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I ntroduction
| ntroduction

Thisis areference manual containing a detailed explanation of the programming
language as well as all data types, instructions and functions. If you are program-
ming off-line, this manual will be particularly useful in this respect.

When you start to program the robot it is normally better to start with the User’s
Guide until you are familiar with the system.

1 Other Manuals

Beforeusing the robot for the first time, you should r&adic Operation. This will
provide you with the basics of operating the robot.

The User’s Guid@rovides step-by-step instructions on how to perform various
tasks, such as how to move the robot manually, how to program, or how to start a
program when running production.

The Product Manuadlescribes how to install the robot, aswell as maintenance pro-
cedures and troubleshooting. This manual also contains a Product Specification
which provides an overview of the characteristics and performance of the robot.

2 How to Read this M anual

To answer the questions Which instruction should | use®? What does this instruc-
tion mean?see RAPIDOverview Chapter 3: RAPID Summayis chapter briefly
describes al instructions, functions and data types grouped in accordance with the
instruction pick-lists you use when programming. It also includes a summary of the
syntax, which is particularly useful when programming off-line.

RAPIDOverview Chapter 4: BasiCharacteristicseexplainsthe inner details of the
language. You would not normally read this chapter unless you are an experienced
programme.

RAPID Overview Chapter 5: Motion and 1/0O Principldescribes the various coor-
dinate systems of the robot, its vel ocity and other motion characteristics during differ-
ent types of execution.

System DataTypes and Routines Chapterslds@ibe all data typesinstructions
and functions They are described in aphabetical order for your convenience.

This manual describes al the data and programs provided with the robot on deliv-
ery. In addition to these, there are anumber of predefined data and programs sup-
plied with the robot, either on diskette or, or sometimes already |oaded.

RAPID Overview Chapter 7: Predefined Data and Prograessribes what hap-
pens when these are loaded into the robot.

If you program off-line, youwill find sometipsin RAPID Overview Chapter 6: Pro-
gramming off-line

To make things easier to locate and understand, RAPID Overview chapter &n-
tainsan Index, Glossargnd System DataTypes and Routi@spter 4containsan
index
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I ntroduction

2.1 Typographic conventions

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

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

Words belonging to the actual programming language, such as instruction names,
arewrittenin italics, e.g. MoveL.

Examples of programs are aways displayed in the same way asthey are output to a
diskette or printer. This differs from what is displayed on the teach pendant in the
following ways:

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

- Dataand routine declarations are printed in the formal form,
e.g. VAR numregl;.

2.2 Syntax rules

Instructions and functions are described using both simplified syntax and formal
syntax. If you use the teach pendant to program, you generally only need to know
the simplified syntax, since the robot automatically makes sure that the correct syn-
tax is used.

Simplified syntax
Example:
TPWrite Sring [\Num] |[\Bool] | [\Pos] | [\Orient]

v 4 = A

Instruction Compulsory  Optional Mutually
argument argument exclusive
arguments

- Optional arguments are enclosed in square brackets| ]. These arguments can
be omitted.

- Argumentsthat are mutually exclusive, i.e. cannot exist in the instruction at
the same time, are separated by avertical bar |.

- Argumentsthat can be repeated an arbitrary number of timesareenclosed in
braces{ }.

Overview
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2.3 Formal syntax

Example: TPWrite
[String’:="] <expressionI(N) of string>
[VNum”=" <expressionI(N) of num> ]
[VBool:=" <expressionl(N) of bool> ]
[VPos":=" <expressionI(N) of pos>] |
[VOrient:=" <expressionI(N) of orient>]’;’

- The text within the square brackets [ ] may be omitted.

- Arguments that are mutually exclusive, i.e. cannot exist in the instruction at the
same time, are separated by a vertical bar

- Arguments that can be repeated an arbitrary number of times are enclosed in
braces { }.

- Symbols that are written in order to obtain the correct syntax are enclosed in
single quotation marks (apostrophes) " .

- The data type of the argument (italics) and other characteristics are enclosed in
angle brackets < >. See the description of the parameters of a routine for more
detailed information.

The basic elements of the language and certain instructions are written using a special
syntax, EBNF. This is based on the same rules, but with some additions.

Example: GOTO <identifier>";’
<identifier> ::= <ident>
| <ID>

<ident> ::= <letter> {<letter> | <digit> |’ _’}

- The symbol ::= means defined as.
- Text enclosed in angle brackets < > is defined in a separate line.
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I ntroduction

2-4

Overview



RAPID Summary The Sructure of the Language

1 The Structure of the Language

The program consists of a number of instructions which describe the work of the robot.
Thus, there are specific instructions for the various commands, such as oneto movethe
robot, one to set an output, etc.

The instructions generally have a number of associated arguments which define what
Isto take place in a specific instruction. For example, the instruction for resetting an

output contains an argument which defines which output isto be reset; e.g. Reset do5.
These arguments can be specified in one of the following ways:

- asanumeric value, e.g. 5or 4.6

- asareferenceto data, e.g. regl

- asan expression, e.g. 5+regl*2

- asafunction call, e.g. Abs(regl)

- asastring value, e.g. "Producing part A"

There are three types of routineprecedures, functions andtrap routines.

- A procedure is used as a subprogram.

- A function returns a value of a specific type and is used as an argument of an
instruction.

- Trap routines provide a means of responding to interrupts. A trap routine can
be associated with a specific interrupt; e.g. when an input is set, it is automati-
cally executed if that particular interrupt occurs.

Information can also be stored in data, e.g. tool data (which contains all information on
atool, such as its TCP and weight) and numerical data (which can be used, for example,
to count the number of parts to be processed). Data is grouped into different data types
which describe different types of information, such as tools, positions and loads. As
this data can be created and assigned arbitrary names, there is no limit (except that
imposed by memory) on the number of data. These data can exist either globally in the
program or locally within a routine.

There are three kinds of dat@enstants, variables andpersistents.

- A constant represents a static value and can only be assigned a new value man-
ually.

- A variable can also be assigned a new value during program execution.

- A persistent can be described as a “persistent” variable. When a program is
saved the initialization value reflects the current value of the persistent.

Other features in the language are:

- Routine parameters

- Arithmetic and logical expressions
- Automatic error handling

- Modular programs

- Multi tasking
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2 Controlling the Program Flow

The program is executed sequentially asarule, i.e. instruction by instruction.
Sometimes, instructions which interrupt this sequential execution and call another
instruction are required to handle different situations that may arise during execution.

2.1 Programming principles

The program flow can be controlled according to five different principles:

- By calling another routine (procedure) and, when that routine has been
executed, continuing execution with the instruction following the routine call.

- By executing different instructions depending on whether or not a given
condition is satisfied.

- By repeating a sequence of instructions a number of times or until agiven
condition is satisfied.

- By going to alabel within the same routine.

- By stopping program execution.

2.2 Calling another routine

[nstruction
ProcCall
CallByVar
RETURN

Used to:

Call (jump to) another routine

Call procedures with specific names
Return to the original routine

2.3 Program control within the routine

Overview

Instruction
Compact IF
IF

FOR
WHILE

TEST

GOTO
label

Used to:
Execute one instruction only if a condition is satisfied

Execute a sequence of different instructions depending on
whether or not a condition is satisfied

Repeat a section of the program a number of times

Repeat a sequence of different instructions as long as a given
condition is satisfied

Execute different instructions depending on the value of an
expression

Jump to alabel
Specify alabel (line name)
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2.4 Stopping program execution

Instruction Used to:

Sop Stop program execution

EXIT Stop program execution when a program restart is not allowed
Break Stop program execution temporarily for debugging purposes

2.5 Sop current cycle

Instruction Used to:

Exit cycle Stop the current cycle and move the program pointer to thefirst
instruction in the main routine. When the execution mode
CONT is selected, execution will continue with the next
program cycle.
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3 Various|Instructions

Various instructions are used to

- assign valuesto data

- wait a given amount of time or wait until a condition is satisfied
- insert acomment into the program

- load program modules.

3.1 Assigning avalueto data

Data can be assigned an arbitrary value. It can, for example, be initialized with a con-
stant value, e.g. 5, or updated with an arithmetic expression, e.g. regl+5*reg3.

Instruction Used to:
= Assign avalue to data

3.2 Wait

The robot can be programmed to wait a given amount of time, or to wait until an arbi-
trary condition is satisfied; for example, to wait until an input is set.

[nstruction Used to:

WaitTime Wai ta given amount of time or to wait until the robot stops
moving

WaitUntil Wait until a condition is satisfied

WaitDl Wait until adigital input is set

WaitDO Wait until adigital output is set

3.3 Comments

Comments are only inserted into the program to increase its readability. Program exe-
cution is not affected by a comment.

Instruction Used to:
comment Comment on the program
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3.4 Loading program modules

Program modul es can be |loaded from mass memory or erased from the program mem-
ory. In thisway large programs can be handled with only a small memory.

Instruction Used to:

Load Load a program module into the program memory

UnLoad Unload a program module from the program memory

Sart Load Load a program module into the program memory during
execution

Wait Load Connect the module, if loaded with StartLoad, to the
program task

Save Save a program module

3.5 Various functions

Function Used to:
OpMode Read the current operating mode of the robot
RunMode Read the current program execution mode of the robot
Dim Obtain the dimensions of an array
Present Find out whether an optional parameter was present when a
routine call was made
IsPers Check whether a parameter is a persistent
Isvar Check whether a parameter isavariable
3.6 Basic data
Data type Used to define:
bool Logical data (with the values true or false)
num Numeric values (decimal or integer)
Ssymnum Numeric data with symbolic value
string Character strings
switch Routine parameters without value
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3.7 Conversion function

Function Used to:
SrToByte Convert a byte to a string data with a defined byte data format.
ByteToSr Convert astring with adefined byte dataformat to a byte data.
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4 Motion Settings

Some of the motion characteristics of the robot are determined using logical
instructions that apply to all movements:

- Maximum velocity and velocity override

- Acceleration

- Management of different robot configurations

- Payload

- Behaviour close to singular points

- Program displacement

- Soft servo

- Tuning values

4.1 Programming principles

The basic characteristics of the robot motion are determined by data specified for each
positioning instruction. Some data, however, isspecifiedin separateinstructionswhich
apply to al movements until that data changes.

The general motion settings are specified using a number of instructions, but can also
be read using the system variable C MOTSET or C_PROGDISP.

Default values are automatically set (by executing the routine SYS RESET in system
module BASE)

- at acold start-up,
- when anew program is loaded,
- when the program is started from the beginning.

4.2 Defining velocity

Overview

The absolute velocity is programmed as an argument in the positioning instruction. In
addition to this, the maximum velocity and velocity override (a percentage of the
programmed velocity) can be defined.

[nstruction Used to define:
Vel Set The maximum velocity and velocity override
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4.3 Defining acceleration

When fragile parts, for example, are handled, the acceleration can be reduced for part
of the program.

Instruction Used to define:
AccSet The maximum accel eration

4.4 Defining configuration management

The robot’s configuration is normally checked during motion. If joint (axis-by-axis)
motion is used, the correct configuration will be achieved. If linear or circular motion
are used, the robot will always move towards the closest configuration, but a check is
performed to see if it is the same as the programmed one. It is possible to change this,

however.

Instruction Used to define:

ConfJ Configuration control on/off during joint motion
ConfL Configuration check on/off during linear motion

4.5 Defining the payload

To achieve the best robot performance, the correct payload must be defined.

Instruction Used to define:
GripLoad The payload of the gripper

4.6 Defining the behaviour near singular points

The robot can be programmed to avoid singular points by changing the tool orientation
automatically.

Instruction Used to define:

SngArea The interpolation method through singular points
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4.7 Displacing a program

When part of the program must be displaced, e.g. following a search, a program

displacement can be added.
Instruction Used to:
PDispOn Activate program displacement
PDispSet Activate program displacement by specifying avalue
PDispOff Deactivate program displacement
EOffsOn Activate an external axis offset
EOffsSet Activate an external axis offset by specifying avalue
EOffsOff Deactivate an external axis offset
Function Used to:
DefDFrame Calculate a program displacement from three positions
DefFrame Calculate a program displacement from six positions
ORobT Remove program displacement from a position

4.8 Soft servo

One or more of the robot axes can be made “soft”. When using this function, the robot
will be compliant and can replace, for example, a spring tool.

Instruction Used to:
SoftAct Activate the soft servo for one or more axes
SoftDeact Deactivate the soft servo

4.9 Adjust therobot tuning values

In general, the performance of the robot is self-optimising; however, in certain extreme
cases, overrunning, for example, can occur. You can adjust the robot tuning values to
obtain the required performance.

Instruction Used to:

TuneServo® Adjust the robot tuning values

TuneReset Reset tuning to normal

PathResol Adjust the geometric path resolution

Data type Used to:

tunetype Represent the tuning type as a symbolic constant

1. Only when the robot is equipped with the option “Advanced Motion”
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4.10 World Zones

Up to 10 different volumes can be defined within the working area of the robot. These
can be used for:
- Indicating that the robot’s TCP is a definite part of the working area.

- Delimiting the working area for the robot and preventing a collision with the
tool.

- Creating a working area common to two robots. The working area is then
available only to one robot at a time.

Instruction Used to:

WZBoxDef! Define a box-shaped global zone

WZCylIDef ! Define a cylindrical global zone

WZSphDef Define a spherical global zone

WZLimSup? Activate limit supervision for a global zone
WZDOSet! Activate global zone to set digital outputs
WZDisable! Deactivate supervision of a temporary global zone
WZEnable! Activate supervision of a temporary global zone
WZFreet Erase supervision of a temporary global zone
Data type Used to:

wztemporary Identify a temporary global zone

wzstationary Identify a stationary global zone

shapedata Describe the geometry of a global zone

4.11 Datafor motion settings

Data type Used to define:
motsetdata Motion settings except program displacement
progdisp Program displacement

1. Only when the robot is equipped with the option “Advanced functions”
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5 Motion

The robot movements are programmed as pose-to-pose movements, i.e. “move from
the current position to a new position”. The path between these two positions is then
automatically calculated by the robot.

5.1 Programming principles

The basic motion characteristics, such as the type of path, are specified by choosing
the appropriate positioning instruction.

The remaining motion characteristics are specified by defining data which are
arguments of the instruction:

- Position data (end position for robot and external axes)

- Speed data (desired speed)

- Zone data (position accuracy)

- Tool data (e.qg. the position of the TCP)

- Work-object data (e.g. the current coordinate system)
Some of the motion characteristics of the robot are determined using logical
instructions which apply to all movements ($&etion Settings on page 7):

- Maximum velocity and velocity override

- Acceleration

- Management of different robot configurations

- Payload

- Behaviour close to singular points

- Program displacement

- Soft servo

- Tuning values
Both the robot and the external axes are positioned using the same instructions. The

external axes are moved at a constant velocity, arriving at the end position at the same
time as the robot.
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5.2 Positioning instructions

Instruction Type of movement:

MoveC TCP moves along acircular path

Movel Joint movement

MovelL TCP moves along alinear path

MoveAbs] Absolute joint movement

MoveCDO Moves the robot circularly and setsa digital output
in the middle of the corner path.

MoveJDO Moves the robot by joint movement and sets a digital output
in the middle of the corner path.

MovelL DO Moves the robot linearly and sets a digital output
in the middle of the corner path.

Movecglnc1 Moves the robot circularly and executes a RAPID procedure

MoveJS)/nc1 Moves the robot by joint movement and executes a RAPID
procedure

MovelLSynct Moves the robot linearly and executes a RAPID procedure

1. Only if the robot is equipped with the option “Advanced Functions”.

5.3 Searching

During the movement, the robot can search for the position of awork object, for
example. The searched position (indicated by a sensor signal) is stored and can be used
later to position the robot or to calculate a program displacement.

Instruction Type of movement:
SearchC TCP aong acircular path
SearchL TCP along alinear path

5.4 Activating outputsor interrupts at specific positions

Normally, logical instructions are executed in the transition from one positioning
instruction to another. If, however, special motion instructions are used, these can be
executed instead when the robot is at a specific position.

Instruction Used to:

TrigglO! Define atrigg condition to set an output at a given position

Triggint! Define atrigg condition to execute atrap routine at a given
position

1. Only if the robot is equipped with the option “Advanced functions”
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TriggEquip®

TriggCt
Triggd!
TriggLt

Datatype
triggdatat

Motion

Define atrigg condition to set an output at a given position
with the possibility to include time compensation for the lag
in the external equipment

Run the robot (TCP) circularly with an activated trigg
condition

Run the robot axis-by-axis with an activated trigg condition
Run the robot (TCP) linearly with an activated trigg condition

Used to define:
Trigg conditions

1.0nly if the robot is equipped with the option “Advanced functions”

5.5 Motion control if an error/interrupt takes place

In order to rectify an error or an interrupt, motion can be stopped temporarily and then

restarted again.

Instruction
SopMove
JartMove
SorePath!
RestoPath’

Used to:

Stop the robot movements
Restart the robot movements
Store the last path generated
Regenerate a path stored earlier

1. Only if the robot is equipped with the option “Advanced Functions”.

5.6 Controlling external axes

The robot and external axes are usually positioned using the same instructions. Some
instructions, however, only affect the external axis movements.

Instruction
DeactUnit
ActUnit

Used to:
Deactivate an externa mechanical unit
Activate an external mechanical unit

5.7 Independent axes

The robot axis 6 (and 4 on IRB 2400 /4400) or an external axis can be moved
independently of other movements. The working area of an axis can also be reset,
which will reduce the cycle times.

Overview
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Function
IndAMove?

IndCMove?
IndDMove?
IndRMove?
IndReset?

Indlnpos?
IndSpeed?

Instruction

HollowWristReset?

RAPID Summary

Used to:

Change an axis to independent mode and move the axisto an
absolute position

Change an axisto independent mode and start the axis moving
continuously

Change an axis to independent mode and move the axis a
delta distance

Change an axis to independent mode and move the axisto a
relative position (within the axis revolution)

Change an axis to dependent mode or/and reset the working
area

Check whether an independent axisisin position

Check whether an independent axis has reached programmed
speed

Used to:

Reset the position of the wrist joints on hollow wrist
manipulators, such as IRB 5402 and IRB 5403.

2. Only if the robot is equipped with the option “Advanced Motion”.
(The Instruction HollowWristReset can only be used on Robot IRB 5402 AND IRB 5403)

5.8 Position functions

3-14

Function
Offs

Rel Tool
CPos
CRobT
ClointT
ReadMotor
CTool
CWODbj
ORobT
MirPos

Used to:

Add an offset to arobot position, expressed in relation to the
work object

Add an offset, expressed in the tool coordinate system
Read the current position (only X, y, z of the robot)
Read the current position (the compl ete robtarget)
Read the current joint angles

Read the current motor angles

Read the current tooldata value

Read the current wobjdata value

Remove a program displacement from a position
Mirror aposition

Overview
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5.9 Motion data

Motion datais used as an argument in the positioning instructions.

Datatype
robtarget

jointtarget
speeddata
zonedata
tooldata
wobjdata

Used to define:
The end position

The end position for a MoveAbsJ instruction

The speed

The accuracy of the position (stop point or fly-by point)
The tool coordinate system and the load of the tool

The work object coordinate system

5.10 Basic data for movements

Datatype
pos

orient

pose
confdata
extjoint
robjoint
0_robtarget
0_jointtarget

|oaddata
mecunit

Overview

Used to define:

A position (X, Y, 2)

An orientation

A coordinate system (position + orientation)

The configuration of the robot axes

The position of the external axes

The position of the robot axes

Original robot position when Limit ModPosis used

Original robot position when Limit ModPosiis used for
MoveAbs]

A load
An external mechanical unit
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6 Input and Output Signals

The robot can be equipped with anumber of digital and analog user signalsthat can be
read and changed from within the program.

6.1 Programming principles

The signal names are defined in the system parameters and, using these names, can be
read from the program.

The value of an analog signal or agroup of digital signalsis specified as a numeric
value.

6.2 Changing the value of a signal

[nstruction Used to:

InvertDO Invert the value of adigital output signal

PulseDO Generate a pulse on adigital output signal

Reset Reset adigital output signal (to 0)

Set Set adigital output signal (to 1)

SetAO Change the value of an analog output signal

SetDO Change the value of adigital output signal (symbolic value;
e.g. high/low)

StGO Change the value of a group of digital output signals

6.3 Reading thevalue of an input signal

The value of an input signal can be read directly, e.g. IF dil=1 THEN ...

6.4 Readingthevalue of an output signal

Function Used to read:

DOutput The value of adigital output signal

GOutput The value of agroup of digital output signals
AOutput The current value from an analog output signal
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6.5 Testing input on output signals

Instruction Used to:

WaitDI Wait until adigital input is set or reset
WaitDO Wait until adigital output is set on reset
Function Used to:

TestDI Test whether adigital input is set

6.6 Disabling and enabling 1/0O modules

I/0 modules are automatically enabled at start-up, but they can be disabled during
program execution and re-enabled later.

Instruction Used to:
IODisable Disable an I/O module
IOEnable Enable an I/0O module

6.7 Defining input and output signals

Datatype Used to define:

dionum The symbolic value of adigital signal

signalai The name of an analog input signal *

signalao The name of an analog output signal *

signaldi The name of adigital input signal *

signaldo The name of adigital output signal *

signalgi The name of a group of digital input signals*
signalgo The name of agroup of digital output signals*
Instruction Used to:

AliaslO! Define asigna with an alias name

* Only to be defined using system parameters.

1. Only if the robot is equipped with the option “Developer’s Functions”
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7 Communication

There are four possible ways to communicate via serial channels:

- Messages can be output to the teach pendant display and the user can answer
guestions, such as about the number of parts to be processed.

- Character-based information can be written to or read from text files on mass
memory. In thisway, for example, production statistics can be stored and
processed later in a PC. Information can also be printed directly on a printer
connected to the robot.

- Binary information can be transferred between the robot and a sensor, for

example.

- Binary information can be transferred between the robot and another compuiter,
for example, with alink protocol.

7.1 Programming principles

The decision whether to use character-based or binary information is dependent on
how the equipment with which the robot communicates handles that information. A
file, for example, can have datathat is stored in character-based or binary form.

If communication isrequired in both directions simultaneously, binary transmissionis

necessary.

Each serial channel or file used must first be opened. On doing this, the channel/file
receives a descriptor that is then used as a reference when reading/writing. The teach
pendant can be used at all times and does not need to be opened.

Both text and the value of certain types of data can be printed.

7.2 Communicating using the teach pendant

Overview

Instruction
TPErase
TPWrite
ErrWite

TPReadFK
TPReadNum
TPShow

Used to:
Clear the teach pendant operator display
Write text on the teach pendant operator display

Write text on the teach pendant display and simultaneously
store that message in the progam’s error log.

Label the function keys and to read which key is pressed
Read a numeric value from the teach pendant
Choose a window on the teach pendant from RAPID
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7.3 Reading from or writing to a character-based serial channéel/file

Instruction
Opent
Writel

Close!
Function

ReadNum’
Readsr!

Used to:

Open a channel/file for reading or writing
Write text to the channel/file

Close the channel/file

Used to:
Read a numeric value
Read atext string

7.4 Communicating using binary serial channelsffiles

I nstruction
Open'
WriteBint
WriteSQrBint
Rewind®
Close!

Function
ReadBint

Used to:

Open a seria channel/file for binary transfer of data
Write to abinary seria channel/file

Write a string to a binary serial channel/file

Set the file position to the beginning of the file
Close the channel/file

Used to:
Read from a binary serial channel

7.5 Datafor serial channels

Datatype
iodev

Used to define:

A referenceto aserial channel/file, which can then be used for
reading and writing

1. Only if the robot is equipped with the option “Advanced functions”
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8 Interrupts

Interruptsare used by the program to enableit to deal directly with an event, regardless
of which instruction is being run at the time.

The program isinterrupted, for example, when aspecific input is set to one. When this
occurs, the ordinary program isinterrupted and a special trap routine is executed.
When this has been fully executed, program execution resumes from where it was
interrupted.

8.1 Programming principles

Each interrupt is assigned an interrupt identity. It obtainsits identity by creating a var-
iable (of data type intnum) and connecting thisto atrap routine.

Theinterrupt identity (variable) isthen used to order an interrupt, i.e. to specify therea-
son for the interrupt. This may be one of the following events:

- Aninput or output is set to one or to zero.
- A given amount of time elapses after an interrupt is ordered.
- A specific position is reached.

When an interrupt is ordered, it is also automatically enabled, but can be temporarily
disabled. This can take place in two ways:

- All interrupts can be disabled. Any interrupts occurring during thistime are
placed in aqueue and then automatically generated when interrupts are enabled

again.
- Individual interrupts can be deactivated. Any interrupts occurring during this
time are disregarded.

8.2 Connecting interruptsto trap routines

[nstruction Used to:
CONNECT Connect avariable (interrupt identity) to atrap routine
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8.3 Orderinginterrupts

[nstruction Used to order:

ISgnalDlI Aninterrupt from adigital input signal

SgnalDO An interrupt from adigital output signal

I Timer A timed interrupt

Triggint? A position-fixed interrupt (from the Motion pick list)

8.4 Cancellinginterrupts

Instruction Used to:
IDelete Cancel (delete) an interrupt

8.5 Enabling/disabling interrupts

Instruction Used to:

ISeep Deactivate an individual interrupt
IWatch Activate an individual interrupt
IDisable Disable al interrupts

|Enable Enable al interrupts

8.6 Datatypeof interrupts

Data type Used to define:
intnum The identity of an interrupt

1. Only if the robot is equipped with the option “Advanced functions”

3-22 Overview



RAPID Summary Error Recovery

9 Error Recovery

Many of the errorsthat occur when a program is being executed can be handled in the
program, which means that program execution does not have to be interrupted. These
errors are either of atype detected by the robot, such as division by zero, or of atype
that is detected by the program, such as errors that occur when an incorrect value is
read by a bar code reader.

9.1 Programming principles

A

When an error occurs, the error handler of the routine is called (if thereisone). It is
also possibleto create an error from within the program and then jump to the error han-
dler.

If the routine does not have an error handler, acal will be madeto the error handler in
the routine that called the routine in question. If there is no error handler there either,
acall will be madeto the error handler in the routine that called that routine, and so on
until theinternal error handler of the robot takes over and outputs an error message and
stops program execution.

Intheerror handler, errors can be handled using ordinary instructions. The system data
ERRNO can be used to determine the type of error that has occurred. A return fromthe
error handler can then take place in various ways.

In future releases, if the current routine does not have an error handler, the internal
error handler of therobot takesover directly. Theinternal error handler outputsan error
message and stops program execution with the program pointer at the faulty instruc-
tion.

So, agood rule already in thisissueis asfollows: if you want to call the error handler
of the routine that called the current routine (propagate the error), then:

- Add an error handler in the current routine
- Add the instruction RAISE in this error handler.

9.2 Creating an error situation from within the program

Overview

Instruction Used to:
RAISE “Create” an error and call the error handler
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9.3 Restarting/returning from the error handler

Instruction

EXIT
RAISE

RETRY
TRYNEXT

RETURN

Used to:
Stop program execution in the event of afatal error

Call the error handler of the routine that called the current rou-
tine

Re-execute the instruction that caused the error

Execute the instruction following the instruction that caused
the error

Return to the routine that called the current routine

9.4 Datafor error handling
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Datatype

errnum

Used to define:

The reason for the error
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10 System & Time

System and time instructions allow the user to measure, inspect and record time.

10.1 Programming principles

Clock instructionsallow the user to use clocksthat function as stopwatches. Inthisway
the robot program can be used to time any desired event.

The current time or date can beretrieved in a string. This string can then be displayed
to the operator on the teach pendant display or used to time and date-stamp log files.

Itisalso possibleto retrieve components of the current system time asanumeric val ue.
Thisallowsthe robot program to perform an action at acertain time or on acertain day
of the week.

10.2 Using a clock to time an event

[nstruction Used to:

ClkReset Reset aclock used for timing

ClkSart Start aclock used for timing

ClkSop Stop aclock used for timing

Function Used to:

ClkRead Read a clock used for timing

Data Type Used for:

clock Timing — stores a time measurement in seconds

10.3 Reading current time and date

Function Used to:

CDate Read the Current Date as a string

CTime Read the Current Time as a string
GetTime Read the Current Time as a numeric value
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10.4 Retrievetimeinformation from file

Function Used to:
FileTime Retrieve the last time for modification of afile.
ModTime Retrieve the time of loading a specified module.
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11 Mathematics

Mathematical instructions and functions are used to calculate and change the val ue of
data.

11.1 Programming principles

Calculations are normally performed using the assignment instruction, e.g.
regl:= reg2 + reg3/ 5. There are also some instructions used for simple calculations,
such asto clear anumeric variable.

11.2 Simple calculations on numeric data

[nstruction Used to:

Clear Clear the value

Add Add or subtract avalue
Incr Increment by 1

Decr Decrement by 1

11.3 More advanced calculations

[nstruction Used to:
= Perform cal culations on any type of data
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11.4 Arithmetic functions
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Function
Abs
Round
Trunc
rt

Exp

Pow
ACos
ASn
ATan
ATan2
Cos

Sn

Tan
EulerZzYX
OrientZYX
Poselnv
PoseMult
Pose\ect
Vectmagn
DotProd
NOrient

Used to:

Calculate the absolute value

Round a numeric value

Truncate a numeric value

Calculate the sguare root

Calculate the exponential value with the base “e”

Calculate the exponential value with an arbitrary base

Calculate the arc cosine value
Calculate the arc sine value
Calculate the arc tangent value in the range [-90,90]

Calculate the arc tangent value in the range [-180,180]

Calculate the cosine value

Calculate the sine value

Calculate the tangent value

Calculate Euler angles from an orientation
Calculate the orientation from Euler angles

Invert a pose

Multiply a pose

Multiply a pose and a vector

Calculate the magnitude of a pos vector.

Calculate the dot (or scalar) product of two pos vectors.
Normalise unnormalised orientation (quarternion)
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12 Spot Welding

The SpotWare package provides support for spot welding applications that are
equipped with aweld timer and on/off weld gun.

The SpotWare application provides fast and accurate positioning combined with gun
mani pulation, process start and supervision of an external weld timer.

Communication with the welding equipment is carried out by means of digital inputs
and outputs. Some serial weld timer interfaces are also supported: Bosch PSS5000,
NADEX, ABB Timer. See separate documentation.

It should be noted that SpotWare is a package that can be extensively customised. Itis
the intention that the user adapts the routines to suit the environmental situation.

12.1 Spot welding features

Overview

The SpotWare package contains the following features:

Fast and accurate positioning

Handling of an on/off gun with two strokes
Dual/single gun

Gun pre-closing

User defined supervision of the surrounding equipment before weld start
User defined supervision of the surrounding equipment after the weld
User defined open/close gun and supervision

User defined pressure setting

User defined preclose time calculation

Monitoring of the external weld timer

Weld error recovery with automatic rewelding

Return to the spot weld position

Spot counters

Time- or signal-dependent motion release after aweld
Quick start after aweld

User-defined service routines

Presetting and checking of gun pressure

Simulated welding

Reverse execution with gun control

Parallel and seria weld timer interfaces

Supports both program and start triggered weld timers
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- SpotL current data information
- Spot identity info: the current spotdata parameter name (string format)
- Spot identity transfer to the serial weld timer BOSCH PSS 5000

User defined autonomous supervision, such as state-controlled weld current
signal and water cooling start. Note: This feature requires the Multi Tasking
option

Manual weld, gun open and gun close initiated by digital input

Weld process start disregarding the in position event, is possible

Optional user defined error recovery

12.2 Principlesof SpotWare

3-30

SpotWare is based on aseparate handling of motion, spot welding and, if MultiTasking
isinstalled, continuous supervision. On its way towards the programmed position, the
motion task will trigger actions in the spot-welding tasks.

The triggers are activated by virtual digital signals.

The tasks work with their own internal encapsulated variables and with persistents
which are fully transparent for all tasks.

For well defined entries, calls to user routines offer adaptations to the plant
environment. A number of predefined parameters are also available to shape the
behaviour of the SpotL instruction.

A program stop will only stop the motion task execution. The process and supervision
carry on their tasks until they come to awell defined process stop. For example, this
will make the gun open after a finished weld, although the program has stopped.

The opening and closing of the gun are always executed by RAPID routines, even if
activated manually from the I/O window on the teach-pendant. These gun routines may
be changed from the simple on/off default functionality to amore complex like analog
gun control and they may contain additional gun supervision.

Sincethe process and supervision tasks are acting on I/O triggers, they will be executed
either by the trig that was sent by the motion (SpotL) or by manual activation (teach
pendant or external). This offers the possibility of performing a stand-alone weld
anywhere without programming a new position.

Itisalso possibleto define new supervision events and to connect them to digital signal
triggers. By default, a state dependent weld power and water cooling signal control are
implemented.

Supported equipment:

- One weld timer monitoring with standard parallel (some serid) interface. The
weld timer may be of the type, program schedule or start signal triggered.

- Any type of single/dual gun close and gun gap control.

Overview
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- Any type of pressure preset.

- Event controlled SpotL -independent spot weld equipment such as contactors
etc. (Note: MultiTasking option required).

12.3 Programming principles

Both the robot’s linear movement and the spot weld process control are embedded in
one instructionSpotL.

The spot welding process is specified by:

- Spotdata: spot weld process data

- Gundata: spot weld gun data

- The system modules SWUSRF and SWUSRC: RAPID routines and global da
for customising purposes. SBedefined Data and Programs Process\W\are.

- System parameters: the I/O configuration. See User’s Guide - System
Parameters

12.4 Spot welding instructions

Instruction Used to:
SootL Control the motion, gun closure/opening and the welding
process

Move the TCP along a linear path and perform a spot weld at
the end position

12.5 Spot welding data

Data type Used to define:
spotdata The spot weld process control
gundata The spot weld gun
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13 Arc Welding

The ArcWare package supports most welding functions. Crater-filling and scraping
starts can, for example, be programmed. Using ArcWare, the whole welding process
can be controlled and monitored by the robot viaa number of different digital and ana-
log inputs and outputs.

13.1 Programming principles

The same instructions are used both to control the robot's movements and the act
welding process. The arc welding instructions indicate which weld data and seam d
are used in the weld in question.

The weld settings for the actual weld phase are defined in weld data. The start and
phase are defined in seam data.

Any weaving is defined in weave data, which is also identified by the arc welding
instruction.

Certain functions, such as a scraping start, are defined in the system parameters.

The welding process is divided into the following phases:

START WELD END

PREACTION IGNITION HEAT FINISH FILL POSTACTION

-

t

13.2 Arcweldinginstructions

Instruction Type of movement:
ArcC TCP along a circular path
ArcL TCP along a linear path
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13.3 Arcwelding data

Data type Used to define:

welddata The weld phase

seamdata The start and end phase of aweld
weavedata The weaving characteristics
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14 GlueWare

The GlueWare package provides support for gluing applicationsthat are equipped with
one or two gluing guns.

The GlueWare application provides fast and accurate positioning combined with gun
mani pulation, process start and stop.

Communi cation with the glueing equipment is carried out by means of digital and ana-
log outputs.

14.1 Glueing features
The GlueWare package contains the following features:

- Fast and accurate positioning

Handling of on/off guns as well as proportiona guns

Two different guns can be handled in the same program, each gun controlled
by one digital signal (on/off) and two analog signals (flows)

Gun pre-opening and pre-closing respectively

Simulated glueing

14.2 Programming principles

Both the robot’s movement and the glue process control are embedded in one instruc-
tion, GlueL. andGlueC respectively.

The glueing process is specified by:

- Gundata: glue gun data. Seata types - ggundata.

- The system module GLUSER: RAPID routines and global data for customizing
purposes. Selredefined Data and Programs - System Module GLUSER.

- System parameters: the I/O configuration. Sestem Parameters - Glueing

14.3 Glueinstructions

Instruction Used to:

GlueL Move the TCP along a linear path and perform glueing with the
given data

GlueC Move the TCP along a circular path and perform glueing with

the given data
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14.4 Gluedata

Datatype Used to define:
ggundata The used glue gun
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15 External Computer Communication

The robot can be controlled from a superordinate computer. In this case, aspecial com-
munications protocol is used to transfer information.

15.1 Programming principles

Asacommon communications protocol is used to transfer information from the robot

to the computer and vice versa, the robot and computer can understand each other and

no programming isrequired. The computer can, for example, change valuesin the pro-
gram’s data without any programming having to be carried out (except for defining thi
data). Programming is only necessary when program-controlled information has to
sent from the robot to the superordinate computer.

15.2 Sending a program-controlled message from the robot to a computer

Instruction Used to:
CWritel Send a message to the superordinate computer

1. Only if the robot is equipped with the option “RAP Serial Link”.
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16 Servicelnstructions

A number of instructions are available to test the robot system. See the chapter on
Troubleshooting Tools in the Product Manual for more information.

16.1 Directing a value to the robot’s test signal

A reference signal, such as the speed of a motor, can be directed to an analog output
signal located on the backplane of the robot.

[nstruction Used to:

TestSgn Define and activate atest signal

[nstruction Used to:

GetSysData Fetch datafor and name of current active Tool or Work Object.
Data type Used to define:

testsignal The type of test signal
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17 Sring Functions

String functions are used for operations with strings such as copying, concatenation,
comparison, searching, conversion, etc.

17.1 Basic Operations

Data type
string

| nstruction/Operator

Used to define:
String. Predefined constants STR_DIGIT, STR_UPPER,
STR_LOWER and STR_WHITE

Used to:

+

Function
SrlLen
SrPart

Assign avalue (copy of string)
String concatenation

Used to:
Find string length
Obtain part of astring

17.2 Comparison and Searching

Operator

<>

Function
SrMemb
SrFind

SrMatch
SrOrder

Overview

Used to:
Test if equal to
Test if not equal to

Used to:

Check if character belongs to a set
Search for character in astring
Search for pattern in a string
Check if strings arein order
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17.3 Conversion
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Function
NumToSr
Val ToSr
SrToval
SrMap
SrToByte
ByteTo3r

Used to:

Convert anumeric value to a string
Convert avalueto astring

Convert astring to avalue

Map a string

Convert astring to a byte

Convert abyte to string data
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18 Multitasking

Multitasking RAPID isaway to execute programsin (pseudo) parallel with the
normal execution. One parallel program can be placed in the background or foreground
of another program. It can also be on the same level as another program.

(See Basic Characteristics Multitasking.)

18.1 Basics

To use this function the robot must be configured with one extra TASK for each back-
ground program.

Up to 10 different tasks can be run in pseudo parallel. Each task consists of a set of
modules, in the same way as the normal program. All the modules are local in each
task.

Variables and constants are local in each task, but persistents are not. A persistent with
the same name and typeisreachablein all tasks. If two persistents have the same name,
but their type or size (array dimension) differ, aruntime error will occur.

A task hasits own trap handling and the event routines are triggered only on its own
task system states (e.g. Start/Stop/Restart....).

18.2 Resource access Protection

Function Used to

TestAndSet Retrieve exclusive right to specific RAPID code areas or
system resources.
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19 Syntax Summary

19.1 Instructions
Data := Vaue
AccSet  Acc Ramp
ActUnit MecUnit
Add Name Addvaue
Break
CallBy Var Name Number
Clear Name
ClkReset  Clock
ClkSart Clock
ClkStop  Clock
Close 10Device
I Comment
ConfJ [\On] | [\Off]
ConfL  [\On] | [\Off]
CONNECT Interrupt WITH Trap routine
CorrCon Descr
CorrDiscon Descr
CorrWrite Descr Data
CorrClear
DeactUnit MecUnit
Decr Name

EOffsSet EAxOffs
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ErrWrite [\W] Header Reason [\RL2] [\RL3] [\RL4]
Exit
ExitCycle

FOR Loopcounter FROM Sartvalue TO Endvalue
[STEP Stepvalue] DO .. ENDFOR

GOTO Labe

GripLoad Load

GetSysData DestObject [\ ObjectName ]
IDelete  Interrupt

IF Condition

IF Condition THEN ...
{ELSEIF Condition THEN ...}
[ELSE ..]

ENDIF
Incr Name

IndAMove MecUnit Axis[ \ToAbsPos] | [ \ToOAbsNum ] Speed
[ \Ramp ]

INndCMove MecUnit Axis Speed [ \Ramp ]

IndDMove MecUnit Axis Delta Speed [ \Ramp ]

IndReset MecUnit Axis [ \RefPos] |[ \RefNum] [[\Short] | [ \Fwd] |
[\Bwd]|[\Old]

IndRMove MecUnit Axis[\ToRelPos] | [ \ToRelNum] | [ \Short ] |
[\Fwd] |[ \Bwd ] Speed [ \Ramp ]

InvertDO  Signal

IODisable UnitName MaxTime

IOEnable UnitName MaxTime

ISignalDI [\Single] Signal TriggVaue Interrupt
ISignalDO [\Single] Signal TriggValue Interrupt
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|Sleep  Interrupt

|Timer [\Single] Time Interrupt
IVarValue VarNo Value, Interrupt
IWatch  Interrupt

L abel:
MoveAbs] [\Conc] ToJointPos Speed [\V ] |[\T] Zone [ \Z]
Tool [\WODj ]
MoveC [\Conc] CirPoint ToPoint Speed [\V ] |[\T] Zone [ \Z]
Tool [\WODj ]
MoveCDO CirPoint ToPoint Speed [\T ] Zone Tool [\WOWbj ]
Signa Vaue

MoveCSync CirPoint ToPoint Speed [\T ] Zone Tool [\WOWbj ]
ProcName

Movel [\Conc] ToPoint Speed [\V ] |[\T] Zone [\Z] Tool
[ \WODj ]

MovelDO ToPoint Speed [\T ] Zone Tool
[ \WODbj ] Signal Value

MovelSync ToPoint Speed [\T ] Zone Tool [ \WODbj ]
ProcName

MoveL [\Conc] ToPoint Speed [\V ] |[\T] Zone [\Z] Tool
[ \WODj ]

MoveLDO ToPoint Speed [\T] Zone Tool
[ \WODbj ] Signal Vaue

Movel Sync ToPoint Speed [\T] Zone Tool
[ \WODbj ] ProcName

Open Object [\File] 10Device [\Read] | [\Write] | [\Append] | [\Bin]
PathResol Value

PDispOn [\Rot] [\ExeP] ProgPoint Tool [ \WObj ]

PDispSet DispFrame
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Procedure { Argument }
PulseDO [\PLength] Signa
RAISE [ Errorno]

Reset Signad

RETURN [ Returnvalue]
Rewind 10Device

SearchC [\Stop] |[\PStop] |[\Sup] Signal SearchPoint CirPoint
ToPoint Speed [\V ] |[\T] Tool [\WObj ]

SearchL [\Stop] |[ \PStop ] |[ \Sup] Signal SearchPoint ToPoint
Speed [\V]|[\T] Tool [\WODj ]

Set Signa

SetAO Signa Value

SetDO [\SDelay ] Signa Vaue
SetGO Signal Value

SingArea [ \Wrist] | [ \Arm] | [ \Off]
SoftAct Axis Softness [\Ramp ]
Sop [\NoRegain]

TEST Testdata {CASE Testvaue {, Test value} : ...}
[ DEFAULT: ..] ENDTEST

TPReadFK Answer String FK1 FK2 FK3 FK4 FK5 [\MaxTime]
[\DIBreak] [\BreakFlag]

TPReadNum Answer String [\MaxTime] [\DIBreak] [\BreakFlag]
TPShow  Window
TPWrite String [\Num] | [\Bool] | [\Pos] | [\Orient]

TriggC CirPoint ToPoint Speed [\T ] Trigg_1 [\T2] [\T3]
[\T4] Zone Tool [ \WObj ]

Trigglnt TriggData Distance [\Start] |[\Time] Interrupt
TrigglO TriggData Distance [\Start] |[\Time] [\DOp] [[\GOp] |
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[\AOp] SetValue [ \DODe€lay ] |[ \AORamp |

Triggd ToPoint Speed [\T] Trigg 1 [\T2] [\T3] [\T4]
Zone Tool [\WODb; ]

TriggL ToPoint Speed [\T] Trigg 1 [\T2] [\T3] [\T4]
Zone Tool [ \WOWbj ]

TuneServo MecUnit Axis TuneValue
TuneServo MecUnit Axis TuneValue [\Type]
UnLoad FilePath [\Fil€]

VelSet  Override Max

WaitDl Signal Value[\MaxTime] [\TimeFlag]
WaitDO Signa Value [\MaxTime] [\TimeFlag]
WaitTime [\InPos] Time

WaitUntil  [\InPos] Cond [\MaxTime] [\TimeFlag]
WHILE Condition DO... ENDWHILE

Write [ODevice String [\Num] | [\Bool] | [\Pos] | [\Orient]
[\NoNewLine]

WriteBin |ODevice Buffer NChar

WriteStrBin  10Device Str

WZBoxDef [\Inside] | [\Outside] Shape LowPoint HighPoint 1
WZCylIDef [\Inside] | [\Outside] Shape CentrePoint Radius Height
WZDisable WorldZone

WZDOSet [\Temp] | [\Stat] WorldZone [\Inside] | [\Before] Shape
Signal SetVaue

WZEnable WorldZone

WZFree WorldZone

WZLimSup [\Temp] | [\Stat] WorldZone Shape

WZSphDef [\Inside] | [\Outside] Shape CentrePoint Radius
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19.2 Functions
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Abs (Input)

ACos (Vaue)

AOutput (Signal)

ArgName (Parameter)

ASin (Vaue)

ATan (Vaue)

ATan2 (Y X)

ByteToStr (ByteData [\Hex] | [\Okt] | [\Bin] | [\Char])
ClkRead (Clock)

CorrRead

Cos (Angle)

CPos ([Tool] [\WOLj])

CRobT  ([Tool] [\WOhj])

DefDFrame (OldP1 OldP2 OldP3 NewP1l NewP2 NewP3)
DefFrame (NewPl1 NewP2 NewP3 [\Origin])
Dim (ArrPar DimNo)

DOutput (Signal)

DotProd (Vectorl Vector2)

EulerZzYX ([\X]|[\Y]][\Z] Rotation)

Exp (Exponent)

FileTime ( Path [\ModifyTime] | [\AccessTime] | [\StatCTime] )
GOutput (Signa)

GetTime ([\WDay] | [\Hour] | [\Min] | [\Sec] )
Indlnpos MecUnit Axis
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IndSpeed MecUnit Axis [\InSpeed] | [\ZeroSpeed]
IsPers (DatObj)
Isvar (DatObj)
MirPos (Point MirPlane [\WObj] [\WMirY])

ModTime ( Object)
NOrient (Rotation)

NumToStr (Va Dec [\Exp])

Offs (Point XOffset YOffset ZOffset)
OrientZYX (ZAngle YAngle XAngle)
ORobT (OrgPoint [\InPDisp] | [\INEOffs])
Poselnv (Pose)

PoseMult (Posel Pose?)

PoseVect (Pose Pos)

Pow (Base Exponent)

Present (OptPar)

ReadBin (IODevice [\Time])
ReadMotor [\MecUnit] Axis

ReadNum (IODevice [\Time])

ReadSr (IODevice[\Time])

RelTool (Point Dx Dy Dz [\Rx] [\Ry] [\Rz])
Round (Va [\Dec])

Sin  (Angle)

Sgrt (Value)

SrFind (Str ChPos Set [\NotInSet])
SrLen (Str)
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SrMap (Str FromMap ToMap)
SrMatch (Str ChPos Pattern)
SrMemb (Str ChPos Set)
SrOrder (Strl Str2 Order)
SrPart (Str ChPos Len)
SrToByte (ConStr [\Hex] | [\Okt] | [\Bin] | [\Char])
SrToval (Str Vva)

Tan (Angle)

TestDI  (Signal)

TestAndSet  Object

Trunc (Vva [\Dec])

ValToSr (Vva)

VectMagn (Vector)

RAPID Summary
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1 Basic Elements

1.1 Identifiers

Overview

Identifiers are used to name modules, routines, data and labels;

eg. MODULE module_name
PROC routine_name()
VAR pos data_name;
label _name:

Thefirst character in an identifier must be aletter. The other characters can be letters,
digits or underscores “_”

The maximum length of any identifier is 16 characters, each of these characters being
significant. Identifiers that are the same except that they are typed in the upper case,
and vice versa, are considered the same.

Reserved words

The words listed below are reserved. They have a special meaning in the RAPID
language and thus must not be used as identifiers.

There are also a number of predefined names for data types, system data, instructions,
and functions, that must not be used as identifiers. See Chapters 7, 8, 9, 10,13, 14 and
15 in this manual.

ALIAS AND BACKWARD CASE
CONNECT CONST DEFAULT DIV

DO ELSE ELSEIF ENDFOR
ENDFUNC ENDIF ENDMODULE ENDPROC
ENDRECORD ENDTEST ENDTRAP ENDWHILE
ERROR EXIT FALSE FOR

FROM FUNC GOTO IF

INOUT LOCAL MOD MODULE
NOSTEPIN NOT NOVIEW OR

PERS PROC RAISE READONLY
RECORD RETRY RETURN STEP
SYSMODULE TEST THEN TO

TRAP TRUE TRYNEXT VAR
VIEWONLY  WHILE WITH XOR
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1.2 Spaces and new-line characters
The RAPID programming language is afree format language, meaning that spaces can
be used anywhere except for in:
- identifiers
- reserved words
- numerical values
- placeholders.

New-line, tab and form-feed characters can be used wherever a space can be used,
except for within comments.

Identifiers, reserved words and numeric values must be separated from one another by
aspace, a new-line, tab or form-feed character.

Unnecessary spaces and new-line characters will automatically be deleted from a
program loaded into the program memory. Consequently, programs loaded from
diskette and then stored again might not be identical.

1.3 Numeric values

A numeric value can be expressed as
- an integer, e.g. 3, -100, 3E2
- adecimal number, e.g. 3.5, -0.345, -245E-2

The value must be in the range specified by the ANSI |EEE 754-1985 standard (single
precision) float format.

1.4 Logical values

A logical value can be expressed as TRUE or FALSE.

1.5 String values

A string value is a sequence of characters (1SO 8859-1) and control characters (non-
SO 8859-1 characters in the numeric code range 0-255). Character codes can be
included, making it possible to include non-printable characters (binary data) in the
string as well. String length max. 80 characters.

Example: "Thisisastring"
"This string ends with the BEL control character \Q7"

If abackslash (which indicates character code) or double quote character isincluded,
it must be written twice.

Example: "Thisstring containsa"" character”
"This string contains a\\ character”

4-2 Overview



Basic Characteristics Basic Elements

1.6 Comments

Comments are used to make the program easier to understand. They do not affect the
meaning of the program in any way.

A comment starts with an exclamation mark “!” and ends with a new-line character. It
occupies an entire line and cannot occur between two modules;

e.g. I comment
IF regl >5 THEN
I comment
reg2 :=0;
ENDIF

1.7 Placeholders

Placeholders can be used to temporarily represent parts of a program that are “not yet
defined”. A program that contains placeholders is syntactically correct and may be
loaded into the program memory.

Placeholder Represents:
<TDN> data type definition
<DDN> data declaration
<RDN> routine declaration
<PAR> formal optional alternative parameter
<ALT> optional formal parameter
<DIM> formal (conformant) array dimension
<SMT> instruction
<VAR> data object (variable, persistent or parameter) reference
<EIT> else if clause of if instruction
<CSE> case clause of test instruction
<EXP> expression
<ARG> procedure call argument
<ID> identifier
1.8 File header

Overview

A program file starts with the following file header:
%%%

VERSION:1 (Program version M94 or M94A)
LANGUAGE:ENGLISH (or some other language:
%%% GERMAN or FRENCH)
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1.9 Syntax
| dentifiers
<identifier> ::=
<ident>
| <ID>

<ident> ::= <letter> {<letter> | <digit> | ’_"}

Numeric values

<num literal> ::=
<integer> [ <exponent> ]
| <integer>'.’ [ <integer> ] [ <exponent> ]
| [ <integer>]’. <integer> [ <exponent> ]
<integer> ::= <digit> {<digit>}
<exponent>:= ('E’ | 'e’) [+ | -] <integer>

Logical values

<bool literal> ::=TRUE | FALSE

Sring values

<string literal> ::= " {<character> | <character code> }
<character code> ::="\' <hex digit> <hex digit>
<hex digit> ::=<digit>| A|B|C|D|E|F|a|b]|c|d]|e]|f

Comments
<comment> ::=

'I" {<character> | <tab>} <newline>
Characters

<character> ::= -}SO 8859-1 --

<newline> ::= --newline control character --
<digit>::=0]1]2|3|4|5|6|7]|8]|9
<letter> ::=

<upper case letter>
| <lower case letter>
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<upper case letter> ::=
A|B|C|DIE|F|GIH]|I|J
IKILIM|N]O|P|Q|RISIT
[UIVIW|X|Y|Z]|A]AIA|A
|AIA|EICIEIEIE|E|I]I
ITITPIN[O0]016]10]06|@
[OJUI010P YR

<lower case letter> ;=

alblcld|e[flglh]il] 1) Icelandic letter eth.
[kIIIm|njo]plalr|s]t 2) Letter Y with acute accent.
lulviwlxlylz|Blala]a 3) Icelandic letter thorn.
lalal&lee|clelélee]i

li1T1iPAlol616]0]6

lglajalal@AP ]y
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2 Modules

The program is divided into program and system modules. The program can aso be
divided into modules (see Figure 1).

— Program memory

— Program
I
7 Program data
! Main routine
Main module
Routinel
Modulel '
Routine2
Module2 -
Routine3
Module3
Module4 _ —
Program data
Routine4
Routine5
System modulel
- |
Program data
System modul €2 Routine6
Routine7

Figure 1 The program can be divided into modules.

2.1 Program modules

Overview

A program module can consist of different data and routines. Each module, or the
whole program, can be copied to diskette, RAM disk, etc., and vice versa.

One of the modules containsthe entry procedure, aglobal procedure called main. Exe-
cuting the program means, in actual fact, executing the main procedure. The program
can include many modules, but only one of these will have amain procedure.

A module may, for example, define the interface with external equipment or contain
geometrical datathat is either generated from CAD systems or created on-line by dig-
itizing (teach programming).

Whereas small installations are often contained in one modul e, larger install ations may
have a main module that references routines and/or data contained in one or several
other modules.
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2.2 System modules

System modul es are used to define common, system-specific dataand routines, such as
tools. They are not included when a program is saved, meaning that any update made
to a system module will affect all existing programs currently in, or loaded at a later
stage into the program memory.

2.3 Moduledeclarations

A module declaration specifiesthe name and attributes of that module. These attributes
can only be added off-line, not using the teach pendant. The following are examples of
the attributes of amodule:

Attribute If specified, the module:

SYSMODULE is a system module, otherwise a program module
NOSTEPIN cannot be entered during stepwise execution
VIEWONLY cannot be modified

READONLY cannot be modified, but the attribute can be removed
NOVIEW cannot be viewed, only executed. Global routines can be

reached from other modulesand arealwaysrun asNOSTEPIN.
The current values for global data can be reached from other
modules or from the data window on the teach pendant. A mod-
ule or aprogram containing a NOVIEW program module can-
not be saved. Therefore, NOVIEW should primarily be used
for system modules. NOVIEW can only be defined off-line
from aPC.

eg. MODULE module_name (SYSMODULE, VIEWONLY)
Idata type definition
Idata declarations
I'routine declarations
ENDMODULE

A module may not have the same name as another module or a global routine or data.

2.4 Syntax

4-8

Module declaration

<module declaration> ::=
M ODUL E <module name> [ <module attribute list> ]
<type definition list>
<data declaration list>
<routine declaration list>
ENDMODULE
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<module name> ::= <identifier>
<module attribute list> ::= ‘(" <module attribute> { ‘'’ <module attribute>} ‘)’
<module attribute> ::=

SYSMODULE

| NOVIEW

| NOSTEPIN

| VIEWONLY

| READONLY

(Note. If two or more attributes are used they must be in the above order, the
NOVIEW attribute can only be specified alone or together with the attribute
SYSMODULE.)

<type definition list> ::= { <type definition> }

<data declaration list> ::= { <data declaration> }
<routine declaration list> ::= { <routine declaration> }
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3 Routines

There are three types of routines (subprograms): procedures, functions and traps.

- Procedures do not return avalue and are used in the context of instructions.

- Functions return avalue of a specific type and are used in the context of
eXpressions.

- Trap routines provide ameans of dealing with interrupts. A trap routine can be
associated with a specific interrupt and then, if that particular interrupt occurs
at alater stage, will automatically be executed. A trap routine can never be
explicitly called from the program.

3.1 Routine scope

The scope of aroutine denotes the areain which the routine is visible. The optional
local directive of aroutine declaration classifiesaroutineaslocal (withinthe module),
otherwiseit isglobal.

Example: LOCAL PROC local_routine (...

PROC global_routine(...
The following scope rules apply to routines (see the example in Figure 2):

- The scope of aglobal routine may include any module.
- The scope of alocal routine comprises the module in which it is contained.

- Within its scope, alocal routine hides any global routine or data with the same
name.

- Within its scope, aroutine hides instructions and predefined routines and data
with the same name.

Modulel
.|
Local Routine a

Local Routineb

Routine c

Routined

Routine e

Module2
.|
Loca Routine a

Local Routinee

Routine f

Routineg

.

Routine h

Modulel - Routinec, d.
Module2 - All routines.

Figure 2 Example: The following routines can be called from Routine h:

A routine may not have the same name as another routine or datain the same module.
A global routine may not have the same name asamodule or aglobal routine or global
datain another module.
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3.2 Parameters

4-12

The parameter list of aroutine declaration specifies the arguments (actual parameters)
that must/can be supplied when the routineis called.

There are four different types of parameters (in the access mode):
- Normally, a parameter is used only as an input and is treated as a routine

variable. Changing this variable will not change the corresponding argument.

- AnINOUT parameter specifies that a corresponding argument must be a
variable (entire, element or component) or an entire persistent which can be
changed by the routine.

- A VAR parameter specifies that a corresponding argument must be a variable
(entire, element or component) which can be changed by the routine.

- A PERS parameter specifiesthat a corresponding argument must be an entire
persistent which can be changed by the routine.

If an INOUT, VAR or PERS parameter is updated, this means, in actua fact, that the
argument itself isupdated, i.e. it makesit possible to use arguments to return values to the
caling routine.

Example: PROC routinel (numin_par, INOUT num inout_par,
VAR num var_par, PERS num pers_par)

A parameter can be optional and may be omitted from the argument list of aroutine
call. An optional parameter is denoted by a backslash “\” before the parameter.

Example: PROC routine2 (num required_par \num optional_par)
The value of an optional parameter that is omitted in a routine call may not be
referenced. This means that routine calls must be checked for optional parameters
before an optional parameter is used.
Two or more optional parameters may be mutually exclusive (i.e. declared to exclude
each other), which means that only one of them may be present in a routine call. This
is indicated by a stroke “|” between the parameters in question.
Example: PROC routine3num excludel | num exclude?2)
The special typeswitch, may (only) be assigned to optional parameters and provides a
means to use switch arguments, i.e. arguments that are only specified by names (not
values). A value cannot be transferred to a switch parameter. The only way to use a
switch parameter is to check for its presence using the predefined fuRctsamt.
Example: PROC routinedswitch on | switch off)
IF Present (off ) THEN
ENDPROC

Arrays may be passed as arguments. The degree of an array argument must comply
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with the degree of the corresponding formal parameter. The dimension of an array
parameter is “conformant” (marked with “*”). The actual dimension thus depends on
the dimension of the corresponding argument in a routine call. A routine can determine
the actual dimension of a parameter using the predefined funbiion,

Example: PROC routine5 (VAR num pallet{*,*})

3.3 Routinetermination

The execution of a procedure is either explicitly terminated by a RETURN instruction
or implicitly terminated when the end (ENDPROC, BACKWARD or ERROR) of the
procedure is reached.

The evaluation of a function must be terminated by a RETURN instruction.
The execution of a trap routine is explicitly terminated using the RETURN instruction

or implicitly terminated when the end (ENDTRAP or ERROR) of that trap routine is
reached. Execution continues from the point where the interrupt occurred.

3.4 Routinedeclarations

A routine can contain routine declarations (including parameters), data, a body, a
backward handler (only procedures) and an error handler (see Figure 3). Routine
declarations cannot be nested, i.e. it is not possible to declare a routine within a routine.

Module

Data declarations
Routine a
. Routine declaration

Routine b

Data declarations
Routinec

Body (Instructions)
Routined

Backward handler
Routinee

Error handler

Figure 3 A routine can contain declarations, data, a body, a backward handler and an error
handler.
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Procedure declaration
Example: Multiply all elementsin anum array by afactor;

PROC arrmul( VAR num array{*}, num factor)
FOR index FROM 1 TO dim( array, 1) DO
array{index} := array{index} * factor;
ENDFOR
ENDPROC

Function declaration
A function can return any data type value, but not an array value.
Example: Return the length of avector;

FUNC num veclen (pos vector)

RETURN Sgrt(Pow(vector.x,2)+Pow(vector.y,2)+Pow(vector.z,2));
ENDFUNC

Trap declaration
Example: Respond to feeder empty interrupt;

TRAP feeder_empty
wait_feeder;
RETURN;

ENDTRAP

3.5 Procedure call

When a procedure is called, the arguments that correspond to the parameters of the
procedure shall be used:

- Mandatory parameters must be specified. They must also be specified in the
correct order.

- Optiona arguments can be omitted.

- Conditional arguments can be used to transfer parameters from one routine call
to another.

See the Chapter Using function calls in expressions on page 29 for more details.

The procedure name may either be statically specified by using an identifier (early

binding) or evaluated during runtime from a string type expression (late binding). Even
though early binding should be considered to be the “normal” procedure call form, late
binding sometimes provides very efficient and compact code. Late binding is defined
by putting percent signs before and after the string that denotes the name of the
procedure.
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Example: I early binding
TEST products id
CASE 1.
proclx,y, z;
CASE 2:
proc2 x, Y, z;
CASE 3

I same example using late binding
% “proc” + NumToStr(product_id, 0) % x, v, z;

I same example again using another variant of late binding
VAR string procname {3} :=[“procl”, “proc2”, “proc3;

% b"rocname{product_id} % X, Y, Z;

Note that the late binding is available for procedure calls only, and not for function
calls. If a reference is made to an unknown procedure using late binding, the system
variable ERRNO is set to ERR_REFUNKPRC. If a reference is made to a procedu
call error (syntax, not procedure) using late binding, the system variable ERRNO is

to ERR_CALLPROC.

3.6 Syntax

Routine declaration

<routine declaration> ::=
[LOCAL] ( <procedure declaration>
| <function declaration>
| <trap declaration>)
| <comment
| <RDN>

Parameters

<parameter list> ::=
<first parameter declaration> { <next parameter declaration> }
<first parameter declaration> ::=
<parameter declaration>
| <optional parameter declaration>
| <PAR>
<next parameter declaration> ::=
', <parameter declaration>
| <optional parameter declaration>
| ’,’<optional parameter declaration>
| <PAR>
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<optiona parameter declaration> ::=
'\ ( <parameter declaration><ALT>)
{’| (<parameter declaration>JALT>) }
<parameter declaration> ::=
[ VAR | PERS | INOUT] <data type>
<identifier>['{ (™ {',) ™ })| <DIM>]}
| 'switch’ <identifier>

Procedure declaration

<procedure declaration> ::=
PROC <procedure name>
'( [ <parameter list>]")’
<data declaration list>
<instruction list>
[ BACKWARD <instruction list> ]
[ ERROR <instruction list> ]
ENDPROC

<procedure name> ::= <identifier>
<data declaration list> ::= {<data declaration>}

Function declaration

<function declaration> ::=
FUNC <value data type>
<function name>
'( [ <parameter list>]")’
<data declaration list>
<instruction list>
[ ERROR <instruction list> ]
ENDFUNC

<function name> ::= <identifier>

Trap routine declaration

<trap declaration> ::=
TRAP <trap name>
<data declaration list>
<instruction list>
[ ERROR <instruction list> ]
ENDTRAP

<trap name> ::= <identifier>

Procedure call
<procedure call> ::= <procedure> [ <procedure argument list>]"’;
<procedure> ::=

<identifier>

| %’ <expression> "%’
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<procedure argument list> ::= <first procedure argument> { <procedure argument> }
<first procedure argument> ::=
<required procedure argument>
| <optional procedure argument>
| <conditional procedure argument>
| <ARG>
<procedure argument> ::=
', <required procedure argument>
| <optional procedure argument>
| ’,” <optional procedure argument>
| <conditional procedure argument>
| ’,” <conditional procedure argument>
|’,) <ARG>
<required procedure argument> ::= [ <identifier> ":=’ ] <expression>
<optional procedure argument> ;="\’ <identifier> [ ;=" <expression> ]
<conditional procedure argument> ::="'\’ <identifier> '?’ ( <parameter¥AR> )
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4 Data Types

There are two different kinds of data types:

- An atomic type is atomic in the sense that it is not defined based on any other
type and cannot be divided into parts or components, e.g. num.

- A record data type is a composite type with named, ordered components, e.g.
pos. A component may be of an atomic or record type.

A record value can be expressed using an aggregate representation;

eg. [ 300, 500, depth ] pos record aggregate value.

A specific component of arecord datacan be accessed by using the name of that
component;

eg. posl.x := 300; assignment of the x-component of posl.

4.1 Non-value data types

Each available data type is either a value data type or a non-value data type. Simply
speaking, a value data type represents some form of “value”. Non-value data cannot b
used in value-oriented operations:

- Initialisation

- Assignment (:=)

- Equal to (=) and not equal to (<>) checks

- TEST instructions

- IN (access mode) parameters in routine calls

- Function (return) data types

The input data typesignalai, signaldi, signalgi) are of the data typmemi value. These
data can be used in value-oriented operations, except initialisation and assignment.

In the description of a data type it is only specified when it is a semi value or a non-
value data type.

4.2 Equal (alias) data types

An alias data type is defined as being equal to another type. Data with the same data
types can be substituted for one another.

Example: VAR dionum high:=1;
VAR num level, This is OK since dionum is an alias
level:= high; data type for num
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4.3 Syntax

<type definition>::=

[LOCAL] ( <record definition>
| <alias definition>)

| <comment>

| <TDN>

<record definition>::=
RECORD <identifier>
<record component list>’;’
ENDRECORD

<record component list> ::=
<record component definition> |
<record component definition> <record component list>

<record component definition> ::=
<data type> <record component name>

<alias definition> ::=
ALIAS <data type> <identifier> "}’

<data type> ::= <identifier>
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5 Data

There are three kinds of data: variables, persistents and constants.

- A variable can be assigned a new value during program execution.

- A persistent can be described as a “persistent” variable. This is accomplished
by letting an update of the value of a persistent automatically cause the
initialisation value of the persistent declaration to be updated. (When a program
is saved the initialisation value of any persistent declaration reflects the current
value of the persistent.)

- A constant represents a static value and cannot be assigned a new value.

A data declaration introduces data by associating a name (identifier) with a data type.
Except for predefined data and loop variables, all data used must be declared.

5.1 Data scope

Overview

The scope of data denotes the area in which the data is visible. The optional local
directive of a data declaration classifies data as local (within the module), otherwise
is global. Note that the local directive may only be used at module level, not inside
routine.

Example: LOCAL VAR num local_variable;
VAR num global_variable;

Data declared outsideroutine is callegrogram data. The following scope rules
apply to program data:

- The scope of predefined or global program data may include any module.

- The scope of local program data comprises the module in which it is contained.

- Within its scope, local program data hides any global data or routine with the
same name (including instructions and predefined routines and data).

Program data may not have the same name as other data or a routine in the same
module. Global program data may not have the same name as other global data or a
routine in another module. A persistent may not have the same name as another
persistent in the same program.

Data declared insid& routine is calledoutine data. Note that the parameters of a
routine are also handled as routine data. The following scope rules apply to routine
data:

- The scope of routine data comprises the routine in which it is contained.

- Within its scope, routine data hides any other routine or data with the same
name.

See the example in Figure 4.
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Modulel Module2

.| .|
Loca Dataa Loca Dataa
Local Datab Local Dataf

Datael
Datae

Datac Datag
Datad g Local Routine e
\ Routine h

Datahl
Datac

Figure4 Example: The following data can be called from routine e
Modulel: Datac, d.
Module2: Data a, f, g, el.
The following data can be called from routine h:
Modulel: Data d.
Module2: Data a, f, g, hi, c.

Routine data may not have the same name as other data or alabel in the same routine.

5.2 Variable declaration
A variable isintroduced by a variable declaration.
Example: VAR num X;
Variables of any type can be given an array (of degree 1, 2 or 3) format by adding
dimensional information to the declaration. A dimension is an integer value greater
than 0.
Example: VAR pos pallet{ 14, 18} ;
Variables with value types may beinitialised (given an initial value). The expression
used to initialise a program variable must be constant. Note that the value of an
uninitialized variable may be used, but it is undefined, i.e. set to zero.
Example: VAR string author_name :=“John Smith”;
VAR pos start := [100, 100, 50];
VAR num maxno{10} :=[1, 2, 3, 9,8, 7, 6, 5, 4, 3];
The initialisation value is set when:

- the program is opened,
- the program is executed from the beginning of the program.

5.3 Persistent declaration

Persistents can only be declared at module level, not inside a routimeystraiways
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begiven an initial value. Theinitialisation value must be asingle value (without data
or operands), or a single aggregate with members which, in turn, are single values or

single aggregates.
Example: PERS pos refpnt :=[100.23, 778.55, 1183.98];

Persistents of any type can be given an array (of degree 1, 2 or 3) format by adding
dimensional information to the declaration. A dimension is an integer value greater
than 0.

Example: PERS pos pallet{ 14, 18} :=[...];

Note that if the value of a persistent is updated, this automatically causes the
initialisation value of the persistent declaration to be updated.

Example: PERS num regl :=0;

regl =9
After execution, the program looks like this:
PERS numregl ;= 5;

regl =5

Itispossibleto declaretwo persistentswith the same namein different modules, if they
arelocal withinthe module (PERSLOCAL ), without any error being generated by the
system (different data scope). But notethelimitation that thesetwo persistentsaways
have the same current value (use the same storage in the memory).

5.4 Constant declaration

A constant is introduced by a constant declaration. The value of a constant cannot be
modified.

Example: CONST num pi := 3.141592654;

A constant of any type can be given an array (of degree 1, 2 or 3) format by adding
dimensional information to the declaration. A dimension is an integer value greater
than 0.

Example: CONST pos seq{ 3} := [[614, 778, 1020],
[914, 998, 1021],
[814, 998, 1022]1;

5.5 Initiating data

In the table below, you can see what is happening in various activities such as warm
start, new program, program start etc.
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Tablel
Start Start Start Start Start
System Power on Open, Close program program program program program Start
event (Warm or New (MovePPto | (MovePPto | (MovePPto (Call (After program
Affects | start) program f . - (After stop)
main) Routine) cursor) Routine) cycle)
Constant Unchanged Init Init Init Unchanged Unchanged Unchanged Unchanged
Variable Unchanged Init Init Init Unchanged Unchanged Unchanged Unchanged
Persistent Unchanged Init Init Init Unchanged Unchanged Unchanged Unchanged
Commanded Re-ordered Disappears Disappears Disappears Unchanged Unchanged Unchanged Unchanged
interrupts
Start up Not run Run* Run Not run Not run Not run Not run Not run
routine
SYS _RESET
(with motion
settings)
Files Closes Closes Closes Closes Unchanged Unchanged Unchanged Unchanged
Path Recreatedat Disappears Disappears Disappears Disappears Unchanged Unchanged Unchanged
power on
* Generates an error when there is a semantic error in the actual task program.
5.6 Syntax
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Data declaration

<data declaration> ::=
[LOCAL] ( <variable declaration>
| <persistent declaration>
| <constant declaration>)
| <comment>
| <DDN>

Variable declaration

<variable declaration> ::=
VAR <data type> <variable definition>’;’
<variable definition> ::=
<identifier> [ '{" <dim> {,” <dim>}"}']
[ ;=" <constant expression> |
<dim> ::= <constant expression>

Persistent declaration

<persistent declaration> ::=
PERS <data type> <persistent definition>";’

Overview
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<persistent definition> ::=
<identifier> [ '{" <dim> {’," <dim> } '}’ ]
.=’ <literal expression>

Constant declaration

<constant declaration> ::=
CONST <data type> <constant definition>’;’
<constant definition> ::=
<identifier> [ '{’ <dim> {’,” <dim>} "} ]
.=’ <constant expression>
<dim> ::= <constant expression>
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6 Instructions

Instructions are executed in succession unless a program flow instruction or an inter-
rupt or error causes the execution to continue at some other place.

Most instructions are terminated by a semicolon “;”. A label is terminated by a colon
“:”. Some instructions may contain other instructions and are terminated by specific

keywords:

Instruction Termination word

IF ENDIF

FOR ENDFOR

WHILE ENDWHILE

TEST ENDTEST

Example: WHILE index < 100 DO

.index = index + 1;
ENDWHILE
6.1 Syntax

<instruction list> ::= { <instruction> }

<instruction> ::=
[<instruction according to separate chapter in this manual>
| <SMT>
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Expressions

7 EXpressions

An expression specifies the evaluation of avalue. It can be used, for example:

- in an assignment instruction

- asacondition in an IF instruction
- asan argument in an instruction
- asan argument in afunction call

e.g. a=3*b/c;

eg.lIFa>=3 THEN ...
e.g. WaitTime time;
e.g. a=Abs(3*b);

7.1 Arithmetic expressions

An arithmetic expression is used to evaluate a numeric value.

Example:

2* pi*radius

Table 2 shows the different types of operations possible.

Table 2
Operator Operation Operand types Result type

+ addition num + num num3)

+ unary plus; keep sign +NUM or +pos samel)?

+ vector addition pos + pos pos
subtraction num - num num3
unary minus; change sign -num or -pos samel)?
vector subtraction pOs - pos pos

* multiplication num * num num?®

* scalar vector multiplication num * pos or pos* num pos

* vector product pos* pos pos

* linking of rotations orient * orient orient

/ division num/ num num

DIV 2 integer division num DIV num num

MoD 2 integer modulo; remainder num MOD num num

1. The result receives the same type as the operand. If the operand has an alias

data type, the result receives the alias "base" type (num or pos).

2. Integer operations, e.g. 14 DIV 4=3, 14 MOD 4=2.

(Non-integer operands areiillegal.)

3. Preservesinteger (exact) representation aslong as operands and result are kept
within the integer subdomain of the num type.

Overview
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7.2 Logical expressions
A logical expression is used to evaluate alogical value (TRUE/FALSE).
Example: a>5 AND b=3

Table 3 shows the different types of operations possible.

Table 3

Operator Operation Operand types Result type
< less than num < num bool
<= less than or equal to num <= num bool
= equal to any D=any D bool
>= greater than or equa to num >= num bool
> greater than num > num bool
< not equal to any D <>any D bool
AND and bool AND bool bool
XOR exclusive or bool XOR bool bool
OR or bool OR bool bool
NOT unary not; negation NOT bool bool

1) Only value data types. Operands must have equal types.
aAND b aXOR b
a| True False a| True False
b b

True True False True False True

False¢ FalseFalse False¢ True False

aORDb NOT b

a| True False
b b
True True True True False
False¢ True False False¢ True
7.3 String expressions
A string expression is used to carry out operations on strings.
Example: “IN” + “PUT” gives the result “INPUT”
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Table 4 shows the one operation possible.

Table 4

Operator Operation Operand types Result type

+ string concatenation string + string string

7.4 Using data in expressions

Overview

An entire variable, persistent or constant can be a part of an expression.
Example: 2* pi*radius
Arrays

A variable, persistent or constant declared as an array can be referenced to the whole
array or asingle element.

An array element isreferenced using the index number of the element. Theindex isan
integer value greater than 0 and may not violate the declared dimension. Index value 1
selectsthefirst element. The number of elementsin theindex list must fit the declared
degree (1, 2 or 3) of the array.

Example: VAR num row{ 3};
VAR num column{3};
VAR num value;
va 'ue := column{ 3} ; only one element in the array
row := column; al elementsin the array
Records

A variable, persistent or constant declared as a record can be referenced to the whole
record or a single component.

A record component is referenced using the component name.

Example: VAR pos home;
VAR pos posl,
VAR num yvalue;
i}val ue := home.y; the Y component only
posl := home; the whole position
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7.5 Using aggregates in expressions
An aggregate is used for record or array values.

Example: pos:=[X,Y, 2*X]; pos record aggregate
posarr :=[[0, 0, 100], [0,0,Z]]; pos array aggregate

It must be possible to determine the data type of an aggregate the context. The datatype
of each aggregate member must be equal to the type of the corresponding member of
the determined type.

Example VAR pospl;
pl:=[1, -100, 12]; aggregate type pos - determined
by p1
IF[1,-100, 12] =[ab,b,] THEN illega since the datatype of
neither of the aggregates can be

determined by the context.

7.6 Using function callsin expressions

A function call initiates the evaluation of a specific function and receives the value
returned by the function.

Example: Sin(angle)

The arguments of afunction call are used to transfer data to (and possibly from) the
called function. The data type of an argument must be equal to the type of the corre-
sponding parameter of the function. Optiona arguments may be omitted but the order
of the (present) arguments must be the same as the order of the formal parameters. In
addition, two or more optional arguments may be declared to exclude each other, in
which case, only one of them may be present in the argument list.

A required (compulsory) argument is separated from the preceding argument by a
comma “,”. The formal parameter name may be included or omitted.

Example: Polar(3.937, 0.785398) two required arguments
Polar(Dist:=3.937, Angle:=0.785398)... using names

An optional argument must be preceded by a backslash “\” and the formal parameter
name. A switch type argument is somewhat special; it may not include any argument
expression. Instead, such an argument can only be either "present” or "not present".

Example: Cosine(45) one required argument
Cosine(0.785398\Rad) ... and one switch
Dist(p2) one required argument
Dist(\distance:=posl1, p2) ... and one optional

Conditional arguments are used to support smooth propagation of optional arguments
through chains of routine calls. A conditional argument is considered to be “present” if
the specified optional parameter (of the calling function) is present, otherwise it is sim-
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ply considered to be omitted. Note that the specified parameter must be optional.
Example: PROC Read_from_file (iodev File \num Maxtime)

Eharacter:=ReadBi n (File\Time?Maxtime);
I Max. timeisonly used if specified when calling the routine
I Read from_file

ENDPROC

The parameter list of afunction assigns an access mode to each parameter. The access
mode can be either in, inout, var or pers.

- AnIN parameter (default) allowsthe argument to be any expression. Thecalled
function views the parameter as a constant.

- An INOUT parameter requires the corresponding argument to be a variable
(entire, array element or record component) or an entire persistent. The called
function gains full (read/write) access to the argument.

- A VAR parameter requires the corresponding argument to be avariable (entire,
array element or record component). The called function gainsfull (read/write)
access to the argument.

- A PERS parameter requires the corresponding argument to be an entire persist-
ent. The called function gains full (read/update) access to the argument.

7.7 Priority between operators

Overview

Therelative priority of the operators determines the order in which they are evaluated.
Parentheses provide a means to override operator priority. The rules below imply the
following operator priority:

* | DIV MOD - highest
+ -

<> <> <= >= =

AND

XOR OR NOT - lowest

An operator with high priority isevaluated prior to an operator with low priority. Oper-
ators of the same priority are evaluated from left to right.

Example

Expression Evaluation order Comment
atb+c (a+b)+c left to right rule
atb*c a+(b*c * higher than +
aORbORC (aORb) OR c Left toright rule
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aAND bORCANDd

Basic Characteristics

(aAND b) OR (cAND d) AND higher than

OR
a<bANDc<d (a<b) AND (c<d) < higher than AND
7.8 Syntax
Expressions
<expression> ::=
<eXp|‘>
| <EXP>

4-31

<expr>::=[ NOT ] <logical term>{ ( OR | XOR) <logical term>}

<logical term> ::= <relation> { AND <relation> }
<relation> ::= <simple expr> [ <relop> <simple expr> ]

<simple expr> ::= [ <addop> | <term> { <addop> <term> }

<term> ::= <primary> { <mulop> <primary> }

<primary> ::=
<literal>
| <variable>
| <persistent>
| <constant>
| <parameter>
| <function call>
| <aggregate>
|'( <expr>")y

Operators

<relop> =< |'<="|'="| > | '>= | <>
<addop> ::="+"| -’
<mulop>::="* |’/ | DIV |MOD

Constant values

<literal> ::= <num literal>
| <string literal>
| <bool literal>

Data

<variable> ::=
<entire variable>
| <variable element>
| <variable component>

<entire variable> ::= <ident>

<variable element> ::= <entire variable> '{’ <index list> "}’
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Overview

<index list> ::= <expr>{’,” <expr>}
<variable component> ::= <variable>'.” <component name>
<component name> ::= <ident>
<persistent> ::=
<entire persistent>
| <persistent element>
| <persistent component>

<constant> ::
<entire constant>
| <constant element>
| <constant component>

Aggregates

<aggregate> ::= [ <expr>{’, <expr>}’

Function calls

<function call> ::= <function> (' [ <function argument list>] )’
<function> ::= <ident>
<function argument list> ::= <first function argument> { <function argument> }

<first function argument> ::=

<required function argument>

| <optional function argument>

| <conditional function argument>
<function argument> ::=

', <required function argument>

| <optional function argument>

| ’,” <optional function argument>

| <conditional function argument>

| ’,” <conditional function argument>

<required function argument> ::= [ <ident> =" ] <expr>
<optional function argument> ;="\’ <ident> [ ":=" <expr> ]
<conditional function argument> ::= "'\’ <ident> '?’ <parameter>

Special expressions

<constant expression> ::= <expression>
<literal expression> ::= <expression>
<conditional expression> ::= <expression>

Parameters
<parameter> ::=
<entire parameter>

| <parameter element>
| <parameter component>
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8 Error Recovery

An execution error isan abnormal situation, related to the execution of a specific piece

of aprogram. An error makes further execution impossible (or at least hazardous).

“Overflow” and “division by zero” are examples of errors. Errors are identified by their
uniqueerror number and are always recognized by the robot. The occurrence of an
error causes suspension of the normal program execution and the control is passed to
anerror handler. The concept of error handlers makes it possible to respond to and,
possibly, recover from errors that arise during program execution. If further execution

is not possible, the error handler can at least assure that the program is given a graceful
abortion.

8.1 Error handlers

Overview

Any routine may include an error handler. The error handler is really a part of the
routine, and the scope of any routine data also comprises the error handler of the
routine. If an error occurs during the execution of the routine, control is transferred to
its error handler.

Example: FUNC num safediv( hum x, num y)
RETURN x /y;
ERROR
IF ERRNO = ERR_DIVZERO THEN
TPWrite "The number cannot be equal to 0";
RETURN x;
ENDIF
ENDFUNC

The system variablERRNO contains the error number of the (most recent) error and
can be used by the error handler to identify that error. After any necessary actions have
been taken, the error handler can:

- Resume execution, starting with the instruction in which the error occurred.
This is done using the RETRY instruction. If this instruction causes the same
error again, up to four error recoveries will take place; after that execution will
stop.

- Resume execution, starting with the instruction following the instruction in
which the error occurred. This is done using the TRYNEXT instruction.

- Return control to the caller of the routine using the RETURN instruction. If the
routine is a function, the RETURN instruction must specify an appropriate
return value.

- Propagate the error to the caller of the routine using the RAISE instruction.
When an error occurs in a routine that does not contain an error handler or when the
end of the error handler is reach&NDFUNC, ENDPROC or ENDTRAP), the

systemerror handler is called. The system error handler just reports the error and stops
the execution.
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In achain of routine calls, each routine may have its own error handler. If an error
occurs in aroutine with an error handler, and the error is explicitly propagated using
the RAISE instruction, the same error is raised again at the point of the call of the
routine - the error is propagated. When the top of the call chain (the entry routine of the
task) is reached without any error handler being found or when the end of any error
handler isreached within the call chain, the system error handler is called. The system
error handler just reportsthe error and stopsthe execution. Since atrap routine can only
be called by the system (as aresponse to an interrupt), any propagation of an error from
atrap routine is made to the system error handler.

Error recovery isnot available for instructionsin the backward handler. Such errorsare
always propagated to the system error handler.

In addition to errors detected and raised by the robot, a program can explicitly raise
errors using the RAISE instruction. Thisfacility can be used to recover from complex
situations. It can, for example, be used to escape from deeply-nested code positions.
Error numbers 1-90 may be used in the raise instruction. Explicitly-raised errors are
treated exactly like errors raised by the system.

Notethat it isnot possibleto recover from or respond to errorsthat occur within an error
clause. Such errors are always propagated to the system error handler.
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9 Interrupts

Interrupts are program-defined events, identified by interrupt numbers. An interrupt
occurswhen aninterrupt conditionistrue. Unlikeerrors, the occurrence of aninterrupt
is not directly related to (synchronous with) a specific code position. The occurrence
of an interrupt causes suspension of the normal program execution and control is
passed to atrap routine.

Even though the robot immediately recognizes the occurrence of an interrupt (only
delayed by the speed of the hardware), its response — calling the corresponding trap
routine — can only take place at specific program positions, namely:

- when the next instruction is entered,
- any time during the execution of a waiting instruction, @atUntil,
- any time during the execution of a movement instruction MogeL.

This normally results in a delay of 5-120 ms between interrupt recognition and
response, depending on what type of movement is being performed at the time of the
interrupt.

The raising of interrupts may loesabled andenabled. If interrupts are disabled, any
interrupt that occurs is queued and not raised until interrupts are enabled again. N
that the interrupt queue may contain more than one waiting interrupt. Queued
interrupts are raised FIFO order. Interrupts are always disabled during the execution
of a trap routine.

When running stepwise and when the program has been stopped, no interrupts will be
handled. Interrupts that are generated under these circumstances are not dealt with.

The maximum number of defined interrupts at any one time is limited per70
program task. Thetotal limitation set by the I/O CPU is 100 interrupts.

9.1 Interrupt manipulation

Defining an interrupt makes it known to the robot. The definition specifies the interrupt
condition and enables the interrupt.

Example: VAR intnum siglint;
ISignalDI dil, high, siglint:
An enabled interrupt may in turn be disabled (and vice versa).
Example: ISleep siglint; disabled
IWétch siglint; enabled

Deleting an interrupt removes its definition. It is not necessary to explicitly remove an
interrupt definition, but a new interrupt cannot be defined to an interrupt variable until
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the previous definition has been deleted.

Example: IDelete siglint;

9.2 Trap routines

Trap routines provide a means of dealing with interrupts. A trap routine can be
connected to a particular interrupt using the CONNECT instruction. When an interrupt
occurs, control isimmediately transferred to the associated trap routine (if any). If an
interrupt occurs, that does not have any connected trap routine, thisistreated asafatal
error, i.e. causes immediate termination of program execution.

Example: VAR inthum empty;
VAR intnum full;

.PROC main()

CONNECT empty WITH etrap; connect trap routines
CONNECT full WITH ftrap;

ISignalDI dil, high, empty; define feeder interrupts
ISignal DI di3, high, full;

iDeIete empty;
IDelete full;
ENDPROC

TRAP etrap responds to “feeder
open_valve; empty” interrupt
RETURN,;

ENDTRAP

TRAP ftrap responds to “feeder full”
close_valve; interrupt
RETURN;

ENDTRAP

Several interrupts may be connected to the same trap routine. The system variable
INTNO contains the interrupt number and can be used by a trap routine to identify an
interrupt. After the necessary action has been taken, a trap routine can be terminated
using the RETURN instruction or when the end (ENDTRAP or ERROR) of the trap
routine is reached. Execution continues from the place where the interrupt occurred.
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10 Backward execution

A program can be executed backwards one instruction at atime. The following general
restrictions are valid for backward execution:

- Theinstructions |F, FOR, WHILE and TEST cannot be executed backwards.

- Itisnot possibleto step backwards out of aroutine when reaching the beginning
of the routine.

10.1 Backward handlers

Procedures may contain a backward handler that defines the backward execution of a
procedure call.

The backward handler isreally apart of the procedure and the scope of any routine data
also comprises the backward handler of the procedure.

Example: PROC MoveTo ()
Movel p1,v500,z10,to0l1;
MoveC p2,p3,v500,z10,tool 1;
Movel p4,v500,z10,too0l1;
BACKWARD
Movel p4,v500,z10,to0l1;
MoveC p2,p3,v500,z10,tool 1;
Movel p1,v500,z10,to0l1;
ENDPROC

When the procedure is called during forward execution, the following occurs:

PROC MoveTo ()

. Movel p1,v500,z10,too0l1;
MoveTo; MoveC p2,p3,v500,z10,to0l1;
. Movel p4,v500,z10,tool1;

BACKWARD
Movel p4,v500,z10,tool1;
MoveC p2,p3,v500,z10,too0l1;
Movel p1,v500,z10,too0l1;
ENDPROC
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When the procedure is called during backwards execution, the following occurs:

PROC MoveTo ()
. Movel p1,v500,z10,to0l1;
MoveTo; MoveC p2,p3,v500,z10,to0l1;
Movel p4,v500,z10,to0l1;
BACKWARD
Movel p4,v500,z10,tool1;
MoveC p2,p3,v500,z10,tool1;
Movel p1,v500,z10,to0l1;
ENDPROC

Instructions in the backward or error handler of a routine may not be executed
backwards. Backward execution cannot be nested, i.e. two instructionsin acall chain

may not simultaneously be executed backwards.

A procedure with no backward handler cannot be executed backwards. A procedure
with an empty backward handler is executed as “no operation”.

10.2 Limitation of moveinstructionsin the backward handler

The move instruction type and sequence in the backward handler must be a mirror of
the move instruction type and sequence for forward execution in the same routine:

MoveC p2,p3,v500,z10,to0l1;
Movel p4,v500,z10,tool1;

BACKWARD v * l

PROC MoveTo ()
MovelL p1,v500,z10,to0I1; T
Mirror plane
A

Movel p4,v500,z10,tool1;

MoveC p2,p3,v500,z10,to0l1;

Movel p1,v500,z10,tool1;
ENDPROC

Note that the order of CirPoip2 and ToPoinp3 in the MoveC should be the same.

By move instructions is meant all instructions that result in some movement of the
robot or external axes such as MovelL, SearchC, TriggJ, ArcC, PaintL ...

result in faulty backward movement. Linear movement can result in circular

f Any departuresfrom this programming limitation in the backward handler can
movement and vice ver sa, for some part of the backward path.
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11 Multitasking

The eventsin arobot cell are often in parallel, so why are the programs not in parallel?

Multitasking RAPID isaway to execute programs in (pseudo) parallel with the nor-
mal execution. The execution is started at power on and will continue for ever, unless
an error occursin that program. One parallel program can be placed in the background
or foreground of another program. It can also be on the same level as another program.

To use this function the robot must be configured with one extra TASK for each back-
ground program.

Up to 10 different tasks can be run in pseudo parallel. Each task consists of a set of
modules, in the same way as the normal program. All the modules are local in each
task.

Variables and constants are local in each task, but persistents are not. A persistent with
the same name and typeisreachablein all tasks. If two persistents have the same name,
but their type or size (array dimension) differ, aruntime error will occur.

A task hasits own trap handling and the event routines are triggered only on its own
task system states (e.g. Start/Stop/Restart....).

There are afew restrictions on the use of Multitasking RAPID.

- Do not mix up parallel programswith a PLC. The response time isthe same as
the interrupt response time for one task. Thisistrue, of course, when thetask is
not in the background of another busy program

- Thereisonly one physical Teach Pendent, so be careful that a TPWrite request
is not mixed in the Operator Window for all tasks.

- When running a Wait instruction in manual mode, a simulation box will come
up after 3 seconds. Thiswill only occur in the main task.

- Move instructions can only be executed in the main task (the task bind to pro-
gram instance 0, see User’s guide - System parameters).

- The execution of a task will halt during the time that some other tasks are
accessing the file system, that is if the operator chooses to save or open a pro-
gram, or if the program in a task uses the load/erase/read/write instructions.

- The Teach Pendent cannot access other tasks than the main task. So, the devel-
opment of RAPID programs for other tasks can only be done if the code is
loaded into the main task, or off-line.

For all settings, see User’s Guide - System parameters.

11.1 Synchronising thetasks
In many applications a parallel task only supervises some cell unit, quite independently

of the other tasks being executed. In such cases, no synchronisation mechanism is nec-
essary. But there are other applications which need to know what the main task is doing,
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for example.

Synchronising using polling
Thisisthe easiest way to do it, but the performance will be the slowest.
Persistents are then used together with theinstructions WaitUntil, IF, WHILE or GOTO.
If the instruction WaitUntil is used, it will poll internally every 100 ms. Do not poll
more frequently in other implementations.
Example
TASK 0
MODULE modulel
PERS bool startsync:=FAL SE;
PROC main()
startsync:= TRUE;
ENDPROC
ENDMODULE
TASK 1
MODULE module2
PERS bool startsync:=FAL SE;
PROC main()
WaitUntil startsync;
ENDPROC
ENDMODULE
Synchronising using an interrupt

The instruction SetDO and IS gnalDO are used.

Example
TASK 0

MODULE modulel
PROC main()

SetDO dol,1;
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ENDPROC
ENDMODULE

TASK 1

MODULE module2
VAR intnum isiintl;
PROC main()

CONNECT isiintL WITH isi_trap;
ISignalDO dol, 1, isiintl1;

WHILE TRUE DO
WaitTime 200;
ENDWHILE
IDelete isiintl;
ENDPROC

TRAPIis _trap

ENDTRAP
ENDMODULE

11.2 Intertask communication
All types of data can be sent between two (or more) tasks with persistent variables.
A persistent variableis global in all tasks. The persistent variable must be of the same
type and size (array dimension) in all tasks that declared it. Otherwise aruntime error
will occur.
All declarations must specify an init value to the persistent variable, but only the first
modul e loaded with the declaration will use it.
Example
TASK O
MODULE modulel
PERS bool startsync:=FAL SE;
PERS string stringtosend:="";
PROC main()

stringtosend:="this is a test”;

startsync:= TRUE
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ENDPROC
ENDMODULE

TASK 1

MODULE module2

PERS bool startsync:=FAL SE;
PERS string stringtosend:="";
PROC main()

WaitUntil startsync;

Iread string
IF stringtosend = “this is a test” THEN

ENDPROC
ENDMODULE

11.3 Type of task

Each extra task (not 0) is started in the system start sequence. If the task is of type
STATIC, it will be restarted at the current position (where PP was when the system was
powered off), but if the type is set$&M | STATIC, it will be restarted from the begin-

ning each time the power is turned onSBM I STATI C task will also int the restart
sequence reload modules specified in the system parameters if the module file is newer
that the loaded module.

Itis also possible to set the task to tiyf@RM AL, then it will behave in the same was

as task 0 (the main task, controlling the robot movement). The teach pendent can only
be used to start task 0, so the only way to start &M AL tasks is to use Com-
municationWare.

11.4 Priorities

4-46

The way to run the tasks as default is to run all tasks at the same level in a round rob-
bin way (one basic step on each instance). But it is possible to change the priority of
one task by putting the task in the background of another. Then the background will
only execute when the foreground is waiting for some events, or has stopped the exe-
cution (idle). A robot program with move instructions will be in an idle state most of
the time.

The example below describes some situations where the system has 10 tasks (see Fig-
ure 5)

Round robbin chain 1:  tasks 0, 1, and 8 are busy

Round robbin chain 2:  tasks 0, 3, 4, 5 and 8 are busy
tasks 1 and 2 are idle

Round robbin chain 3:  tasks 2, 4 and 5 are busy
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tasks 0, 1, 8and 9 areidle.

Round robbinchain 4.  tasks 6 and 7 are busy
tasksO, 1, 2, 3,4,5,8and 9 areidle
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Figure5 Thetasks can have different priorities.

11.5 Trust Leve

Overview

TrustLevel handel the system behavior when aSEMISTATIC or STATIC task is
stopped for some reason or not executable.

SysFail - Thisisthe default behaivour, all other NORMAL tasks (eg the MAIN task)
will also stop, and the system is set to state SYS _FAIL. All jogg and program start
orderswill be rejected. Only a new warm start reset the system. This should be used
when the task has some security supervisions.

SysHalt - All NORMAL taskswill be stopped (normaly only the main task). The sys-

tem is forced to “motors off”. When taking up the system to “motors on” it is possible
to jogg the robot, but a new attempt to start the program will be rejected. A new warm
start will reset the system.
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SysStop - All NORMAL taskswill be stopped (eg the main task), but it isrestartable.
Jogging is also possible.

NoSafety - Only the actual task itsdlf will stop.

See System parameters - Controller/Task

11.6 Task sizes

The system will supply amemory areawith aninstallation depending on size. That area
is shared by all tasks.

Thevalue of apersistent variablewill be stored in aseparate part of the system, and not
affect the memory area above. See System parameters - AveragePers.

11.7 Something to think about

When you specify task priorities, you must think about the following:

- Always use the interrupt mechanism or loops with delays in supervision tasks.
Otherwise the teach pendent will never get any time to interact with the user.
And if the supervision task isin foreground, it will never allow another task in
background to execute.

11.8 Programming scheme

Thefirst time.

1. Define the new task under system parameters (controller/task)
Set the typeto NORMAL and the TrustLevel to NoSafety.

2. Specify all modules that should be preloaded to this new task, also under
system parameters (controller/task-modul es).

3. Create the modules that should be in the task from the TeachPendant (in the
MAIN task) or off-line.

4. Test and debug the modulesin the MAIN task, until the functionallity is
satified. Note: this could only be done in motor s on state.

5. Change the task type to SEMISTATIC (or STATIC).
6. Restart the system.
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Iteration phase.

In many cases a iteration with point 3 and 5 is enough. It's only when the program has

to be tested in the MAIN task and execution of the RAPID code in two task at the same

time could confuse the user, all point should be used. Not&TiAd& | C task is used

it has to be forced to reload the new changed module and restarted from the beginning.
If all point below is used it will take care of that for you.

1. Change the task typeN®ORMAL to inhibit the task. A NORMAL task will
not start when the system restart and if it's not the MAIN task not it will be
affected by the start button at the teach pendant.

2. Restart the system.

3. Load the moulde(s) to tiMAIN task, test, change and save the module(s).
Note: Don’t save the task, save each module according to the system
parameters.

4. Change back the taglpe to SEMISTATIC (or STATIC).

5. Restart the system.

Finnish phase.

Overview

1. Set theTrustLevel to desired level e§ysFail

2. Restart the system

4-49



Multitasking Basic Characteristics

4-50 Overview



Motion and I/O Principles Coordinate Systems

1 Coordinate Systems

1.1 The robot’s tool centre point (TCP)

The position of the robot and its movements are always related to the tool centre point.
This point isnormally defined as being somewhere on thetool, e.g. in the muzzle of a
glue gun, at the centre of a gripper or at the end of agrading tool.

Several TCPs (tools) may be defined, but only one may be active at any one time.
When a position isrecorded, it isthe position of the TCP that is recorded. Thisisaso
the point that moves along a given path, at a given velocity.

If therobot isholding awork object and working on a stationary tool, a stationary TCP
isused. If that tool is active, the programmed path and speed are related to the work
object. See Stationary TCPs on page 8.

1.2 Coordinate systems used to determine the position of the TCP

The tool (TCP’s) position can be specified in different coordinate systems to facilitate
programming and readjustment of programs.

The coordinate system defined depends on what the robot has to do. When no

coordinate system is defined, the robot’s positions are defined in the base coordinate
system.

1.2.1 Base coordinate system

In a simple application, programming can be done in the base coordinate system; here
the z-axis is coincident with axis 1 of the robot (see Figure 1).

X

Figure 1 The base coordinate system.
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The base coordinate system is located on the base of the robot:

- Theoriginissituated at theintersection of axis 1 and the base mounting surface.
- The xy plane is the same as the base mounting surface.

- The x-axis points forwards.

- The y-axis points to the left (from the perspective of the robot).

- The z-axis points upwards.

1.2.2 World coordinate system

If the robot is floor-mounted, programming in the base coordinate systemis easy. If,
however, the robot is mounted upside down (suspended), programming in the base
coordinate system is more difficult because the directions of the axes are not the same
asthe principal directions in the working space. In such cases, it is useful to define a
world coordinate system. Theworld coordinate system will be coincident with the base
coordinate system, if it is not specifically defined.

Sometimes, several robots work within the same working space at a plant. A common
world coordinate system is used in this case to enable the robot programs to
communicate with one another. It can also be advantageous to use thistype of system
when the positions are to be related to a fixed point in the workshop. See the example
in Figure 2.

Base coor dinate system robot 2

X
Base coor dinate system robot 1

Figure 2 Two robots (one of which is suspended) with a common world coordinate system.
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1.2.3 User coordinate system

A robot can work with different fixtures or working surfaces having different positions
and orientations. A user coordinate system can be defined for each fixture. If all
positions are stored in object coordinates, you will not need to reprogram if afixture
must be moved or turned. By moving/turning the user coordinate system as much as
the fixture has been moved/turned, al programmed positions will follow the fixture
and no reprogramming will be required.

The user coordinate system is defined based on the world coordinate system (see Figure 3).

User coordinate system 1

Y

User coordinate system 2

\ y

N W World coordinate system
~ — X

Figure 3 Two user coordinate systems describe the position of two different fixtures.

1.2.4 Object coordinate system

The user coordinate system is used to get different coordinate systemsfor different fixtures
or working surfaces. A fixture, however, may include several work objectsthat areto be
processed or handled by therobot. Thus, it often helpsto defineacoordinate system for each
object in order to make it easier to adjust the program if the object ismoved or if anew
object, the same as the previous one, isto be programmed at a different location. A
coordinate system referenced to an object is called an object coordinate system. This
coordinate system is also very suited to off-line programming since the positions specified
can usualy be taken directly from a drawing of the work object. The object coordinate
system can aso be used when jogging the robot.
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User coordinate system

The object coordinate system is defined based on the user coordinate system (see Figure 4).

' Object coordinate system 2
—

Figure4 Two object coordinate systems describe the position of two different work objects
located in the same fixture.

The programmed positions are always defined relative to an object coordinate system.
If afixture is moved/turned, this can be compensated for by moving/turning the user
coordinate system. Neither the programmed positions nor the defined object coordinate
systems need to be changed. If the work object is moved/turned, this can be
compensated for by moving/turning the object coordinate system.

If the user coordinate system is movable, that is, coordinated external axes are used,
then the object coordinate system moves with the user coordinate system. This makes
it possibleto movethe robot in relation to the object even when the workbench isbeing
mani pul ated.

54

125

Displacement coordinate system

Sometimes, the same path isto be performed at several places on the same object. To
avoid having to re-program al positions each time, a coordinate system, known as the
displacement coordinate system, isdefined. This coordinate system can also beusedin
conjunction with searches, to compensate for differencesin the positions of the
individual parts.

The displacement coordinate system is defined based on the object coordinate system
(see Figure 5).
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y New position

y &

Original position
[ ]

M

— Displacement coor dinate system

Object coordinate system

Figure5 If program displacement is active, all positions are displaced.

1.2.6 Coordinated external axes

Coordination of user coordinate system

If awork object is placed on an external mechanical unit, that ismoved whilst the robot
is executing a path defined in the object coordinate system, amovable user coordinate
system can be defined. The position and orientation of the user coordinate system will,
In this case, be dependent on the axes rotations of the external unit. The programmed
path and speed will thus be related to the work object (see Figure 6) and thereisno
need to consider the fact that the object is moved by the external unit.

User coordinate system

\
\ VA
\
AN
N y
~
~
~ World coordinate system
X

Figure6 A user coordinate system, defined to follow the movements of a 3-axis external mechan-
ical unit.
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Coordination of base coordinate system

A movable coordinate system can aso be defined for the base of the robot. Thisis of
interest for the installation when the robot is mounted on atrack or a gantry, for
example. The position and orientation of the base coordinate system will, asfor the
moveabl e user coordinate system, be dependent on the movements of the external unit.
The programmed path and speed will be related to the object coordinate system (Figure
7) and thereisno need to think about the fact that the robot base ismoved by an external
unit. A coordinated user coordinate system and a coordinated base coordinate system
can both be defined at the same time.

User coordinate system
Object coordinate system

World coordinate /
system

Base coor dinate system

Figure 7 Coordinated interpolation with a track moving the base coordinate system of the robot.

To be able to calculate the user and the base coordinate systems when involved units
are moved, the robot must be aware of:

- The calibration positions of the user and the base coordinate systems

- Therelations between the angles of the external axesand the translation/rotation
of the user and the base coordinate systems.

These relations are defined in the system parameters.

1.3 Coordinate systems used to determine the direction of the tool
The orientation of atool at aprogrammed position is given by the orientation of thetool

coordinate system. The tool coordinate system is referenced to the wrist coordinated
system, defined at the mounting flange on the wrist of the robot.
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1.3.1 Wrist coordinate system

In asimple application, the wrist coordinate system can be used to define the
orientation of thetool; here the z-axis is coincident with axis 6 of the robot
(see Figure 8).

X
Figure 8 The wrist coordinate system.

Thewrist coordinate system cannot be changed and isawaysthe same asthe mounting
flange of the robot in the following respects:
- Theoriginissituated at the centre of the mounting flange (on the mounting surface).

- The x-axis points in the opposite direction, towards the control hole of the
mounting flange.

- The z-axis points outwards, at right angles to the mounting flange.

1.3.2 Tool coordinate system

Thetool mounted on the mounting flange of the robot often requiresits own coordinate
system to enabledefinition of its TCP, whichisthe origin of thetool coordinate system.
Thetool coordinate system can also be used to get appropriate motion directionswhen
jogging the robot.

If atool is damaged or replaced, all you have to do is redefine the tool coordinate
system. The program does not normally have to be changed.

The TCP (origin) is selected as the point on the tool that must be correctly positioned,

e.g. themuzzle on aglue gun. Thetool coordinate axes are defined asthose natural for
the tool in question.
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Top

Top

V4

Figure 9 Tool coordinate system, as usually defined for an arc-welding gun (left) and
a spot welding gun (right).

Thetool coordinate system is defined based on the wrist coordinate system
(see Figure 10).

N

Tool coordinate system

X VA
Figure 10 Thetool coordinate system is defined relative to the wrist coordinate system,
here for a gripper.

1.3.3 Stationary TCPs

If therobot isholding awork object and working on astationary tool, a stationary TCP
Isused. If that tool is active, the programmed path and speed are related to the work

object held by the robot.

This means that the coordinate systems will be reversed, asin Figure 11.

Overview



Motion and I/O Principles Coordinate Systems

z
Object coordinate system
Z
Y
X
1 v
O o' X
p - Tool coordinate system
/
/
I
ZA |
Y \ z
\
X
\
>
h  Basecoordinate system \ y
\ \
AN \
N A World coordinate system
~ _ -
~ — . —
- X

Figure 11 If a stationary TCP is used, the object coordinate systemis usually based on the wrist
coordinate system.

In the example in Figure 11, neither the user coordinate system nor program
displacement is used. It is, however, possible to use them and, if they are used, they
will be related to each other as shown in Figure 12.

y

Displacement coordinate system

X

Wrist coordinate system

X

Figure 12 Program displacement can also be used together with stationary TCPs.

Overview 5-9



Coordinate Systems

Motion and I/O Principles

1.4 Related infor mation
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Definition of the world coordinate system
Definition of the user coordinate system

Definition of the object coordinate system
Definition of the tool coordinate system
Definition of a tool centre point

Definition of displacement frame

Jogging in different coordinate systems

Described in:

User’s Guide - System Parameters

User’s Guide - Calibration
Data Types wobjdata

User’s Guide - Calibration
Data Types wobjdata

User’s Guide - Calibration
Data Types tooldata

User’s Guide - Calibration
Data Types tooldata

User’s Guide - Calibration
RAPID Summary Motion Settings

User’s Guide - Jogging
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2 Positioning during Program Execution

2.1 General

During program execution, positioning instructions in the robot program control all
movements. The main task of the positioning instructionsis to provide the following
information on how to perform movements:

- The destination point of the movement (defined as the position of the tool
centre point, the orientation of the tool, the configuration of the robot and the
position of the external axes).

- The interpolation method used to reach the destination point, e.g. joint
interpolation, linear interpolation or circle interpolation.

- The velocity of the robot and external axes.

- The zone data (defines how the robot and the external axes are to pass the
destination point).

- The coordinate systems (tool, user and object) used for the movement.

As an aternative to defining the velocity of the robot and the external axes, the time
for the movement can be programmed. This should, however, be avoided if the
weaving function is used. Instead the velocities of the orientation and external axes
should be used to limit the speed, when small or no TCP-movements are made.

movements, thedrive system supervision may trip out and stop therobot in order
to prevent over heating of drivesor motors. If this occurs, the cycletime needsto

j In material handling and pallet applications with intensive and frequent
be dightly increased by reducing programmed speed or acceleration.

2.2 Interpolation of the position and orientation of the tool

2.2.1 Joint interpolation
When path accuracy is not too important, this type of motion is used to move the tool
quickly from one position to another. Joint interpolation also allows an axisto movefrom
any location to another within its working space, in a single movement.

All axesmovefrom the start point to the destination point at constant axis velocity (see
Figure 13).
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Start point

Destination point
Joi rrllt interpolated

s p"zt

Figure 13 Joint interpolation is often the fastest way to move between two points as the robot
axes follow the closest path between the start point and the destination point (fromthe
per spective of the axis angles).

The velocity of the tool centre point is expressed in mm/s (in the object coordinate
system). As interpolation takes place axis-by-axis, the velocity will not be exactly the
programmed value.

During interpolation, the velocity of the limiting axis, i.e. the axis that travels fastest
relative to its maximum velocity in order to carry out the movement, is determined.
Then, the velocities of the remaining axes are calculated so that all axes reach the
destination point at the sametime.

All axes are coordinated in order to obtain a path that is independent of the velocity.
Acceleration is automatically optimised to the max performance of the robot.

2.2.2 Linear interpolation

During linear interpolation, the TCP travels along a straight line between the start and
destination points (see Figure 14).

T e s

Start point Destination point

5-12

Figure 14 Linear interpolation without reorientation of the tool.

To obtain alinear path in the object coordinate system, the robot axes must follow a
non-linear path in the axis space. The more non-linear the configuration of therobot is,
the more accel erations and decel erations are required to make the tool movein a
straight line and to obtain the desired tool orientation. If the configuration is extremely
non-linear (e.g. inthe proximity of wrist and arm singularities), one or more of the axes
will require more torque than the motors can give. In this case, the velocity of all axes
will automatically be reduced.

The orientation of the tool remains constant during the entire movement unless a
reorientation has been programmed. If the tool is reorientated, it isrotated at constant
velocity.

Overview
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A maximum rotational velocity (in degrees per second) can be specified when rotating
thetool. If thisis set to alow value, reorientation will be smooth, irrespective of the
velocity defined for the tool centre point. If it isahigh value, the reorientation velocity
isonly limited by the maximum motor speeds. Aslong as no motor exceedsthe limit for
the torque, the defined vel ocity will be maintained. If, on the other hand, one of the
motors exceeds the current limit, the velocity of the entire movement (with respect to
both the position and the orientation) will be reduced.

All axes are coordinated in order to obtain a path that is independent of the velocity.
Acceleration is optimised automatically.

2.2.3 Circular interpolation

A circular path is defined using three programmed positions that define a circle
segment. Thefirst point to be programmed is the start of the circle segment. The next
point isasupport point (circle point) used to define the curvature of the circle, and the
third point denotes the end of the circle (see Figure 15).

The three programmed points should be dispersed at regular intervals along the arc of
the circle to make this as accurate as possible.

The orientation defined for the support point isused to select between the short and the
long twist for the orientation from start to destination point.

If the programmed orientation is the same relative to the circle at the start and the
destination points, and the orientation at the support is close to the same orientation
relativeto thecircle, the orientation of the tool will remain constant relative to the path.

Circle point

® Destination point

O Start point

Figure 15 Circular interpolation with a short twist for part of a circle (circle segment) with a
start point, circle point and destination point.

However, if the orientation at the support point is programmed closer to the orientation
rotated 180°, the alternative twist is selected (see Figure 16).
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Circle point

® Destination point

O Start point

Figure 16 Circular interpolation with a long twist for orientation is achieved by defining the
orientation in the circle point in the opposite direction compared to the start point.

Aslong asall motor torques do not exceed the maximum permitted values, thetool will
move at the programmed velocity along the arc of the circle. If the torque of any of the
motors isinsufficient, the velocity will automatically be reduced at those parts of the

circular path where the motor performance is insufficient.

All axes are coordinated in order to obtain a path that is independent of the velocity.
Acceleration is optimised automatically.

2.2.4 SingArea\Wrist

During execution in the proximity of asingular point, linear or circular interpolation
may be problematic. In this case, it is best to use modified interpolation, which means
that the wrist axes are interpolated axis-by-axis, with the TCP following alinear or
circular path. The orientation of the tool, however, will differ somewhat from the
programmed orientation.

In the SngArea\Wrist case the orientation in the circle support point will be the same
as programmed. However, the tool will not have a constant direction relative to the
circle plane as for normal circular interpolation. If the circle path passes a singularity,
the orientation in the programmed positions sometimes must be modified to avoid big
wrist movements, which can occur if a complete wrist reconfiguration is generated
when the circleis executed (joints 4 and 6 moved 180 degrees each).

2.3 Interpolation of corner paths

o>-14

The destination point isdefined asastop point in order to get point-to-point movement.
This meansthat the robot and any external axeswill stop and that it will not be possible
to continue positioning until the velocities of all axes are zero and the axes are close to
their destinations.

Fly-by points are used to get continuous movements past programmed positions. In this

wal, positions can be passed at high speed without having to reduce the speed
unnecessarily. A fly-by point generates acorner path (parabolapath) past the programmed
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position, which generally means that the programmed position is never reached. The
beginning and end of this corner path are defined by a zone around the programmed

position (see Figure 17).
The zone for the path
of the TCP Programmed
position
. "
Corner path

Figure 17 Afly-by point generates a corner path to pass the programmed position.

All axes are coordinated in order to obtain a path that is independent of the velocity.
Acceleration is optimised automatically.

2.3.1 Joint interpolation in corner paths

The size of the corner paths (zones) for the TCP movement is expressed in mm (see
Figure 18). Since the interpolation is performed axis-by-axis, the size of the zones (in
mm) must be recalculated in axis angles (radians). This calculation has an error factor

(normally max. 10%), which means that the true zone will deviate somewhat from the
one programmed.

If different speeds have been programmed before or after the position, the transition

from one speed to the other will be smooth and take place within the corner path
without affecting the actual path.

Programmed Zone

fly-by point /

Start point o _
Destination point

Corner path
Figure 18 During joint interpolation, a corner path is generated in order to pass a fly-by point.
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2.3.2 Linear interpolation of a position in corner paths

The size of the corner paths (zones) for the TCP movement is expressed in mm (see
Figure 19).

Programmed Zone
corner position -

Start point
Corner path

Destination point
Figure 19 During linear interpolation, a corner path is generated in order to pass a fly-by point.

If different peeds have been programmed before or after the corner position, the
trangition will be smooth and take place within the corner path without affecting the
actual path.

If thetool isto carry out a process (such as arc-welding, gluing or water cutting) along
the corner path, the size of the zone can be adjusted to get the desired path. If the shape
of the parabolic corner path does not match the object geometry, the programmed
positions can be placed closer together, making it possible to approximate the desired
path using two or more smaller parabolic paths.

2.3.3 Linear interpolation of the orientation in corner paths

Zones can be defined for tool orientations, just as zones can be defined for tool
positions. The orientation zone isusually set larger than the position zone. In this case,
the reorientation will start interpolating towards the orientation of the next position
before the corner path starts. The reorientation will then be smoother and it will
probably not be necessary to reduce the velocity to perform the reorientation.

Thetool will be reorientated so that the orientation at the end of the zone will be the
same asif a stop point had been programmed (see Figure 20a-C).

< ]
Figure 20a Three positions with different tool orientations are programmed as above.
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VIV 2

Figure 20b If all positions were stop points, program execution would ook like this.

V77

Operation zone size

<[ ]

Figure 20c If the middle position was a fly-by point, program execution would look like this.

The orientation zone for the tool movement is normally expressed in mm. In thisway,
you can determine directly where on the path the orientation zone begins and ends. If
the tool is not moved, the size of the zone is expressed in angle of rotation degrees
instead of TCP-mm.

If different reorientation velocities are programmed before and after the fly-by point,
and if the reorientation velocities limit the movement, the transition from one velocity
to the other will take place smoothly within the corner path.

2.3.4 Interpolation of external axesin corner paths

Zones can also be defined for external axes, in the same manner as for orientation. If

the external axis zoneis set to be larger than the TCP zone, the interpolation of the
external axestowards the destination of the next programmed position, will be started
before the TCP corner path starts. This can be used for smoothing external axes
movements in the same way as the orientation zone is used for the smoothing of t
wrist movements.

2.3.5 Corner pathswhen changing the inter polation method

Corner paths are also generated when one interpolation method is exchanged for
another. The interpolation method used in the actual corner paths is chosen in such a
way as to make the transition from one method to another as smooth as possible. If the
corner path zones for orientation and position are not the same size, more than one
interpolation method may be used in the corner path (see Figure 21).
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Linear Sing Alrea_l\Wri st
1 interpol ation o _ interpolation
P / Joint interpolation / \

p2

Sing AreaWrist
interpolation

f

Position zone Orientation zone

Figure 21 Interpolation when changing from one inter polation method to another. Linear
interpolation has been programmed between pl and p2; joint interpolation between
p2 and p3; and Sing Area\Wrist interpolation between p3 and p4.

If theinterpolation ischanged from anormal TCP-movement to areorientation without
aTCP-movement or vice versa, no corner zone will be generated. The same will be the
caseif theinterpolation ischanged to or from an external joint movement without TCP-
movement.

2.3.6 Interpolation when changing coor dinate system

When there is achange of coordinate system in acorner path, e.g. anew TCP or anew
work object, joint interpolation of the corner path isused. Thisisalso applicable when
changing from coordinated operation to non-coordinated operation, or vice versa.

2.3.7 Corner pathswith overlapping zones

If programmed positions are located close to each other, it is not unusual for the
programmed zones to overlap. To get awell-defined path and to achieve optimum
velocity at all times, the robot reduces the size of the zone to half the distance from one
overlapping programmed position to the other (see Figure 22). The same zoneradiusis
always used for inputs to or outputs from a programmed position, in order to obtain
symmetrical corner paths.
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Generated
path

L —\
X

Programmed

position zones
Corner zones as /

calculated by the robot

Figure 22 Interpolation with overlapping position zones. The zones around p2 and p3 arelarger
than half the distance from p2 to p3. Thus, the robot reduces the size of the zones to
make them equal to half the distance from p2 to p3, thereby generating symmetrical

corner paths within the zones.
Both position and orientation corner path zones can overlap. As soon as one of these
corner path zones overlap, that zone is reduced (see Figure 23).

Programmed
Generated path
P

orientation zone
\

Generated
orientation zone

pl="

Position zones

Orientation zone

Figure 23 Interpolation with overlapping orientation zones. The orientation zone at p2 islarger
than half the distance from p2 to p3 and is thus reduced to half the distance from p2

to p3. The position zones do not overlap and are consequently not reduced; the
orientation zone at p3 is not reduced either.

2.3.8 Planning timefor fly-by points
Occasionally, if the next movement is not planned in time, programmed fly-by points

can giverise to a stop point. This may happen when:
- A number of logical instructions with long program execution times are
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programmed between short movements.
- The points are very close together at high speeds.

If stop points are a problem then use concurrent program execution.

2.4 Independent axes

Anindependent axisisan axis moving independently of other axesin therobot system.
It is possible to change an axis to independent mode and later back to normal mode

again.

A special set of instructions handles the independent axes. Four different move
instructions specify the movement of the axis. For instance, the IndCMove instruction
starts the axis for continuous movement. The axis then keeps moving at a constant
speed (regardless of what the robot does) until a new independent-instruction is
executed.

To change back to normal mode a reset instruction, IndReset, is used. The reset
instruction can also set a new reference for the measurement system - atype of new
synchronization of the axis. Oncethe axisischanged back to normal modeitispossible
torun it asanormal axis.

24.1

Program execution

An axisisimmediately change to independent mode when an Ind_Move instructionis
executed. Thistakes place even if the axisis being moved at the time, such aswhen a
previous point has been programmed as a fly-by point, or when simultaneous program
execution is used.

If anew Ind_Move instruction is executed before the last one is finished, the new
instruction immediately overrides the old one.

If a program execution is stopped when an independent axis is moving, that axis will
stop. When the program isrestarted the independent axis startsautomatically. No active
coordination between independent and other axesin normal mode takes place.

If aloss of voltage occurs when an axisisin independent mode, the program cannot be
restarted. An error messageisthen displayed, and the program must be started from the
beginning.

Note that a mechanical unit may not be deactivated when one of itsaxesisin
independent mode.

5-20

24.2

Sepwise execution
During stepwise execution, an independent axis is executed only when another

instruction is being executed. The movement of the axis will also be stepwisein line
with the execution of other instruments, see Figure 24.
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Independent axis
reachesfinal position

IndAMove WaitTime 10 MovelL MovelL
10s ¢ ¢
-
Independent axis
Speed
Normal axis speed \ \
Figure 24 Sepwise execution of independent axes.
2.4.3 Jogging

Axesin independent mode cannot be jogged. If an attempt is made to execute the axis
manually, the axis does not move and an error message is displayed. Execute an

IndReset instruction or move the program pointer to main, in order to leave the
independent mode.

2.4.4 Working range
The physical working range is the total movement of the axis.

Thelogical working range is the range used by RAPID instructions and read in the
jogging window.

After synchronization (updated revolution counter), the physical and logical working

range coincide. By using the IndReset instruction the logical working area can be
moved, see Figure 25.

L ogica workingrange
o dfter IndReset

Logica working range - - L —

after synchronization 0

Physical working range

-«——» L ogica working range
Figure 25 Thelogical working range can be moved, using the instruction IndReset.

The resolution of positions is decreased when moving away from logical position O.
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L ow resolution together with stiff tuned controller can result in unacceptable torque,
noise and controller instability. Check the controller tuning and axis performance close
to theworking range limit at installation. Also check if the position resolution and path
performance are acceptable.

245

Speed and acceler ation

In manual mode with reduced speed, the speed isreduced to the sameleve asif theaxis
was running as non-independent. Note that the IndSpeed\InSpeed function will not be
TRUE if the axis speed is reduced.

The Vel Set instruction and speed correction in percentage via the production window,
are active for independent movement. Note that correction viathe production window
inhibits TRUE value from the IndSpeed\InSpeed function.

Inindependent mode, thelowest value of accel eration and decel eration, specified inthe
configuration file, is used both for acceleration and deceleration. This value can be
reduced by the ramp value in the instruction (1 - 100%). The AccSet instruction does
not affect axes in independent mode.

2.4.6

Robot axes

Only robot axis 6 can be used as an independent axis. Normally the IndReset instruction
isused only for thisaxis. However, the IndReset instruction can also be used for axis 4
on IRB 2400 and 4400 models. If IndReset is used for robot axis4, then axis 6 must not
be in the independent mode.

If axis 6 isused as an independent axis, singularity problems may occur because the
normal 6-axes coordinate transform function is still used. If aproblem occurs, execute
the same program with axis 6 in normal mode. Modify the points or use SngArea\Wist
or Movel instructions.

The axis6isaso internally active in the path performance calculation. A result of this
isthat an internal movement of axis 6 can reduce the speed of the other axesin the
system.

Theindependent working rangefor axis 6 isdefined with axis4 and 5 in home position.
If axis4 or 5 isout of home position the working range for axis 6 is moved due to the
gear coupling. However, the position read from teach pendant for axis6 iscompensated
with the positions of axis 4 and 5 via the gear coupling.

2.5 Soft Servo
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In some applications there is a need for a servo, which acts like a mechanical spring.
This means that the force from the robot on the work object will increase as afunction
of the distance between the programmed position (behind the work object) and the
contact position (robot tool - work object).
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The relationship between the position deviation and the force, is defined by a
parameter called softness. The higher the softness parameter, the larger the position
deviation required to obtain the same force.

The softness parameter is set in the program and it is possible to change the softness
valuesanywhereinthe program. Different softnessvalues can be set for different joints
and it is also possible to mix joints having normal servo with joints having soft servo.

Activation and deactivation of soft servo aswell as changing of softnessvalues can be
made when the robot is moving. When thisis done, atuning will be made between the
different servo modes and between different softness values to achieve smooth
transitions. Thetuning time can be set from the program with the parameter ramp. With
ramp = 1, the transitions will take 0.5 seconds, and in the general case the transition
time will be ramp x 0.5 in seconds.

Note that deactivation of soft servo should not be done when there is aforce between
the robot and the work object.

With high softness values there is arisk that the servo position deviations may be so
big that the axes will move outside the working range of the robot.

2.6 Stop and restart

Overview

A movement can be stopped in three different ways:
1. For a normal stop the robot will stop on the path, which makes arestart easy.

2. For a stiff stop the robot will stop in ashorter time than for the normal stop, but the
deceleration path will not follow the programmed path. This stop method is, for
example, used for search stop when it isimportant to stop the motion as soon as
possible.

3. For a quick-stop the mechanical brakes are used to achieve a decel eration distance,
which is as short as specified for safety reasons. The path deviation will usually be
bigger for a quick-stop than for a stiff stop.

After astop (any of the types above) arestart can always be made on the interrupted
path. If the robot has stopped outside the programmed path, the restart will begin with
areturn to the position on the path, where the robot should have stopped.

A restart following apower failureisequivalent to arestart after aquick-stop. It should
be noted that the robot will always return to the path before the interrupted program
operation is restarted, even in cases when the power failure occurred while alogical
instruction was running. When restarting, all times are counted from the beginning; for
example, positioning on time or an interruption in the instruction WaitTime.
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2.7 Related information
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Definition of speed

Definition of zones (corner paths)
Instruction for joint interpolation
Instruction for linear interpolation
Instruction for circular interpolation
Instruction for modified interpolation
Singularity

Concurrent program execution

CPU Optimization

Described in:

Data Types - speeddata

Data Types - zonedata

Instructions - Movel

Instructions - MoveL

Instructions - MoveC

Instructions - SngArea

Motion and 1/O Principles- Sngularity

Motion and 1/0O Principles-
Synchronisation with logical
instructions

User’s Guide - System parameters
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3 Synchronisation with logical instructions

Instructionsare normally executed sequentially in the program. Neverthel ess, logical
instructions can also be executed at specific positions or during an ongoing
movement.

A logical instruction is any instruction that does not generate a robot movement or
an external axis movement, e.g. an 1/O instruction.

3.1 Sequential program execution at stop points

If apositioning instruction has been programmed as a stop point, the subsequent
instruction is not executed until the robot and the external axes have cometo a
standstill, i.e. when the programmed position has been attained (see Figure 26).

- pl

\ Execution of SetDO

Movel pl, v1000, fine, tool1;
SetDO do1, on;
Movel p2, v1000, z30, tool1,;

Figure 26 Alogical instruction after a stop point is not executed until the destination position
has been reached.

3.2 Sequential program execution at fly-by points

If apositioning instruction has been programmed as a fly-by point, the subsequent
logical instructions are executed some time before reaching the largest zone (for
position, orientation or external axes). See Figure 27 and Figure 28. These
instructions are then executed in order.

Execution of SetDO

<
< »

\ DT
- Pl
Position zone
Movel pl, v1000, z30, tool1;
SetDO dol, on;
Movel p2, v1000, z30, tool 1; Orientation zone

Figure 27 Alogical ingtruction following a fly-by point is executed before reaching the largest zone.
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Execution |
of SetDO—n
Position zone
DT g
p2
pl‘ |
MovelL p1, v1000, z30, tool 1; Orientation zone
Movel p2, v1000, z30, tool1;

SetDO dol, on;
Movel p3, v1000, z30, tool 1;

Figure 28 Alogical ingtruction following a fly-by point is executed before reaching the largest zone.
Thetime at which they are executed (DT) comprises the following time components:

- Thetimeit takes for the robot to plan the next move: approx. 0.1 seconds.

- The robot delay (servo lag) in seconds: O - 1.0 seconds depending on the
velocity and the actual deceleration performance of the robot.

3.3 Concurrent program execution

Concurrent program execution can be programmed using the argument \Conc in the
positioning instruction. This argument is used to:

- Execute oneor morelogica instructionsat the sametime asthe robot movesin order
to reduce the cycle time (e.g. used when communicating via serid channels).

When a positioning instruction with the argument \Conc is executed, the following
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logical instructions are also executed (in sequence):

- If the robot is not moving, or if the previous positioning instruction ended with a
stop point, the logical instructions are executed as soon as the current positioning
instruction garts (at the same time as the movement). See Figure 29.

- If the previous positioning instruction ends at a fly-by point, the logical
instructions are executed at agiven time (DT) before reaching the largest zone
(for position, orientation or external axes). See Figure 30.

Y

Execution of SetDO

/

p10 -

p2

MovelL p1, v1000, fine, tool 1;

MovelL \Conc, p2, v1000, z30, tool1;
SetDO do1, on;
Movel p3, v1000, z30, tool1,;

Figure 29 In the case of concurrent program execution after a stop point, a positioning
instruction and subsequent logical instructions are started at the same time.
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Execution V

of SetDO ———
Largest zone

DT[
NY L,

MovelL p1, v1000, z30, tool 1;
Movel \Conc, p2, v1000, z30, tool1;
SetDO do1, on;

Movel p3, v1000, z30, tool 1;

pl

Figure 30 Inthe case of concurrent program execution after a fly-by point, the logical
instructions start executing before the positioning instructions with the argument
\Conc are started.

Instructions which indirectly affect movements, such as ConfL and SingArea, are
executed in the same way as other logical instructions. They do not, however, affect
the movements ordered by previous positioning instructions.

If several positioning instructions with the argument \Conc and several logical
instructions in along sequence are mixed, the following applies:

- Logical instructions are executed directly, in the order they were programmed.
Thistakes place at the same time as the movement (see Figure 31) which means
that logical instructions are executed at an earlier stage on the path than they
were programmed.
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Execution of Y
SetDO and SetAO —__
Largest zone
DT
p2
pl‘ e ®
Movel p1, v1000, z30, tool1; Y
Movel \Conc, p2, v1000, z30, tool1;
SetDO dol, on;
Movel \Conc, p3, v1000, z30, tool1;
SetAO ao2, 5;

Figure 31 If several positioning instructions with the argument \Conc are programmed in
sequence, all connected logical instructions are executed at the same time asthe first
position is executed.

During concurrent program execution, the following instructions are programmed to
end the sequence and subsequently re-synchronise positioning instructions and
logical instructions:

- apositioning instruction to a stop point without the argument \Conc,

- the instruction WaitTime or WaitUntil with the argument \Inpos.

3.4 Path synchronisation

In order to synchronise process equipment (for applications such as gluing, painting
and arc welding) with the robot movements, different types of path synchronisation
signals can be generated.

With aso-called positions event, atrig signal will be generated when the robot passes
apredefined position on the path. With atime event, asignal will be generated in a
predefined time before the robot stops at a stop position. Moreover, the control system
also handles weave events, which generate pul ses at predefined phase angles of a
weave motion.

All the position synchronised signals can be achieved both before (look ahead time)
and after (delay time) the time that the robot passes the predefined position. The
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positionisdefined by aprogrammed position and can be tuned as a path distance before
the programmed position.

Typical repeat accuracy for a set of digital outputs on the path is +/- 2ms.

In the event of a power failure and restart in aTrigg instruction, all trigg eventswill be
generated once again on the remaining movement path for the trigg instruction.

3.5 Related information

Described in:
Positioning instructions RAPID Summary - Motion
Definition of zone size Data Types - zonedata
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4 Robot Configuration

It isusually possible to attain the same robot tool position and orientation in several
different ways, using different sets of axis angles. We call these different robot
configurations. If, for example, a position is located approximately in the middle of a
work cell, some robots can get to that position from above and from below (see Figure
31). Thiscan also be achieved by turning the front part of the robot upper arm (axis 4)
upside down while rotating axes 5 and 6 to the desired position and orientation (see
Figure 32).

©)

Figure 31 Two different arm configurations used to attain the same position and orientation.
In one of the configurations, the arms point upwards and to attain the other
configuration, axis 1 must be rotated 180 degrees.

Figure 32 Two different wrist configurations used to attain the same position and orientation.
In the configuration in which the front part of the upper arm points upwards (lower),
axis 4 has been rotated 180 degrees, axis 5 through 180 degrees and axis 6 through
180 degreesin order to attain the configuration in which the front part of the upper
arm points downwards (upper).
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Usudly you want the robot to attain the same configuration during program execution as
the one you programmed. To do this, you can make the robot check the configuration
and, if the correct configuration is not attained, program execution will stop. If the
configuration is not checked, the robot may unexpectedly start to move its arms and
wrists which, in turn, may cause it to collide with peripheral equipment.

For arotational robot axis the robot configuration is specified by defining the
appropriate quarter revolutions of the axis.

Figure 33 Quarter revolution for a positive joint angle: int(jointangle x 2/) .

Figure 34 Quarter revolution for a negative joint angle: int(jointangle x 2/m—1) .

For alinear robot axis the value defines a meter interval for the robot axis. Value 0
means a position between 0 and 1 meters, 1 means a position between 1 and 2 meters.
For negative values, -1 means a position between -1 and 0 meters, etc.

-5 -/ -1 v L Z o)

| | | | | | I p X (M)
3 -2 A 0 1 2 Configuration value
Figure 35 Configuration values for alinear axis

The configuration data set consists of four components cf1, cf4, cf6, cfx. cfl specifies
the value for axis 1, cf4, for axis 4, cf6 for axis 6. cfx is an additional component that
isused for robot types with structures that need an extra component.

The configuration check involves comparing the configuration of the programmed

position with that of the robot. The configuration of a specific axisis accepted if the
attained axis vaueiswithin +/- 45 degrees from the specified quadrant for arotational
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joint or within +/- 0.5 m from the specified meter value of alinear axis.

cf4=0

Figure 36 Example: Accepted axis value 135 deg < joint 4 <-45 deg for rotational axis 4 when
cf4=10

-3 -7 ‘ ‘ L r4 (o)

| | | | | | [ x(m)

-1 Configuration value

Figure 37 Example: Accepted axisvalue-1.5m< joint 1 < 0.5 mfor linear axis1whencfl= -1

During linear movement, the robot always movesto the closest possible configuration.
If, however, the configuration check is active, program execution stops as soon as.

- The configuration of the programmed position will not be attained.
- The reorientation needed by any one of thewrist axesto get to the programmed
position exceeds alimit (140-180 degrees).

During axis-by-axis or modified linear movement using a configuration check, the
robot always moves to the programmed axis configuration. If the programmed axes
configurations will not be reached, program execution stops before starting the
movement. If the configuration check is not active, the robot moves to the specified
position and orientation with the closest configuration.

When the execution of a programmed position is stopped because of a configuration
error, it may often be caused by one or more of the following reasons:
- The position is programmed off-line with a faulty configuration.

- Therobot tool has been changed causing the robot to take another configuration
than was programmed.

- The position is subject to an active frame operation (displacement, user, object,
base).

The correct configuration in the destination position can be found by positioning the
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robot near it and reading the configuration on the teach pendant.

If the configuration parameters change because of active frame operation, the
configuration check can be deactivated.

4.1 Related information

Described in:
Definition of robot configuration Data Types - confdata

Activating/deactivating the configuration RAPID Summary - Motion Settings
check
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5 Robot kinematic models

5.1 Robot kinematics

The position and orientation of arobot is determined from the kinematic model of its
mechanical structure. The specific mechanical unit models must be defined for each

installation. For standard ABB master and external robots, these modelsare predefined
in the controller.

5.1.1 Master robot

Thekinematic model of the master robot modelsthe position and orientation of thetool
of the robot relative to its base as function of the robot joint angles.

The kinematic parameters specifying the arm-lengths, offsets and joint attitudes, are
predefined in the configuration file for each robot type.

length_of upper_arm Jol nIterﬁsgth_of_wrist
‘ ‘ Z6

—-p ®-
offset_of joint 3 —— joint4  joint6
- —7 e joint3
A X6
length_of lower_arm —

offset_of_joint 2 —_ ¢ joint 2

height_of_foot — joint 1

>
X

Figure 37 Kinematic structure of an |RB1400 robot

A calibration procedure supports the definition of the base frame of the master robot
relative to the world frame.
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X
/‘ Master robot base frame
/ >

World frame

Figure 38 Base frame of master robot

5.1.2 External robot

Coordination with an external robot also requires a kinematic model for the external
robot. A number of predefined classes of 2 and 3 dimensional mechanical structuresare

supported.

Z2

length_of lower _arm
Z0 offset| of upper_arm
* attitude_of jointl

& . 7

oint 2
L, X2
joint 1 turn_table

off}et_of_j ointl X \a
titude of _joint

height_of foot

>
X0

Figure 39 Kinematic structure of an ORBIT 160B robot using predefined model

Calibration proceduresto define the base frame rel ative to the world frame are supplied
for each class of structures.
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Z0 79
i A
Body C
I
Body B
>~ Body A
A
>
X0
/ External robot base frame
World frame
Figure 40 Base frame of an ORBIT_160B robot
A
YO
Y2
>
X0
yl
X2
°
x1 X2

Figure41 Reference pointson turntable for base frame calibration of an ORBIT_160B robot in
the home position using predefined model

5.2 General kinematics

Mechanical structures not supported by the predefined structures may be modelled by
using a general kinematic model. Thisis possible for external robots.

Modelling isbased on the Denavit-Hartenberg convention according to Introduction to
Robotics, Mechanics & Control, John J. Craigh (Addison-Wesley 1986)

Overview 5-37



Robot kinematic models Motion and I/O Principles

Z2
A
di

| A -

Z0 v al=0
: Y?_/ furn_table 2=0
o afal=0
| \_
| X0 alfa2
|
|

Figure 42 Kinematic structure of an ORBIT 160B robot using general kinematics model

A calibration procedure supports the definition of the base frame of the external robot
relative to the world frame.

World frame

Figure 43 Base frame of an ORBIT_160B robot using general kinematics model
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YO

X0

\‘ij “va

Figure 44 Reference pointson turntable for base frame calibration of an ORBIT_160B robot in
the home position (joints = 0 degrees)

5.3 Related infor mation

Described in:
Definition of general kinematics of User’s Guide - System Parameters
an external robot
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6 Motion Supervision/Collision Detection

Motion supervision is the name of a collection of functions for high sensitivity,
model-based supervision of the robot’s movements. Motion supervision includes
functionality for the detection of collision, jamming, and incorrect load definition.
This functionality is called Collision Detection.

6.1 Introduction

The collision detection will trig if the load is incorrectly defined. If the load data is
not known, the load identification functionality can be used to define it.

When the collision detection is triggered, the motor torques are reversed and the
mechanical brakes applied in order to stop the robot. The robot then backs up a short
distance along the path in order to remove any residual forces which may be present
if a collision or jam occurred. After this, the robot stops again and remains in the
motors on state. A typical collision is illustrated in the figure below.

The motion supervision is only active when at least one axis (including external axes)
is in motion. When all axes are standing still, the function is deactivated. This is to
avoid unnecessary trigging due to external process forces.

6.2 Tuning of Collision Detection levels

The collision detection uses a variable supervision level. At low speeds it is more
sensitive than during high speeds. For this reason, no tuning of the function shou
be required by the user during normal operating conditions. However, it is possibl
to turn the function on and off and to tune the supervision levels. Separate tuning
parameters are available for jogging and program execution. The different tuning
parameters are described in more detail in the User’s Guide under System Parame-
ters: Manipulator.

There is a RAPID instruction called MotionSup which turns the function on and off
and modifies the supervision level. This is useful in applications where external
process forces act on the robot in certain parts of the cycle. The MotionSup
instruction is described in more detail in the Loadld & CollDetect Manual.

6.3 Motion supervision dialogue box

Overview

Select motion supervision under the special menu in the jogging window. This
displays a dialogue box which allows the motion supervision to be turned on and off.
Thiswill only affect therobot duringjogging. If the motion supervision is turned

off in the dialogue box and a program is executed, the collision detection can still be
active during the running of the program. If the program is then stopped and the robot
jogged, the status flag in the dialogue window is set to on again. This is a safety
measure to avoid turning the function off by accident.
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Figure: Typical collision

Phase 1 - The motor torque
is reversed to stop the robot.

Phase 2 - The motor speed is
reversed to remove residual
forces on the tool and robot. O

collision

eced\' {
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motor
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6.4 Digital outputs

The digital output MotSupOn is high when the collision detection function is active
and low when it is not active. Note that a change in the state of the function takes
effect when amotion starts. Thus, if the collision detection is active and the robot is
moving, MotSupOn is high. If the robot is stopped and the function turned off, Mot-
SupOn is still high. When the robot starts to move, MotSupOn switches to low.

The digital output MotSupTrigg goes high when the collision detection triggers. It
stays high until the error code is acknowledged, either from the teach pendant or
through the digital input AckErrDialog.

The digital outputs are described in more detail in the User’s Guide under System
Parameters: 10 Signals.

6.5 Limitations

The motion supervision is only available for the robot axes. It is not available for
track motions, orbit stations, or any other external manipulators.

In RobotWare 3.1, the motion supervision isonly available for the IRB6400
robot family.

The collision detection is deactivated when at least one axis is run in independent
joint mode. This is also the case even when it is an external axis which is run as an
independent joint.

The collision detection may trigger when the robot is used in soft servo mode.
Therefore, it is advisable to turn the collision detection off when the robot is in sof
sevo mode.

If the RAPID instruction MotionSup is used to turn off the collision detection, this
will only take effect once the robot starts to move. As a result, the digital output
MotSupOn may temporarily be high at program start before the robot starts to move.

The distance the robot backs up after a collision is proportional to the speed of the
motion before the collision. If repeated low speed collisions occur, the robot may not
back up sufficiently to relieve the stress of the collision. As a result, it may not be
possible to jog the robot without the supervision triggering. In this case use the jog
menu to turn off the collision detection temporarily and jog the robot away from the
obstacle.

In the event of a stiff collision during program execution, it may take a few seconds
before the robot starts to back up.
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6.6 Related information
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RAPID instruction MotionSup
System parameters for tuning
Motion supervision O Signals
Load Identification

Described in:

RAPID Summary - Motion

System Parameters - Manipulator
System Parameters - 1O Sgnals
Option Manual - Loadld & CollDetect
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7 Singularities

Overview

Some positionsin the robot working space can be attained using an infinite number
of robot configurations to position and orient the tool. These positions, known as
singular points (singularities), constitute a problem when calculating the robot arm
angles based on the position and orientation of the tool.

Generally speaking, arobot hastwo types of singularities: arm singularitiesand wrist
singularities. Arm singularities are al configurations where the wrist centre (the
intersection of axes 4, 5 and 6) ends up directly above axis 1 (see Figure 45).

Wrist singularities are configurations where axis 4 and axis 6 are on the same line,
I.e. axis 5 has an angle equal to O (see Figure 46).

Singularity at the intersection of the

/ wrist centre and axis 1

~— Rotation centre of axis 1

oY

—_— Xbase

Figure 45 Armsingularity occurs where the wrist centre and axis 1 intersect.

Axis 5 with an angle of O degrees

o 2

)]

Axis 6 pardl€
to axis4

Figure 46 Wrist singularity occurs when axis5is 0 degrees.
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7.1 Singularity points/IRB 6400C

Between the robot’s working space, with the arm directed forward and the arm
directed backward, there is a singularity point above the robot. There is also a
singularity point on the sides of the robot. These points contain a singularity and have
kinematic limitations. A position in these points cannot be specified as forward/
backward and can only be reached wWithveAbs]. When the robot is in a singular
point:

- It is only possible to usgloveAbs] or to jog the robot axis by axis.

7.2 Program execution through singularities
During joint interpolation, the robot never has any problem passing singular points.

When executing a linear or circular path close to a singularity, the velocities in some
joints (1 and 6/4 and 6) may be very high. In order not to exceed the maximum joint
velocities, the linear path velocity is reduced.

The high joint velocities may be reduced by using the m&dg Area\Wrist) when the
wrist axes are interpolated in joint angles while still maintaining the linear path of the
robot tool. An orientation error compared to the full linear interpolation is however
introduced.

Note that the robot configuration changes dramatically when the robot passes close to
a singularity with linear or circular interpolation. In order to avoid the reconfiguration,
the first position on the other side of the singularity should be programmed with an
orientation that makes the reconfiguration unnecessary.

Also note that the robot should not be in its singularity when external joints only are
moved, as this may cause robot joints to make unnecessary movements.

7.3 Jogging through singularities
During joint interpolation, the robot never has any problem passing singular points.

During linear interpolation the robot can pass singular points but at a decreased speed.

7.4 Related information

Described in:

Controlling how the robot is to act on InstructiorSngArea
execution near singular points
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8 World Zones

8.1 Using global zones

When using this function, the robot stops or an output is automatically set if the robot
isinside a specia user-defined area. Here are some examples of applications:

- When two robots share apart of their respective work areas. The possibility of
the two robots colliding can be safely eliminated by the supervision of these
signals.

- When external equipment is located inside the robot’s work area. A forbidden
work area can be created to prevent the robot colliding with this equipment.

- Indication that the robot is at a position where it is permissible to start program
execution from a PLC.

8.2 Using World Zones

To indicate that the tool centre point is in a specific part of the working area.
To limit the working area of the robot in order to avoid collision with the tool.
To make a common work area for two robots available to only one robot at a time.

8.3 Definition of World Zonesin the world coordinate system
All World Zones are to be defined in the world coordinate system.

The sides of the Boxes are parallel to the coordinate axes and Cylinder axis is para
to the Z axis of the world coordinate system.
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Base coor dinate system robot
> X

Sphere

G Radius

' Cylinder

Radius

Height

World coordinate system

A World Zone can be defined to be inside or outside the shape of the Box, Sphere or
the Cylinder.

8.4 Supervision of the Robot TCP

The movement of the tool centre
point is supervised and not any other
points on the robot.

Not supervised

TCP

The TCPis aways supervised
irrespective of the mode of operation,
for example, program execution and

jogaing.

8.4.1 Sationary TCPs
If therobot isholding awork object and working on a stationary tool, a stationary TCP

isused. If that tool isactive, the tool will not move and if itisinside aWorld Zone then
itisawaysinside.
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8.5 Actions

8.5.1 Set adigital output when thetcp isinsdea World Zone.
Thisaction setsadigital output when thetcp isinside aWorld Zone. It isuseful to indicate

that the robot has stopped in a specified area.
Time between checks  World Zone

against World Zones
Movement of TCP h
IIHIIIIIHHWHHHHHIIIII

Satus of digital output

8.5.2 Set adigital output beforethetcp reachesa World Zone.

This action setsadigital output before the tcp reachesaWorld Zone. It can be used to
stop the robot just inside a World Zone

Sop Time for Robot World Zone

Movement of TCP
| | |

T T N T T O O ! T T O T
rrrrrrrrrrrrrrrrrrr T T T T T T T rrrrrrrrrrrrrrrrrrr T T

Satus of digital output ‘

8.5.3 Sop therobot before the tcp reachesa World Zone.

A World Zone can be defined to be outside the work area. The robot will then stop with
the Tool Centre Point just outside the World Zone, when heading towards the Zone

Sop Time for Robot

Time between checks
against World Zones

Movement of TCP .

When the robot has been moved into a World Zone defined as an outside work area,
for example, by releasing the brakes and manually pushing, then the only ways to get
out of the Zone are by jogging or by manual pushing with the brakes rel eased.
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8.6 Minimum size of World Zones.

Supervision of the movement of the tool centre pointsis done at discrete points with
atime interval between them that depends on the path resolution.

It is up to the user to make the zones large enough so the robot cannot move right
through a zone without being checked inside the Zone.

Min. size of zone
for used path_resolution and max. speed
Speed
1000 mm/s 2000 mm/s 4000 mm/s

Resol.
1 25 mm 50 mm 100 mm
2 50 mm 100 mm 200 mm
3 75 mm 150 mm 300 mm

If the same digital output isused for more than one World Zone, the distance between
the Zones must exceed the minimum size, as shown in the table above, to avoid an
incorrect status for the output.

It is possible that the robot can pass right
Time between checks,  through a corner of a zone without it being
against World Zones | i e if the time that the robot isinside the
S zone istoo short. Therefore, make the size of
the zone larger than the dangerous area.

8.7 Maximum number of World Zones

A maximum of ten World Zones can be defined at the same time.

8.8 Power failure, restart, and run on

Sationary World Zones will be deleted at power off and must be reinserted at power
on by an event routine connected to the event POWER ON.

Temporary World Zones will survive a power failure but will be erased when anew
program is loaded or when a program is started from the main program.

The digital outputs for the World Zones will be updated first at Motors on.
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World Zones

8.9 Related information

RAPID Reference Manud

Motion and I/0O Principles:

Data Types.

Instructions:

Overview

Coordinate Systems
wztemporary
wzstationary
shapedata
WZBoxDef
WZSphDef
WZCy|Def
WZLimSup
WZDOSet
WZDisable
WZEnable
WZFree
WZTempFree
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9 I/O Principles

The robot generally has one or more I/O boards. Each of the boards has severa
digital and/or anal og channelswhich must be connected to logical signalsbeforethey
can be used. Thisiscarried out in the system parameters and has usually already been
done using standard names before the robot isdelivered. Logical names must always
be used during programming.

A physical channel can be connected to several logical names, but can also have no
logical connections (see Figure 47).

Physical channel Logica signal
INL - — — — — — — — — — - do1
IN2 — — — — — — — — — — - feeder
IN16 —

[/O board _
ouTL — - — — — — — — — — - gripper
OUT2—=:::::—————d02

T T - feeder2
ouT1 —+ —— — — — — — — — - dol6

Figure47 Tobeableto usean /O board, its channels must be given logical names. In the above
example, the physical output 2 is connected to two different logical names. IN16, on
the other hand, has no logical hame and thus cannot be used.

9.1 Signal characteristics

Overview

The characteristics of asignal are depend on the physical channel used aswell ashow
the channel is defined in the system parameters. The physical channel determines
time delays and voltage levels (see the Product Specification). The characteristics,
filter times and scaling between programmed and physical values, are defined in the
system parameters.

When the power supply to the robot is switched on, all signals are set to zero. They
are not, however, affected by emergency stops or similar events.
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An output can be set to one or zero from within the program. Thiscan also be doneusing
adelay or intheform of apulse. If apulse or adelayed changeis ordered for an outpui,
program execution continues. The changeisthen carried out without affecting the rest of
the program execution. If, on the other hand, anew changeisordered for the same output
before the given time elapses, the first changeis not carried out (see Figure 48).

SetDO \SDelay:=1, do1l;
WaitTime 0.5;
PulseDO do1l;

Signal value

1 —l
0 0.5 1

Figure48 Theinstruction SetDOisnot carried out at all because a new command is given before
the time delay has elapsed.

p Time

9.2 System signals

Logica signals can be interconnected by means of special system functions. If, for
example, an input is connected to the system function Sart, a program start is
automatically generated as soon as this input is enabled. These system functions are
generaly only enabled in automatic mode. For more information, see Chapter 9,
System Parameters, or the chapter on Installation and Commissioning - PLC
Communication in the Product Manual.

9.3 Cross connections

5-54

Digital signals can beinterconnected in such away that they automatically affect one
another:

- Anoutput signal can be connected to one or more input or output signals.

- Aninput signal can be connected to one or more input or output signals.

- If the same signal is used in several cross connections, the value of that signal
is the same as the value that was last enabled (changed).

- Cross connections can be interlinked, in other words, one cross connection can
affect another. They must not, however, be connected in such away so asto
form a "vicious circle”, e.g. cross-connectidd. to di2 whilstdi2 is cross-
connected talil.

- If there is a cross connection on an input signal, the corresponding physical
connection is automatically disabled. Any changes to that physical channel will
thus not be detected.

Overview
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- Pulses or delays are not transmitted over cross connections.

- Logical conditions can be defined using NOT, AND and OR (Option:
Advanced functions).

Examples:
- di2=di1
- di3=di2
- do4=di2
If dil changes, di2, di3 and do4 will be changed to the corresponding value.
- do8=do7
- do8=di5

If do7issetto 1, do8 will also besetto 1. If di5 isthen set to 0, do8 will also be
changed (in spite of the fact that do7 is still 1).

- do5=di6 and dol
Do5issetto 1 if both di6 and dol isset to 1.

9.4 Limitations

A maximum of 10 signals can be pulsed at the same time and a maximum of 20
signals can be delayed at the same time.

9.5 Related information

Described in:
Definition of 1/O boards and signals User’s Guide - System Parameters
Instructions for handling I/O RAPID Summarynput and Output
Sgnals
Manual manipulation of I/O User’s Guide - Inputs and Outputs
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1 Programming Off-line

RAPID programs can easily be created, maintained and stored in an ordinary office
computer. All information can be read and changed directly using anormal text editor.
This chapter explains the working procedure for doing this. In addition to off-line
programming, you can use the computer tool, QuickTeach.

1.1 Fileformat

The robot stores and reads RAPID programs in TXT format (ASCII) and can handle
both DOS and UNIX text formats. If you use aword-processor to edit programs, these
must be saved in TXT format (ASCII) before they are used in the robot.

1.2 Editing

When a program is created or changed in aword-processor, al information will be
handled in the form of text. This means that information about data and routines will
differ somewhat from what is displayed on the teach pendant.

Note that the value of a stored position is only displayed as an * on the teach pendant,
whereas the text file will contain the actual position value (x, y, z, tc.).

In order to minimise therisk of errorsin the syntax (faulty programs), you should use
atemplate. A template can take the form of a program that was created previously on
the robot or using QuickTeach. These programs can be read directly to a word-
processor without having to be converted.

1.3 Syntax check

Programs must be syntactically correct before they areloaded into the robot. By thisis
meant that the text must follow the fundamental rules of the RAPID language. One of
the following methods should be used to detect errors in the text:

» Save the file on diskette and try to open it in the robot. If there are any syntactical
errors, the program will not be accepted and an error message will be displayed.
obtain information about the type of error, the robot stores a log called
PGMCPLL1.LOG on the internal RAM disk. Copy this log to a diskette using the
robot’s File Manager. Open the log in a word-processor and you will be able to read
which lines were incorrect and receive a description of the error.

* Open the file in QuickTeach or ProgramMaker.

* Use a RAPID syntax check program for the PC.

When the program is syntactically correct, it can be checked and edited in the robot.
To make sure that all references to routines and data are correct, use the cbitenand

Check Program. If the program has been changed in the robot, it can be stored on
diskette again and processed or stored in a PC.
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1.4 Examples

The following shows examples of what routines look like in text format.

%%%
VERSION: 1
LANGUAGE: ENGLISH
%%%
MODULE main
VAR intnum process int ;
I Demo of RAPID program
PROC main()
Movel p1, v200, fine, gunl;
ENDPROC

TRAP InvertDol12
I Trap routine for Trigglnt
TEST INTNO
CASE process int:
InvertDO dol2;
DEFAULT:
TPWrite “Unknown trap , number="\Num:=INTNO;
ENDTEST
ENDTRAP

LOCAL FUNC num MaxNum(num t1, num t2)
IF t1 >t2 THEN
RETURN t1;
ELSE
RETURN t2;
ENDIF
ENDFUNC
ENDMODULE

1.5 Making your own instructions

In order to make programming easier, you can customize your own instructions. These
are created in the form of normal routines, but, when programming and test-running,
function as instructions:

- They can be taken from the instruction pick list and programmed as normal
instructions.
- The complete routine will be run during step-by-step execution.

* Create a new system module where you can place your routines that will function as
instructions Alternatively, you can place them in the USER system module.
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* Create a routine in this system module with the name that you want your new
instruction to be called. The arguments of the instruction are defined in the form of
routine parameters. Note that the name of the parameters will be displayed in the
window during programming and should therefore be given names that the user will
understand

* Place the routine in one of the Most Common pick.lists

« If the instruction is to behave in a certain way during backward program execution,
this can be done in the form of a backward handler. If there is no such handler, it will
not be possible to get past the instruction during backward program execution (see
Chapter 13 in this manual - Basic Characteristics). A backward handler can be
entered using the commaRdutine: Add Backward Handler from theProgram
Routines window.

* Test the routine thoroughly so that it works with different types of input data
(arguments).

» Change the module attribute to NOSTEPIN. The complete routine will then be run
during step-by-step execution. This attribute, however, must be entered off-line.

Example: To make the gripper easier to handle, two new instructions are made,
GripOpen andGripClose. The output signal’s name is given to the instruction’s
argument, e.garipOpen gripper 1.

MODULE My _instr (SYSMODULE, NOSTEPIN)
PROC GripOpen (VAR signaldo Gripper)
Set Gripper;
WaitTime 0.2;
ENDPROC
PROC GripClose (VAR signaldo Gripper)
Reset Gripper;
WaitTime 0.2;
ENDPROC
ENDMODULE
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System Module User

1 System Module User

In order to facilitate programming, predefined datais supplied with therobot. Thisdata
does not have to be created and, consequently, can be used directly.

If thisdataisused, initial programming is made easier. It is, however, usually better to
give your own names to the data you use, since this makes the program easier for you
to read.

1.1 Contents

User comprises five numerical data (registers), one work object data, one clock and
two symbolic valuesfor digital signals.

Name Data type Declaration

regl num VAR num regl:=0

reg2 . .

reg3

regd . .

regs num VAR num reg5:=0

wobj 1 wobjdata PERS wobjdata wobj 1:=wobj0
clock1 clock VAR clock clockl

high dionum CONST dionum high:=1
low dionum CONST dionum low:=0
edge dionum CONST dionum edge:=2

User isasystem module, which means that it is always present in the memory of the
robot regardless of which program isloaded.

1.2 Creating new data in thismodule

This module can be used to create such data and routines that must always be present
in the program memory regardless of which program isloaded, e.g. tools and service
routines.

* ChooseView: Modules from the Program window.
« Select the system moduliser and press Ente « |
» Change, create data and routines in the normal way(sgeamming and Testing).
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1.3 Deleting thisdata

Warning: If theModuleisdeleted, the CallByVar instruction will not work.

To delete all data (i.e. the entire module)

» ChooseView: Modules from the Program window.
* Select the modul¥ser.

« Press Deletd<x| .

To change or delete individual data

» ChooseView: Data from the Program window.
» ChooseData: In All Modules.

* Select the desired data. If this is not shown, presbyes function key to select the
correct data type.

» Change or delete in the normal way (Peagramming and Testing).
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Glossary

Argument
Automatic mode

Component
Configuration
Constant

Corner path
Declaration
Dialog/Dialog box

Error handler

Expression

Fly-by point

Function

Group of signals

Interrupt

/O
Main routine
Manual mode

M echanical unit
Module
M otor s On/Off

Operator’s panel
Orientation
Parameter

Persistent
Procedure

RAPID Overview

The parts of an instruction that can be changed, i.e.
everything except the name of the instruction.

The applicable mode when the operating mode selector is
Set to

One part of arecord.

The position of the robot axes at a particular location.
Datathat can only be changed manually.

The path generated when passing a fly-by point.

The part of aroutine or datathat definesits properties.

Any dialog boxes appearing on the display of the teach pen-
dant must always be terminated (usually by pressing OK or
Cancel) before they can be exited.

A separate part of aroutine where an error can betaken care
of. Normal execution can then be restarted automatically.

A sequence of data and associated operands; e.g. regl+5 or
regl>5.

A point which the robot only passes in the vicinity of —
without stopping. The distance to that point depends on the
size of the programmed zone.

A routine that returns a value.

A number of digital signals that are grouped together and
handled as one signal.

An event that temporarily interrupts program execution and
executes a trap routine.

Electrical inputs and outputs.
The routine that usually starts when 8tart key is pressed.

The applicable mode when the operating mode switch is set
to .

A group of external axes.
A group of routines and data, i.e. a part of the program.

The state of the robot, i.e. whether or not the power supply
to the motors is switched on.

The panel located on the front of the control system.
The direction of an end effector, for example.

Theinput data of aroutine, sent with the routine call. It cor-
responds to the argument of an instruction.

A variable, the value of which is persistent.

A routine which, when called, can independently form an
instruction.
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Program
Program data
Program module
Record

Routine

Routine data
Start point

Stop point

System module

System parameters

The set of instructions and data which define the task of the
robot. Programs do not, however, contain system modules.

Datathat can be accessed in a complete module or in the
complete program.

A module included in the robot's program and which is
transferred when copying the program to a diskette, for
example.

A compound data type.
A subprogram.
Local data that can only be used in a routine.

The instruction that will be executed first when starting pro-
gram execution.

A point at which the robot stops before it continues on to the
next point.

A module that is always present in the program memory.
When a new program is read, the system modules remain in
the program memory.

The settings which define the robot equipment and proper-
ties; configuration data in other words.

Tool Centre Point (TCP) The point, generally at the tip of a tool, that moves along the

Trap routine

Variable

Window

Zone

8-4

programmed path at the programmed velocity.

The routine that defines what is to be done when a specific
interrupt occurs.

Data that can be changed from within a program, but which
loses its value (returns to its initial value) when a program is
started from the beginning.

The robot is programmed and operated by means of a num-
ber of different windows, such as the Program window and
the Service window. A window can always be exited by
choosing another window.

The spherical space that surrounds a fly-by point. As soon
as the robot enters this zone, it starts to move to the next
position.
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