASE and enter new

NOT ALLOWED the adaptive function de- sensor number .
fined for the sensor
number entered.
Error List S3



ERROR MESSAGE

17. WRONG
INSTRUCTION TYPE

18. INSTRUCTION
NUMBER OCCUPIED

19.PROGRAM START

20 SELECT ROBOT
COORDINATES

21. TCPNOT
DEFINED

23. ALIGN ERROR

24.NOT DEFINED

25. INCOMPATIBLE
OPTION

CAUSES

Attempt to change:

* Argument

» Postion

for an instruction which
does not contain po-
stioning.

Attempt to program in-
struction with occupied
instruction number.

Attempt to step backwards
and pass-by the first
instruction in the

program.

Within this area the robot
cannot be run in rectan-
gular coordinates.

Attempt to program
activation of an
undefined TCP.

Attempt to execute ALIGN
with atoo large angle de-
viation between the current
tool orientation and the re-
quired one.

(MH/ASM and GLUE)
Attempt to execute ALIGN-
FETCH on an undefined
orientation register not
containing atool orien-
tation.

15 Error list
RECOMMENDED CORREC-
TIVEACTION

* Change the complete
instruction.

» Sdlect another instruction
number.

« Enter another instruction number.
* Renumber the program and then
enter an instruction number.

Erase the message and continue with
the next action.

Select the robot coordinate system

* Program another TCP.
» Definethe TCPthat isto be activated
viathe instruction and try again.

Turn the tool closer to the required
orientation and try again.

* Sdlect another orientation register.
» Define the orientation by means
of ALIGN-STORE.

Therequired optioncan. . . . . e

not be activated

- because to that:

A Another parameter
under OPTION is
already activated.

B Required OPTION para-

meter can not be activated
for the current robot type.

SWI: System I/O or panel I/O are

defined on current board.

Error List
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ERROR MESSAGE

26 NOT ALLOWED
COMMAND/ROOM
FIXED TCP 1-8

27NO MORE
INFORMATION

28LOAD TEXT FROM DISK

32 CALIBRATION
ERROR 2

CAUSES

1 Can not change
coordinate-system, when
reference point is active.

2 Can not define aframe
or pallet in wrist coor-
dinate-system.

3 The function mirror is
interrupted if the posi-
tion is programmed with
fixed TCP. Observe
that reflection has been
carried out on earlier pos-
tions with ordinary TCP.

4 MODPOS can not be car-
ried out if afixed TCP
TCPis active and the pos-
instruction is made with an
ordinary TCP and without
external axes.

5 Theinstruction is blocked
when fixed TCPis active.

6 Itisnot possble to define
abase point with aroom
fixed TCP.

15 Error list
RECOMMENDED CORREC-
TIVE ACTION

Deactivate reference point
Activate an ordinary TCP(0-19)

Use the function MODPOS
on required positions.

Erase the instruction and
program it again, to convert
to the wrist coordinate-
system.

Program in some other way.

7 Not alowed to define aTCP Activate an ordinary TCP.

automatic when afixed
TCPisactive.
8 After programming an

Program in the ordinary way.

earlier pos-instruction a new

-TCPhasbeen activated, so
that the coordinate-system
have been changed. The
instructions are not of the
same Size, so itisnot
dlowed to use SAME.

Required text in plain
language not with the
loaded texts

Required text in plain
language can not be dis-
played. Thetexts have not
been loaded from the
system disk.

Fault during defination
of EXTFRAME. Pos 1-3
doesnot describe acirclein

space.

Load thetexts

Menu: MANUAL + ERRORS

Choose 3 new positions and try again

Error List
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ERROR MESSAGE

32 CALIBRATION
ERROR3

33NOT ALLOWED
EXTFRAME 1

33NOT ALLOWED
EXTFRAME 2

33NOT ALLOWED
EXTFRAME 4

33NOT ALLOWED
EXTFRAME S5

33NOT ALLOWED
EXTFRAME 7

33NOT ALLOWED
EXTFRAME 8

15 Error list
CAUSES RECOMMENDED CORREC-
TIVEACTION

A Fault during defination
of EXTFRAME. Calculated
gear ratio for the ORBIT does
not correspond with theratio
entered in the parameter
memory.

B The Radiusistoo small

A Check the gear ratio.

B Make it bigger.

When activating

an EXTFRAME the
system descovered that
some "interfering” external
axisisin an not dlowed position
for the specific EXTFRAME.

Align "interfering” external axes

Attempt to activate an
undefined EXTFRAME have
been made or the robot system
istryingto aign with an
undefined EXTFRAME.

Use only defined EXTFRAMErS

Deactivate the REFPOINT or don't
activate the EXTFRAME

Attempt to activate an
EXTFRAME have been
made while REFPOINT
isactive.

Attempt to activate an Activate the STATION which the
EXTFRAME without activated axis belongsto.

ORBIT axis. The axisbelongs

to an inactive STATION or

Attempt to define an EXTFRAME

in the ratine for caibration, that

can't be activated because it belongs

to an inactive STATION.

Attempt to deactivate a
STATION while an
EXTFRAMEis active, where
the EXTFRAME is an axisto
the specific STATION.

Deactivate EXTFRAME firs

Attempt to dign "interfacing” Activate necessary STATIONS to
axes to a gedific EXTFRAME  activate blocked axes or deactivate
have been made whilethese EXTFRAME.

"interfacing” axes are not

dlowed to move (became they

belong to inactive station or are

blocked because the EXTFRAME

in question is active).

Error |ist
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4
System faults

15 Error list

The errors which can occur in the robot system itself are described in the following table.
These are numbered from 501 to 999.

Thetablegives.
 Error message
 Causes

* Recommended corrective measures.

ERROR MESSAGE CAUSES RECOMMENDED CORREC-
TIVE MEASURES
501 MEMORY FAULT A The system has discovered 1 Insert the installation diskette, with
RECORD asummary check fault in the the right system parameters, into
system parameter memory,  the floppy disk unit.
Then the system has made 2 Choose the functionsbutton FR DISK
arestart with thepara- 3 The system starts-up.
meter basic valuesfrom 4 Press MAN/PARAM/RESOLV and
PROM. check that the system has the
B The system hasdiscovered  correct RESOLV data.
that the systemparameters (Choose the function button PROM
loaded hasrevisonand ~ when restarting the system for
verson number separated the first time. Then define the
from the onesin PROM.  installation systemparameters
Then the syssemhasre-  including RESOLV data.) **)
started with the parameter
basic vaues from PROM.
502 PROGRAM When restarting the Load the program block in
MEMORY FAULT system has discovered a question from DISK **)
check summary fault in
the robot program memory.*)
503EMERGENCY STOP  Therobot has been 1. Correct the cause of the
stopped in an emergency stop.
emergency. 2. PressRESET on the control panel so
that the emergency stop is cancelled.
If the emergency stop cannot be
cancelled:
* Check the safely board.
« Start fault tracing, ace. to Chapter 4in
the Service Manual.
*) Causesto the discovery of check summary fault in **) Check the robot computer board
System parameter memory or program memory: incl. the memory battery back-up
*Too low battery voltage. according to the Service Manual.

sUncorrected or damaged battery.
sDamaged robot computer board.

Error List
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ERROR MESSAGE

503 WORKI NGRANGE
STOP2

504 PROGRAMRUN
ERROR3

504 PROGRAMRUN
ERROR4

504 PROGRAM RUN
ERRORS

504 PROGRAMRUN
ERROR7

504 PROGRAMRUN
ERRORS

CAUSES

One axis has been driven
against alimit switch.

Attempt to start program
execution when program
iIsmissing.

Attempt to execute a cor-
rection vector for another
kind of instruction.

Last instruction was not
RETURN nor JUMPin an
executed program.
Current program has been
erased by the instruction
ADD BLOCK

A Attempt to execute a
movement path outside
the robot's working area.

B The wrist centre of the
robot or the TCPisin
20 mm range of the
base Z-axis.

Attempt to cal a sub-
program or robot program
without instructions.

15 Errorlist
RECOMMENDED CORREC-
TIVEACTION

* Correct the cause of the stop.

* Place the key-switch in position
MAN.

* Put the system back in operation
by pressing the operation button
and keeping that way and then
depressing the dead man'shandle.

» Then drive the axis away from
the limit switch with the joystick.

If the stop can not be restored:

» Check on not used safety circuits
clamps.

» Check the safety board.

 Startfault tracing, acc.to Chapter 4
in the Service Manual.

Enter arobot program from floppy
disk or from programming unit.

Call the correct instruction
and try again.

Insert the correct instruction.

A Edit the movement path.
Check the TCP location.

B Userobot coordinates or
modify the TCP track.

+ Edit the program number in
the instruction.

* Create a subprogram or robot program
with this number

Error List
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ERROR MESSAGE

504 PROGRAMRUN
ERROR9

504 PROGRAMRUN
ERROR10

504 PROGRAMRUN
ERROR12

504 PROGRAMRUN
ERROR13

504 PROGRAMRUN
ERROR14

504 PROGRAMRUN
ERROR15

CAUSES

(MH/ASVI AND GLUE)

A Attempt to execute a
weave movement with
a weave subprogram
where the first instruc-

15 Errorlist

RECOMMENDED CORREC-
TIVEACTION

Edit weave program.

tion is not a positioning instruction.

B (AW) Attempt to execute

aweave movement

with either:

* No positioning intruc-
tion after weave start.

 The distance between
weave start and next
positioning instruction
iszero. (AW).

Edit the program.

A Attempt hasbeen doneto A Check the program.

execute an impermisseble

instruction.

B (AW) Undefined welddata B "Define present welddata.

number. .

Exchange

welddata nr.

C (not AW) Attempt has been C Correct the sub weaving

made to execute aweave

movement when instruction
in sub weaving program is

faulty.

Attempt to execute a
jump to a non-existent
instruction.

Attempt to execute a
pattern subprogram, when
the register concerned
contains an incorrect
value.

Attempt to execute a
nested cdl to a 11th
subprogram level (or a
12th leve of interrupt
program).

The main processor isin

atemporary fault condition.

program.

» Edit the jump address.
« Enter an instruction with this
number.

Check and change the value
in the register concerned.

Edit the robot program.

Switch-off and start-up

the robot once again.

Check electrical disturbance
oninputs.

Check that input 6 and output 7
is not used as general 1/0 when
glueis activated.

Error List
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ERROR MESSAGE

504 PROGRAM RUN
ERROR 16

504 PROGRAMRUN
ERROR17

504 PROGRAMRUN
ERROR18

504 PROGRAMRUN
ERROR19

504 PROGRAMRUN
ERROR20

(only for arc welding
robot)

15 Error list
RECOMMENDED CORREC-
TIVEACTION

CAUSES

A Main program
(program 0) is missing.

B The active program re-
placed by the correspon-
ding one on floppy disk
at program loading with
the subfunctional APPALL
under the GET B-function

A, B Enter amain program.

C Another mass memory
error

A. A positioning instruc-
tion after acircle
point contains an
illegal argument.

B. Attempt to back to
the start point after
program stop in the
middle of acircular arc.

The positions of the circle

points are selected incor-

rectly so that either:

* The radius becomes
too large.

« Two or several points
in the circular arc
coincide.

The circular inter-
polation has been inter-
rupted so that it cannot
continue.

The acknowledgment
of transferred data is
omitted when executing
the arc welding instruc-
tion EXTPOS.

C Try to perform the corresponding
GET B-function manually.

A. Edit the instruction and repeat
the attempt.

B. Run if possible to the end point
of the circle and back from
this point instead.

* Remove the circle point and run
in straight lines instead.

* Change the position of the
points concerned so that a
circular arc is obtained.

1. Erasethe error message with
the SHIFT key.

2. Check that there isno obstaclein
the direct path of the robot
forward to the next point.

3. Run instruction by instruction to the
next point.

Check the peripheral
equipment concerned.

Error List
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ERROR MESSAGE

504 PROGRAMRUN
ERROR24

504 PROGRAMRUN

CAUSES

A Therobot istryingt

reach a pogtion with
another configuration
than it had when that

position was programmed.

This can only occur in
rectangular coordinates.

B The axis 4 pogtion differs

more than 45 degrees or
the axis 6 postion differ

more than 90 degrees from

the positionsthey had in
the next position
instruction at
programming time.

A Therobotistryingto

15 Error list
RECOMMENDED CORREC-
TIVEACTION

» Modifiy the orientation in the current
or preceeding position

*' Chose Modified Rectangular
Coordinates

or
* Deactivate the configuration
supervision (see 8.5, HANDCHK).

* Modifiy the orientation in the
current or preceeding position

¢’ Chose Moxdified Rectangular
Coordinates

¢ Deactivate the configuration
supervision (see 85 HANDCK)

* Modify the orientation in the current

ERROR26 reach a position with or preceeding position
another configuration of
than it had when that + Chose Modified Rectangular
position was programmed.  Coordinates
This can only occur in of
rectangular coordinates  « Deactivate the configuration
together with supervision (see 8.5, HANDCHK)
FINE-positions.

B Ontheway towardsthe ~ + Madifiy the orientation in the current
position, axis 4 deviates or preceeding position
more than 45 degrees, or
or axis 6 deviatesmore + Chose Modified Rectangular
than 90 degrees from Coordinates
the start position, in or
direction away from * Deactivate the configuration
the stored configuration supervision (see 8.5, HANDCHK)
of the next position.

This can only occur in
rectangular coordinates.

C Thetime, programmed C Increase the programmed time.
for the time positioning,
isto short.

D Program runningin D Change to program runningin robot
rectangular coordinates or modrect coordinates, or movethe
isnot possible. motion alittle away from the singular

point.

E Weaving: the crosstimeis E Increase crosstime or decrease
to short compared to the amplitude.
amplitude.

Error List S3

15



ERROR MESSAGE

504 PROGRAM RUN
ERROR 27

504 PROGRAM RUN
ERROR 50

504 PROGRAMRUN
ERRORS51

504 PROGRAMRUN
ERRORS3

504 PROGRAMRUN
ERROR54

504 PROGRAMRUN
ERRORS55

504 PROGRAMRUN
ERRORS57

504 PROGRAMRUN

CAUSES

The vauein anumber
register is not vaid.

Automatic definition
of aprogram displace-
ment is in progress.
During the process, at
least two positions
approach each other
too closdly:

* When the positions
are sdlected.

* Intheresulting
program displace-
ment.

Attempt to activate
an undefined TCP

(MH/ASM and GLUE)

Attempt to use:

A An undefined gripper.

B An output whichisre-
served for agripper.

(MH/ASM and GLUE)
Attempt to execute a
PALLET-ingtruction with
an undefined pallet.

(MH/ASM and GLUE)
Attempt to execute

a PALLET-ingtruction
with the register values
pointing out a position
outside the pallet.

(MH/ASM and GLUE)
Attempt to execute
a TOOLREL-instruction

with displacements/rotations

outside permitted limits.

Attempt to execute a

15 Error list
RECOMMENDED CORREC-
TIVEACTION

Check the program and edit the
register handling.

Select three new positions
and try again.

* Activate another TCP. .
* Define required TCP and try

again.

A Change the number of grippers
in the function parameters.
B Use another gripper/outpuit.

A Define the pallet.
B Use an dready defined pallet.

Change the register values.

Change the register values.

Activate the GLUE function parameter

ERROR58 gluinginstruction with GLUE under OPTION - provided that
the parameter GLUE not the robot system is a gluing system.
activated.

Error List S3
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ERROR MESSAGE

504 PROGRAMRUN
ERROR62

504 PROGRAMRUN
ERRORG63

504 PROGRAMRUN
ERROR64

504 PROGRAMRUN
ERRORG65

504 PROGRAMRUN
ERRORG66

504 PROGRAMRUN
ERRORG7

504 PROGRAMRUN
ERRORG6G8

504 PROGRAMRUN
ERRORG69

504 PROGRAMRUN
ERROR70

504 PROGRAMRUN
ERROR71

CAUSES

(AW)

Weaving data not de-
fined for the current wea
ving data fied.

(AW) ,
CROSSTIM isO.

(AW)
BASEPoint not defined.

(AW)

Sensor data undefined for

current sensor data field

(AW)

Internal error in calculation
of end postion for AUTO-

SEARCH.

(AW)

The robot velocity isto high

at connection or dis-
connection of SPS.

No position stored in the
current position register.

Internal system faullt.

The soft-servo number or
oftness vector is undefined.

The wrist centre point or
the TCP has entered with-

in 20 mm of the base

Z-axis. Thisis not dlowed

in rect. or modrect.

15 Error list
RECOMMENDED CORREC-
TIVE ACTION

* Select another weaving data
field.
* Define weaving data.

Define CROSSTIM.

Define BASEPoint and try again.

» Sdect another sensor data field.
* Define sensor data.

Edit the start position for AUTO-
SEARCH and try again. If the error
persists after severa trials, check the
computer board.

Edit the program. Reduce the zero
zone or the velocity.

* Select another position register.
» Store aposition.

Re-initiate the system.

Active another set of softness, or
define the relevant softness set under
the manual menu.

Use robot coordinates
or modify the robot pass.

coordinates.
504 PROGRAMRUN Incorrect TCP may be Check that the correct TCPis active
ERROR72 active. at the programmingunit. Continue
Indical to TCPx ISACTIVE. program execution by pressing
instruction start or program start
oncemore,
Error List S3
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ERROR MESSACE

504 PROGRAMRUN
ERROR73

504 PROGRAMRUN
ERROR74

504 PROGRAMRUN
ERROR75

504 PROGRAMRUN
ERROR76

504 PROGRAMRUN
ERROR77
504 PROGRAMRUN
ERROR78

504 PROGRAMRUN
ERRORS0

504 PROGRAMRUN
ERRORS81

504 PROGRAMRUN
ERROR82

504 PROGRAMRUN

CAUSES

The weaving amplitude
cannot be reached because
the TCPistoo close to the
X-axis (weaving axis) of
the wrist.

The robot moved when
the activation/deactivation
of astation was requested.

Timeout in supervision of a
spot weld. WELD READY

not received within 5 s after

START 12

Output used in SWI function

not defined.

Execution of an SWI function

without activated Swi
parameter.

The program number in the
instruction is not permitted.

Attempt to reach a position
with awrong TCP active

have been made. Pos-instruc-
tions and stored positions can

15 Error list

RECOMMENDED CORREC-
TIVEACTION

» Change TCP
 Reduce the amplitude.

Stop the robot and repeat
the attempt.

Check welding controller.

Define the function parameter
forGRIPPERS.

Define the SWI parameter or
change the instruction,
Change the program number

in the instruction.

Check the program and active
TCP.

not be used between fixed TCP

and ordinary TCP.

Attempt to switch coordi-
nate-system with a TCP-
instruction have been
made, when the reference
point is active.

Attempt to execute an
instruction have been
made,who don't function
together with afixed
TCP.

Attempt to activate an un-

The reference point hasto be de-
activated before change of
coordinate-system is possible.

Theinstruction in question can
only be executed with a ordinary
TCPactive.

Activate another LOAD. Define

ERROR84 defined LOAD. required LOAD and try again.

504 PROGRAMRUN Incorrect LOAD may be Check on teach pendant, that the

ERRORS85 active. Indentical to correct LOAD isactive. Continue
"LOAD x ISACTIVE" program execution.

Error List S3
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ERROR MESSAGE
504 PROGRAM RUN
ERROR 86

504 PROGRAM RUN
ERROR 87

504 PROGRAM RUN
ERROR 88

504 WRONGLY PLACED

|/O BOARD

505 SERVO
ERROR 1

505 SERVO ERROR
8001

506 SERVO ERROR 2
1101-1124

506 SERVO ERROR 2
1201-1224

CAUSES

Robot coordinates are not

alowed during arc welding.

Max. alowed velocity for an

external axislimitsthe

velocity of the robot during

the arc weld process.

The instruction can not
be restarted.

No digital 1/0-board defined
in place stated by the para-

meter BOARD POSITION.

The servo computer does
not accept an order from

the main computer, because

of a serious system faullt.

The axes computer has
not accepted an order
from the main computer,
dueto aserious error in
the main computer.

Resolver fault, channd x.
Fine resolver,

axis 1(1101)-12(1112)
Coarse resolver,

axes 7(1119)-12(1124)

Resolver error, channdl y.
Fine resolver,

axis 1(1201)-12(1212)
Coarse resolver,

axis 7(1219)-12(1224)

15 Error list
RECOMMENDED CORREC-
TIVEACTION

Change coordinate system

Reprogram so that no externa axes
limits the velocity of the robot.

Make ordinary restart or move the robot.

Check the function parameters
for the I/O and SWI.

Check the computer board.

Re-initiate the system. If the fault
persists.replace the main processor
board.

A Check for any fault by measuring
resistance in wiring and resolver.
(resolver~20o0hm)

B Replace the serial measurement
board or the axis board.

Seeerror type 1101 - 1124

Error List
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ERROR MESSAGE

506 SERVO ERROR 2
1301« 1312

506 SERVO ERROR 2
1401-1412

15 Errorlist

CAUSES RECOMMENDED CORREC-
TIVEACTION

Speed error. A Lower the programmed speed localy

The motor for axis 1 (1301)- in the program where the error occurs

12 (1312) runs considerably and/or change the positioning pattern

faster than is commanded so that the axis which trips because

from the control system. of the incorrect speed is not so active

Cause, internal axes: in this part of the program.

A Considerable interference B Check that the correct commutator
between the axes at offset is entered for the axis. If the
high speedsresultsin axis has been repaired, remeasured
incorrect speed at certain and enter a new offst
points in the user's C 1. Check all fuses.
program. 2. Check the motor current using the

B Incorrectly commutated test outlets. Check the wiring, the
motor drive unit and the robot computer

C Axis stops (the motor board.

receives no current)
D Incorrect accelerationof D Replace the robot computer or drive

the motor. unit.

Cause, external axes: F 1. Check external controller, drive

E Seepoint A above. stage and external wiring.

F Incorrect acceleration of the 2. Replace robot computer or external
motor. axis board.

Jam error, internal axes A 1. Sdlect operation mode RUN and
run away from the obstacle.
The motor for axis 1 (1401) - 2. Remove the obstacle or edit the

7(1407) remains statio- program.
nary despite the robot B. Check that theload and itslever
computer commanding arm do not exceed the specified
current to the motor. maximum limits.
Cause. C. Check that the correct commu-
A Therobot hasrun tator offset is entered for the
against an obstacle. axis. If the axis has been repaired
B. Overload. measure and enter the correct
C.The motor receives offset.
current but isin- D 1. Check all fuses.
correctly commutated. 2. Check the wiring, the drive unit
D.The motor does not and the robot computer board.
receive current.
E. Resolver fault.
F. Motor faullt.
G. Mechanicd fault. E. Turn the axiswith the system in

the MOTOR OFF mode and check if
resolver fault is indicated.

F. Measure motor data.

G. Check, with the system in the
MOTOR OFF mode that axis
movement isfree in its complete
working range.

Error List
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ERROR MESSAGE

506 SERVO ERROR 2
1500

506 SERVO ERROR 2
1601-1612

506 SERVO ERROR 2
1701-1707

(Concerns only robots
with tachometer).

CAUSES
Jam error, external axes.

The motor for external axis

15 Errorlist
RECOMMENDED CORREC-
TIVE ACTION

A 1. Select operation mode MOTOR ON
and run the axes away from the
obstacle.

2. Remove the obstacle or edit the

7(1407) -12 (1412) runsdower  program.

than 2 % despite the robot

computer commanding a

higher speed.

Cause:

A Theaxishasrun
against an obstacle.

B The axisreceivesno
torque.

C Axisnot correctly adjusted.

Resolver fault, supply

Too high speed in TEST-
position for axis 1 (1601) -
axis12(1612).

The speed protection is

tripped when the program-

ming unit is connected and
out and the key switch not
in position 100 %.

Cause: '

A Chain fault related to
an emergency stop.

B Externa interference on
the robot or the external
axes.

C Low motor torque.

D Incorrectly adjusted
external axes 7-12.

Resolver/tacho signa
differsfor axis 1 (1701)

- axis7 (1707).

Cause:

Tachometer signal indicates
another speed than that
calculated from the resolver

signal.

B 1. Check that any brake is released.

2. Check that a speed reference
is received from the axis board.
If unrepairable, replace the axis
board.

3. Check the externa controller,
driver, wiring and motor.

C. Increase the KP-valuefor the axis.
The KP-vaues are defined in the
system parameters.

1. Check for any fault by measuring
resistance in wiring and resolver.
(resolver-200hm)

2. Replace the seria measurement
board or the axis board.

A Correct the primary fault.
B Reduce the effect of external forces

C See"506, SERVO ERROR 2 1401-
1407", item C and D.

D Check that the adjustment of the ex-
ternal axes does not cause any heavy
speed overshoots.

1. If new tachometer has been
installed, check that positive
voltage is obtained if the axisis
turned in apositive direction.

2. Check that the voltage reaches
the axis board.

3. Replace the axis board.

Error List

21

S3



ERROR MESSAGE

506 SERVO ERROR 2
1801-1812

506 SERVO ERROR 2
2001-2024

15 Errorlist
RECOMMENDED CORREC-
TIVEACTION

CAUSES

Position error with brake A B Check that al axes arein safe

activated for axis 1(1801) positions for program start or
-12(1812). synchronizing. If not, run the robot to
One of axes 1-12 moved a safe position using the program-
though the system has ming unit.

ordered the brakes to be C Changethe brake.

applied.

Cause:

A Manual release of the

brakes and movement

of theaxis.
B Abrupt braking, with

the brake, from high

speed, by the Dead

Man's Handle or

a switch-over to MOTER OFFC  Poor brake.
Resolver error channel x ory A Check for fault by measuring
axes 1(2001)-12(2012) resistance in wiring and resolver
Coarse resolver, (resolver-20 ohm)
axes 7(2013)-12(2024) B Replace the serial measurement

board or the axis board.

506 SERVO ERROR 2 Racing protection at start-up. A 1. Check that the correct commu-
2101-2112 tator offs# is entered.
The racing protection for axis 2. If the commutation has been
1(2101)- axis 7(2107) has changed because of repairs,
tripped as the axis has not make new measurements.
remained stationary when the See Installation manual.
RUN status was activated the B 1. If the tachometer is newly in-
first time after initialization. stalled, check that positive
Cause: _ voltage is obtained when the
A Incorrect commutation axisisturned in a positive
offst direction.
B Faulting tachometer 2. Check that the voltage is
(B concerns only robots received at the axis board.
with tachometer). C If theresolver is newly installed,
C Faulty resolver check turning the axis very dowly
D Low moator torque in apostive direction and reading
with the help of the programming unit
that the resolver value increases
(when reaching 8191, the value
restarts from 0).
D 1. Check the drive unit.
2. Check the resistances of the
motor windings.
Error List S3
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ERROR MESSAGE

506 SERVO ERROR
2201-2224

506 SERVO ERROR 2
23XX

506 SERVO ERROR 2
240X

506 SERVO ERROR 2
5104

506 SERVO ERROR 2
5105-5111
5120-5123
5130-5136
5137-5138

(The numbers shows where

in the software the stop
occured.)

CAUSES

Servo lag error for axes 1

(2101) -12 (2112) when run-

ninginthe TEST mode.
Cause:

Mgor positioning error
because the axishas not

rotated in accordance with

the received position refe-
rences.

Resolver error, channels x

andy. Pineresolver
axes 1(2201) -12(2212)
Coarse resolver,

axes 7(2213) - 12(2224)

Error in the revolution

counter of axis XX. Axes 1-6
are supervised by measure-
ment board 1 and axis 7 by

board 2. All revolution

15 Errorlist
RECOMMENDED CORREC-
TIVEACTION

(See"error code 1401-1421")
(See"error code 1301-1312")

A Check for fault by measuring the
resistance of the wiring and the
resolver (resolver~20 ohm).

B Replace the serid or the seria
measurement board or the axis board.

Check the measurement system,
especially all resolver and measurement
board connections. Recalibrate the robot
revolution counter. Check therobot
calibration position. If the problem per-

counters on the measurement sists, replace the serialmeasurement

boards are uncalibrated.

To high speed on axis X.

Incorrect input data.
Cause:

Parameters entered are out-

sde specified limits.
A Externa electrica

equipment hasjammed

the robot computer or
serid measurement
board.

B Faulty computer board
or serial measurement
board.

C Faulty wiring between
the robot computer
board and the serial
measurement board.

board

Reduce the speed.

Check that all parameters
entered are within the
limits specified.

Re-initiate the system and start-up
again. If the error persists, check

the wiring or replace the computer board
and/or the serial measurement board.

Error List
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506 SERVO ERROR 2
5150

506 SERVO ERROR 2
7001

506 SERVO ERROR 2
7002

506 SERVO ERROR 2
7004

506 SERVO ERROR 2
7005

506 SERVO ERROR 2
7006

506 SERVO ERROR 2
7007

506 SERVO ERROR 2
7008

CAUSES

Voltage drop from rectifier

The maximum permissible
waliting time for answer to
the main computer fromthe
axis computer has expired,
depending on:

» An earlier error has caused
the servo computer to halt.

15 Error list
RECOMMENDED CORREC-
TIVEACTION

A Check fuses
8 Check that voltage to rectifier

Find and correct the earlier error
then re-initialize the system.

If the error persists, change the
robot computer board.

» Faultin the robot computer.

Non-vaid channel index.
Communication fault be-
tween the diagnostic soft-
ware and the main com-
puter, caused by afaultin
the control program.

Erroneous sync position.
The sync position of the
robot is not correct,

because there are no values
for the sync position in the
robot control program.

Fault in internal
caculation routine
in the control program.

Execution of aprogram
module in the main
computer starts, before a
valid acknowledge sgnal
has occurred.

STALL ALARM.

The main computer has de-
tected that messagesfrom
the axis computer are not
transmitted fast enough.

The servo computer has

detected an undefined

error in:

* It's own program.

* The main computer
program.

Internal error.
Re-initiate the system.

Internal error.
Re-initiate the system.

Exchange the control program.

Check the computer board.
If no error isfound, change
the control program.

Check the computer board.

If no error isfound, perform a
common error tracing, according
to Chapter 4 in the Service
Manual.

Check the computer board.
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506 SERVO ERROR 2
7009

506 SERVO ERROR 2
7010

506 SERVO ERROR 2
8001

506 SERVO ERROR 2
9000

507 JOYSTICK
ERROR

508 DISK MEMORY
FAULT 1

508 DISK MEMORY
FAULT2

508 DISK MEMORY
FAULT3

508 DISK MEMORY
FAULTA4
508 DISK MEMORY
FAULTG6

508 DISK MEMORY
FAULTY

15 Error list
RECOMMENDED CORREC-
TIVEACTION

CAUSES

Maximal waiting time for
answer to the main computer
from the servo computer, for
respond on a movement
segment, has been exceeded.

Re-initialize the system,

The servo computer hasgiven Re-initialize the system.
an unallowable error code to the
main computer.

The servo computer hasnot ~ Re-initiate the system.
approved an order fromthe  If the fault remains, replace
main computer due to a the control program.
serious error in the main

computer.

Transmission fault A Check the installation

between the seria B Check and measure the wiring
measurement board C Change the serial measurement
and the robot board or the robot computer
computer board. board.

Causes:

A External disturbances

B Wiring fault

C Electronic fault

1 Indicates afault in the
joystick function.
2 Erroneous coordinate

If the fault persists, check the
joystick according to the Service Manual.

system button.
Error in the floppy * Repeat attempt
disk memory. « Change disk
Data stored has dis- * Repeat attempt
appeared.  Change disk
Data stored incorrect * Repeat attempt

» Change disk

A. Floppy disk faulty A. Repest attempt
B. Hoppy disk not B. Changedisk

formatted.
Foppy disk with storage » Remove storage protection
protection. » Change disk
Floppy disk unit not Insert disk correctly
ready. e Closshatch

» Change disk

Error List
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508 DISK MEMORY
FAULTS

508 DISK MEMORY
FAULTI0

508 ERROR IN TEXT
PROGRAM 18

508 TEXT PROGRAM
TOOBIG 18

508 DISK MEMORY
FAULT20

508 DISK MEMORY
FAULT 21

508 DISK MEMORY
FAULT22

508 DISK MEMORY
FAULT24

508 DISK MEMORY
FAULT 25

CAUSES

Erroneous data at
attempt of storing
data on floppy disk.

Internal Winchester
fault

Not possible to load the block

into the reserved memory
area. Theblock contains
other instructions than
comment instructions or is
corrupt.

15 Error list
RECOMMENDED CORREC-
TIVE ACTION

e Try again
» Change disk

Re-initiate the system

Load the block into the user memory and
check the contents. Edit the block or
select ablock from the system disk and

try again.

Not possible to load the block Load the block into the user memory and

into the reserved memory

check the contents. Edit the block or

area. More than 25% of the select a block from the system disk and

block is used.

Attempted loading of
function parameters from
wrong disk.

Attempt to program
storage when the
whole floppy disk

is occupied.

Attempt to load pro-
gram from an empty

floppy disk.

Attempt to load a pro-
gram block not available
on thefloppy disk.

Attempt to add a program
block that islarger than
the user memory.

try again.
* Change disk

Change disk

Replace disk

Select another program block
number.
Change disk.

1. Erasedl programsin the user
memory (program numbers 0- 9999).

2. Load required program block, with the
function ADDALL under the
MANUAL menu.

If this does not work, split the program
block into two parts at the robot, where
the block was originally programmed.

Error List
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508 DISK MEMORY
FAULTZ26

508 DISK MEMORY
FAULT 27

508 DISK MEMORY
FAULT 28

508 DISK MEMORY
FAULT29

508 DISK MEMORY
FAULT30

CAUSES

An attempt has been made

to add a program block
asthe space available
in the user memory is
insufficient.

Error in the stored
program block.

Fault when formatting
floppy disk.

Attempt to load a non-
existing subprogram from
floppy disk.

Foppy disk function is
faulty.

15 Error list
RECOMMENDED CORREC-
TIVE ACTION

1. Erase any superfluous programs
in the user memory.

2. Store the remaining part of the
program block as block X.

3. Load the program block containing the
required program.

4. Erase al unwanted programs.

5. Add block X with the function
ADDALL.

If thisis not successful, use the

instruction GET B in the program for

altgrnate running of program blocks X

andN.

» Sdect another block number.
Change disk.

Change disk
Try again

Sdlect another block number.
Sedlect another program number.

*

Re-initiate the system.

508 DISK MEMORY Weld datamissing for » Sdect another block number

FAULT31 the program block » Change disc.

(for arc welding concerned.

robots only)

508 DISK MEMORY Incorrect version of Sdlect disc with right weld data

FAULT 32 weld data. version.

(for arc welding

robots only)

509 SYNC ERROR Error when the robot If repeated attempts are not
system isto be successtul, perform a commo
synchronized. error tracing, according to

Chapter 4 in the Service Manual.
Error List S3
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509 SYNCHRONI-
ZATION ERROR 10XX

509 SYNCHRONI-
ZATION ERROR 11XX

509 SYNCHRONI -
ZATION ERROR 14XX

509
SYNCHRONI-
ZATION ERROR 15XX

509 SYNCHRONI-
ZATION ERROR 16

509 SYNCHRONI-
ZATION ERROR 17

509 SYNCHRONI -
ZATION ERROR 20xx
(concerns only robotsin
the 8000-serie).

509 SYNCHRONI-
ZATION ERROR 21XX

509 SYNCHRONI-
ZATION ERROR 22XX

CAUSES

Robot axis XX isoutsideits
outside the working range

Error has occurred in the
control system, axis XX.

Working range defined for
external axisno. XX istoo
great with the gear ratio
inuse.

Resolver on axisno. XX
not calibrated.

Resolver error.
AXisno. XX hasobtained an
impermissible resolver

value with absolute measure-

ment.

System fault in absolute
measurement system.

The robot istoo far

away to restart.

The robot program running
can not be restarted directly.

Robot axis xx isoutside
the working area.

The revolution counter
for axis XX not calibrated.

Error on the revolution
counter on axis XX. The
revolution counter has lost
itsvaue.

15 Errorlist
RECOMMENDED CORREC-
TIVE ACTION

Move the axis manuell or with the
joystick after pressing RESYNK
(AUTO+SCAN+SCAN) into the

work, range. Switch power off

and the on.

If the problem persists, it might be
caused by DSQC 234, seethe Service
Manual.

Check therobot calibration position be-
forereturning therobot to production!

Redefine the working range under
PARAM or check that the correct
resolver configuration has been
selected.

Check the measurement system.

Seeinstructionsin Service
Manual for checking the
robot system.

Start-up the system the conventiona
way. Check therobot calibration
position beforereturning therobot to
production!

Manoeuvre the axisinto the
workingarea and switch off
the system. Try once more.

Check measurements system, battery.
Battery voltage should exceed 7.0V.

Check the measurement
system. The robot remains
unsynchronized. Operation
mode is blocked until the
error is remedied.

Error List
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509 SYNCHRONI-
ZATION ERROR 23XX

CAUSES

Error on the revolution
counter on axisXX. The
expected revolution counter
value doesNOT correspond
to that of the serialmeasure-
mentboard revolution.

15 Error list
RECOMMENDED CORREC-
TIVEACTION

Check the measurement system,
especially all resolver and measurement
board connections. Recalibrate the robot
revolution counter. Check the robot
calibration position. If the problem
persists, replacethe serial measurement

counter. board.
510 SYSTEM Internal fault in the Switch-off and start-up
FAULT3 control program module the robot system once again.
in programmed robot If the fault persists exchange
running. the control program.
510 SYSTEM A.Theinternal restart A B Switch df the system and start
FAULT4 was interrupted in the conventiona way.
undefined.
B. Power failurein an
instruction that can't
be restarted.
510 SYSTEM Restart datain Re-initiate the system.
FAULTS memory is wrong.
510 SYSTEM An error has occurred in the
FAULTS error buffer. All old messages
have been erased.
510 SYSTEM An unwanted jump in the Internal error.
FAULTY program may have occured.  Check active instruction before
resume program execution.
Error List S3
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513WRONGLY PLACED
/O BOARD X
(X=subcodewhich

defines the board

position concerned)

514 COMMUNICATION
ERROR 1

(apply only to robots
equipped with computer
link)

514 COMMUNICATION
ERROR 2

(apply only to robots
equipped with

computer link)

514 COMMUNICATION
ERROR 3

(apply only to robots equipped
with computer link)

514 COMMUNICATION
ERROR4

(apply only to robots
equipped with

computer link)

CAUSES

A Board missingon
postion X.

B The board on pos-
tion X does not corres-
pond to the board-
type specified in the
gystem parameters
(specified manually
for subcode 1-6).

C Theboard on position
X erroneous.

15 Errorlist
RECOMMENDED CORREC-
TIVE ACTION

A Place aboard on position X (or
change the system parameter
for subcode 1-6).

B Place the correct type of board (or
change the system parameter for
subcode 1-6).

C Check the board.

The board positions in question

are coded for the board type,
that is specified in the system
parameters (manual specifi-
cationsfor the 6 1/0 positions).
The board positions are coded

in accordance with the following:

Subcode Type ace to param

Safety board

O WNRO

Insufficient space in the
robot buffer memory for
data from superior com+
puter.

Data fault in message
received from superior
compulter.

Transmission error on
the data link.

Insufficient space in
the robot memory when
attempting to load a
program from a superior
computer

I/O board, position 1
I/O board, position 2
I/O board, postion 3
I/O board, position 4
I/O board, postion 5
I/O board, position 6

Restart the robot system.

Check superior computer.

Repeat the attempt.

Erase any superfluous program
in the robot memory.

Error List

30

S3



ERROR MESSAGE

514 COMMUNICATION
ERRORS

(apply only to robots equipped

with computer link)

514 COMMUNICATION
ERROR 6

(apply only to robots
equipped with

computer link)

514 COMMUNICATION
ERRORS

(For robots with

computer link only)

514 COMMUNICATION
ERROR 9

(For robots with

computer link only)

514 COMMUNICATION
ERROR 10

(For robotswith

computer link only)

514 COMMUNICATION
ERROR 11

(For robots with

computer link only)

514 COMMUNICATION
ERROR 12

(For robots with

computer link only)

514 COMMUNICATION
ERROR 13

(For robotswith

computer link only)

514 COMMUNICATION
ERROR 14

(For robotswith
computer link only)

CAUSES

Program with program
number salected not in
the robot memory.

Maximum waiting time
before acknowledgment
from superior computer
exceeded.

Computer link not
implemented.

Faultin vison system.
Vison timeout.

I ncorrect robot mode.

Insufficient space in robot

memory when an attempt is

made to load configuration
data.

Incorrect check sum in con-
figuration data loaded.
Robot system initialized
with configuration data
from PROM.

Incorrect weld data version.

15 Errorlist
RECOMMENDED CORREC-
TIVE ACTION

Select a program with
another program number.

Check superior compuiter.

Check that function parameter
C LINK isset (SeeInst. manual).

Restart the vison system. If the fault
persists, check the connection or
contact service personnel.

Restart the vison system. If the error
persists, check the connection or
contact service personnel.

Turn MOTORS OFF.

Check that the block to be loaded is
intended for the robot in question.

Make another attempt to load the
configuration data.

Configurate to right weld data
Version on superior computer.
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515 TIMEOUT ERROR
(only arc welding robots)

516 OVERRIDE ERROR 1
(only arc welding
robots)

516 OVERRIDE ERROR 2
(only arc welding
robots)

517 WELD ERROR 1010
(only arc welding
robots)

517WELD ERROR 1020
(only arc welding
robots)

517 WELD ERROR 2010
(only arc welding
robots)

517 WELD ERROR 2020
(only arc welding
robots)

518 RIO COMMUNICA-
TION ERROR 1

518 RIO COMMUNICA-
TION ERROR 2

518 RIO COMMUNICA-
TION ERROR 3

CAUSES

When programming the arc-

welding instruction EXTPOS,

the response from the exter-
nal equipment is not rece-
ved before the maximum
permissible waiting time has
been exceeded.

Override has been de-
fined as:
A. Weding isnot performed.
B.The welding data
number has been changed.

The limit values for
override definition has
been exceeded.

The current supervision
has detected that current
has disappeared for longer
then 500 ms.

The gas/coolant supervision
has detected that gas/coolant
IS missing.

The welding arc has not
been lighted before the
indicated time from
welding start order.

15 Error list
RECOMMENDED CORREC-
TIVEACTION

Check the external equipment,

A. Wait until welding is performed.
B.Try again.

Store the values and keep
defining override values.

Check the thread feeder and
current supply.

Check the gasflow and
coolant flow.

Check thread feeder and
current supply.

Change the maximum time
in the start data.

Gas and coolant flow received Check gas flow and coolant flow,

has not been started before
2 seconds after the robot
has moved to the position
for welding start

No communication with
host processor (PLC).

Bad communication with
host processor.

Na-chip on RIO board is out
of function.

Check hardware.

Check hardware.

Check hardware.

523 ERROR STATION At power-on the activation ~ Try again. If repeated attempts
DRIVEUNIT 1 of manipulator 1 failed are not successful, see
(only arc welding (max. dlowed waitingtime  Service Manual.
robots) for acknowledgment sig-
nal from manipul ator
3 seconds exceeded).
Error List S3
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523ERROR STATION
DRIVE UNIT 2
(only arc welding robots)

523ERROR STATION
DRIVE UNIT 3

(only arc welding
robots)

523ERROR STATION
DRIVE UNIT 4

(only arc welding
robots)

523ERROR STATION
DRIVE UNITS

(only arc welding
robots)

523 ERROR STATION
DRIVE UNIT 6

(only arc welding
robots)

524 OUT S DE WORKING
AREAT7-12

536 ENABLING DEVICE
FAULT 1

536 DMH FAULT 1 (only
IRB 1500)

536 SPEED SUPER-
VISION FAULT 5

CAUSES

The robot moved when
activation/deactivation
of a station was requested.

An input indicates that the

15 Error list

RECOMMENDED CORREC-
TIVEACTION

Stop the robot and repeat
the attempt.

Check that the station connection

drive units of a station have is in accordance with the function
been activated, in spite of the parameter STATION. In that case

fact that no such order has
been given on the outpui.

Aninput indicates that the

drive units of a station have
been deactivated, in spite of
the fact that no such order

has been given on the outpui.

An output for activating a
STATION is set, but no
answer from corresponding
input has been given within
5 sc.

Signasfor activation to
STATIONS have been reset
at an earlier stop. These
signals have automatically
been set high again.

External axisisoutside
working area.

A The enabeling device
hasbeen heldin an
intermediate postion

B A fault in the contacts of
the enabeling device.

The key switches position
and reported status of the
servo computer's SPEED
signa do not coincide.

check the external equipment,

Check the cables and that
the station connection isin
accordance with the func-
tion parameter STATION. In
that case check the external
equipment.

Check the the connections from
ORBIT to the robot control
system.

Check that the connected stations
are relevantJf that is the case,
restart the program again,
otherwise connect the STATIONS
in question.

Modify the program.

Press the enabeling device
again. If the fault remains,
check the contacts under the
enabeling device.

Examine the SPEED signal status
on the back panel between the
safety board and the robot
computer board.

536 RUN RELAY FAULT  Control signal and check Check the operation contactor
13 sgna toffrom the operation  and the cabling.
contactor do not coincide.
Error List S3
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536 ENABLE CHAIN
FAULT 21

536 SAFETY HAZARD
33

536 SAFETY HAZARD
34

536 RUN BUTTON
FAULT35

536 KEY STATUS
FAULT36

536 MOTOR OVER-
LOAD FAULT 101-107

538 AUTO MODE STOP
538WORK STOP 1

CAUSES

The ENABLE chan has
been broken as aresult of
one of the following fault:
A Drive unit/fatal fault

B Rectifier/fatal fault

C Measurement system/
fatal or nonfatal fault

Fault in the safety board
indicated via the super-

vison for the ENABLE loop.

An attempt has been made
to start-up the system with
undefined commutating
offset.

The run button has been
pressed for 30 seconds.

The position/status of the
key isincorrect updated e..
because of two key turns

in araw, when the system
wasin operation or therun
chain was broken.

Overload in motor 1-7.
Certain models; No axes
number is stated.

One or severa work stop
switchers connected to the
system have been activated.

15 Error list
RECOMMENDED CORREC-
TIVEACTION

Check the LED on the front

of the safety board.

A The LED islit:(nonfatal fault)
The occurred fault is auto-
maticly reset. The enable
chain is closed after afew
seconds. The system can be
in operation mode again.

B The LED is put out:(fatal fault)
The occurred fault has to be
manually reset. The enable
can only be reset by an
system initiation.Search for
the cause to the fault and
remedy it. Do a systeminitiation.

Replace the safety board.

Define the commutating offset.

Check and if needed remedy
the run button or the cabling.

Change the position of the key
or re-initiate the system

Re-start the system.
* Check wiring
* Reduce duty cycle

» Check for the cause to the
stop and remedy any possible
problem in the system.

* Then reset the activated
switchers.
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538 GENERAL MODE
STOP 2
538 SAFETY STOP 2

539 INTERNAL REC-
TIFIER POWER FAULT
1

539 EXTERNAL REC-
TIFIER POWER FAULT
2

539 WARNING/ REC-
T1F1IER PHASE MISSING 3

540 BRAKESRELAY
FAULT

542 MOTORTYPE
NOT DEFINED

544 WARNING NEW
RESOLVER DATA
LOADED

547 HYDRAULIC
PRESSURE ERROR 1
(ROBOTSIN THE

CAUSES

One or severa safety stop
switchers connected to the
system have been activated.

No power from the internal

rectifier.

The signa POWER OK
ismissing.

At least one phasein the
power supply to the rectifier.

System error which means

that the brakes are not
released normally.

Attempt has been made to
take the system in operation
without that the motortype

has been defined.

The system has discovered
a difference between the new

new resolver values, and

the resolver values already in

the parameter memory.

Faulty pressureinthe Z axis

pressure unit.

15 Errorlist

RECOMMENDED CORREC-
TIVEACTION

* Check for the cause to the
stop and remedy any possible
problem in the system.

» Then reset the activated switchers.

If the stop can not be reset:
» Check the clamps that are
not used by the safely circuits.
» Check the safety board.
 Perform a common error tracing
according to the Service manual.

Check if possible clampson
not used internal rectifier.
Check and if needed remedy
rectifier and cabling.

Check connection for POWER OK
Check and if needed remedy
rectifier and cabling.

Check and if needed remedy
fuses and cabling.

Examine the connections to the
robot brakes and locate the break
in the connection.

Deftne motortype according to the
Installation manual S3.

Choose if the system isto be started
on the new or old resolver data.
(Remaining system parameters
according to earlier executed
operation). Check that the robot
has the right system parameters
after re-start.

Check the pressure unit.

8000 SERIES)

548 ERROR IN Run chain 1 is correct but Check the run chains.

RUN CHAIN 2 run chain 2 indicates afault

Error List S3
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550 WVELDERROR1

550 WEL DERROR?2

551 WELD ERROR TIMER

552 WELDERROR
CURRENT

553 WEL D ERROR FLOW

554 WELD ERROR TEMP

S55WELD ERROR
ENABLE MOVE

560 ERROR/ROBOT
COMPUTER BOARD xxxx

562 ERROR/ROBOT
DRIVE UNIT xxxx

563 ERROR/DRIVE

CAUSES

WELD READY not reset
when START 1 or START 2
is activated.

WELD READY not received
within 20 s after START 1 or
START 2 has been activated.

Signal TIMER OK ismissing.

Signd CURRENT OK is
missing.

Signa FLOW OK ismissing
for more than 5 sec.

Signa TEMP OK is missing.

The system has been waiting
for sgna ENABLE MOVE
more than 5 sec. upon gun

opening.
A robot computer board com+

ponent is malfunctioning. See

15 Error list
RECOMMENDED CORREC-
TIVEACTION

Check the welding controller,

Check the welding controller,

Check the welding controller.
Check the welding controller.

Check the cooling water
supply.

Check the welding controller.

Check the welding gun and
Sensors,

See subcode in chapter 5.

chapter 5 for further information.

Erroneous signalsfrom drive
unit after start-up. See

See subcode in chapter 5.

chapter 5 for further information.

Drive unit exceeds limit

Check the drive unit connection.

UNTTOFFSx values when compensating I all connections are correct, replace
for offset. See chapter 5for  the drive unit.
further information. If this doesn't work, change the
robot computer board.
Subcodex: Unit:
1 Drive unit 1
2 Drive unit 2
3 Drive unit 3
4 Drive unit 4
5 Drive unit 5
6 Drive unit 6
7 Drive unit 7
567 ERROR/SYSTEM Datafrom the safety board ~ See subcode in chapter 5.
BOARD:xxxx isincorrect See chapter 5 for
further information.
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570 ERROR/MEASURE
SYSTEM, AXES 1-6xxxx

571 ERROR/MEASURE
SYSTEM, AXES 7 xxxx

572 ERROR/MEASURE
SYSTEM, AXES 8-12 xxXxX

573 ERROR/MEASURE
SYSTEM, AXES 7-12 xXXX

580 WARNING DISK zxxx

CAUSES

The measurement system

diagnostics has discovered
an error. See chapter 5 for
further information.

The measurement system
diagnostics has discovered
an error. See chapter 5 for
further information.

The measurement system
diagnostics has discovered
an error. See chapter 5 for
further information.

The measurement system

diagnostics has discovered
an error. See chapter 5 for
further information.

Error when starting disk.
See chapter 5 for further
information.

581 WARNING COMPUTER Error when starting com-

LINE zxzz

582 WARNING PRINTER
XXX

583 WARNING SENSOR
XXZX

585 WARNING PROG
UNT Txxxx

586 WARNING MONITOR
XXXX

588 WARNING
WINCHESTER xxxx

puter link. See chapter 5
for further information.

Error when starting printer.
See chapter 5 for further
information.

Error when testing the main
computer seria links. See
chapter 5 for further
information.

Error when starting the
programming unit. See
chapter 5 for further
information.

Error when starting monitor.
See chapter 5 for further
information.

Error when starting the
Winchester memory. See
chapter 5 for further
information.

15 Error list

RECOMMENDED CORREC-
TIVEACTION

See subcode i n chapter 5.

See subcode i n chapter 5.

See subcode i n chapter 5.

See subcode i n chapt er 5.

See subcode i n chapt er 5.

See subcode i n chapt er 5.

See subcode i n chapter 5.

See subcode i n chapt er 5.

See subcode i n chapter 5.

See subcode in chapter 5.

See subcode in chapter 5.
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589 RECTTFIER
MISSING

590 RECTIFIER WRONG

TYPE

591 DRIVE SYSTEM
ERROR

592 RECTIFIER OUT-
PUT VOLTAGE HIGH

593 RECTIFIER TEMP.
HIGH

594 SHUNT RESISTANCE

TEMP.HIGH

595 DRIVE UNIT
MISSING 1-7

596 DRIVE UNIT WRONG

TYPEX

597 DRIVE UNIT
CURRENT HIGH X

CAUSES

The configuration check of
the rectifier indicates type

code O, that means no rectifier

connected.

Wrong type of rectifier.

The drive system has
indicated error, but no
error statusisplaced in

either rectifier or drive unit.

The voltage from the rectifier

istoo high.

The rectifier unitisis
overloaded.

The return supply power
from the robot motorsis

too high. Too high surroun-

dings temperature and too
high input voltage to the
rectifier can also cause
too high temperature.

The configuration check

of the drive unit for the axis

in question, indicatestype
0, that means no dive
unit connected.

15 Error list
RECOMMENDED CORREC-
TIVEACTION

Check that:
* rectifier is connected correctly

Check the rectifier with respect
to robot type and change to the

right type.
Re-initiate the system.

Change rectifier,

Check if the surrounding
temperature is too high.
Reduce the intermittence
during the run mode.

Check the input voltage
to the rectifier.

Check the surroundings
temperature around the
control cabinet.

Reduce the intermittence
during run mode.

Check if t he drive unit on
the axisin question isin the
right position. Check the flat
cable between drive unit and
computer.

The drive units on the axis Check the type of drive units on
X in question are of the wrong the axis in question, and change

type.

The drive unit for the axis

X in question has gone into

the over current limit.

to theright type.

Check that the cabling out of
the drive units or the motor
windingis short-circuit.

Check that the out-put on

the drive unit isn't shortcircuit.

Error List
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ERROR MESSAGE
598 DRIVE UNIT
CURRENT ERROR X

599 DRIVE UNIT TEMP.
HIGHX

602 VISION
SYSTEM ERROR

CAUSES

The current out from

the drive unit for the axis
X in question do not corre-
spond to the ordered value.

The temperature on the
out-put level on thedrive-
unit in question for the axis
Xin question has exceeded.

The axis number can in some
systems not be displayed.

The hardware for VISON
is not available.

15 Errorlist
RECOMMENDED CORREC-
TIVEACTION

Check that the cables out from
the drive unit in question are
unbroken. Probable error cause
isinterruption in one of the cables
or the maotor winding.

Check:

* if the robotaxis for the axisin
question do not work dowly

* the commutation offset

* that the surroundings temp,
around the control cabinet
isbeow the max. dlowed

Reduce the intermittence

during run mode.

Otherwise see separate
documentation for VISION.

700 WARNING NEW The sysem hasdetected a  Choose if the system shall start
RESOLVER DATA difference between down with new or old resolver data.
LOADED loaded resolver data and (Other systemparam. ace. to
datathat earlier wasin the previous operation).
parameter memory. After start check that the robot
has correct system parameters.
Error list S3
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5

Diagnostic messages

Diagnostic error concerns the fault- and warning message the system discovers when testing
the hard ware during the start-up sequence.

Depending on the type of malfunction, two types of message may be displayed: error message
or warning message.

Error message:

When thistype of message is displayed on the programming unit, the system is always
interrupted and put in an error mode. If the mafunction occurs during start-up, thisis
interrupted.

Warning message:

The printout is given after a malfunction has been detected in any of the units, but the
malfunction is not serious enough to interrupt the system.

Normally, al message printouts are displayed on the programming unit display, but during
the diagnostic test at start-up, no text can be displayed during certain periods of time. The
error codes may then be displayed by the error LED on the computer board front. See chapter
6 for a detailed description.

Error and warning messages using a subcode:

560 ERROR/ROBOT COMPUTER BOARD xxxx

562 ERROR/DRIVE UNIT xxxx

567 ERROR/SAFETY BOARD xxxx

570 ERROR/MEASUREMENT SYSTEM, AXES 16 Xxxx

571 ERROR/MEASUREMENT SYSTEM, AXIS 7 xxxx

572 ERROR/MEASUREMENT SYSTEM, AXES 8-12 XXxX

573 ERROR/MEASUREMENT SYSTEM, AXES 7-12 XXXX

580 WARNING DISK xxxx

581 WARNING COMPUTER LINK xxxx

582 WARNING PRINTER xxxx

583 WARNING SENSOR xxxx

585 WARNING PROGRAMMING UNIT xxxx

586 WARNING MONITOR xxxx

588 WARNING WINCHESTER xxxx

for which xxxx represents one of the following subcodes, more thoroughly describing the cause
of themessage.

The following isthe list of the subcodes which may be displayed adong with an error or
warning message.

Error List S3
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SUBCODE CAUSE RECOMMENDED CORRECTIVE
ACTION
0001 Error at main computer Replace the robot computer board
instruction test
0002 PROM checksum error a Replace the EPROM
b Replace the robot computer board
0003 RWM error
Replace the robot computer board
0004 Code downloading error
Replace the robot computer board
0008 Main computer error when
handling not alowed command Replace the robot computer board
0009 Error in test 1 of communication
between 1/O and main computers Replace the robot computer board
0010 Error in test 2 of communication
between 1/O and main computers Replace the robot computer board
E ing of
0011 pl:{g: ﬁt rgn?égtgsoec{i/g]gom Replace the robot computer board
0013 Error when testing the main
computer sensors, seria channels Replace the robot computer board
0014 g;g{&%ea?nt esting the aReplace the robot computer board
b Replace voltage supply unit DSQC 241
¢ Replace the computer rack rear plane
0017 Error when starting the 1/0 P i P
computer later test sections
Replace the robot computer board
0018 Error intest 1 of communication
between servo and main computer's
Replace the robot computer board
0019 Error in test 2 of commu-
nication between servo and
main computers Replace the robot computer board
0039 Servo computer communication eiror Replace the robot computer board
0040 Error when starting the servo Replace the robot computer board
computer later test sections
0070 Error when testingthe main com-  Is used at manufacturing check of
puter seria channel. Out = low, robot computer board
In=high
0071 Error when testingthe main com  Isused at manufacturing check of
puter serial channel. Out = low, robot computer board
In=high
Error List S3
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ERROR MESSAGE CAUSES RECOMMENDED CORREC-
TIVE ACTION
0072 Error when testing the main com-  Isused at manufacturing check of
puter serial channel A robot computer board
0075 Error when testing the 1/0 com- Is used at manufacturing check of
puter serial channel A, computer robot computer board
link
0076 Error when testing the 1/0 com- Is used at manufacturing check of
puter serial channel B, printer robot computer board
0080 Error when testing the I/O bus Is used at manufacturing check of
robot computer board
0081 Erroneous data from the 1/0O bus Is used a manufacturing check of
robot computer board
0101 Error at 1/0 computer Replace the robot computer board
instruction test
0102 PROM checksum error, 1/0 com- a Replace the EPROM
puter b Replace the robot computer board
0105 Erroneous 1/0 computer "stall timer" Replace the robot computer board
0106 Erroneous I/O computer” timeout ~ Replace the robot computer board
timer"
0107 Erroneous I/0 computer” interval Replace the robot computer board
timer"
0108 I/O computer error when Replace the robot computer board
handling not alowed command
0109 Error in communication between Replace the robot computer board
I/0O and main computers
0112 Internal diagnostics error in Replace the robot computer board
I/O computer
0114 Error when testing the a Replace the robot computer board
enable chain b Replace voltage supply unit DSQC 241
¢ Replace the computer rack rear plane
0116 Error when initiating the Replace the robot computer board
I/O computer
0120 Error when testing printer output ~ Replace the robot computer board if
printer is to be used
0121 Error when testing computer link ~ Replace the robot computer board if
computer link is to be used
Error List S3
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CAUSES

15
RECOMMENDED CORREC-

TIVEACTION
0122 Error when testing disk a Check main cabling
- b Replace mass memory
¢ Replace the robot computer board
0124 Error when testing the aCheck that 24V /O isthere.
safety board b Replace the safety board DSQC 228
0125 Error when testing the aCheck main cabling
Winchester memory b Check that the massmemory gets
12V.
¢ Replace the massmemory.
d Replace the robot computer board
0130 Robot computer board pd bus error  Replace the robot computer board
0131 Error when testing the programming a Perform a restart
unit b Check main cabling especidly
the 24V supply.
¢ Replace the programming unit
0133 Error when testing the monitor a Check main cabling
b Replace monitor
¢ Check system parameters
0134 Non standard programming unit a Perform arestart
b Check main cabling
¢ Replace the programming unit
0138 Not alowed 1/0 computer inter- Replace the robot computer board
ruption
0139 I/O computer not responding Replace the robot computer board
0140 Computer bus error, I/O computer  Replace the robot computer board
0201 Error at servo computer Replace the robot computer board
instruction tes t
0202 PROM checksum error, servo com-  a Replace the EPROM
puter b Replace the robot computer board
0205 Erroneous servo computer "stall Replace the robot computer board
timer"
0206 Erroneous servo computer " time out  Replace the robot computer board
timer"
0207 Erroneous 1/0 computer” interval Replace the robot computer board
timer"
0208 I/O computer error when Replace the robot computer board
handling not alowed command
Error List
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ERROR MESSAGE CAUSES RECOMMENDED CORREC-
TIVEACTION
0209 Error in communication between Replace the robot computer board
servo and main computers
0210 Error a ending of servo com- Replace the robot computer board
puter first test sections
0211 Error at ending of servo com- Replace the robot computer board
puter last test sections
0216 Servo computer initiation error Replace the robot computer board
0239 Servo computer not responding Replace the robot computer board
0240 Databus error, servo computer Replace the robot computer board
0302 Checksum error, axis computer Replace the robot computer board
sin-arctan table
0315 Error when loading test program Replace the robot computer board
to the axis computer
0358 Start-up error, axis computer Replace the robot computer board
0701 Statusbit error, FAULTRESN, Replace the robot computer board
of the drive system
0702 Addresshbit error, SAG-SAS5, Replace the robot computer board
of the drive system
0722 Status POWER UP-N erroneous a Replace rectifier
from drive system after reset. b Check flat cable between robot
computer board and drive system,
¢ Replace the robot compuiter,
d Replace drive unit rack
0723 Signal RUNNING erroneous a Replace rectifier
from drive system after reset. b Check flat cable between robot
computer board and drive system,
¢ Replace the robot computer
d Replace drive unit rack
0724 Status AC-N erroneous a Replace rectifier
from drive system after reset. b Check flat cable between robot
computer board and drive system,
¢ Replace the robot compuiter,
d Replace drive unit rack
0731 Signal FAULT-N erroneous Is used at manufacturing check of
robot computer board
Error List S3
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ERROR MESSAGE CAUSES RECOMMENDED CORREC-
TIVEACTION
0732 Signal RUNNING erroneous Is used at manufacturing check of
robot computer board
0733 Read dataerror, R3 20 Isused at manufacturing check of
robot computer board
0734 Read data error, R3 SD1 Isused at manufacturing check of
robot computer board
0741 Axis computer does not respond at Replace the robot computer board
drive unit test
0742 Too large AD converter offset error  a Replace the robot computer board
0743 Too large AD converter offset error  a Replace the robot computer board
0744 Too large offset error on any drive  a Replace the robot computer board
unit channel b Replace the drive unit
0751 The axis computer doesrespond at  Replace the robot computer board
offsst compensation, drive units
0900 The axis computer doesrespondat a Perform arestart
first contact to the measurement b Install the missing equipment
system of the specified axes ¢ Check cabling between measurement
system and robot couputer.
d Replace measurement board DSQC 234
or axis board DSQC 233.
e Replace the robot computer board
0902 Communication error to a Replace serialmeasurement board.
measurement system. b Replace the robot computer board
0903 Not alowed offst error on the X- Replace seriameasurement board.
channel of measurement system.
0904 Not alowed offst error on the X- Replace seriameasurement board.
channel of measurement system.
0905 Too large difference between X and  Replace seriameasurement board.
Y channels of measurement system.
0906 Disruption in cabling, theloop is A Do arestart.
closed without passing measurement B Install missing equipment
board no 2. C Check the cabling between
Linearity error onthe X channel the measurement board and
of measurement system. the robot computer.
(X ramp does not increase) D Exchange theidentified
serialmeasurement board.
E Exchange robotcomputer board.
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ERROR MESSAGE

0907

0920

0921

0922

0923

0924

0925

0926

0927

0928

0929

0930

0960

0961

0962

CAUSES

Linearity error ontheY channel
of measurement system.
(Y ramp does not increase)

Communication error to
measurement system DSQC 233

Offset error on AD converter to
measurement system DSQC 233

Offset error on DA converter, ch. 1
to measurement system D3QC 233

Offset error on DA converter, ch. 2
to measurement system DSQC 233

Offsat error on DA converter, ch. 3
to measurement system DSQC 233

Offset error on DA converter, ch. 4
to measurement system DSQC 233

Offset error on DA converter, ch. 5
to measurement system D3QC 233

Offset error on DA converter, ch. 6
to measurement system DIQC 233

Linearity error, ch. 1 of
measurement system DSQC 233

Linearity error, ch. 2,4, 6 of
measurement system DSQC 233

Linearity error, ch. 3and 5 of
measurement system DSQC 233

Error at "loca ring controller
loopback”

Error at "ring controller
loopback”

Error at "ring controller
loopback”

15 Error list
RECOMMENDED CORREC-
TIVE ACTION

Replace serialmeasurement board.

a Replace measurement board DSQC 233
b Replace the robot computer board

Replace measurement board DSQC 233

Replace measurement board DSQC 233

Replace measurement board DSQC 233

Replace measurement board DSQC 233

Replace measurement board DSQC 233

Replace measurement board DSQC 233

Replace measurement board DSQC 233

Replace measurement board DSQC 233

Replace measurement board DSQC 233

Replace measurement board DSQC 233

Replace the robot computer board

Isused at manufacturing check of
robot computer board

Isused at manufacturing check of
robot computer board

Error List
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6

Test modeerrors

To enable performing tests in the test mode, the key switch must be set in either position
TEACH or position TEST V=100% when the robot isin its normal initiated mode.

Then, the robot isto be initiated in the test mode by pressing both push buttons on the
computer board front, and then letting the initiation button up a couple of seconds before
letting up the test button.

If an error is discovered during start-up diagnostics in the test mode, the subcode of the error
message will not only be displayed on the programming unit but also on the robot computer
board error lamp.

This enables obtaining an error code in cases where the error message is not displayed on the
programming unit. The displayed subcode is one of the subcodes explained in section 5.

To obtain an subcode from afaulty system, the operator must perform an initiation to enter
the test mode which. Thisis described above. During this restart, the diagnostic system will
perform the same tests once more, and the error will be rediscovered.

The error lamp on the robot computer board front will blink repeatedly to indicate the error
subcode in accordance with the following description. The blinking of the error lamp will be
repeated until the system is reinitiated.

E.g. error code
560 ERROR/ROBOT COMPUTER BOARD

302
Robot

computer
board front
0.....9 blinks DSQC230
| (@)
o
/! o
/ ‘f \
* FAULT lamp 3 o , ENA.BLE
|S L|T f/\* A
| ®
FAULT
TEST
[ ]
IS NOT LIT .
INIT
1 10 12H111124 5 (22 5
1 TN A 11
time, seconds
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Test of board DSQC 233, axis board:

The error printouts available are the same asfor anormal start-up according to sections 4 and
5.

Le.

570 ERROR/MEASUREMENT SYSTEM AXES 1-6 xXxx
571 ERROR/MEASUREMENT SYSTEM AXIS 7 XXxx
572 ERROR/MEASUREMENT SYSTEM AXES 8-12 xxxx
573 ERROR/MEASUREMENT SYSTEM AXES 7-12 xxxx

(xxxx = sub codes)

Test of board DSQC 236, drive unit:

The error code parameter X X indicates output/input in accordance with the table below:

XX  Function

01 Enableloop error
03  Test sequence error

05  Driveunitmissing

XX  Function

02  Type code error

04  Axiscomputer does not respond

Test of board DSQC 209, analog in/output board:

The error printout parameter XX indicates the output/input in accordance to the table below:

XX  Function

2
4 CH4

0 Board absent
CH2

XX

1
3

Function

CHI
CH3

Test of board DSQC 223, digital in/output board:

The error printout parameter XX indicates the output/input in accordance to the table below:

XX Function

0 Board absent
2 CH2

4 CH4

6 CH6

8 CHS8

10 CH10

12 CH12

14 CH14

16 CH16

XX

Function

CHI
CHS3
CH5
CH7
CH9
CH11
CH13
CH15
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Test of board DSQC 224, combined digital and analog in/output board:

The error printout parameter XX indicates the output/input in accordance to the table below:

XX  Function XX  Function

0 Board absent 1 CHI

2 CH2 3 CH3

4 CH4 5 CH5

6 CH®6 7 CH7

8 CHS8 9 CH9

10 CH10 11 CH11

12 CH12 13 CH13

14 CH14 15 CH15

16 CH16

21  Andog CHI 22  AndogCH 2
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16 Index
Keyword Chapter, section
Absolute measurement 4.2
Accderation index calculation 11831
Adaptivity 10
Adaptivity sensor interface 10.1
Additional system I/O at I/O MAP 4123
ALIGN Fool, externel axis, home pas) 1.7
Anaog ports 4112
Arcwelding 12
ARG, modify an argument 85
AUTO DEF, manual tool 94
AUTO mode 23
AUTO, automatic search 6.4.3,10.3.3
Automatic (menu) 7
Automatic restart 423
Autosearch (AW) 6.4.3,10.3.3.3
Arcweldning 12
Arc weldning,system principles 122
Arc weldning, program structure 123
Arc weldning of rear axis member 1161
AW REST, Arcwdd Restart 7.8
BASE, dignebase 7.7
Base point 3311
BASEP, Basepoint active 3245
BASEP, definition 95
BLOCK, fromto RAM 922
BWD, backward execution 71-4
CALL asub-program 56
Change of operation mode 234
CHANGE, manual tool 94
CIRCEL 3.7,6.13
Circuit breaker 22
CLEAN, welding 10.24.1, 10.252
CLEAR 9.1
Close-down 411413
Closdy spaced positions 1157
com 513
Commands from robot 483
Commands to robot 482
Common functions 1264
Compability with earlier programs 1152
Computer link 29,48
CONTOUR, contour tracing 6.8, 105
Connection and definition of sensors 102
Control cabinet 21
Control panel 2.3
Coordinate systems 32,511.11.7.31
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16 Index
Keyword Chapter, section
Coordinate systems for defining positions 321
Coordinate systemsin program execution 322
Coordinate systems for manual movements 323
COPY INS 8.16
COPY, external axes 854
COPY, program 8.10
COORD 511
CORNER 1, 2 (ZONE) 6.3
COR VEC, adaptive function 6.9, 106
Corner talking 3.6, 1156
Cornering devitations 36.14
Correction vector 6.9, 105
CORV ST, adaptive correction 7.6
Cutting and debuning of plastic, forming of
holes using the CIRCLE function 11.6.3
Cutting and debuning of plastic lining
for a car door 1164
Delay of outputs 53
DELETE 86
DELETE (O X) 924
Definition of ARM load parameters 11.84
Define aposition with PATH zone 12.6.1
Defining of WRIST load. 11.85
Devitations 364
DHANDCHK 3.4.1,6.6,6.10,6.14.6.16
Diagnostic messages 155
Didog viaprog.unit 24.1
Digital ports 4111
DIR. direction search 6.4.2,10.3.2
DIK : 9.2
DIXK (DELETE) 924
DIX (FROM DISK) 921
DISKdANTT) 923
DISK (TODISK) 922
Diskette handling 4.7
Distance searching 1031
DISPL, displacement of position 75
DISPL, modify a position 853
DIST, distance search 6.4.1,10.3.1
Editing MENU 8
Editing 81
Emergency stop 1.21,2.325
END DATA, welding 125
Enabling device 26
ERASE, TCP, tool 94
Error buffer 4.6
ERASE 811
ERRORS 97,912
Error buffer 15.2
Error hanling 134
Execution of instruction 14.36
Execution of instruction without current 14.3.7
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Keyword Chapter, section
Exceptions 36.15
External axes, homepostion 1.7.2
EXTAX, Independent External Axes 517
EXTC, welding 10.24.2
EXTPOS, welding 10.24.2
EXTFRRAME 5.18, 6.18, 9.16, 12.6.5
FETCH, dign fetch 7.7
FETCH, fetch from register 581
FINE, zone 36.12 63
FLOW, gluing 1311
FRDISK 921
FRSC 98
FRAME, reference frame 3.9.2,5.15,6.14,

9.6, 10.7
Function parameters 14.2.3,14.3.2
GET B/ADD BLOCK 512
GLU SCA 519
GLUING 131
Gluing instruction 1321
Gluing of acar door 1162
GRIPPERS 51
HANDCHK 851
High performance programming 117
HOLD, HOLD RESET and AUTO INPUT 41231
Hold-to-run 125
Home position 7.7.3,9.17
Host computer 2.8,4.8,514
I/O signals 14.33
IN/OUT 94
I nformation(program) 45
INIT (DISK) 923
Initialize diskette 4.7.1
Initialization sequence 112
INPUT, manual 94
INPUT, wait-input 522
Input, jJump-input 54.2
Inputs and outputs 412,94
INS, instruction start 7.1-4
INSERT _ 8.7
INST NO, cal upinstruction 82
INST, modify instruction 85
INTER, interrupt 412,510
Intialization sequence for the main program 112
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Keyword

Joystick

JUMP

JUMP (SEARCH)
JUMP(NINPOS)

LANG, language
Language section
Limitations

LIST

LIST, program printout
LOAD

LOAD, programmable
LOAD definition

Loca (operation)
Location (Registers)
LOCATE

Logicd Instruction menu

MAIN DATA, welding

Main Switch

MAN.DEF, manual tool

Manua menu

MANUAL REDUCED SPEED mode
MANUAL FULL SPEED mode
Manual restart

MAX, velocity

Manipulator

Manipulator, instructions
Material handling applications
Measures to dea with overshoots
Menu overview

MIRROR

MODEXT

MODIFY

MODIFandMODARG
MODPOS

MODRECT COORD, modifiedrectangular

coordinates

Monitor

Moving the robot with thejoystick
MOV REST

Movement characteristics
Movement principle

Movement velocity

N (not ready)
NINPOS, jJump-not in position
NEXT, TCP, toal

16 Index
Chapter, section

124

22

95

9.1
232
233
422
55

31
12.5.2,12.6.3
11.65
11834
111
813
854
85
85.2
8.4

39,511

27

324
7.10,4.12,32
36

11.7.32

35

413
544
95
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Keyword

Off-line

Off-line, teach

OPERATION

Operation status, computer link
Operation status, error list

OUTPUT

Override, (Gluing)

Override on the scaling instruction
Override, function (Arc welding)
Overviewe of five programming menus

PALETT

Pattern program

Path following (principles)
Path optimization

Parallel displacement

Ports

POSPOS

Positioning instruction menu
Position programming
Position registers, location
POSLOC

Positioning

Power on. power off synchronization
PROG NO

PROGST.INSST., BWD., SIM
PROG, printout

PROG.

Parallel displacement with reference
point (REFP)

Preset values

Process application type plastic cutting,
metal cleaning, deburring and polishing.

Program displacement with reference
frame (FRAME)

Programming the first spot weld instruction
Programing robot path

Programing the spot weld instruction
Programing examples

Program information

Programming unit

Program execution

Program execution with fixed TCP
Program information

Program printout

16
Chapter, section

28
9.13
4

486

153
4.10,5.3,94
133

1332

12.7.2

113

6.16, 9.15
114
36.11
3.6.1
39
411
6.10

6

34
492
6.12

391
11833

1155

3.9.2
1425
115
1435
11.6,12.8
4.5

24
412
3322
4.5

2.8

Index
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Keyword

Program structure
Program test
Program robot paths
Programming unit
Position programming

RB MODE

Recommendations (for programming)
Recommended paths, zones

RECT COORD Rectangular base Coordinates
system

Recommendation for Arc Welding
Recommendation for Assembly, Machining,
Tending and Material Handling.
Recommendation fo best performance
Recommendation for Glueing and Sedling
Request for superior control

REFP '

REG, registers

REG (FETCH)

REG (LOC)

REG (SET)

REG (TRANSFER)

RELTOOL

Remote control

Remote controlpanel signals, panel- I/O
RESEQ

RESYNK

Restart from PLC

Restart, after power failure

RETURN, from a program

ROBOT COORD, robot coordinates
Robot configuration

Room fixed TCP

Sefety

SAME, repeat instruction
Save on disk

SC

Scaling instruction
SEARCH
SEARCH(aut o)
SEARCH(d st)
SEARCH(dr

SEARCH AUTO

Sensor definition

SIM, smulation of input
Signals :
Singular Points

Smooth wrist reorintation
Softness definition
SOFTS

16
Chapter, section

113
12.7.1
115
24
34

9.10

115.1-6
11.5.3-6
3243241,
3244,3245

1153

1156
11.7.2
1154
4.85
3.9.1,6.6
4.9,58,1021
581
584
582
583
6.17

2.10
4.13

89

79

424

4.2

5.7
324,3242,3243
34.1
332

1

6.2
11.86
2.9,4.8,5.14,938,
9.9,9.10
1322
6.4, 103
6.4.3
6.4.1
6.4.2
6.4.3

95

74
131.2
3.10
1151
95

5.16

I ndex
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16 Index
Keyword Chapter, section
Soft servo 3.8
Software configuration 4.4 9121
Speed control 104
Speed optimization 3.6.2
Spontaneous status messages 484
Spot welding 14
Spot welding instruction 14.2.4, 1434
Spot welding instruction, editing 14.2.7
Standard SYSTEM /O, inputs 4.12.1
Standard SYSTEM 1/O, outputs 412.2
START DATA, welding 124
START 4.1
STEP 8.3
STO POS, storage of position 6.11
Stop 413
STORE, align store 7.7
SUCTRL, superior computer 514
SWI-function 14.3
SYSPAR 9.7.3
System-1/0 412
System faults 154
TCP 33
TCP, activate 59
TCP, fixed 3.24.6, 3.10
TCP, definition 95
TEACH, offline 9.13
Trimming of position gain index 11.83.2
TIME 6.15,8.15
TIME, wait-time 521
TO SC program to SC 9.9
TO DISK 9.22
TOOL, (TCP, sensor, softs) 9.5
Tool direction 7.7.1
TRANSFER, register value to port 583
TRIM, progammable 119
USER PAR 9.74
V (%), percentage velocity 6.1,81
VCTRL, speed adaptivity 6.7
VELOC 55
Velocity in circl 3.7.2
Velocity in corners 3.6.1.3
Velocity of reorient 36.2
Velocity in azone 3.6.3
VISCTRL 5.22
WATT 5.2
WATT (TIME) 521
WAIT(INPUT) 522
WDATA, weld data 9.14,10.2.3
WEAVING 6.5
WEAWE DATA, welding 12.4
Weight (M) and distance (X) 11.8.2
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Keyword

WELD

Welding data, desceription and programming
Welding gun, manual operation
Welding process, instructions
Welding process, supervision
WEND, welding

WINCH (DELETE)

WINCH (FR WINCH)

WINCH (ESTIT)

WINCH (TO WINCH)
WINSCHESTER MEMORY
WRIST/LOAD

Zones

16
Chapter, section

10.2.4.1

124

14.2.2
12.5.1,12.6.2
12.7.3
10.24.1
9.34

931

9.33

932

9.3

5.20, 9.5, 11.8

3.6.1.2,6.3

I ndex
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